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Variation of Nitrogen Removal Efficiency and Microbial Communities
Depending on Operating Conditions of a CANON Process
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Abstract : Nitrogen removal is one of the most important issues about wastewater treatment because nitrogen is a primary pollutant
caused various problems such as eutrophication. We developed a CANON microbial community by using AOB and ANAMMOX
bacteria as seeding sources. When 100 mg-N/L of influent ammonium was supplied, the DO above 0.4 mg/L showed a very low
TN removal efficiency while the DO of 0.3 mg/L showed TN removal efficiency as high as 71.3%. When the influent ammonium
concentration was reduced to 50 mg/L, TN removal efficiency drastically deceased. However, TN removal efficiency was recovered
to above 70% after 14 day operation when the influent nitrogen concentration was changed again from 50 mg-N/L to 100 mg-N/L.
According to the operating temperature from 37+1C to 20+1°C, TN removal efficiency also rapidly decreased but gradually increased
again up to 70.0+2.6%. The analysis of PCR-DGGE showed no substantial difference in microbial community structures under
different operational conditions. This suggests that if CANON sludge is once successfully developed from a mixture of AOB and
ANAMMOX bacteria, the microbial community can be stably maintained regardless of the changes in operational conditions.
Key Words : CANON, ANAMMOX, Partial Nitrification, Microbial Community

297 AasgEe AU 5 L IS AAE YRR A AAE A Yol MY Fas BAE F
Shubolth & Lo = gokeal F4 ¢l CANON (Completely Autotrophic Nitrogen-removal Over Nitrite)S ©]-8-3}o] ¢F
HuyolAd A AA 5&S Fristy, nAE 2H EAS 4339t AOB (Ammonium Oxidizing Bacteria)2} ANAMMOX
(ANaerobic AMMonium OXidation)w& S Aol A1&35}1, 37TCoA 49 drYold Aa%% 100 mg-N/LL}F of&AMd A4
FX 100 mg-NL 27108 43 A3, 4352 CANON whg-o] fE=EIth fYaolA obdityd AaE A QA7 o
Hyopd Aax(100 mg-NL)THe FH35t%& ul, DOE5: 04 mg/L ool A= CANON9| 5o o8 UA|T, DOFES
03 mg/LOR WAl 713%2] F A2 A 58S Uehhodch 99 muoly A4 BES 50 mgNLE F3Ue 0, A4
A7 E &0 B3] otahEgith. Tl HUFES Al 100 meNLRE F7hA1714) 142 Thof o] Ho] AaA|A RS 2%
SHH L, o] F 76.144.9%2 & HAILAARLES UL LE5 AL20£1T) 202 Asta 27]o& E¢H4 3 CANON
§hgo] QlojubAIvh, 238 ol Foli QHAA QL & AR 7 B R(70.042.6%)S F4519ch. PCR-DGGES 0| &3 vl A Ea &
A A3}, AFA3 CANONS| w827 & shelah Aol LkEbAul, CANONS| 2t 271o] u}2 nlg&24 & =7 che
A gFotet kA AaAA dee ke rdEEAE FASkE nAESY WSt 7Qls] Roe 74 midEEEY
2AA 2 Azt 7]she AR AZtE o33 Ait: AOB2F ANAMMOXw & 4]E6lo] CANON REg-& A%
o2 SEFthy, oF FEU £xo WSE A s AT 5 Adhs AL olujgk

F=HO| : o, ohBA, Ry A, vlAEEY

L)

ME 82 AUT 5 Qs SPAFLAZ o] FBL W gr.

2 T X —-" [eIR=1

ANAMMOX (ANaerobic AMMonium OXidation)+= & 7|

AblBte} vl E AR O R Qlste] G718} JYARI} = A 2704 gmyoly AAE HAAFAA R, ofHALA
g0} Q= sl WAEo] Frlelgith AFARIL A ALE AAGGA R o] g5l ) - Hgo] S A7
HEA] i AR WRE AS TR Ao A%t s FAHotk? oRuads BaR 4 ¢ N0 7t
G718 7L HARE A 2 $F 2L R A A PSR gitts o] Aokt Yuryoes g#y
Z olaf Al Azt BAS Sttt JUAR F Ah ANAMMOX#9 H3 E4x7e 3040C 9 2=k
2 AAs7] 95t dubAel dalsl-erdst AL A 6.7-8.3¢] pHolTtE>? ANAMMOX: Uubz| el S=Ao] Z7)
AFelE 9%t Z7) Aol thFe] U7t Qe W, 2 31| ok o} AAE ARRSH] W] ¢rmujoly A
e qEoly] 9% 97] gag ugo] FrhHom @ AF opdAly dar REAHOoE AL FHNRE A
gk HZols AaAA T oA ELS Fola H| Absho] wk=A] F@slrh BE AAsle] Bojst= AOB
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(Ammonia Oxidizing Bacteria)= 30T ©oJAFQ] &&= Z A9

A B BAE Yefls Aoz A oy BE A
= Aoz FAA77] YelA= E3] NOB (Nitrite
Oxidizing Bacteria)?] 242 ﬁzﬂfl]ﬁok st=dl, 35C9
ewol¥ 75859 pH,” 1.0-1.5 mg/Le] DO S%=7} HH %
Aolgtal 1 s glet')

CANON (Completely Autotrophic Nitrogen-removal Over
Nitrite) > 5 ZAI3I} ANAMMOXE FAo] o]83}o]
s A5 gEUoly AaE AASE SPFFLA
FAoZN QEEAYo] FHFo] EFQstal, AlA Qe
&oA) Aol MBS Aashed BRuct A
= o] 9k a2 gk CANONS A 27H4] = 2
2(>300 mg-N/L)L} 30T o]ate] &= Ao Sad ¢
T} jREo|9 7] wiel,” g Hae WA AS
u Adom we rol Aeoxe] o7t Wasih

2 Ao APde ke AOB2F ANAMMOXWS
NEQO R AHEEO] CANONS T&3191, 449
Tyold A4 FEE 100 mg-N/LZ FA|5to] A%20=2

% % AL BE ABHS0 me-N/L)2 ¥HS7]
), 4F2Q041 T)ol M| 27 58 $519] CANON
BAO) ARAALLS BA5ATt EFF PCR-DGGE (Poly-
merase Chain Reaction-Denaturing Gradient Gel Electrophoresis)

2 ol gsto] 7k 27lo] W uj8E Y B4 Sasisith

{r >{Eo

e

>
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RUERIETE

2.1.CANON 2™ 2FEAH

B Lo A o] CANONS {3

715 AH&-sto] HRT 16A]7F dF 20
= 9thFig. 1). A& QS A2 = 200 mg-N/L (100 mg-
NH,-N/L&} 100 mg-NO,-N/L)& HjoFE ANAMMOX
500 mg-NH, -N/LZ ujoFE]l AOB7} AF8-E it 27] 40
Zoke ANAMMOX HH2-S oFA3slA7]7] 9J5te] ofmy
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Fig. 1. Schematic diagram of the CANON reactor,

Table 1. Summary of variations in operational condition

Phase | 1 02 13 14 I N v
Time
@ 089 4045 4650 5155 5662 6383 G111 112142
NANo 400 100 100 100 100 50 100 100
(mg/L)
NO» N

0 0o 0o o0 0 0 0 0
(mg/L)
AN 45 50 50 50 50 50 50 50
ratio
DO~ o5 10 05 04 03 03 03 03
(mg/L)
T‘(%fg;’- 3741 8741 3741 3741 837+1 87+1 87+1 20+1

obgd AL} obAAd AAE T FUsHE o]uf <] Hf
A 2442 o2 2l (NH):S04 0.472 mg/L, NaNO; 0.63
mg/L, KHCO; 0.25 mg/L, KH,PO, 0.0544 mg/L. FeSO, -
7H,0 0.009 mg/L, CioH1sN,Na,Og - 2H,O 0.005 mg/L. HF-2-
7] We] DO ¥ Ei= 0.5 mg/L o]8t2 G-X|3tg o, 837
2E= 2 HieF7] WollAl 371 CE {253t
4% 409 F, vjxIe] obgAY W FFUL NaNOE A
73ko] CANON HFS-S 9% 319th Alk/NH][= ANAMMOX
712291 1,504 252 AAS} 71291 5.08 27 AT, ¥k
719] DO =0] WE CANON A% B712 43at7] 9lst
o] DO HE2 0.3-1.0 mg/L Mool A =A3}% cH(Table 1).
AF 63U &, 79 da wE9 Ao ©E CANONY
‘?_P%*oe B7¥el7] flste], dmyold Ha FEE 50 mg-
NL=Z ZF5Ath7 209 $-of thA] 100 mg-N/L2 3] 5A| %
22 3751 TR GASHA fAAZIH7E A% 112
AN A AR A12] CANON AL 3
7Ve AT 2 DAY 227 HIHE Table 1
15

of A=ttt
22 Al 2 2

M A2t FEeE AFSHA, AdA] HE(0.22
um)E olgste] EHS AX o 2 S A5
oh gEUoby Ay I AT ™A Ak EA5t
9al, ofFArY Aol FAYd A 4= Ton Chromatography

(DX-300, DIONEX, Sunnyvale, USA)E ©]-&3}o] B4514
t}. pH+= pH meter (Orion star, Thermo Scientific, singapore)
E AR5 21, DO+= DO meter (550 A, YSI incorporated,
USA)YZ olgsto] Zatsir.
23. ZAMHEE ME

CANON®| 45 H7H517] $lat Q2 FALAATS
(Total Nitrogen Removal, TNR)Z} 2 AH-35]-8(Nitrogen Load-
ing Rate, NLR), & AA]7-&(Nitrogen Removal Rate, NRR)
= AFgSRdlen oy Ao g AFEE Qe E3F CANONY|
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QU4 7

o] 712 915}e] FA (Free Ammonia) =5 At&
c}.

ol
¥R ot

].

(NHs" - N+NO; - N+ NO53 ™ - N)input -
(NH4Jr - N + NOz' - N + NO3- - N)output

TNR (%) = - - -
(NH4 - N + N02 - N + NO3 - N)input
NLR — (NH;" - N +NO; - N+ NO53 ™ - Ninput
HRT
NLR x TNR (%)
NRR =
100
17 [NH4 - N] x 10"
FA (NH;, mg/L) = 14 [OHCTI01 | ot

AR B Slelo] CANONS] B wlgee o)
o3} 72 5% Al7le] A5tk AOB A3 ANAMMOX
A1t phase 1 27](54), phase I 27]|(409), phase 11 27|
(62%), phase Il &7](83¢), phase IV 37](111¢), phase V
Z7)(1429).

HE AFEEL PowerSoil™ DNA isolation kit (MoBio Ltd
CO., USA)E Al&3}o] DNA 352 ~d13l%itk &% DNA

HE] 16S rRNAE Z£EA]7]7] 9]k 122 Eub 8F primer
2} 1392R primerE AFE3}¢] PCR (polymerase chain reac-
tion)2 433G o, 232 GC clamp”} F2+% Eub 27F
primer?} Eub 518R primerE A}R8-5}o] PCRS 433}t
(Table 2). PCRo] &7 ¥ A|ZE+= PCR purification kit (Sol-
Gent Co., Korea)E AMg3to] AASIE o, ZF SdAHEZE 1%
agarose gelo]l A7) %3t% EtBr (Ethidium Bromide)=2 %
Ajs}o] PCR 4HE-S SHlstaict.

A ¥ PCR AHES 9]-8-3}9] DGGE (Denaturing Gradient
Gel Electrophoresis)E 4>345}%th. Formamide2} 40% acryl/

-c f

Table 2. PCR primers and conditions

Primer Condition Sequence(5'-3')  References
Eub 9min 95T, followed 30  AGA GTT TGA ) 14)
. o Weisburg
8F cycle of 1 minat95C, TCM TGG CTC AG
1min 53C, 2min 72T,
Eub  and followed by a 10 min  ACGGGCGGT .. 19
1392R  final extensionat 72C ~ GTG TAC AAG
Eub 9min 95C, followed 35  AGA GTT TGA 16)
. 5 Kaksonen
27F (GC)* cycle of 1 minat 95C, TCM TGG CTC AG
1min55C,2min72C,
Eub  and followed bya 10 min  ATTACCGCG 6
518R  final extension at 72°C GCT GCT GG

* The GC Clamp was attached to Eub 27F primer, GC clamp sequ-
ence : 5'- CGC CGC GCG GCG GGC GGG GCG GGG GC - 3!

bisE ©]-835}9] 30-60%92] == S Zt=% DGGE Gel2
A|z3}a1, FAE PCR AHES £ 21t} D-code system
(Bio-Rad laboratories, Inc., USA)2 ©]-83}0] 20 VojA] 155,
100 Vol Al 9903 Fok 60Col A A7]%9%-S A5t

DGGE bando]A] DNAS 3Z%3}0] PCRZ ZZA]7] 1. ABI
3730 XL DNA Sequencer (Applied Biosystems, CA, USA)=
o]-§sto] A7IMEE AT 714 E-2 NCBI (http:/
www.ncbi.nlm.nih.gov/) 2] BLAST programQ o]-8-5}o] Gen-
Bankol 5%5of gli= wlAE wmeteli, M B &
AEE A BES Auselr.

3H fingerprinting I Informatics (Bio-Rad Inc., California,
USA)E ©]-&3lo] DGGE band59] AW =S} 91X5 &4
3} 21, SPSS 14.0 program (SPSS Inc., Chicago, IL, USA)
< o]gsto] AR ko] AAlE F48k= PCA (Principal
Components Analysis)E 4335} c}.

3.

M

=
3.1. DO s=0f = CANON M= T™7t

AlZE 5399 Eoke ANAMMOXE A= & Ah
&8 F 80.7%% UFERGTH(phase I). CANONO & 7
3 % 9k27] 419 DO 5 %5 0.5 mg/L o|akof|A] 1.0 mg/L

2 F7HX 71 Hphase 1) & HA2AATEO] 4.3%7HA] 4
SHATHFig. 2). &4 YE Yo A FEE 20 mg/L o]
5o A|(DO 0.5 mg/L) 70 mg/L7FA|(DO 1.0 mg/L) Z7}5}
A, ol FE HAkst uhgo] A=Y el Ao
= g,

DO 557} 0.5 mg/L, 0.4 mg/LY W= & AAAASZES
o] 7}k 42.9%, 39.3%74A] F7FSHRAINE 3% whel| thA] 2}
iﬂb S UetllthFig. 2). olwf o] §-&4 ety ok
z + 30 mg/L o]t FASFAAE, Hag "o

o= %3}04 G2 AaAARES e NOBo|
3t *a‘éﬁi} HhE 0 &2 Qlsto] ANAMMOXS] &/do] wef

O

>
N
p{,

mg/Li {A A} F AaA AL 34
1.3%74A] Z7}519lchFig. 2). 274 WA 3
TET OPEQ obd A gl AL da FEVL
AZFEER A, €74 60 o]F o= Z+zk 20 mg/L o]
= % £ Yeich wEhA DO F= 0.3 myLojAs

H ZArst 9 ANAMMOX HhS-o] 5% SAstE 7 g =

2
\l'w

DO &+ —‘T'——E— 2 Aslek ANAMMOXQJ ZQa3t xS
17 wheba] 58 1as}el ANAMMOX

ol E‘OM—E CANON ¥E3F DO 5&9 943 2
toh B2 sk g e @ 1.0-1.5 mgLe] DO

2 ox3oF oA A AV} HIAROoT ZAEHCTL
HA Urh'” sAuk CANONL &2 DOS A& 7¢
ANAMMOX+to] JAE 4= 917] wZof 1.0 mg/L o]3}9

FU

Journal of KSEE | Vol.37, No.é | June, 2015



J. Korean Soc. Environ, Eng.

2T ME E2 AR E Y 0|MSZH B3}

[yl

335
CANON =% 0f|A

ANAMMOX

CANON

a
( ) 140 Phase I Phase I Phase Il Phase IV Phase V —o— Inf. NH4
g —e— Inf.NO,
=z
)
£ WP
c
5]
£ W
c
[0]
o
c
o
O
0 T T T T T T T
0 20 40 60 80 100 120 140
Time (day)
(b) Phase I Phase II Phase I Phase IV Phase V —_
100 R
— 140 4 ~— —O— Eff.NH,
= * 5‘ _e_EfiNO,
2 120 % 4 4 f&% F80 & | oen,
T o 45 DO (ma/) g coggeticnc] TO% S | Fr emom
£ 100 0504 ok x = kK o ;?'* =
= et 19 o # bk Le0 T
S 804 & l ©
= =
£ 60 F40 2
c
Lo} L
o 404
S L20 §
20 ¢ =2
° g
0 A " — -0 =
0 20 40 60 80 100 120 140
Time (day)

Fig. 2. Concentrations of nitrogen compounds; (a) in the influent, (b) in the effluent and total nitrogen removal efficiency.

DO B =& 780k gt} Vazquez-Padin'®e 99 ¢Fmy
oM Az 300 mg/LE A%E/EA CANONCZ A|A3}7]
SJF|AE DO FEE 0.3-0.5 mg/LE S-X|3of =, ojuj<]
2 ALAALZLL 77%Fcty Ruskdey Ty B A
of w2 ¢ Eyoryd Ha FE7F 100 mgLYd
0.4 mg/L 0]49] DO %% CANONS| A%-2 oFslA| 1,
03 mglLe] DO FE=& FAT ZF-ole 70% ol o] A

AAT & Aieh

=

A AA} F7reEAaL, olol whet & AA AABEL 64.3%
oA 1.9%7HA] 4k AtFig. 2). 13yt F9d4= PRy ot
4 A2 FEE 100 mg-NLE thA] 5741712 14 vt
of o]A9] AeS 3EFAIL o] F 76.1+4.9%9] T HLA|
ATES P AH R Yetiitt. o|ujo] NLR¥} NRR 7t
7+ 0.15+0.01 kg-N/m’/d, 0.11+0.01 kg-N/m’/do] 2} th(Fig. 3).

9 gEUoby Aa 5wt obEAM] A= ANAMMOX
o A A} 2 $r k) B3] guyoby A HE

=
o} 2%, pHE AMEE &= FA o= F& 241359t ANAM-
3.2. ¢ EA 50| 2 CANON M5 HIt MOX R%olA g&Fe Zoha &84 ok ay B
Bolao] olmijolyd Ah =22 100 mg/LoJA] 50 mg/L AollA9 FA 5= Y Yo da 5271 50
2 327 209 59 S8 tHphase III). A]7ko] 2d4: mg/L, 100 mg/LY o] Z+z+ 3.3+1.8 mg/Le} 4.3+1.4 mg/L=
2 ZAb A40] A eFo] 15.3 mg-N/Loj|A] 44.9 mg-N/L7}k 2 zol7} g9tk uhgbA FA HE Hrobs we ofmujo}
ANAMMOX CANON
05 Phase 1 Phase I Phase I Phase IV Phase V 20
S —— NLR
= —&— NRR
”E | 15 vees HRT
Z
2 <
' F10 —
< ¢
o L5
z
00 T T B Rl T T T 0
20 40 60 80 100 120 140
Time (day)

Fig. 3. Variations of Nitrogen Loading Rate (NLR), Nitrogen Removal Rate (NRR) and HRT.
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A0 - Yol - ZaR) - 0l
A Az FEE Q3] CANON| Ao Aste Aog AbR Bh FToll= AESE fI5ke] CANONE Z2(15-24C)ol
ey 79 da FE 50 mgNLY wfj A4 o] 54 A @xdsHe Agol AP U™ B Al oA
2ol 27] 15.3 mg-N/LojlA 44.9 mg-N/LZ °F 3u] Z7}3} AFEE(200-400 mg-N/L)Er} A Aoz o G A =
QL A2 713 Ee e dEYord da B opEAbg 5=(100 mg-N/L)oj| 4] 42 CANON o] 7hsahs =4l
A s 79 Ig7] wiZell, e kst ojet o odlth 2= A 27lell= i dakst vkgo] o
A An AT dold Aoz wrkg Ao dEyoby A7t Ao AA =HA okt 1 o] %
49 A2 HEE 100 mg-NLE thA] %74 7] RK(phase Aoy i AlA meo] FUISHAANL obdAbd A
V), Z7]0] obadAibd AAavt AR FHo] Holed(5.3+20  FA Aol HHEE 5 =P ANAMMOX 1hgo]
mg-N/L), o]%= phase IO A §¢ A HEo] gaz <l Btk &= gk 20 o] Fofe & obdabg A Y

& ANMMOX o] AFE wore Aoz Azler) Hx A
3 7d SREE obEAMY vt SAEA ek, 144
Foll= & AaAARE] ol $E(76.144.9%) 0.2 35

= Ak

3.3. &t20i A2 CANON &5 7t
‘g2o| 412} CANON 45 B7H& +

O] 255 371 TColA] 20£1CE W
V).

27]39 B9 5

Y 3}7] 8o §-3-71
27319 th(phase

S @ﬁ\—ﬁlﬂl‘igol 12.2%71A] 2 81A|
FAastl o, o] AA3] F7tste] 225 WaE A 23Y
o]Z o= 70.0+2.6%2] F ALAAEES YEFHCHFIg. 2).
o] g o] NLRL- 0.16£0.01 kg-N/m’/d, NRRL- 0.11+0.01 ke-

Fryopy Ha Fr7b FAlo] Fashlal, HE 37£1TC
2k 2AHEG BN 432 21 CANON RHEg-o] dojytt
(Fig. 2). o]uj2] FA =& 2.8£1.4 mg/Lo|gl=1|, o= 37+
1C 2= 2749] 43+1.4 mg/L(+¢ 24 5% 100 mg-N/L)
7} 3.3+1.8 mg/L(&% A4 % 50 mg-N/L)Et} e 4
A QAN 50 mg-N/L 5= 2719 A& & o FA 5% A
5}7F CANON Whg-of & J3kE T4+ g2 Zes Aad
o} FA BERCHS S5 Ashe] ©E AOBS} ANAMMOX
9| BHAB7E CANON 58 Astol of 2 e = A
om F2un,

M

=
[ |

3.4. 0| ME2E

N/m’/d& uebstchFig. 3). 7 270 W& CANONSC| DGGE A& £451% 1
AOBS} ANAMMOX 0] QHAZ o2 AAlslr] Yaja= (Table 3, Fig.4), DGGE profileS 0|83 FAHAE £4& 4
30T oo LEE GAsof Bty A ok ahx WS HCHFig. 5).
Table 3. Microbial community of 16S rRNA gene sequences obtained from DGGE bands in the CANON reactor
Band Closet 16S rBNA gene sequence Accession  Similarity Phylum Source References
no, no, (%)
] Uncultured bactlerlum gene for 16S. ribosomal AB775667 99 Environmental  Biofilm in syylne Yvastewater actlvgt‘ed Yamagishzz)
RNA, partial sequence, clone: B-3 samples sludge facility with anammox activity
5 Uncultlured bacterium clone KIST—JJY—GR86 FJ237359 % Environmental Anammox bioreactor Bac®
16S ribosomal RNA gene, partial sequence samples
Uncultured Chiorofiexibacterium gene for 16S ) , ) o)
3 ribosomal RNA, partial sequence, clone: B45 AB780932 100 Chloroflexi Biogas slurry treating corn straw Qiao
4 Uncgltured bacterium clone K!ST_JJYO% EF654705 84 Environmental Mixed granule from anammox reactor ~ Bae®™
16S ribosomal RNA gene, partial sequence samples
5 Nitrosomonas sp. lWTs 14 16S ribosomal AF363293 99 Proteobacteria Ammonium oxidizing bacteria Wan925)
RNA gene, partial sequence
6 Ungultured bacterium clone IASNR—31 16S JQ809249 98 Environmental Autotrophic nitrogen removal in Fukushima®
ribosomal RNA gene, partial sequence samples granular sludge bed reactor
Uncultured bacterium gene for 16S rRNA, Environmental e 27)
7 partial sequence, clone: OTU17 AB576911 929 samplas Denitrifying PGE pellet samples |saka
Uncultured bacterium gene for 16S rRNA, Environmental ) . og)
8 partial sequence, clone: HIC442-11 (OTU HF) ABr40402 % samples Activated sludge Fukushima
Uncultured bacterium partial 16S Environmental ) 28)
9 ‘ANA gene, clone c5LKS95 AMO086156 90 samples Lake profundal sediment Schwarz
10 Uncu!tured bacterium clone PA.E_EN%J O Koossaos g9 EVironmental o mox enrichment bioreactor Bae®
16S ribosomal RNA gene, partial sequence samples
1y Uneultured planciomycereclone JZ4416S - ae1ass 40 Planctomycetes Peanut rhizosphere soil Wang®

ribosomal RNA gene, partial sequence

Journal of KSEE | Vol.37, No.é | June, 2015
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Fig. 4. DGGE profile of partial 16S rRNA gene obtained from
CANON reactor, PN: inoculum from partial nitrification,
AN: inoculum from ANAMMOX, C1: initial of phase |
(6th day), C2: end of phase | (40th day), C3: end of
phase Il (62th day), C4: end of phase Il (83th day),
C5: end of phase IV (111th day), C6: end of phase V
(142th day).

057

Cl

c6
o)

29 5¢5

€3 ,0Ca

0.0

PC2(22.6%)

-0.59

-1.0 05 00 0s 10
PC1(59.8%)

Fig. 5. Principal Component Analysis (PCA) based on the DGGE
profile, PN: inoculum from partial nitrification, AN: ino-
culum from ANAMMOX, C1: initial of phase | (5th day),
C2: end of phase | (40th day), C3: end of phase Il
(62th day), C4: end of phase Il (83th day), C5: end
of phase IV (111th day), C6: end of phase V (142th
day),

A1ZHUQ ANAMMOX £2]#|(AN) 9 RS &2 %
(PN)2} ANAMMOX 4% % CANON &4 z7A9
A AMZE Cl-6 150] A%t 2tolg YeRHchFig. 5). ¥t
H ANAMMOXZ A3t 2A(C1-2)1} 5= ¥ 250 w
£ CANON =£71(C3-6)9] band &2 A9 FAFSH =,
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