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HE. #idsE A TG KL AY CANON AW 5 i g A R = A5 K, 38820 R 3 B B D £ S IEHLEL K B B (0
~59 d), BB E 30 mLemin ™', PHEEE AT R 80 mg- L', A AW ABCRIEAL, 2556 d iF, TN RBRGMAH 0. 13
kg (m’+d) ~'. QELHEETHTG KB BE(60 ~ 110 d), A HUBRIE A ZE A 15 CANON JZ BE#87E 79 d i TN BRIt =
0.22 kg-(m’-d) ~'. @ T DO WEEME, HARLIRRMNN 75% , Fik—LHm & EM TN (EBRSOR, 26 110 d i, gEA
T R B S TR 15 K I B (110 ~ 160 d) |, 32 5By 50 mL-min ™', B2 30 min, {5282 30 min, %5 131 d i}, BAEBR RS
% 86.34% , TN EBEZ A IR 57 F 45 B34 5 85. 87% F1 0. 30 kg« (m® +d) ~", 138 i) BCIR S S HE 1T L3R F+ CANON 2 v #8519
WA ERE. RIS RIS FFLAAT(0d) | LS TCHLECK BB (56 d) Flia) BRIES AR TG T5 K B BE (152 d) 23 B BORE R AT 7 i
R, SRR BRI E Y EEE AL, 2531 R W . OCandidatus Brocadia #1Lt Candidatus Kuenenia TEARZE R ICHLE K FAE
1HT5 KB B TP Z 52 M #8708 ; @ Nitrosomonas F Nitrospira 435 AOB F1 NOB RSB, A2 1575 K B BEX) Nitrosomonas 5204
K, Xt Nitrospira %W 4570y B Bl 4k 1 I8 15 & A7 78 CANON & R 8 o, e o {8 90 i 1 )8 (Pseudomonas) i aa'lﬁk EpE]

(Paracoccus ) 3 N PE 55 , {HA45 B BAE RS 32 BE BN 0. 5% . / ,.r‘ !
SEGE L 2 TR CANON) 5 AR5 K IR DAL ANAMMOX) 5 St (L , 1
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Optlmlzatlon of the Malnstream Anaeroblc Ammoma Ox1dat10n Process. and Its

Changes of ’the Microbial Communlby g & y &
FU Kun- mmg, ,FU Chao, LI Hui, HANG Shé;l QIU Fu-guo, CAO Xid-qin| | [ o=

(Sino1Dutch R&D Centre for Future Wastewater Treatment Key Laboratory of Urba]i"l Storm Watdr System and Water” Enyironment,
Schoel of Environment “and Energy Engmeerm¥ Beljlng -’{Jnlverblty of Civil Engmeermg and Architecture, Beijing 100044, Chma)

Abstp.act /The comp}etely autotrophic ammonium refnovall over Aitrite ( CANON ) biofilm reactor acclimated by high-strength ammonia
wa%tewater was used to treat low- strength ammonia wastewater. Thf”' treatment can be divided into three stages: @D the nitrogen removal
efficiengy of anaerobic ammonia oxidation was low during-theContinuous aeration stage with inorganic wastewater as raw water (0-59 d)
and with/an aeration amount of 30 mL+min~" and ammonia concentration of 80 mg-L~" (until day 56) , the TN removal load was only
0.13 kg+(m’+d) ~'; @ during the continuous aeration stage with domestic wastewater as raw water (60-110 d), the addition of
organic carbon improved the TN removal load to 0.22 kg« (m’+d) ~" on day 79; the removal rate of NH,’ -N then reached 100% when
the aeration volume improved to 100 mL+min~" on day 103; however, the TN removal efficiency and TN removal load decreased to
42.36% and 0. 14 kg- (m*-d) ~', respectively. @ To increase both the NH, -N and TN removal efficiency during the intermittent
aeration stage with domestic wastewater as raw water (110-160 d) , the aeration amount was increased to 50 mL-min ", while aeration
was continued for 30 min and was stopped for the next 30 min; on day 131, the NH,” -N removal efficiency increased to 86.34% , the
TN removal efficiency and removal load reached 85.87% and 0.3 kg (m’ -d) ™' respectively; on day 141, the aeration was increased
to 100 mL-min~" and the removal efficiency of NH," -N reached 100% , while the removal efficiency and removal load of TN were
64.28% and 0.22 kg-(m’-d) ~', respectively, indicating that the intermittent aeration strategy effectively improves the nitrogen
removal performance of the CANON reactor. To analyze the variation of the microbial community during different stages, the samples of
three stages (0, 56, and 152 d) were analyzed using high-throughput sequencing technology. The results show that: (D Candidatus
Brocadia is less affected than Candidatus Kuenenia during the low-strength ammonia stages with inorganic and domestic wastewater as
raw water; @Nitrosominas and Nitrospira were the dominant bacteria of AOB( ammonia oxidizing bacteria) and NOB (nitrite oxidizing
bacteria) , respectively. Domestic wastewater had a greater impact on Nitrosomonas than on Nitrospira; 3 Denitrifying bacteria were
present during the whole stage; Pseudomonas and Paracoccus were the most adaptable, even though their relative abundances during
each stage were below 0. 5% .

Key words : completely autotrophic ammonium removal over nitrite (CANON ) ; domestic wastewater; intermittent aeration; anaerobic
ammonia oxidation( ANAMMOX) ; denitrifying bacteria
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Fig. 1 Experimental apparatus and process scheme chart
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Table 1 ~ Water quality of the influent for the CANON reactor during the inorganic water stage

S| NH, -N/mg-L"!

NO; -N/mg-1.~!

NO; -N/mg-L"! TP/mg-L"" DO/mg-L~! pH

SRS TCHLACK (0 ~59 d) 80(450) 0~10

0~10 10 0~3.2 7.8 ~8.12

HETE TS K B BEE AR R 2 N AR 2 g A
EI5K, B3t A Bt SBR W s 3)5 , #FA B
Bt CANON A=Wl iz i #%. SBR K #is W R Bl =

AR, Hiz47 )50k #£/K 5 min, 1247 30 min,
PLYE 20 min, HEZK 5 min; 2833 SBR [ #§Ab B, 4=
{5 /KHh COD £BE%) 40% ~60% , NH, -NZ: 52
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10% , HAOKBUILFEK 2. CANON AW piias thfe ZeifikJrsl, HRT 5 6 hy s A7 75 =01 iy i 2 il
TR NI SN 2 IR (28 £2)°C, SR fREATEEH.
#2 SBR RRSEAEAETKBIKER/ mg-L!
Table 2 Water quality of domestic wastewater based on the SBR/mg-1.~"

WH NH, -N NO, -N NO; -N COD BODj DO
JFK 100 ~ 130 0~1 0~1 200 ~ 400 100 ~ 120 —
JELEMESE TR T57K (60 ~ 109 d) 90 ~ 120 0~1 0~1 90 ~ 130 15~25 0.2~1.0
(] R S A 16 V57K (110 ~ 160 d) 90 ~ 120 0-~1 0-~1 100 ~ 140 15 ~25 0.2~1.0
1.3 Wik MiSeq SCPEFYEEFN MiSeq P . it BAFE M) « £

NH, -N: AR e @k, NOy -NoN-(1-28 RO M R 2 RhGeit2a o dr e 8, ol LU i A 4
$y-& 6 E %™, NOS-N :,%%éh‘ﬁj'ﬁr; TR B AR X = B TN Fh 2 R
%[13] ; pH ER N i pH it FE20(*§¢%@]-?£7’FU§, 2 BG4
Fit) 5 VMRS Multi3620 IR EAL(WTW, fE[E) |
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Fig. 2 Variations of the nitrogen species concentration in the CANON reactor
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Fig. 3 Variations of the COD concentration and removal

efficiency in the CANON reactor

FETE 90 ~ 130 mg-L ™" Z[H], CANON S Jif # 9 H 7K
COD ¥k JE7E 40 ~ 80 mg-L™" Z[H], COD £EHE N
40% ~60% , F-¥IRBRWE N 50 mg-L™", HHLE
Bt 0. 15 kg+ (m*-d) ™'
2.3 AT KA R B

AR T K T R B S B Be (111 ~ 160 d) < 2k T[]
IHRIE 2 R0 I Y PR Ak T NOB. A 40 1R 2808, SR B
RS 2 RS 30 min, /5788 30 min. 111 ~140 d
% B 4 B 50 mLemin ™', BEAT DO M 1.2
mg L™, {5820 DO Jy 0 mg-L™"; 141 ~ 160 d I,
PRSI N 100 mLemin =", [A]BRCRHE) R4S | B
SEF DO Zk 3.2 mg-L7', (EBERT DO 94 0.5
mg-L7".

M2 AN, R UR NS, RITANH, N2
BRAIE 89.26% , 113 ~ 140 d “FHINH, -N LR HA1E
85% LA I, ANO; -N/ATN {H (%K 0, 1&5‘:3@ & 1H
0.127, TN FEERAF ik 85.87% , TN i-i?;%ﬁﬁL
0.30 kg- (m® +d)™, BE{RGEA MR ﬁ?ﬁﬁﬂ H
Yk .%NHthtF’%i. 141 d ¥, ﬂﬁi&a?ﬁa
100 mL -+ min " DOjﬂ3 52'mg-L~", NH, -N-EF%“}F

5 100% || @J 160 d I, -LJJ(NO -Nﬂ&r“ﬁ 92/21
ANO -N/AT-N % 0.504, TN &% ﬁ?“rﬂ
iﬁﬁ%ﬁ%wﬂﬁp. 22kg(m'-d) ~'Fl 64.28%.
PP 3 BT, 1A] BRI BE COD #eJEE7E 1000 ~
140 mg-L-l‘Zl‘Eﬂr 7K COD Y ELE 50 ~90 mg L'
ZI[a], {H COD ZBRFAGHN 40% ~60% , V342
WIE R 50 mg-L~"; 7EJH R BES 54 100 mL-min '
ZJ5, COD V¥ LBRFHNN 10% 245

3 g

3.1 R AN

1~26dHf, HAKFARENO. 1 ~1 mg-L7",
ANO; -N/ATN A} 0.3 ~0.5, & T H I B A HE
W 0. 127" ) ] FA AR T 1 mg-L~' i,
NO; -NYRFEHEI, FA AREFHIH NOB B9/EH. 1M
A5 R FA X NOB M HIJEHE N 0.1 ~ 1.0
mg-L™", X AOB #4175 Bl K 10 ~ 150 mg-L '™,
WA Y FA 6 mg-L~" Al #)1 NOB!'®)
UL FA X NOB #l i/ G 28 sk . A e e
26 ~46 d W}, FA ¥ JELE 12 mg-L~" i}, ANO; -N/
ATN }y 0.162, T FA Jy 28 mg-L~' i}, ANO,; -N/
ATN % 0.097, Ui FA 7€ 12 ~30 mg-L ™' A PASE
PEXT NOB ikl Hrf FA 2 28 mg-L ™' Al LASE 4

mg-L~",
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il NOB. e A b & BAE P FA O 33
mg- L, BE SRR, FA B 16 mg-L™!
i, NOB G PEFHAIK S, FA Jy 7.0 mg- L™ I 584
WA, TiZe RS A FA % NOB f 16 54 41
WHEHR 6.6 mg- L~ AIRIZEH ML RAMIF,
A RBSEAEA HB@%IH:%‘#T NOB X} FA 7=/ T if
NP, SECT FA X NOB A9 H0 61 B 1 22 k. 47
~60 d I BT AR NH, -NHJE 4 80 mg-L "},
K FA WS EHEMZE 1.0 mg- L' AT, ANO; -N/
ATN X T2 0.588. £ LTk, fREFIBREEE,
HRT 24 6 h B}, FA ¥R T 12 mg-L™" B, AT LA
#l NOB, {H FA {EAX T 1.0 mg-L "B}, NOB 1% 14s
PO 2, WUl Bl FA #6] NOB 1 FH B A nf i
PEVOT FESCBLSE R AN AL SR S, FA ORI DO YK A
TSR e A, 24NH, -NYE KT 100 mg- L',
AR TR E AN AR DO Wk B, )4 S B AR
FA, MIMi%2: FA XF NOB Bl 6 11, #5 &A% DO
2 FFAIE AOB Y5, 228 FA I DO AR £ il
YERE 3%, L, ﬁﬁgﬁﬁﬂ,ﬁ\ﬁﬁﬁﬂiﬁﬁ}ﬂﬁ%f)ﬁ%
E R

3.2 AN A

i{ﬁ/wk?&mﬁuﬁﬂNo N{ZU“W’;MCT?C 4:L7J<

M)Nmﬁﬁm %%m%#%&mwﬁfﬁh%
te&ﬁﬁ%%’%ﬁﬁm%ﬁk%%%u&%ﬁ
jf?%@vﬁ@% AN,
@@-MW%&&%@ ﬁ%ﬁﬁ%@ﬂ%ﬁmﬁr
ﬁﬁﬁﬁﬁ%%ﬂ

b, SRS AR BRI TR (9 COD/NO, -N K
2$am22%ﬂﬂ,wD£%%W§¥ﬁﬁw
fBis 2B 1A MLER IR A T B s Ak e AL
W] CANON Jiz Ji g Hhim it 5 il £k 22 B NO, -N ¥ B i
3 17.48 mg-L~", XFH 60d F196d i it fid AR,
60d I 7 7K T HILE K 2l A AR TS TS K, 96d I
CANON J [ &% [ i 7K NO, -N ¥ Ji I /> 29. 88
mg- L™, TEAHRIEA EHE T, NO, -NZ bR
12.40 mg-L~", WIRESE A HLERIEXT DO 54,
il T NOB ik, [FIHT 58 T ANAMMOX 11 i & fig
J1. Zheng %"V EHHELL SNAD A 4 I S5 7 4 ik B A=
W5 K, 15 B A HL Bk IR X BR U far o 0.67
kg (m’+d) 7', TN ZEERFAMH 0. 22 kg (m*-d) ™'
MiA 55 CANON A=Wy i )i 2 Ab B SBR i 4 2t
J& BTG K, A OHLRR JR A 25 BR A far A 0. 15
kg-(m'-d) ™', TN X% BR i fF ik B 0.22

mg-L_I ,

CANON fif“%%ﬁﬂélz%ﬂﬁﬁ}ir

B o 39 %
kge (m’+d) ~', MO S, BN FRARTE IS KA
BLE I A A GG 1 4 A, B2 TN B B A AH ]
UL CANON A= W JEE S5 1 g v A7 TE AT 1 A8 LAl T
e B BT R IR AR S AR A AR

3.3 BRACRES SR A A SE R

3.3.1 EZBESHE

ANAMMOX 1% , S fifffL1& Fl NOB XfNO, -NHJ
P A B 0.2 ~5, 4 ~25 F1 12 ~ 955
2R AR RNO, N I, ANAMMOX
WM T I AL # A NOB FIFINO, -N. B &
430 mLemin "' B, A EBRRIN 5% LA, M
PE5 AOB [ TE M, LIRS 100 mL-min ™' A,
DO M, AOB 1 NOB TR P45 &, A =%
Rk 100% , (HFBUEKNO, -NYE B RS 5o 30
UEF R, TN KRR 65.47% K&K
42.36% , BEWIILIT NOB 32 4+ NO; -N i) §&] 3 T
ANAMMOX - %7419 DO v B AT L0 48 NOB i
P, ) it S S5 40 25 W B P4 2 ) ANAMMOX B
ZEIE, R SR AR %UT%%%%&E’W{J%J
NOB, 4 CANON K I 21y Jod U i 7

ﬁﬁnoﬁwmﬁﬁ%m fﬁDaﬁﬁ
NO, N/ZEEEH‘ Zﬂ%ﬁg%kﬂ NOB %ﬁlﬁ%‘i}_%;@
Nitrospira (22 23J Kotnarxos ffm B’Jﬁ%n%@% U\@%g
B4, MﬁEEWEMﬁ@wmmmzﬁ@k
£ 25 0 iR 5 & B, 1% ¥ % S 2 1T i
““Nitrospira % T 1% 15 T Nitrobacter ; T 7E 15 ¥ i 518
170}, Nitrobacter B WU, Nitrospira A NOB i3
B, Nitrospira ZETIHE S, L, SRR B SAS
Witk 2 DO e & ] LASEELXT NOB B9 E A, M
17 S5 B JE FE A 1.
3.3.2  [HJEREESHEL

TEMES 8 50 mLemin ™' B, DO 7£ 0 ~ 1.2
mg-L~' 28], HI/KNO; -N¥RBEF#AR, SFHNH, -NZ:
FRFTE 85% LU I, TN ZBR*%AE 80% LA I, TN Z:B&
Tt s 9 0.30 kg (m®-d) ~'; FRAE 5 S HI A
HARAEMA (0 ~ 1.2 mg- L™ ) Bzt T,
SCPLNT NOB 3 ¥ ¥k, TN MINH, -NZEBRR N
77.80% 1 86.70% , TN % B fi fif {L 0.16
kgs (m’-d) ™', A5 7E A [ (8] Bk DO A1 BT,
TN 2% B B g 230 e 2 A%, LB SR F 8% 35
CANON [ i #% A A 4 457 v 280 0 B LR g T Y
i< & N 100 mLemin~' B, D0f0.5~3.2
mg-L ' 2Z [0, NH; -NZEFRZE 100% , HH7KNO; -N
B, TN K Br G fr M2 BR R 4 B A 0.22

pmol - L.~

mL+min
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kg- (m’-d) 1 64. 28% ; W] NOB I 7E 42 = S,
W R, K DO [ BRI K NOB 52478
YEd; Bournazou %57 (URTSEFHT , NOB M BRAE B
HEAUFE B BT, NOB AT MRS, 1 B 5k TR
K NOB (35 PE R IR B AR AR DG SE &R, T 240
AN 100 mLemin ', {5 IRBRACHT, DO FEAG R Bk
%B"Jﬂﬁ%iﬁfﬁ, SRS =N 100 mL-min_IHTJ‘, 2
N 7R DO HeFEEFIAL T NOB 1R FIX Py, I%Jm
I F4 1] BB SRR NOB . IR 4128 %
B[] ke < B, B SEF K /NTF 60 min, DO 7£ 4
mg-L "B, AT LLSEEE X NOB A% 41 i & R, HLXF
ANAMMOX S04/ ; Ao S W45 I % 145 461 DO
F£0.5 mg-L™ DAY, SRI[H] g <, T LS R A A
. TRIBREE S R DS HAE TS0 DO e B 22 Aok
SEPANH] NOB, AN [ s I i HAE AR USR], HE B
FERZI DO VR B A R WS 5 (R ], <R )
AT RAZERS AOB (YRR, i 4 ol 1) B g A< s i) S
DO 125 AL E BT NOB 1Y . o
34<mmm¢%rﬁr%mm¢%m %%ﬁ%
3.4.1 RIWEELL |
@4ﬁﬂﬁ1mm%ﬁ¢%a%ﬁﬂﬁﬁﬁ%
) Wﬁwﬁ%ﬁﬁﬁmﬂﬁﬁaﬁiﬂ L4
(mﬁﬁ?%%% m;aﬁ%mmm%wgmﬂ

WIS, ORI B B R I | A, SR 2
FEETSIR, B EELT, ANAMMOX & F i m,; K
4(c) MREETFHR 152 d BFEPIRAS, BB & ab#iA:
THI57K 92 d, HRMHK OIS IRMEERA, SRR
JEFREERGIN, RS IR TR E R AR AR A
IR, (HIFDRLFOW EA 2T (B AP 7, 00 BH
WAEYR SRR —EfEtE; WK 4(c) Rt
SEFE AT OB AT B0, 4 DA AR 6 V5 7K S B0 7 I
BE, KB 4 (b) A EUR I SRR,
ANAMMOX [#XE AR 555 e 4, BRI UL, S b
TR, SR oL A A B R, FRAT
PRI .
3.4.2  ZFEVEFFE

% 3 WUAIR ZREET R BORIEAG 3 DB BUBUR:
FIZREMERRAE, 20590 0 d B R m & A Yk B Bt
HOTU 79895 56 d B N IR ICHLECKBHEL ,,
MUﬁwzlﬂdMLﬁiémmM%JMUf
W, 187185, Eﬁ%ﬁ%mmmﬁm7w@:£b
ﬁm’m%&mwrmmiﬁ@m@%wﬁ%m
KME] OTY LN 364, ﬁ%%?%ﬂﬁﬁm&fﬁ
%ﬁ%Lﬁﬁ$ﬁmiIﬁfmﬁi%Eﬁﬁ%m
Ik, ﬁ&@i@wmq ﬂmmﬁﬁmlmuﬁ%{
s, FCr 5 AT B A ALY S B 5
AL, 3T TR A e A

(a) REME; (b) PIALEEIN (0 d); (c) BIBKIBES A5 K (152 d)
B4 YIS YRS

Fig. 4 Appearance of various stages of biofilm

&3 CANON £YIIE5RE SRIEEN
Table 3 The « diversity of biofilm CANON sludge

T H OTU ¥ H Shannon #§%{  ACE 8%k Chaol $5%k =53 Simpson 5 %¢
R A TCHLRELK (0 d) 989 3.52 1207.5 1 160. 39 1.00 0.10
R A THLE K (56 d) 972 4.19 1201.63 1150.24 0.99 0.05
] BB AR TR TS 7K (152 d) 7185 6.36 113 068. 35 50 747. 84 0.85 0.02
FH Shannon £ Simpson 84 1, F&A A Y4k TR A Z IR I2 17 B B AP B BRI, AbBEA 1%

B 2 R , TR TE S 15 K, Uk
IR ZREPERLES ; 1 ACE 1 Chaol JHECTT A,

157K B B MRl RO f e 5 T a2 ARER AR i S
PG iR, HORUELRE g, OIS Hp e 37 B
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39 &

RO HEABRARG, 74k BRAE TR TS5 K B Be a2 0 0. 85,
FWIRE L b 90 AT i O E R Ay, X Ui
A {5 K B BATA R AR g o, e 1
XA BUAE Y S 2 2 R AT
BCKME , A5 KRR S 2 P F 2 Rl

A CANON T 2B R Ak Z —.

3.4.3 JBAKFEIhEERE

2

A ATCHLBC K B (0 d) | IRE A TCHLBC K
FrBe(56 d) | Bl AE & 15 KB B (152 d) B9
RIREH JE KB AN E R an sk 4 Fios.

R4 BERTHEDEENMANER

Table 4  Relative abundance of bacteria of the nitrogen removal functional at the genus level

il S— (LR 40 _
i ARTHLEK (0 d) IREATCHLACK (56 ) BRI SAIGT57K (152 d)
Candidatus Kuenenia 38.25 24.48 13.17
AnAOB Candidatus Brocadia 0.39 1.03 0.94
Candidatus Anammoxoglobus 0 0 0.01
AOB Vit 1k BRI B4 ( Nitrosomonas ) 4.62 3.51 2.02
Al BRI MR A ( Nitrosospira) 0.01 0 0
NOB T ALBRTE 1% ( Nitrospira ) 0.06 0.84 0.97
TS ALFT B8 ( Nitrobacter) 0 0.01 0.01
B 5B 1 & ( Pseudomonas) 0.04 0.16 0.33
FIBR# & ( Paracoccus) 0.03 0.10 0.03 —
SHVEFT I JE ( Planctomicrobium) 0.01 0.01 F=0. 04 ==
DNB  ZFHUFFIE ( Bacillus ) 0 0.01' ofes / §
SE A1 ( Klebsiella) - 0 —a 0.02
AT @ ( Microbacterium) i 0 0 | W ().01 F - 4
KRB ( Rhizobium) 0 \ ‘0.1

" 0.03

ANAMMOX T /3 A~ Bt Candidatus Kiéreid

AR I Sk 38.25% | 24. 489 A1 5.0 % ;
Can(.iidatus Br5cadid EKE! X‘—J'EFE% 0.%9% 4 l.waﬁ-%'
FL0J0dgs {7 T st =2 1 5 A A 0 o
0. 0L% E’*j Candidatus LA{Lammoxoglobus. ARy EI(J

Cancjidaiuf_ Kuénenia X} 3 (AR, AR5 11 %_jlﬁ"'f

A, ML R 5 S B A HL AR S R K
Candiflatus Kuenenia R AL, KA ETCHL
it /K By Bt Candidatus Brocadia 7 #1842 £ A0 X} 14
fn, [A]EREE SR TR 15 KB BX Candidatus Brocadia 7%
AR/, X FE B Candidatus Brocadia BB 3& I K2
RIS A IS K TR RAMEE A BLK,
NH, -NFINO, -N¥& £ 5324 (26. 9 £2.2) mg-L ™" il
(31.2 +2.0) mg-L ™" 535 ANAMMOX ik: 5 Je it
ik JE K I B ANAMMOX B J8  Candidatus
Brocadia . Candidatus Kuenenia 1 Candidatus Jettenia
Sy L 81.7% | 10.5% F17. 8% 5 Thyit ™ AR
iR &k M Candidatus Kuenenia 3 XF 9 70, 1
Candidatus Brocadia R334 10, [R] A 7E H b P & 24
FUE K B ANAMMOX J 17 i 1 & BLLL Candidatus
Kuenenia ﬂ{]I, %—%ﬂé%[m TEJE 7K TN F1 TP ¥ &
43904 500 ~ 600 mg-L "' Fl 14. 6 mg-L~" i, A&
2] Candidatus Brocadia cluster F1 Candidatus Kuenenia

cluster Pﬁﬁ' %ﬁ‘ :ﬁﬂu_ LA 't'gndidatus Kuenenia’l.c'lu.ste( .
s Van e TR LTS K ki AT T
AL s Wndidatlgs"]Brocadid R, FEREREIK
I~ B BB Candidatus 'Kuenenia =FFE 355, [HER 4
W Candiddtus Brgcadia B, [ Bs & BRAE 32 s
8Ll Candidatus Kuenenia i . AR50 78 4b #H A4
G 157K T Candidatus Brocadia AR ALIREE /N, M
Candidatus Kuenenia B F5IE T 50% , HARR s
TS, W L Candidatus Kuenenia FFA5 & W F
WG KA B | 1 Candidatus Brocadia W) 5 3E B 3£ i
15 7KAL L,

AOB H1 NOB:3 MW Bt Nitrosomonas #H %} 3= &
Lo 4350 R 4. 62% 3. 51% A1 2. 02% ; Nitrospira +
JE43 5149 0. 06% , 0. 84% 1 0. 97% ; IR A TCHLRAC
IKEBTBE, AOB HIXF LA, NOB HIXF B HE AT
FP=EBEERT 10 Nitrospira F1 Nitrobacter A%} 3 4351
0. 84% F10.01% , BEW] CANON Sz 7 b PR i#¢
ﬁﬁffﬂfﬁNH; NJE K Nitrospira > NOB ﬁljﬁ“%ﬁ,
X 5 15 0 5 K A B TR R — 30 SR AT
AP, A DO e AR R A Z R T~ AOB fyA:
RN AR L%, 330 AOB X = BEREAL
PR RN, B K NO, -N ¥R FE, NOB 3 4+
NO, -NHJRE 3458, NOB FEEHIIN; A a4 7
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157K By B, Nitrosomonas B9 FH X} =F & B#AIK 1. 49%
Nitrospira FJFHXTEFE LFH0. 13% , BEEHA: & 157K %)
AOB 52255 T NOB, [A] &< n] LIS NOB
MFERT, (BARRESE 4TIk NOB.
At AR A R AL R E 20 A 50 24

J&, FE N ZEMEIE (Bacillus ) F11ER 580 8
( Pseudomonas ) , [A] i 52 fid A6 TR & AL 356 22 Fh i 46
fiﬁ%"%%@m”“ TGS PR T 38 5 0 .
W E W F, kIR T RO M R R
( Pseudomonas ) . BBk E & ( Paracoccus ) e
J& ( Planctomicrobium) | “f&FT# )& ( Bacillus) . 5&.55
8% & (Klebsiella) . T H & ( Microbacterium) ,
JAAIE]E(RhLzobLum) 7 ﬁ’}iﬁﬁ’pﬁlﬂﬁ, BENC SR (3N )
T J& ( Pseudomonas) . BIERH & ( Paracoccus ) 7E 3 4~
WY BEAAEAE. TEm AR TCHLEC K B B ik S A Ak
FIERAR, [ ERBR LRI 15K B Berh 7 Ml 17
TE, HABERG I, Horb b S5 m 1 v i 50 v )
( Pseudomonas) . RIBRTE & ( Paracoccus ) BIIER PER
5, Je: CANON A 4y 58 S 17 i v 000 34 S il P

4 i

(UMMWE,#M %%m%m k%&
ﬂﬁﬁ@miﬁ@%&&’mi%ﬁ mom
kg- (m -d) _ITE}I‘E 0.22 kg+(m’-d) _‘l i IEUEJﬁB%W
K B BT JET R T 30bin | B
ﬁﬁmmeﬁﬁTNf%K*%SW@TN%%
1 faf fi s 0230 kg (m’+d) 7' J

(wmﬁﬁmﬁmﬁ+mmmi%%ﬁ
E%LEEEEK%QTWH%EMEm
ANAMMOX, {H SBR ZHBESCRE %, SEUETTGK
T R FRMEYIEE A CANON A=W BN 2%, Tk 4
ZREPERS TN, s RO A E

(3) Candidatus Kuenenia 7&K % 2 JCHL AL 7K F1
PR TG K B BE AN S E AT 10% DL _E R
Candidatus Brocadia W] 2% 6 AN K5 Nitrosomonas
Nitrospira 43528 AOB Fl NOB RIS E M, A &G
IKBYBEXT Nitrosomonas $2M3E K, X} Nitrospira 521
BNy T O A R A R AR T O R TR
( Pseudomonas) . BIBRF & ( Paracoccus) , [HAHXT
JEXIA IS 0. 5% .
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