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(AnGS) F FIRT5 K s, BUkLTE e 2 80 30 T i R B0 5 5 HLIB0R T AAOB £ JE T R I 402,
A 1 A AR o 9 200 R RN/ A TR O 2 O TG T R AR R AR I RIS Y, I B e R A A
JE KA B SE  Anammox AL HESEURE R TR AF A BEARCR T, (R, FEAR & AR T TS K R
Anammox 3R IR A BT T 0 . R, Anammox £33 EURHE R T 15 K 4514 F B9 CANON 1.7
AR A R il — 2P Y

AW GT LA SR B 5 0 A2 06 5 KA K, BT m A AR K A B R G b R AnGS K
Anammox £ 3 FURHE 2F 1% 75 7K CANON L Z A 18 3, WFFE T % i 40 (DO) ik 2 % 40, 3 70K}
CANON T 25 [ A PERE RS2 , ) FH &5 8 fF 16S rRNA S PRI 5 230 A 1 40 30 20RE A9 8 RE 45 4, 4R 5T
T A3 AnGS H 357K CANON T2 B & ml 474
1 MB5RF*®
1.1 SRERERSEENSE

IR & A AL R T e (AnGS) S SEMORS T s & AJUE K AL PR R 58 H 1 AnGS(MLSS iy 7 785 mg-L™',
MLVSS/MLSS 4 78.6%), H:Hkite Ry 2~3 mm AR & 90% LA I o 352 F JUk: v5 6 B [0 J5 FH 28 18 /K
WYL 3 WIE a2 & . MR 14 A) AnGS A BEREHLH B IE 30 s, B RS (0 Uk TS
e kit R 0.5~0.7 mm, Bl J5 SR FH U440 4 3 179 £ M BEORE S 4% O A 7 64T Anammox L3 3EURL A1 1Y
Wil e o, KRS RN 20% R OHEEE IR (PVA, BEE N 2200, BEFRE R 20%~99%) Fl
WEJT B9 AnGS ZF iR A, IR IIABR BRE5 A3 AR FUEE R K AR (CNT 120 B T3 0 S20R} 8 B O 2l 1%
B, RAHAIEHRBEK S BN 5%, 5l (THiE) 4% MIRAER. M5, 7ELRE A
WM BT g TS E EAEN LS em, JRE
0.3 cm [ R 23[R, 7 2o T FIB I 5 T v A Ik \ =
JE VI 0.1 em K3 5] R AU OB, AR =
Y Py 50% 1060 = BRGS0 3 o ‘
HKPEG A H, AnGS K Anammox i HE HUR} 52
Prr L 1. k 2 -
12 SREEREBAAK

W 5 /K A B3R CANON T 25 2 B 4 4 (b) Anammox iR Sl
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K 20%, LR RS, FE R N A B
DS A RS AR ST R AR, HERAL
it S A4 B8 8 LRI M S g g R HE S, [ BF DO R
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Fig. 1 AnGS and immobilized filler of Anammox
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CANON T.Z i A vEne, Wb, 78GRI KFE hicE AR T 24 hn BRI LAY, HiR
AT AR AE 2~3 mge LY, R I T V5 K R Y S 3R B T VS K R ) R A L AT 2 B

FBRIE W IERFEFR W2 1,
% 1 CANON [ [ 85 i# 7KK RIgHR

Table 1 Characteristics of the influent of CANON reactor
BRETR R E/ (mg L)

GiiHH C/NIt pH
COD N NH,"-N NO,-N  NO;-N

S 43.2~61.5 52.0~69.2 46.2~64.7 02~0.7  02~1.1 09~1.5 7.7~7.9
FIE 56.8 59.9 55.2 0.4 0.9 12 7.8

1.3 XBWHE

SEE R 2 B4y B 1S3 CANON T AME sh S8, N griaf7 i 8.0 he W1 fikiis
e S #5058l 43 R 2 A B B, Ao B A0 1 I A B B B DO T VR B AE 2 B B4 O R 1.4~
1.6 mg'L ™" F12.4~2.6 mg-L ™' HH TEL 3 IFORE o 77 76 1 i S8 AL BB EE , [ 4 T 75 225 i 1) DO e B
TERE T AT EORL H AOB XTI AR TR, I, Al LIRS N 48 76 RSB B DO Ji i vk
HeFEAE 2.9~3.1 mg- L', LAHEIRTTIS KA T CANON T2 g sl 45 2 #8432 DO e B X 4 HiL 15
K} CANON T Z LA 52 ) SE 5, g asas A7 R A 4E R 7 8.0 he LI 43R 2 BV EL, BB 1
T A1 AL IEORL N 28 7E B SB BL DO ST vk B B v 2 3.9~4.1 mg- L', BB I Al A1 R DR
N7 5 7E WS B B DO Jit s MR JE K & 2.9~3.1 mg-L ™'

1.4 #MNIE R FE

KB 5 SR R SRR o 7 7R U NH, N R B 40 FGR ) 40 6 6 5 NO, ™ -N R N-(1-2836)-2,
TREAEE ; NO,T-N R AN A L EUA (TN) 2R A % [E Multi N/C3000 % TN/TOC 43 #r4%
WIAE 5 %% (DO) 2k H HACH HQ30d ¥+ i AL I & ; pH >R F§ METTLER TOLEDO FE28-Standard 43
B E .

SO F1 S1 435 K % Fh AnGS F£ A4S A1 Anammox 3 I RHE 1T f5 B9AEA . {# ] Tllumina MiSeq Il ¥
B E AR SR, S T A0 16S rRNA LR Y V3-V4 BE 48 X 5 88 A 1, 51495 51k
341F(CCTACGGGNGGCWGCAG) Al 805R (GACTACHVGGGTATCTAATCC). fifi Fj 3¢ [ E X 4 ¥ 5
A A5 B AL (NCBI) K088 122 X 20 58 19 16S TRNA JE [R5 o XF T 7508, {8 F MEGAN #0443 #r
IEEHUEDI) 168 IRNA JER, JEARHE — 2 0 B (A X AR A 0 )8 9 R 17 40 25, LUK 2 AN P 5 R 28 )
BRI 5y 5 507 (OTU), FHEARHE OTU HE4T Z R 43 HT o
2 #HR512
2.1 5K CANON TZH R

W1 ZEIR T V57K CANON T2 Hfv e 3l [ B 0 S0 U PR A0 18] 3 B/ o 3t 15 K i 7K NH-NJo o
W H 46.2~64.7 mg-L™", TN Bt B N 51.9~692 mg- L', 7EMEE 1 ., Y4 52 % B2 < B B DO Ji
BRI N 1.4~1.6 mg- L™, W1 KW #5H0 NH,-N £ B3R TN £ SR AW, ERshdid,
B 1 NH,-N £ BR R TN 22 B R0 91 8 39.5% 1 25.5%, /K B % NH, =N Fl TN J5 5 v BE 43 51
32.1 mg-L™ F143.7 mg-L™", WKW I M T (s K ab 315 4 9 HE bR #E (GB 18918-2002) )
(LN R RREAR) o —2% A bR, W W1 JURLT5 I8 CANON S iy # it U8R AR HL3 K 2298 . 8] 3(b)
KRBT W1 R A% 1 ANO,-N/ANH,-N (22 fR A5 00 o B I #5903 R 38 47 21 5% 1 ol 28 5 800k 8 38
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Fig. 3 Nitrogen removal performance of CANON process of W1 granular sludge in municipal wastewater
K, HFEELLLIZLT, O #E) ANO; -N/ANH,-N 4 0.09~0.13, FEAGERE7E CANON T. 2/ ANO, -N/
ANH,-N [ BEISE 0.11 B!, ik 2% B s A AU K AL BE R 48 19 AnGS 76 3001 15 7K 25 148 T RE 4k 5
CANON &8, [Wm&B, ERE T d, HKNO, N FEKEHRAEFEImg L IR, £
Bl CANON T Z i iy AR A AL R R Ag, JFRIBINO, N g A RAB4, i th 7k NO, -N [F B A
H P R B R B Anammox i A SR B 4F. 28 LTk, W1 hi#% CANON T Z 7R B 1 # i
BRCR 20 F 8RN 2 AOB 6 B, S50 NH,-N [[] NO, -N %43 K o118, JC¥E N Anammox JiiE
AR R IEY)

FEB BT H, 24 W S B 5 76 B S B BE Y DO Joit f Wk 41 5 2 2.4~2.6 mg-L 7' J5, NH,-N £k
R TN 5809 ETFZE 60.1~65.9% 1 50.5~56.3%, {HH7K NH,-N F1 TN Fift i Rk 18.3 mg-L™!
1302 mg L™, MK E S T EbR—% A dniE . 525 B B iy DO MR BE AR R4 = WL R 2% 1Y
AL A, DU B NH,-N AL TN L BRa 3, (H oK A5 S8 HfE DL 2 HE A ZE ok o X &l F
AAOB i ] A K F iR e b, Bk, W1 W #8765 33 F2 5 9 Anammox il & RCHR B 4F . 1M
AOB. WiS2EL E AL T (NOB) B fili ) B K T 2RISR, B S 20 W S &% T A K 79 AOB il
NOB R 75 &y BEHE /K Ji 2%, BAR —J5 T8 0 V5 Y8 it 2% SE 30 1 % NOB 19 R4 1 A T 2 ik 1 7 A2 A
b, AHR 55— J7 I 5 30 AOB Y R f I 2 AT it 22 48 Ak sk 3 X DU 0 4, R B 2 /& DO ik
FE A HREfE i AOB 1Y 1 PR 30 I8 52 5 S W A% I 2 AU fh i 38, (HUR M DU &5 4k 4F W1 R 2% 1 AOB 1Y
BRERCR, AR A ME LSS I T 5 K CANON T A @ s & . /0 e B (i iF 5% b [R) ke &
M, TS B A KRR, 9k Anammox 57 75 U 1) CANON $9ikr % A 75 22 3 4K 14 )i 3l s
B seAh, K 3(b) h B T 7E DO WER &5, W1 KN %8 Y ANO,-N/ANH, -N #f & 0.16~0.22, &
THIRAE, KU DO W BARRES 18 M 2l A AL R, (B [A] A S i R A AR Al AL SR

Al £33 ORHE 3 17 75 7K CANON L 25 v )3 3l B Be 09 6 &0 45 M an 181 4 Fir 7 o AL AL 37 SR
CANON Jz )i #8 tH/KTESE 10 d 5 B Wit TR, 78 11~20 d JZ I #% H9 NH,-N 22 B R Al TN 2 BR R 43
R 98.9% F1 72.4% LA I, 7K NH,-N Fl TN it % B2 43 074 0~0.8 mg-L™' Al 11.4~14.5 mg'L™', i}
KRB L AR — 2 A bR, R A1 U HIFUR CANON S #8410 d gt s sh . i T i
L E 02 5 40 T 18] 2 ZE ORI S, DRI AT LK B A k2 AOB 13 2%, [l BH 3 JE0KE R AOB 19 4E 1
AT RAFHIIREE, BEUSMEIE AOB Fr 3R AR, TR LA B EURHAE L AnGS B A5 S 81 B &5 1 2
AALHR, A, HIUR Y DO 1% T RS B RR 0% A R ] NOB A3 4, R Bt sk /0 T g B Bt
Vs i T AAOB G YRR 52w, At AfF 5 v, 5 W ) FH B 2R [ 5 A R B % S50 kA A w4k U721,
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Fig. 4 Nitrogen removal performance of CANON process of Al immobilized filler in municipal wastewater

i 4 P 3 A S [ 4 T A AL (0 HEEORERE A% PR R ST 5 K CANON T 200 eAh, Al G EURL
CANON J I #% 7€ )& 311 J& i) ANO,-N/ANH,-N — EL7£ 0.11 Z2 47 9% 3, F M T Al W Tk CANON
S A 8 B G AR

2 P45 P21 3 o ] A S0 A 95 e AR S SR AR TS 08, TERBERUBRBRAE TR 15 K 2R 1F T, SRIBUIE
A YT, 1E 55 d NI A 3 T CANON 20 XA 28 4512 5 gt 1) s 15 =X A ) 10 1t e o
1K AR TGS Ve, RS AT AR TR R W RE A DO MR, R ATE 48 d BYRLTIJE B T CANON T2,
BT IR S KR R RS R, AL GERY TR LTS U8 R GEAEAE 75 2B A I 1) 91 A6 7 Ak 181 F AT AAOB T#i
TF A HC 3 7 3 T V5 UK K B I B R IEURL H AOB R AAOB RE 1% 1% 418 ¥ fife 480 B B TB W B 4 2 1) 4%
A4, TRl RE A A ROs D TTRE R IR, X0 TR JE 3 CANON T B B2 . 1e)n shid 72
W, AL AL IIEORH B RURE ) i HE K — T3 T b T T E f i AR b R 0 A 4 g A0 W SR TR, TR R 4 i
g2 W ol A= 0y 7 A 2 P T AT o) 3 5 55— O T DU 2 ol T AORE PN 3R A 0 B R K S BUBL AL RE
$2T1 . WIIFFELS 2525 75 [ 5 A UKL 3E 75 1 B2 b & 8, 2R 0 0 5 9 2 S BBOUBORE Hh 19 T 7% A 7 i
W, JF E TAE VR, 5 T 0K SR T A4 SR W O AL T v B AL A AR ) R S R RS 2, Bl
A A B W oo S A R R T, Ty SR T U B R 2, B R T RS W R K R
WURLN 9 A= ) B R B — D EME . BRE, XF 3 AL SOk, Y HOR P A R Y s B S,
B AR AR A ) 2l o SROR 2 T AR I P OT R, X SR T AR U AN AR R SR, AL AL
BHE S Sh e B R RE I R B — 2P K E e th THOR N A Y s 8] TRVEM . 1o, mT
LI BURME BT A2, BURL N R BTAAR, nTRE s Bl TAE P Bk = BRI RUEY =T, RAM
A= Wy o filk Iy TECRE A BRI R AL UKL 75 8 AR s Ji o H: ol ad PRIl AnGS RiAR 3 5 1 6
SSEORHE S T 15 A M B 25 PF S AL T, A 0D 1 BOR N I A B T
2.2 DOREXIH T IS/KEIEER CANON TZ Bt & I &E I #2110

HIE S AT UE , 7EBrBE L o, 24 AL G HEORE CANON Jiz 4% 75 B2 B BE A9 DO Joi 2 Y€ J3E
2931 mg L T E 3941 mg- L 5, Al AUHEIURL Y A8 A9 TN 25 Bk R G T % 2 61.9%~70.9%,
[ (6] 5 7K TN 5 J 3 B2 4% 4K 28 17.1~20.0 mg- L' R B4 iy AL f0 HUIFORL B B B DO YR 2§ 3L
W APERE S A, RIS, NH,-N LERZBAGAERFAE 97.3% L b, R W] DO W Ry £ 3 JF R s mm Al (3
SRR ST 75 K P B 2 U R BRACR o i 5(b) AT Ol HEZK NOS-N AE DO Jit ¢ 5 72 iy Jim b 3
K& 9.7~11.1 mg-L™", [Ff i #% ANO, -N/ANH,"-N # % 0.17~0.21, 1L T CANON T. 25 il & i)
HIRE . X R AL SO by T B U B DO ¥ 4 =5 20 CANON T Z i IR A AL AR, K
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Fig. 5 Changes in nitrogen removal performance of CANON process of municipal wastewater in immobilized filler at different
DO concentrations

NO, -N B 28 K TN RNikbr o WS AE AL AHEIEOR R A1 40k 2 8B4, — 3B & S 0k
1 B AN 2 Y B AL B B, M A 3 IEURE i S 1 AOB I NOB 7 3% A% B B2 v 1) %
fif 48 s oy — BB UKL AN 2 B BURL N 2 T8 B AR TR BE I A J5URL P Y AOB il NOB 73X 1~ 1% J5T
BB RE R R VA . I, 24 Al HRIUR CANON T. 25/ Y DO R i 4R w5 0, A0 3 B0k} rp i
21 NOB FERE Hh (1) NOB 97 4 $2 i T BUE R ML B3R o BeAh, HAN S5 [ aF 53 b & PR [R)hr
6 ORI 8 TP VA iR R B2 A 25 K, BEE RLAR R K, ORI R ) DO Rk R, T
Al AR RIS U S/ NURE, BRI, 1R DO FREEAS I T 30 i 4 HLSECRL 0L ) NOB 6 4 .

FERYE T rp, 24 AT A0SR} S #8 7E RSB BERY DO R W R 2 2.9~3.1mg- L' 5, &
TN L BR B4 2 75.5~82.0%, 7K TN Brm il BEFEMLE 11.4~143 mg' L', 7K NOy -N it & ik
JEREALE 5.9~7.9 mg-L™', ANO, -N/ANH,-N [RIFEVRE £ 0.11 247 . X R WA = DO iz 11 A2
5K CANON T2 U . BS CAEDT R R AR R, 765 DO 4% T, CANON T.ZMii
FaRUE , (HE 2 BEAIK S B 45 P 9 DO vk B, REfS YK E CANON T2 A AR . FiRSiih g Rk
B, A B o A 35 IRORE BN #8 1 DO T R B AT SRR S ) R A A 2 S 6 ORI T T K
CANON T2 i 1) KAk
2.3 EIEERIAER T I57K CANON TEE{TENEE S

D) EY ZREME . 362 R T4ERD AnGS T A1 A0 8 HURH/E 3 17 75 7K CANON T 2555 47 )5 1
MR, R 2T LES, SEEE KRS T AnGS 7l 5 A1 0B EL 72 3R T 5 7K
CANON T.Z.iz17 )5, ACE fll Chaol $§ #7217 /5 L7, 1M Simpson $§#0 F [ . X R A1 AU HL 4K
BHEIR 57K CANON T 208175 B A W Z FE v 5 T2 AnGS. — J7 11 £ A MR Ok} i 1 2o 2 v
fifi AnGS PRI/, B T ARRIAED A SIS, SRR B—hm, Wiliis
IR Z& M B B 2% K J3E 45 A R ) BR324 T 7 KB AE TR AnGS BB 17388, S 30T HAb Y etk
AR, TR T A 2 R0

2) WU B . REAR T TRV AP R B2 BEMSRMETER
Y BEVE ZREVEN R 6 FE s . iE 6 ] LLE W Table 2 Microbial diversity assessment
HeRl AnGS BEAR SO 16K L EpJE yvpag  HPAHES TPAR OUTRC ACBIREL ChaoldiiAC Simpsondiit
1] (Planctomycetes), i 4> 1 J& 7 1 41.36%, SO 55901 1395 170556 1624.73 0.12

%EW‘(}*{%%%%I‘T (Chloroﬂexi) 'J__—' a4 17.97%, S1 41417 2621 1911857 10527.83 0.06
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Fig. 6 Microbial community diversity at phylum and genus level
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Nitrogen removal characteristics of immobilization of Anammox granular
sludge in domestic sewage CANON process

WANG Jiawei'**, HAO Guizhen'**, WANG Shuna'**, YANG hong*"

1. Department of Municipal and Environmental Engineering, Hebei University of Architecture, Zhangjiakou 075000 , China;

2. Hebei Key Laboratory of Water Quality Engineering and Comprehensive Utilization of Water Resources, Zhangjiakou
075000 , China; 3. Faculty of architecture, Civil and Transportation Engineering , Beijing University of Technology, Beijing
100124, China

*Corresponding author, E-mail: yhong@bjut.edu.cn

Abstract In order to achieve the stable nitrogen removal of Anammox immobilized filler in domestic sewage,
the decarbonized domestic sewage was used as the feed water, the aeration method was intermittent aeration, the
nitrogen removal performance and microbial community structure of anaerobic ammonia oxidation granular
sludge (AnGS) in the high ammonia wastewater treatment system and the Anammox immobilized filler made of
AnGS in the CANON process of municipal wastewater were studied. The results showed that during the start-up
of the CANON process of domestic sewage, the highest removal rates of ammonia and total nitrogen in the
AnGS system were only 65.9% and 59.3%, respectively. After 10 days of start-up of the immobilized filler, the
removal rates of ammonia and total nitrogen could reach over 98.9% and 72.4%, respectively, and the effluent
NH,"-N and TN could meet the discharge requirements of level A in the “Emission Standard for Pollutants for
Urban Wastewater Treatment Plants (GB 18918-2002)”. Increasing the DO concentration in the aeration stage
(from 2.9~3.1 mg-L™" to 3.9~4.1 mg-L™") resulted in the increase of the effluent NO,-N of the immobilized filler
to 9.7~11.1 mg-L™", thus the short-cut nitrification of the CANON process was destroyed and the effluent total
nitrogen did not meet the standard accordingly. However, after the DO concentration was returned to previous
value, the nitrogen removal effect of the immobilized filler CANON process could recover. After the
immobilized filler operation, the main AAOB bacteria were Candidatus Kuenenia and Candidatus Brocadia,
accounted for 21.11% and 1.04%, respectively, while the main NOB bacterium was Nitrospira, accounting for
only 0.53%. Immobilized filler can maintain the advantages of the AAOB flora in domestic sewage and inhibit
the growth of NOB, so the immobilization technology has broad prospects for the nitrogen removal from
municipal wastewater by CANON process.

Keywords anaerobic ammonium oxidation (Anammox); immobilization; CANON; microbial community

structure; domestic sewage
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