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KA, BB BARARL KREE, ST kmm>™, ¥ 42

LV Z SR K% S W B TR, P5% 710055; 2. db#0K 57 (P E) A BRA R, dt3 100102

W E CRHRE-A-S RN A, DS SR AR A L IR R IR A 2 A AL (anammox) B & 2 AV AR R
A&, X AGERIIT M. B e T A R RS AL YIL B B, e B B R A LA B 2 o R G A AL
20 (AnAOB), BEAT 2 anammox T Z WA . 45 R LM, 4% DO Z1 % 1.5 mg-L ™' if, NH,-N £ FR RN
80%, W1 & BB RN 50%, H R 1L W1k 5 sh Ak T o AnAOB 5 F g sl 5, 7 4E 15 8 &b DOy 0.3~0.5
mg-L™, B4 NH,-N 5 B i o 0 0 1y 3 A5 i, AT SE sl akak O/N Sl 2, th K S LA (TIN) iR T 6 mg' L™,
NH,'-N 2B #>95%, X 3 B anammox Y 4L 7 s AT o 70 #7 il 40 ith 260 3 A8 A 17 100 3 B Bk 4t A7 7€ anammox B¢ 2
WAk ZF A ® A . B F S5 H ] B E Candidatus Kuenenia 1 Candidatus Brocadia % AnAOB & J& M
Denitratisoma(J T A0 TR ) 76 1 0 o 0 38 7R e 0 B0 A: W0 B AR B AT T anammox 2 [ il Ak 55 2 P L AL 42
ffi 17K TIN<6 mg-L™'e % T. 25 il i #2832 i F2 anammox #8 & 2 Fi i 2K 42, AR C/N T BUi5 K IR B A 42 it T A7
B H AR B

KHiE IREAERA; WBU5K; ERE

G Y A B B A B RE AR . BRIIH AR, {5l sm e, H5 ™ Rl =<k Co, 54

AN Bt b 2d 90 4 LK 4 & A fL (anaerobic ammonium oxidation, anammox) 1F A T 4 %6 I 2
Jid R BLUE I, L T anammox 2 N 1Y) T AU AR ) I 28 AR R [ N AR BIE SR AR R Y L 3R B

ESRE/ITCARM T, DE bR, WASRRER i 72, AR EMREE N AY R
Moo FHEE ARG AR A, anammox HA 174 60% DL FRES & . 14 100% kiR . W KBTS U6~
S AECHE IR = AR S A,

H i, anammox £ 2 H 15 Je 1H AL A =5 NH,-N TolK i ab B, et ByE B e B2 0
ZH, HEARZFRACHBUERS . By 75U E A Tk K S a3 s, 54k, B
A W9 H IR anammox W H T 38 T ¥ K FE U R A BE & 7 o A 4k (partial nitrification, PN)-
anammox (PN-A) T ] SL B {5 /K A R4V A, TS K ERBPEAREZIIE, W0y
T T2 o AHFE T 15 AR AL B 45, 2 R £ 20 AL B (nitrite oxidizing bacteria,
NOB) A= K # K K F 4 %A 4L I (ammonia oxidizing bacteria, AOB), 75 7K HIif 25 & F1IHF 25 B9 3V A R £h
ks BEA: 2023-02-19; FEABH: 2023-03-15
EEWH : ik s S B ERH TR (ZZLX-2018-05)

E—1EE: BRK AR (1998—) , B, W LAF5% 4, chenchangdong821@163.com; BRBIEMEE: sKui iy (1977—), %, M+,
zhangliliO3@bewg.net.cn
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To A S NOB A K % H . ik, AOBRMESE 4+ik NOB, X< ORI ZE AN E , B
SEPER AR E 1Y anammox KV, SCIR HE AR 47 HAE TR Y RO 1 R AR DY L 2013 4E B2 K
B2 58 -+ A A 1 vk B M RR SR AL (partial denitrification, PD)-anammox(PD-A) T.75 . % 1. 25l i 3 7
A Ak S IR RSO I PR AR AR BB o (HUJE R S A Ak S AT TH AR R R, Y i A1 e YR K S B PD Ky
By A . SR 1R K R 0 RT A ) A e IR 7S 43 0 T PD, 32 B AT BA A R < DR AR - -k
AR (AOA) 3281 N ik U5 U 2 S Aif Ak -anammox,  H: J5 FH 2 B BH 1A (glycogen accumulating organisms,
GAOs) Fl1 2 % 7 (phosphorus accumulating organisms, PAOs) 7£ K48 X fg4 COD I AEh N iR I, ET
FESR A X & AE PD 1T ™= AR NO,-NUY o (H P IR S Ak B I il S e 8 1)) 2 B B 4 XA AR RS K
L PD AHXSF PN R, X B ek S i U 7 SR B

PN-A #1 PD-A # & 1. 2 7] ¥ NOB #1 JX A 2 & ft I& (anaerobic ammonium oxidation bacteria,
AnAOB) /4 [ # 43 NO;y-N b J5 i NO, -N 4k £ £ 47 anammox BV, F#fIExF NOB £ il 19 22K, [
B 8 7 4 I AS A6 15 9 e RE R AF o, AT R R AU AR AP e s . IRFERI IR . B
Hi, % T PN-A Fl PD-A# & T2 M 2k 12 Wl A 58 8 /0, ABIE 58 DA SE B T LTS 7K Ok b B
5, FE DR -UT A - AR O 2 I A ) B AR DX REL A Rk BB AT A SR EORE, DAAE 2 U R S B PN-A A
PD-A 5 Z RSB A, W i BTG KKK BT AR 46, s s AR Ah i b . R R A s 1T S
o5 Ye Wt fop 00 45 B0 BiD , M 2 B 0 A anammox A A Z R AR E E AU A, DL R
anammox Y T- 2004k S TR AR 5%
1 MRS
L1 KRB

F e EAR A MLBES IR, AR A 50 L, & XS A F o 1:4:6. PRS0 35 B 1 1L IR
By IR IE ok A SR AT M SRR, AR DU A S A e R AL WA B0 S AR £ ZE SR (JE
L 25%), VIARER AnAOB, o #2 il 45 Db o 4 4 JEOR) 3R 1 ) 28 W RS2 B e TR s TR R B o I
o7 e B A TR o

JN AL AT 164 d, S N3 B B
BICE 1~59 K) J R s AL YAk By Be s B Be 1T
(35 60~90 K)AnAOB ALK B 5 BrB TH(E 91~
164 K) FasE 1217 B B BrBe 1R 42 w4 R
Tt MRS (0.3~0.7mL-min""), ¥4 4 ith DO<
1.5mg L™, JFRT5AMEE L T AOB Yilfk; By
B 1138 2o B AT G 43 8 < (0.7~0.4 mL-min ™),
v B 4 Tt MR AEE 1 (30 8/50 5~30 $/30 s) [ 5 =X

it

-
LR/ AT

Bl1 RNJREE

ic! ¥ v Vi A 4
{i e NH/-NG W) 2 il anammox & 18 % Fig. 1 Schematic diagram of reactor
Bk . 51T AnAOB 3 M 94k 5 B B 110 S A
EEITM EESEIE S
SEAEATHY BE L WLBE I I 7 107 Xk 3 7K KI5 3 3l ®1 TREBITHESEESH

Table 1 Operating parameters during different experimental

ARG E P o as AT AR 1 R .

periods

1.2 SLIS Bk A 57

}GJE K {%ﬂ: I:LL)E ~ B BiEl/d R R AR/ (mL-min ") BREBIEEE L AN L

K HCE A 5T T 3 P XSS G K Ak B - 0 007
K CEWEI5K) o B A7 W 1] 3 oK K 48 AR L 0'7 1500
b COD 62~250 mg'Lf1 N NH4+—N 22~54 mg'Lf1 N '

- . B . I 60~90 0.7~0.4 30 s/(50~30)s  100%
NO, -N 0~0.8 mg:-L"", NO;-N 0.6~1.8 mg-L .

I 91~164 0.4~0.3 30s/30s 100%

pH 74’\’780
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S IE AT R R A 2 K5 e . RO RV A NILE ST, R OK A S T S e, R
J 5 U8 BT i VR FE A 3260 mge L'y A TURGR A 59 K, A i A X3 B AROIR 27 2 SEURE Y [ e 42 A
AnAOB ikii5ie, M A3 L, A5 EEkE N 5862 mg L,
1.3 DA ESHREE

W HLKE I 38 R (COD. NH,-N. NO,-N. NO,-N. MLSS) ¥ & /] [ #5 % . NH,-N,” NO, -N,
NO, -N A i H 1 B2 A1 FH B S AL A (total inorganic nitrogen, TIN) 75 . DO/ pH 2% FH Multi 3 630
IDS WTW(HE ) 5 o AL 50 W BEX BB AR5 IR AR fh, B 120 °C MBS AR TRIC A7, Ge— A7 il
T . AnAOB R P S50 75 2% SOk [13] #4700 7€ .
2 #BR512
21 BiRMEREEREER

ER N AFE T F, NH,-N, COD, TIN K 44 ith W i A £ 2 3 (nitrite accumulation ratio,
NAR) HZZ A AE BLan 18] 2 firs o fERE AR AH AL Ak B Be (5 1~59 KX), Wi i /K COD #l NH,'-N Ji7 &
We 435 i 120 mg- L™ F A2 250 mg-L™"' . 30 mg-L™" - FF-% 45 mg-L™' Ay o %o 1 7K 67 ff 38 K 3 K 79
il IEsR AL AOB A P, 42 i S 2% A0 [ 3 e At S it U, ir b DO 0.2 mg L 2 7H &2
1.5mg L', JNi#§ COD [T 70%~80%, NH,-N ZFFRH130% % 80%, 48 1th NAR N (60£10)%,
X LB NOB T PR g il , 31X 5 47 E0t AL DO # il 5 J5 Io # i 44 S8 o0 XA o

TS A E K DO0.2 mg L) 544, {75 NOB & A2 F40 ], NAR &5 N 65%. K, [F

—~jEKCOD  — HikCcOD — EBRHE

—— JEIKNHN o~ HUKNH-N  — NH;NEFRHR

~ 250 ; 110% ~ 60 \ 110%

‘ ‘ o o R, S|

70% 1 50 40 e \\M 70% &

& £ 30 ; WO
30% 5 Z 20, 3 30% Z
=10 i
0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160
At fial/d A il /d
(a) CODHY7E 1K, (b) NH,-Nf# 721k
——HEKTIN —— 117K TIN HEKCIN. —TINZBR% .
60 : : 1% 6 $0% [ TTNAR
A
< 409 |
Z30%
20%
10%
0%
0 20 40 60 80 100 120 140 160
s} i) /d Hifal/d
() HEZKC/NSTINIYAE 1L (d) S5t TV ZRURR SR A5 Ak

B2 RESBKEBITHRERRI
Fig. 2 Performance of the reactor for long-term operation
IPNH, -N-EBR AU (3+1) mg L™, AOB il PEAR 2 B0 H], fEdEK fm AW m g 5640 F, it
iR f S22 i R anammox Sz N7 B FREE AP R, 5 2R W AOB i . £ AOB, NOB {ifi 143 52 41
Y QiR N A= B 3 ol NN = o Y 1 7 e < I3 1 R LR R ke 1) R s A 3 VA O T L A S
TERDO T AOB AH# T NOB R B 5 A 1 R FRE 1, 18 A0 4 4 S Tt B 0 O 4 451K
DO 414, Al A F T AOB I SeFI IV fif 40, Tl Lk NOB S K AR W k. Bl 5 W s B b it i &2
0.7 mL-min", 75 J¢ MR T 2 150%, &40t DO L JH % 1.5 mg- L™, NH,-N £ & L7+ & (12+1)
mg-L™', AOBGPEANTHH o [, NAR BEFESE 4ERF1E 50%, NOB G PEATSZ 23] o ABE TR 45 4R
e DO i 8 1.5 mg- L™, X TR L6 DO BIMH (0.5~1 mg-L™), {HAIRELERFH = NAR.
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X ] g J2: BT A B 5% SR R A -4 A - A A U 2 S 4, A i L R A X B L IR P s SRR R
M B T4 ) NOB Ml i £ 11 % AOB SZ M AN K o [A] A, 7E Sk AL i A U748 3R 55 J5 , - AOB REAL
T NOB RSG5 5 SCHk [18-19] #3815 i R EUT ] /4F 20 ] (Tges/ Tog ) T A SIS 2 45
FH -3, B, AROFFE b N a8 84 X5 45 A o AR FR L Oy 7:4 KA DO 4514 A B T NOB fiy 411
il FEYIALBBeA I, 17K COD Al NH,'-N J57 & ¥k B2 43 51 4 (38+2) mg'L™' 1 8 mg'L™', H AOB A%
W IEYE, BB LSS 5 AnAOB i 8h 5514

55 LB BE (B 60~90 X), FE SR X BOMBURIF 280 AnAOB i ile, il FRARAF & it < i, 48
o R A R 5% HE JE AT anammox J B 94K o % B BE O AR #E K C/N 5k - B Bea [, 94k A TR
COD & 52 F& MK T 80%, NH,-N & BN I F+ & 90%, [F W TIN 5% ETF £ 70%~80%, HiK
TIN &y (11£2) mg-L™", KT E—Fr Bk TIN(17+3) mg L', 3% ] E & S #5380 T AnAOB Z )i,
KA T # S anammox N, EfSAES F—Fr BeAHE CON &4 F . NH, N & TIN L£BR%RY b, Sk
1M, YL E] NAR T B 2 20%~40%, X 7] BB & i1 38 i FE ARG S b e A0 i, 8 v SR ARt R0 L
A E 0 DO 4 0.3~0.5 mg- L™, A A s A i 44 T 5 A anammox Ik A Bl A5 . 7R S EE
NH,'-N A/ #f AOB J AnAOB Z:[fr, MM & T NH,'-N 2 [R3, (i 15 5l 40 3 7K 96 4y NH,-N it &=
W /NF S mg L™ K% 4y NH,-N T it ik B <3 3 55 AOB 5 NOB Xf O, i %5 4+, LI & AnAOB 5
NOB Xf NO, -N Hy3a 4+, MIMA BT NOB i PEry ik, SCik [21-22] R WIT7E R 42 NH,'-N J5t 2 ¥ B2
INF Smg LB, HELT NOB RyHE K, 54 X F2 By 45 HF NAR T ¥

55T B BE (55 91~164 K), A/t 480 il NAR R [ 2K (9 AN FI 52 00, 32 B B3l ok e IR e 4ot
WA, RN St K NH,-N R . S5 . I BY iUt NAR ZE R 7E 209%0~40% ,
HEK C/N Hi 4.5:1 & 2:1, NH,'-N £BRFE>95%, TIN ZR4EF57E 80%~85%, Hi7K TIN /NF 6 mg-L ',
TG AL R T, 1% CN A B HHESE B 7K TN 35 %R (— B CO/N KT 5 uF, gtk
Vi & ¥ T B )P, X R B IZ [ VAR R AnAOB 76 B E MG R b R 4% T B BAE T, (A5 1k
TIN A% o 33 156 B AR B I #5 AE B X IR C/N 27K B2 NAR R FEROAS &L T . X5 TIN 75 A 305 e Hh 2
B, AlSEE K TIN NF 6.mg-L7'
2.2 TIN £ 9
22.1 NH,"-N# fi ¥ 5 f

FW s T4 59 K4EFN T AnAOB #ijg . T HURLEA R 47 09 W B F {75 AnAOB 7 ik 48 X &
LR . ML NAR TR OR AR, B0 AnAOB & 4 X (Y E K 65, 3 3o A AIG 47 420 b
B A L 4 e Gl MR 15 L ) S AT AR /B AR Tt NH, N 2 R s A T, &5 SR 0 A5 i S b
NH,"-N 2B 500540 NH,-N RBR4ax] i tefE th 0.5 #8223, 258K 3 iR, B 2(c) #H, 9
1k B 18] (55°60<90 K ) Z Fa i 15 17 W 6] (55 91~164 K) T. 2 i /K C/N AW B, {5 H K TIN 21 i
(11£2) mg' L' FEZR/NF 6 mg- L', HEEAERREETT. X 0] BB T Sl 40t BOR 21 4 S0k & 42 915

R AnAOB, il if AN NH, N $iqr, L 2 B ol — B
B2 P K NH, -N £ anammox i 42 ZBk, N 220 ‘ T PE
Vs . N NI o I;':’R'
M A AT AR AR C/N R K SR A PR P i 200 , TR N e
N ¥ s 'z
i z I | I, =

120 140 160
ffal/d
T /A 2R P R BR i L

222 WEE BAEAEFNO, -NHAEARET Z
FEZ R AR Z T, NH,-N 322l 4 40

MBI LR RIS NL N KR gy g, g N N a@sRS£RELE

It . NO,-NZE it &k Jo COD Fie IR &k 41 141 4 Fig. 3 Ratio of NH,"-N load distribution to removal in acrobic

7N o and anoxic tanks
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&l 4(a) ], 4 COD £ B 4E 4% 76 (15£5) mg-L ™', Al A= A AT WL 16 1 00t v i — 20 2
B, AT U858 i 4R AT L) X AnAOB W52 o 8 BIAK 30T TR1AS DB e A1 4 St g <, o 759 ST
NH,-N £ Br & i (12£1) mg L' F& £ (5£1) mg- L. [, NO,-N A i H (5+£2) mg' L™ [ £ (2£1)
mg- L7, 38 i A A AR A NH, N S BR85S T NAR R A7 R 7R & NO, =N Ji e B 7 i i 5
M, 5T 22 (4 NH,'-N 3 A iS00 o 5 56 300 [ 3 o 9 19 g 452 LK AR R b DO 4 5 4% 0.3~0.5 mg'L ™,
B 1 NH, N 25 Bk YR TE] (622) mg L' L B E 247 0] (13+1) mg L', 1 B4 NO, N
AR RZALT 0.5 mg L™, ik T anammox S A= i NO; -N (1% B8 A it 0.6<1.5mg L™, X i3
WK & HR AR e — Sl AL R B2, B2 3% W X ACOD<5 mg-L™, 1l 4% 4t b il 1 M 80T 75 Btk
FISMEP, i, 78BS AT BEAEAE anammox A Al 1k 2 AP A g Ae . P, a4k NH, N
By 43 BE, BT ER & BRAUE NH,-N 5B &, 1k £ 59 NH,-N 28 (i anammox i& & 2 Br , o] 76 B fI§
C/N MR, Wi NOy-N At , AT A TIN HiK o

14 50 16 20

—=—ANH-N —e— ANO;-N ZZACOD —=—ANH;-N' —e—ANO,-N PZACOD
12+
i
B 10T = =
< o 2
r =] en
<Z§° £ £
L a 5
3° S g
Z b 2 2
b 4
2
1
20
0 i i i A
60 80 00 120 140 160
I Ikl/d fiflil/d
(a) TP ANH,-N . ANO,-NFIACOD (b) HAHHANH,-N . ANO,-NFIACOD

B4 $FSith. HREt COD, NH,-N XMRE5NO,-NERKEL
Fig. 4 Variation of removal of COD and NH,"-N and generation of NO;-N in aerobic tank and anoxic tank

2.3 BREMISEREEENREITEEN G EDIREE D

R 3 BT i St 75 908 TP anammox fCIHTG P, 7ERSE 1B A7 I R S S e EAT HE R 28R, [
2y A R RO S R S S . S S B3 i LSS NH,-N 5 NO, -N B 8] i) 22 Pt o0, J7 ik
55 anammox A I 14 52 55 AH [A11 . NH,-N I NO,-N Fifi B[] 22 {65 B an ] 5 B

& 5(a) W NH,-N 5 NO, -N Jfi f #¢ J& 76 240 min B 23 5 F & T 3.2 mg- L' A1 4.9 mg- L', XAl
A th T {58 B S B A T 5 Bory o T 1ET 5(b) W] NH,-N 5 NO, -N Jit & ik JB2 27 B ik [7] L B Pl
R, A8 240 min B 43 95 T B 14 mg- L™ A1 28 mg-L™', H:H ANO, -N/ANH,-N=2, & F anammox /%
7R BRI (E 1.320 X BEWIR R P anammox HAT B0 ROACHNE M, BRI AR e RS AL B, B 4
HbGER] 3233 R T anammox 7E & 25 Bk Hh A 1Y 2R .

B i % it 480 P anammox ACHE Mo BT A, AR St X ol A0 TP AR W A s G Al EAT
Bro &6 UL R B (36 78 K) Flke & AT BirBe (5 132 K) T @ 7K - 1Y e 3 £ 00 45

i I 2R R, BN 3] A AnAOB W & £ N Candidatus Kuenenia 1 Candidatus
Brocadia, X5 3CHK [26] BT 18 i T BLT5 K T FE T 20 i & Y AnAOB [ & AH— 2. 7E 911k B
B KA is 17 B Beh AnAOB T Ja 9 AR X 2 B2 00591 0 1.6% H1 1.8%, #2873z 47 Bir BZ Bl I A4 A X =
JEA BT EFE, X AR R TR Bl gt K NH, N G B 9 45 T BE, il AnAOB 1] I FH A6 3 J5
I, MR 1% T B AR R . X B TE RS E B AT B, RS AR CO/N R T A RESE AR 2
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55 4
30 r
—=—NH,-N
25t —+—NO,-N
Looof
60
£
:E( 157 -\M
®
-
5 |-
0 1 1 1 1 1 1
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i} 8] /min
(a) &5 FSEE

—=— NH,-N
25k —*—NO,-N
—_] 20 +
&0
£ 15t
=
= 10t
=
= sl
0F
0 50 100 150 200 250

s 8] /min
(b) PR ARG P 5250

Es5 RESTHREGSREHNRETENLKRBEIES
Fig. 5 The metabolic activity of anammox of anoxic sludge in stable period

I TIN H 7K A9 32 28 i PR K38 7 NH,'-N 28 1
anammox J W 25 %5 o

SR, R R b W R R R
Denitratisoma WA =F B B YA R A9 15% &
W B R B AT I 7.7%. 3% 0] 82 T 4
b COD ZZfb 5 /N T 5 mg L™'(W Al 4(b)), JE
Pl AL B 7oK, f#115 Denitratisoma
X F B BEAK . MR S Candidatus Kuenenia 1
Candidatus Brocadia ¥ %t £ & F} 15 , Denitrati-
soma FXFF FEFFAK . X 1] AnAOB X F 2
Tl AR T BE A 3 3% 4 NO, -NPy fifik COD 2 [

g unclassified_p__Chloroflexi
g norank_f-_Caldilineaceae,
g Nitrospira

CIYIfER B
mRE s T B

o g Nitrosomonas
E;gg g Bryobacter
iz Denitratisoma
Candidatus Kuenenia,
Candidatus_Brocadi
_Ignavibacteriales| ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
0% 2% 4% 6% 8% 10% 12% 14% 16%
LAl
6 HREMTRIUMEBESRESITMREBKFE LR
WEB R

Fig. 6 Microbial community analysis at genus level in the
acclimation and stable periods

i ) i [ A AE B A8 IR NO, =N % NO, =N BirBe, 055 NO, -N #F— 2538 Jf 1250 33 158 BF 7 Sl 5503t A5 0 7
SRS Ak B I A PR S e R SR AR R PR A NO, N, B AnAOB it # s 4, I A& i 15 NO, -
N A= B EAR T PN-A KON 3 (E .

PN, Nitrosomonas S 9K F] i) AOB )& , Nitrospira 4% ¥ ) () NOB )& . 1E3% 2 By
B v, Nitrosomonas 1 %1 43 B 43 5l & 0.67% Fl 0.61%, Nitrospira {4 #1 %F £ B W 43 5 R 0.1% 5
0.14%, Nitrosomonas Y%} £ A T A%, Nitrospira BIFIXT EER i ft 5, X5 FENAR TR, {H
BAKT S, Nitrospira BT 3 B R ZAK T Nitrosomonas F1%F F F, NOB 1G PEA SR Z B HH] . X Ui
B IR 2 v e A A g AR A A AR DT 7= A5 NO, N [ W AR &R rp ik 4803t DO 881K (0.3~0.5 mg-L™"), fif
AOB fg i #5E 4 DO Wil il NOB, b IR & E AL W #E 43k NO, -N,

akgE R, FEBVEBY DO 4 0.3~0.5mg- L™ 44 F, Nitrosomonas . Denitratisoma. Candidatus
Kuenenia 1 Candidatus Brocadia “5 4L 3 J& 15 AL AF , 4 AF7E anammox DA & S il 4k 55 Z2 B i &
wAE, N0, -N A4 i m Bk,
3 &g

1) 2 I 2% o B 4 X R R IX AR AL L O 704, TR DO 24 1.5 mg L', BE S B JE AR A A
(NAR HJ 50%), [ B 38 2o 9 452 Bk A0t NHL,-N G g FUIRIS i U 4% 4, DO 2 0.3~0.5 mg'L™, AIffii% T
ZAEAR CN BEAK 5T, S8 TIN Z5BR3H 80%~85%

2) fEREE B AT B BL, Bl ANH, =N 2y (13£1) mg-L™', ACOD<5 mg-L™', ANO,-N<0.5 mg-L™',



1090 woE T

S

LIRVE

X % B i 40Tt A7 A anammox A AL N, H anammox £ E AR T8 h & T EZAEH.

3) 7E Bt B A I 2 AnAOB [ J& Candidatus Kuenenia M Candidatus Brocadia 1} 1 3 B A7
16, MW A BE AT DUE B 3 i #2 anammox [ B Y 25 08 % RE o [R) B, A 0 30 R il AR T s
Denitratisoma %5t — 3 F¢ W% 1. 25 Fh Al REAEAE anammox . %8 P2 fit§ 16 A S il Ak 25 2 PR RO Az, A F
TAEAR AR L LE 258 T S0 TIN A9 38 B BB
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Mainstream anammox coupled with multiple denitrification paths to treat
municipal wastewater
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Abstract  In this study, an anaerobic-aerobic-anoxic push-flow reactor was used to study the start-up
conditions for realizing mainstream —anaerobic .ammonia oxidation (anammox) coupled with multiple
denitrification pathways with low C/N and to‘analyze the denitrification pathways. The experiment started with a
partial nitrification domestication; followed by filling of the anoxic tank and inoculation with anaerobic
ammonia oxidizing bacteria (AnAOB) to achieve denitrification in mainstream anammox process. The results
showed that the removal rate of NH,"-N was 80% and the nitrite accumulation ratio was 50% when the DO was
about 1.5 mg-L™" in the aerobic tank. The partial nitrification domestication was started successfully . After the
inoculation of AnAOB, the influent C/N was 2, the effluent total inorganic nitrogen (TIN) was less than 6
mg-L™" and the NH, -N removal rate was more than 95% when the DO of the anoxic tank was maintained at
0.3~0.5 mg~L’1 and the NH[-N removal in the anoxic tank was three times that of the aerobic tank, which
showed that anammox domestication was successfully started. Analysis of nitrogen variation in the anoxic tank
indicated the presence of anammox and multiple denitrification pathway. High-throughput sequencing results
determined that AnAOB bacteria such as Candidatus Kuenenia and Candidatus Brocadia and Denitratisoma
(denitrifying bacteria) had significant presence in the anoxic tank, which resolved from the perspective of
microbial populations that multiple denitrification pathways such as anammox and denitrification existed and
made the effluent TIN less than 6 mg-L™". This process could regulate the mainstream anammox coupled with
multiple denitrification pathways, providing a feasible technical approach for deep denitrification of low C/N
municipal wastewater.

Keywords anammox; municipal wastewater; partial nitrification
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