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TNRR Hl TNRE 43+ 5 M55 51 d £ 0.070 kg+(m*-d) =" 1 16.0% #2545 77 d 7Y 0.336 kg-(m’-d) ~' Fl 52.2%,
ANAMMOX i B 5 #0190, 012 kg (kg-d) ~" PRI &5 2255 77 d (0. 307 kg- (kg-d) ~'; SBR 1 AOB Fl ANAMMOX [
f14 5 DR B 0K B8 Fh B0 119 8. 06 x 10° copies -mL ™" il 4. 42 x 10° copies-mL ™' 43 B4 K 55177 d 19 1. 02 x-io""};oé;cq;'mL"‘ il
1.77 x 10" copies-mL ", & B LLM#E DO FIBES Ty o=, 5 LAAMIN NaNoO, E@ﬂzﬁﬁ@&ﬂyﬁ%%ﬁiﬂ%ﬂﬁiﬁiﬂfi@%%EP AOB #I

ANAMMOX B e K & B AINO, N2 CPNAT T 2 Ptk i 30 1 S 1] 24 S
%R . — R AL (CPNA) ; IR 3, TEMUBE; NO; NI, qPCR ﬁﬁfr & 4
hESEE, X703.5 ;‘Eﬁk#m,ﬁ%_ A XEHS. 0250- 3301(2021)11 5472-09 DOL{ 10,13227/J.hjkx. 202103229 o~

- p' .-"-.‘ | * d ' r
Nltrlte Regulatlon Durlng Stﬁrt’ up of Comblned Pa*‘tlal Nitritation— andx
ANAMMOX Process ’ ' f | 2 ' '

, -

J
ZUO Fu- minl = | ZHENG Rui*, SUI Qian-wen' J, ZHONC Hui" >, CHEN Yan-lin" % WEI Yuan-song' >

(1 Stdfe Key' Jomt Ldbordtorv of Envifonmental Simulation and Po]lullon Contrpl, Research Center for Eco-Environmental Sciences, ‘Chinese Academy of Sciences, Beijing
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Abstract; Two types of full-scale reactors(SBR, 116.6 m* | activated sludge process; SBBR, 64.8 m* | activated sludge and biofilm process ) were inoculated with activated
sludge from a swine wastewater treatment plant. The effect of NO, -N concentration on ANAMMOX was investigated in the reactors during the start-up of the combined partial
nitritation and ANAMMOX( CPNA ) process by controlling the dissolved oxygen(DO) , aeration mode, and NaNO, dosing. The results showed that the SBBR was more suitable
for rapid start-up of partial nitritation under the same operation conditions. Despite NO, -N inhibition(100-129 mg+L ™", 7 days) , the ANAMMOX process was successfully

started by the SBR on day 39, and the total nitrogen removal rate and efficiency( TNRR and TNRE) were 0. 069 kg« (m’ +d) =" and 23. 3%, respectively. However, 17 days
of NO, -N inhibition( 129-286 mg+L ™" ) had an unrecoverable effect on ANAMMOX activity in the SBBR. By adding NaNO, , the SBR successfully started the CPNA process
on day 77. The TNRR, TNRE, and activity of ANAMMOX from day 51 to 77 increased rapidly from 0. 070 to 0. 336 kg (m® +d) ", 16.0% to 52. 2%, and 0. 012 to 0. 307
k- (kg+d) ", respectively. The gene LOpV concentration of AOB and ANAMMOX bacteria in the SBR increased from the original 8 06 x 10° and 4. 42 x 10" copies-mL ™"

to 1.02 x 10° and 1. 77 x 107 copies+mL ™" | respectively, which indicated that the rapid enrichment of AOB and ANAMMOX bacteria in the SBR was achieved mainly by
controlling DO, aeration mode, and NaNO, dosing. Reasonable nitrite regulation is the key for the start of the CPNA process.

Key words; combined partial nitritation and ANAMMOX( CPNA) ; in situ start-up; full-scale; nitrite regulation; qPCR analysis
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KA AL BE) ENO, -N B B R U 2 BR o 1%
A B B ] AT R, A PR AR NO, -N
JEICHL ANAMMOX 4 A T 20 = 806 /g 38 17 1Y % ik
.
TR AL A R 4% IR R AR 4l AOB FIE A iR 5
F AL (nitrite oxidizing bacteria, NOB) [/ [a] A4 #
Fbk il AR — P s 2R IE T S B S B H bR
PRI A A o 238 2 S ) e R A, 5 0L R A A ) T
Tl FEAE R A (Do) | BT RE
TSRS FIR P e 26110 ANAMMOX B &) 3% %)
— SN A R Eﬂﬁzs B T (14 )0
JEPINO, NSl R RIS B
ANAMMOX B AZNO, -N#P il i i 22 57 5K, Strous
ST RBFSE AN 2ANO, -N#k B 8 4 100 mg-L ™",
ANAMMOX B 2564 R4 5 i Kimura %5 (9 #F 5%
AR 2MNO, -N¥EJE N 750 mg-L "B}, ANAMMOX
S22 H]; 24NO, -NHYEJE MK % 274 mg-L~
f, S TR LIVR . I, ANAMMOX X INO, -N
(AT 52 F2 B 2 275 e et . AR KR EE @Jgﬁﬁ:*%ﬂ
e iR S TP

e 2 B AT R H%w ¢ comnlped"’

partlal nltrltatlon and ANAMMOX, CPNA) JB’J b=
Bt ﬁﬁ%?«l‘% DO ?”’Fﬁ]fﬂlﬂ%ﬁﬂﬁ/’&VU%
BRF TR R 7] ANAMMOX fir“éﬁ%ﬂ: DO i
J%F@Bﬂﬁ%mo ‘Nm_ AL ANAMMOX W
K, frﬁg%%@ﬁ 5 DO WL N0
B I DO FREE X 5 S 5UE BR AL 9 S
fir, JF M % ANAMMOX & W P, #F w0 KR
ANAMMOX B A= K151 3 g % DO FINO, -N (4 4
PER I TR, BEEE %2 DO XF ANAMMOX B8 fY
], CEARIE ANAMMOX B8 A £ E (1 NO, -N it
2. SErTMIBFTEAE AN [ S N2 | TRLRE 2R A R S B T
CPNA T Z iR S 7 8l 517 (E S 0 S i e
fi Ak . FEREAR DO S5 3l ANAMMOX (13217 SR W X
JRsBRTF/INRBIT ST, 3% L5 20— 20 5 0% 8 3l R
N F TR ST CPNA T2 AbFRSEBR I 7K 1)
AATHE RS IRBE R 2R XA R E AR CPNA J
L g LR B SE . PRI AR BIESE LU SR K Ak
XSG R 15 KA BT T TS e, 43 R
Pt N %5 ( sequencing batch reactor, SBR) FlJ¥
AWV 4% ( sequencing biofilm batch reactor,
SBBR) [l Je 8l CPNA T2, 3 5 25 % SN gk 1 it
RNVERE SAHC AL AL DI RE T 19 22 4k, #RFENO, N
P TAERLRE CPNA S I g RS2 R 3 1 52 o, (e Ak

A[SC P CPNA T2 J& {3
ANAMMOX FZ A e,

1 #MREFE

L1 AR E Siaty

ABIFTERE A 75 KA B — 8 7K A T A Tt ) 8
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SBBR W AR FEA 22% B IR IR IR EF 2 40 5 ER)
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HEZK R KRB AR B T T g B A O A
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ROme e g H b B AU B A A A [ fL AR (4
mm, 2 mm) AR B A AL %}Lwlﬂ&%i
VAT BN # N DO Ik . A 35 47 JE A, PLC
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A 2% OV s A 1Y Ji sl A I U*%Aﬁf%ﬁ
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Fig. 1 Schematic diagram of SBR and SBBR structure

N R AR I AT, B RO N 24 h,

@%ﬁcbk 1 h, [BJEREE 24T 21 h, UIIE 1 h J5HEK 1
h, #7K H R 50% . it 1 B ] DO W,
PLC il /5 B 4. 384 CPNA T 208 shad #2 4y
K JERERSAEBT B (BB T 55 1 ~17 d) | AR AL
1] ANAMMOX 5446B B (LT, 56 18 ~39 d) ISk
il NaNO, 581k ANAMMOX FrBt (BB I, 45 40 ~ 77
d) , IR N 254 I B s AT 45 L3R 1.
1.2 KK ARG e

23k HPORLR SR A A B 1 A R R A R K E A E
KA A 2R C/N 5 I K AVE R P R
N a1 E K. A2 AR YN IR R A R S e, g K
NH, -NAITN ¥ T %% 136 mg-L ™' f1214 mg-L ™"
AeAq, il It AN NH,HCO, . NaHCO, 75 /K
Y% 51 17 ( nitrogen loading rate, NLR) Fl pH. i#£7K
COD (131 £40) mg-L~", ¥ 74. 6% Yy COD N
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Table 1  Operating conditions at each stage of CPNA reactor

NLR(PA NiT)

[57d=1 i T/ d i) B B A = DO/mg-L " K/ Jkge (<) -
I 1~10 tw=2h;t;=1h 0. 60 +0. 20 29.7 0.4 0.31 £0.17

11 ~17 lw=2h;t,z=2h 0.35 £0.05 30.20.4 0.44 0. 05

I 18 ~26 tpw=1h;t,;=2h 0.35 0. 05 29.3 £0.5 0.36 £0.07

27 ~39 tpy=21h; 1,;=0h 0.20 £0. 05 28.9+0.5 0. 36 0. 06

I 40 ~ 46 tpy=6h;t;=1h 0.25 £0. 05 28.120.5 0.38 0. 05

47 ~77 tpn=2h;1,;=2h 0.25 +0.05 28.2+2.7 0.50 +0. 14

MEAEVIRE MR A DTS Q. B TP SO g 0 K SCHE - MILVSS Oy 452 Fh is Jie 19 1R & W5 & v B 18 K

JHCZ K AR AL, S B HE K A NO, -NAINOS -N
i 5 e R T ey S PR ARG . A e R
B0 N YA ORFFAE (28.3 £2.7) °C, pH (B 5l
1E7.7 ~8. 1 Z ).

FEFP5 P AU A K e I K Rb 1Y
TEPETG VR, RS TR A B K ANAMMOX 5 1 (LA N/
MLVSS i, ) & 0.012 kg-(kg-d) ", % )5
SBR Fl SBBR " /) 1 A5 W & 7 [ 4 ( mixed liquor
suspended solids, MLSS) ¥ F 435 & 3.9 gt~ Fll
3.6 g-L7".
1.3 BRI OTIE

BEAS A SRS R 1t #9227 A K E ﬁ%ﬁ =|

&rﬁﬁmmmfuadﬁmNHHagﬂNmay“

Xt P NLR 5Fﬂ pH PEAT R R SIR & in Exm
¥E 10 min }:E/infﬂa{ﬁﬁzjﬂﬂf7k7kﬁ fE}’jJ'JE 1
5177 d X]‘P‘ﬁfif“%%ﬁﬁ@dﬁﬁnn%%

@ﬂﬁ%%QO%umﬁ%ﬁﬁLﬁFaﬁ?

[R50 HL S M 7 U 5 BT K BE 19 NHJEN | NO SN
NO; -N}‘“ ; TN I TN = NH, -N + NO, -N + NO; -N
715 MLSS J& MLVSS R F it 38 Bt 1 FR 2 14 J7 35
E 3 DO I pH {8 Bz i B SR A 45 20 2 2 80K sl
1A (HACH-HQ40d, USA) #4772, £ 30°C il
i+ SBR Hi5 R K ANAMMOX T6 P, 43 e 1,
51 F177 d R4 SBR ULiE i 5 6, SR 5 HEA 1 L
(RIBERR , RIS L BE AR FR AL 0. 25 ¢ 19 NaNO, , 55k
FHYR RIS 8 | 30 o I FARE ) 40 25 45 ) S g iR
FEIHES I LLHATIR & 8 RGN, LINO, -NK
T 10 mg- L~ A RRE, XF TN A8 fb fh e b1 74 1k
U & SIS TR P ANAMMOX B 15 R iG . i FAE
551 d B9 ANAMMOX 376 a5 v 30 T BH S ) 2 i
LIRS, At AR5 Je i ANAMMOX {6,
BT E R I R L T % B R A KR AT,
ANAMMOX B3% P al AR (1) 51
V, =2.04 x Ky x24 x60/(1000 x MLVSS) (1)
A, Vv, S ANAMMOX B A9 35 1 [ ke- (kged) '],
Ky 4 NH; -N 48l & % B 2 % [mg-(L-min) '],

( mixed liquid volatile suspended solids ) ¥ J&F
(g-L7h).
1.4 DNA $EICHISEH] 2 & qPCR

B2 ~3 mL ARG B B 03 TS e i i, 28
B A713 200 remin ' B0 10 min S5, ff F Fast
DNA SPIN for Soil izl & #2 HL. $2 By DNA 5351
NanoDrop 2000 ( Thermo Scientific, USA) %ﬂ 19% B8
RS i FRL RGN e 0 I B hﬂxﬁﬁ?ﬁ«)ﬁ DNA ﬁénn
FERETE - 70°C LA f .

X, ﬁﬂfﬁﬁ 1k ( amoA ). A Ak ( narB ) fﬁ“ﬁ% 1k
(narG) %ﬂ%’ﬁ’ﬁ’fﬂb( hzsA) E’J’fn%?%%w%%l;_
110E mA . ik G JEORLA B 10 fiph BETTE 4R S ~ 7
'5@7&9“%1%1‘]‘@%}5% GPCR 914 EI’J%«}EITL/F?%-
mF. ®SO°C 2 min, @95°C 5 min @95°C
s, @#% Ty %l@kﬁfﬂ%ﬁ605 wﬁ
55°C, 301548 72°C , 31 s, ©& b, T E AT

: ®~®,EEU\§&T 39 WU L, @JE IR th £ 73 #r

60 ~95°C , EZHEIFE 0. 2°C. W #i i ABI Real-time
PCR system 7500 ( ABI, USA ) #E4T , 435 fift ih £k TR I
LUK SR UE T RS, A v iy 22 Fn B P 6 B — =X =
1y TR FE .

1.5 IJJ RETRE A% 8 o 1) N A= 38
I A ANAMMOX T2 B 38 i ] 1A 4
Wﬁ%uﬁruwﬁ THE
i, = In(2) x (¢t —=t,)/In(c/¢c,) (2)
Inc =1Ine¢, +u(t-t,) (3)

b, AREHE BB () e -t HEFEBE (), e H
ANAMMOX & #) H 45 2 [N 4% 0 % % B
(copies=mL™") ¢, 4 ANAMMOX T Y H 5 5 K %)
UG5 DUBOAR E (copies-mL ™" ) ,u MAEKE(A).

2 HFR5ITE

2.1 JERERREBTE (1)
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