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Abstract: This study mainly compared the emission characteristics of N,O in two typical wastewater treatment processes, SBR and
AAO, and analyzed the mechanisms that cause the differences.. The results indicated that according to the total nitrogen removal
efficiency of the SBR process, the N,O emission factor (EF) was 2.36%, which is 1.92 times higher than that of the AAO process.
The aerobic phase was identified as the primary stage for N,O production in both processes, accounting for over 90% of the total
N,O generated. Compared to the continuously AAO process, the sequencing SBR process exhibited a longer duration of low DO
conditions. A sudden increase in NH, ~N concentration o and a high accumulation of NO, -N ccurred at the onset of the aerobic
phase. Analysis of the microbial community structure and enzyme activity revealed that SBR process had a higher ratio of
ammonia-oxidizing bacteria (AOB) to nitrite-oxidizing bacteria (NOB) and a higher nitrite reductase (NOR) activity, which were 1.7
and 1.4 times those of the AAO process, respectively. This further facilitated the production of more N,O through the AOB-mediated
nitrification-denitrification pathway during the aerobic phase, which is the intrinsic mechanism for the high N,O emission factor of
the SBR process.

Key words: wastewater treatment; N,O; AAO; SBR; emission characteristics; mechanisms

V5 7K AL B il = AU N R HE TR R YR
2 T BRSO G 2.8% M 5K Ak B
| EAAHS R = S ARES CO, CHy A NLO, A
FARH NoO HEJBUR i nl oy KA B St A 128 1)
83%%I.NLO F& TS ICAE 5 L AE A4k CO, il CHy 22
Jii B 2R = R & AR E RS is g b R I AL 2
PR . A7 B R IR SRR AL BORT T 9T 26 B NL,O
WAL g CO, I 265 15, IR FEAF i — 1
SEAERTRE 0.3 CPLIFT S R, 15 KB 14k
BRI NLO 4 ER N,O N W HERL) 3%~5% 357Kk 4
W b B 56 T A5 2 L BRAT WL RS R4, A8 [ I A

FEVGKAFE)T NLO HOB E B TPINO AR
A AR A A RN SO AR S TRV TR AR ) A R
Mfﬂ%ioﬁ\ A R 38 A2 RN 5 9% I AL g 12—
% EER 0T BN NLO IHECZ BEAKK . 84T
S B dh 25 R R IR S R S S R L,
NoO HIHF A 7 5 B LB B R L.

BUR RSB L 112 2y IPCC Boffe 1)
HETBR 720 1.6%, Aik v5 7K AR B+ (1) NLO HEJ
TRANE] TS g 2 K SOk B o,

Yk BEA: 2024-06-24
* TR, RIFUR, qilu@ruc.edu.cn




2 34 PR %

MR yG 7K AR B T2 NLO HETBCRAIE 2 57 S AL 719

VoK AR B T2 At S V5 82 (SBR) I NLO HE
TR A o A JE B 58, T 2% 3 14.6%; 6 4805
YRS IR IZ(CAS)HEBUR 55K, V34 0.27%; 544014
(OD)FI P&/ B S/ 4TS (AAO) T E I HE IR 1 AR,
JLHITE 0.3%~3.6%;A/0 L2 N,O HEMA 74
1.9%!"0 i R W SBR T 24E b — vz 4l H 1175
AKALFE T2 M T HA T2 B A B NL,O HEK
PR 7.

WA N1k, R TR A A S R
e R R T2 ekt > SBR H NLO
Hel, SR < F SBR L E AR T oAl i5 K A EE) )
B T2 NLO HETSUST 1) N ZENL IR >4 5151 Pijuan
AL IR ER 1 1] NH, N Rl NO, -N ¥R (58
SRAZAL B A R G A B2 S TR i AT B R
IKEAE IR 51 A T ) A R 4% 1 NLO JE B Sun
A LSLRE I3 B K AP AAO 5 SBR 1 N,O
T8 22 R IR D BRI PR R T 2 i A Oy A (R
HIBE ) A [H] Rodriguez—Caballero 25V i 48 5]
LF AT BURAG B )UK T NoO 1724225 E BT Id,
H AT X T4448 SBR T 25 s NoO HEBUH 7 I p1L e
F 54 /0, H. 22 561 o W2 T 19 03 AR A8, i
DS PRGCRAE Y2 AR bR I S0ALE .

AAO 5 SBR 2 [FIFFH AT Wt R Dy e () Al
SR AR PR T2 AU AR BEA AL, NLO =AM LR
A, 1 Hizs A7 (As e M5 R0 FE =, i AAO 2T
SBR 1 NoO HEFSUREAE 22 S ALl P 2R AE UGS L ASHIE Y
¥ SBR 5 AAO AT LR, 22 P Bl T 231k H /K JBAH
Ivi), B8 60880 %6 B A AR ) S 4U5 AK AR B ) I8 AT S 80k
THSEIG BRI L T 00 N R T2 18 AT I
NoO HEFBURFAE 2 7, W I S5 B3k 72 v DO R 55 A
T2 5 (NOy —N) T 1149 782 A A6 DN Ak A 40 vl Tk 5 g e
ARG PEAR 4k, DL - HbdB 7k SBR i1 NLO HEJUA
TN AENLER, LU A V5 K AR B R NLO 9k S (1)
e gt —m Rl E .

1 MRETE

1.1 SERSEHE

S PA—41/MK AAO 15 SBR 35 & W5 %
(W1 FTR). AAO T 235 B PR A Sl At -4 it
=1:3:4, 4 TAEZEF N SOL, TR 4% 1) 2884 4 15.58L,
K15 B I B (HRT) &y 9h.SBR I %% H T {E A

b 6L TR A= 6]k 2L, [0 KIAT 6 AN 1 PRI [
4h, Hi/KEE Ky 16.7%,HRT 4 20h. 42 il 5 2H 25 5 1)
MLSS ¥J°4 3500mg/L, 758 % 8k 20d . I 4 K i
DO Jj 1.4mg/L. WK 20°C. 540N 0 THE TN 2Bk
FABU S5 T LA NoO FFBCRFE, e B T
AAO TR LS SBR T2 1 SOk I K, fe &
e AAO T ZHIAHA R 1A EE A 200%  v5 e Rl
tt ok 100%,SBR 1. Zia 47445 5 AMYr Bt 7K 25min,
BRI EE 85min, 148 80min, T TE 40min, Hi 7K 10min.

(a) AAO 35 E
| |
K RIEMH
i
&0 Rt ¢}
[ J <o
|_, RE R
HMETE [} "%
(b) SBR % &

K1 (a)AAO T2LY (b) SBR LEMISLINEE
Fig.1 Experimental setup of (a) AAO process and (b) SBR

process

1.2 $ehPi5ie S S5 K 5
A SIS PR P v e B A 1 b T v R VS UK Ak

PRS0 FHZKHCE N TR 2245 P ) S5 o AR 3 75 7K
oK S WL W R ,CODer 4 173.0~282.9mg/L,
NH; N Jj 52.5~102.5mg/L, TN 2 54.7~105.8mg/L,
TP 4 1.8~2.6mg/L, pH {4 7.4~8.5.

1.3 ¥k

1.3 KESM ASWESE IR A K R bRk
COD. NH;-N. NO,-N. NO;-N. TN % 4%

CRRE AW A BT ITI5CE 4 BR)Y P BIARHE 7 v
HEAT 2 B RO R COD S bR TV Al v e



720 S ES 7 N A = - 45 4%

NH,"~N K HI gh Bt 771 06 J8 7600 52 N0, N R
N-(1-%55)- & 6 JE R 8 NOs -N SR 4 4b
Ir EIEEE I E TN SR kB e B A A 28 40 0 6ok
JEE I 5 s MLSS R FH 1 FR 6 5 1) 7 1t v 5 A T
DO R, S8 AL I J§ FELA (ORPYSURI pH T 43 531 45 45
U DO+ ORP Fil pH A AT A K T HE AR K
SELYIBE 3 APATREREAT I HOP 4 1 1 B S5 A
I3
1.3.2 N,O & K& ArHT WA N0 K
H ECD Rl 2% 1) SP-3420A FYSAH (%A, M 52 <,
4570 NLO HUMR E BT (5% 4 4 Porapak Q A%, HTH]
AN R HERE LIRS 50°C . kR 50°C. Kl ge
W 300°CARFGHEFE RN ImL &N SREIE 3
UHCPIEAF X B A NoO R AN,
IREBE SRA B B e B R B S A i A B
I PR A 485 2R A5 T 235 2 T B S A . AAO
L SBR I AAREALEREK 2 H /K A S 780 4 391 4 5
20min AR — IR AN F X B RZS N.O 2305l <
PR AT Ui F0 48 A, 23 G5 Je VA ¥ 30mL. R
FHTRZS AT 58 4 30mL v 2% FisW S 30mL
BTN LN 2mL 2mol/L (¥) H,SO,
CABIT 1 AR ) s N SR ZA 4 By Smin Ji5 R S AR 2 T
HIR R HRE T AR5 IR A g LRI
R () ~ ) EIZAT A NLO (HEBGE
K HEORCR AR T, 3 % Bae 5P, AFEERIP,
| AP R 5 i R A TR
o TR 1000

1
PM )
O =2 M )
£as, R T V; MLSS
V,(c, —c
2(n n—]) (3)

[0} =
@A Ty At MLSS

(wgas,n + wgas,n—l )
Myop =% : V,:AtMLSS | (4)

C Coasn
Mgas,o =Q Z|:< gas,n +2 gas,n 1)Af] (5)

Cis =(1+ ) Cys 6)
Mg =M N,O,dis,end — M N,O,dis,begin (7
MNZO = Mgas + Mdis (8)

My o

EFy , = x100% )

TN

1 Cais MEAYE N2O KR JE mg/L; Coas VA5 A
R NLO HIH I, mg/L; 4 Ostwald [1] N,O % il )&
FH0(0.538L;30°C ;0 A NoO BRI, %10 °, 44
R EGe A NoO BETHOK AL, mg/L;1000:mg 4% 4L,
Hug MREGT AR KGR A% $1,8.314L-kPa/
(K-mol);P Jy K5 JE,101.325kPa; M 4 N,O JEE /R i,
44g/mol; At: K ¥ [A] B8 I [H] ,ming Ay 5067 B 8] Y R/
Pt i, L/min; @ges 4 A RIS AE NL,O B
JEOH Z ,mg/(gMLSS min); 0gas.0 A UM A& NLO
FEOE R, mg/(gMLSS -min); ¥, Sy PRAT AR SN 2
A AR L Yy ok RN TR A HAAFLL; @gasn
N o AR EAE NO K HE E mg/
(gMLSS-min); Coas,n A 28 n A RAE 1A NLO BT
[ ,mg/L M o 0 R BRI N0 77 2R
H,mg; Myas o A IFAEIIAE NoO 77 AE B mg; Mgt ¥
i NoO 77 4F B ,mg; Mo 0 NoO 5 AL 1 mg; My
A HEK TN Aifi,mg TN/d;EFy,0 4 N,O HEEIA T,
mgN,O/(mgTN/ d).

1.3.3 TEDRBFE T fEREIBIT &M T,
AN R DX BRI JEAEAS LA 4000 F5/7) B idt 5 25
O 4 0o B B R E E R AR 2 -20°C
AUEARAT B AN R 16S rRNA FE[R V3-V4 [X]d]
YE24 PCR A S8 138 HI 5199, DNA FY: St A A ]
FrEAT Tlumina Miseq i &2 00y 00 7 45 S ad it
KEGG #EAT X8 FEiERE OTU MR 741,
HEAT IR0 53 I8 03 M AL WA 43 20K kAT 4 A
RS S AR A R AL AT B .
1.3.4  FACH BRS04 FHAEER G 150mL
W, 3 VA TR B0 HLES0(10000r/min,4 ‘C,5min),
FERR WG NN 50mL PBS 280y, B R vEvs, B
523 ARG 15mL PBS 28 M, UK 48 75 AR
(20kHz,4min,# 2s 15 2s). 5% J5 T4 UK B O HLE L
(12000r/min,4°C,,10min), |35 ¥ B A FH B 52 HOH . B
10 2 5 D AR 0 B 0 AR R
Lowry A8 A S B R G XA A ik 4w
VA 241 X0 iRV 2 B e B fe
I T ik £ ) B G TR R A B R VR 5 YA, A
PEZAT T Z) B Wy Ak & Wk J AE A W5 A4S 15 VR
B S Y, AT 750nm KA ROR



24 PREEESSE: SRS KRR T &0 NyO HECRHAE 2 57 b L 721
WA, I e B i L e L 211 N0 HRECR AR T NoO HFUA 2

Pt 3 P U 5 <R T LT AR 0V DN T 9
AR Z AR (AMO). B AL JREF(HAO)
WA EZ £h AL IE S5 E (NXR) . A RIE SR R (NAR)
AN PR 25 I8 JR B (NTR) . — 48 A6 R JR il (NOR) Al
—AE AL T EUA R (NOS). FH 404k () 344 ol AL
R, Tl 24 TP 0 8 I N e 60 2 . v B AR (10 7k
L2855 HRP ARic (M BEPUIA LS & B bt k-t
JE-BEEAR I PR AP0, NN TMB, 210 i
VEJE B0 TMB i@k HRP f 446 5 (0,38 i e i
A Ay B8R TR R R R v R 2 B IE AR DG
FH B ARAXCAE 450nm AR W 52 W 5 (OD ), H w4 1l
T B S R B (U/L). R T A AN ) Ak R D g
P, AT DA S 5 £ 15 ) i 5 7 (U/mg . protein)
FePEAG.

2 FHR51E

2.1 AAO 5 SBR T &1 N,O HEBUHE

BB BRI NLO P2, Al h &l 515
Fi) AAO 5 SBR T2 N,O HERIA 143 5k 1.23%
5 2.36%,SBR T ZHHIIIK T4 AAO T ZIHM
F,SBR T & H L AL ER/K & 1) NLO P AR T
AAO T 23— P 5 N Txtys K b B ) 1
W25 5 Nguyen 2520157 % W, SBR T & 47K
(11 NLO 74k 4.20g/m’ 1T AAO T E: 1 N,O 54
N 0.97gm’ 4L T 2134 N0 HEBUE B4
THREAS NLO P2 1A NoO HEBCR T (A NLO
FEAER 97%~98%. L K,AAO T EANH] X By A
A7 ALK FE ) NLO 72 AR 1 KNI A U A B> IR AR
Be> B B, SBR T AN [A] X BE R A7 A BHK S (1)
NoO F= AR d KNI A < 4 B> B> B4 B i
ABAE AAO 5 SBR T 21 N,O F=AE s 1) oy
WA AR 98.9% 55 91.4%. UL I Bl 3 Wi, i S| B e
NoO F = A B 5% M SBR T Z 11 N,O Rk
7T AAO T2 2B

#*1 AAO 5 SBR ITZRIN,O =4 2 R HMETFRIFEE

Table I Comparison of N,O production and emission factors for AAO and SBR processes
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reaction stages of the two processes
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