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Biological Nitrogen Removal—Nitrification and Denitrification

HAtERE (RS Ferg)

Nitrification (aeration. energy consumption)

| NH+0,— NOy +H,0 +H' |

AL  (HFEAHLRIR)

Denitrification (organic carbon source consumption)

[ NO, + CH,OH (H#BR) +H" — H,0 +N,+ CO, ]
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NH,*-N: 33.8 NH,*-N: 0.5
PO,3-P: 4.0 PO,3-P: 0.5
sCOD: 174.9 sCOD: 23.5

EEE20 R K 2 EERETF 2.0 mg-N/L, Fi3531.5 mg-N/L



IESEEEIEAOARIR: ELE33KIDMIZKRI N (BEKH)

O, 5401550 O ET|izTSH
i=17htia]: 202585H58H~6810H

R % R ¥

60 300 ZiTmE: [22.1°C|+ 1.9°C
J = so —  HKCOD/TNEL: 449
E ., l# . - SUKSIf=EBRTIE: 20.5 h
1{% | 180 STk SIEERRTE): 4.0 h
E@E 20 - i 120% O #KKE (mg/L) HKKER (mg/L)
% e B TN: 42.6 TN: 2.4
I [ N NH,*-N: 38.8 NH,*-N: 1.2
e et PO,>-P: 4.6 PO,*-P: 0.8
XEE = AEX COD: 191.0 COD: 25.4

IF 3 1 * 2
x*

E 3
ZESE33K, HIKTNERYH2.4 mg/L, HAR15KTN < 2.0 mg/L



EIRESKLIE AOARILIAR —Gimtz KR ((RS7KEF)

O/ 53 intEXR OXEBETESH
= o B i — i={7AGIE: 20258£108208~11826H
80 —200 ={TEE: [18.0 °C|+ 0.8 °C
. | —=—1N o #7KsCOD/TNEE: 1.61 (scoDRsESiEE)
(@) + —
g60{ ¢ L H1505,  RUKASERETE): 140
i \ ! S EEASEEE: 33
& 40- coD -100 5% ‘
~ SR . S O #KKE (mg/L) H7KKER (mg/L)
ﬁau; 7 5+ %0 3 TN: 54.4 TN: 2.5
w ] s S —— NH,*-N: 31.7 NH,*-N: 0.4
0" & w B 17 ) PO,*-P: 10.4 PO,>-P: 0.8
X & = 5 = #: K sCOD: 87.4 sCOD: 34.3
* 1 1 2 2
* * * *

EE37REKESIETF 3.5 mg-N/L, F189732.5 mg-N/L




BELS KB AOARREAT —BRIZKEDT (REKE)

Ry HAT SN S O EBTTEE
& i & = " i JI%??HT_TI‘EHZ 2025F118278~128298
80 ———— 200 E=EeE: [14.3 °Clt 0.7 °C
] - R _ #tKsCOD/TNEL: 1.76 (scopmeitiss
£ 60 7 S RUKOEERIE: 140 h
W {4 S mekEmEiE: 3.3-4.0h
= 40- %
% - S O i#kaKE (mg/L) HAKKIE (mo/L)
g 207 ? TN: 55.3 TN: 2.7
[ NH,*-N: 35.6 NH,*-N: 0.4
0= PO,>-P: 10.2 PO,>-P: 0.3
sCOD: 97.5 sCOD: 39.7

EEE33RHKEEIETF 3.8 mg-N/L, F189752.7 mg-N/L




LS S iEE Sk AOARIRIAR —EIS R B

O 52 ERBERLSSE | (SRENTEKEE#AIR)
i#7K7KIE (mglL) tH7k K& (mglL) EIRZE (%)

TN NH,* PO,> sCOD TN NH,+* PO,> sCOD TN NH,* PO,*> sCOD
202566H138~782H/26.3°C + 1.1 °C

41.5 33.8 4.0 174.9 1.5 0.5 0.5 23.5 96.4 98.5 87.5 86.6
2025E10820H~11826H / 18.0 °C + 0.8 °C

54.4 31.7 10.4 87.4 2.5 0.4 0.8 34.3 95.4 08.7 92.3 60.7
20255&11827H~12829H / 14.3°C + 0.7 °C

55.3 35.6 10.2 97.5 2.7 0.4 0.3 39.7 95.0 98.9 97.1 59.3




RIS SR AOARIRIAR —BIRIZKEAHT (RAKHE)

Ry HAT SN S O EBIiETSH
E " 2 " bz J%?‘_:r\ﬁifl‘Eﬂl 20265F3H9H~4H2H
80 — M — 200 i=TaEE: [16.0 °cl+ 1.1 °C
] . . | #E7ksCOD/TNEL: 1.90 (scoDMmzidim)
E 601 I RUKIEEBATIA):[11.7 h
o 13 YFEKEEBATE: 3.3 h
5 40 -
A O i#t7k7KIE (mg/L) kKR (mg/L)
& 20- TN: 59.9 TN: 3.3
[ NH,*-N: 40.2 NH,*-N: 0.3
0= PO,>-P: 11.6 PO,>-P: 0.5
sCOD: 113.9 sCOD: 44.7

24Kis{THAE, FHHKERE3.3 mg-N/L, EHHRIKEF2.0 mg-N/L
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ItRERES/KLIE AOAHIREE
OB EREIIAANT.2 x 1.2 x 1.5=12.96 m3, iBiHHEEH20~30 m3/d

O PSR EIRERSIRENHFER, HELURFRE. TR, REXH
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EEUEIEEEAOARIL: IEERGRIBKENT (RAKHE)

O/5R4aTIEEER O EEETESH
E 7 B 7 £h ={ThdE: 202581181H~11815H

JE e I =EE: [16.7 °cl+ 0.2 °C

= o NH,' | ~  #KsCOD/TNEL: 1.72 (scopmminms)

= 00 2 EUKDEEESE: 21.0 h

% ﬁ tFEIKDIEEERTE: 4.2 h

S =

A 150 QO KK (mg/L) HKKER (mg/L)

# ? TN: 46.1 TN: 4.2

& P NH,*-N: 33.8 NH,*N: 0.3
PO,>-P: 5.2 PO,>-P: 0.4
sCOD: 79.5 COD: 38.2

15Kiz17HAE], FE1IHKE2 = 4.2 mg-N/L, HER8XK{EKF 3.0 mg-N/L
ERESKOIE FEEESHKE&E 8.3 mg-N/L (3RINEKE)




EEUEIEEAOARIL: EFERLRBKENMT (BAKHE)

OiSRYinEERR O X TETEH

R 47 8 17 5 =17EYE): 202653H2H~3H26H
0 o | 150 mmEE: [14.3 °c]t 1.3 °C
“‘_éa __ ——NH,'| 5 #EKsCOD/TNEE: 1.79 (scopmmisism
?LE 40 - \ +N03 100 E RUKEERTE: 21.0 h
£ |4 B FEADEREE: 426
X K
A 20- Q O i#AKKIE (mg/L) HAKKIE (mg/L)
1 ? TN: 41.9 N: 3.2
& | gt = == I NH,*N: 30.5 NH,*N: 0.3

ﬁ g g g g % § % PO,3>-P: 4.6 PO,3>-P: 0.3
* 1 1 2 2 3k sCOD: 75.0 sCOD: 36.4
® K F *

25XKi={THAE], FEIHKE2E3.2 mg-N/L, ER16XK{EF 3.0 mg-N/L
EfRESKCIE R 2 /95.6 mg-N/L (IR, E¥ia0)




Bl e EGRS KA — S IEE AR AOARRR

O HKKESIEE/NERT/KEIE 137K, SERRKIIEERTIEIZY/917.6 h
O FidBUEFR43 m3, FitbEE/960 m3/d




] ALIERIE KRS GRSKEE)
O ([GRIE T—5RIBIEER O XBTTSH
# EE 17 rhe " =1TRTIE): 202558:2H25H ~ 27H
0 | p— 200 ETRE: 13.4°C £0.6 °C
S, _._,;‘H: B ~  BEKC/NEE: 3.7 (BFsCOD)
= 40 & —A—NO,’ ? SUKEEERTE): 19.3 h
o —e—PO,* o FEKIEERE: 3.7h
g COD - 100 &
fuﬁ 20 - S O #7KKEE (mg/L) EKKER (mg/L)
e - /3\ g ' @ BTHE: 41.7 B 2.8
i} \ NH,*-N: 40.4 NH,*-N: 0.03
o-_é—b%f N gl PO,3-P: 3.2 PO,%-P: 0.1
X = &= 5 K COD: 155.4 COD: 23.3
*x X *
AOARREREIZI T ERAFIKIRIKC/NELE i 5K PRIR 2 R BERTE D



Bl 5 T B A O AT RIS — B BRI KA (RATKE)

o m— -~ — y—a ‘_’_a
SRRTEER (A5 A O ERiatzen
I={TRI(E): 20258E2H25H ~3H21H
it RE B8 R it
60 i 200 ETREE: 14.7°C £1.3 °C
= e NH, ~ ###7KsCOD/TN: 4.1
ﬁ 20] & —A—NO; 2 RUKSEBERIE: 19.3 h (K ZHEN18.6 h)
B +zgg ' 1o i HFRKTISEMIE: 3.7 h (KT =H3A7.8 h)
® | R BREUKSESERE: 122 h OkJ =#IHT7.4 h)
1D ] S ‘i
ko o \ @ O #KKE (mg/L)  HKKER (mg/L)
& g ) P TN: 36.6 TN:3.6
A B NH,*-N: 29.5 NH,*-N: 0.5
* = 2 = PO,*-P: 5.5 PO,*-P: 0.2
COD: 285.8 COD: 25.4

EEE25RFEIIHK ST HB3.6mg N/L



Bl e EGRS KA — S IEE AR AOARRR

O AOAF R ETS/KT (A20)HH7KTNISEL (2025428 19H-20265E2H28H )

@ AOATK-HH/KTN
40 40

1. iSIKALIET:
551 kEHdukE, FHSACEEKEEZC [ HKTNEEH7.2mg/L+1.3mg/L

30 - L 30 (ZFIENEKRIE)
EDZS- 5 2. AOAmiH:
~ 9 L0~ HKTNIEHH4.9mg/L+2.1mg/L, &
2 o {SIKEMEI1§2.3mg/L
Z 15 55
=

263 AOATRIX R G TS mixiFE 4T,
IEs BB R RN T ELRS KA IR
AAOFR Gt

0 30 60 90 120 150 180 210 240 270 300 330 360



Bl e EGRS KA — S IEE AR AOARRR

OAOAF R ETS/K] (A20)HH7KTPIIEL (2025422 H 19H-20265E2H28H )

@ AOAHIK-H/KTP 75 - i3
3.0 40

KidArhidKim, RELSKTEIKIRE2°C - 35

1, ST
H7KTPSE19750.26 mg/L+0.15mg/L

2. AOAHR :
tH7KTP70.33mg/L £0.22mg/L,
B&SF Sk IE

TP (mg/L)

AOARRNTETIMINBFBAESHIFMAT,
FRESARSRLRKT AAORS (3200
BREEZSH) HEAK

0 30 60 90 120 150 180 210 240 270 300 330 360



SHEE/NR; 7MLIEI_ AOARRI{FR{E:m3EI8 245

/_
(20253818 ~58230)
R TA " 7K IKIME B A /h [ 3E 7KK B /mg/L| H 7KK B /mg/L
ﬁhgﬁi/ﬂ‘ =3 /°C R |IF- A E E|coD| TN | TP [coD| TN | TP /J‘é§
3H1H~311.9~ 5.42 3.940.16 N “Fiiﬁtﬂ7]\(TN%Zi@?'§3.94mg/L,
1 AOA LI Ha1H 18' | 257335 Mo 1860915668i1.1267i +1.2/+0.0 t_H7J(lP7'\jO.16mg/L\;
: i 3 | 7 @ [EEABAKT H/KTNNS.21mg/L,
TP H0.1mg/L
@ FiKHAKTINFI43.06mg/L
AN EJL = N . . ’
7 B B < ~3H 22H |16.2 > 6613 19/ 1-2/0.68 izs 14.3 2'3.1924i i'(1)_66 i‘é.ll H7KTPN0.21mg/L;
AOCA ~4H15H 21.8 2 RS T T 9 1T T FIEAISAKTT H/KTNON7.04mg /L,
TP 50.14mg/L
3| BEUhYE 4J16H 20.3 : 11.2| __|267|41.1/5.97[20+[3.3+ 0.26 H 7KTP N0.22mg/L;
EARTS -5 23 ] 563.21)"5710.68 oo o110 1 L —
o [ 25.3 +55+6.9+1. 09 1£04@Q) [EIHASAKI HI/KTN46.47mg/L,
TP 50.21mg/L

gt A PE RS AOA TN ELAOA T, 7EF3/KiE H18.9°CTH = £22.6°CIHIL N, H/KFIHTNH
3.94mg/LI# (K 3]3.06mg/L, [&{K 70.88mg/L. 53R Bl AiS e X el T 7K f2 A K.




umi 5 KAYE IE—KiER S HEISK AOART

O KK ZESKLET AOARH Rl

SRS K

IRIT7KIIFEERTIE]/916.8 h, SLRR/KIIERERTIA)/H18.75 h

O FiREH12ME8=E, BHMIBR75 m3, Rt EE79108 m3/d, HYGMEE/996 m3/d
(4 m3 /h)
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A EIRRES/KLIE AOARRRIAR — Btz KRt (RaKE) .

SERYIGIEERR |((RREKI#HIK) OFEiSTESH
S I I St th-_JHTIET_I' 2025f|£11§1|f|~2025£|£1113285
BB o ™ =TEE: 16.7°C+£1.2°C
—O—NHSN | #7ksCOD/TNEL: 3.7
—A—NO;N | | o =
g | . e vorp | [0, EUKAISEEESE: 188h  (5kI%23.7h)
-l | oo || S P ISEETTE: [4.5 h |GSK13.2h)
5 |\ 0 |wE sEoneEE: [11.6 b GskrHs.3h)
%20_ 9,3; O #HIKKER (mg/L) H7KKER (mg/L)
& i o - TN: 38.0 TN: 6.7
- 3 . NH,*-N: 37.5 NH,*-N: 0.2
ol M 1 0 B PO,>-P: 3.6 PO,>-P: 0.3
# 2 g w o sCOD: 140.2 sCOD: 20.8
* % % =

L
St 3

2SR EN6.7 mg-N/L



R —IDRIEKEST GREXKE)

KPR HES

SRGEXRIR ((Ri5K#K) O XEi=T58
Be & w & & IE(THE: 2025¢E12H2H~202641H8H
T T e ETEE: 13.0°C £ 0.8°C
Bie-avwa N #7ksCOD/TNEL: 3.2
m | 0 epope | [™a  EUKDEERNE: 188h  (5KIT#23.7h)
go) L e S sk {45 h | (SKE13.2h
§ N | R LB SEKDEEEE:|11.6 h| (5K%8.3h)
= B\ s . | & O #aKaKIR (mg/L) HAKKE (mo/L)
& AW ). e T TN: 37.0 TN: 8.0
s 1 I -2 NH,*-N: 36.5 NH,*-N: 0.3
. : - _ PO,3-P: 2.7 PO,3-P: 1.3
- % % on o sCOD: 120.0 sCOD: 155
S -t % =



O 5 RIERBARBE| (RA73i5KHK)

2025E7H17H~8H5H (i&E%E20XK ) /27.2°C + 0.5 °C

, HRT=18.8 h, ¥ ¥5§HRT=4.5h

HIKIKR (mgl/L) tH7K7KR (mg/L)

TN NH,* PO, sCOD TN NH,* PO, sCOD
35.6 34.3 3.5 156.5 5.6 0.7 2.4 19.6
2025511818~11828H (iE4828K ) /16.7°C £ 1.2 °C
#7KIK[E (mg/L) tH7KIK& (mg/L)

TN NH,* PO, sCOD TN NH,* PO, sCOD
38.0 37.5 3.6 140.2 6.7 0.2 0.3 20.8
2025512852H~20265E188H (3E4E38% ) / 13.0°C + 0.8 °C
7KK (mg/L) tH7K7K & (mglL)

TN NH,* PO, sCOD TN NH,* PO, sCOD
37.0 36.5 2.7 120.0 8.0 0.3 1.3 15.5




REHBRESKGE (—H) SAOATIREIRMANLL

O AERIETTIER 2025.11.1-2026.02.28 (13.0°C -16.7°C) OTN

B2& (TN) | 60  BEK A dklik & KK rhift R %P H17KINA8.0 mg/L
‘ (A InERTE )
%E; 40 | Bk — Yt H/KTNH5.4 mg/L
5 CHMIERIR)
% 5 OTP
i mhigt A48T 24 tH K TP 0.5 mg/L
(TCHMInERBEFD

SRyttt /K TP 0.1 mg/L
(B ERBED

28 (TP)
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RE/FR/RERIHRTELA A:0:A=1:1:2, IFHHRTING1/4, HEESHRK.
IRIEAOACIK ARIRIE, IBNMEERRE, ZHFIABKKIE, RESHRANE
TREEEZHZK, F/MINEKIE R SEIN R E Sk R PR AR =

&I 7 SBR-AOARIFRIEES, vISEIMFRINBESRERIEICIREE, ISCIURPRPREE.
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3.
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2. NO,fRREN,OHFIRIERIEH!
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N20O Production during Nitrogen Removal via Nitrite from Domestic Wastewater: Main
Sources and Control Method

Qing Vﬂm;lf

View Author Information

Xiuhong Liv¥, Chengyao Pengf Shuying Wangf. Hongwei Sunf. and Yongzhen Feng‘“r
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5 S-F:XI

Abstract

Nitrite has been commonly recognized as an important factor causing N-O production, which weakened the advantages of
nitrogen removal via nitrite. To reduce and control N;O production from wastewater treatment plants, both long-term and batch
tests were carried out to investigate main sources and pathways of N;O production during nitrogen removal via nitrite from real
domestic wastewater. The obtained results showed that N2O production during nitrogen removal via nitrite was 1.5 times as much
as that during nitrogen removal via nitrate. It was further demonstrated that ammeonia oxidization were main source of N;O
production during nitrogen removal from domestic wastewater; whereas, almost no N,O was produced during nitrite oxidization
and anoxic denitrification. N,O production during nitrogen removal via nitrite decreased about 50% by applying the step-feed SBR,
due to the effective control of nitrite and ammonia, the precursors of N;0 production. Therefore, the step-feed system is
recommended as an effective method to reduce N,O production during nitrogen removal via nitrite from domestic wastewater.
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Comparison of Partial and Full Nitrification Processes Applied for
Treating High-Strength Nitrogen Wastewaters: Microbial Ecology

Environmental Science & Technology L &FiEX :

Joon Ho Ahn, Tiffany Kwan, and Kartik Chandran*

Department of Earth and Environmental Engineering, Columbia University, 00 West 120th Street, New York, New York 10027, United
Full ‘ Partial ey
10 05 © Sipporting nformation

— 7S . ° N0 -0-NO % ABSTRACT: The goal of this study was to compare the

= = . 04 8 microbial ecology, gene expression, biokinetics, and N,O

n E L E LN 7 ‘ « - _E emissions from a lab-scale bioreactor operated sequentially in

full-nitrification and partial nitrification modes. Based on se- Parial
AY2 U 2
A 3 = quencing of 16S rRNA and ammonia subuniit A itrification

£ 03 & {amoA) genes, ammaonia oxidizing bacteria (AOB) populations
E m during full- and partial-nitrification modes were distinct from one another. The concentrations of AOB (Xop) and their respiration
- B rates during full- and partial-nitrification modes were statistically similar, whereas the concentrations of nitrite oxidizing bacteria
E g e (Xos) and their espiration rates declined signifcantly afterthe switch from full: to partia-nirification. The transition from full-
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E K] code for the production of these gases in AOB. Both the transient and stabilized N, and NO emissions during partial nitrification
E , © were statistically higher than those during steady-state full-nitrification. Based on these results, partial nitrification strategies for
=1 4 'y = | 3 i 0.1 biological nitrogen removal, although attractive for their reduced operating costs and energy demand, may need to be optimized
‘ 0 against the higher carbon foot-print attributed to their N,O emissions.
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‘ L N i 5 - Abstract: Using actual domestic wastewater as the research object, nitrogen compounds and their
“ 2 (6) NH N-10mg1 N0 N-20mgr. _ININ (@ NI N-OmglL, NON-30mglL combinations were added to different ni (partial nitrifi full nitrifi processes to
2 e investigate nitrous oxide (N;O) emission and its nitrification mechanisms. The presence of influent
o . Ho

NH,* was the driving force of N,O emission during nitrification. Compared with full nitrification,
NO, " in partial nitrification more readily generated N, O by denitrification. Under the proportional
gradient of NH,*-N:NO; ~-N/NOj3 ~-N, 30:0, 20:10, 10:20, and 0:30, total N,O emissions during
partial nitrification were 2.81, 11.30, 65.20, and 11.67 times greater than the total N;O emissions
during full nitrification. Full nitrification was more beneficial to N2O emission reduction. This
provides a control strategy for N,O emission reduction in wastewater treatment processes under the
background of reducing the production of greenhouse gases.
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ABSTRACT: Although nitrogen removal by partal nitritation and anammos is [
more than and one ‘t.
downside is the production and accumulation of nitrous oxide (N,0). The 1%
potential exploitation of N,O-reducing bacteria, which are resident members of

anammox microbial communities, for NO mitigation would require more
knowledge of their ecophysiology. This study investigated the phylogeny of
resident N,O-reducing bacteria in an anammox microbial community and
quantified individually the processes of N,O production and N,O consumption.
An up-flow column-bed anammox reactor, fed with NH," and NO,™ and devoid of
oxygen, emitted N,O at an average conversion ratio (produced N,O: influent -
nitrogen) of 0.284%. Transcriptionally active and highly abundant nosZ genes in the reactor biomass belonged to the
Burkholderiaceae (clade 1 type) and Chloroflexus genera (clade II type). Meanwhile, less abundant but actively transcribing nosZ
strains were detected in the genera Rhodoferax, Azospirillum, Lautropia, and Bdellovibrio and likely act as an N,O sink. A novel "N
tracer method was adapted to individually quantify N,O production and N,O consumption rates. The estimated true N,O
production rate and true N,O consumption rate were 3.98 + 0.15 and 3.03 + 0.18 mgy-gyss -day ™, respectively. The N,O
consumption rate could be increased by S1% (457 + 0.51 mgy-gyss -day™) with elevated N,O concentrations but kept
comparable irrespective of the presence or absence of NO,™. Collectively, the approach allowed the quantification of N, O-reducing

no. -
o)_. NN N

)ng. NN N
NOs

activity and the identification of transcriptionally active N;O reducers that may constitute as an N,O sink in anammox-based
processes.

KEYWORDS: N,O-reducing bacteria, nosZ,

ion, nitrogen isotope, p , biokinetics
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ABSTRACT

Keywords:
Anaerobic/anaxic/oxic
N0

Carbon supplementation
Dissolved axygen
Anammox

The anaerobic/anaxic,/oxic (AAO) process remains a common nutrient removal process in municipal wastewater
treatment, yet research focusing on concurrent optimization of process performance and N3O emissions reduc-
tion is scarce. This study aimed to investigate the mitigation of N;O emissions and enhance nitrogen removal
efficiency inan AAO system treating low C/N domestic wastewater by establishing a fully enclosed gas-collecting
continuous flow reactor and i carbon ion and dissolved oxygen (DO) control strate-
gies. The results indicated that carbon supplementation in the anoxic zone effectively reduced nitrate concen-
trations and mitigated the accumulation of dissolved N3O below 0.1 mgN/L. The moderate DO control (1-2 mg/
L) could ensure the nitrification efficiency while reducing the gaseous N0 emission rate to 63.48 mgN/d, and
decreasing the dissolved N;O concentration in the effluent to below 0.01 mgN/L. Both too high and too low DO
levels were detrimental to N2O emission mitigation, The optimized AAD process achieved a significant reduction
in the N30 emission factor to 0.85 % and an increase in nitrogen removal efficiency to B1.81 %. Additionally, the
enrichment of anammox bacteria, Candidarus brocadia (0.15 %), positively contributed to the improvement in
nitrogen removal efficiency. In conclusion, this study provides valuable insights into optimizing AAO process to
mitigate N,O emissions, enhance nitrogen removal, and lower carbon footprints associated with wastewater
treatment.

1. Introduction

increased. This necessitates not only the refinement of nitrogen removal
efficiency but also a heightened emphasis on minimizing greenhouse gas

0
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Amidst the escalating global challenges of water scarcity and
contamination, the efficient operation and low-carbon emission of
wastewater treatment plants (WWTPs) have become pivotal research
areas within the environmental protection domain ( 1 and Liu,
2024). The anaerobic/anoxic/oxic (AAQ) process, a widely adopted
sewage treatment technology, holds a prominent position in secondary
and tertiary wastewater treatment owing to its commendable perfor-
mance in nitrogen removal (Sun et al., 2023; Zhang et al., 2024c). Ae-
cording to the statistical data of China Urban Drainage Statistical
Yearbook - 2020, the AAO process is the most widely used type of
wastewater treatment process, accounting for 33 % of the statistics (Liu
et al., 2020). With the global carbon neutrality goal clearly stated, the
performance requirements of the AAO process have been further

emissions.

Nitrous oxide (N20) stands as a prominent greenhouse gas emitted
during wastewater treatment, with 3 % of global N,O emissions pro-
duced in WWTPs (Ramirez-Melgarejo et al., 2019). This potent green-
house gas and atmospheric pollutant has garnered increasing attention
owing to its contributions to global warming and its potential for
adverse health impacts, including ozone depletion and the formation of
tropospheric photochemical smog. (An et al., 2024b). It is of paramount
importance to mitigate N0 emissions from WWTPs in order to reduce
the overall earbon footprint of these facilities. In the wastewater treat-
ment process, carbon sources serve as the nutritional supply for micro-
bial growth and metabolism, directly influencing not only nitrogen
removal efficiency but also tightly impacting the emission of N0,

An Z, Zhang Q, Gao X, Shao B, Peng Y. Optimization of AAO process for reduced N,O emissions and enhanced nitrogen removal in municipal
wastewater treatment: Exploring carbon supplementation and DO control strategies. Water Research 276, 123247 (2025).
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L. FIEARRIEHITRIERIEWIER,
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N,OEF D BIRRIRSEA FHIERAN,,
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L' RSELIESMNA—AOA® TN AR

=B IXEK 90,000t/d
iL7%BR 200,000t/d

=@M, F&8
¥HBA 475,000t/d

Q IErEEfFHIRE
O IFfEgig/E&Pmme

sERIFFE 15,000t/d SALRSE 150,000t/d
jIAi&BA 50,000t/d \
sIR5EEE 50,000t/d KB, B 195,000t/d AOATFEN IR

WM. B, &5 75,000t/d

W&=i3¥@3 10,000t/d

iIoE. B, & .
PRy > HEAOA TR T20214F &%, E4E

STFFER 50,000t/d —
KA 30,000t/d BH0RE5 /KA BBKEIT. VLTI
™) Z=#5*E 100,000t/d UJ;F\’ ﬁﬁ’ ﬁ?x'ﬁ)%ﬂ‘l‘l%iﬁo

A ZEEHB 10,000t/d
HRIERL 40,000t/d
TS 10,000t/d
1 0 R o < R 42
124,000t/d A VLS e
,"-'t_’;;ﬁ'%" Z0,000t/d > .[H:&I\ ’ % ﬁ60/ﬂ:\‘ }Z‘:E7J<}_‘IEY£WI+}51EI
FYIE 500,000t/d . e
RUNEE, . s 1, JEKJGAOA T Z R A BRI T
#it 720,000t/d
FI#Esk 225,000t/d ﬂiﬁ90073ﬂiﬁ /3% .

I"%H1L100,000t/d

&I, Al &R, BE. Eil.
gL, R, EEFK 400,000t/d

AOAT ZHEAEHESKLIE IR

I9)11B4EB 230,000t/d
SHESB 3,000t/d
=INE6A 160,000t/d 48
Z=REE 10,000t/d

1B 10,000t/d

I #&S 20,000t/d
r-#&;#db 20,000t/d

I"F%E 30,000t/d
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FeTiESRA-T HEEMNSEAOAYTIE (FTIMIBE)
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O Bk IREEERZ0.57T/MK, BETIEITERE

SiZ 5K B “HITIEAOAT SRR

o o e o =

sk | IR R 1 e |
L—) HKIBAR > hERine® > AOA —>| it —i) ;gg 5 E'f‘fg%;% 5
% it | e

5]

\ —

Sl | Mz
Xing ————

e e o e o e e o o o = =

56
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40

| oo o lam . O AOASIIHIK (FKRIZMEKIE)
@ ®

30 ® %% ® > HKTNIREH25.2 L,
ST ., coss, o8 .“w,.-.‘ K TNIREEH25.2mg/
E lee . ..;"v PV ALY . HKTNREH5.5mg/L,
RO N T > #KTPRETHIH2.0mg/L,
i o Q% : K TPREO.3mg/L.
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FEROFE_BMRERIPARI65m3/d, D4MERF. EIRFIRIMENEIT 7//
m/d, PITER—RARE. SEBAOTZALUNEHAOAT Zig. = -
O REERRNSA1SE, SukIHEBEE12h
O HkAEESK, ERHEKSEAE20mg/LER, HANEAIBCODRAS0mg/LER, KR

ELARAEE.

"\ll

,M$)4ﬁk?

202343 7K 7K fR

HEIK 7K R
CYBRIIEES cop BODs SS TP TN NH:N
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

St KI{E 280 130 200 3 27 18

it K{E 50 10 10 0.5 15 5
& 733K 47 27 90 1.74 217 16.7

BT K 12 2.4 5 0.16 6.59 0.83
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EIHIKTN SE19HIKNH,-N

@ 124 5HE RN (HAATE)

SEIVINER (2024.6--2024.7) 4PN RFINILEE

) oalL) SESKE $FEHRT (h) $FEARDO (mg/L)
1545(A0A) 3.25 0.61 0.73 3 0.83
2545 (AOA) 6.81 0.31 1.46 4.5 4.58
3824(A0A) 8.79 0.22 3.00 4.5 3.66

HECEMRS, 1S&EIHKE AR,

B, EAEETEEERENE.

Sk, 1FEKDSEE. BEFKDO
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m,BIE'EF'FH DRSO Ty BT T R WA

A IFERIZK LT 305/ HFZ TiE, KA
AOATZHEA, HFYIMRKSERRFEIR, R
1R = ENiEHFH PRI SEIRR PR AR = S iR E PRes.

,..‘z.vr 1 ,;,w ﬁ@{k}' &mrm Bﬁ&‘ ) 15” llh#‘\w W BRE T, MEETOARSNER, BiEiTR

11T AR

=A2024F8H30H & KAIGUSHR:

> “gzBln, MUs{THE S\ RKINHKESH, SRS,
TN:2.21mg/L, TP:0.11mg/L, &&,: 0.15mg/L,
IERE: 1.52mg/L, SS:/\F5mg/L”

Official Launch of SWPN AOA Process

24$7ﬁ

o & M r > “BER#HKCOD:187, #7KTN:28.4, HRTFI10.9/)\
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B LES A - R30G5/ H Ew5 K 7R PR

BRI TEE

“ERKEET sA27BHFEHEREE T, LI
cmttﬁéﬂgiﬁiﬁiiiﬁiﬁm, EHKEERYA32.3
mg/L BIBRT, EMEKEE0.94 mg/LARIR
AERIR. FERTHKESEYIF0.11mg/L, 7

KRS e ad s (8 sy
w*mr LU ) > SESIKREN REAOATS, TR EUT:

T I RMENEST, HRT/910.9h;
_— 2, IIRIMHARIR, iIRINEWR,
0.03mg1 1.30mgn. 13.35mg1  0.02 g0 3. SRERBESRNESEEG.
’ ™ - 4, RIEREIFHRRINEIRRPRIR B S R EBRES.

63



w

~eTLiESMA-

N
)-

.

L 4

T
N

WS (202448,

H-202551H)

¢ TN,

inf

% TN Removal Rate

* NH,'-N Removal Rate

100

50|

by
. ¢ RYR #180

401 + o ® ’0“ ° “:
- L e 0 ey 8! -
- - o, ¢ 00 “’ '0 ~0 pe ¢~0 é
E RS A XA S i IR
S30L, e O e ANe & e oo % Z
IR L AR g e ¥ *% =
2 o ® %o ° 140 &
= 20} o o ® o =
z ¢ o ° o ® 0 Q‘E

% °
1w % 420
[ 2 @ Y
0% 20 40 60 80 100 120
2024.08.31 Time/(d) 2025.01.12

> F19HIKTN=34.10 mg/L > FEiHIKNH,-N=28.40 mg/L

> EHYHIKTN=1.99 mg/L
> FEHTNEREE=94.2%

> FEHYHIKNH, - N=0.22 mg/L
> FHINH,-NEFRZE=99.2%

@ e e ————————————————

PO 43'-P/(mg/L)

A PO>P . 2~ PO-P, * RemovalRate

-100
IR ot ke MW TR
o i * & * ]
5L A 180
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. A A, A“AM AL ] é
4- A“ 'S A M AA and 160 &
A A ay A AA =
[ aa A s‘“ AQar 4 e \B-
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Pl e s
e 4 a a 4 A 40 S
I A A A AA 1™ E
A A )
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, A -20
oL 24 D N i s s sy R L Yo
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2024.08.31 Time/(d) 2025.01.12

> EHHIKTP=3.35 mg/L
> FEIJHIKTP=0.13 mg/L
> EITPEREE=95.7%

> FEgi#IkCOD=278 mg/L
> K COD=12 mg/L
> FFEHCODEIRE=95.5%
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| RIEEREARY B FHAOAS KA

2 (305M/H) R¢EREINEITER, EER12X

HE COD TN NH,*N NO;-N TP
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

H 147 3K H K K H7K 3K HK 3K K K H7K
3H7H 207 6 31.9 1.91 29.4 0.282 133 1.30 3.26 0.16
3H8H 243 14 27.7 0.61 25.5 0.249 0.01 0.11 3.00 0.51
3H9H 203 10.8 34.7 0.29 30.4 0.235 0.01 0.03 3.53 0.53
3H10H 388 8.4 37.7 1.93 17.9 0.638 1.05 0.18 4.68 0.50
3H11H 407 8 34.5 1.30 28.8 0.177 1.32 1.01 4.80 0.44
3H12H 474 13 29.7 0.89 27.9 0.328 1.31 0.36 5.35 0.43
3H13H 318 14 30.0 0.74 22.5 0.372 1.26 0.30 3.70 0.39
3H14H 396 10.8 33.0 0.98 25.8 0.250 1.10 0.48 5.08 0.44
3H15H 674 9.0 33.1 1.20 16.3 0.285 1.40 0.45 4.98 0.43
3H16H 260 10.1 26.2 1.03 18.4 0.253 0.83 0.29 5.55 0.30
3H17H 238 14.1 24.6 1.05 22.2 0.268 0.78 0.14 3.75 0.42
3H18H 328 11.1 37.8 1.68 26.8 0.254 1.27 0.48 5.05 0.10
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RIERES
-3H30H;)

K AOAR B LI2REN1 3K LAKANETT
7K, 3H31 =1

(10501E/H)
FrgiEll, SXREGE6IRAENRSIKEE)

BEZKAK5 (mglL)

AOA (/RSET#zE, 104 M/ H)

A?0 (ERESKI)

At 7(J<éu'5;'1 BITE% 7KK (mg/L) IBE1TE5E KK (mg/L)

COD NHs TN TP Eﬁf‘?ﬁ%) ('\r"n'jLS) COD NH¢ TN TP | T80 ?r"n'jl_s) COD NHs TN TP
3A31H 175 | 635 223 401 79 [8.6/380 4010 194 011 3.38 0.19 |18.8/314 5350 186 012 4.46 0.18
481H 175 | 567 234 411 72 |7.4/329 4200 186 013 286 0.17 |18.3/304 5795 189 020 4.48 0.25
AR2H 17.4 | 321 245 389 50 |7.4/327 4790 172 018 2.40 0.15(18.3/305 5570 196 020 5.06 0.26
4B3H 17.7 | 314 270 366 4.1 |5.7/254 4530 190 016 3.04 0.14 (14.6/244 5530 166 015 7.06 0.15
484H 17.7 | 668 30.0 449 57 |5.2/230 5255 19.0 013 3.57 0.15|14.6/243 6050 180 0.12 7.15 0.21
485H 17.7 | 551 251 434 7.02|5.6/250 5635 263 017 4.24 0.22 ([15.3/255 6385 227 0.14 8.89 0.21
4H6H 175 | 492 247 413 586|4.8/214 5565 228 027 1.75 0.16 |[16.1/269 6265 220 024 556 0.14
AB7H 175 | 365 26.7 358 4.07(4.7/211 5900 260 029 3.88 0.15(14.3/238 6240 248 021 6.13 0.11
4AH8H 17.7 | 539 25.7 347 649(4.6/205 5945 282 026 3.30 0.28 |[12.1/202 6210 250 021 7.33 0.19
4H9H 17.6 | 756 28.0 47.0 7.64|4.4/19.7 6530 298 032 1.94 0.27 |13.6/227 6710 220 020 5.77 0.14
4810H 17.8 | 511 26.8 434 562|4.4/194 6175 300 034 2,75 019 [11.9/199 6305 23.0 026 6.90 0.17
4811H 18.0 | 745 253 339 4.12(4.2/186 6070 291 0.10 2.26 0.31 ([10.8/181 6270 258 008 5.01 0.19
4812H 182 | 638 274 442 6.45|4.3/19.2 5395 374 030 3.42 041 [12.2/203 5970 30.8 0.13 6.82 0.16
314 17.6 | 539 26.2 40.0 5.8 (5.2/23.2 5499 253 0.22 2.95 0.22|14.3/239 6108 224 0.18 6.30 0.18
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RIERES
-3H30H;)

K AOAR B LI2REN1 3K LAKANETT
7K, 3H31 =1

(10501E/H)
FrgiEll, SXREGE6IRAENRSIKEE)

BEZKAK5 (mglL)

AOA (/RSET#zE, 104 M/ H)

A?0 (ERESKI)

At 7(J<éu'5;'1 BITE% 7KK (mg/L) IBE1TE5E KK (mg/L)

COD NHs TN TP Eﬁf‘?ﬁ%) ('\r"n'jLS) COD NH¢ TN TP | T80 ?r"n'jl_s) COD NHs TN TP
3A31H 175 | 635 223 401 79 [8.6/380 4010 194 011 3.38 0.19 |18.8/314 5350 186 012 4.46 0.18
481H 175 | 567 234 411 72 |7.4/329 4200 186 013 286 0.17 |18.3/304 5795 189 020 4.48 0.25
AR2H 17.4 | 321 245 389 50 |7.4/327 4790 172 018 2.40 0.15(18.3/305 5570 196 020 5.06 0.26
4B3H 17.7 | 314 270 366 4.1 |5.7/254 4530 190 016 3.04 0.14 (14.6/244 5530 166 015 7.06 0.15
484H 17.7 | 668 30.0 449 57 |5.2/230 5255 19.0 013 3.57 0.15|14.6/243 6050 180 0.12 7.15 0.21
485H 17.7 | 551 251 434 7.02|5.6/250 5635 263 017 4.24 0.22 ([15.3/255 6385 227 0.14 8.89 0.21
4H6H 175 | 492 247 413 586|4.8/214 5565 228 027 1.75 0.16 |[16.1/269 6265 220 024 556 0.14
AB7H 175 | 365 26.7 358 4.07(4.7/211 5900 260 029 3.88 0.15(14.3/238 6240 248 021 6.13 0.11
4AH8H 17.7 | 539 25.7 347 649(4.6/205 5945 282 026 3.30 0.28 |[12.1/202 6210 250 021 7.33 0.19
4H9H 17.6 | 756 28.0 47.0 7.64|4.4/19.7 6530 298 032 1.94 0.27 |13.6/227 6710 220 020 5.77 0.14
4810H 17.8 | 511 26.8 434 562|4.4/194 6175 300 034 2,75 019 [11.9/199 6305 23.0 026 6.90 0.17
4811H 18.0 | 745 253 339 4.12(4.2/186 6070 291 0.10 2.26 0.31 ([10.8/181 6270 258 008 5.01 0.19
4812H 182 | 638 274 442 6.45|4.3/19.2 5395 374 030 3.42 041 [12.2/203 5970 30.8 0.13 6.82 0.16
314 17.6 | 539 26.2 40.0 5.8 (5.2/23.2 5499 253 0.22 2.95 0.22|14.3/239 6108 224 0.18 6.30 0.18
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E IS RIEE —AOASK AR S

1. AOARHIREIARI AN FBFRLE T i5/KAME, (BEXFEBIEC/N
A9i5IK, EEFHEARMKIENZRK, EAEHTFT/LIFELEEG
IRy T MlsK;

2. WTEAARERBEC/NRISK, B2, BEERSAHKIEALE
A, REEBEFRERIBIEK, WJ!ZI] HKFRAETNREXT
100mg/ LAUsR 57K Ek LIS 7K,

3. E%ﬁ:i—"'IHUL/RE;# HIAOACH ARIISFEIEHIERE (EHR/DA
tEx) , HPRNATENAZRE, HE, AOACKEAREFNF
IzﬁﬁELhiﬁM§?£E§n—“
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