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Research Progress of Biological Nitrogen and Phosphorus Removal in Municipal Wastewater
Treatment

LIU Liya, LIU Dandan” , MO Huarong, GAO Yuandong, ZHOU Wensen, LIU Zhiyu
( Chengdu Tiantou Environment Co. , Lid. , Chengdu 610213, China)

Abstract The limited removal level of nitrogen and phosphorus, high consumption of energy and electricity, large amount of excess
sludge, coupled with the emission of greenhouse gas, are always the shortcomings of traditional wastewater treatment, which are
difficult to meet the more stringent requirements for advanced wastewater treatment and resource utilization during the “14th Five-Year
Plan”. Therefore, it is an inevitable choice to deeply study the theory and technology of microbial nitrogen and phosphorus removal and
speed up the application of new process engineering. Based on the development status of urban wastewater treatment at home, this
paper systematically introduces the research progress of wastewater treatment from traditional nitrogen and phosphorus removal to
shortcut nitrification-denitrification, simultaneous nitrification-denitrification, amammox and denitrifying phosphorus removal. Finally,
the further development direction in the future are explored in view of the shortcomings of the current research.

Keywords nitrogen and phosphorus removal  shortcut nitrification-denitrification

amammox  denitrifying phosphorus removal

energy saving and consumption reduction

B e AR 25 SO R K B A Wk g, AN D
ST K AR B A A A 25 SO BB B B K
Ak BER P SR BRI R S PR oK . 2021 4F 6 A, HAK
JethZz AR A DU M TS K Ak B
GEIALAN I S S LA ) I T2 AL 3] A Jy 1 3 el ok

[KfmBHE] 2021-11-23

[EHERA] REW(1995— ), Z Wi, 2 FoRAE A SC T
Y&, E-mail : 1101016015@ qq. com,,

[EEEE] XIPHF(1990— ), % At FENF RS HEAH T
£, E-mail : 632913754@ qq. com,,

ok 5 AF PTG KA BR Y A ), BRI T RS
AKGEUFACFIFH B it 5 U A 8 s A R K Ah A 7
AT, S IH 5 K A B 4R b e 3k e W 1T
(BT K AL BT 75 Y Wy HE bR #E) (GB 18918—
2002) —Z% A FRifE TSR 20T 1) T 7K PR sk X
(A SR ISR o 8501 B S B B T 25 R R I 2 i
7 G E TR Y5 /KA B v 7 A 1 KR T IR
WA RS “ TS TR B 518 T4 24 A0 s
B UL T T A% G TR b 2= 1R e
FIBB IR R K TP F84R B 75 KA FR ) 3, i



RULTEUAPSIPE PR AR S

SRS K A P R BRI 5T i

Vol. 42, No. 3,2023

15U A A 3L B X LA TR A AR Y

5 TRIE T 7K G AR A 380 R e B 1 K T
ZABTEAHDCER T ) T W20 A SN0 . R AEm A
St 1AL e ) B R R AL () 20 A Ak S Ak
( simultaneous nitrification-denitrification, SND ) ¥T ¥
T REACTN SR A AR AN [) BT ST R AT B BR A
PRARE S A PR HE T 75 ik 5 L 19 e A R 1Y RF AR AR
C/N 15K A SR I T T B RIS SOl AR
BT RA - — M ] [R) 20 A R 1 A, 7R
A YIRS K RS B B AT R L,
AR SCNAL BE I R B Wl B S &, BB T AR W R M
BRBE AT ST R BEIESS 1 Y AT SEAFE A 2, O
XPAR K St A B | DU A ¥ 7K A B B I
RRBEAIT ST S Bt — e R
1 BREARHERE
1.1 fBREYBRE

1S B LE DI AR B TR VTS Ve 12 , 3l ok i Ak
SR AR, SRH 1 T o 460 A R 6 (NOS )/ TIE.
FHARER (NO) SEUBAR . HARB ARG RN (1)
HALH %H/EI%EI'{JC

BA NO,-N
NO,-N—NO—N,0

) " .
btk Y
NO;-N TR, N, (1)

A N[ 30 (2) ~ 3 (3) oML, 2
AN ( ammonia-oxidizing bacteria, AOB) LL&ZEh
HRFHHE, 0, A T2 R R A A NO, T
il PR LR 2 AL 7 ( nitrite-oxidizing bacteria, NOB ) #f —
H¥ NO; &4kl NO;, AOB Fl NOB 4t Fk M ilh 1k
AN

LA ERER
A

AL

2

55NH!+760,+109HCO0;—
C,H,NO,+54N0;+57H,0+104H,CO,  (2)
400NO;+NH} +4H,C0,+1950,+HCO;—
C,H,NO,+3H,0+400NO; (3)

NO; {93 ik 2 3 225 ok S il Fb 20 P ok S 91
S A A TR by et TR, 7T 7R B S 2% 14 AL NOS |
NO; NHFZ A AN, I NOS & it
FERF, SR A M A 23 77 A2 A ) Y o ) s 1 7 4
NO N,O,N,0 225K = R E= SR, R AEH 2
CO, 1 190~270 151

UTAEA BTN G w4k S A A0 I AR RS B AT 5T

C B B, TR T & RSN A T2, WK %A -
B4R -4 ( anaerobic-anoxic-oxic , AAO) E AL T
#2075 M5 PR I (sequencing bath reactor, SBR) | i
H= W) I i %% ( membrane bio-reactor, MBR ) & £ 7£ 5E
PrUFE Rz, EiR T2 A HALH A
2o DABTTHRRE R AAO T2 Rl (1 1) ik
Bl | B VAR AL T 3 L 1) 5 BB 458 % 2 R
SA(TN) B 2B BA BEER . BRI 2 i
T Rk = J2 5 Y H (A R e S i IR 52
e i A S 3 v 2 3 | ke Vs g A Ak 1T e R ik
S AR R 3 L 46 g W] 3 iR TN 9 23 BRASUR | H [m]
WSRE T & BB T,

ok ok
—) RE | BE | R [ U ——
S
RAWBIRF
WEHETS VR R

1 AAO T
Fig. 1 AAO Process
1.2 @EEMLREL
LR Ak S A A2 T A SN 5 B R 2B 1 NOS
BBt , 538 R AL BB A2 B NO; ELEER R A N, ,
2 B TE AL GE i Ak SRS A 1Y) JE Rl 5 29 40% ik
TR 25% A FE" . Bk R n(4)

NH:—NO; — N, (4)

SRR TS A T2 i 3 0 O e S B A
LR GeH NO; LB M 2 72 Tl 2 NOB X NO;
Rt —A AL SEAR A A o S0 B T2 Rl i
RIS (DO) 8 4 i S IO 2o R A 75 U8 45 B it ]
(sludge retention time, SRT) 1 NOB il K+, 4
B &, (free ammonia,FA) 72 AN MR ( free nitrous
acid, FNA) &34 NOB #5445

TR HNO, BB E N &R, — s ol
N IEBEIR T 15 °C R T30 °C B AR B 15 2 3]
], BB HNO, BB, B AR B T R
AR AR A A RO T VR b e M R b B
TEPER RN, 25 R BAAE 30 °C B, P AS AL kLS U
FLA RO 1 228 AN T R 1, I R b R BB R A R
96. 17% , 1M 2475 FEAIR & 25 C B, WAl AL 5 U & 4=
AR, WA AL BTG T 35% , sk/NES 7 WF ST 45 R
7R, SBR SN g A NAR (5 DO 8 PR 2 5 )
FEFR RS A 0 3 1 A5, & BAY R DO B R 2 4k



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 42, No. 3,2023
March 25th, 2023

NO; Fa5E R 2EE , NO; P& YU Ik J& 1% 4
TF T R A SE B A A 2 3R, Gao 2618 4R
I FE 2R B S s i, 7 3230 S SR A e R 28 1 R R
AR NOB #E—5 481k NO; 24 NO;, sk’ #F5¢
SRR, AT5E it FA 5 FNA AYECS 30 52 RS
AR S AL, NO, BUBRRTE 95% L) I s il ad T F LIRS,
W SIRAE T, S A AT K 2,71 kg N/(m’+d)
Joss SV FE i L =R K DO RAUIKTE R KI5 17 4%
il $ A FA FNA, AlE: NOB A L0 A= 1k R 40 9F
SR AE, Regmi % IEFA0 T 4 K 49 Monod
B 10T R, VR R AOB. H5e 4 Y 0 148U EE 1 7K
S LA ERTE AOB I NOB fix k22 S 1y A4 K% ]
4 LA it o 2 e A S AR s ) RO A SR R L TE
BAPRAEWIR] WS B HFEE R NO, LR, H AOB
PERT NOB, RGE WA TERE 0 BRILZ AN, #4r
225 W0 Kempen 2512 7] F w85 60 far 400 8 T 25 0 B 2D
Jash T AR AL L T 2

SR Ak S A B N AR R TS
SHARON T.Z Fll OLAND ( oxygen limited autotrophic
nitrification denitrification) T.2., SHARON T. 72 /&1
242235 Mulder JEFREMHE FHF A #AIT 2, B2
JCEI 0 T i > R AR 30 T 5 7 AL B A T PV AR
AhEETST LR MR S (30 C) T AOB [yt
ORI BIMILT NOB M EEACRRPE 9 RGeS A T
AOB F1 NOB tHACE B Z 1], 3% A6 V8 K NOB, SE 3 &
gith NO, AR T L FIES Gent B4 9 52 56 % T
B OLAND T.27:5 SHARON .25 nY A [a) 2 b
TET OLAND T 5 F 2@ it #H] DO W B, R a5 It
345 AOB M NOB /£ K3l 12 Rk 2z 7
1.3 SND

LG A= WA S A, i Ak R0 B £k 20 T8 1
FAR A SR 22 5 I AL AR
A R ATAEAS[R] ) B BTG A S AT, 2 AR
BRI\ A AR G P15 Ve TR I i SR BEIR RN 38 4
JREAFEB ALK R AR SR BRIE A N , V5 e R 4
RNFEAER DO MREERREE 15 AT DO & i 45 ,
AR A Ak A0 TR R B 48T 5 Y5 U8 N DO R
SRR, KX R T S S A AN A S B R AR
RS, W 2 FER, Bl A 902 BEAE A F 98 IR
AW BT RIS A AL, 0, T AZ
PRI R A

— R UL, DO YR A BILIA AT RIS U8 2R AR S 1
By2s %t SND SR = A= 52w, % T DO FLA HIL 17 A
M5, SND RGEIFFAE—A I Sy 1P . Y
ALt B 7= AR 1 NOS 1A 47 RE B SO A A1 FH R, 7
TR 35 B, TN R BRECE IR S, DO & =ik,
B 5% ke ) i T B I 32 B sz 22 W05 el s A
fead s, FPHBAYS LAA TR TS A RS X 4 9T T
DO JK J45 B[] pH 55 B R X SND &R G2 1 I A
s, HAFGE 48 DO Biit Wk BRI 7E 1.4~ 1.6
mg/L C/N i 5 {5 F A 24 20 h pH 7E 1 P T
ff, 20 & fl COD,, My 2 FR 2 7] 35 85.89% Fil
92.76% , TN R AT A 80. 75% ., Ea3 "5,
BB S R 0R T DO X5 R 8RS 1, I
TR DX LU 49198 20, B i A i i 3z B 3, A A
SND & 72 1y Ji 8, TEARBR 55T, 2 MLSS
6 000 mg/L .C/N 24 15 i} SBR £ %7 SND 72 TN
LRI N 84.37% , R4 SND i 2 il KR4 &
15K TN KBREES, W8 TR SL A 9%, 3 a8 17 %
AR BT SO B AT H A LA G S Ak
fiifk (SOND) ,SND 332 N,0 B 29k SQND 1472
)4 f5Z%  H E2RAARINE, JTHEAM C/N
T, SND i B o3 RO A B 2 A I Y A7 A
BUP AR IR T A AL, 5 L SR At =2 [ %o L
BERR 354 YR N, O B9 E AR BT,

HAMNER, DOFE
73
SFAEALS KA
f#COD,,
AR, T8
A
LTI [
BRI, NO; | . TR
NO, F# | :
] |

—71-2cm —
B2 4RO TS Je i Al
Fig.2  Micro Model of Aerobic Granular Sludge

1.4 RESEL

20 42 90 4FAL, faf 2= 1Y Mulder Al Kuenen & 1
T RN A —— R AR, TR AR
P, DAL kA, DL NO, T2 Ak,
T R T A 100% HRR TR 60% (1 HES
WA R T E R FH 5 HAAR R ) A
m=(5) W& 3 s,

NH; +NO,—N,+2H,0 (5)



RULTEUAPSIPE PR AR S

SRS K A P R BRI 5T i

Vol. 42, No. 3,2023

N, N,O
*
e | i et |
8
F o ,/ L R
| ¥ N, NHOH— | > NO] » NO;
. ! | ONOTEE 3'%%%% H
HHR | AR | | EESER | g |
| T
A : | 1y
NH, N,H, — =% N, ¢——N,0———NO¢— NO, «—NO;
& 2714 | ~
& (N M [ I —
REAEMN

SENO, BFE A AL E

B3 REE AR

Fig.3 Schematic Diagram of Anammox

PR AR 1 B, JC 5E 2 5 7K i Ak B
) N — B RAR S SR, X AP — A AL AL T2
FIE AAE SEBR s K A B b 4 ) TR = — IR
SRR AL RE F IR ™R8 IR AU, A KR AT i
PRI, %o 25 4 0 58 A G A0, B 1) S e
K, LHIBAT FR AR B R 2 L BRis 7K & &k
RBEZFoCE, SN FHME LA I SEPRTE R

2R PO H R T N B AR B R R AR TS TR
M A UASB a8 b, I T RCAK NI K 3245 41
FK E ST AEi2 1T 68 d Ja i h LR AR Al T
SRS, REIETT IR A A R A A
NO;-N JH#E 8 5 NO;-N i Z 2 1.00 :
1.08:0.26, JWi#s)o sh o5 0 IR A 2 A Ak TS T
PRI N 3~4 mm, PIREH EETE 20~78 m/h, H4
BTG TRV ERE . T 3P RS IR H
AR I INE K = KR AR 1L 7 AN~ K= ]
Ye By PTVE Ry , 1) e 2l IR A 2 S Ak B i, (5
JIT I sl IR SR S A R N i S R [ A8 1T g
FLAR S U7 by i IR A 28 S A 5 D8 > i e DR S 4
oI5 e > IR &= b ile, dE— L EocHs i, Bl
JEDR A S A H BT (1 SN A, FEA R
Kl 258 T, 4T 3 S s MEdR sZ 2 mil . 30
AT X — WA B ER R ZES . T
A PG T I T IR AR A A S BE N TS
Tersgmm, 0 R B, bR SR AT, B A A
HNO, X IR & & A Ak B 2 30l 5T = ik o
1 670.0 mg/L #1 585. 6 mg/L, HNO, A xf &1 K T
2, ZM HNO, RS AVE AU ST R, — 5 4
AR A A B AL 7= A 85 . Stous 557 WFSTHE
24 NOS R E T 100 me/L B R B E AL

[21]

B4 58 4 2 0% 5 1 Kimura 2805 59 BF 58 ) 45 24
NO; JREWE N 750 mg/L i, KA R A G M2
M, e, B B NO; A48 L B NOS/
NH; X F IR\ A AR N W G s e hEE, %55
A0 BRI A S B g 4 SR A S R
AR NO/NH, A 1.4~1.6.1.34. 1.2~ 1.5
F, IR AR & AR X T TN Y 2 BR &4 0 B R A
81.68% 87% 80% . A 2¢FTa i, ik ¥ = Y4k &
R A S E A BORL TS e ok 55 A S R E 2 & R IR
FEM T L EE B, A% R A E Ak
ERATERIR TR B RS T R SR A A AR
U8, iz IR A AR 2. 63 ke/ (kg-d) , 2 &
RRA AT 2.5 45 X4 FA il HNO, 1Y
I EY M 11 679 505 mg/L Fil 735 mg/L, it
15 T ELRIT VR XS R, 3 U5 B 3 e 8 e R A
ARITORL 5 A FI R 55 v 56 4 55 T Y 8 T, AT IR A
AL T2 i B B S,
1.5 ERWABERESEN

SRR ALY P2 4 NOS-N T /E R IR A E AL
AT, 33 (8 M S i LB L B BH T T2 ER B Y ]
figtk, ATEIACY BTN A A
RN pH MRS #2561 3015 T F2E 1Y NO, PR (]
FRIK 98% )  MINTELF E S5 T J5 o J AR A Ak- IR
AEE, FELED TER RN MBR R # P#2
Tt 3 5 T 0, DA 8 978 B A< ) g A< Dy
F-B 8 RS sh s, it — 2P BRI DO Sl
WAEA I R B A A i —2 e R
FT TRME LIS DO B ok &, 4
NaNO, A4 NO, Ja# 50 , 737l 76 SBR FlJF ALK
A WIRE RN (SBBR) i o # Hk) a1 — A U



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 42, No. 3,2023
March 25th, 2023

Ttk -IR A A TR A 3, 45 R WoR
JeHEILAE (1 SBBR T 25 B 35 T 2 A Ak 1) PR
3y, 7 p AR A ) DR AU R kit B v SBBR
HrR IS | v BE G NO; 0 00l IR S SR AL T Ak
%, ARBEM IS4, SBR $EAL NS | 38 Am
NaNO, , A Z AL BIPs K , KRG LA RE
FE, MRS REEE MRS TZRTRA
TCits BN HLER R 5 44 g S R AT 2 AL
ROTEIR C/N R A AR KA R THE R
IS, a7 kMR R LS RAE A
bR GE BRI Ak by KB U8, 7E H O HE K TN it
ik 5 055.20 mg/L B}, 3 TN % Bk K & ik
95.78% ., BRI R TR A = AR B 2 19
N2, B NO; , I8/ W) S, ' AR AL
R SAACTE, I I L A3 & A m
JEIK

PE— 298 & B, SR SR AR S s R M
SRR AL B IR E M) NO, FUEBE ), WIRER
AACHEIRMURY NO, BFkte, BRBEED RET
RIS 3 2 X 2E 7K B BB N 7K 5= B8 1) ) A B
P IR B TR AL R g, K 4 Rk
B NO; 85N NO,; FALR & T 75% , BVl 2 AEAIK
H(13.7~16.2 C) %M AR5 62.3%
1.6 RESSLBERFREN

PRAR AL S TE 7 B T, £ 28— 2 B I R
SR E AR g sh = sIE R . (ESEBriEK
HRAS T S G s 2 5 A TR, 3k A PR SR AL A b I
SIR B T LA 34 T3 A5, iz
R T2 M s b iR B 2 — A E X EE
(VA A, A Y C/N X S IR AU 2 S A R SR AL
AP R R BB — LT, C/N B
i, RS A Oy = A 2 I C/N L B
PR AT 0 RS ARG8T X #E  o  dl ad
SBR-ASBR 414 T 24 & KA & A Ab- I s AL,
FERFSE T K NOL/NH] K COD./NH; %} Z G th[F]
R R, A 5Y 45 2R 1B R, NO/NH; = 1.55,
COD.,/NHj =4. 22 I | IR 48 2 S Ak P m] S i AR i &
R TN 2B 53k 86. 90% , ThifEFEE NO,/
NH; Fl COD.,/NH; ¥4, R & A 5 i 152
& NO; HIPEFABEH 55, 577 SO AL X 22 G2 i) B 2 ot
Bk, R m R E AT U P BBk IR,

£ C/N=3 FH#izfr AT, TN LER# &R
0.083 kg/(m*-d) ,BE&E C/N Tk, VAR R MR
FAALTE M R A AL X NOS B4 25 1 A2 3 4 1
SR FRAE Y T IR SR A AL S R Ak B IRV
X TE K A AL BEME BE , B s 8 IR A B AL 1 5
A B AR PRI E 254 C/N =1, JLR TN 2%
BRI K 93% , [ T HRIE AN, 7K T3 455 B B[] 23 %)
T AWM RE AR, o i b
K A BR IR R i /b | IR SR AT R R 4L
(AR SRR 2 080N, S % B Ak X T3 201 B iR R
s,
2 BREITAREHE
2.1 fESEYBREE

55 A 0y o Wl o R A 4 DR AU R N -4
BN, RS, R (PAOs) F
FHME PN SR B IR R /K i = A ) i, WIS K b ) 4%
RNVERRIIER (VFA) , IF44 H LR R B IR NE (PHA )
L AEAE TN, X — i R A Bl B IR R 1 BRI
WEJE A o0 i, FELF A5 0F T, PAOs I H 9 if 47
1 PR 8 R ST K T e i R R S IR 1) 2
Bk, X — i RS R A A R A bk R P
mE 4 iR,

REHRSE

R

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

PAOs PAOs

Bl 4 bR e

Fig. 4 Schematic Diagram of Biological Phosphorus Removal *

X TARGE A Wy R i i | DR St A i 1R 6 1) R T
TR B SRR O SR O Y DG B AR IE LR L |
pH IR EEFN NO; S50 R AW R A 5o, —
eV, VEA 175 5 R W ot R 00 T HoAh e I, o+ i
BRI s A IR R AT T KR A e
Afiew PAOs FI . T4 10 8 17 ff BB A T
PAOs BYA: A AHX 55 iy 19 i 7K ol R 6 Wik 32 2% iR Ak
BEREL R R . A —EVE B , pH 938 248 &
X R W 1t R R A — o AR HEVE D B &=



RULTEUAPSIPE PR AR S

SRS K A P R BRI 5T i

Vol. 42, No. 3,2023

i 2 A S 8 T 5 Y TR T 552 M R v ol PR R VR
T v T PS5 R B K R TS . NOS IR TES
HE5 S 55 SRS AL AR X PAOs 35 48 B U 1 ik 7, DT
S IR AR AR
2.2 LB

S AR 248 72 IR S A, B Ak o 5 1A
(DPAOs) FI| FH R Wi R £5 /K A 7= A5 B RE &, KI5 7K Hp
) VEA AL R P B I8 PHA , [) I B Tso w56 5 78
B &1 F, DPAOs L NO; N T2 1Kk, & 1k
PHA i J5i NOS A N, , 77 A= 14 fig 1 3B 43 FH T
(A6 B, o7 — 0 40 DU ot R s oK v ) i R
YA P BUE PHA (5] B 7 HH 5 Sy S5 i A 4t fAE e 5 A
k1 DPAOs Wi (4L BB U5 75 5 T AR . FE X BE 1Y)
PR/ WSS IB AT 50T, B AT SE 3L IR) 25 It AU bR
B M AL G W SR, SR AR BR B A
BRHR (— B9 FH ) sl 2 S o (O T A A
SEPL) FEATE U (DR TR EE R B ) |
A0 /NN A AR B (A Bl 1T T[] — BT P S BE)
Bg i B R RRBE , B 9T DT AR A I
25T 3B B DR B A s R RS BB
FRi &S
2.2.1 g HE

DPAOs W& £ 02 T. 2R sh b e e 444, ® A6
A AT ORI FH A3 B A SR AR A SR BEK 4558
HE] B4 AAO T2 R i SA B b h g4y B &2
J AR W il S A B (BCO) , LUAH AL 4 1|
DPAOs V#4725 9 F- B SC 8 AAO ' DPAOs Y&
., PRI AL 2 (FISH) AR X PAOs Y & 4>
Hras RE W], AAO+BCO itk T2 PAOs AT & L
H 7% 4E 5 2 22% ; B T. st — B A, TN Fl
TP LRI ML T 18% M1 28% , 16— EFLRE
LULE T DPAOs X 3 48 & Bk #5 19 5T k. Chi
ZEETV L T — o m R Y el A v A e R R
B T 2B AT 8 (HMOA ), HiBE S R 5 (15
W/h) MR ASORT TA) J, 72 TR A A B 4 R SR
HMOA #5X E i T fUE Wi A AR G R P25 T
PAOs XHRRIR I
2.2.2 WHETHE

WFFE E BH B A0 [a] e JR 28 AL | iEOK /N
C/P SRT G4 13 b REE | pH  NOS ¥ 45 T
BT SEON A AR R e AR SR A 5

M, SR 3 RAE e ah e gk gk 1 R,

bR T HABITSENAL, FE IR R T K
WAL BRBE T 25 5 A i fb I fiti b \SND | R R & Ak
TIERA R RerE, MR- i LB T 200
2L DPAOs FIFH NO; b HL T 32 IR 047 K
1k, SEIUBEABREE . 5K/NEE T DL NO; S T2 AR
AL BRBE S R0 R B |, S i HNO, B, 2
it 23 d 914k, DPAOs 7 ik S B 1) B KSR Wl i 8 ]
1% 10. 44 mg P/ (g SS+h), KB BESEHE H, R
FHRE/ MR E A B 1T, 60 d ] 52 B J P Al Ak- B Al
EERBER S, 4 NO,-N Ui 4 10 me/L B, @
FBRHECRR K, U5 RAE LR B R A NOS-N ¥
JEE T T FAIG, D6 S vk B NO, -N i S il AL Bk 5 A7
FE—E M HIAE T, 22981 78503 56 ) SND 75 I
U AL RS TR YL 5 , 76 SBR[V #% TR A
Fi5 e, ) SE 3 SND 5 A Ak bR A &, I &
FRGEH KA TS bR RIS (AR TS K A BT 5 G HE
TPRAEY (GB 18918—2002) —%% A brif, FIHIH
LB LS R IRE 2 F8 5 2R 0 D A W 9 A e i) g 2
K MUE Y R B W AR T, BEB RO R
GEXTRE AT T e B R A, TR B A AR it
P R SRS AL Bl 5 PR S A B T2 A, 58
BT B AE TS 5K m U, AT A A
5K E et AR AL B e = AL 16 NOS-N
FEEER COD, , Hl 2 K 5 42 1% 15 K FUK AR &
PR AR E A 50T, [ B 2 A A ok 6 2R 0T T
SRR MR 1 B N 25 R AN A B TT Y K
RAHE, M dl KR A e, RS EBRBE S5 IR
ARG RIT
2.2.3  BABRBRRCEE &

Ttk AL DPAOs 4 T — ANk 0 2E W
HETE LA T RE TR R G e 2 B BRI paik
eIt — 2k M a T LB 5, B
A SR 2 R R4 e B AR 9 T SR A R Y
PRRFLE A AT RE L R, 45 3 R s Ak bR il i e
H97. 2% M HE 0. 6% M B L 1. 63% ) B AZ LY
%, L NO3-N \NO;-N .0, K —H FZ K1 Rkl
Text TP £ %45 K 84. 8% 78. 5% .87. 4% , 3 W]
L NO;-N Ry o T 32 (A1 S fiE Ak Bl 58 o AR X 555
Zsae ) T T R SR DR SR TRl A e R I il Ak
B B A BT 4 SR B | R AR B R S kR



WATER PURIFICATION TECHNOLOGY

I G . N Vol. 42, No. 3,2023

March 25th, 2023

z1 EmWHTF
Tab. 1 Influencing Factors
SCHk HRIT IR0 (K PisLiboE S TELEE
i T A e (48] RS, SEPRAEIGTGK ARSI T , W AA R B 50 min HEHIZE 90 min, PAOs 5 Y8 P i Y5 A 4718 384
Wang 4[4 RS SEPRANETEK PRAEEE 90 min N PAOs i i BBt 77 K s i U5
B /Mg Es0) IR Y SEBRAETETS K SREN IIREN L H I A R UR RS AL BRBE TS Ve X TP 2Bk 4 5k 82.5% .91.8%
79. 2% , P R4 SR B U Bt I A A B e A SR e
A 25 kK C/N SPRAEIRTEAK (1) T RSN PAOs FH 5, C/N Xt RS RIBRBVE SRR N
(2) M3k Ffr g /N R B 5 98 RS AL CODy, o L3 K, i FH T R i iy
TR 11 b B/ IS | B SR S B W 3 AN 5 XMl K B A A R, DR 4 B itk
Pt i AR RSB COD, A B4
(3) —J7 I, 535 A A LT AR W UR T FE R 43 DO, 5% PAOs IF U 5 55 — Jr 1T, )
R e T S 3R 0 A AR, E 3R A Ak B 32 BB Ak R A2 B
-2y 2 152 K C/N N T MK C/N HY 5 8278 % 10 B, REAERE R A7 09 B A BR B LR, el ft (PRA) /1 16.0
R K mg/L 3275 E 24. 4 mg/L; 24 C/N 2 10 i, TN Fl PO3 Z2BRREL 515 94. 5% Fl 100% ;
C/N R 2.5 0, RE R E WAL BRI RE , PRA {h 1. 36 mg/L
R 7 ] e 53 kK c/p SEBRTITEK I MRRAR C/P R4 SR AL SR B R SR BR B RR, 24 C/P O 30 B, RGEBR BRI AR B
=, PRA BRIt (PUR) #3435 3% 3.5 mg/(g+h) F14.2 mg/(g+h)
ER &kl #EK C/p A TRk ik C/P RN #(C/P=27.6) %F TN Fl TP ) LB 445 T/ C/P SO a5 % F il 7K
C/P MM A% C/P T PAOs 143 & 42, [R]EHS 43 PAOs 1] NO3 il NO; Sy HLF 32 (K1)
WSOl | DT P S5 B0 RS [ 25 i v
F gy lss) SRT SEPRMTITGK 2 SRT=10 d I, %2 SRT A ] T4 R PAOs BYFESLH, iX 5 DPAOs FHXT 5 % [ i 4k
AR T A 0 4 T A G O 2 BT AR
Fpaaeisel  LERE R R C/NIRET B R M 100% 3 K F 400% , 249 1k TN B 3 % 43 1) 33.78 21,57, 14. 96,
A5 K 23. 61 mg/L;R=300%} TN FBRFREE K 75. 6% ; B . AL R B R A8 K
WA B, 2 R =4009% ], SO Ak B B ek o 5 2 Bk i 7Y 98%
it TR SRR IR PAO T MR SR
A s8] pH SBRAEETSK 7E pHAER 6. 5~8. 5 B, pH ZRfL IR X R 58 AN AL BR B 68 J1 Rl COD,, KBRAE S =4:

T

NO; R

N THK

R AXTE pH {H D 6.5 BF, REEXT TP (Y L BRCRAT BN T B, V-4 L BR8] 1
78. 2%

FASALHRBIE NO; e BE RS , E BB BE %5 T 20 me/L I, SUAH AL BR 8%
ROl NOS BOER B S2 B0 FEAR R NOS WRIEETS | SCAM AL BRBRSBCR Bl Gk I
T3] A4 2 T 14 A

W BE R A= A N 1 5 il i ( BB — B B i A8 IR i
() TP ) 43 56, IREURE il i 5 i Uk BE A 6 2 — 3
YRR (e S W B T A DR AR B B W A P B o
AEYIR B TRA WP R A OC , HWR wh i B 5
W PE Z RIFF A G — 3 J1 2B, Wang S5 001 T
S DIBE R X A AL R R G A bR ok . AEIR
A B, COD, Bl 67. 6 mg/L, i #JE Fz fils £ 11 i
20. 3% , 241 Al P9 i s A7 98 79. 7% (PAOs fifi £ T
40% HIRRIR ) ; (EUF4R BE, DPAOs FIS 37 KA Ak 40 18
R 18. 1% M 17. 3% A % . *F Tk, i/
PAOs F1 DPAOs 735l HIlJ 84. 9% F1 15. 1%,

3 IREBKARFKREE

456 I A 5 7K Ak B SRR W 4 0T 5 2 R, AR S
MG BRI 7 T ARSI 5T ) A TR B

(1) B4

xR AL A AL, S0 NO, R R B1E 2 N
R (B pH 2K DO 15 1% 55 ) FIHH i B Ak
WL, K AT E HAERF NO;, R IIREA e i —
BWTTE . R B 1A Rtk S B AOB 5
NOB FAE (K A2 S A i i e v | 7 () A5 25 i 3
TSP ULREERE A AT BE5 | A A 15 TR I Ak IR L, % T
SND , IRAWFFE I R AR i1 B PR LAY 2 35 5 N, 0



XURE, X}, 2t
BB K W R R BRI T

w5

Vol. 42, No. 3,2023

TERRERS AT SOH T sk M s A E
B, X TFIREZ S, &6 MY F5E
PRI 42 ok 5 A DR A 2, 0 A AT R 52 o 5 o 1 T 4
FEFR Ik 3R R S AR5 e 2 M Bk T A58
PLHE—25 B 2R AR,

(2) Bk

AL G A Y bR, St 2k YRR O OF A A
Rt —2 A, W5 FE 2L 0.5 mg/L B
J R BEAE R KR R, Sl W BR Bk T2 ek
SEBRBAEXT 42 2R AZ B2 19 DTHRAIR 5% ; 545 8 1 7K A
BEE 0.1 mg/L, 4i4EWIBRwE 1.7 b alifb 27 Br s xf
SEBRARIE Y BT ERAG 13. 2% , Rt , Ak 27 9 i 17 18
BCA TG KBRS L E ) F- B, XTI AL
R, SRR Z 52 0 B U [F] 94k 35 5% DPAOs, BF5E
FAEAR TR0 5 SR B 2R 0 X (] i AN 359 5 it 7K B A
FEE, LA RE TR R 25 FE by Al 0 52 G0 0 AU SR 9 5T
BRUEA T AL, X AR 4 T 2R s DR S
S A ERE X, R RERRAEZIR T Y
KEFT#

S 3k

SUNY W, ZHANG Q, LI X Y, et al. Nutrients removal by
interactions between functional microorganisms in a continuous-
flow two-sludge system (AAO-BCO) : Effect of influent COD/N
ratio[ J ]. Science of the Total Environment, 2021, 793.
148581. DOI: 10. 1016/]. scitotenv. 2021. 148581.

LI C, WANG Q, JIA W L. N,O reduction during denitrifying
phosphorus removal with propionate as carbon source [ J].
Environmental Science and Pollution Research, 2021, 29.
12390-12398. DOI: 10. 1007/s11356-021-14629-4.

R R XS U8 SRS AL R T 2 AR5 /K AR B B N, O
ML D ] B AR, 2013,

LI C. N,O reduction during wastewater treatment using a two-
sludge denitrifying pnosphorus removal process [ D ]. Jinan:
Shandong University, 2013.

NIU J J, FENG Y J, WANG N Y et al. Effects of high ammonia
loading and in-situ short-cut nitrification in low carbon nitrogen
ratio wastewater treatment by biocathode microbial electroche-
mical system[ J]. Science of the Total Environment, 2021, 755
142641. DOIL: 10. 1016/j. scitotenv. 2020. 142641.

SHOURJEH S M, KOWAL P, LU X, et al. Development of
strategies for AOB and NOB competition supported by
mathematical modeling in terms of successful de-ammonification
implementation for energy-efficient. WWTPs [ J ].
2021, 9(3): 562. DOI; 10.3390/pr9030562.

Processes,

[6]

[10]

(11]

[12]

[13]

[14]

[16]

By, WA, tR0G ) A AN AL AORL TS JE T IR BE AR Ak
R R RIS ]. R, 2012, 33(2) : 511-517.
LUO Y L, YANG CH, XUZY, etal. Effect of temperature on
the response characteristics of shortcut nitrification granular
sludge[ J]. Environmental Science, 2012, 33(2): 511-517.
DOI; 10. 13227/j. hjkx. 2012. 02. 031.

KA. SRR AL - SR A A I R I A 2R i L B 5T
[D]. P9, PHZESIRIHEERY:, 2004,

ZHANG X L. Fundamental study of short-cut nitrification-

denitrification  biological ~ nitrogen removal and  denitrifying
phosphorus removal[ D]. Xi'an: Xi’an University of Architecture &
Technology, 2004.

GAO D, PENG Y Z, LI B K, et al. Shortcut nitrification
denitrification by real-time control strategies [ J |. Bioresource
Technology, 2009, 100 (7). 2298 -2300. DOI. 10. 1016/j.
biortech. 2008. 11. 017.

k. WK E S R AR A A A T 2 S ER
[D]. BA/REE: FRARETLRY:, 2012.

MA B. Nitritation and anammox achieved in continuous reactors
treating sewage[ D |. Harbin; Harbin University of Technology,
2012.

JOSS A, SALZGEBER D, EUGSTER J, et al. Full-scale
nitrogen removal from digester liquid with partial nitritation and
one SBR [ J].
Technology, 2009, 43 (14) . 5301 - 5306. DOI: 10. 1021/
es900107w.

REGMI P, MILLER M W, HOLGATE B, et al.

anammox in Environmental Science and

Control of
aeration, aerobic SRT and COD input for mainstream nitritation/
denitritation[ J]. Water Research, 2014, 57. 162-171. DOI.
10. 1016/]. watres. 2014. 03. 035.

KEMPEN R V, MULDER J W, UIJTERLINDE C A, et al.
Overview: Full scale experience of the SHARON process for
treatment of rejection water of digested sludge dewatering[ J].
Water Science and Technology, 2001, 44(1) . 145-152.
HELLINGA C, SCHELLEN A A J C, MULDER J W, et al. The
sharon process: An innovative method for nitrogen removal from
ammonium-rich waste water[ J].
1998, 37(9): 135-142. DOI: 10. 1016/50273 - 1223 (98)
00281-9.

VERSTRAETE W, PHILIPS S.

Water Science and Technology,

Nitrification-denitrification
processes and technologies in new contexts[ J]. Environmental
Pollution, 1998, 37(9): 135-142. DOI: 10. 1016/30269 -
7491(98)80104-8.

WAN X Y, LAURENI M, JIA M S, et al. Impact of organics,
aeration and flocs on N, O emissions during granular-based partial
nitritation-anammox [ J ]. Science of the Total Environment,
2021,797: 149092. DOI: 10. 1016/]. scitotenv. 2021. 149092.

FAHBH. AR TSR RB RS S S AR B AU 2T [ D], dEat.: b
HASHR, 2014,



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 42, No. 3,2023
March 25th, 2023

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

LU Y Y. The study on simultaneous nitrification and denitrifica-
tion of domestic sewage[ D]. Beijing: Beijing Jiaotong University,
2014.

FRIC. SBR TR D A 0 SR AL A R 3R K 3l g 244
WEFE[D]. . K2Ry, 2013.

WANG J W. Study on influencing factors and dynamics model of
the simultaneous nitrification and nitrification processes in SBR
[D]. Xi'an: Chang’an University, 2013.

BESOMR. TFAE RS AR SRS AL AR T N, O RETBURFAE B OB B
ZE[D]. M. AR, 2013.

JIAW L. N,O emission characteristics and mechanisms during
simultaneous nitrification and denitrification process[ D]. Jinan.
Shandong University, 2013.

WANG W Q, LI D, LI S, et al. Insight into enrichment of
anaerobic ammonium oxidation bacteria in anammox granulation
under decreasing temperature and no strict anaerobic condition ;
Comparison between continuous and sequencing batch feeding
strategies J . Science of the Total Environment, 2021, 787
147601. DOI: 10. 1016/j. scitotenv. 2021. 147601.

CHEN Y Z, YUAN Z L, MA Y H, et al. Simultaneous carbon
and nitrogen removal by anaerobic ammonium oxidation and
denitrification under different operating strategies [ J ].
Environmental Science and Pollution Research International,
2021, 28 65462-65473. DOI: 10. 1007/s11356-021-15531-
9.

KFR. BB A SR RE AT D5 K A B B [ EB/
OL]. (2019-01-11) [2021-11-23]. https://mp. weixin. qq.
com/s? __biz=MzlyMTA3NTIONg = = &mid = 2667663609&idx =
1&sn = 11b6d78cc277e9ee18e928392ffh101a&chksm = 8d37h2
b8ba403bae8d1d0761b1dae82e9a4¢295¢49¢9bd4cfh02d8edh408
d83ddbbdb51998ef&scene =27.

PENG Y Z. Can the new biological nitrogen and phosphorus
removal technology solve the problem of sewage treatment? [ EB/
OL]. (2019-01-11) [2021-11-23].
com/s? __biz=MzIyMTA3NTIONg = = &mid = 2667663609&idx =
1&sn = 11b6d78cc277e9ee18e928392ffh101a&chksm = 8d37h2
b8ba403bae8d1d0761h1dae82e9a4¢295¢49c¢9bd4cfh02d8edh408
d83ddbbdb51998ef&scene =27.

. RERE ST Z)8 s 11 S sz pL B 5E
[D]. JC#. TRIK¥, 2014,

LI Y. Start-up and performance characteristic of anaerobic

https ://mp. weixin. qq.

ammonium oxidation process and its repressed mechanisms[ D].
Wuxi; Jiangnan University, 2014.

TH RAR AR LB BEFE[ D], UM i
TTR2%, 2014.

DING S. Research of key technologies and their mechanisms of
anaerobic ammonia oxidation [ D ].

University, 2014.
STROUS M, KUENEN J G, JETTEN M S. Key physiology of

Hangzhou: Zhejiang

[25]

[26]

[27]

[29]

[30]

[32]

[33]

anaerobic ammonium oxidation[ J]. Applied and Environmental
Microbiology, 1999, 65(7) : 3248-3250.

KIMURA Y, ISAKA K, KAZAMA F, et al. Effects of nitrite
inhibition on anaerobic ammonium oxidation [ J]. Applied and
Environmental Microbiology, 2010, 86 (1): 359 -365. DOI:
10. 1007/s00253-009-2359-z.

TIF, WO, A, A BT O R A AL S S
BRI B [ 1], PRBER, 2018, 39(11): 5058~
50064.

AN F J, HUANG J M, HUANG L, et al. Effect of substrate ratio
on removal of nitrogen and carbon using anaerobic ammonium
oxidation and denitrification[ J ]. Environmental Science, 2018,
39(11): 5058-5064. DOI. 10. 13227/j. hjkx. 201804130.
[EIR, iR, TR, % BERTIEXT ABR IRAE AT Z
A PERERSER [ 1], AR, 2017, 38(5) : 2006-2011.
LU G, XULZ, SHEN Y L, et al. Effect of substrate ratio on
nitrogen removal performance of anammox in ABR [ ] ].
Environmental Science, 2017, 38(5) : 2006-2011.

ARAG. RS E A - BN AR A b B I BOKBFELT]. 7K
b A 2020, 46(2) ; 98-103.

LIN H. Study on anammox-denitrification coupled process for
synthetic leather wastewater treatment[ J]. Technology of Water
Treatment, 2020, 46(2): 98-103.

RESHG, BB, M, S mRURSAE SR TS e 1Y 3
T[] B, 2013, 34(9) : 3544-3551.
TANG C J, XIONG L, WANG Y Y, et al. Kinetic
characleristics of high-rate anammox granules[ J]. Environmental
Science, 2013, 34(9): 3544-3551.

FTEW. 28 AFRBLA (CANON ) S 7t (9t 3l S HL e g ke
AELD]. deat: dbat Tk ke, 2010.

FU K M. Start-up and performance of nitrogen removal of Cannon
reactor[ D]. Beijing: Beijing University of Technology, 2010.
A, WL, B, A PRAHER HE KX B AL BRI A 4
WRLISTE RS [ T]. MRS, 2021, 42(9) : 4399-
4405.

LI D, CAO S Y, WANG Q, et al. Effect of anaerobic plug-flow
on nitrification denitrifying phosphorus removal aerobic granular
sludge with intermittent aeration [ J]. Environmental Science,
2021, 42(9) ; 4399-4405.

AR, ABE, FEEE, & AR - KA A AT
SR st B[], MEERNE, 2021, 42(11) .
5472-5480.

ZUO F M, ZHENG R, SUI Q W, et al. Nitrite regulation during
start-up of combined partial nitrification and anammox process
[J]. Environmental Science, 2021, 42(11) ; 5472-5480.
BT RS - A E AL A L2 A P 0%
JEWE[D]. J7IN . MR, 2018.

LIANG J Y. Treatment of landfill leachate by combined process

of partial nitrification and anaerobic ammonium oxidation [ D ].



XURE, X}, 2t
BB K W R R BRI T

w5

Vol. 42, No. 3,2023

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Guangzhou : Guangzhou University, 2018.

SO, SRR A DR AR A A Ak 3 i A R R K B Y
[D]. ¥l FFE TR, 2016.

YIN Z J. Study on high ammonium and high salt wastewater
treatment with partial nitrification-anammox process| D ]. Jinan:
Qilu University of Technology, 2016.

WOKER, R, M, & VIS IREE A E NO; 1
WA IETE ()], dERt Tl K224k, 2020, 46(4) -
329-337.

PENG Y Z, FAN Z L, DU R, et al. Pilot-scale study on
producing NO3 for anammox with municipal wastewater [ J].
Journal of Beijing University of Technology, 2020, 46(4) : 329~
337.

XIAO H K, PENG Y Z, ZHANG Q, et al. Pre-anaerobic
treatment enhanced partial nitrification start-up coupled with
anammox for advanced nitrogen removal from low C/N domestic
wastewater[ J |. Bioresource Technology, 2021, 337, 125434.
DOI:; 10. 1016/j. biortech. 2021. 125434,

CUILH H, ZHANG L, ZHANG Q, et al. Advanced nitrogen
removal from low C/N municipal wastewater by combining partial
nitrification-anammox and endogenous partial denitrification-
anammox ( PN/A-EPD/A) process in a single-stage reactor[ J].
Bioresource Technology, 2021, 339, 125501. DOI. 10. 1016/]j.
biortech. 2021. 125501.

W, WEfh, 5, 4. NO,-N/NH;-N & COD/NH;-N
X RAR 2 AR & SR AR R BRBR O R [ ], [ BRI
2%, 2021, 41(6) ; 2586-2594.

ZHAO X L, XIN J W, FU X, et al. Effect of NO5-N/NH}-N
and COD/NH;-N on anaerobic ammonia oxidation coupled
removal [ J ]. China
Environmental Science, 2021, 41(6) ; 2586-2594.

ERA. RAREME S IR AL E AR T ZRTTE
[D]. WE/REE: W/REE TR, 2019.

WANG T S.

denitrification nitrogen and carbon

Research on simultaneously anammox and

denitrification process[ D]. Harbin: Harbin Engineering Univer-
sity, 2019.

SRR, RS, RS A DR AL K Ak B [ 5
RbERETTE ALY ]. BRERIE, 2015, 36(11) ; 4174-4179.
ZHANG S Y, WU P, SONG Y L, et al. Nitrogen removal using
anammox and denitrification for treatment of municipal sewage
[J]. Environmental Science, 2015, 36(11) : 4174-4179.
LI, R, A, . HRT X IR & & A R 5 5%
A RSEm [ J]. BRI, 2018, 39(9) : 4302-4309.
AN F J, ZHAO Z C, HUANG L, et al. Effect of HRT on
nitrogen removal using anammox and heterotrophic denitrification
[J]. Environmental Science, 2018, 39(9) : 4302-4309.
CHEN P, WU J K, LU X W, et al. Denitrifying phosphorus
removal and microbial community characteristics of two-sludge

DEPHANOX system; Effects of COD/TP ratio[ J].

Biochemical

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

Engineering Journal, 2021, 172 108059. DOI. 10. 1016/].
bej. 2021. 108059.

BERRE RS, R 5K AR W R R HL AR T RN
PLRIBFSERE R T]. BT RAE74R, 2006(2) @ 9-13.

BI X J, ZHAO G Q, BI H F, et al. Principle and progress of
bio-chemical mechanism for biological removal of phosphorus from
wastewater [ J ]. Journal of Qingdao University of Technology,
2006(2) : 9-13.

ZHU G C, LUY Z, XU L R. Effects of the carbon/nitrogen (C/
N) ratio on a system coupling simultaneous nitrification and
denitrification ( SND ) and denitrifying phosphorus removal
(DPR)[J]. Environmental Technology, 2021, 42(19) :3048-
3054. DOI:; 10. 1080/09593330. 2020. 1720310.

ZAMAN M, KIM M G, NAKHLA G. Simultaneous partial
nitrification and denitrifying phosphorus removal ( PNDPR) in a
sequencing batch reactor process operated at low DO and high
SRT for carbon and energy reduction[ J]. Chemical Engineering
Journal, 2021, 425. 131881. DOI. 10. 1016/j. cej. 2021.
131881.

e, THEA, 2, % A0 TZRA’0+BCO T2
TR BRI RE LR ()], P EFRBERLE, 2019, 39(3) : 994-
999.

ZHAO W H, WANG M X, LI J W, et al. Nitrogen and
phosphorus removal performance comparison between A?0 and
A?0+BCO system[J]. China Environmental Science, 2019, 39
(3):994-999.

CHIY, REN T, SHI X, et al. Mechanism of nutrient removal
enhancement in low carbon/nitrogen wastewater by a novel high-
( HMOA ) mode [ J ].
128003. DOI. 10. 1016/j.

frequency micro-aeration/anoxic
Chemosphere, 2021, 263.
chemosphere. 2020. 128003.
KR, 24, EREE, 55 MBS 4 SRT 34k
JE7E SNEDPR ARG AIRBEJ]. BRI, 2021, 42(9) .
4383-4389.

ZHANG Y J, LI D, WANG X X, et al. Shortening SRT of
intermittent gradient aeration to realize nitrogen and phosphorus
removal in short-range and SNEDPR system[ J]. Environmental
Science, 2021, 42(9) ; 4383-4389.

WANG X X, WANG S Y, ZHAO J, et al. A novel
stoichiometries methodology to quantify functional microorganisms
in simultaneous ( partial ) nitrification-endogenous denitrification
and phosphorus removal ( SNEDPR) [ J]. Water Research,
2016, 95: 319-329. DOI; 10. 1016/]. watres. 2015. 12. 046.
B/ O ACBRBRE A5 T 2B R [ D] 1BIR
0% MR T REE, 2014,

LU X M. Microbial community structure and process control
strategy of denitrifying phosphorus removal[ D]. Harbin: Harbin
Institute of Technology, 2014.

WU, EWEEE, HAKE, % Kk O/N X ERUERH



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 42, No. 3,2023
March 25th, 2023

[52]

[53]

[54]

[55]

[56]

[57]

SNDPR RS A BRBE A [ J].
(9): 2636-2643.
DAI X, WANG X X, PENG Y Z, et al. Effect of influent C/N

o E BB R, 2015, 35

ratio on simultaneous nitrification-denitrification and phosphorus
removal ( SNDPR )
organisms ( PAOs) [ J].
(9): 2636-2643.
HRH-FF, Tige, wigpd, %, #EK C/N X%} SNEDPR R 4ifi
ABRBEAEILT]. PR, 2019, 40(2) ; 816-822.
DUYQ, YUDS, ZHEN J Y, et al. Effect of influent C/N ratio

enriched with phosphorus accumulating

China Environmental Science, 2015, 35

on the nutrient removal characteristic of SNEDPR system [ J].
Environmental Science, 2019, 40(2)- 816-822.

e, THEE, EREEE, . BEK C/P %) SNEDPR REEME
AERBEERE R[] %t%ﬂ%, 2019, 40(1) ; 343-351.
ZHEN J Y, YU D S, WANG X X, et al. Effect of influent C/P
ratio on the nutrient removal characteristic of SNEDPR system
[J]. Environmental Science, 2019, 40(1) . 343-351.

FAE, NG, skE, 4. BR@ELLXT SND i A2 5 g B I
N,O B2 [ 1], HEIRBERLE, 2014, 34(2): 378-

382.

WANG R, CHENG P F, ZHANG J, et al. Effect of COD/P
ratio on contaminant removal and N,O emission during
simultaneous nitrification and denitrification process[ J]. China

Environmental Science, 2014, 34(2) . 378-382.

EWers, Bdthd, BB, % OR[E TS5 R (SRT) X SNEDPR
ARG AR [ )], PR, 2019, 40(1) : 352-359.
WANG X X, ZHEN J Y, ZHAO J, et al. Effect of different
sludge retention time ( SRT) operations on the nutrient removal
characteristic of SNEDPR system [ ] ].
2019, 40(1) . 352-359.

EI, ElE, 9K~ﬂ’éﬁ . WA Il HL ST A%/0-BCO T2
SAHABRBERE Ry [ )], P EMEERS, 2014, 34(11) .
2844-2850.

WANG C, WANG S Y, ZHANG M

Environmental Science,

, et al. Effect of nitrate
recycling ratio on denitrifying phosphorus removal characteristics
in A%2/0-BCO process[J].
34(11) ; 2844-2850.
BN SR ALY R B R SR B
[D]. dbat: JEatTalk ke, 2013.
MIAO Z J. The study of PAO enrichment and performance of

China Environmental Science, 2014,

4 TS A B e 1 1

[59]

[60]

[62]

[63]

[64]

denitrifying phosphorus removal in EBPR system[ D ]. Beijing:

Beijing University of Technology, 2013.

JAB. SRS BRBAE R 5 I 52 N 2 D 3 K L) B T A
JAPLHIRFE[ D], 2 UK, 2016.

ZHOU ]. Research on the fast startup of denitrifying phosphorus
removal granular reactor and mechanism of the functional
microorganisms[ D]. Wuhan: Wuhan University, 2016.
LA, SRR TS A fh R B AL 3 T 75 K R BR R IR K
BATFHEDITE[D]. F 8. FRRY:, 2019.

DU S M. Operation characteristics of patial nitrification and
treating municipal

Qingdao: Qingdao

denitrifying phosphorus  removal system
wastewater and nitrate-contained sewage[ D ].
University, 2019.

BIE. [ A A A5 S L BR BRI 5 0 A bt R PR B el 2

PIRstERFE[ D). RiRC: KRR, 2017.
LI H. Study of nitrogen and phosphorus removal and microbial

the combination of simultaneous nitrification/

removal [ D ].

character on
denitrification and denitrifying phosphorus
Nanjing: Southeast University, 2017.
ook, =& X, %, Pigt PNDPR f§4 Anammox i
RBRBE T LB [T]. PEEER2E, 2021, 41(11): 5133
5141.
XUGD, LI D, LIU Z C, et al. Study on two-stage PNDPR
coupled with anammox for nitrogen and phosphorus removal[ J].
China Environmental Science, 2021, 41(11); 5133-5141.
WANG Y, ZHOU S, WANG H, et al. Comparison of
endogenous metabolism during long-term anaerobic starvation of
nitrite/nitrate cultivated denitrifying phosphorus removal sludges
[J]. Water Research, 2015, 68 374-386. DOI. 10. 1016/j.
watres. 2014. 09. 044.
D]. %
[ilﬁfikj(%, 2013.
LI Y. Study on model and technology of shortcut denitrifying
phosphorus removal [ D]. Xuzhou:
and Technology, 2013.

COATS E R, WATKINS

China University of Mining
D L, KRANENBURG D. A

comparative environmental life-cycle analysis for removing
phosphorus from wastewater: Biological versus physical/chemical

83(8):
10. 2175/106143011X12928814444619.

processes [ J |. Water Environment Research, 2011,

750-760. DOLI;



