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Abstract: One of the direct causes of eutrophication in freshwater ecosystems is excessive nitrogen loading. Phyto-
plankton bloom caused by eutrophication in water will consume dissolved oxygen in water bodies, produce natural
toxins that are threatening to humans, make water bodies unfit for drinking, key species disappear, and eventually
lead to degradation of freshwater ecosystems. As the front-end treatment stage of biological denitrification, partial
nitrification has been widely concerned for its high efficiency and low consumption. The influencing factors of par-
tial nitrification, such as microorganisms, temperature, pH, FA, FNA, DO, carbon-nitrogen ratio, and chemical
inhibitors in recent partial nitrification studies were summarized. The reaction mechanisms, types of treated waste-
water and operating conditions of new biological denitrification processes such as partial nitrification coupled with
denitrification( PND) , partial nitrification coupled with anammox(PNA ), partial nitrification coupled with denitrifi-
cation and phosphorus removal (PN-DPR) were also reviewed. The coupled processes need to be further studied for
efficient and energy-saving treatment of actual wastewater.

Key words: partial nitrification ; coupling process;actual sewage

T GE i Il R B T 4 S| S SR ) AL D T R OB A R R JEUN SRR WA R AL
HEAT RS AL R L . s fb R b ALY — SR — S A R LL ] R AR
e G A A A R A, B S WS MR Eh B E W OB R R B AR RO T S D T A R A (R i
IR EL . AL R D S R AL B E M L k), SR R R T 5 S A R AR R A — P I T



Tl K AL FE 2022-04,42(4)

FIR,F BRHACARHERREBRE T LM LR

HAEA . M R 5 A G AU AR AR L AT AR 40%
(i COD ¥ #E , #6 & &= FEAK 25% , A= 9 ot 7 & ik 2>
300% , i £ S Ak B BE A IV A 1R 110 30 Ji 5k R T 4
B 1.5~24%, CO, HER IR 2> 209%™ . [RIE , 37 70 1
FiAR H 2552 B0 58 & 17 Bk .

28 3 5% 30 AT SF i R AR A AR DG SCHR AT e 4
Br A5 Hh 2 5 2 R R AR B B AT I A g 2,
pH B A (FA) 50 85 WAY R £k (FNA) L JELBE VA i
SEUHR B RO AL A7 00 00 4, OF RS T AT e R A A
A R R T2 SRR A AL RS A S A R S Y
TERE A PR R A e R A AL RE & SR AL bR B 45,
P FE 4R AL A 2

| R EERE S %

Je TRl Al I A 17 B ) 2 A AL TR (AOB) ¥ A A f%
Ao Vil T 1 B9 A AR TR AT 2 v ) 7 )
PSR 2 iy TR i S e R Ak #E . H AT
Shg R B O e AL R FLE RE IR 9 R
Y by A SO il 0 S AR A i R HEAT AT, R
RN 8 %53y 2 48 - (1) B 5t NH, (3 NH,") &
i AOB 21 B, 5 240t 5 JsE v ) 2 B i 4 i (AMO)
KA RONLIE % i NHL,OH, B 120 kJ/mol. f & |
& R 2 NH+0,+2H +2e ——5>NH,0H+H,0; (2)
NH,OH 1 7 i %8 A b J7 i (HAO) /Y A HT T A AL IE
JCOE 25 A, WU 23 kJ/mol BE 4SRN 3k
NH,0H+H,0—=>HNO,+4H"+4e ",

55120 SO Y NH 28 A6 BTl 79 1A AU 7ok A
Oy L5 2 0 IO R i SRR BT B AEOK H AE D
i i 7 e L N 2 A i R o s M
120 R o5 — AR T30 5 o K oy TR A . A
W5 £ 1 52 e 0 804kt vl 43 o P 28 AT R o
() 7= AL AN 1k — Bl B o ) 220 5 58 B R A A AL 3R A

LT 0 A4 BE R 28 A AL O T IR 6 1 3 )
FEA PRI A A (AOB) M A ALt 2R
(AOA). T AOB 5 AOA K 1 R 42 & & M i &
LFTR™,

AOB # I3 F y-Z= JE T 1 . [] (y-Proteobacteria )
1 B—7ZFE ¥T 1 W 1] (B-Proteobacteria) , y-AOB £ $E
Nitrosococcusoceani %5 B 71, B-AOB ] F AY # J& A Ni-
trosospira . Nitrosomonas £ Nitrosomonas 7 )& £ 4%

Nitrosomonas europaea - Nitrosococcusmobilis . Ni-

97—e AOB-OTU2(5)
© AOB-OTU3(33)
® AOB-OTU4(6)
Clone CIBA669-2(EU156 173.1)
99—Clone BPamo27(HQ190 119.1)
@ AOB-OTUS5(1)

99L—Clone 25A0B-58(HM537 785.1)
Clone AOB-B41(jx861 776.1)

Nitrosomonas sp. Nm143(AY123 816.1)
—99|:E0 AOB-OTUI(8) Nitresomonas
99LClone: G3AIS8(AB449 3351)  |SP-Nml43

99— AOB-OTU9Y(3)
ECIone OTU-C4(KF704 38L.1)

85

Nitresomonas
oligotropha

3 © AOB-OTUS(1) _
® AOB-OTU6(16) Nltresom.onas
- 97— Clone H3-X-09(HM487 132.1) [communis
9 © AOB-OTU7(7)
42| —Clone BPamol(HQ190 116.1)
002 85—Clone AOB-D7(JX861 827.1)

99r®AOA-OTU1(21) )
0 AOA-OTU2(S) Marinc
Marine sediment(JX292 015.1) sediment
i haera vi is EN76(FR773 159.1)

Soil(JQ955 042.1)

o AOA-OTU7(2)

Candidatus Nitrososphaera(CP007 174.1)

— 99=Nitrososphaera viennensis EN76(CP007 536.1)
Candidl Vitr lea d ra(JN227 489.1)

Water(EUS8S5 682.1)

Nitrosopumilus maritimun(HM345 609.1)

Candidatus Nitr is(CP11 097.2)

Soil/Water
sediment

991Sediment(JF439 027.1)
DQ397 085.1

E1 ETFAOBamoA(a)FIAOA
amoA (L) BEEMNESZ LA BN

Fig. 1 Phylogenetic tree based on AOB
amoA (a) and AOA amoA (b) genes
trosomonas communis B Fil | Nitrosomonas oligotropha
W M Nitrosomonas marina B F . Nitrosomonas cryotol-
erans B # # Nitrosomonas Nm143 B #p . Hirr, Ni-
trosospira B J& . Nitrosomonas europaea - Nitrosococcus-
mobilis T ' Hl Nitrosomonas oligotropha T8 F' 7 15 7K
b3 FR GE i R WL . A SR E S AOA FE 4 Bk
ARG A Z SN EERT, B AL
] % LAY Thaumarchaeota [ 1%, %11 F BA R Ak
e B9 B £ B A Nitrosopumilus . Nitrososphaera
Nitrosocaldus . Nitrosotalea Fll Nitrososphaera b Ik B
JB A A TR B BRI 7E — S8R
TGRKAE BT AOA BN O 2 & A AL Y 32 AR
FECY RAE R WA R G AOB Y JE R E A Ak
WA

2 ®mER

AOB FI W fif PR £5 48 {6 T4 (NOB) i3 A= 38 4 14 AN
[F] , 38 ok 45 1) B 28 PR 55 2 80 iR B . pH . DO (FA I



ik b 5aR

Tolk KA B 2022-04,42(4)

FNA 25 A {2 AOB 1y A4E K I il NOB I M , 1k 3 40
R . HEFEREETNOBH LT
AOB A 515 WY 5 M, 72 R Gt is 17— B 1] J5 NOB
TG PR B A 0 A8 PR Eh B R B RRE , BT —
H MR AR EEE S KRB, WL
TR A IE W ERVE S NOB IS M |, B KRR
P R R
2.1 RE

TER RS AL R G, R X AL
W, C. HELLINGA %" % 3l AOB 4 Az K 5 R il I
JEE TF B K, A 35 C AR A Ik B M, B IR
NOB [ A K 3 R AL T AOB. fE& A fifif 5 DO Wk &
fH & 1 414 F ,S. LOPEZ-PALAU 2519 3 5% 3] 4 7%
fil§ £k 2 1 4% 76 33~37 “CH [ P A 0 S Ak 3 2R 3k 3] e
K. Yongzhen PENG AEUDL N TR >25 CHY NOB 1
15 B BRI T AOB, 2 48 T 55 3 AR 1 4 R i Ak

MR S ENOBEERS H  E . A ZE
ST ST IR B AR AR KRR A AR Y 52, % B R
JE>20 ‘CHF NH, 2 [ R ¥1>95% , iR BE % 15.10 °C
AN S AR B R AL E 21.3%.26.7% . TN IE
AEOS7E SBR R 2% P (25 °C) S B T A R AL
B AR R W R 2 20,15 CJR , MLSS b K e Ui
5 Y TE B R, AOB 5 NOB By 4= K ) %2 %
] A AR A 1 T SR R e R A A SR s 1
FEPE S I pH 7E G W I SR i s K T A AR
SR P SBR I A% 1 BRI ], n] 3R 4k AOB
F il Fk Pk BE B 1k NOB f Ak it B2 77 A 13 0 R
T VEHEUR (E AOB 3 25 50 A 34 TR Bl L e ZAE AR T
SEEAR E M JE AR A Ak ad A2 . ML PICULELL %758 i
PR3 A= O RE5 7 4 11 A B R 3 % A8 5 ol P 5 I
JKHFEK,TE 1S CF S T R A AN AL . AR
K277 2 F B R m ORI 1,

Rl RETARETAXMNEEHLIER

Table 1  Partial nitrification effects of different operation modes at low temperature
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Table 2 Control parameters and treatment effects of new denitrification technologies for different types of wastewater
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