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Advances in denitrification microorganisms and processes

Xiaogian Niu*?, Shenghu Zhou'?, and Yu Deng*?

1 National Engineering Laboratory for Cereal Fermentation Technology, Jiangnan University, Wuxi 214122, Jiangsu, China

2 Jiangsu Provincial Research Center for Bioactive Product Processing Technology, Jiangnan University, Wuxi 214122, Jiangsu, China
Abstract: Denitrification is an indispensable part of most sewage treatment systems. The biological denitrification process
has attracted much attention in the past decades due to the advantages such as cost-effectiveness, process simplicity, and
absence of secondary pollution. This review summarized the advances on biological denitrification processes in recent years
according to the different physiological characteristics and denitrification mechanisms of denitrification microorganisms. The
pros and cons of different biological denitrification processes developed based on nitrifying bacteria, denitrifying bacteria, and
anaerobic ammonia-oxidizing bacteria were compared with the aim to identify the best strategy for denitrification in a complex
wastewater environment. The rapid development of synthetic biology provides possibilities to develop highly-efficient
denitrifying strains based on mechanistic understandings. Combined with the applications of automatic simulation to obtain
the optimal denitrification conditions, cost-effective and highly-efficient denitrification processed can be envisioned in the

foreseeable future.
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Fig. 1 Nitrogen removal mechanism of nitrifying bacteria. AOB: Ammonium-oxidizing bacteria; AOA: Ammonia-

oxidizing archaea; NOB: Nitrite-oxidizing bacteria.
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Fig. 2 Nitrogen removal mechanism of denitrifying bacteria.
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Fig. 3 Nitrogen removal mechanism of heterotrophic nitrifying and aerobic denitrifying bacteria.
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Fig. 4 Nitrogen removal mechanism of anammox bacteria.
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Fig. 5 Nitrogen removal by autotrophic nitrification anaerobic denitrification coupled process.
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Fig. 6 Nitrogen removal by simultaneous heterotrophic
nitrification and aerobic denitrification process.
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P T s R AN fL S Al fE (Shorteut nitrification
denitrification, SCND) A#i & AR, SCND &
K NH S8R NO, ik, 3 3 42 il Jid R0 B 5%
VR A RRER A I TE I, R b B RS — 2P R
I3 32 B AL B NO,™, il B AT R AL
I o SCND + Ak T il Ak A A AL B L T 25
s NO; #4246k NOs™, NOg 5478 K NO, iyt it
I HACRME B R AR R i A IR A T2 )2 SHARON
TEP (B 7). % T is R R R
PRI S ) A9 A AR AT PR B3 7 ) A ok AR A
el fE WAL B, 2okl T 7E 28 C
AF T AR E M5 VR VR A TE 10 d BT LAEE T R e 1Y
SCND J o 7E b IEAl b S0 w5, 4
Fr T RcE M w R AR R R L R, FLO A
PERIGRYEFFFE 78.8% LA | IbAh, B4 KRBT

Detector

Reactor

7 REMHAREERATIZE

5 2 W IR W8 280 R 0t A pH - AT LA 5
NOB fiE 1, 5l b S B 2 7 NO, [y Be 776,
5isib- Sk AE L, SCND W8/ T 25% il
SRR 40% 1) SRS AR AR IR , KORGRH T I i
[ s ] T e 7 e 25 U S A Ak ) A
EIARA L E A —F 2, {H)&, SCND T.
2o E A NOy J&—Fh B 2o 1A B i, X
NI B ARSEE, FET5 KA B 7 v 2 5
T
24 RE[EUBRAILZ

AR R R A A A B, Kuai VR R T

OLAND (Oxygen limited autotrophic nitrification
denitrifications) L& 1.7, OLAND % &l
FEil DO fHEAs Ak s v i AT B A RR B B, B IS AE
BRALL M F AT ANAMMOX 272 N8
Winday %91 ] AOB fl ANAMMOX I 75 4= ¥
BRI —ZAEMNE, B80T A
R R ZMIR)ZE . TERA LY, AOB JHAETS
KR R A NHS B NO,, TR 2
ANAMMOX [ It Ab 437 8 52 IRACIRAS , & nT AT
HEAAIENRIZ B NOS FI NH, "HEAT IR S A AL
F, mZRBIRARMERY (K 8)., fEIRAHAE
47 OLAND T2, Fifil DO Al pH S it % i
Mo BRIEZ AN, 5 OLAND LA A T 25
B4 H S E BB A (Completely autotrophic
nitrogen removal nitrite, CANON) 1.7, % 1.7

Stirrer

Effluent

Fig. 7 Nitrogen removal by short-cut nitrification and denitrification process.
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Import

B8 RESEMLRATIZHE

Effluent

Biological turntable

Fig. 8 The process of anaerobic ammonia oxidation denitrification.

SR EA A RN A, oo A R AR R
ANAMMOX M A F . FRfl DO &14F T, X
P2 B RE R A ALK Y R R A28 B R G bR N 7E
CANON L2, %S, pH {EURITELEE SEHR & R0 1
TR EBENE . #o%PI LB DO WE N
0.1-0.2 mg/L B, 4% B F= I EBURLTS U8 i i 3L
Fedpeft, XA SRR BR300 90.6%
M 72.3%, FHEREBRTMIE 1.216 kg-N/(m*-d).
Strous Z&BUBFIT KLY DO MK 0.5%—2.0%H)
ZEMFET , ANAMMOX B 1 1t 52 4 Bl 3 i 5
BN RS, BB ANAMMOX i P RE A K
52, B EXTT ANAMMOX il 2 a3 i

KR 25 B2 B s R 4 48 A T TR B 0 v 3 2
FrbEnt, &R A AL EEIRE R 30 C.

Dosta 2BV B, JHAEE/E 35-40 CHY, KARA
TR s YR 45 Cib, R AILH
PRAS AT 0 1 2 358 T PR AR 2 S T X T 8 ) T 52 2
Wk T A T B B2 58 pH 1 RE S I A 0 4 2
K, 7E CANON "L Z5ih & S A 4 o AR e S A 4
PR AR SRR F R BRI S s DR AR 2 S A 2
P HA SR pH Y8 2 6.5-8.8%; Puyol 4[5
P2 B A R R A k5 e, RILEEK pH
Hh 7.2-7.6 BHGREMR A, AL F 2
pH FRZIRAHXT AR, (H pH ik 2% 5K i il 5 4
R B 0 S R i B 7 A R i %0, T S 4 LA
WFE, FTLLTE CANON L2 iz il #irp, it
P pH SRR S AR E IR A 21 . OLAND

http://journals.im.ac.cn/cjbcn

ZSF CANON L2 K X BITE FHTH JEAE 2 1
B as e T, T A B — R NS P e
Harf® HRA A AR A T Z R
SHARON-ANAMMOX (Single reactor for high
activity ammonia removal over nitrite-ANAMMOX)

44 T2 UL SHARON 1E Rt 4 , Hhis
K —2 1) NH, 9 4L i NO, ™5 i ANAMMOX
AL R 2%, 8 SHARON H iy i K B 4 39E A
ANAMMOX  Jiz Ji # H 52 B0 &0 s g o f T
ANAMMOX S i 5 EAEPRASRM T iR L2
B EE A P ) S IOE A TP A TS A A B ST L3 e
., SHARON-ANMAMOX .7 A FE A
B INASM A i DRk G T K COD 3 i, i R
b 50% A SR, Bl EA R, HIEEd =
90% LA bR BLA, EABIFHN RIS, 5155
VIR LML, RAEEMRA TZEAR
R BT, RE S 2R
SN H R PR AL 5 32 e vk B R R i TR
LR, IR pH LR o 2 E S ) S N E AR
R ENMR A T2 MiRiE ik 30-40 €1,
IR Ty L IX DA K 28 K 22 B0 B AR A ZE T Y
I A 3R Ry BR A

3 REHRE

H T R A A A 1 Y 28 S R0 A 7 AR v K
PR JBCASTR] , 78 S B AR B AR s i ZEAR A A 7]
FR 5 K PR I e 5l B R AR A R T2 B
AW TG KAEYE A T2 A SR s .
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G, B IR A R0 AR S A A A B L 2% R 2%
PR IL AR H BUR S3 37 AL -J 2E0 B il AL [
LR T2 X R IR T SR B R (COD/N>10); %6 &
il Ak B il A AT 9 29 R B BRI A U5 s IR AR AL
i AR v HLJ s A s IR, {20 B 4 A K PR
SRR o B AL RIS T A pm R, AR e A
W15 AOK BRI 4% , SN T R — M &5 s
R A ESER TS AU T2, BB
BUZMTAEMIEEGIA T HER, HTeas
B AR T2 A AE A SR 450, 1
IR .20, E AT SR A T2 2R KE
B B, Wu e SBR RN il i
— R P LB T AR AL L R A A
FAAME R SIGES , RAAR EREL
¥ 98.82%, M 3 il UM AR P RIAENS &5 )
Chitinophagaceae (18.89%) . Candidatus Kuenenia
(0.10%) A1 Nitrospira (0.2%).

F—Ji I, KT BRI T KSR R AR,
AT = BN E R R A e BOCE SR, X
W P R AR AS | i o H i 0 AL R v T I Y R
ME . T OB AR ) 1 AR 32 AT A AR
FLimik, SR ARRC SR HAEY R e
R AR A, I IR B AT T A Tolk
MR o ILAER G A AR R G A B AR
PR R R R B AR Y B AR AL TR R . A
il CRISPR/CasOU iy SE (N1 g AR, 41 %R
RS T I RE SR AL, A BEARATE T A R AL
()RR R AU AR, B0 G o 2 ) B AR R
TR E NG, JE—Dim i A tERE, SOkHA
S e i A T 0 DR AR 2 SEA TR 1 Sh RETE W] — kL
PR A5 LIS B, B o A A A 52 S R 3k
PR BURUEY) . AR, R G A B
RSP 5 2R TR R PR ) R X U R W i A T
SOMACEHLIA TE R AIAR, I B2 A s
EE8ET-Be. HETC A B AR ZEARZ
HARZAR T AR, Mk Z 02 ER 2R
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