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Challenges and Countermeasures of Partial Nitrification-Anaerobic

Ammonium Oxidation Process
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Abstract The partial nitrification-anaerobic ammonium oxidation ( PN/A) process has many advantages over
traditional biological nitrogen removal processes, such as low energy consumption, simple equipment, and low sludge
yield, and is therefore of great interest in the field of wastewater nitrogen removal. Firstly, some challenges in the
practical application of PN/A process, such as poor treatment effect of high C/N wastewater, difficulty in inhibiting
nitrite oxidizing bacteria (NOB) , and slow start-up of the PN/A process, etc. are summarized in this paper. Then,
in response to the above challenges, some improvement measures for PN/A process have been proposed. Multiple
pre-treatment techniques can be used to reduce the organic content of wastewater, in order to mitigate the negative
impact of high C/N ratio wastewater. According to the differences in growth conditions among NOB, anammox
(AnAOB) , and ammonia-oxidizing bacteria ( AOB), the growth of NOB bacteria can be inhibited by regulating
environmental conditions such as temperature, pH, and dissolved oxygen, or by adding inhibitors. Next, the methods
for rapid start-up of the PN/A process were summarized, including adding chemical substances, applying physical
fields, adding AnAOB seed mud, and providing optimal growth conditions for AnAOB. Finally, the future directions
of the pending in-depth research of PN/A technology are prospected.

Keywords Partial nitrification-anaerobic ammonium, High C/N ratio, Anaerobic ammonium oxidation

bacteria, Nitrite oxidizing bacteria inhibition, Quick start-up
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Fig.1 Schematic diagram of PN/A process
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Tab.1 Summary of the impact of some toxic organics on bacterium
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Fig.2 Schematic diagram of PN/A process microbial

community relationship
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Fig.3 Schematic diagram of pretreatment of wastewater

with high C/N ratio
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Tab.2 Methods for accelerating the hydrolytic acidification stage in anaerobic digestion process
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Fig.4 Schematic diagram of enhanced biological phosphorus

removal and carbon reduction pretreatment

2.1.3 b2z ik 9w 3

2 Ak ) 2 FUAL R T2 — RS TR0 1A I K
MR (B RAY) SR A,
i 1 820 ok AR A T B S BR K R L L
91 G, Y R I U 5 A A AN R R T 7 A AR
il B IP W RR AR REVIIE, T AR LR KD T4
LA A S Ak ik 3 S i 4EC TR R (i
0, H,0,) 7E K dr = B A s /A AR T i 3
FEH B (-OH), ALK ALY B 1k B Cco, A
H,O0, #E i B AR 7K C/N 2 A5t Ak 4] 9 15
Ab PR T2 EAT WLt MR R KoK R e 4
A

e B E B R s AW AL B T 5
T Ak 27 I 1k AR K SR B T SR T, e B
TPk 22 0 A9 s R R A A 2R R i H A
(2R BRI o 4k R 28 AN ER S AR Fh 2K 1Yk
Hogk B kB Wk B N T 0. 12mmol/L W, X
AnAOB 175 M FURE X 32 B A B R A2 AR,
KT 0. 75mmol/L ) S ~7 B4 ) PR 40 & SR AL TR

SN, 300 2 B M, o AnAOB 32 - OH 5 M ¢
R ARV B D AT 3 e e A 7 Ak B
J5 W K HH A AE - OH, 5 ) 7™ 5 52 W) PN/A 1.2
AR R 2 b, 2R EES 5 ok AR R B A 2R
Fi i B R, A X R 22 PN/A T2
s T O
2.1.4 AEYyHfbsE R G HIAL B

A= W F A 2 AR 8 R — T ) P T A A A
PLYI = B RE B = R A H AR T A A R
GE AR A T A W B kL R T ( Microbial fuel cells,
MFC) FfE A= ¥y | i ( Microbial electrolysis cell,
MEC) , Ui 5 F1 6 fr7n, MFC T4 J H 2 B
1 AR W HE DR AR 2R T A BIL A A A S
ML HO A CO, , Ml T il Ah e 48 H 3l 3 BT 1
A2 i FEE AT A% 328 3 B A, I K 1993 A % Ak SR i 1 K
F b = e R 2 AR MEC TR BE U J2: 7E Sh 12 i
EAE T B AR 2 i ) i 2R 0 4 AL S AL A L)
PR L A HY AR 3 B B AR, O 8 TR A
(637 SRR UR SN

A= 0y v Ak 2 T A B BV RE RS I K b A HIL A B A
e A U H RE B, ST AR A 5 R A 7
/D SR B e B Y AR BT R R K
1 75% L4 LA ALY R 90% B 2% 9, FE S NH;-N



http://www. hxtb. org

fe2fiE i 2024 4F 5 87 % 2 W) - 213 -

BS5 WEMEMHRBBBRIEE

Fig.5 Schematic diagram of dual-chamber microbial fuel cell

6 BEMEMBREREE

Fig. 6 Schematic diagram of single-chamber microbial

electrolysis cell
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AnAOB i 1% ¥ (19 ) A 46 42 & 25 7 5 HL M RL AN
A I

Wang %57 HFSE Fe™ % IR & AL 3L 72 0 3
IS, 4 4 8 Tk BORE 75 U8 IR (EGSB) IR #% 43 5l
JA 0.0.04.0.08 F1 0. 14 mmol/L Fe**, 45 H 3%
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B Fe’ W35 B8 5 T 0N A% 1 B 40 ng B 60 A%
R il T A R R Fet n] {2 AnAOB [
w4, qPCR /M 45 SR Bon , IRE A A fb 16SrRNA
SRR hesB () FEFERE N, B 5 Fe™ IR
JERIFASE, Zhen % FEA N [A] Fe™ ¥ JE Y
T =g R AT IRA AR T LA 8
P2 g, S5 R RN 0. 09mmol/L Fe® [
I 7% Re i I 277 W Ja sl TE) TR R A R Y
Fe* {2 ffi AnAOB IL4L & ¢ & WIS T NLH,
It U I 1 b B IR R AR T

SeH AR AT DU PR < DR AR AR 1 ) B
WFTE 0, ML G 1% P15 e 5 R [a) ok A B8
Ja o IR B T, Y B 0 T R
100mg/L, JRAZ E b T2 )8 shAE RS i 67d 46 %
F49d7 AT BE R T A B R AR K, B
LR B AR B ) O A AR I A AR A T
SN H, 58 S 0 STV g R 38 I A 9%

Li 270305 B 8 0 5 2 0 K A S 8 nT Lk 3
IR bR, AT B Tt E 3 PN/A T2 e
J I # A A, SR 3 AN H R AR i Gk
B 3. 7g/L A A A H 1. Tkg/m’ - d, B BERR
IKF 54. 2% , 15U v A= Wy o 1 K R R R SRR i K
AT AR B P R S T B G BRE BT AR . B
2 SO J vk 3 S 30mg/ L (40 0K 4k, 43d BV AT AR
g sh IR A Ak, X Re k4B TR Ak R
S AL TN R R R 0 R R SR 2R A RO, B
NH; -N 19 25 B i 26 22 A Ak R R 40 24 A b
[F] VR T 25 28 o &b 99 oK Bk 2 T B 7K o 118 735 il 4R
AN Fe® Fl Fe® | IR HE DR AR I B8 1 B I, A DR 48
S SR P T RS R 1 R R
2.3.2 Wy

Zhang %[81: SEWFAE R FR A BRI &R
SR MERE R RE I, 7d S5 5 BRALA H B R 2R
AL E 43.2%, Ca. Kuenenia ) ¥t 3 & M
51.9% 53 1w B 57. 6% , [k S A PEA I
R EL TS PR 3 T R AL, X gk IR R
AnAOB B4 K B RAF 2 T3 M, A&
HRHE R AL A s sh K E LA
ERW ), RAEEBWAERT . HeAh 78 18 IR S
FARFE GG TS PR B IR A Ak T L R
Y %k 25kHz, SRR 0.2W - em 2 fE
FHEFE] 3min, 5 % B8 4141 b, AnAOB #5 K L3 1
P T 20.95% " 7E A G Y A ORI [ A R
J R A ANE B 60mT 5 B (14 7 A 6 3, T i IR 45

AT LI sh AW % 1747 ) Zhu %5 B
FEAE AR B H AR W B R A A T & B
PR 2 R A B e AR A B kg - N/ (mP-d)
I, S8 2 e X Bl A 45 %8 T 273, &5 B,
Yy 5 W S R 7R U T fig B A ok AR R 3l
kB e AR W R R AR RN AR Ak R B
YER . Wy B 37 w] A W) 6 05 %, £ AnAOB
PR Z LA R G, B 55 0 AR I T M
i, PEMIAN G AnAOB T 1P 5 A4 Ko % |
2.3.3 WIMREAAIGNR

5T 22 B 38 3 96 0 1 s U8 1 O =Xk i h
PR A G SA AL T FE T 3R W Y BEA i AnAOB
15 U8 TIPS Bl i R ORI e IR AR 2 S A TS
e I S 6 i P e () 5 0, 2 o i 0 R AR SR AR
1518 Ji 3h S50 B R R =2 42 A DR AR Y B T VR U
S Br A 5 B Al T T
AL, 3P IR 420 AU AR TS T BE DR 2 IR AR
T2 MeAh, Guo 4517 i 52 Fh v Sl B2 3
W 5 e A/ i IR A A TS e (R L 500 1)
ST G B IR AR A E A T R R AE TR
AP S E 7 A T IE B T RN Al 2 IR A = AR Ak
(ORAERAY I a2 S5 WPRE = K = = K (iR S0 = N
LA P R A S A 5 VR SO R 4> AnAOB 5
e S PR B IR A E A T AT AT T &
2.3.4 RS E WA KRB

PN/A T2 5 25N S R iR pH R i
AR, Y BN A 2 AnAOB R (4R K
ZAEE AT AnAOB B 2B K A, 3k 2 e IR
ARAATZMERKS,

AnAOB i & /B KRB 30°C 2247, fE
T 45°C ZJ5 , AnAOB il il 22 i | AN AT 3 1Y) 2K
W LSRR A R R AL PR TS
JFE 25~30 CHERERAE, AnAOB & A 4AK A pH
TE 8.0 e A7, i WE gt & B, pH N 8.3 I
AnAOB 7% P fx K, AnAOB 2R AWM AEY, H
FESCR IR EE Rt nl DUAEAE KBS 26V B g & 3R
AnAOB fEFE A AR T 5% E i A8 77,
WR S T I% M, AnAOB Y 1% 7 32 21 ] 33 1 40 41,
NH,"-N F1 NO; -N J& R % 2 S A S b AS 7] /b 1
Uik /I I I o N 73 A A 4 €
100mg/L LU 8B, HW 5 Wk B HE e A 38 09 OB
210132

Zi b PN/A 203 8 3h 1Y i AE TP
IR EAL” . WS AL A Y BT RSN ) B3
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D R BB AE J5LIS M5 U b D s 5 AnAOB, 523
P 3l PN/A T2, SRITE Ak 2% 9 5 (4 75 vk
(R L 1 IV ol = W N | A i U/ I U o =
AnAOB Pl 1 ALK R — vk i5 G | A5 237 )
FEAE I 25 BT RO H B A BB AN 2 B
G EEE AnAOB 95 M 15 8 2 B B HE B a0
1WA =8N T = ) A 1 O s = - <
AnAOB 15 P B ME RS 77, BUAS 5, il 5 38 1) 7 i 49
ARSI B, BRI AE SE PR TR b, AR T
IR A AT AR S e h A b B IR R A A AT
Te )& , 456 U Ak 2 ) BT sl o B ) B35 1 7 12, TR
R 3h PN/A T2,

3 BEERE

AR SCHR 4 B AIF 5 445 H Ak O Ak B T
2 AT AR K R C/N HE R G S il AL A0 T &
B, PN/A T AP C/N KB4t 7 w]
AE o A IR R W A S pH RS N A 3
F i, REAT Ml NOB B I% v, 3l i 1f) J2
ar T GICR A A Y BT N g e T
PRAE A E AT AT I IR A Z AL T2 a0,
SR, BESCIE PN/A T2 HE) DL S R RS T2
N HT AT AR R A

(1) I fal & % 40 1 NOB 415 A5 75 % A BIF 5T,
H AT C T NOB 0 il 45 it , K 245 B A 45 1 5K w1
Ak )2 T, 2 >f N7 22 DA T A= W 448 i = 4% Joa ML 3
FERABESE NOB B M AL 2 — 25 itk PN/
A TZSH,

(2) WL 8 24 1) SEBR K X PN/A T2 158
W4T RE IR A9, SC BRI K AT RE AL & Z2 Fhoxt 1
Pt AnAOB I P W T, 9 40, 4 8 A ML 4t
A BB N 3 W T W A5 R T A T Y T M AL
il o T4 B U X PN/ A T2 A ] s 2R
XKk PN/A T2 A0 BESZBRIE KA KR X,

(3)BHE T 25 PN/A T A MBS A 151
AWEFE, WL T 25 PN/A T MBS
BF, 23R B 5 ) 25 BRI 5 A RIOR | IR 58 IR AU
SAAL TS Ve G A W7 T PR W 00 OC SR T R R
T X} Ty B B AE 0 400 6 PN it BE 0 I 1Y) S M S
G3AT, LA KSR 4 T 2 AT ) A 0 RO AR T T TR
AT,
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