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Abstract [ Objective ] Aiming at the challenges of insufficient in-situ inhibition of nitrite-oxidizing bacteria ( NOB) and the
difficulty in maintaining stable partial nitritation (PN) during continuous-flow municipal wastewater treatment, this paper investigates
the feasibility and microbiological mechanisms of an ex-situ free ammonia ( FA) inhibition strategy to achieve stable PN.
[ Methods | Batch experiments were conducted to evaluate the differential effects of FA mass content and exposure time on the

activities of ammonia-oxidizing bacteria (AOB) and NOB. Subsequently, a continuous-flow completely stirred tank reactor ( CSTR)
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treating simulated wastewater was operated for 74 days using the ex-situ FA inhibition strategy. Community succession characteristics
were analyzed using 16S rRNA high-throughput sequencing. [ Results ] Under the conditions of 350 mg/L FA and 24 h of exposure,
NOB activity decreased below the detection limit, while AOB maintained an activity of (7.91+0.47) mg N/(g VSS+h) (VSS is the
volatile suspended solids). The NOB/AOB activity ratio dropped to zero, indicating an effective selective inhibition. No nitrite nitrogen
accumulation was observed during the initial 35 days of operation under low dissolved oxygen (DO) alone. However, after introducing
the ex-situ FA inhibition and increasing the nitrogen loading rate to 0.4 kg N/(m’ -d), PN was established and maintained in a
relatively stable state within the investigated period. The nitrite accumulation rate Ny, stabilized at 50%+3% , reaching a maximum of
57%=+3%. In the late stage of phase Il , the effluent mass concentration ratio of nitrite nitrogen to ammonia nitrogen was approximately
1. 37, satisfying the basic requirement for a stable nitrite supply for subsequent mainstream anaerobic ammonium oxidation ( Anammox )
processes. After 74 days of operation, AOB activity increased from 13. 87 mg N/ (g VSS-h) to 66. 14 mg N/ (g VSS-h), and NOB/
AOB activity ratio decreased from 0.75 to 0. 16. The relative abundance of Nitrospira decreased from 6.45% to 1.78% , while
unclassified_f__Microbacteriaceae ( increasing from 1.02% to 14. 63% ) and norank _f__norank _o__Saccharimonadales ( increasing
from 1. 05% to 11. 81%) became significantly enriched, potentially contributing to the maintenance of the system’s ammonia oxidation
capacity. [ Conclusion] Ex-situ FA inhibition selectively reduces NOB activity and alters the competitive dynamics between AOB and
NOB for limited DO. Together with the increased nitrogen loading, these factors promote the establishment of PN in the continuous-flow

system and maintain its stagewise performance within the investigated period. Residual Nitrospira remains an important factor limiting

further improvement of Ny, , and its long-term dynamics still require further investigation.
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Fig.2 Changes of AOB, NOB Activity and NOB/AOB Activity Ratio under Different FA Mass Concentration Inhibition Conditions

WSHR R A RS H . MK E/ANT 1
i, AOB {4 A, b PN B SEELBI 5 T 6B 551
FUAEARAIG, S A R 6 AU R B v i, ARl i o]
2 T B NOB/AOB {HPE L AN A 2 firzR . DAV &%
SR 24 h S A4 7R A 491, %F B 2H NOB/AOB
PN 0.75,230 mg/L FA5H 0. 59,1 350 mg/1.
IR 0. 00, BERH BAT 350 mg/L REAETE 24 h T4k
T ST S KBRS R 25 . 78 36 h 4514
NOB/AOB i1 LBl FA s ik B2 sy IR T
Ref s A U A0 K 5 0 i V) T A IR vk 3 T 35 3
AL I 55 , E 25 P ) i SR 3 R 55 24 h fediab
FHAYSEFRIZ AT AR, 350 mg/ L S A6 AR 16 I 3t 7 Bl
N5 24 h ABEJRIHARPCRCAYIE B FA 1 TAESRA
2.2 ELEF PN RMEE1ERE
2.2.1 BB 1817455

BB T SR I3 e (<0, 20 mg/L) DO SR
11T 35 d, N s K B 240 5 B A AR RS AR AR AE . 2
P 3 Fi , 7 S 0] HE 7K IV 1R 5 000 vk B BR X

47°0.00 mg/L, il R £k 22000 i Wk B ZE 47 7E (26. 43+
3.45) mg/L, AR WL BT fu] 0 Af R b A AR Bl 42,
RVEAHEATHT 19 d TR THEE SN, o BT
FEAR, LG ST N o FAEAE 60% Fo A7

ZEEREH K DO HAAE N JE T BOR R DA
ARG PN, S5A BT R AGT5 e bl
FIR A & ( Nitrospira ) FIXT B8 6. 45% , iZ IS HEAH
BT HALAT 31 & ( Nitrobacter ) BA7 B 58 B A 48U 1d 1
fE 77, SCRRR T8 JHE 4020 1 A 80 i R T AOB, 7
ik DO £ FF B ifii HoA 58 4 A 3407 5 vl BB J2 1K
DO SR B F N, i T AR R 0
HACEMB) 12280, W T 2456 ) el ge i
— L IIE,
2.2.2 BS54 FA Wi 5 3 PN

5536 d FFURSCHES7 FA 4] 5K 0% (350 me/L,
24 h) , [FIEAR 98 52 17 1 Wi 7 328 A6 4 5% HRT AR =5
NLR, il 3 froR, 5070 FA 30 S 3, 52 0 4
AR BT IR BB B ARk, 55 41 d ¥ HRT H

3 PN REZHHKEREKREZZMLM AORNAR T
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Tab.2  Average Performance of PN Reactor at Each Stage

BB AT (35~49 d)

BB TS (50~54 d) BB (55~74 d)

e BT (1~34d)
HA/ (mg-L7") 23.65+3. 13
WAEFREE A/ (mg- L") 0. 00
AR A/ (mg L") 26.43+3. 45
Nyar 0
N yor 53%+6%
PR R ER A5 S R VR 0. 00

20. 58+3. 54

6.01+6. 19

25.76+5. 54

18%+18%

61%+7%

12.40+1. 64 11.60+1. 50
17. 00+0. 60 19.53+1. 51
17.55+2.78 14.74+1. 07
50%+3% 57%+3%
73%+4% 75%+3%
0.29 1.37 1. 68
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