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High-Efficient Ammonia-Degrading Bacteria and Its Nitrogen Removal
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(1.College of Biotechnology, Tianjin University of Science & Technology, Tianjin 300457,China;
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Biotechnology, Chinese Academy of Sciences, Tianjin 300308, China)

Abstract:To address the decline in biological nitrogen removal efficiency in wastewater treatment plants during winter, a
low-temperature-tolerant, highly efficient ammonia-degrading microbial consortium, JJ, was enriched and domesticated. Its
metabolic characteristics toward various nitrogen sources at 15°C were investigated, and the influences of key environmental
parameters on its nitrogen removal performance were evaluated. Furthermore, changes in microbial community structure
before and after low-temperature domestication were analyzed, and its low-temperature nitrogen removal mechanism was
elucidated through nitrogen balance analysis and functional prediction. The results demonstrated that consortium JJ effectively
removed NHa4"-N, NOs™-N, and mixed nitrogen sources at 15 ‘C. The optimal operating conditions were as follows: pH 7.0,
sodium acetate as the carbon source, a C/N ratio of 20, dissolved oxygen concentration of 6.5 mg/L, and temperature of 15°C.
In addition, the consortium exhibited strong tolerance to high ammonia loads (>200 mg/L). A synergistic mechanism

involving assimilation and heterotrophic nitrification—aerobic denitrification was identified as the predominant pathway for
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nitrogen removal under low-temperature conditions. During domestication, the relative abundance of Acinetobacter (phylum

Pseudomonadota) increased from 68.4% to 74.6%. The enhanced expression of fatty acid metabolism and ABC transporter

pathways likely contributed to improved cold adaptation. This study provides theoretical support and microbial resources for

the development of bioaugmentation strategies in low-temperature wastewater treatment.

Keywords: ammonia degradation; cold-resistant; nitrogen removal characteristics; metabolic pathways
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Fig. 1 NHa4*-N removal rate and absorbance of different

bacterial consortium
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Fig. 2 Removal characteristics of flora in different nitrogen sources and changes in COD concentration
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Fig. 3 Effect of pH on the growth and nitrogen removal performance of JJ
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Fig. 4 Effect of carbon sources on the growth and nitrogen removal performance of JJ
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Fig. 5 Effect of C/N on the growth and nitrogen removal performance of JJ

2.3.4 $i

B4 (DO TEMAEM A KIS R AAE A H
TR AE AR, 0 H X SR LR v 1 B &
TR 28], [R] M4 38 B A DO 7K A2 SEBIL e R
BT o B VR TR R L DA RS 7R £ 1 DO
K, RFANE DO JKFXF BERE T IR R 52,
SERUE 6 Fion. 4FH S 50 v/min B, ZELFRF
A 4.1%, AN £ ZE T @K S BUR AL A
BAE, BRI Z IR, i 7 a2
W BEA NS 100 r/min, A ERREEERTT,
iK% 84.5%, HMIEL 50 r/min FH2E T 80.4%; fEH4iHE

HE—KF] 150~220 r/min JEEAN, A EBRER
BJEIL 91%, Asoo WEMETE 3.10~3.32 2 [A], X EHH
PR e e R T A R VA R B = AR I ),
TR RPERMZRERE. R SR DO K-S
i N S S S 1] S W N e
P FE R R IZAT A LB ROR, [RISLERBE I 53¢
(R L IR BN 180 r/min, X VEMRALIN 6.5
mg/L.



2026 XU, S AR R R R R I R 7

(a) 4, %M

(b) NH4*-N K E 451k,

6 FEIRXTERE JJ £ KM A RIS
Fig. 6 Effect of rotational speed on the growth and nitrogen removal performance of JJ
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Fig. 7 Effect of temperature on the growth and nitrogen removal performance of JJ
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Fig. 8 Degradation of ammonia nitrogen at different
concentrations by JJ
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Fig. 9 The proportion of different nitrogen forms in JJ
under different nitrogen source conditions
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