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Abstract: Based on 110d of full-scale operational data from a municipal wastewater treatment plant in a northern Chinese city,
combined with metagenomic analyses of activated sludge (N) and anoxic (A) and aerobic (O) biofilms, this study investigated
pollutant removal characteristics of the AO + MBBR process under winter low-temperature conditions (13~15°C) and elucidated the
associations between key functional taxa and nitrogen metabolism. The results showed that the biofilm exhibited higher microbial
community richness than the suspended sludge. At the genus level, the filamentous bacterium Candidatus Microthrix was the
dominant taxon in the aerobic zone during winter, accounting for 17.63% in N and 10.12% in O, whereas Nitrospira was present at
relatively low abundance (2.09% in N and 3.58% in O). According to the abundance of nitrogen-metabolism-related enzyme KOs
(RPKM), Candidatus Microthrix carried no detectable genes involved in nitrification, suggesting competitive interactions with
nitrifiers. In addition, key genes for both nitrification and denitrification were most abundant in the biofilm, including 4moCAB
(N=1.42, 0=70.94) and NarGHI (N=410.57, A=1119.12). Redundancy analysis (RDA) further indicated that the MBBR biofilm
system had higher functional gene redundancy, exhibited a more stable response to environmental fluctuations, and showed better
shock resistance than the AO activated-sludge system. These findings provide a scientific basis for process optimization and
operational regulation of municipal wastewater treatment plants under winter low-temperature conditions.
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Fig.1 Water treatment plant process flow diagram
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Table 1 Main influent and effluent water quality parameters

of the WWTP(mg/L)
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Table 2 Water quality monitoring indicators and methods
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Fig.3 Variations in influent and effluent water quality from November to the following February during winter at the WWTP
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Fig.4 Variations in operating parameters of the WWTP during the study period
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Table 3 Microbial diversity indices
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AO b N 31731 31731 31731  6.054  0.034
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Table 4 KO abundance and proportion of functional genes

related to complete nitrification

N A 0
T H KO Ak KO Ak KO di b
R (%) PR (%) PR (%)
AmoCAB 1.42 0.04 0.49 0.01 70.94 1.85
Hao 1397 044  188.12 327 4138 1.08
NxrdAB 31477 994 83848 14.60 487.12 12.70
gl 330.16 1042 1027.10 17.88  599.43  15.62
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Fig.8 Metabolic pathway of assimilatory nitrate reduction
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Table 5 KO abundance and proportion of functional genes

related to assimilatory nitrate reduction

N A 0

TiH KO di bt KO Atk KO Atk
ESEs (%) ESEs (%) ESEs (%)

NarB 22.91 0.72 31.70 0.5 17.07 0.4

NR 0 0.00 0 0.00 0.95 0.02
NasAB 127.28 4.02 166.65 2.90 135.34 3.53
Nird 19.31 0.61 22.82 0.40 36.04 0.94
NasBDE ~ 115.16 3.64 0 0.00 110.74 2.89

AU 284.66 8.99 221.17 3.85 300.13 7.82
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Fig.9 Metabolic pathway of dissimilatory nitrate reduction
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Table 6 KO abundance and proportion of functional genes

related to dissimilatory nitrate reductio

N A 0
IiH KO di b KO di b KO itk
FE R (%) FE %

NarGHI 41057 1296 111912 1948  605.10  15.77

NapAB 85.74 2.71 103.70 1.81 76.87 2.00
NirBD 19.51 0.62 11.07 0.19 19.42 0.51
NrfAH 57.91 1.83 153.51 2.67 82.47 2.15

U 573.73 18.11 1387.40  24.15 783.86  20.43
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Fig.10 Metabolic pathway of denitrification
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Table 7 KO abundance and proportion of functional genes

related to denitrification

N A 0
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