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Highly efficient nitrogen and phosphorus removal by a novel denitrifying phosphorus removal system operated in an
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Technology, Beijing 100124, China; 2.State Key Laboratory of Urban Water Resources and Water Environment, Harbin
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Abstract: Cooperative strategies that mitigate competition among dominant functional microorganisms are crucial for efficient
nitrogen and phosphorus removal in wastewater treatment. This study investigated a novel single-stage sequencing batch reactor
operating under an anaerobic/anaerobic/oxic/anaerobic (A/A;/O/A;) mode for 100days to regulate the dynamic balance of
phosphorus-accumulating organisms (PAOs), denitrifying PAOs (DPAOs), and denitrifying glycogen-accumulating organisms
(DGAOs). The optimized system, featuring a recycle loop and reduced aerobic phase duration, achieved nitrogen and phosphorus
removal efficiencies of (95.13%+0.35%) and (94.70%+0.96%), respectively. Mechanistic analysis suggested that the A; phase
created an anoxic environment conducive to DPAO-mediated denitrifying phosphorus removal, while the A, phase supported
DGAO-driven denitrifying nitrogen removal using polyhydroxyalkanoates (PHAs) and glycogen (Gly). Extracellular polymeric
substance (EPS) analysis revealed increases of 35.38mg/gVSS in protein (PN) and 12.39mg/gVSS in polysaccharide (PS) content,
enhancing sludge aggregation. Microbial community analysis demonstrated significant enrichment of Dechloromonas and Ca.
Competibacter, with their abundances increasing from 2.24% and 1.53% in Rlto 7.61% and 7.94% in R2, respectively. The
A/A/O/A; mode effectively created a synergistic environment for key DPAOs and DGAOs, achieving superior nitrogen and
phosphorus removal performance compared to conventional modes.

Key words: nitrogen and phosphorus removal; denitrifying phosphorus removal; endogenous denitrification; EPS
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Fig.1 Schematic diagram of reactor operation cycle
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Table 1 Operational conditions of the reactor
) Wi B 1 BBt 2 B3 BBt 4
S B (1~50d)  (51~60d) (61~70d) (71~100d)
A(min) 180 150 120 120
Aj(min) 0 40 40 40
R1 O(min) 120 120 120 60
As(min) 120 80 80 80
A(min) 40 40 40 40
R2 O(min) 120 120 120 90
Ax(min) 80 80 80 80
Ay(min) 80 40 40 40
R3 O(min) 120 120 120 120
As(min) 40 80 80 80
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Fig.2 Changes of nitrogen and phosphorus concentration and removal rate in DPR system under different operation stages
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Fig.3 Changes of concentrations of COD. PO, —P. NH,*-N.
NO, -N. NO; -N in typical cycles of three reactors
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