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Enhanced phosphorus removal in aerobic granular sludge system seeded with dewatered sludge pre-granules: Performance
and mechanism. YANG Hao-sheng', LI Hui-ping', WANG Xing-bo!, CHEN Guang®, WANG Li-hua®, LV Yan’, PANG Wei-hai'",
XIE Li', YANG Dian-hai' (1.Key Laboratory of Yangtze River Water Environment, Ministry of Education, School of Environmental
Science and Engineering, Tongji University, Shanghai 200092, China; 2.Shanghai Chengtou Wastewater Treatment Co., Ltd.,
Shanghai 201203, China). China Environmental Science, 2026,46(3): 1331~1343

Abstract: In this study, dewatered sludge pre-granules were used as seed sludge to cultivate aerobic granular sludge (AGS) with high
phosphorus removal capabilities over a 120-day operation. Inoculation with pre—granules allowed the system to bypass the initial
granulation phase, establishing stable biological phosphorus removal by day 42. During the stable period, the experimental group
achieved an average total phosphorus removal efficiency of (94.4+3.7)%, outperforming the control group (85.94+5.1)%. The
pre-granulated AGS exhibited a particle size of 1100~1300um, a sludge volume index of 50~80mlL/g, and average removal
efficiencies for chemical oxygen demand and total nitrogen of (94.5+2.9)% and (79.3+6.4)%, respectively. Scanning electron
microscopy with energy-dispersive X-ray spectroscopy (SEM-EDS) revealed a notably higher iron content in the pre-granulated
AGS (3.87% vs. 0.24% in the control), with iron uniformly distributed inside the granules. High-throughput sequencing further
indicated enrichment of extracellular polymeric substance (EPS) secretion microorganisms, such as Candidatus Competibacter
(10.9% vs. 5.0% in the control). The results demonstrated that, unlike the primarily biological phosphorus removal mode in the
control, the pre-granulated AGS developed a synergistic chemical-biological removal mechanism. Initially, EPS complexed with
residual ferric iron from the dewatered sludge pre-granules, enhancing chemical phosphorus adsorption and providing a structural
skeleton that improved granule stability. Subsequently, this stable structure facilitated microbial retention, yielding a higher mixed
liquor volatile suspended solids concentration (4.3g/L vs.3.1g/L). Although the relative abundance of polyphosphate-accumulating
organisms (PAOs) was similar between groups (0.48% vs. 0.47%), the absolute abundance of PAOs was elevated in the
pre-granulated system. Moreover, the stable granular structure likely supported higher metabolic activity PAOs, as reflected by an
increase in the relative abundance of key functional genes, such as polyphosphate kinase (ppk!, 0.42%o vs. 0.34%o).
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Fig.1 Variations in sludge concentration, particle size distribution, and settleability
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Fig.7 Comparation of the relative abundance of genes related to nitrogen metabolism in AGS
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