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Abstract [ Objective]| Sludge retention time (SRT) is a key operational parameter influencing microbial community assembly and
process stability in activated sludge systems. To elucidate the effects of different SRT levels on system performance, two full-scale
municipal wastewater treatment plants ( WWTPs) employing the same treatment process but operated at markedly different SRTs are
selected for comparative analysis. [ Methods| The SRTs of WWTP B and WWTP C were maintained at approximately 24 d and 43 d,
respectively. Under long-term stable operating conditions, pollutant removal performance and sludge physicochemical properties were
systematically evaluated. Microbial community diversity and the distribution of functional genera were further characterized using
[llumina MiSeq high-throughput sequencing. [ Results]  Under actual operational loading conditions, both WWTPs achieved stable
and efficient removal of organic matter and nutrients, with effluent quality consistently meeting the class 1-A standard of Discharge
Standard of Pollutants for Municipal Wastewater Treatment Plant (GB 18918—2002) , indicating that SRT variation had no significant
impact on overall pollutant removal efficiency. A longer SRT significantly enhanced microbial richness and diversity, as reflected by
higher Ace, Chao, and Shannon indices. Sludge properties remained generally stable under both SRT conditions. Beta diversity
analysis revealed distinct microbial community structures between the two systems, demonstrating a clear SRT-driven environmental
selection effect. At the genus level, extended SRT favored the enrichment of nitrifying bacteria, whereas shorter SRT conditions were

associated with higher relative abundances of denitrifying and filamentous microorganisms. [ Conclusion |  SRT influences the

[KRmBH] 2026-02-11
[(E€TB] LilWRHITRITIH (22d21205704)
[BEEE] BME1983— ), &, HH TN, FEMNFGKEET /E ,E-mail ; coco_lvyan@ 163. com,



WK R
WATER PURIFICATION TECHNOLOGY

Vol. 45,No. 7,2026
July 25th, 2026

operational stability of activated sludge systems primarily by regulating sludge characteristics and reshaping microbial community

structure rather than directly improving pollutant removal efficiency. Under stable effluent compliance, appropriate adjustment of SRT

and sludge wasting strategies can enhance the stability of nitrogen removal processes and facilitate coordinated nitrogen and phosphorus

removal , providing practical guidance for optimizing full-scale WWTP operation.

Keywords sludge retention time; microflora; functional bacteria genus; environmental selection; operation efficiency
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Fig. 1 Influent and Effluent Pollutants Mass Concentrations and Removal Efficiencies in WWTP B
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Fig.2 Influent and Effluent Pollutants Mass Concentrations and Removal Efficiencies in WWTP C
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Fig.3 Variation of (a) Sludge Particle Size, Fractal Dimension; (b) Sludge Volume Index, and Capillary Suction
Time in WWTP B in Different Months
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Fig.4 Variation of (a) Sludge Particle Size, Fractal Dimension; (b) Sludge Volume Index, and Capillary Suction
Time in WWTP C in Different Months
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Fig. 6 Microbiological NMDS Analysis of WWTP B and C
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Fig. 8 Analysis of Microbial Genus Levels in WWTP B and C
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