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Analysis of the microscopic mechanism of micro-nano aeration to promote the formation of aerobic granular sludge. ZHANG
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Abstract: The granulation process and pollutant removal performance of aerobic granular sludge (AGS) under conventional and
micro-nano aeration modes were investigated, with focus on the roles of extracellular polymeric substances (EPS) and microbial
community succession in mediating microstructural responses. Compared to conventional aeration, the micro-nano aeration exhibited
superior oxygen mass transfer efficiency and higher hydroxyl radical (*OH) generation, leading to significantly enhanced pollutant
removal. Ammonia and chemical oxygen demand (COD) removal efficiencies consistently exceeded95%, while total nitrogen
removal remained at a high level 0f78.81%. Micro-nano aeration also accelerated AGS granulation, with mean particle sizes
surpassing300 um within20days. XDLVO-based interaction energy calculations indicated favorable aggregation behavior under both
aeration regimes. Due to the biofilm-promoting effects of micro-nano aeration system, AGS developed contained higher EPS content
under this mode, with Hydrophobic TB-PN playing a key role in forming protein-based hydrophobic networks that promoted AGS
granulation. In contrast, AGS stability in the conventional system was primarily maintained via ionic bridging by lonic TB-PS.
Distinct microbial community structures were observed between the two aeration modes. Conventional aeration favored typical
denitrifying bacteria, whereas the intensified of micro-nano aeration system led to a proliferation of filamentous taxa, notably
Neomegalonema, Thiothrix, and norank f Saprospiraceae. These filamentous bacteria contributed to EPS secretion and AGS
structural integrity while maintaining stable nitrogen removal performance.

Key words: aerobic granular sludge; micro—nano aeration; XDLVO theory; extracellular polymer; microbial community
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Table 1 Microbial Alpha diversity and abundance index under conventional aeration and micro — nano aeration modes
samples ace chao coverage shannon simpson sobs
G_0d 503.14 488.86 0.999 1.579 0.582 459
G_10d 466.27 460.57 0.999 1.686 0.531 420
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R -
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G_40d 516.88 507.35 0.998 3.320 0.096 455
G_50d 513.83 515.25 0.998 3.439 0.080 453
W_0d 405.44 391.43 0.998 1.605 0.544 351
W_10d 405.58 401.25 0.998 2.359 0.247 362
T W_20d 479.06 460.01 0.998 3.434 0.064 424
AR,
W_30d 475.61 473.36 0.998 3.781 0.051 421
W_40d 369.96 369.25 0.998 2.303 0.345 319
W_50d 433.98 427.72 0.998 3.401 0.123 386
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Fig.10 Two-dimensional ordering of samples analyzed by PcoA
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Fig.12 Microbial community composition at genus level
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