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Abstract: Due to the limited availability of farmland for wastewater disposal, the harmless
treatment of livestock and poultry breeding wastewater has become an urgent issue that requires
immediate attention. To address this challenge, a pilot-scale integrated high-efficiency wastewater
treatment system was developed, employing the AO—MBR combined process to achieve effective removal
of carbon- and nitrogen-based pollutants. In the AO process, efficient denitrification of biogas slurry with a

low carbon-to-nitrogen ratio (COD/TN of 1.71) was achieved through a combined partial nitritation—
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Anammox reaction, with NH,/~N and TN removal efficiencies reaching 93% and 88%, respectively.
When the influent COD/TN ratio increased from 1.71 to 3.34, and under the influence of low temperature,
the activity of Anammox bacteria decreased by approximately 50%, leading to a gradual decline in the
removal efficiencies of both NH,"~N and TN. The subsequent MBR, serving as a water quality assurance
technology, further reduced residual pollutants. The AO-MBR combined process achieved removal
efficiencies ranging from 79% to 81% for COD, 97% to 99% for NH,~N, and 81% to 89% for TN,
thereby ensuring consistent and effective pollutants removal. Although the relative abundance of
Anammox bacteria, including Ca. Brocadia and Ca. Kuenenia, decreased from 2.1% to 0.3%, these
microbial populations still exhibited a considerable level of denitrification activity, maintaining a rate of
0.14 kgN/(kgMLVSS-+d). Furthermore, an increase in influent COD led to the enrichment of heterotrophic
bacterial genera such as Truepera, Denitratisoma, Limnobacter, and Thiobacillus. The pilot-scale

wastewater treatment system implemented at this swine farm demonstrated resilience to variations in
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influent quality and could effectively operate under low-temperature conditions.
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Fig.1 Process flow of the integrated high-efficiency

wastewater treatment device
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