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Abstract [ Objective] In response to the multiple challenges faced by municipal wastewater treatment plants, including limited
land availability, significant influent fluctuations, and increasingly stringent discharge standards, this paper systematically evaluates the
engineering applicability of the pure biofilm moving biological bed reactor (MBBR) biofilm process in comparison with the conventional
anoxic-oxic (AO) process. [ Methods] Based on the "one plant with two parallel treatment lines" configuration of a municipal
wastewater treatment plant in Shandong Province (phase I was AO process; phase Il was pure biofilm MBBR process), a one-year
full-scale comparative study was conducted under identical influent conditions and unified discharge standards. [ Results| The pure
biofilm MBBR process, benefiting from simultaneous nitrification and denitrification (SND) enabled by the biofilm microenvironment,
achieved lower and more stable effluent mass concentrations of ammonia nitrogen and total nitrogen. The advantages were particularly
pronounced under low-temperature (<12 °C) and low carbon to nitrogen ratio (C/N) conditions. Owing to improved carbon utilization
efficiency and sludge reduction (=20% ), the direct operating cost of the pure biofilm MBBR process was approximately 14% lower
than that of the AO process. When subjected to 1. 5-fold hydraulic shock loading and heavy metal (Zn mass concentration > 5 mg/L)
toxicity shock, the pure biofilm MBBR system exhibited strong resilience, attributed to the protective barrier effect of the biofilm and
the rapid solid-liquid separation capacity of magnetic coagulation, with recovery rates significantly faster than those of the AO process.
In addition, the land footprint per unit treatment capacity of the pure biofilm MBBR process was reduced by 74% compared with that of

the AO process. [ Conclusion] The pure biofilm MBBR process demonstrates significant advantages in nitrogen removal stability,
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operational resilience, and process intensification. It is particularly suitable for upgrading and expansion projects of municipal

wastewater treatment plants under conditions of limited land availability, complex influent characteristics, and stringent discharge

requirements.

Keywords moving bed film reactor (MBBR) ; anoxic-oxic (AO) process; upgrading and reconstruction; load of shock resistance;

integrated land-use intensification
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Fig. 1  Process Flow of Phase I (AO) and Phase I (MBBR)
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Tab.4 Influent and Effluent Quality of AO and MBBR Processes
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Fig.2  Effluent Quality of AO and MBBR Processes
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Tab.5 Comparison of Direct Operation Cost between AO and MBBR Processes
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Tab. 6 Comparison of Life Cycle Cost Estimation between
AO and MBBR Processes (yuan/m”*)
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At 0.80~0. 87 0.65~0.71
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Tab.7 Comparison of Operation Performance of Two

Processes under High-Flow Conditions during the Flood Season
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Tab. 8 Comparison of Operation Performance of Two Processes under Heavy Metal Shock Load
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