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ABSTRACT

Civil and Environmental Engineering: Wastewater

As regulatory limits on nutrient discharge from water resource
recovery facilities (WRRFs) become more stringent, understanding
the microbial communities in biological nutrient removal (BNR)
systems can become beneficial for process improvements.
Unconventional BNR includes optimizing a single reactor, such as an
oxidation ditch, to have a dissolved oxygen gradient to accommodate
these processes simultaneously. Process optimization often
encounters instabilities that can be averted by understanding the
factors contributing to the structure, function, and stability of the
BNR community, especially with regards to polyphosphate
accumulating organisms (PAOs). Therefore, to contribute to the body
of knowledge of unconventional BNR microbiology and process
performance, this study evaluated how microbial communities adapt
to unconventional operations of oxidation ditches and assessed
whether the community and process stabilize over time after an
optimization. Full and lab-scale studies were conducted to address
the research goals. The full-scale optimized WRRF of this study
modified aerations patterns of the oxidation ditches to accommodate
BNR. Two additional facilities were investigated to establish how a
community changes over time without influence of optimization. The
community of the optimized facility changed differently compared to
the other WRRFs, implicating that changes were in response to
optimization. Diversity and core community structure of the
optimized facility were similar to the BNR-designed facility. Dissolved
oxygen correlated with diversity of the optimized facility, whereas
temperature was correlated with control facilities. PAOs were active
in the optimized oxidation ditch when the facility did not exhibit
characteristics that would support PAOs. During the lab-scale study,
Dechloromonas and a glycogen accumulating organism were
detected as active and possibly more important to the denitrifying
EBPR process than the well-known PAO, Candidatus Accumulibacter
phosphatis. These outcomes suggest that optimization of oxidation
ditches for BNR has the potential to be successful and reliable.
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