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Innovations in the N-Cycle & Their Engineered Applications

Nitrogen (N) is an essential nutrient required of all organisms on the planet. In excess, it causes
severe environmental problems. Due to the modern urbanization and the rapid population growth,
the nitrogen cycle has been significantly disturbed within differing ecosystems. Focusing specifically
on imbalances present in an aquatic ecosystem, it is imperative that the wastewater engineering
community addresses the need to conserve energy and resources better by developing more
effective tools for application in wastewater treatment plants. The Academy of Engineers recently
identified nitrogen cycle management as one of the 14 predominant challenges that engineers
need to be addressing in the immediate future. This validates a definite sense of urgency to find
practical solutions for implementation in wastewater treatment plants. In order to determine the
best means for effective nitrogen cycle management, an in-depth examination of disturbances in
the cycle provide an understanding of what is needed to resolve these issues. New findings have
modified the overall nitrogen cycle. Novel pathways of nitrogen transformation were incorporated
with the discovery of new groups of prokaryotes that play an important role in both engineered
and natural ecosystems. For example, recent findings reveal the existence of anaerobic oxidation
of ammonium to dinitrogen gas through nitrite as an electron acceptor. Another recently discovered
pathway is the denitrification process wherein the reduction of nitrite or nitrate is coupled with
oxidation of methane, which is undertaken by a novel enzymatic pathway. An in depth microbial
analysis has revealed that Nitrospira-like species catalyze the process of complete oxidation of
ammonia to nitrate without any intermediate step and provides a unique pathway by redefining
the traditional nitrification process in the biological nitrogen cycle. This presentation will first
provide an overview of the overall N cycle followed by in depth knowledge and importance of
these new N transformation pathways. The presentation will also present results on comprehensive
whole community metagenomics of N transformations in engineered reactors.
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