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Effects and Mechanisms of Denitrification Driven by Different Types of Electron Donors
Jingjing Wang
Guizhou Minzu University

[Abstract] As water pollution issues are getting increasingly severe and the urgent need for ecological
environmental protection is arising, it is imperative to enhance the removal efficiency of nitrate nitrogen from
wastewater, which has become a major constraint in nitrogen removal. By adding organic electron donors and
inorganic electron donors, this study compares the effects of two types of electron donors on the removal
efficiency of nitrate nitrogen, triggering autotrophic denitrification and heterotrophic denitrification processes,
respectively. The results indicate that organic electron donors significantly enhance the abundance of functional
genes (such as narG, nirK, and nosZ) throughout the denitrification process, achieving more efficient
denitrification rates and nitrate nitrogen removal efficiency (over 50%). Their sustained electron supply
capability and carbon source characteristics drive the succession of microbial communities related to organic
carbon degradation. Despite inorganic electron donors can activate the expression of early denitrification genes,
the intermittent electron supply and oxidative microenvironment lead to an incomplete denitrification process,
ultimately resulting in the accumulation of nitrite nitrogen. The denitrification rate and nitrate nitrogen removal
efficiency are significantly lower than those of the organic electron donor experimental group, but the oxidative
processes of some inorganic electron donors can drive the chemical adsorption of phosphorus (with phosphorus
removal efficiency increased by over 20%), demonstrating a synergistic removal characteristic for nitrogen and
phosphorus. The addition of inorganic electron donors significantly enriches the functional community of
oxidizing bacteria. Therefore, organic donors remain the preferred strategy for enhancing denitrification and
nitrogen removal, while inorganic donors need to optimize electron transfer systems to improve the
completeness of the denitrification process. Their multi—pollutant synergistic removal characteristics offer new
technological directions for wastewater treatment.
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