Impact of dissolve and nitrite on nitrite denitrification phosphorus removal and simultaneous nitrification endogenous denitrification system
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INTRODUCTION
Efficient nitrogen (N) and phosphorus (P) removal has been regarded as a crucial issue with the serious increase in the eutrophication phenomenon (Barbosa et al. 2020). Nowadays, there remains con-cerns over widely applied conventional biological nitrogen removal (BNR) processes, such as excess oxygen and organic carbon demands. Denitrifying phosphorus removal process has been considered as an attractive alternative method for simultaneous P and N removal in anoxic environments using NOx--N (NO3--N, NO2--N) as electron acceptors (Winkler et al. 2011). In the nitrite denitrifying phosphorus removal (nDNPR) process, partial denitrifying phosphorus accumulating organisms (DPAOs) utilized NO2--N as the electron acceptor and intracellular endogenous carbon as the carbon source for anoxic phosphorus uptake (Wu et al. 2020). Besides, in P removal systems, glycogen accumulating organisms (GAOs) were detected to co-exist with PAOs (Torà et al. 2010). Studies found that GAOs had the ability of denitrification since they could reduce NO3--N or NO2--N in wastewater (Wang et al. 2015). It was found that GAOs could store biodegradable organics as polyhydroxyalkanoates (PHAs) under anaerobic conditions, and in the aerobic condition PHAs were used as carbon sources for simultaneous nitrification and endogenous (partial) denitrification (SNED) process (Du et al. 2019). In the SNED process, ammonia oxidizing bacteria (AOB) as well as nitrite oxidizing bacteria (NOB) can oxidize ammonia to NO2--N or NO3--N through (partial) nitrification process, and at the same time with the existence of GAOs, NO2--N or NO3--N could be reduced to nitrogen gas (N2). Different from traditional simultaneous nitrification and denitrification (SND) process, GAOs instead of traditional denitrifying bacteria (DNB) which avoided the addition of external carbon source. It is meaningful to couple nDNPR with SNED process for simultaneous removal of N, P and COD especially in low energy wastewater treatment. The objective of this study was to investigate the effect of DO and nitrite on nutrient removal performance and microbial community structure of nDNPR-SNED system.
MATERIALS AND METHODS
Wastewater and inoculation sludge
Wastewater fed in nDNPR-SNED system was collected from a secondary sedimentation tank in a wastewater treatment plant in Qingdao, China. The main influent substrates were as follows: COD 195.3-307.2 mg/L, NH4+-N 38.6-79.2 mg/L, NO2--N <1.0 mg/L, NO3--N <1 mg/L, PO43--P 3.3-8.4 mg/L, and TN 39.2-79.4 mg/L. Inoculation sludge was collected from a simultaneous nitrification, denitrification, and phosphorus removal (SNDPR) system with stable performance of phosphorus and nitrogen removal.
RESULTS AND DISCUSSION
DO and nitrite concentration impact on nutrient removal in the nDNPR-SNED system
In the anerobic stage a proper nitrite concentration could proliferate PAOs, resulting in a competitive disadvantage of GAOs in COD anaerobic utilization. Due to COD stored by GAOs was limited which also led to a poor SNED performance in the following aerobic stage. The higher NO2--N concentration was higher than 1.68 that of the theoretical nDNPR process demand, and the residual NO2--N could be used by GAOs to conduct partial denitrification. A higher DO concentration might explain the fluctuation of SNED efficiency at the aerobic stage between 13.2 and 46.6 % since high DO concentration was unfavorable for SND. After the aerobic stage, NO2--N and NO3--N in the effluent were 4.1 and 9.3 mg/L, respectively. The residual NO --N led to the increase in COD at the following anaerobic stage (from 11.8 to 25.1 mg/L) and COD efficiency was below 56.4 %.x	dn	ins

Composition and dynamics of the functional microbial community involved in the nDNPR-SNED system
As demonstrated in Fig.2, on the day 120, genus Thauera related to the addition of nitrite concentration at the anoxic stage since it was considered has the ability of P uptake under anoxic condition. Simultaneously, the functional organisms of PAOs with the genera of Acinetobacter and Candidatus_Accumulibacter were found related to DO concentration on the day 120. And Candidatus_Microthrix deemed as DPAOs was related to the increase of nitrite concentration at the anoxic stage on the day 200. It is valid to consider that Candidatus_Microthrix could utilize nitrite to conduct P uptake under anoxic stage. The genus Zoogloea was found as the denitrifiers which could conduct PHA accumulation. Moreover, GAOs (genera in Candidatus_Competibacter and Defluviicoccus) were related to the nitrite concentration. Besides, NOB could be eliminated through reducing DO concentration. It might be concluded that via raising the concentration of nitrite, competitive advantage of GAOs would be enhanced under aerobic condition.
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Fig.1. Classification and relative abundance of key functional bacteria involved at genus level.
CONCLUSIONS
Comparing with traditional nitrogen and phosphorus removal biotechnology, the nDNPR-SNED system could achieve further N and P elimination in cost-effective way. Low DO centration could contribute to the achievement of SNED. Dechloromonas and Rhodobacter deemed as DPAOs were related to the increase of nitrite concentration.
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