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Abstract 

Biological denitrification technology has the advantages of low cost and good effect. The 
development and wide application of anaerobic ammonia oxidation have important 
practical significance for improving the treatment effect of low carbon-nitrogen ratio 
wastewater. In this paper, the source of ammonia nitrogen in wastewater and its harm 
to human body and ecological environment are described. The reaction mechanism and 
application status of anaerobic ammonia oxidation are introduced: the effect of 
anaerobic ammonia oxidation reactor on wastewater treatment. At the end of the paper, 
the summary and Prospect of anaerobic ammonia oxidation process are given. 
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1. Introduction 

China is a country with serious drought and water shortage. The total amount of freshwater 
resources is 280 billion cubic meters, which accounts for 6% of the world's water resources. 
The per capita water resources amount is only 2300 cubic meters. With the rapid growth of 
population and the flourishing development of industry and agriculture, the pollution situation 
of rivers has become more and more serious. The pollution problem caused by various 
wastewater discharge has become increasingly prominent. Among them, excessive discharge 
of ammonia nitrogen will lead to eutrophication of water body. Eutrophication refers to the 
phenomenon that under the influence of human activities, nutrients such as nitrogen and 
phosphorus needed by organisms enter into slow-flowing water bodies such as lakes, rivers, 
lakes and bays, causing rapid reproduction of algae and other plankton, decline of dissolved 
oxygen in water, deterioration of water quality, and mass death of fish and other organisms. 
Nitrogen and phosphorus emissions must be controlled to control eutrophication. 

There are four main forms of nitrogen in wastewater: organic nitrogen, ammonia nitrogen, 
nitrite nitrogen and nitrate nitrogen. When the organic matter in sewage is degraded, the 
organic nitrogen is degraded to ammonia nitrogen. Ammonia nitrogen (NH3-N) refers to the 
nitrogen in water in the form of free nitrogen (NH3) and ammonium salt (NH4+). The harm of 
ammonia nitrogen is mainly divided into two aspects: the impact on human health and the 
impact on the ecological environment. Nitrate and nitrite produced by nitrification of ammonia 
nitrogen in water are harmful to drinking water. Drinking water with high concentration of 
nitrate and nitrite can cause health hazards to human body, and long-term drinking is 
extremely harmful to human body. Free ammonia is the main harmful factor to aquatic 
organisms. Its toxicity is tens of times greater than that of ammonium salts and increases with 
the increase of alkalinity. High ammonia nitrogen makes aquatic organisms in a long-term 
stress state, increases the susceptibility of animals and plants to diseases, reduces growth rate, 
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and reduces reproductive capacity. Acute ammonia nitrogen poisoning hazards are: aquatic 
organisms show hyperactivity, imbalance in water, convulsions, and even death. 

It is found that not only the content of ammonia nitrogen is too high, but also the content of 
organic pollutants is getting higher and higher, and its composition is becoming more and more 
complex. The high concentration of COD in water leads to low dissolved oxygen in water. The 
whole water body presents anaerobic state. The microorganisms in water continue to 
decompose organic matter under anaerobic state. The water body will become black and stinky, 
which seriously affects the environmental state. In the final analysis, the variety and content of 
pollutants in water will destroy the water balance and endanger the natural water body. 

2. Reaction Mechanism of Anaerobic Ammonia Oxidation 

Traditional biological denitrification technology has the advantages of low cost and good effect. 
It mainly consists of two units: nitrification and denitrification. Nitrification unit can use 
ammonia oxidizing microorganism and nitrite oxidizing bacteria to oxidize ammonia nitrogen 
to nitrate nitrogen through nitrite nitrogen under aerobic conditions [1]. The denitrification 
unit can reduce nitrate and nitrous nitrogen to nitrogen by denitrifying bacteria under anoxic 
conditions. Traditional biological denitrification technology is suitable for sewage with low 
carbon-nitrogen ratio, but the sewage treatment with high carbon-nitrogen ratio has poor 
effect. With the increase of pollution, the carbon-nitrogen ratio is getting lower and lower. It is 
urgent to seek new denitrification technology. Among them, anaerobic ammonia oxidation 
technology emerges as the times require. 

Anaerobic ammonia oxidation is a new type of autotrophic biological denitrification process. 
The discovery of anaerobic ammonia oxidation has ended the traditional recognition that 
denitrification is the only way of biological denitrification. Anaerobic ammonia oxidation uses 
anaerobic ammonia oxidizing bacteria to reduce nitrite to nitrogen with ammonia as electron 
donor. Anaerobic ammonia-oxidizing bacteria are attached to anaerobic ammonia-oxidizing 
granular sludge, which exists in the system. Anaerobic ammonia-oxidizing granular sludge is a 
complex mixed bacterial system. Its surface area contains certain oxygen, while the core area is 
anoxic or anaerobic environment [2]. 

Anaerobic ammonia-oxidizing bacteria is a kind of autotrophic bacteria. It does not need any 
organic substances. It mainly exists in the form of biofilm and granular sludge. The main place 
where anaerobic ammonia oxidation occurs is a variety of key enzymes of anaerobic ammonia 
oxidation. The reaction process of anaerobic ammonia oxidation is divided into three steps: the 
first step is the absorption and reduction of nitrite: NO2 -is reduced to NH2OH under the action 
of nitrite reductase; the second step is the synthesis of hydrazine: NO and NH4 + synthesize 
hydrazine N2H4 through the catalysis of hydrazine synthase; the third step is the oxidation of 
hydrazine: hydrazine oxidase.(HZO) oxidizes N2H4 to N2, releasing 4H + and 4e simultaneously 
for the next round of anaerobic ammonia oxidation [3]. 

3. Study on Reaction Conditions Affecting Anaerobic Ammonia Oxidation 

Anaerobic ammonia-oxidizing bacteria are strict anaerobic bacteria with slow growth rate, 
stringent requirements for growth environment, more influencing factors and more complex. 
Salinity is the main factor affecting the structure and distribution of anaerobic ammonia-
oxidizing bacteria community. In addition, temperature, dissolved oxygen, depth, pH and so on 
will affect the anaerobic ammonia-oxidizing bacteria community. Growth and metabolism [4]. 

In the process of cultivation of anaerobic ammonia oxidizing bacteria, the concentration of 
mixed culture directly affects the rate of anaerobic ammonia oxidation. Within a certain range, 
the rate of anaerobic ammonia oxidation increases with the concentration of mixed culture. The 
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nitrogen loading rate in the reactor is related to the biomass in the reactor. The higher the 
biomass, the higher the nitrogen content in the wastewater can be removed. It can be seen from 
the above that ammonia nitrogen and nitrite nitrogen in sewage are the food and energy 
sources of anaerobic ammonia oxidizing bacteria. Ammonia nitrogen and nitrite nitrogen can 
be used as matrix at low concentration, but when the concentration is high, they will become 
inhibitors, obviously inhibiting the growth of bacteria and affecting their growth and metabolic 
process [5]. The effect of PH value on anaerobic ammonia oxidation is mainly realized by its 
effect on organism and matrix. The physiological activities of microorganisms are closely 
related to the concentration of hydrogen ions in the environment. Over-acidity or over-
alkalinity can affect the normal physiological activities of microorganisms. Studies have shown 
that the optimum PH value of anaerobic ammonia oxidation system is around 7.5. At the 
optimum temperature, the physiological activity of microorganisms is strong and vigorous, and 
the proliferation rate is obviously increased. The reaction rate of anaerobic ammonia oxidation 
accelerates with the increase of temperature when the temperature is 15-30 C. However, when 
the temperature continues to rise to 35 C, the reaction rate obviously decreases [6]. In addition, 
hydraulic retention time also affects the anaerobic ammonia oxidation process, and the length 
of hydraulic retention time determines the volume load of the reactor . When the hydraulic 
retention time is short and long, the ammonia removal capacity of the reactor is not high, and 
the general hydraulic retention time is not less than 0.4 days. 

It is worth mentioning that when the anaerobic ammonia oxidation reactor is used to treat 
wastewater containing COD, the removal efficiency of ammonia nitrogen will gradually 
decrease with the increase of COD. In anaerobic ammonia oxidation system, with the increase 
of organic concentration, heterotrophic denitrifying bacteria in water will compete with 
anaerobic ammonia oxidizing bacteria as substrates. The dominant bacteria in the system will 
change from anaerobic ammonia oxidizing bacteria to denitrifying bacteria, and the main 
population of anaerobic ammonia oxidizing bacteria will also change. Studies have shown that 
the activity of anaerobic ammonia-oxidizing bacteria is significantly inhibited when the influent 
COD is more than 300 mg/L. 

4. Application Status of Anaerobic Ammonia Oxidation Reactor for 
Wastewater Treatment 

Since the discovery of anaerobic ammonia oxidation, its application has been widely applied. 
The types of wastewater treated are also varied, and the treatment effect is good. Anaerobic 
ammonia oxidation process can be divided into two types: split reactor and integrated reactor. 
The integrated process mainly includes CANON process, OLAND process and DEMON process. 
The process of anaerobic ammonia oxidation for wastewater treatment is mainly carried out in 
anaerobic ammonia oxidation reactor. The sewage is pumped from the inlet to the bottom of 
the reactor by a peristaltic pump, and gradually rises from the bottom. It flows through the inlet, 
reaction, separation, precipitation and effluent of the reactor in turn. 

Lin Qiujian [7] set the reaction temperature at 35 degrees Celsius and the total volume of the 
reactor at 7 liters. The influent was simulated wastewater. In the start-up stage, the influent 
nitrogen concentration was 320 mg N/L to 686 mg N/L, the corresponding nitrogen volume 
load was 2.4 to 5.1 kg N/(m3.d), and the influent nitrogen concentration was 686 mg N/L in the 
stable operation stage. After 62 days start-up, anaerobic ammonia-oxidizing bacteria were 
cultured. The removal rate of ammonia-nitrogen was 98.8-100%, and the treatment efficiency 
was high. The sludge tested by Li Cong [8] was taken from the autotrophic anaerobic ammonia 
oxidation sludge which had been cultured in the laboratory. The effective volume of the reactor 
was 2.3L and was wrapped in black cloth to prevent the inhibition of light on the mixture of 
anaerobic ammonia oxidation bacteria. According to the experimental results, the optimum PH 
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value of anaerobic ammonia oxidation system is about 7.5, the optimum temperature is about 
30 C, and the removal rate of ammonia nitrogen is 86.68% when the influent ammonia nitrogen 
is 100 mg/L, and the effluent PH is about 8.7. The removal effect is good. Wu Ruijie [9] 
inoculated sludge from gravity concentration tank of sludge plant with filamentary packing in 
an upflow fixed bed reactor. The dissolved oxygen in the reactor was controlled to be 0.5 mg/L 
and the temperature was about 37 C. The influent ammonia nitrogen and nitrate nitrogen were 
0.05 and 0.066 kg/ (m.d), respectively. The start-up of anaerobic ammonia oxidation was 
realized after 72 days continuous operation under this load. The removal rates of ammonia 
nitrogen and nitrate nitrogen can reach 100% in the late stable stage of start-up stage. 

5. Conclusion 

Usually, the composition and treatment process of wastewater are complex. Biological 
treatment technology has low cost and good effect, but its reaction conditions are difficult to 
control. For anaerobic ammonia oxidation reaction, the limitation of COD concentration is also 
an important issue. Using anaerobic ammonia oxidation to treat wastewater, the general result 
is that the removal rate of ammonia nitrogen is higher and the removal effect is better, which is 
an important link to ensure that the effluent after subsequent treatment meets the standard. 
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