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Abstract. Nitrogen components removal in wastewater treatment is an updated process that 

needs a continuous contribution of research.  Traditionally, ammonium is removed by two 

biological ways, denitrification and nitrification.  Here, it became necessary to suggest 

sustainable alternatives to control wastewater treatment strategies. In this work, a single reactor 

of high ammonium removal over nitrite process was operated, in which ammonium-oxidizing 

bacteria was used to convert ammonium to nitrite without sludge retention. The system was 

operated at aerobic conditions and a moderate temperature, at which the higher percentage of 

the desired ammonium oxidizer bacteria (AOB) over the undesired nitrite oxidizers bacteria 

(NOB) was achieved. The reactor was tested in a pilot plant scale to treat municipal wastewater 

with an average influent ammonium concentration value of 147.6 mg/l, flow rate 4.5 l/hr, 

hydraulic retention time (HRT) 24 hr, temperature 30-35 ºC, dissolved oxygen (DO) 

concentration 3.7 mg/l, and pH range 6.0–9.0.  Removal efficiencies of 65 and 90 % were 

achieved for ammonium and nitrite, respectively. The Single reactor system is particularly 

suitable for the treatment of wastewater that contains high ammonium, giving 25% savings of 

the required oxygen to achieve complete nitrification. 

Keywords: Nitrite accumulation; Nitrification; Denitrification; Nitrogen removal; Partial 

nitrification 

1. Introduction 

Freshwater resources have become precious with the increase in water demand due to the increase in 

world population and climate change. Municipal wastewater represents a suitable resource of water for 

different purposes such as irrigation, industry, and livestock consumption, if it is efficiently and 

economically treated [1], [2]. Typically, municipal wastewater contains nitrogen compounds in the 

form of ammonium (NH4+), nitrite (NO-2), and nitrate (NO-3) ions that are generated from urea and 

fecal materials [3],[4].  Nitrogen compounds can harmfully affect the environment and organisms if 

they present in concentrations higher than their standard limits. This may cause dissolved oxygen (O2) 

depletion, toxicity, eutrophication, and water aesthetic quality and odor deterioration [5], [6]. 

While traveling through sewer pipes, the majority of the raw sewage nitrogen is converted from 

organic-nitrogen to ammonia through a process called hydrolysis. In general, nitrogen compounds are 

removed from municipal wastewater by merging two processes (i.e. nitrification and denitrification) 

into a single step. Nitrification is the biological conversion of ammonium (NH4+) to nitrate (NO3-) and 

then nitrogen (N2), while denitrification represents the process of converting nitrate (NO3-) to nitrite 
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NO2-), then nitrous oxide (NO2), then nitric oxide (NO), and lastly to nitrogen gas (N2). Further details 

about these processes and the intermediate steps can be found elsewhere [7], [8]. 

Recently, the nitrification/denitrification process is commonly used to treat wastewater because of 

its well-known basics and operation [9], [10].  For instance, in the Netherlands, a plant of wastewater 

treatment was built to conduct the two steps (i.e. nitrification and denitrification) in a single reactor 

[11]. Such a process has the advantages of using less oxygen and organic carbon and reducing the 

reactor volume [12]. As a result, greater denitrification and reduced sludge production rate is obtained 

comparing with the traditional method [13],[14], which also means less energy consumption and 

higher efficiency [15]. 

In this method, NH4+ is oxidized at aerobic conditions to NO2- (Nitrification) and the produced 

NO2- denitrified to N2 gas under anoxic conditions. This process works at moderate temperatures 

(higher than 25 0C), at which a higher rate of the desired AOBs than that of the undesired NOBs is 

achieved. At a temperature of 35 0C, the production rate of the NOBs is nearly half the AOBs [9], 

[10]. 

In this research, the single reactor system was applied to treat Iraqi municipal wastewater. A pilot-

plant single reactor system was operated to treat a real wastewater feed that was collected from a 

sewer line. Nitrogen removal via this process can be illustrated by the following pathway: 

NH4
+ → 𝑁𝑂2

− → 𝑁2 

 The performance of the process was tested under different operating conditions such as 

pH, temperature, and dissolved oxygen. 

2. Materials and Methods 

2.1. Materials 

Table. 1 presents the feed characterization that was used throughout the experimental period.  

Wastewater was collected in a 500-liter tank and pumped into the reactor at the rate of 4.5 l/hr. The 

feed wastewater that was used in this study, was collected on a daily basis from a sewer line at the 

Ministry of Science and Technology. 

2.2. Analytical methods  

Wastewater samples were taken from the inlet feed and inside the reactor. The pH was measured using 

WalkLAB TL9000 pH meter and the dissolved oxygen (DO) was determined using WalkLAB DO 

meter. The concentration of nitrite, ammonium, nitrate, and Chemical Oxygen Demand (COD) were 

determined by Hach photometric DR3900 spectrophotometer. Mixed liquor suspended solids (MLSS) 

were measured by direct weight method according to the standard methods [11]. 

Calculation of the efficiency of the concentration reduction  

Concentration reduction efficiency = (Cin – Cout /Cin)* 100% 

Where  

Cin: inlet sample concentration (mg/liter), 

Cout: outlet sample concentration (mg/liter). 
 

Table 1. Analysis of the feed waste water. 
 

Analysis Concentration (mg/L) 

MLSS 500  

BOD5 300 - 350  

COD 500  

NH4 100-160  

pH 7.5 – 8.5 
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2.3.  The pilot-plant  

The process was operated in a pilot-scale (10 L) CSTR with an approximate hydraulic residence time 

of 1 day. The reactor was run in rounds of 120 minutes in which 80 minutes aerobic and 40 minutes 

anoxic. The experimental system diagram and real picture were illustrated in figures 1 and 2, 

respectively.  The wastewater was supplied to the system using a peristaltic pump while air was 

delivered through diffusers placed at the base of the reactor. The system was connected to an online 

monitoring system to track the temperature, dissolved oxygen, and pH. 

 
Figure 1. Diagram of the short-cut nitrification process. 

 2.4.   Experimental conditions  

Sludge retention time (SRT) was maintained at around 1 day by observing the hydraulic retention time 

(HRT), levels in the reactor and the effluent. A rotameter was used to adjust the airflow level to 

control the aeration rate. The pH was controlled by adding the acidic and basic mixtures. Feed flow 

rate was adjusted at 450 ml/hr, resulting in an HRT of 24 h. All experiments were done at a 

temperature range of 30–35 0C. The high temperature has another advantage, the optimum growth 

temperature of AOB and NOB are different. Nitrification and denitrification shortcuts need higher 

appropriate temperatures (30-35℃), in which AOBs grow sufficiently fast to stay in the reactor, while 

the NOBs are washed out [13]. 

 

 
Figure 2. Photograph of the pilot-plant system. 



2nd International Conference on Sustainable Engineering Techniques (ICSET 2019)

IOP Conf. Series: Materials Science and Engineering 518 (2019) 022024

IOP Publishing

doi:10.1088/1757-899X/518/2/022024

4

 

 

 

 

 

 

3. Results and Discussions 

3.1. Effect of pH  

Figure 3 illustrates the ammonium removal and nitrite accumulation at various pH levels. It can be 

noticed that at pH lower than 5, there was no significant change in both variables. At pH of 5.5 and 

higher, ammonium removal efficiency and nitrite accumulation sharply increased until the pH reached 

7-7.5.  Further increasing in pH leads to decrease the process performance.  The optimum pH valued 7 

with NH4-N removal efficiency of 64.7 %, while the nitrite accumulation rate was 82.7 mg/lit at a pH 

of 7.5.  
The decrease in pH had a great effect on the shortcut nitrification in the reactor; the suitable pH 

ranges for AOB and NOB were 7.0~8.5 and 6.0~7.5, respectively. The decrease in pH destroyed the 

proper growing environment for the AOB and affected its activity [15]. These findings agree with 

Suthersan and Ganczarcczyk [17]. 

 

 
Figure 3. Nitrite accumulation and ammonia removal at various pH levels. 

3.2. Effect of DO concentration 

The effect of DO concentration on the nitrite accumulation and ammonium removal is presented in 

Figure 4. It can be seen that the nitrite accumulation increased with the increase of DO concentration 

up to 3.7 mg/l but stabilized as DO concentration increased more than 3.7 mg/l. At this value of DO 

concentration, the nitrite accumulation reached its maximum value of 100 mg/L. Similar results were 

reported by Yongzhenet al. [13]. The removal efficiency of ammonium reached its higher value at DO 

concentration to 5 mg/l. Based on the reactions involved in this process, this accumulation indicates a 

20% decrease in the O2 delivery for nitrification, resulting in economic advantage. 
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Figure 4. Nitrite accumulation and ammonia removal at different DO concentrations. 

 
3.3. The change of N compounds with time 

Change of concentration in ammonium at the influent and the effluent streams with time during the 

nitrification cycle is shown in Error! Reference source not found.. Also, it reveals the nitrite 

accumulation with the time of the experiment. The influent ammonium concentration was in the range 

of 130–170 mg/l, with an average value of 147.6 mg/l. The average effluent ammonia was about 63.7 

mg/l and the average ammonium removal efficiency was about 59%. Nitrate accumulation was in the 

range of 75 to 90 mg/L. These results agree with Van Dongen et al. findings [14]. 

 

 
Figure 5. Variation of ammonium change and nitrite accumulation during the nitrification cycle. 

Figure  demonstrations the change nitrite concentration during Anoxic cycle at the influent and the 

effluent streams with time. Nitrite concentration at the influent stream was in the range of 30–100 

mg/l, while the effluent of nitrite was about 1–5 mg/l. The removal efficiency was about 95% which 
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indicates that N2 could be totally removed by the NO2
- pathway. This increase confirmed the 

advantages of short-cut nitrification and denitrification in handling municipal wastewater. 

 

 
Figure 6. Change in Nitrite concentration during Anoxic cycle (Denitritation). 

 

4. Conclusions 

This paper revealed that removing N2 via NO2
- from municipal wastewater is achievable at a 

temperature (30–350C) in a pilot- plant and the following findings can be stated here:  

1- Major nitrite accumulation was measured at the low DO concentration range of 2–5 mg/l and 

the maximum nitrite accumulation ratio of around 90% observed at a DO concentration of 3.7 

mg/l. 

2- Complete nitrification was observed in the pH range of 6.0– 9.0, while it was inhibited when 

pH was lower than 6.0 and higher than 9.0. 

3- High ammonium removal can be reached even at a low DO concentration. 

4- There was no influence of the suspended solids in the wastewater as the process functions 

without sludge retention.  

5- The reduction in the oxygen demand was about 25 %. 

References 

[1]   Ren Y, Yan L, Hao G, Zhang X,Wen Y, Guo Y and Chen Z 2016, Shortcut Nitrification 

Treatment of High Strength Ammonia Nitrogen Wastewater by Aerobic Granular Sludge J. 

Chem. Soc. Pak. 38.  

[2]   Rittmann B, McCarty P L 2001 Environmental biotechnology: principles and applications 

McGraw-Hill New York.  

[3]    Purwono  A, Rezagama M, Hibbaan M, Budihardjo 2017 Ammonia-Nitrogen (NH3-N) and 

Ammonium-Nitrogen (NH4
+-N) Equilibrium on The Process of Removing Nitrogen By Using 

Tubular Plastic Media J. Mater. Environ. Sci. 8 4915-4922. 

[4]    Chung J, Shim H, Park S, Kim S, Bae W 2006 Optimization of free ammonia concentration for 

nitrite in shortcut biological nitrogen removal process Bioprocess Biosyst. Eng. 28 275–282. 

[5]   Houa J, Xiac L, Maa T, Zhanga Y, Zhoud Y and He X 2017 Achieving short-cut nitrification and 

denitrification in modified intermittently aerated constructed wetland Bioresource Technology 

232 10-17. 

[6]   Kim D, Lee D, Jrg K 2006 Effect of temperature and free ammonia on nitrification and nitrite 

accumulation in landfill leachate and analysis of its nitrifying bacterial community by fish 

BioSource Technology 97 459–468. 

[7]  Siegrist H, Reithaar S, Lais P 1998 Nitrogen loss in a nitrifying rotating contactor treating 

ammonia rich leachate without organic carbon Water Sci Technol 37 589–591 . 

[8]   Pollice A, Tandoi V, Lestingi C 2002 Influence of aeration and sludge retention time on ammonia 

oxidation to nitrite and nitrate Water Res 36 2541–2546. 

0

20

40

60

80

100

120

0 10 20 30 40

N
it

ri
te

 c
h

an
ge

 (
m

g/
L)

Time (Day)

Nitrite infflunet Nitrite efflunet



2nd International Conference on Sustainable Engineering Techniques (ICSET 2019)

IOP Conf. Series: Materials Science and Engineering 518 (2019) 022024

IOP Publishing

doi:10.1088/1757-899X/518/2/022024

7

 

 

 

 

 

 

[9]   Gilbert E, Agrawal S, Brunner F, Schwartz T, Horn H, Lackner S 2014 Response of different 

Nitrospira species to anoxic periods depends on operational DO. Environ. Sci. Technol. 48 

2934-2941. 

[10]   Van M L, Jetten M 1998 Microbiological conversions in nitrogen removal Water Sci Technol 38 

1–7.  

[11]    Carrio L, Sexton J, Lopez A, Gopalakrishnam K, Sapienza V 2003 Ammonia-Nitrogen 

Removal from Centrate, 10 years of testing and operating experience in New York City 

WEFTEC 2003 - Session 42: Municipal Wastewater Treatment Processes, Water Environment 

Federation. 

[12]   Ruiz S, Jeison G, Chamy D 2003  Nitrification with high nitrite accumulation for the treatment 

of wastewater with high ammonia concentration Wat Res 37,1371–1377. 

[13]  Hellinga C, Schellen A, Mulder J 1998 The SHARON-process: an innovative method for 

nitrogen removal from ammonium-rich wastewater Water Sci Technol, 37,135–142. 

[14]  Van V D, Jetten M,Van L M 2001 The Sharon-anammox process for treatment of ammonium 

rich wastewater Water Sci Technol 44 ,153–160. 

[15]   Liu Y, Shen J, Lian X, Li N and Li G 2018 Shortcut Nitrification and Denitrification in MBBR 

controlled by Inhibitor Materials Science and Engineering 392 32-28. 

[16]   APHA, AWWA 1995 Standard methods for the examination of water and wastewater, 19th 

edition. American Public Health Association/American Water Works Association Washington. 

[17]   Suthersan S, Ganczarcczyk J 1986 Inhibition of nitrite oxidation during nitrification-Some 

observations Water Pollut Res J 21 257–266. 

[18]  Yongzhen P, Shouyou G, Shuying W, Lu B 2007 Partial Nitrification from Domestic Wastewater 

by Aeration Control at Ambient Temperature Chin. J. Chem. Eng. 15 115-121. 

 

 


