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Abstract 

Phosphorus and nitrogen are important elements, making a major contribution to agricultural and 

industrial development, but their release to natural water bodies are the main causes of eutrophication. 

Anaerobic digestion yields effluents rich in ammonium and phosphate and poor in biodegradable 

organic carbon, thereby making them less suitable for conventional biological nitrogen and phosphorus 

removal. In addition, the demand for fertilizers is increasing, energy prices are rising and global 

phosphate reserves are declining. This requires both changes in wastewater treatment technologies and 

implementation of new processes. In this contribution the combination of an ureolytic MAP 

(Magnesium Ammonium Phosphate) precipitation and a single reactor  autotrophic nitrogen removal  

process is implemented on the effluent of an anaerobic digestor of a potato processing company. In this 

way a more sustainable and cheaper method than conventional wastewater treatment processes was 

developed. It was shown that phosphorus could be recuperated as struvite and that the exogenous  

nitrogen from the ureolytic process could be removed simultaneously with the endogenous nitrogen 

from the anaerobic effluent by an autotrophic process. Further research is however necessary to scale 

up the autotrophic nitrogen removal reactor so that it can treat all the effluent of the ureolytic phosphate 

precipitation.  
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Introduction 

Nowadays, anaerobic digestion plants are being developed that minimize energy 

consumption, CO2 emission and sludge production. However, these systems typically 

yield effluents rich in ammonium and phosphate and poor in biodegradable organic 

carbon, thereby making them less suitable for conventional biological N- and P- 

removal.  

Global phosphate reserves are declining and occur exclusively as phosphate ore. 

Through an increasing reliance of many industries on phosphate, there is a growing 

necessity for sustainable phosphate management. Phosphate recovery as struvite or 

magnesium ammonium phosphate (MAP) is becoming an important issue because it 

permits phosphate recycling in the fertilizer industry since struvite is known as a slow 

release fertilizer.  

Ureolytic phosphate precipitation (UPP) is a new method for phosphate removal 

(Meesschaert et al., 2006; Desmidt et al., 2009) which however introduces extra 

ammonium in the system. The Autotrophic Nitrogen Removal (ANR) process, a new 

and alternative method for nitrogen removal, consumes 63% less oxygen and 100% 

less biodegradable organic carbon when compared to the conventional nitrification 

and denitrification process and therefore has a lower operating cost (Verstraete and 

Philips, 1998). 
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The combination of anaerobic digestion, ureolytic phosphate recovery by 

precipitation as struvite and nitrogen removal with the ANR process is proposed as a 

more sustainable and cheaper method than the conventional wastewater treatment 

processes in which phosphate is not recuperated.  

In this contribution we investigate the removal of both the endogenous ammonium 

in the effluent of an USAB of a potato processing company and the ammonium 

derived from the ureolytic phosphate precipitation. The Autotrophic Nitrogen 

Removal process was tested in a single reactor system also known as the OLAND 

(Oxygen Limited Autotrophic Nitrification Denitrification) process (Kuai and 

Verstraete, 1998).  

 

Material and methods 

Experimental set-up 

The ureolytic phosphate precipitation was tested at lab-scale on anaerobic effluent of 

a potato processing company (Agristo NV, Harelbeke, Belgium). Before the 

wastewater was fed to the crystallization reactor, where struvite precipitation 

occurred, air stripping was applied to increase the pH. Urea (1.5 %) was dosed to 

anaerobic sludge in an urease breeder (figure 1), with a working volume of 1 L. The 

hydraulic retention time of the sludge was 2 days. Due to bacterial urease activity, the 

overflow to the crystallization reactor (built according to BNB EN ISO 11733; 

working volume of 3.7 L) resulted in an increase in pH and ammonium concentration. 

The hydraulic retention time of the wastewater in the crystallization reactor varied 

between 6 and 7 hours. The addition of MgCl2.6H2O (2 %) to the reactor and the 

presence of the ammonium (derived from the ureolysis and endogenous to the waste 

water) and phosphate resulted in the precipitation of struvite according to the 

following reaction: 

Mg
2+

 + NH4
+
 + HPO4

2-
 + OH

- 
+ 5H2O  MgNH4PO4.6H2O +2H

+
                           (1) 

The effluent from the crystallization reactor was directed to a decanter, where 

separation between the effluent and the sludge occurred.  

 

 
 

Figure 1.1 Schematic overview of the ureolytic phosphate precipitation 

 

The autotrophic nitrogen removal process was operated in one single reactor. 

Therefore Anammox bacteria were enriched from conventional sludge of a vegetable 

processing company (Unifrost NV, Koolskamp, Belgium) in a continuous lab-scale 

reactor with a volume of 3,7 L, filled with carrier material which consisted of poly-

urethane. In the middle of the carrier material a glass tube was provided, making 



mixing and feeding at the bottom of the reactor possible. The effluent was drained off 

at the upper side of the reactor. The reactor was continuously mixed with a 

mechanical stirrer and kept at a temperature of 35 °C. To enrich the Anammox 

bacteria the reactor was first fed with synthetic medium according to Van de Graaf et 

al. (1996). The media was fed to the reactor with a hydraulic retention time (HRT) of 

40 hours. After 3 months of operation with synthetic wastewater, the Anammox 

reactor was fed with the effluent of a continuous partial nitritation reactor. By feeding 

the Anammox reactor with the effluent of the partial nitritation (without sludge 

retention), some sludge of the partial nitritation was caught in the carrier material of 

the Anammox reactor leading to a co-culture of micro-organisms. From that point on 

the effluent of the ureolytic phosphate precipitation was fed to the reactor where the 

autotrophic nitrogen removal process proceeded (OLAND reactor). Due to the slow 

growth rate of the Anammox bacteria, only a part (1/6) of the effluent of the ureolytic 

phosphate precipitation was fed to the OLAND reactor. An upscale of the reactor to a 

volume of 20 L or a higher flow rate would be necessary to treat all the effluent of the 

ureolytic phosphate precipitation.  

 

Analytical methods 

The pH was measured with a pH meter (Mettler Toledo seven multi). Dissolved 

oxygen was measured with an oxygen meter Oxi 315 (WTW). Ammonium and 

magnesium were determined with a Dionex DX-100 chromatograph equipped with a 

conductivity detector. Phosphate, nitrite and nitrate were measured with a Dionex 

series 4500i ion chromatograph equipped with a conductivity detector. Inorganic 

carbon (IC) was analyzed by a Shimadzu total carbon analyzer TOC-VCPN. The 

crystals formed in the ureolytic phosphate reactor were examined and identified by 

XRD, using a Stoe Stadi P unit with Cu Kα radiation at 0.1541 nm with an image plate 

as detector.  

 

Results and discussion 

After phosphate precipitation (Table 1) the ammonium was removed by the 

autotrophic nitrogen removal process in one single reactor. During the experiments 

the nitrogen removal efficiency was 65 ± 8 %, resulting in a final effluent 

concentration of 37 ± 12 mg.L
-1

 N. The nitrogen loading rate of the reactor was 93 ± 

17 mg.L
-1

.d
-1

. To couple both UPP and OLAND process the nitrogen loading rate will 

have to be increased to 1500 mg.L
-1

.d
-1

. Therefore an up scaling of the OLAND 

process or an increase in flow rate is necessary. 

  
Table 1.1 Typical characteristics of the influent and effluent of the ureolytic phosphate precipitation 

 

 

 

 

 

 

 

 

 

According to the reaction (Sliekers et al., 2002) given below, 0.11 mole nitrate should 

be produced per mol ammonium consumed: 

NH4
+
 + 0.85 O2 → 0.11 NO3

-
 + 0.44 N2 + 1.44 H2O + 1.14 H

+
                                  (2) 

Parameter Influent UPP
* 

Effluent UPP
*
 

pH 7.9 ± 0.2 8.3 ± 0.1 

NH4-N (mg.L
-1

) 214 ± 57 240 ± 52 

Mg
2+ 

(mg.L
-1

) 37 ± 10 157 ± 27 

IC
*
  (mg.L

-1
) 345 ± 92 403 ± 109 

*
IC = Inorganic carbon 

*
UPP = Ureolytic phosphate precipitation 

 



The molar ratio of NO3,produced/NH4,consumed however was 0.05 ± 0.01 (figure 1), which 

is somewhat lower than the overall OLAND stoïchiometry predicts (figure 1, red 

line). This may indicate that the process went in combination with some 

denitrification. 

 

 
Figure 1.2 Nitrogen loading rate (■) and nitrogen removal rate (■) of the Autotrophic Nitrogen 

Removal process in one reactor and molar ratio of NO3,produced/NH4,consumed (□), theoretical molar ratio of 

NO3,produced/NH4,consumed (red line). 
 

Also according to equation (2) the pH should decrease during the autotrophic 

nitrogen removal process. Most of the time, the pH indeed decreased a little, from 8.1 

to 8.0. However in other cases no pH decrease was observed. The high inorganic 

carbon concentration in the wastewater explains the buffering capacity of the 

wastewater treated in this experiment. 

The results obtained during this experiment show that it is possible to apply a ‘one 

reactor’ autotrophic nitrogen removal process (OLAND), in combination with 

ureolytic phosphate removal, on the effluent of an USAB of a potato processing 

company. This process will remove both the endogenous ammonium and the 

ammonium derived from the ureolytic phosphate precipitation. Further research is 

however necessary to obtain a higher nitrogen removal efficiency. To couple both P 

and N removal an up scaling of the OLAND reactor is necessary. 
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