
Innovative N Removal 

Technologies 



Why we want to remove N? 

• Nitrate in drinking water  Blue-baby 
syndrome 

 

• Nitrogen in water bodies  Eutrophication 

 

• Ammonia & Nitrate  Highly toxic to fish life 

  

•  Because of their negative effects on both 
humans and environment, reducing nitrogen 
levels before the discharge is neccesary.  



How do we remove nitrogen? 
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Single reactor system for High activity Ammonium 

Removal Over Nitrite 



Anammox 

The electron donor is ammonium, the electron acceptor is nitrite. 

Ammonium (ox. state -3) gets oxidised to N2 (0), and nitrite (+3) is 

reduced to N2. 

Autotrophic  avoids the need for addition of a carbon source, 

which is sometimes a cost in conventional systems. 

All original attempts to isolate the responsible microorganism 

failed; organism grows extremely slowly (max = 0.003 h-1), 

probably lives in nature at the oxic/anoxic interface. 









Characteristics of Anammox 

Bacteria 

 

Three anammox bacteria: 

  

• Candidatus ‘Brocadia 

anammoxidans’  

 

• Candidatus ‘Kuenenia 

stuttgartiensis’ 

 

• Candidatus ‘Scalindua sorokini’ 

(found in Black sea) 



Characteristics of Anammox 

Bacteria 
 

• Anammox culture has a brownish-red color, 

probably due to a high cytochrome content 

 





Environmental Factors Affecting Anammox 

Process 

 

• Maximum activity of  Anammox biomass is 

observed between 35 & 40 ºC, while a 

temperature of 45 ºC causes an irreversible 

decrease of the Anammox activity due to 

biomass lysis 
 

   can be successfully operated at 18 ºC.  

     When temperature is decreased to 15 ºC, the 

maximum capacity of the reactor also decreased 

and the system turned unstable due to nitrite 

accumulation  



Environmental Factors Affecting Anammox 

Process 

 

• Ammonia and nitrate do not inhibit the anammox process 

until a certain concentration but anammox bacteria are 

very sensitive to oxygen and nitrite.  
 

•  The process is inhibited by nitrite concentrations higher 

than 20 mM. When the nitrite concentration is more than 

5 mM for a longer period (12 h), anammox activity is 

completely lost.  
 

• Oxygen concentration as low as 20μM inhibit the 

anammox activity completely but reversibly.  
 

• Phosphate has also strong inhibition of Anammox activity 

between the concentrations 5 mM and 50 mM  



Start-up of the Anammox Process 

 

• Because of low biomass yield  Using a system 

that avoids biomass wash-out with the effluent 

and maximises the biomass concentration in the 

system is very important 

 

• Even a slight loss of biomass supposes a delay 

in the time required to obtain the desired loading 

rate. 





Anammox 

Process only known from one species: 

  chemolitho-autotrophic planctomycete Brocadia anammoxidans 

Energy generation: 

  NH4
+ + NO2

-  N2 + 2 H2O 

Carbon fixation: 

  CO2 + 2 NO2
- + H2O  CH2O + 2 NO3

- 

Measured overall growth at r = 0.0014 h-1 (Strous, 2000): 

  1 NH4
+ + 1.32 NO2

- + 0.066 HCO3
- + 0.13 H+  

     1.02 N2 + 0.26 NO3
- + 0.066 CH2O0.5N0.15 + 2.03 H2O 

Known:  

   N2 comes from NH4
+ and NO2

-  

   N in biomass comes from NH4
+  

 









• Anammox process can be used for all types of influents 

with a high ammonium concentration (NH4
+-N > 100 mg/l) 

  

    • Municipal wwtp (rejection water from a sludge digester) 

• Organic solid waste treatment  

    • Food industries 

• Manure processing industries   

• Fertilizer industries 

• (Petro)chemical industries 

• Metallurgical industries 

• Mining industries   

    









SHARON PROCESS 

















The SHARON Process 







Rotterdam WWTP 



CANON 

Completely Autotrophic Nitrogen Removal over Nitrite 



CANON  

• Removes ammonia  
– in a single step 

– Oxygen limited environment 

• CANON process relies on cooperation of 
– Nitrosomonas-like aerobic + Planctomycete-like ANAMMOX bacteria 

– If the balance is disturbedit may interefere with N removal. 

• German researchers call such a single-stage conversion of 
ammonium into molecular nitrogen deammonification 

• Another name for CANON: OLAND (oxygen-limited autotrophic 
nitrification–denitrification 

• Little practical experience is available for the Canon process  
 

• A proper Oxygen condition in a bulk liquid was found as the most 
important factor affecting the process. 

 

 



Canon 

CANON (Completely Autotrophic Nitrogen removal Over Nitrite) 

Cooperation between aerobic and anaerobic ammonium oxidisers under 

oxygen limitation. 

Completely autotrophic  promising opportunity for wastewaters with a 

very low organic carbon content (eg. landfill leachates, aquaculture waste). 

• Ammonium is oxidised to nitrite by aerobic ammonium oxidisers 

(Nitrosomonas, Nitrosospira etc.);                                                            

NH4+ + 1.5 O2  NO2- + 2 H+  + H2O 

• The nitrite produced can be used by anammox;                                                                     

 NH4+  +  1.3 NO­2-   N2  +  2 H2O  

• Overall nitrogen removal by CANON: 

1 NH4+  +  0.75 O2  0.5 N2 + 1.5 H2O + H+ 

Advantages of CANON system; low aeration costs (60% less than 

traditional systems), requires no addition of a carbon source (process is 

autotrophic) and the only end product is N2. 




