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SAMMANFATTNING 

För närvarande finns det ett ökande behov av att behandla avloppsvatten på ett 
hållbart sätt och striktare lagstiftning för utgående avloppsvattens kvalitet har införts i 
många länder. Vid konventionella avloppsverk utgör ofta avlägsnande av kväve ett 
kritiskt steg. En ny biologisk process för avlägsnande av ammonium ur avloppsvatten 
kallad anammox (Anaerobic Ammonium Oxidation) har nyligen utvecklats till en 
lovande möjlighet för behandling av avloppsvatten med en låg C/N-kvot. Partiell 
nitritation följd av anammoxprocessen synes vara ett utmärkt alternativ till traditionell 
nitrifikation/denitrifikation.  

En studie genomfördes under sex månader vid Hammarby Sjöstads forskningsstation 
lokaliserad i Stockholm. Drift av en-stegs process med deammonifikation skedde i två 
olika systemutformningar i laboratorie- och pilotskala. Studierna genomfördes med 
syfte att bestämma olika parametrar på processresultat. Analyser på kväveformer, 
alkalinitet och COD genomfördes regelbundet.  

Reaktorerna i laboratorieskala drevs i serie för att sedan drivas parallellt och med olika 
strategier med intermittent luftning. Detta resulterade i en högre effektivitet för 
avlägsnande av kväve. Ett starkt  samband erhölls mellan konduktivitet och halt av 
oorganiskt kväve för inkommande och utgående flöde. Diskontinuerliga 
laboratorieförsök genomfördes dessutom för att bedöma bästa möjliga strategi för 
luftningen för partiell nitritation följd av anammoxprocessen. Halten löst syre och 
bildningshastigheten för nitritationen synes vara de begränsande faktorerna för 
anammoxreaktionen vid användning av en-stegsteknik. Aktivitetstester baserade på 
kvävgasbildning genomfördes för att bestämma potentiella specifika 
anammoxaktiviteten med syfte att jämföra hastigheten för att avskilja kväve vid 
deammonifikationsprocessen. Bakterieaktivitet vid olika temperaturer har även 
studerats. 
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 “What we know is a drop of water, what we ignore is the ocean” 

Isaac Newton 
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ABSTRACT 

Nowadays there is an increasing need to treat wastewater in a sustainable way and 
stricter legislation for the quality of effluent is being introduced in many countries. In 
conventional wastewater treatment plants, nitrogen removal often represents a critical 
step. A new biological process for ammonium removal from wastewater called 
Anammox (Anaerobic Ammonium Oxidation) has recently emerged as a promising 
option for the treatment of wastewater with low C/N ratio. The partial nitritation   
followed by Anammox process seems to be an excellent alternative for traditional ni-
trification/denitrification. 

A six month study was performed at Hammarby Sjöstad Research Station located in 
Stockholm. One-stage Deammonification process operation was evaluated in two di-
fferent system configurations in laboratory scale and in pilot plant. The studies were 
made to determine the influence of different parameters on the process performance. 
Analyses of nitrogen forms, alkalinity and COD were also carried out regularly. 

Lab-scale reactors were run in serial with a subsequent change to a parallel configura-
tion and different strategies of intermittent aeration, what resulted in high efficiency of 
nitrogen removal from supernatant. Strong relation between conductivity and concen-
tration of inorganic nitrogen in inflow and outflow was observed. In addition, discon-
tinuous laboratory experiments were carried out to find out the best possible strategy 
of aeration in the partial nitritation followed by Anammox process. DO level and the 
nitrite production rate seem to be the limiting factors for Anammox reaction in a sin-
gle reactor. Activity tests based on nitrogen gas production were carried out to deter-
mine potential Specific Anammox Activity to compare with nitrogen removal rates in 
Deammonification process. Bacterial activity at different temperatures has been also 
analyzed. 

Key words: Anammox, nitrogen removal, Deammonification, optimization, 
ammonium, supernatant, partial nitritation/Anammox. 

 

1. INTRODUCTION 

1.1. General background 
Water is an essential component on earth to keep our lives. Human vital 
requirements, energy resources and industrial activities depend strongly 
on the water. 

Around 70 % of the earth surface is covered by water. 97 % is salty wa-
ter that constitutes our oceans and seas. Only 3 % of the total volume is 
fresh water. Around 69 % of this water is part of the glaciers. The rest of 
the fresh water we find it as ground water and only 0.3 % is surface wa-
ter found in rivers and lakes. 

Considering the latest growth of the population, the increasing water 
consumption and the pollution of the water resources, profitable and   
effective water treatment technologies become indispensable. Nowadays, 
there is an increasing necessity of treating wastewater in a sustainable 
way as well as a strict regulation of the effluents quality. 

One of the most important problems to achieve a sustainable develop-
ment in wastewater treatment plants is the high concentration of nitro-
gen, which is present mainly as ammonium. Moreover, nitrogen removal 
is the highest investment in wastewater treatment besides sludge treat-
ment. 

Nitrogen is essential for living organisms; however its discharge into sur-
face water leads to toxicity for aquatic ecosystems, decrease of dissolved 
oxygen in water and the well known eutrophication process.  
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All over the world, an increasing number of water areas are affected by 
eutrophication. Since the 1800s it has become also a serious problem in 
the Baltic Sea, which is highly sensitive to the environmental impacts 
(HELCOM, 2006). 

The narrowness of the coast that connects the Baltic Sea to the North 
Sea makes difficult a dynamic water exchange. Furthermore, organisms 
have to adapt themselves to an environment that is a mixture of fresh 
and marine water (brackish-water) and this fact makes Baltic ecosystem 
less resistant to eutrophication (Khalili, 2007). 

The Baltic Sea, with a water area of 415 000 km2, is an essential water re-
source for all the people that live around it in Poland, Estonia, Lithuania, 
Latvia, Germany, Finland, Russia, Denmark and Sweden (Rönnberg et 
al., 2004). 

Eutrophication leads to an unbalanced in the composition of the system 
due to an excessive growth of algae, which decreases visibility in the    
bottom of the sea and avoids infiltration of sunlight causing the death of 
the microorganisms. Moreover, a depletion of oxygen level in deep water 
is caused by decomposition of dead algae.  As a result, anaerobic and 
anoxic ecosystems are created in the water system. Eutrophication in-
creases during summer when water is warmer (Kangro et al., 2007).  

Nowadays, biological methods are widely used to treat both industrial 
and municipal wastewater. In most wastewater treatment plants, Nitro-
gen removal is achieved using the combination of the biological 
processes of Nitrification/Denitrification. Nitrification process       
comprises two sequential stages. Firstly, in the Nitritification step, the 
ammonium is oxidized to nitrite by Nitrosomonas bacteria using aerobic 
conditions. 

                        NH4+ + 1.5O2 → NO2- + 2H+ + H2O                        [1] 

In the next Nitratification step, the oxidation of the nitrite to nitrate is 
carried out by Nitrobacter bacteria.  

                                     NO2- + 0.5O2 → NO3-                                    [2] 

Denitrification process is the reduction of the nitrate to nitrogen gas un-
der anoxic conditions and with a consumption of a source of organic 
carbon. This process is carried out by heterotrophic bacteria (Pseudomo-
nas, Paraccocus, Alcalígenes, Thiobacillus, Bacillus). 
 

                                         8NO3- + 5CH3COOH → 8HCO3- + 6H2O + 2CO2 + 4N2         [3] 
 

Differences between Nitrification and Denitrification processes are ga-
thered in table 1.These typical processes succeed with municipal waste-
water characterized by a high ratio between organic matter and Nitrogen 
(C/N).  However, operational costs increase considerably when the ratio 
(C/N) is low.  We have examples of nitrogen–rich wastewater effluents 
like reject water of digested sludge, landfill leachate or effluents from the 
fish canning industry.  

Effluents from sludge digestors from agricultural and food factories con-
tain an ammonium concentration up to 2 g NH4+/L (Strous et al.,1997). 

But these values can be exceeded. For instance, effluents from anaerobic 
digestion produced in the fish canning factories can have an ammonium 
concentration up to 5 kg NH4+/m3 (Dapena-Mora et al., 2006). 

In these cases, the addition of an external carbon source and the high 
oxygen supply are the main reasons for studying alternative nitrogen re-
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moval methods. Using advanced technologies based on biological me-
thods, investment costs of wastewater treatment can be reduced.  

1.2. The Anammox process, a short-cut in the traditional nitrogen cycle 
Nitrogen cycle is one of the most important processes in the Biosphere 
and represents the different changes between oxidation states of the ni-
trogen compounds. 

For a long time, it was assumed that ammonium oxidation could happen 
only under aerobic conditions, but in 1977, Engelberd Broda predicted 
the existence of a kind of chemolitoautotrophic bacteria capable of oxi-
dizing ammonium using nitrite as electron acceptor. Recently, Mulder et 
al. (1995) corroborated this prediction experimentally discovering anae-
robic ammonium oxidizers in laboratory. It was Van de Graaf et al. 
(1995) who evidenced the biological condition of this new process and 
showed that the nitrite was the electron acceptor and not the nitrate as it 
was thought in the beginning. 

Anammox bacteria have been discovered in marine ecosystems, natural 
environments and wastewater treatment plants. Today, it is known that 
almost 30-50 % of nitrogen gas produced in N-cycle is due to Anammox 
bacteria, especially in the marine sediments (Cema, 2009). 

These novel bacteria have an exceptional characteristic: They consume 
ammonium for living under anaerobic conditions. With their discovery, a 
new path in nitrogen removal was formulated and biological processes 
involving Anammox bacteria became an attractive alternative to the tra-
ditional nitrification/denitrification processes.  

It is extremely difficult to obtain pure cultures of Anammox bacteria be-
cause it is hard to isolate them. Nevertheless, several enriched cultures 
have been established from wastewater and thanks to them it is known 
some important biochemical and biological aspects of these bacteria.  
They have an intracellular membrane called anammoxosome (Dalsgaard 
et al., 2005) where it is believed Anammox process takes place. The oxi-
dation of NH4+ with NO2- is catalyzed by enzymes in this compartment 
with hydrazine and hydroxylamine as intermediates. The anammoxo-
some constitutes more than the 30 % of the cell volume (Jetten et al., 
2005). 
The Anammox bacteria discovered up-to-date (Table 2) belong to the 
order of the Planctomycetales and there are three different genus: Brocadia, 
Kuenenia and Scalindua. Brocadia and Kuenenia were found in wastewater 
treatment systems. The genus of Scalindua has also been discovered in the 
seawater.  

Table 1. Differences between Nitrification and Denitrification 
processes (Carrillo et al., 2000).  
Characteristics Nitrification Denitrification 

Type of microorgan-
ism 

Autotrophic Generally Heterotrophic 

Grow rate Days-1 Hours-1 

Type of respiration Aerobic Anoxic 

Changes in pH 
during the process 

Tendency to adification Tendency to alcalinization 

Limiting factors 
during the process 

Low concentration of 
oxygen 

Presence of organic 
matter 

Presence of O2 
Low concentration of organic 

matter 



Zaira Hernando & Sandra Martínez  TRITA LWR Degree Project   

 

4 

 

The Anammox process, which means ANaerobic AMMonium OXida-
tion, represents a new path in the nitrogen cycle (Fig. 1). Basically, Am-
monium is converted under anaerobic conditions to Nitrogen gas using 
nitrite as an electron acceptor. The global reaction, including cell synthe-
sis, is as follows: 

NH4+ + 1.32 NO2- + 0.066 CO2 + 0.066 H+ → 0.066 CH2O0.5N0.15 
(Anammox bacteria) + 1.02 N2 +0.26 NO3- + 1.96 H2O                      [4] 

As we can see according to the reaction stoichiometry, the principal 
product is Nitrogen gas. However a small fraction of nitrite is oxidized 
to nitrate. Nitrite concentration should exceed ammonium concentra-
tion, with a ratio between nitrite and ammonium (NO2--N/NH4--N) 
present in wastewater equal to 1.32. 

The process is autotrophic, Anammox culture use CO2 as the unique 
source of carbon. Hydrazine and hydroxylamine are the intermediates in 
the process. Anammox bacteria are characterized by slow growth rate 
(0.003 h-1) with a doubling time of 10 days (Jetten et al., 2001) and low 
biomass yield. This means that a low amount of sludge is produced but 
efficient sludge retention is required (Strous et al., 1997a). 

The reaction is inhibited by molecular oxygen (Jetten et al., 2001) and ir-
reversible inhibited by nitrite when NO2--N exceed a concentration of  
70 mg NO2--N/L for several days (Dongen et al., 2001). 

Table 2. Types of Anammox bacteria (Zhang et al., 2007). 
Genus Species Source 

Brocadia Candidatus Brocadia anammoxidans 
Candidatus Brocadia fulgida 

Wastewater 
Wastewater 

Kuenenia Candidatus Kuenenia stuttgartiensis 
 

Wastewater 

Scalindua Candidatus Scalindua brodae 
Candidatus Scalindua wagneri 
Candidatus Scalindua sorokinii 
 

Wastewater 
Wastewater 
Seawater 

Others Candidatus Jettenia asiatica 
Candidatus Anammoxglobus propionicus 

Not reported 
Synthetic water 

Fig. 1. Short-cut in nitrogen cycle using Anammox process 
(www.paques.nl). 
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It has been reported by Güven et al. (2005), that Anammox process is ir-
reversible and completely inhibited by even lower concentrations of al-
cohols like methanol (1mM), which is commonly added to adjust the pH 
in the partial nitrification step. Mechanical stress was also identified as an 
inhibitory factor (Arrojo et al., 2006).  

The growing of these microorganisms can be described using following a 
Monod equation, which shows the dependence with the limiting        
substrate (Fernández et al., 2007). 
 

                                    
max d

S

S
K

K S
µ µ= ⋅ −

+                                  [5]
 

Where:   

µ - growing rate,  d -1 

maxµ - maximum growing rate, d -1 

S - concentration of substrate,  g �L-1  

SK  - Affinity constant, g �L-1  

dK - decay coefficient, g� g-1 �d-1  

We can rewrite the general equation considering the ammonium as the 
limiting substrate: 

                                   

4

max

4S

NH

K NH
µ µ

+

+

  = ⋅
 +                                   [6]

 

 

If the nitrite is the limiting substrate, the equation should be written as: 

 

                                   

2

max

2S

NO

K NO
µ µ

−

−

  = ⋅
 +                                   [7]

 

 
Fluorence In Situ Hibridation (FISH) has been used to detect specific 
species of Anammox bacteria. Its characteristic reddish color (Fig. 2) is 
probably due to Cytochrome C, one of the proteins present in bacteria 
cells (Dosta et al., 2008). 

Fig. 2. Granules of Anammox bacteria. 
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Anammox process has been widely investigated in Europe (mainly in 
Netherlands and Germany) and this leads to a big amount of publica-
tions in this area. Talking about Sweden, the most important group of 
researchers is in Stockholm at the Royal Institute of Technology (De-
partment of Land and Water Resources Engineering). 

 Advantages of the Anammox process 

The Anammox process is especially suitable for wastewater streams with 
high nitrogen load and deficiency of carbon source. 

In these cases, Anammox process has become an interesting alternative 
for the nitrogen removal with important advantages like: 

• High efficiency of nitrogen removal. 

• No need of external organic matter addition because it is an auto-
trophic process. 

• Reduction of 60 % of energy supply for aeration. 

• Minimize the environmental impact reducing 95% CO2 emissions to 
the atmosphere because the Anammox process consumes CO2. 

• Decrease excess sludge generation.  

• Save operational costs up to 90 % compared with the traditional 
processes (Jetten et al., 2001). 

• No need of chemicals addition. 

• Up to 50% less of space requirements. 

Nevertheless, full-scale application of this process is limited by the slow 
growth rate of the microorganism (0.072 d-1 measured at 32° C) (Trigo et 
al., 2006) and a long start-up initial period.  Start-up periods from            
2 months to 3.5 years were described by Szatkowska et al. (2007).  

Nowadays, the Anammox process is widely applied mainly in two types 
of processes: Treatment of landfill leachate or reject water from digested 
sludge (normally called supernatant). The reason is that Anammox 
process is especially adequate for such streams with high level of ammo-
nium.  The main difference between these two types of streams is the 
concentration of organic matter, expressed as the COD value. Anyway, a 
characteristic of both media is a low biodegradable COD/N ratio. 

But Anammox process can find another areas of application as digested 
fish canning effluents (Dapena-Mora et al., 2006), tannery wastewater 
(Paques, 2007), piggery manure (Ahn et al., 2004) or slaughterhouse 
wastewater (Siegrist et al., 1996) and whatever other industry which pro-
duces wastewater with high inorganic nitrogen concentration.  

1.3. New biological processes for nitrogen removal from wastewater 
New technologies are being developed for nitrogen removal, some of 
them based on the Anammox reaction. Parallel research carried out by 
different research groups in some countries makes difficult to find clear 
terminology in literature.  

To treat wastewater using Anammox bacteria, it is required to provide 
nitrite as electron acceptor. Nitrite can be produced applying many reac-
tor configurations and under different operation conditions. 

1.3.1. CANON process 

The CANON process, which means Completely Autotrophic Nitrogen 
Removal Over Nitrite, consists of the removal of ammonium from 
wastewater in an oxygen-limited, single reactor. In this process the    
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ammonium oxidation to nitrite and the Anammox reaction are combined 
in the same reaction (Gut, 2006): 

NH3 + 0.85 O2   →  0.11NO3- + 0.44N2 + 0.14H+ + 1.43 H2O    [8] 

1.3.2. Oland process 

Oland process, Oxygen–Limited Nitrification and Denitrification, is a 
new process for ammonium removal in one step without presence of or-
ganic carbon (Dapena Mora, 2008). 

NH4+ + 0.75O2  → 0.5N2 +1.5H2O + H+                  [9] 

1.3.3. SHARON process 

The SHARON process, Single reactor for High activity Ammonia Re-
moval Over Nitrite, is performed in a completely mixed, single reactor. It 
consists of the oxidation of ammonium to nitrite, only the nitritation 
step keeping the oxygen concentration in a low level (Szatkowska, 2007). 

NH4+ + 0.75O2+ HCO3-  → 0.5 NH4+ + 0.5NO2- + CO2+ 1.5 H2O [10]   

The main advantage is the reduction in oxygen supply (Hellinga et al., 
1998). 

1.3.4. Deammonification process 

Deammonification process converts part of the ammonium present in 
wastewater to nitrate and part to nitrogen gas (Siegrist et al., 1998). It is 
based on the CANON process with performance of nitritation and 
Anammox process together under limited oxygen conditions.  This 
process is explained deeply in chapter 2. 

1.4. Swedish wastewater treatment development 
Stockholm is the capital of Sweden with a population of 800 000 inhabi-
tants corresponingd to 8 % of the Swedish population. It is divided and 
surrounded by water: situated between Mälaren Lake, Swedish’s third 
largest lake, and the Baltic Sea. It is built on 14 islands on the south east 
of Sweden and more than the 30 % of the city area is formed of water-
ways.  

In Sweden, water is considered indispensable but also wastewater has 
been treated as a resource to a certain extent with some important appli-
cations like the use of the sludge in agriculture for nutrient supply in the 
soils, source of energy (biogas), and recuperation of sand or heating 
source. 

Wastewater Treatment Plants (WWTP) in Sweden have experimented a 
gradually development in time since they started in the 1930’s with a 
simple mechanical treatment. Later, during the 1950’s they incorporated 
biological processes for treating organic materials. In 1970’s chemical 
precipitation for Phosphorus removal was introduced and during the 
1990’s Nitrogen removal as well. In order to increase the efficiency,   
during the period between 1930-1990 new treatments were incorporated 
into the old ones to satisfy increasingly strict effluent standards (Hult-
man et al., 2009). 

Nowadays, the main objectives in wastewater treatment are: Minimize 
environmental impact considering green house gases, energy savings, 
reuse Phosphorus in agriculture, increase pharmaceuticals and antibiotic 
removal and improve Nitrogen removal processes. 

Concerning to WWTP infrastructures, Henriksdal is the biggest WWTP 
in Stockholm and one of the largest in Europe. It is an underground 
plant with a surface of 300 000 m2 and it is formed by 18 kilometers of      
subterranean tunnels. It was opened in 1941 and its capacity was 
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extended in 1953 to include biological and chemical treatments. Nowa-
days, it receives 355 000 m3 of wastewater each day from one million 
people in Stockholm and other local councils like Huddinge, Haninge, 
Nacka and Tyresö. At Henriksdal, wastewater is treated with chemical, 
mechanical and biological processes. 

Nowadays Stockholm city and its surroundings have another important 
WWTP like Bromma, Himmerfjärden, Käppala and Loudden (Fig 3). 

• Bromma is the second biggest WWTP that serves the north–western 
parts of Stockholm. It has been designed to treat a sewage flow of 
160 000 m3 each day. 

• Himmerfjärden treatment plant is situated in the south of Stockholm 
by the shore of Himmerfjärden bay and it serves a total of 250 000 
persons and several industries. It was constructed between 1970 and 
1973 and it has capacity to receive 130 000 m3 of wastewater per day. 
It is a conventional WWTP that combines mechanical, chemical and 
biological treatment (Fig. 4). Nowadays, Himmerfjärden coastal is a 
sensitive area affected by the Eutrophication problem (Szatkowska, 
2007). 

Fig. 3. WWTP’s in Stockholm. 

Fig. 4. Himmerfjärden WWTP-pilot plant for studies of 
Anammox process. 
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• Loudden is another underground treatment plant operating since 
1950 with capacity to treat sewage of 50 000 people. It incorporated 
biological treatment in 1960.  

• Käppala WWTP is also an underground plant designed for receiving 
220 000 m3 of wastewater each day. The treatment consists on me-
chanical, chemical and biological processes with a final filtration step. 

Since 1989, the treated water is not discharged into Lake Malarën any-
more but into Saltsjön Lake in the sea area. 

2. CHARACTERIZATION OF DEAMMONIFICATION PROCESS 

2.1. General description 
In the 1990s, a novel process was proposed to treat effluents with a high 
load of nitrogen. Deammonification process, also called partial nitrita-
tion/Anammox process represents a short pathway in the N-metabolism 
and consists on 2 steps process:  

• Partial Nitritation where part of ammonium (50-60 %) is oxidized 
to nitrite: 

                                                    NH4+ + 1.5 O2 → NO2- + H2O + 2 H+                 [11] 

• Anammox reaction. Bacteria use ammonium and nitrite as sub-
strates to produce nitrogen gas. This step implies simultaneous 
removal of nitrite and ammonium:  

                                                    NH4+ + NO2- → N2 + 2 H2O                         [12] 

This new process has important advantages compared to conventional 
nitrification/denitrification such as lower aeration costs and no addition 
of external carbon source which means a reduction in operational costs 
of 30%.  

Deammonification process can be applied by using two separate reactors 
with a partial nitrification stage and the Anammox stage or only one 
reactor keeping microaerobic conditions. Both processes are carried out 
by different microorganisms: in the first step, the ammonium is partially 
oxidized by aerobic autotrophic ammonia oxidizers (AOBs) and in the 
second stage the remaining ammonium is oxidized to nitrogen gas by 
anaerobic autotrophic ammonia oxidizers (Anammox). 

Comparing the two steps in the Deammonification process, it is shown 
that anaerobic ammonium oxidation is more favorable energetically than 
the traditional aerobic oxidation (Table 3). Table 4 shows the main fac-
tors that influence the Deammonification process. 

 
Table 3. Parameters of Ammonium oxidation in aerobic and 
anaerobic conditions (Jetten et al., 2001). 

Parameter 
Nitrific ation  
NH4

+ + O2 → NO2
- 

Anammox  
NH4

+ + NO2
-  
→ N2 

Unit 

Free energy -275 -357 KJ/mol 

Biomass 
yield 

0.08 0.07 mol/mol C 

Grow rate 0.04 0.003 1/h 

Doubling time 0.73 10.6 days 

Ks NH4
+ 5-2600 5 µM 

Ks NO2
- N/A < 5 µM 

Ks O2 10-50 N/A µM 
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Applications of Deammonification process 

Full-scale applications with different designs and operation models exist 
at Rotterdam (Holland), Hattingen (Germany), Strass (Austria) and 
Himmerfjärdsverket (Sweden). Deammonification process can be ap-
plied to effluents with a high concentration of ammonium. Some typical 
applications are: 

� Reject water from digested sludge in municipal wastewater treat-
ment 

� Leachate from composting and landfills 
� Food industry 
� Manure processing industry 
� Fertilizer industry 
� Petrochemical industry 
� Metallurgical industry 
� Yeast industry 
� Mining industry 
� Alcohol production industry 
� Starch processing industry  

2.2. Operational parameters  
Knowledge about operational parameters that influence wastewater 
treatment performance is necessary to implement the process with mi-
nimal costs and maximum efficiency. The main factors that have an  
effect in the activity of bacteria are described briefly below.  

2.2.1. Dissolved Oxygen 

Dissolved oxygen (DO) is the amount of oxygen that is dissolved in the 
sludge inside the reactor, and it is measured in mg/L. 

The dissolved oxygen is a very important parameter in the Deammonifi-
cation process because in the first step of the process, partial nitrifica-
tion, oxygen is demanded. Bacteria need it to oxidize ammonium to ni-
trite. However, the second part of the process is inhibited by oxygen. 

Without aeration, the amount of oxygen in the sludge comes from the 
oxygen in the air, but this quantity is not enough to carry out the first 
step in the Deammonification process, and it makes necessary an exter-
nal supply of oxygen in the reactor. 

Unsuitable or overage of oxygen can inhibit either nitrification or 
Anammox process, respectively. A certain level of DO must be reached 

Table 4. Main factors influencing Deammonification process. 
Deammonification process 

Partial nitritation Anammox process 

Oxygen supply Oxygen-limited supply 

Supernatant composition Nitrogen load in the inflow 

Ratio nitrite/ammonium in the outflow Ratio nitrite/ammonium in the inflow 

Hydraulic Retention Time (HRT) Hydraulic Retention Time 

pH decrease pH increase 

Consumption of alkalinity Nitrite concentration inside the reactor 

Free nitrous acid and free ammonia 
concentrations 

SAA of bacterial culture 

Temperature Temperature 
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to provide sufficient oxygen for a complete nitrification. The dissolved 
oxygen concentration has a significant effect on the growth and activity 
of nitrifying bacteria, even in some cases can be the limiting substrate. 

The United States Environmental Protection Agency (U.S. EPA, 1993), 
recommends DO values over 2.0 mg/L for nitrification. However full 
nitrification has been reported in systems with DO values lower than   
2.0 mg/L. Even successful nitrogen removal has been reached in systems 
with a value of DO of less than 1mg/L (Holman & Wareham, 2003). 

Strous et al. (1997b) showed that Anammox process was inhibited  
reversibly by oxygen. Nevertheless, it is possible a stable coexistence of 
Anammox and nitrifying bacteria under microaerobic conditions despite 
of decreasing the maximum Anammox activity. This coexistence is  
possible due to the oxygen gradients on the biofilm: Nitrifiers grow in 
the outside part of the biofilm (aerobic conditions) while Anammox de-
velop inside in an anaerobic environment. 

A high DO concentration will cause an excessive growth of nitrifying 
bacteria in the reactor. Furthermore, this high concentration of oxygen 
produces oxygen diffusion deeper in the biofilm, which causes less or no 
anaerobic conditions for Anammox bacteria. However, low DO concen-
tration will lead AOB to be inactive and less nitrite produced.  

Taking into account the different oxygen requirements of both microor-
ganisms, intermittent aeration supply in the reactor can be a good choice 
for using in wastewater treatment because it reduces aeration costs com-
pared to continuous aeration, while nitrogen is removed by Anammox 
bacteria in the anoxic period. 

Third et al. (2005) reported that Anammox was not inhibited using in-
termittent aeration (20 minutes aeration and 30 minutes without aera-
tion) in a CANON reactor with high ammonium removal. 

Temperature and mixing of the liquid of reaction are the main factors 
that affect oxygen level inside the reactor. Thereby, cold water can hold 
more oxygen than warm water.  

2.2.2. pH 

pH is a measure of acidity or alkalinity of a solution, and it indicates the 
concentration of the hydronium ion [H3O+] present.  Pure water at       
25 °C has a neutral pH, equal to 7. 

pH is responsible for nitrous acid concentration and ammonia concen-
tration. Low pH values cause high nitrous acid concentration whereas 
high pH values lead to high ammonia concentration, what inhibits 
Deammonification process. 

In biological treatment, the pH gives information about the biological 
reactions that take place in an aerobic/anoxic process, for instance, in-
crease in pH for ammonification and denitrification, and decrease in this 
value due to nitrification (Tanwar et al., 2008). 

The control of the pH in the Deammonification process is essential be-
cause there is a narrow range in which both nitrifying and Anammox 
bacteria coexist properly. The optimum pH range for the activity of Ni-
trosomonas is between 7.2 and 8, and a physiological pH interval for 
Anammox bacteria between 6.7 and 8.3 was determined by Strous et al, 
(2000) with an optimal value for operation of 8.  

Egli et al. (2001) carried out batch test to study the effects of pH on 
Anammox activity and there was not observed Anammox activity at pH 
6 and 6.5. 
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2.2.3. Conductivity 

The conductivity is a measure of the water’s ability to allow the electric 
current through it, and it is measured in S/m. Conductivity varies with 
temperature, increasing proportionally with it. 

The concentrations of NH4+ and HCO3- ions in the supernatant contri-
bute to the total value of conductivity. These two ions have opposite but 
the same absolute value of charge, and for this reason changes in the 
conductivity values are observed during different biological nitrogen re-
moval processes. This means that these processes can be followed by 
very easy with simple conductivity measurements (Szatkowska, 2004). 
Since Deammonification process produces nitrogen gas, the ions de-
crease during the reaction period, and also the conductivity. So this pa-
rameter is a useful indicator of the reaction progress. 

Use of conductivity to monitor the Deammonification process 
Offline measurements of nitrogen forms to control the performance of 
the process are time consuming and costly, and the time lapse may 
change properties in the sample to be analyzed. But if the dynamic beha-
vior of nutrient concentration in the reactor system with treatment is re-
lated with monitored physical parameters, the process may be better con-
trolled, and profitable (Tanwar et al., 2008). 

Conductivity can be used to monitor biological processes because it can 
be measured in an easy way. It gives information about chemical compo-
sition of water and it is directly related to the amount of ions in the 
wastewater and their mobility. Conductivity changes because of trans-
formations from ammonium and hydrogen carbonate ions into mole-
cules and its relation with different nitrogen forms.  

The conductivity parameter provides information concerning the     
presence of inorganic dissolved solids such as nitrate, sulfate, phos-
phates, magnesium, iron... Non-ionic organic compounds do not con-
duct electrical current very well so their value of conductivity in water is 
low (Szatkowska, 2007). 

2.2.4. Temperature 
Temperature is another important parameter in the Deammonification 
process. 

The optimal temperature range for growing of Nitrosomonas bacteria, re-
sponsible for the nitration process, is 25-30 °C, but operation of treat-
ment plants rarely occur at temperatures above 25 °C, for economic rea-
sons. Below 5 °C nitrifying bacteria activity is suppressed. 

Some authors found out that the optimal temperature for Anammox 
bacteria was around 30-40 °C. Although it was proved by Cema et al. 
(2007) that Anammox process could be carried out at temperatures 
around 20 °C in a rotating biological contactor (RBC). 

Dosta et al., (2008) found that the maximum activity for non-adapted 
Anammox bacteria was observed in the range 35-40 °C, whereas that a 
temperature of 45 °C produced an irreversible decrease of the Anammox 
activity. Moreover, it was observed the adaptation of the biomass to 
temperatures about 15 °C in a sequential batch reactor (SBR), despite the 
performance of the reactor decreased and the system became unstable 
because of the nitrite accumulation. 

Strous (2000) observed that the optimal temperature for Anammox bac-
teria is 40±3 °C. Between 20 and 37 °C the Anammox activity depen-
dence with temperature follows Arrhenius law. At a temperature of      
10 °C or less, no Anammox activity was found.  
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Additionally, Egli et al. (2001) demonstrated that the Anammox bacteria 
found in a WWTP are active at temperatures within the range of 6-43 °C 
and an optimum at 37 °C. For the optimal temperature, the pH range is 
between 6.5 and 8.5.  

It is generally known that an increase in temperature increases the rate of 
chemical and biological reactions. The main limitations of high tempera-
tures are the expensive heating costs and the possible harm for bacteria. 

2.2.5. Oxidation Reduction Potential (ORP) 
Oxidation Reduction Potential or Redox Potential is a measure of the 
tendency of chemical species to gain or to lose electrons and thereby be 
reduced or oxidized respectively. This parameter has been used in 
wastewater treatment as an indicator of microbial activity since 1936, and 
it is measured in volts (V) or milivolts (mV). The displayed voltage 
shows the ability of water to oxidize contaminants in it, with no correc-
tion for solution temperature. The higher the potential is, the greater the 
affinity of the species for electrons and tendency to be reduced. 

The Redox potential is a measure of the activity of electrons, not a mea-
surement of concentration directly. It is related to pH and oxygen con-
tent. It is analogous to pH since pH measures the activity of protons.  

ORP’s most common application in wastewater treatment is the Biologi-
cal Nutrient Removal (BNR). This application requires multitude of en-
vironment conditions like aerobic, anoxic and anaerobic for efficient re-
moval of nutrients. During anaerobic and anoxic conditions the 
dissolved oxygen tends to go to zero, therefore ORP can be used as a 
better indicator of the activity of the microorganisms (Buddhavarapu & 
Inniss, 2006). 

Fig.5 shows ORP intervals for different wastewater processes. ORP  
values below -200 mV are indicative of anaerobic or reducing conditions. 
ORP values in the range -200 and +200 mV are for anoxic conditions. 
Aerobic or oxidative conditions are represented by values above  
+200 mV. 

Activated sludge process occurs under aerobic conditions, methanogene-
sis takes place in anaerobic conditions and nitrification and denitrifica-
tion require anoxic and aerobic conditions respectively. 

Fig. 5. Redox potential ranges (mV) for typical wastewater  
processes (Buddhavarapu & Inniss, 2006). 
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In biological treatment, a change of pH and ORP usually reflects biolog-
ical reactions in an aerobic/anoxic process. The ORP depends on tem-
perature and also is connected with DO concentration, organic substrate, 
activity of microorganisms and toxic compounds in a reactor, so many 
substances in a process can change ORP value. This parameter also indi-
cates some operational conditions as under- and overloading and under- 
and overaeration (Hao & Kim, 2000). It has been reported by Holman & 
Wareham (2003), Tanwar et al. (2008), Ridenoure (2004) that the same 
processes can take place at different absolute values of ORP but show 
the same tendency in ORP change. 

One example of a full-scale plant where the biological nitrogen removal 
system is monitored and controlled using changes but not direct values 
of ORP measurements is Käppala, in Sweden. Implementation of the 
Redox Potential as a controlling parameter has improved the removal  
efficiency in more than 5% (Käppalaförbundet, 2007). 

ORP profiles can be drawn taking in account ORP values during the 
process operation. Figure 6, presented by Ridenoure (2004), explains the 
change of ORP in the nitrification/denitrification process. 

When the aeration begins, ORP increases rapidly because of increasing 
DO concentration. The oxygen increases ORP because of the increasing 
oxidizing ability of the solution. When the conversion from ammonium 
to nitrate stops, the oxygen uptake rate of nitrifiers decreases, which 
leads to higher DO levels and ORP accordingly, because of increased 
electron acceptors. This point is called “Ammonia elbow”, and it can 
mean that all NH4-N has been oxidized to nitrate or insufficient alkalini-
ty. Also during aeration, the COD elbow occurs before NH4-N utiliza-
tion ends and it is usually viewed as a smaller bump than ammonia, indi-
cating that COD is depleted. With the start of anoxic phase ORP 
decreases rapidly because DO level also decreases. When denitrification 
process ends, ORP begin to decrease even faster and the “Nitrate knee” 
is observed.  

 

Fig. 6. Exaggerated ORP profile for an intermittent aeration 
wastewater treatment system (Ridenoure, 2004). 
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3. AIMS OF THE THESIS  

The aim of this thesis was to apply the Anammox process for nitrogen 
removal from ammonium-rich supernatant. 

The main goal of these studies was to study the partial nitritation/ 
Anammox process and optimize the system performance, specially fo-
cused on implementation of intermittent aeration. The process was eva-
luated in lab-scale with different configurations and in pilot plant. 

The specific objectives of this thesis were: 

• Literature review about nitrogen removal from wastewater.  
• Detailed study and better understanding of Deammonification 

process performance for supernatant treatment. 
• Operate the Deammonification process in order to obtain optimal 

conditions for bacteria growth. 
• Examine operational parameters that affect Deammonification 

process performance. 
• Evaluate the use of physical parameters as a tool to monitor and con-

trol the process. 
• Find correlations between physical parameters and the reactor per-

formance.  
• Monitor and control of one-stage Deammonification process in lab-

scale. 
• Perform SAA tests to compare potential nitrogen removal rate with 

the Deammonification process activity, and check the temperature in-
fluence on Anammox reaction.  

• Determine the weight of biomass developed on Kaldnes carriers. 
• Estimate the ammonium and total nitrogen removal efficiency of the 

process in different configurations. 
• Optimize the process by changing operational parameters to get high 

removal rates. 
• Determine the best aeration strategy and level of dissolved oxygen for 

Deammonification process using batch experiments. 
• Up-scale Deammonification process in pilot plant.   
• Evaluate the influence of the nitrogen load in the process perfor-

mance. 
• Obtain practical skills in laboratory work:  calibration of equipment, 

measuring physical parameters, doing chemical analysis, maintaining 
and cleaning reactors, pumps and pipes… 

4. EXPERIMENTAL STRATEGY AND METHODOLOGY 

4.1. Hammarby Sjöstad Research Station (HSRS) 
Hammarby Sjöstad Research Station is a research center to evaluate new 
technologies and systems for wastewater treatment in pilot scale (Fig 7). 
It was built in 2003 and it is situated on top of Henriksdals WWTP in 
Stockholm. It belongs to IVL and the Royal Institute of Technology 
(KTH). 

It was designed to treat wastewater from around 600 people in  
Hammarby Sjöstad. It consists of four treatment lines for chemical, bio-
logical and physical treatment of wastewater. Three of them have a ca-
pacity of 1-2 m3/h and the other is a low capacity line.  
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The main objectives are to reduce by 50 % the amount of heavy metals 
and non biodegradable harmful chemicals and hazardous substances 
present in wastewater, reuse 95% of the phosphorous in agriculture and 
decrease nitrogen content up to 6 mg/l and phosphorous concentration 
up to 0.15 % in the treated wastewater. The plant was also designed for 
testing and optimization of new technologies and processes. 

4.2. Studies on Deammonification process 
All the experimental studies have been performed at HSRS during six 
months, from October (2009) to March (2010). The research can be di-
vided into two general experimental parts (Fig. 8 and 9): 

• Experiments in laboratory scale: From October 2009 to December 
2010. 

• Experiments in pilot plant: From January 2010 to March 2010. 

Fig. 7. Facilities at HSRS (www.sjostadsverket.se). 

 

Fig. 8. Main events during the experimental work at HSRS. 
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4.3. Supernatant Characteristics 
The influent for all the Deammonification studies performed at HSRS 
was supernatant after dewatering digested sludge. Anaerobic sludge di-
gestion is a typical process to reduce sludge volume and bad odor and 
produce biogas. Normally, during the anaerobic digestion of the sludge, 
around a 50% of nitrogen is discharged as ammonium while organic car-
bon is transformed into methane (Siegrist, 1996). 

After the digestion, the sludge is dewatered to separate a solid phase, 
which can be used in agriculture. The reject stream (supernatant) is cha-
racterized by high ammonium concentration (200-700 g m-3) (Cema, 
2009) and little amount of biodegradable organic matter. It was reported 
that the ammonium load in the supernatant is up to 15-20 % of the total 
nitrogen load in the influent wastewater (Siegrist, 1996). Handling of 
produced supernatant usually means a problem in wastewater treatment 
plants. 

Conventional treatment for supernatant is a traditional nitrifica-
tion/denitrification process returning the reject water to the head of the 
treatment plant. The main problem is that the nitrogen load in the inflow 
due to supernatant recirculation increases in 15-20 % and also aeration 
costs (Gut, 2006). 

For this reason separate treatment becomes necessary to decrease nitro-
gen load. Many researchers have proposed that partial nitrifica-
tion/Anammox process could be a better alternative with less oxygen 
and carbon source requirements and high nitrogen removal efficiency. 

At the beginning of the experimental work different supernatants were 
analyzed to find which one had the most suitable characteristics to be 
used in the experimental work: 

• Supernatant from Hammarby Sjöstadsverk 
• Supernatant from Himmerfjärden 
• Supernatant from Bromma 

The ammonium concentration was different depending on the source 
but even for the same source, it changed in weeks or even days. Superna-
tant composition is influenced by operational problems and the inflow at 
the WWTP.  Analyses were repeated during the experimental studies to 
notice the probability of a changeable influent composition.  

Fig. 9. Localization of laboratory and Pilot plant at HSRS. 
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The concentration of the other nitrogen forms (NO2--N and NO3--N) 
was quite low. The pH value was around 8 and the Chemical Oxygen 
Demand (COD) normally lower than 1000 mg O2/L. The alkalinity   
value can be not high enough to allow nitrification and, in this case, an 
additional alkalinity source has to be added (Jeavons et al., 1998). One 
advantage was the high temperature of the supernatants (around 20 °C).  

Phosphorus concentration can be important (0.6-48.6 mg Ptot/L) but this 
thesis was only focused on nitrogen removal. 

4.4. Kaldness biofilm carriers 
Kaldnes carriers are small plastic cylindrical biomass rings made of high-
density polyethylene (HDPE) with a cross inside and fins on the out-
side.(Fig 10) Their diameter is 10 mm and they have a length of 7 mm. 
Their density is 0.96 kg/l, which allows them to be suspended in the wa-
ter (Lekang, 2000). 

Kaldnes carriers are designed to make the biomass grow in the inner area 
of the carriers (effective specific surface area) while the outer surface is 
cleaned from the biomass attachment by frictions between carriers. Their 
effective specific surface area equals to 500 m2/m3 when they are com-
pletely packed. 

Biofilm carriers have been used in wastewater treatment for the coexis-
tence of both nitrifying and Anammox bacteria in one single reactor. 
The biomass attached to Kaldnes carriers in the Deammonification 
process form a two-layer structure, which has nitrifying bacteria in the 
outer layer with aerobic conditions and Anammox bacteria are located in 
the inner part, under an anoxic environment. 

The mechanism of the Partial nitritation/Anammox process in the bio-
film is shown in the figure 11. 

Because of the extremely low growth rate of Anammox culture, this kind 
of biomass carriers is widely use to guarantee almost total biomass reten-
tion inside the reactors, particularly during the start-up (Dapena-Mora, 
2004). 

Fig. 10. Compacted Kaldnes carriers with biomass 
attached.  
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Besides being employed in nutrient removal processes, Kaldnes carriers 
have some other applications such that phosphorous removal, odour-
control, thermophilic processes or solid waste (www.anoxkaldnes.com) 
(Fog 12).. 

Biomass measurements 

In order to determine the amount of biomass developed on the rings, 
the procedure is the following (Standard Methods, 1999): 

1. Use a needle and destilled water to remove the biomass from a 
fixed number of Kaldnes carriers. In our case, 4 rings were used. 

2. Filter the obtained suspension using a 1.6 µm pore size filter. 

3. Remove the filter from the base of the funnel used to do the fil-
tration and put it in an Aluminum dish. Previously, it was 
checked the capacity of Aluminum for not changing its weight at 
high temperatures. 

4. Dry at least one hour at 103-105 °C in an oven and weigh it in an 
analytical balance to determine the Total Suspended Solids 
(TSS).  

5. Place the filter and the dish in a muffle furnace for ignition at    
55 °C during 40 minutes and finally weigh it to determine Vola-
tile Suspended Solids (VSS).  

Fig. 12. Kaldnes carriers with biomass attached for 
industrial applications (www.anoxkaldnes.com). 

 

Fig. 11. Scheme of the chemical reactions occurring within 
the biofilm (Cema, 2009). 
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Total Suspended Solids (TSS) can be calculated as follows:  

                                    

( )
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ring

gTSS
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                              [13]
 

Where: 
A - weight of residue + filter and Aluminum dish after the oven (g) 
B - weight of filter and Aluminum dish (g) 
R - number of used rings  

TSS are the amount of inorganic and organic matter present in wastewa-
ter. 

Volatile Suspended Solids (VSS) can be calculated as follows: 
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Where: 
A - weight of residue + filter and Aluminum dish after the oven (g) 
D - weight of residue + filter and Aluminum dish after ignition (g)  
R - number of used rings 

VSS represent the quantity of biomass attached to each ring: nitrifying, 
Anammox and also denitrifying bacteria (Fig 13). 

A progressive rise of these values means that the amount of bacteria has 
increased, and it is reflected in an increment of the biofilm thickness.  

Additionally, the ash content can be calculated in the following way: 
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                            [15]
 

The ash content can be associated with the amount of inorganic matter 
present in the sample. 

Fig. 13. Filter and Aluminum dish after ignition. 
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Taking in account that 57 rings occupied a volume of 60 ml, it was   
possible to express the amount of TSS and VSS in g/L. 

4.5. Measurements and Analyses 

4.5.1. Physical parameters 

The following physical parameters were monitored everyday in the     
different systems studied during the research period: 
• Dissolved Oxygen 
• pH 
• Conductivity 
• Temperature 
• Redox Potential  

The measurement of physical parameters can be done off-line or on-line. 
On-line equipment provides a more efficient control of the process, with 
more reliable and accurate values than the manual measurements (Ride-
noure, 2004).  

Additionally, it was reported by Holman (2003) that implementation  of 
on-line control for a nutrient removal system can provide up to 30 % 
energy savings if it is compared to strict timer-based operation. 

4.5.2. Chemical Analyses 

Besides physical parameters, chemical analyses in influent and effluent 
were carried out regularly to follow up and monitor the process progress. 
Analyses of nitrogen in different forms (Ammonium, Nitrite, Nitrate, 
Total Nitrogen), have been performed according to the hydraulic reten-
tion time (HRT) in the reactor. 

Moreover, Alkalinity (or Acid Capacity) and COD were measured to in-
crease the knowledge about the process progress. 

Alkalinity or Acid capacity is a measure in mg/L of the buffering  
capacity of water and wastewater, and it is equal to the stoichiometric 
sum of the bases in solution, and can be expressed by the formula: 
 

                                                              A= [OH-] + [HCO3-] + 2[CO3-2]-[H+]                         [16] 
 
In natural water, carbonate alkalinity constitutes most of the total  
alkalinity caused, mainly, by decomposition of carbonate rocks. Alkalinity 

Fig. 14. Relation between pH and alkalinity forms 
(Szatkowska, 2007). 
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is strongly depended on pH value. Figure 14 shows the dependence  
between the pH and the alkalinity forms. 
COD test is used to determine in an indirect way the amount of organic 
compounds in water, and measure its quality. The higher the COD is, 
greater the amount of organic material.  

For these analyses, a spectrophotometric method was applied, using Dr. 
Lange cuvettes and a Dr. Lange Xion 500 spectrophotometer (Fig. 15). 

Samples were taken from both inflow and outflow and they were fil-
trated with a 1.6 µm pore size prefilter and a 0.45 µm pore size filter. 
Sometimes, due to not having cuvettes in the required measurement 
range because the concentration expected was too high, it was necessary 
to dilute the samples with distilled water. After analyzing, the samples 
were kept in the freezer. The analyses were made following the detailed 
working procedure supplied in each package. 

The list of standard cuvettes produced by the company Hach Lange 
GMBH used for analyses is shown below: 

• NH4-N  LCK 303, 2-47 mg/L 

• NH4-N LCK 302, 47-130 mg/L 

• NO2-N  LCK 342, 0.6-6 mg/L 

• NO3-N  LCK 340, 5-35 mg/L 

• Acid Capacity Ks 4.3  LCK 362, 0.5-8.0 mmol/L 

• COD LCK 314, 15-150 mg/L O2 

• COD LCK 514, 100-2000 mg/L O2 

4.5.3. Specific Anammox Activity (SAA) tests to determine Nitrogen gas produc-
tion 

Anammox bacteria use ammonium and nitrite as substrate to produce ni-
trogen gas. Dapena-Mora et al. (2004) have reported that batch  
Anammox activity measurements are useful in order to monitor the 

Fig. 15. Dr. Lange cuvettes for Ammonium and Nitrite 
determination.  
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operation of the process and to assess its long term performance. For 
this reason, batch tests to determine SAA were done according to Dape-
na-Mora et al. (2007).  

Batch tests are based on measuring the overpressure generated by the ni-
trogen gas produced in closed vials (Fig 16). The measurement of the 
amount of nitrogen gas can be in terms of VSS as it is usually used with 
granular biomass (Dapena-Mora et al., 2007) but it is more useful for sys-
tems with biomass attached to refer it to the biofilm area.  The metho-
dology used for determination of SAA was adapted from the works of 
Dapena-Mora to biofilm systems (Malovanyy, 2009). 

In each test, some pressurized Pyrex vials with a total volume of 38 mL 
and a fixed number of 15 Kaldnes rings with attached bacteria were em-
ployed. The vials were closed with a cap with rubber septum capable to 
stand about 2 bars of pressure, to prevent the escape of gas. The cap had 
a hole on the top so the way to access inside the bottle was with a needle 
through the septum. The rings were washed three times with phosphate 
buffer (0.14 g/L KH2PO4 and 0.75 g/L K2HPO4) with a pH of 7.8 ma-
nually prepared, and were put inside the vials with the same buffer until a 
volume of 24 mL was reached. The vials were closed and a needle con-
nected to nitrogen gas line was inserted through the septum. N2 gas was 
inoculated for a few minutes to remove all the oxygen inside the vials 
while another needle was inserted to be the outlet, to remove the gas 
excess from the vials. Then they were put in a thermostatic water bath 
for 10-15 minutes until the desired stable temperature were reached. 
Then the substrates (0.5 mL of NH4Cl and 0.5 mL of NaNO2 to fix ini-
tial concentrations of ammonium and nitrite inside the vials in 70 mg 
N/L) were added with a syringe. 

The pressure was equalized to the atmospheric one with another needle 
and in that moment the time was set to zero when the initial pressure 
was measured. The vials remained inside the water bath all the time that 
the test lasted (2 or 3 hours depending on the temperature of operation). 
By measuring the overpressure in the headspace every 30-40 min with a 
pressure transducer (Fig 17) produced by Centrepoint Electronics which 
measures overpressure in a range from 0 to 15 psi, the production of ni-
trogen gas can be determined.  

Fig. 16. Closed vials with Kaldnes carriers and buffer solution 
inside. 
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The measurements should be carried out carefully in order to avoid lea-
kages of nitrogen gas. 

The pressure transducer displayed a value in mV, which can be con-
verted into mm Hg multiplying by 2.65. The transformation from the 
pressure in mm Hg to the conversion of nitrogen from ammonium and 
nitrite into nitrogen gas by Anammox bacteria in mg N/L�min could be 
performed using ideal gas law with equation: 
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⋅
  = ⋅ ⋅ ⋅ ⋅                    [17]

 

 

Where: 

m - nitrogen gas production, mg N/L-1�min-1 

Pmm Hg - overpressure in the bottle, mm Hg 

760 - conversion coefficient to convert from mm Hg to atm. 

0.012 - volume of the gas phase in the bottle, L 

0.082 - ideal gas coefficient R, atm�L�K-1�mol-1 

T- temperature, K 

28 - molar mass of nitrogen gas (N2) 

1000 - conversion g - mg 

0.025 - volume of liquid phase inside the vial, L 

After the transformation of each obtained pressure value using the equa-
tion. 13, results were plotted as a function of time. The average removal 
rate m& was calculated from the maximum slope of the curve described. 
This value was used for determining SAA: 
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                             [18]                                                        

Where: 

m& - average nitrogen removal rate, mg N�L-1�min-1 

0.025 - volume of liquid phase inside the vial, L 

1440 - number of minutes per day 

1000 - conversion mg-g 

0.00789 - specific surface area of 15 Kaldnes carriers, m2 

After the pressure measurements, TSS and VSS were measured.  
The test described above assumed that all gas produced is N2, while re-
searches underline the fact that nitric oxide and nitrous oxide can be 
formed. Nitrifying bacteria under low oxygen concentrations conditions 
usually produce these compounds.  

Gas tests can only serve as a rough estimation of the Anammox bacteria 
activity. By paying attention to the amount of produced gas and compar-
ison with N-removal efficiency and other conditions (conductivity, pH, 
DO…) it is possible to get enough knowledge to evaluate the overall ac-
tivity of the bacteria (Ridenoure 2004).  
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4.5.4. Deammonification Efficiency 

The efficiency of the Deammonification process can be determined 
based on the amount of NH4+-N removed (eq. 19) or it can be referred 
to the amount of nitrogen removed, the sum of ammonium, nitrite and 
nitrate (eq. 20). 
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5. LABORATORY SCALE DEAMMONIFICATION REACTOR 

The lab-scale pilot plant was built in 2001 to increase the knowledge 
about ammonium-rich streams with a lack of carbon source. It is located 
at HSRS. It was built by a group of researchers from the Department of 
Land and Water Resources and it consists of two Deammonification 
reactors.  

In laboratory scale pilot plant different strategies were applied during the 
research period. When we arrived, our initial objective was to evaluate 
how the pilot plant was working and try different configurations of the 
system. We did not look for optimal conditions or high efficiency, but to 
keep stable different parameters and start performing chemical analyses 
to get to know the process and evaluate the operation of the reactors. 
We started running two Deammonification reactors in October 2009 in a 
continuous way. From the beginning of October to the middle of No-
vember, the reactors were running with a serial configuration as they 
were before our arrival. After almost two months, our next step was to 
try to increase the activity of Anammox microorganisms by changing dif-
ferent operational parameters. In this period, from the middle of No-
vember to the end of December, the configuration was changed to a pa-
rallel system and both reactors were running separately. Attention was 
focused on different aeration strategies as a tool to increase activity and 
efficiency. 

Research studies in lab-scale pilot plant can be divided in two different 
periods according to the different strategy applied: 

• Evaluation of the reactor operation (serial system). 

Fig. 17. Pressure transducer Centrepoint Electronics 
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• Study on the optimization and influence of aeration strategy 
in the process performance (parallel system). 

5.1. Evaluation of the reactor operation 

5.1.1. Materials and Methods 

The lab-scale Deammonification system consisted of two serial reactors 
with a volume of 7.5 L (R1) and 8 L (R2), respectively (Fig 18). Influent 
was conducted into the first reactor (7.5 L) using peristaltic pumps that 
took the sewage from the inlet tank. The effluent of the first reactor was 
the inflow to the second reactor (8 L). Gravitational flow was used be-
tween both tanks.  

Both reactors were filled with Kaldnes carriers until they occupied the   
40 % of the total volume in each reactor. The biomass carriers were 
brought from Himmerfjärden WWTP, where there is a pilot plant reac-
tor for Anammox studies. 

The reactors were continuously fed with dewatered supernatant from 
Hammarby Sjöstadsverk digester (Table 5). The ammonium concentra-
tion was around 100 mg N-NH4+/L and COD concentration more than        
1000 mg/L. Alkalinity was between 12-14 mmol/L. Conductivity in the 
supernatant was around 1.5 and pH value around 8. Nitrite and nitrate 
concentration was almost zero.  

Supernatant was received in tanks from Hammarby Sjöstadsverk once 
per month and it was stored in the fridge. Each tank was analyzed before 
it was employed. The supernatant had a characteristic yellow color in the 
beginning that turned into dark brown during its storage, probably, due 
to sulphate reduction to sulphide (Yang, 2009).  

The supernatant characteristics were not proper for Anammox bacteria 
growth: ammonium concentration was too low while COD was too 
high. Because of this reason, feeding media was made by dilution of su-
pernatant in a proportion 1:4 with tap water to decrease COD and with 
an addition of NH4Cl to reach a N-NH4+ concentration in the inflow 
around 400 mg/L.    

Oxygen was supplied in both reactors with two aquarium pumps in each 
reactor and providing continuous aeration. Another additional pump was 
added as a mixer to each reactor to ensure suitable mixing and avoid se-
dimentation of the Kaldnes carriers. Mixing could be adjusted depending 
on the pumps depth in the reactor. No heater was used so temperature 
was kept at around 20 °C (room temperature).  

During the research period, the flow was fixed at 7.5 L/d, which means a 
hydraulic HRT around 2 days. Influent nitrogen load to the system was 
2.23 g m-2 d-1 on average. This initial period lasted almost two months. 
Operation parameters are summarized in table 6. 

Table 5. Characteristics of supernatant from Hammarby  
Sjöstadsverk digester. 
Hammarby 
Sjöstad Unit 09/10/2009 09/11/2010 

NH4
+-N mg/L 111 115 

NO2
--N mg/L 2.96 0 

NO3
--N mg/L 4.76 0 

Alkalinity mmol/L 12.3 13.1 

pH - 7.96 7.95 

Conductivity mS/cm 1.40 1.52 

COD mg O2/L 1478 968 
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Measurements and analyses 

Process performance was followed up by physical measurements and 
chemical analyses. The process was monitored every day during the re-
search period by performing measurements of the following physical pa-
rameters: pH, Temperature, DO, and conductivity. Flow was also 
checked to ensure constant load in the system. The measurements were 
carried out with the following manual instruments (Fig 19): 

• pH – WTW pH 330i together with electrode WTW SenTix 41 

• Conductivity – WTW Cond 330i together with electrode WTW te-
traCon 325 

Table 6. Operational parameters of lab-scale Deammonifica-
tion reactors. 
Parameter Unit R1 R2 

Hydraulic retention time (HRT) days 2 2 

Reactor volume L 7.5 8 

Flow L/day 7.5 7.5 

Reactor filling with Kaldnes carriers % 40 40 

Fig. 19. Laboratory equipment for measuring physical 
parameters.  

Fig. 18. Lab-scale Deammonification reactors with a serial 
configuration.  
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• DO – Hach Lange HQ 30d flexi together with electrode Hach Lange 
LDO 101 

• Temperature – WTW pH 330i together with electrode WTW SenTix 
41 or WTW Cond 330i together with electrode WTW tetraCon 325 

The portable equipment was calibrated once a month to ensure a proper 
performance. 

Two times a week, samples were taken from the inflow tank and out-
flow. General chemical parameters were analyzed to follow the efficiency 
of the process: Ammonium, nitrite, nitrate and alkalinity. Dr Lange Tests 
were used for these analyses. 

Activity tests were done once a week and also the determination of the 
biomass developed on Kaldnes Rings (TSS and VSS).  

5.1.2. Results and discussion 

Physical Parameters 

DO, pH, conductivity and temperature variations during the analyzed 
period are summarized in table 7. 

Graphs for DO, pH, conductivity and temperature were made to show 
the variation of these parameters in the influent and effluent from the 
reactor (Fig. 20). 

Based on the daily operational parameters, some results have to be dis-
cussed: 

a) Dissolved oxygen concentration was rather unstable in both reactors. 
It was supposed to be around 3 mg/L but the level was out of control 
several times. Probably, due to the limited aeration range of the aqua-
rium pumps used to provide oxygen. 

b) pH profile shows it was stable in the influent with an average of 
7.95±0.21 but pH inside both reactors was dropped down to 6 or even 
less. This means that nitrifying bacteria were very active and a big 
amount of nitrite was produced. 

c) Temperature was kept around 17.81±0.87 °C in R1 and 18.52±1.67 
°C in R2. Both reactors were working under natural temperature of the 
incoming supernatant without using additional heater. For this reason, 
fluctuations were observed during the whole operational period.

Table 7. Variations of physical parameters in lab-scale 
Deammonification reactors during the operational pe-
riod. 

Physical 
Parameter  Unit Aver-

age Min. Max. St. 
Dev. 

Number 
of 

samples 

DO 
R1 
R2 

mg 
O2/L 

3.33 
3.24 

2.23 
1.75 

3.98 
4.54 

0.51 
0.57 

22 
22 

pH 

Inflow 
R1 
R2 

Outflow 

- 

7.95 
6.58 
5.95 
6.08 

7.56 
5.15 
4.46 
4.50 

8.33 
8.11 
7.82 
7.94 

0.21 
0.76 
1.03 
1.05 

22 
22 
22 
22 

Conductivity 

Inflow 
R1 
R2 

Outflow 

mS/c
m 

3.82 
3.53 
3.25 
3.05 

3.51 
3.20 
2.89 
2.59 

4.18 
3.86 
3.62 
3.36 

0.19 
0.15 
0.19 
0.18 

22 
22 
22 
22 

Tempera-
ture 

R1 
R2 

°C 
17.81 
18.52 

15.9 
15.5 

19.1 
20.6 

0.87 
1.67 

22 
22 
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Fig. 20. Variations of a) DO, b) pH, c) Temperature and d) 
Conductivity in lab-scale Deammonification reactors during 
the operational period. 
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d) Conductivity in the influent was on the average 3.82±0.19 mS/cm but 
during the process it was observed depletion in this value due to the re-
moval of two ions present in the supernatant, ammonium and hydrogen. 
Fluctuations were observed probably due to the addition of NH4Cl to 
adjust NH4+ concentration in the supernatant. The Cl- present in this 
chemical caused and increase in conductivity. 

Chemical Analyses 

Ammonium, nitrite, nitrate and alkalinity were measured once a week in 
influent and effluent. Results for these analyses are presented in table 8 
and fig. 21 show the changes of different parameters over time.   

SSupernatant composition was not constant during the research period. 
Ammonium concentration in the influent was rather changeable (Fig. 21 
a) and that made difficult to keep a constant nitrogen load into the sys-
tem despite using additional chemical (NH4Cl) to adjust the ammonium 
concentration. 

Analyses in the effluent showed that there were almost no nitrite con-
centration left (Fig. 21 b) while nitrate concentration was very high with 
an average of 40.42±10.98 mg/L (Fig. 21 b), probably due to the oxida-
tion of some nitrite to nitrate by nitrobacter. Moreover, when Anammox 
bacteria used up nitrite, they produced a small amount of nitrate, accord-
ing to stoichiometry. 

Alkalinity was not high enough for Anammox bacteria. Since the begi-
nning of November, alkalinity in the outflow was very low. This means 
that Anammox bacteria had used up almost all inorganic carbon source 
(HCO3-). Alkalinity is closely related with pH changes. The low values of 
pH inside both reactors (Fig. 20 b) indicated an increase of acidity and a 
decrease of alkalinity as it was observed (Fig. 21 c). 

Nitrogen gas production 

SAA was checked since the 4th of October according to Dapena-Mora et 
al. (2007). 

Anammox bacteria had almost the same activity during the whole opera-
tion period. It was higher in R1 (1.784 g N/m2�d on average) than in R2 
(1.433 g N/m2�d on average). Maximum activity was 1.85 g N/m2�d 
measured in R2.  Results are presented in table 9 and fig. 22. 
Activity measurements can be referred not only to the biofilm area but 
also to the amount of VSS as it has been used for granular biomass. Re-
sults are shown in table 10 and fig. 23. 

 
Table 8. Chemical analyses results from lab-scale Deammonifi-
cation reactors during the operational period. 

Chemical 
Analyses  Unit Average Min. Max. St. 

Dev. 

Number 
of sam-

ples 

NH4
+- N 

Inflow 
Out-
flow 

mg/L 
445.50 
293.27 

319 
1.34 

527 
411 

82.81 
165.24 

65 

NO2
-- N 

Inflow 
Out-
flow 

mg/L 
- 

0.236 
- 
0 

- 
0.49 

- 
0.19 

65 

NO3
-- N 

Inflow 
Out-
flow 

mg/L 
- 

40.2 
- 

24.7 
- 

53.2 
- 

10.98 
65 

Alkalinity 
Inflow 
Out-
flow 

mmol/
L 

14.44 
4.078 

7.33 
2.9 

6.78 
4.71 

24.2 
0.74 

65 
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Fig. 21. Variations of a) Ammonium, b)Nitrite and nitrate, 
c)Alkalinity in lab-scale Deammonification reactors  dur-
ing the operational period. 
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Removal Efficiency 

Total nitrogen removal efficiency and also ammonium removal efficien-
cy were calculated (Table 11). The system worked efficiently at the be-
ginning of the research period. Total nitrogen removal efficiency was 
over 80 % (Fig 24). Although after less than 10 days, the efficiency 
dropped down to less than 20 %, probably due to the low alkalinity and 
fluctuations on the DO level. Afterwards, nitrogen removal efficiency 
was varying between 15 % and 25 % during the rest of the operational 
time. 

Table 9. SAA in g N/m2d during the operational period. 

 R1 R2 

Days SAA (g N/m 2·d) SAA (g N/m 2·d) 

24 1.79 1.45 

38 1.85 1.56 

44 1.71 1.29 

Table 10. SAA in g N/gVSS�d during the operational period. 
 R1 R2 

Days SAA (g N/gSVV·d) SAA (gSVV·d) 

24 0.040 0.032 

38 0.044 0.042 

44 0.041 0.035 

Fig. 22. SAA referred to the biofilm area. 

Fig. 23. SAA referred to the amount of VSS. 
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Results from SAA showed that Anammox bacteria did not experienced 
this drop in their activity during the first days. The reason could be that 
the low nitrogen removal efficiency achieved was not only due to 
Anammox bacteria.  

5.1.3. Conclusions 

• Supernatant from Hammarby Sjöstad was not suitable for carrying 
out the Deammonification process due to its low ammonium con-
tent, low alkalinity and high COD content. 

• Physical parameters can be used as a tool to monitor and control the 
Deammonification process. 

• In one-step partial nitritation/Anammox system, DO level has to be 
controlled and kept on proper level to ensure favorable conditions 
for running both processes.  

• DO level was the most unstable parameter with big fluctuations. 
Suitable equipment and control on the oxygen level is required to  
optimize Deammonification process performance.  

• DO level and nitrite concentration seem to be key factors for the 
Anammox reaction and efficiency of the process. 

• Partial nitration/Anammox can be applied at lower temperature than 
the optimal value. 

• Low efficiency of nitrogen removal varying between 15 and 25 % was 
obtained during the whole experimental period.  

• No significant changes in SAA with an average of 1.784 g N/m2�d 
(R1) and 1.433 g N/m2�d (R2) were observed. 

Table 11. Total nitrogen and ammonium removal efficiency of lab-
scale Deammonification reactors. 

Removal 
efficiency Unit Average Min. Max. St. Dev. 

Number of 
samples 

Total 
Nitrogen % 

31.6 16.7 82.9 28.7 5 

Ammonium 41.0 22.0 99.6 32.8 5 

Fig. 24. Total nitrogen and Ammonium removal efficiency of 
lab-scale Deammonification reactors 
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• Influence of the ions present in the liquid of reaction on the conduc-
tivity value was found. 

• Profiles of nitrogen forms could be used as a tool to follow and mon-
itor the process performance. 

• Optimization of the process performance by changing operational 
parameters turned out to be necessary. 

5.2. Study on the optimization and influence of aeration strategy on the 
process performance 

Knowledge about the microorganisms involved in biological wastewater 
treatment and their response to different operating conditions is essential 
to optimize the process performance. Intermittent aeration has been ap-
plied successfully to optimize nitrogen removal using digested swine ma-
nure with a low Carbon/Nitrogen ratio and high ammonia concentration 
(Mota et al., 2005). During this period, intermittent aeration was tested in 
lab-scale Deammonification reactors in order to study the influence in 
the process performance. Apart from the new aeration strategy, other 
changes were applied to optimize the system. 

5.2.1. Materials and Methods 

In this second period, from the middle of November to the end of De-
cember, the two Deammonification reactors were running separately (Fig 
25). Capacity of the first reactor (R1) was increased changing the volume 
until 10 L. The second reactor (R2) kept its volume of 8 L. Despite their 
different capacity, the volume of wastewater was 7.5 L in each reactor. 
Both reactors were operated as a parallel system using the same feeding 
media. Flow to the reactors was provided using peristaltic pumps from 
the inflow tank. 

Both reactors were filled with Kaldnes carriers up to 40 % of their total 
volume. The biomass carriers were taken from Himmerfjärden WWTP. 

Feeding media to the reactors was changed and both of them were sup-
plied continuously with supernatant also from Himmerfjärden WWTP, 
which had higher ammonium concentration, around 1200 mg/L, and 
low organic matter content.  

Fig. 25. Lab-scale Deammonification reactors with a parallel 
configuration. 
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Supernatant was brought in tanks and stored in the fridge. During the 
experimental period it was noticed that ammonium concentration and 
acid capacity experienced little changes over time. Probably it was be-
cause of the digestion of the organic material present in the reject water 
and its exposure to the air. Composition of each tank was analyzed be-
fore its use and the values for this supernatant are presented in table 12. 

Himmerfjärden supernatant characteristics were more suitable for carry-
ing out the Deammonification process.  Ammonium concentration in in-
flow was fixed around 850 mg/L by dilution of the fresh supernatant 
with tap water but no additional ammonium source was necessary due to 
its high ammonium concentration. Also, the low content of biodegrada-
ble organic carbon in the feeding media avoided an excessive growth of 
heterotrophic bacteria.   

In this case, intermittent aeration was tested in both reactors connecting 
timers to the pumps but using different aeration strategies. The parallel 
system allowed trying two different strategies at the same time. In the 
first reactor (R1), aeration cycle was 30 minutes aeration followed by 15 
minutes without aeration while in the second reactor (R2) oxygen supply 
lasted for 30 minutes and it was switched off during another 30 minutes. 
Oxygen level was kept at around 3 mg/L. Mixing of the Kaldnes carriers 
was provided with air supply from the bottom of the reactors to avoid 
sedimentation of the carriers. 

Moreover, heaters were added in each reactor to reach a temperature in-
side the reactors around 27 °C to keep favorable conditions for bacteria 
growth. HRT was fixed in 2 days with an average flow of 7.5 L/d for 
both reactors. During the research period, influent nitrogen load to the 
system was 2.126 g m-2 d-1 on average. Operational parameters are sum-
marized in table 13. 

Table 12. Characteristics of supernatant from Himmerfjärden 
WWTP. 
Supernatant from 
Himmerfjärden Unit 26/11/2009 

NH4
+-N mg/L 1240 

NO2
--N mg/L 0 

NO3
--N mg/L 2.94 

Alkalinity mmol/L 88.6 

pH - 8.09 

Conductivity mS/cm 8.5 

COD mg O2/L 665 

Table 13. Operational parameters of lab-scale Deammonifica-
tion reactors. 
Parameter Unit R1 R2 

Hydraulic retention time (HRT) days 2 2 

Reactor volume L 10 8 

Flow L/day 3.75 3.75 

Reactor filling with Kaldnes carri-
ers 

% 40 40 

Duration of the period with aera-
tion 

min 30 30 

Duration of the period without 
aeration 

min 15 30 

Ratio no aeration/aeration - 0.5 1 
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Measurements and analyses 

During the analyzed period, process performance was followed up by 
physical measurements and chemical analyses. Physical parameters (pH, 
Temperature, DO, conductivity and Redox potential) were monitored 
almost every day. Flow was also checked daily to ensure constant loading 
into the system. The measurements were carried out with the following 
manual instruments: 

• pH – WTW pH 330i together with electrode WTW SenTix 41 

• Conductivity – WTW Cond 330i together with electrode WTW te-
traCon 325 

• DO – Hach Lange HQ 30d flexi together with electrode Hach Lange 
LDO 101 

• ORP – WTW pH 330i with electrode Hamilton Polyplast ORP P/N 
238385/01 

• Temperature – WTW pH 330i together with electrode WTW SenTix 
41 or WTW Cond 330i together with electrode WTW tetraCon 325 

Two times a week, samples were taken from the inflow tank, outflow 
and inside the reactors. General chemical parameters were analyzed to 
follow the efficiency of the process:  ammonium, nitrite, nitrate and alka-
linity. Dr Lange Tests were used for these analyses.  

Activity Tests were done once a week and also the determination of the 
biomass developed on Kaldnes carriers (TSS and VSS). Moreover, bio-
film thickness was observed. 

5.2.2. Results and discussion 

Physical Parameters 

DO 

Dissolved oxygen concentration was measured carefully inside both reac-
tors over the research period. It is a critical parameter for the partial ni-
trification/Anammox process because it is the main limiting factor; dur-
ing partial nitrification, oxygen is demanded to produce nitrite but 
oxygen is also responsible for the inhibition of the Anammox process. 

Fig. 26. Oxygen profiles during intermittent aeration for 
reactors R1 and R2 (11.30.2009) 
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To control oxygen level supply, intermittent aeration was installed in 
both reactors. Two different aeration strategies were studied: 30 minutes 
aeration with 15 minutes without aeration in R1 and 30 minutes aeration 
followed by another 30 minutes without aeration in R2 (Fig. 26). Maxi-
mum DO level in each reactor was controlled every day and three times 
a week the detailed DO profile was measured. Maximum level of DO 
during the aeration period was kept around 3 mg/L. When the aeration 
starts, DO level increases quickly and when aeration stops, DO level de-
creases at the same rate until DO level is zero. 

During the period of the study, the DO profile was difficult to be kept 
stable due to the manual regulation and the short range of oxygen supply 
from the pumps. For this reason, profiles were checked twice a week and 
their evolution is shown in Appendix II.  

The average oxygen concentration during the aeration period was 
2.18±0.74 mg O2/L with a maximum of 3.65 mg O2/L in R1 and 
2.01±0.91 mg O2/L with a maximum of 3.11 mg O2/L in R2 (Table 14). 

pH 

pH value was measured in the inflow tank and in outflow of both reac-
tors. It was not controlled inside the reactors because it was usually the 
same value as in the influent (Siegrist et al., 1998). 

During the analyzed period, pH in the influent was rather stable on the 
average 8.14±0.11 and there was no necessity of adjusting pH value by 
dosage of chemical substances. pH value was lower in the effluent of 
both reactors (equal to 7.11±0.65 in R1 and 7.31±0.59 in R2). It is 
known that during the partial nitritation a drop in the pH value is ex-
pected while a rise of pH is observed when the Anammox reaction takes 
place (Cema, 2009). 

For this reason, performance of both processes in a single stage resulted 
in a minimal drop in pH (Fig. 27).  

Besides, pH value should be checked for high ammonium concentration 
streams because a high pH value can cause inhibition of Nitrobacter by 
free ammonia (Anthonisen, 1976). pH was kept under 8.5 during the 
whole operation period (Table 15). 

Detailed values are presented in Appendix II. 

 

 

 

 

 

 

 

Table 14. DO variations of lab-scale Deammonification reac-
tors during the aeration period. 
Dissolved 

oxygen Unit Average Min. Max. St. 
Dev. 

Number of 
samples 

R1 mg O2/L 2.18 0.05 3.65 0.74 10 

R2 mg O2/L 2.01 0.09 3.11 0.91 10 

Table 15. pH variations of lab-scale Deammonification reac-
tors during the research period.  

pH Unit Average Min. Max. St. Dev. Number of 
samples 

Inflow - 8.14 7.91 8.37 0.11 16 

Outflow R1 - 7.12 5.79 7.79 0.55 16 

Outflow R2 - 7.32 5.74 8.28 0.56 16 
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Conductivity 

The process has also been monitored by conductivity measurements in 
the influent and in the effluent from both reactors. Conductivity can be 
measured quickly and easily and this is the main reason for its use as a 
monitoring tool. Nitritation and Anammox processes cause a depletion 
in conductivity due to the removal of ammonium and hydrogen, two 
ions present in the supernatant (Fig. 28). During the operational period, 
conductivity in the influent was on the average 6.47±0.60 mS/cm  
Table 16). Difference between conductivity values in inflow and outflow 
was 4.14 mS/cm for R1 and 4.26 mS/cm for R2 on average. Inflow and 
outflow conductivity curves have the same tendency. Specific values are 
shown in Appendix II.  

 

 

 

 

 

 

 

 

Table 16. Conductivity variations of lab-scale Deammonification 
reactors during the research period.  

Conductivity Unit Average Min. Max. St. 
Dev. 

Number of 
samples 

Inflow 

mS/cm 

6.47 4.90 7.61 0.60 17 

Outflow R1 2.33 1.50 4.43 0.91 17 

Outflow R2 2.21 0.88 4.25 0.99 17 

Fig. 28. Variation of conductivity of lab-scale Deammonifi-
cation reactors during the operational period. 

Fig. 27. Variation of pH of lab-scale Deammonification 
reactors during the operational period. 
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Temperature 

Temperature is a key factor for the biological processes. At the  
beginning, temperature was fixed around 30°C using a heater but later it 
was decreased and kept in an average value of 27°C in both reactors, this 
is, under mesophilic conditions (Table 17). Despite the optimal tempera-
ture for Anammox process is around 37°C, it was proved that this 
process can be operated at a temperature below 30°C (Szatkowska et al., 
2006) with the consequent savings on heating. 

This decrease in temperature (Fig. 29) step by step resulted in a slight de-
cline of removal rates but later bacteria were able to adapt to the new 
conditions and recover its efficiency. More detailed data is presented in 
Appendix II.  

Redox potential 

Redox potential was measured in inflow and outflow from the reactors. 
ORP value is dependent on the DO level and temperature. It has been 
reported that in low DO concentrations, changes in redox potential  
occur due to different biochemical conditions (Holman & Wareham, 
2003). 

For the process controlling, the change on redox potential was more im-
portant that the absolute value. It has been realized that the process  
during the operational period took place at different absolute values but 
showed the same tendency in ORP change. 

Table 17. Temperature variations of lab-scale Deammonifica-
tion reactors during the research period. 

Temperature Unit Average Min. Max. St. 
Dev. 

Number of 
samples 

R1 
°C 

27.12 25.5 29.5 1.04 17 

R2 27.14 26.1 30.1 1.06 17 

Fig. 29. Variation of temperature of lab-scale Deammonifica-
tion reactors during the operational period. 
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Redox potential in inflow was rather lower due to the oxidizing ability of 
the solution. After the aeration periods, ORP in the outflow from both 
reactors increased (Fig. 30).  

Redox potential was an unstable parameter with a big fluctuation  
between the maximum and minimum value (Table 18). Details are pre-
sented in Appendix II. 

Table 18. Redox potential variations of lab-scale Deammonifi-
cation reactors during the research period.  
Redox 

potential Unit Average Min. Max. St. Dev. Number of 
samples 

Inflow 
 

mV 
 

-66.87 -286.5 -7.1 60.51 17 

Outflow 
R1 

72.89 -34 180.1 50.56 17 

Outflow 
R2 

48.04 -43.7 141.2 40.88 17 

Fig. 30. Variation of Redox potential of lab-scale Deammoni-
fication reactors during the operational period. 

Fig. 31. Redox profiles during intermittent aeration for 
reactors R1 and R2 (12.03.09). 
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Redox profiles inside the reactors were also performed parallel to DO 
profiles to see the variations in redox during aeration/non aeration 
periods. ORP profiles follow the same trend but different absolute 
values (Fig 31). When aeration starts in the reactors, nitrifying bacteria 
oxidize ammonia to nitrites. This process is followed by an increase of 
Redox potential. When the aeration stops, it can be observed a decrease 
in Redox potential due to an increase in the concentration of reduced 
forms. Redox profile was checked weekly and results are presented in 
Appendix II. 

Chemical Analyses 

NH4
+-N concentration 

Ammonium concentration was measured in inflow and outflow from 
both reactors (Table 19). The NH4+-N load in inflow was controlled to 
keep the concentration at around 850 mg/L because with high nitrogen 
load, streams are difficult to treat biologically. No other forms of inor-
ganic nitrogen were analyzed in influent. 

Ammonium concentration in effluent was lower in R2 (Fig 32), which 
means higher ammonium removal efficiency in this reactor. Detailed 
values are presented in Appendix II.  

 

Table 19. Ammonium concentration in lab-scale Deammonifi-
cation reactors during the research period. 

[NH4
+-N] Unit Average Min. Max. St. 

Dev. 
Number of 
samples 

Inflow mg/L 850.3 820 897 23.87 10 

Outflow R1 mg/L 117.12 5.92 272 86.32 7 

Outflow R2 mg/L 108.5 36.6 252 77.35 7 

Fig. 32. Variations of Ammonium concentration in lab-scale 
Deammonification reactors during the operational period. 
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NO2
--N concentration 

Nitrite concentration is a limiting factor for the partial nitrita-
tion/Anammox process. Deficient nitrite production can suppress the 
reaction but also an over concentration inhibits the Anammox process. 
A ratio of nitrite-to-ammonium that exceeds 2 causes an important de-
crease on the efficiency (Cema, 2009). 

Nitrite was almost zero in inflow, so it was measured only in outflow 
from both reactors.  

Nitrite concentration values are presented in table 20 and fig. 33 shows 
the variations in NO2--N profile during the operational period. Detailed 
values are presented in Appendix II. 

NO3
--N concentration 

Nitrate concentration was measured just in outflow from both reactors 
because there were no nitrates in the influent. 

During the process, nitrate was the main compound in outflow while ni-
trite and ammonium were almost consumed. The nitrate production was 
around 11.44 % on average of the removed ammonium for R1. This va-
lue is very close to the theoretical one of 11 % taking into account the 
stoichiometry. Differences between theoretical and experimental values 
are higher in R2 with an average of nitrate production of 5.35 %. This 
can be caused by the presence of heterotrophic denitrifying bacteria. 

The percentage of nitrate production to ammonium consumption is 
shown in fig. 34 for both reactors. 

Table 20. Nitrite concentration in lab-scale Deam-
monification reactors during the research period. 

[NO2
--N] Unit Average Min. Max. St. Dev. Number of 

samples 

Outflow R1 
mg/L 

3.54 2.13 5.64 1.06 7 

Outflow R2 6.70 4.87 10.3 1,82 7 

Fig. 33. Variations of Nitrite concentration in lab-scale 
Deammonification reactors during the operational period. 
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Additionally, nitrite concentration values are presented in table 21 and 
fig. 35 shows the variations in NO3--N profile during the operational pe-
riod. Detailed values are presented in Appendix II.  

Alkalinity 

The control of the alkalinity is important to guarantee the buffer capacity 
of the water system and because a lack of alkalinity can inhibit nitrifying 
bacteria and decrease nitritation rates. It was measured in both influent 
and effluents of the reactors. Alkalinity values in inflow were stable with 
an average of 58.83±6.72 mmol/L (Table 22). Despite a decrease of al-
kalinity that was observed in outflow of both reactors, no lack of this pa-
rameter was noticed (Fig. 36). Detalied values are presented in Appendix 
II. 

Table 21. Nitrate concentration in lab-scale Deammonifica-
tion reactors during the research period. 

[NO3
--N] Unit Average Min. Max. St. 

Dev. 
Number of 
samples 

Outflow R1 mg/L 77.78 2.35 108 38.28 7 

Outflow R2 mg/L 34.23 4.38 54.5 20.99 7 

Fig. 34. Evolution of Nitrate production in % in lab-scale 
Deammonification reactors. 

Fig. 35. Variations of Nitrate concentration in lab-scale 
Deammonification reactors during the operational period. 
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Decrease of alkalinity observed is explained by the fact that 2 mol of al-
kalinity are required for oxidation of 1 mol NH4+ to NO2-. Moreover, 
the consumption of alkalinity resulted in a decrease in the pH value 
which prevents excessive nitrate production. 

Correlation between Ammonium concentration and conductivity 

It was found a dependency between NH4+-N concentration in influent 
and conductivity values of the supernatant (Fig 37). Both curves run pa-
rallel as conductivity value is proportional to the analyzed concentration 
of ammonium. Experimental correlation between these two parameters 
was done ignoring the presence of other ions in supernatant that can af-
fect the total measured conductivity (Fig 38). 

Table 22. Alkalinity variations in lab-scale Deammonification 
reactors during the research period. 

Alkalinity Unit Average Min. Max. St. Dev. Number of 
samples 

Inflow  
mmol/L 
 

58.83 52.8 67.6 6.72 6 

Outflow R1 6.27 0.97 19.1 6.60 6 

Outflow R2 8.11 4.1 14.7 4.47 6 

Fig. 37. Ammonium concentration and conductivity in the 
influent in lab-scale Deammonification reactors. 

Fig. 36. Variations of alkalinity in the lab-scale Deammonifi-
cation reactors during the operational period. 
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Biomass measurements 

The determination of the biomass attached to Kaldnes carriers was cal-
culated using the procedure described in Standard Methods, 1999 (Table 
23). 

VSS represent the amount of biomass attached to the rings. In this case, 
it refers to nitrifying, Anammox and also denitrifying bacteria.  

The increase of these values during the analyzed period means a progre-
ssive growth in the bacteria population (Fig 39). In fact, an increment of 
the biofilm thickness was noticed due to the enrichment of the biomass 
in the system. It also means that there is no wash-out of the bacteria 

Table 23. Biomass developed on Kaldnes carriers 
 R1 R2 

Days TSS (g/L) VSS (g/L) TSS (g/L) VSS (g/L) 

1 14.70 12.96 14.70 12.96 

7 14.86 13.11 15.18 12.97 
13 15.43 13.32 15.55 13.87 
22 15.48 13.79 15.60 13.89 

Fig. 39. VSS from Kaldnes carriers from lab-scale Deam-
monification reactors. 

Fig. 38. Correlation between Ammonium concentration and 
conductivity in the influent in lab-scale Deammonification 
reactors. 
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population from the system. It was observed that nitrogen removal rate 
was increasing with the rise of VSS concentration and that nitrogen 
removal rate was higher in R2. Probably, it can be connected with a 
bigger amount of biomass in the biofilm.  

Suspended Solids in Supernatant 

During the research period, some problems were noticed connected with 
the high concentration of suspended solids (SS) in effluent; although no 
specific measurements were done in this period. 

Bacterial activity measurements 

Specific Anammox Activity 

SAA tests were carried out adapting the words of Dapena-Mora et al. 
(2007). Following this methodology, the activity measured is the maxi-
mum activity of Anammox bacteria without substrate limitations for the 
range of ammonium and nitrite employed, being actually a potential ac-
tivity. 

Both reactors were operated obtaining high Anammox activity with an 
average value for the R1 of 2.116 g N/m2�d and 2.377 g N/m2�d for R2 
(Table 24). However, a loss of bacteria activity was observed on the 7th 
day, probably due to the decrease in temperature (Fig 40). Later, the ac-
tivity increased again during the operation period. Maximum activity was 
2.812 g N/m2�d measured in R2. 

Activity measurements were referred not only to the biofilm area but al-
so to the amount of VSS. Results are shown in table 25 and fig. 41: 

Anammox activity was always higher in R2, probably due to the aeration 
strategy. The high Annamox activity obtained during the tests caused the 
accumulation of nitrogen gas between the rings. Therefore, it was 
observed that rings were floating inside the bottles during the tests.  

These tests serve as an estimation of the potential Anammox bacteria ac-
tivity. 

Table 24.  SAA in g N/m2�d during the operational period. 

 R1 R2 

Days SAA (g N/m 2·d) SAA (g N/m 2·d) 
1 2.231 2.343 
7 1.880 2.038 
13 2.241 2.315 

22 2.114 2.812 

Fig. 40. SAA referred to the biofilm area.  
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Deammonification process activity 

It is also useful to calculate the Deammonification activity of the process 
under the specific operational conditions. It refers to the nitrogen re-
moval rate in g N/m 2� d and it depends on how efficient is the system 
to produce the necessary NO2- to carry out the process. It can be calcu-
lated as follows: 

 

4 2 3 4 2 3

2

(( ) ( ) )
1000.
40%

500
1000

NH N NO N NO N in NH N NO N NO N out F
gN

Deam Activity
Vrealm d

+ − − + − −− + − + − − − + − + − ⋅
  =  ⋅⋅  ⋅

[21]

 
Where, 

F - flow to the reactor, L/d 

1000 - conversion mg-g 

Vreal - volume of the reactor, L 

40% - percentage of Kaldnes rings in the reactor volume 

1000 - conversion L-m3 

500 - effective specific surface area, m2/m3 

Results are shown in table 26: 

As it was expected, SAA were always higher than the Deammonification 
activity value (Fig. 42 and 42). In this way, comparing both values it is 
possible to evaluate the overall activity of the bacteria and the perfor-
mance of our system. 

Table 25.  SAA in g N/gVSS�d during the operational period. 

 R1 R2 

Days SAA (g N/gVSS·d) SAA (g N/gVSS·d) 

1 0.054 0.057 

7 0.045 0.050 

13 0.053 0.053 

22 0.048 0.064 

Fig. 41. SAA referred to the amount of VSS. 
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Both reactors were running with a nitrogen load of 2.156 g N/m2�d on 
average. Considering the influent load, it is also possible to evaluate the 
difference between the influent nitrogen load and the Deammonification 
process activity (Fig 44). This difference represents the amount of nitro-
gen that was not removed. The removal rate was 1.711 g N/m2�d for R1 
and 1.814 g N/m2�d for R2 on average. 

It can be observed that nitrogen removal rate decreased after the 7th day 
and increased again after 15 days. This can be due to the adaptation of 
the bacteria. The specific Anammox activity (Table 24) showed the same 
tendency over time. 

Table 26.  Deammonification process activity in g N/m2�d 
during the operational period. 

 R1 R2 

Days Deammonification activity     
(g N/m 2·d) 

Deammonification activity      (g 
N/m2·d) 

1 2.038 1.940 
7 1.699 1.875 
13 1.460 1.584 
22 1.647 1.857 

Fig. 42. Comparison between SAA and Deammonification 
activity in R1. 

Fig. 43. Comparison between SAA and Deammonification 
activity in R2. 
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Removal Efficiency 

Efficiency can be calculated in % taking the compounds measurements 
for the analyses during the research period as it was described in chapter 
3.4.4. It can be expressed based on the total amount of nitrogen re-
moved or only on the NH4+-N removed. 

Both reactors were operating steadily with a high efficiency. The total in-
organic nitrogen removal during the research period was 77.0±0.2 % in 
R1 and 82.9±0.1 % in R2 whereas ammonium removal was 86.4±0.1 % 
in R1 and 87.5±0.1 % in R2 on average (Table 27 and 28). The lost of 
bacteria activity after 7 days resulted in a decrease in the removal effi-
ciency (Fig. 45 and 46). Detailed values are presented in Appendix II. 

 

 

 

 

 

 

 

 

Table 27. Total nitrogen removal efficiency of lab-scale Deam-
monification reactors.  

Total nitrogen 
removal efficien-

cy 
Unit Aver-

age Min. Max. St. Dev. Number of 
samples 

 R1 
% 

77.0 59.1 93.0 0.2 7 

 R2 82.9 65.4 90.6 0.1 7 

Fig. 44. Comparison between nitrogen removal rate and 
nitrogen load in the influent. 

 

Fig. 45. Total nitrogen removal efficiency of lab-scale 
Deammonification reactors. 
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Surprisingly, the progressive increase over time in biofilm thickness (Fig. 
39) was not followed by a gradual rise of nitrogen removal efficiency. In 
fact, during the first 10 days, both total nitrogen and ammonium removal 
decreases. It means that there were other parameters like DO, tempera-
ture and nitrogen load influencing nitrogen removal in the reactor. It 
could be caused by an increase of nitratation due to a high DO level in 
the reactors. Concentration of nitrates in the outflow increased in this 
period (see Fig. 35). After these first days, total efficiency increased again 
until a maximum value of around 90 %. In fact, a stable nitrogen remov-
al with a continuous gas production was observed. 

Total inorganic nitrogen removal was always higher in R2 during the   
operational period, probably due to the aeration strategy and a higher ac-
tivity of the bacteria population.  

At the same time, ammonium removal was always higher than total inor-
ganic nitrogen removal which means that there is still ammonium con-
centration in the outflow from both reactors.  

5.2.3. Conclusions 

• Supernatant coming from Himmerfjärden WWTP showed better 
quality to carry out the Deammonification process due to its high 
ammonium content, low COD content and high alkalinity. 

• The use of intermittent aeration is a good choice to create properly 
oxygen conditions to ensure the co-existence of both nitrifiers and 
Anammox bacteria in the biofilm and increase the process efficiency. 

• Two aeration strategies were tested: 30 minutes aeration followed by 
15 minutes without aeration and 30 minutes aeration followed by 
another 30 minutes without aeration. It was proved that the second 
strategy was better. In fact, this is the aeration strategy used in   
Himmerfjärden Full-scale Anammox reactor. 

Table 28. Ammonium removal efficiency of lab-scale Deam-
monification reactors.  
Ammonium 

removal 
effciency 

Unit Average Min. Max. St. Dev. Number of 
samples 

R1 
% 

86.4 69.7 99.3 0.1 7 

R2 87.5 71.9 95.6 0.1 7 

Fig. 46. Ammonium removal efficiency of lab-scale  
Deammonification reactors. 
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• Physical parameters such as conductivity, pH or Redox potential can 
be used as a tool to monitor and control the Deammonification 
process. 

• Alkalinity change during the Deammonification process can be a 
supporting measurement to control the one-step partial nitrita-
tion/Anammox process.  

• Necessity of on-line control of physical parameters (especially DO) to 
get reliable and quick data about the changes of the process perfor-
mance was found. 

• Redox potential was the most unstable parameter and its changes are 
dependent on the DO level. 

• Conductivity was indicated as a physical parameter that enables to es-
timate the process efficiency without performing chemical analyses.  

• Both reactors were operating with high nitrogen removal efficiency. 
Maximum nitrogen removal efficiencies were 93% in R1 and 90.6% 
in R2.     

• High Anammox activity was measured in the biomass from both 
reactors. The average value was 2.116 g N/m2�d in R1 and 2.377 g 
N/m2�d for R2. Higher activity in R2 was due to the better aeration 
strategy. 

• Time is necessary for the process recovery in case of the lost of bac-
teria activity. 

• The increase of the biofilm thickness evidenced a progressive growth 
in the bacteria population over time. 

6. BATCH EXPERIMENTS WITH INTERMITTENT AERATION 

During December, parallel to the monitoring and control of the   
Deammonification process operation, several number of batch experi-
ments using different strategies of aeration were carried out to study in 
detail the changes in physical parameters and the variation in the concen-
tration of different nitrogen compounds in the reaction period            
(4-4.5 hours). With these batch experiments, where lab-scale conditions 
were simulated, the aim was to determine the best strategy of aeration 
and oxygen condition for partial nitrification/Anammox process. 

6.1. Materials and methods 
Plastic vessels were used as batch reactors (Fig 47). Each vessel was filled 
with a fixed volume of supernatant from Himmerfjärden WWTP diluted 
with distilled water to reach the desired concentration of ammonium in 
the beginning of the experiment. The vessel was inside a thermostatic 
bath to keep the temperature at 25 °C, and the dissolved oxygen in it was 
removed until it reached less than 1 mg/L using a nitrogen gas line. A 
fixed amount of Kaldnes carriers with biomass attached were taken ran-
domly from R2 and added, previously washed with diluted supernatant. 
A magnetic stirrer was employed to ensure complete mixing of the reac-
tion medium. A determinate concentration of oxygen was supplied into 
the vessel during the aeration stage and DO, Redox, pH and conductivi-
ty were measured during the whole experiments. All cycles began with 
aeration period.Using a syringe, liquid samples were taken from the ves-
sel each time that aeration ended and started, and every 30 min in the 
continuous aeration experiments. Samples were filtrated in laboratory us-
ing a 1.6 µm pore size prefilter followed by a 0.45 µm pore size filter.  
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The initial and final samples were immediately analyzed for nitrogen 
forms, alkalinity, COD and Total Nitrogen (TN) the same day of the ex-
periment and frozen la-ter, while the intermediate samples were directly 
frozen. Batch experiments were carried out using biomass with the same 
characteristics to allow comparison between the results obtained. After 
the experiments, SAA, TSS and VSS were measured.  

The groups of batch experiments performed using different strategies of 
aeration are summarized in table 29: 

6.2. Results and discussion 

6.2.1. Group I 

The first group of experiments were done out the 1st of December to get 
in touch with the experimental equipment and improve methodology. 

Table 29. Batch experiments summary.  

Group I (01/12/2009) II (15,16 & 17/12/2009) 

No experiment 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

DO (mg O2/L) 3 2 3 4 

No aeration/aeration ratio 0.5 0 1/3 1 3 0 1/3 1 3 0 1/3 1 3 

No aeration/aeration duration 
(min) 

15/30 30/60 - 15/45 30/30 45/15 - 15/45 30/30 45/15 -- 15/45 30/30 45/15 

Cycle duration (min) 45 90 60 60 60 

Total duration (h) 4.5 4 4 4 

Volume of  
supernatant (L) 

1 1 1 1 

Initial concentration of NH4
+-N  

(mg/l) 
130 ~150 ~150 ~150 

Volume of Kaldness rings (mL) 400 400 400 400 

SAA (25°C)  
(g N/m2·d) 

2.033 2.286 

Fig. 47. Scheme of the experimental equipment to follow 
up the batch experiments (Malovanyy, 2009). 
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Two batch experiments were carried out at the same time and under the 
same conditions in 1L working capacity vessels and they lasted 4.5 h. 
The only difference between them was the duration of the cycle, being 
45 min in the experiment 1 and 90 in experiment 2. Nitrogen forms were 
measured as well as COD and alkalinity.  

Although the difference in the cycle duration, the concentrations of ni-
trogen forms in the liquid are similar, reaching the 38.4% of efficiency in 
both experiments (Table 30). 

During experiments it was considered the possibility to increase the op-
eration capacity using vessels with 2 L of volume. However, because of 
the difficulties to have a homogeneous mixing, it was decided to keep 
the  initial volume.   

6.2.2. Group II 

This group of experiments was performed during three consecutive days, 
using each day the same strategies of aeration but changing the concen-
tration of dissolved oxygen. 

Four aeration strategies were performed each day. The ratios of no aera-
tion/aeration were 0, 1/3, 1 and 3, which corresponded with the follo-
wing durations of no aeration/aeration periods (Table 31). 

A study by Cema et al. (2008) reported studies about the optimum DO 
concentration level in a range from 0.5 to 4 g O2 m-3 for continuous aera-
tion. In our case, three different DO levels were tested: 2, 3 and 4 mg/L. 

Table 30. Chemical analyses Group I. 

 Unit Inflow Outflow Exp. 1 Outflow Exp. 2 

NH4
+-N   mg/L 130.0 66.7 67.9 

NO2
--N   mg/L 0.19 2.43 1.42 

NO3
--N   mg/L 7.6 15.8 15.6 

Alkalinity mmol/L 5.75 - 0.90 

COD mg O2/L 80.8 - 85.4 
TN mg/L 141.5 - 92.0 

N removal %  38.4 38.4 

Table 31. Aeration strategies used during batch experiments. 
Group II. 

Ratio Period without 
aeration (min) 

Period with 
aeration (min) Cycle duration (min) 

0 0 60 60 
1/3 15 45 60 
1 30 30 60 
3 45 15 60 

Table 32. Chemical analyses for different aeration ratios, DO=2mgL.  
  R=0 R=1/3 R=1 R=3 

 Unit Inflow Outflow Inflow Outflow Inflow Outflow Inflow Outflow 

NH4
+-N mg/L 154.8 92.1 152.1 67.8 149.1 100.2 148.3 109.0 

NO2
--N mg/L 0.29 2.99 0.67 3.40 0.36 1.10 0.75 0.74 

NO3
--N mg/L 0.22 4.09 1.14 8.00 0.36 2.24 1.06 1.20 

Alkalinity mmol/L 11.6 7.3 - 5.6 - 8.2 - 8.4 

COD mg O2/L 81.8 93.1 - 82.8 - 77.8 - 82.2 

TN mg/L 154 97 - 78 - 99 - 113 

N removal % 36.2 48.5 30.9 26.1 
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After analyzing the samples, the results listed in tables 32, 33 and 34 
were obtained for different DO concentrations. 

An increase in DO concentration leads to the decreasing of ammonium 
content in effluent (Fig 48 a). Moreover, the higher the oxygen concen-
tration and aeration period, the greater nitrite and nitrate production, be-
cause of the nitritation step taking place (Fig. 48 b and 48 c). With DO 
concentration of 4 mg/L, a pronounced increase of nitrite and nitrate 
were observed. 

The overall inorganic nitrogen reduction seems to be very similar with 
the different DO supplies and for the ratios 1 and 3 (Fig. 48 d), and bet-
ter in the experiment performed with an aeration ratio of 1/3. 

The efficiency of Deammonification can be calculated using equations 
19 and 20 (Fig. 49). The efficiency of nitrogen removal in the Anammox 
process depends on nitrite formed in the first step of the Deammonifica-
tion process, the partial nitritation. 

The results of the 12 batch experiments performed in different condi-
tions show that the highest efficiency was obtained for a dissolved oxy-
gen concentration of 4 mg/L and a no aeration/aeration ratio equal to 
1/3 (exp. no 12), with a nitrogen removal efficiency of the 69.5 %  
(Fig. 49). 

The concentration of dissolved oxygen and the ratio of aeration have a 
very strong influence on the nitrogen removal rates and efficiency of the 
Deammonification process. 

Taking into account the best strategy obtained, concentration of nitrogen 
forms during experiment no 12 were analyzed from the frozen samples 
by Flow Injection Analysis (FIA) based on using VIS spectrophotometry 
AQUATEC-TECATOR 5400 ANALYZER (Fig. 50). Detailed data is 
presented in Apppendix III. 

Table 33. Chemical analyses for different aeration ratios, DO=3mgL.  
  R=0 R=1/3 R=1 R=3 

  Unit Inflow Outflow Inflow Outflow Inflow Outflow  Inflow Outflow 

NH4
+-N mg/L 157.4 87.7 153.6 61.4 155.3 99.9 148.8 100.8 

NO2
--N mg/L 0.77 3.67 0.75 4.09 0.72 1.30 1.14 0.75 

NO3
--N mg/L 0.34 6.17 1.28 9.22 0.45 3.63 1.25 2.79 

Alkalinity mmol/L 10.7 2.0 - 4.6 - 2.8 - 7.9 

COD mg O2/L 74.2 86.6 - 86.5 - 91.2 - 84 

TN mg/L 155 364 - 77 - 102 - 105 

N removal % 38.4 52.0 33.0 31.0 

Table 34. Chemical analyses for different aeration ratios, DO=4mgL.  
  R=0 R=1/3 R=1 R=3 

 Unit Inflow Outflow Inflow Outflow Inflow Outflow I nflow Outflow 

NH4
+-N mg/L 152.7 44.7 157.8 30.3 149.7 94.8 150.4 94.4 

NO2
--N mg/L 0.89 5.37 0.99 5.55 0.63 1.36 0.90 0.93 

NO3
--N mg/L 0.68 11.87 0.85 12.99 0.32 4.33 0.81 4.06 

Alkalinity mmol/L 11.6 3.6 - 2.5 - 5.3 - 8.2 

COD mg 
O2/L 

81.8 80.5 - 91.6 - 75.3 - 84.5 

TN mg/L 154 66 - 56 - 102 - 104 

N removal % 59.9 69.5 33.3 34.7 
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Fig. 48. a) Ammonium concentration b)Nitrite concentra-
tion c)Nitrate concentration d) Mineral N concentration  for 
different aeration ratios and oxygen supply at the end of the 
batch experiments. 
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During the Deammonification process, part of the ammonium oxidizes 
to nitrite that reacts with remaining ammonium to produce nitrogen gas 
due to Anammox bacteria in the period without aeration. The oxygen 
supplied is consumed in the outer part of the biofilm where nitrite is 
produced by nitrifying bacteria so Anammox bacteria are protected from 
it. Nitrate is also produced, in an amount depending on the concentra-
tion of dissolved oxygen. 

The presence of the two steps that occur in the Deammonification 
process can be confirmed: the partial nitritation in the aeration stage and 
the Anammox reaction during the anaerobic operation. 

The ammonium concentration decreases continuously in aeration stages 
due to the partial nitrification and during the periods without aeration 
because of the Anammox reaction, being this drop faster during aeration 
stages. 

Nitrite variation has an oscillating behavior, increasing during aeration 
stages due to ammonium oxidation by Nitrosomonas, and decreasing    
during non aerated stages, when Anammox reaction takes place. The 
values were kept between 5.5 and 9.7 mg/L during the whole reaction 
period. 

Nitrate is produced and its concentration at the end of the experiment 
was 14 mg/L. The rate of nitrate production is higher during the aera-
tion period.  

 

Fig. 49. Efficiency of ammonium (a) and nitrogen (b) re-
moval for different aeration rates and oxygen supply. 
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The partial efficiencies of nitrogen removal in each period can be calcu-
lated. It can be noticed that more nitrogen is removed during aeration 
periods, being the value higher over time.  

Besides chemical analyses, physical parameters were also controlled du-
ring the experiments to monitor the process. Profiles of DO and Redox 
have been done as well as control of pH and conductivity. Value of tem-
perature was constant in all experiments (25 °C).  

Results for the best aeration level and strategy are commented below. 

DO concentration was easy to control in all experiments, increasing up 
to the desired value in a short period of time and reaching in a few mi-
nutes 0 mg/L in non aerated periods.As it was expected, Redox potential 
increased in aeration periods and decreased with the decreasing of DO 
concentration (Fig 52). 

As it was expected, Redox potential increased in aeration periods and 
decreased with the decreasing of DO concentration (Fig. 53). 

A linearly drop of conductivity is noticed with the progress of the reac-
tion and pH tends to decrease, being this fall higher during anaerobic 
stages (Fig 54). More detailed data of physical parameters is shown in 
Appendix III. 

Fig. 50. Ammonium, nitrite and nitrate variation for experi-
ment no 12 (DO=4mg/L and R=1/3). 

Fig. 51. Partial efficiency in aeration-no aeration periods for 
DO=4mg/L and R=1/3. 
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6.3. Conclusions 
Considering all the results from batch tests experiments with intermittent 
aeration, it may be concluded that: 

Fig. 52. DO profile during batch experiment no 12. 

Fig. 53. Redox potential variation during batch experiment 
no 12. 

Fig. 54. pH and conductivity variation during batch experi-
ment no 12. 
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• Oxygen is the main limiting factor. Dissolved oxygen level influences 
strongly the nitrogen removal efficiency in one-stage Deammonifica-
tion process. 

• No aeration/aeration ratio and DO concentration influence nitrogen 
removal efficiency. 

• The best results were obtained with a no aeration/aeration ratio equal 
to 1/3 and for a dissolved oxygen concentration of 4 mg/L. 

• The production of nitrite during the partial nitritation seems to be the 
rate-limiting step for the Anammox reaction. 

• The change from aerobic to anaerobic conditions at the right time 
brings a reduction in costs and increase efficiency of the process. 

• It was proved that the better aeration strategy for the continuous sys-
tem studied in lab-scale Deammonification reactors was different 
than the optimal aeration strategy found in batch tests experiments. 

7. PILOT PLANT DEAMMONIFICATION REACTOR 

After more than two months working with the Deammonification 
process in laboratory scale reactor, the next step was scaling-up this 
process to the pilot plant scale and starting a new reactor. 
Scaling-up of a process is essential to get practical knowledge and recog-
nize operational problems in small-scale before a successful full-scale 
implementation. 

7.1. Materials and methods 
In January 2010, a new Deammonification reactor started running in 
HSRS pilot plant. Initially, it consisted of two reactors with a volume of 
200 L each and a settling tank after the reactors (Fig 55). However, only 
one of them was operated during the studied period.  

The reactor was filled up to 40 % of its volume with Kaldnes carriers, 
which were brought from Himmerfjärden WWTP. 

The reactor was continuously fed with supernatant from Bromma 
WWTP (Table 35). This supernatant had a high ammonium concentra-
tion around 1000 mg NH4+-N/L, high alkalinity and low organic matter 
content. Nitrite and nitrate concentration was almost 0 mg/L. 

Bromma supernatant characteristics were appropriate for carrying out 
the Deammonification process. Ammonium concentration in the inflow 
was fixed around 1000 mg/L using directly the fresh supernatant without 
dilution. Besides, the low content of biodegradable organic carbon in the 
feeding media avoided an over- growth of the heterotrophic bacteria. 
Continuous aeration was supplied from the bottom of the reactor to 
keep the DO level around 2 mg/L. The system was equipped with a ver-
tical stirrer to provide suitable mixing and avoid sedimentation of bio-
mass carriers. Mixing could be adjusted by controlling the speed of the 
stirrer. The influence of this parameter has been studied by (Arrojo et al., 
2006) who reported that Anammox bacteria could support the high 
stress supplied by mechanical stirring up to 180 rpm but a decrease in 
the stability of Anammox granules was observed when speed was in-
creased to 250 rpm. Also, a heater was used to keep a temperature inside 
the reactor around 25 °C. 

HRT was 2 days with a flow of 100 L/d until the 48th day of operation. 
During this period, influent nitrogen load to the reactor was  
2.57 g N/m2�d on average. To determine the influence of nitrogen load 
increase on the process performance, the nitrogen load was increased to 
3.81 g N/m2�d on average, which resulted in a HRT of 1.4 days. Opera-
tional parameters of the reactor are summarized in table 36. 
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Measurements and analyses 

Process performance was followed up by physical measurements and 
chemical analyses. In this period, there were on-line devices in pilot plant 
(Fig. 56). In this way, physical parameters (pH, Temperature, DO, con-
ductivity and Redox potential) were monitored easily every day. The 
equipment employed was the following: 

• Redox, DO & pH - On-line equipment BB2 from Cerlic  Company  

• Conductivity - Dr Lange Analon Cond 10 

• Temperature - Jumo dTron 316 

The sensors of these instruments were situated in the inflow pipe and in-
side the reactor to allow a continuous measurement of each parameter. 
Due to the complete mixing inside the reactor, values taken inside the 
reactor were assumed to be the same as in the outflow. Flow was 
checked daily to avoid strong fluctuations in the load into the system. 

Table 35. Characteristics of supernatant from Bromma 
WWTP. 
Supernatant 
from Bromma 

Unit 26/01/2009 18/03/2009 

NH4
+-N mg/L 1040 1140 

NO2
--N mg/L 1.59 0.76 

NO3
--N mg/L 3.44 0.76 

Alkalinity mmol/L 79.7 62.2 

pH - 8.29 8.21 

Conductivity mS/cm 8.93 9.62 

COD mg O2/L 642 772 

Table 36. Operational parameters of Pilot Plant Deammonifica-
tion reactor. 
Parameter Unit Value 

Hydraulic retention time (HRT) days 2 - 1.4 

Reactor volume L 200 

Flow L/day 100 - 144 

Reactor filling with Kaldness 
rings 

% 40 

Fig. 55. Pilot plant Deammonification reactor.  
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Twice a week, samples were taken from the inflow tank and from the 
settling tank situated after the reactor. Chemical parameters were ana-
lyzed to follow the efficiency of the process: COD, ammonium, nitrite, 
nitrate and alkalinity. As in the previous experiments, Dr. Lange Tests 
were used for these analyses.  

Activity tests were performed once a week and the biomass developed 
on Kaldnes carriers (TSS and VSS) was also determined. Moreover, bio-
film thickness was observed. SS in influent, effluent and activated sludge 
were also measured. 

7.2. Results and discussion 

7.2.1. Physical Parameters 

DO 

Dissolved oxygen was checked daily to assure a continuous aeration of 2 
mg O2/L inside the reactor. The oxygen level was controlled with a ro-
tameter connected to the supply pipe, and adjusted when it was required. 

After 30 days of operation, a decrease of pH in the outflow was ob-
served, so it was decided to reduce the oxygen level to 1-1.5 mg/L (Fig 
57) to limit the nitrification step, which resulted in an increase in the pH 
until stable values. By the end of the research period, DO concentration 
was increased again to 3 mg O2/L to evaluate the effect of an increase in 
the DO level. 

During the analyzed period, the control of DO level was easier than in 
lab-scale pilot plant. This may be due to the better quality of the oxygen 
pump compared to laboratory one and the well mixing of the bulk liquid. 

The DO concentration increased from the day 53, reaching a maximum 
peak of 3.8 mg/L (Fig 37). The DO increased but the efficiency re-
mained constant. This can be due to the increase of the nitrogen load 
from 2.57 g N/m2�d to 3.81 g N/m2�d on average in the same period.  

pH 

During the period of study, pH of inflow was stable on the average of 
8.0±0.3 and it was not required to adjust pH value adding chemical  
substances (Fig. 58). The pH of effluent was more unstable, with an av-
erage equal to 6.9±0.5, with a minimum of 5.6 (Table 38).  

A low pH value causes the production of nitrous acid, which must be 
avoided. For this reason when the pH in the effluent started to decrease, 

Fig. 56. On-line equipment for measuring physical parame-
ters in Pilot plant Deammonification reactor. 
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t

the level of oxygen was reduced to adjust the pH level and limit the nitri-
tation step. More detailed data are shown in Appendix IV 

Conductivity 

As it was mentioned before, Deammonification process leads to a de-
crease in conductivity values due to the removal of two ions present in 
supernatant: ammonium and hydrogen (Fig 59).  

During the period of study, conductivity in the influent was very stable 
on the average of 9.55±0.15 mS/cm. Outflow profile experienced more 
ups and downs with an average of 1.63±0.54 mS/cm. connected with 

Table 37. DO variations of Deammonification reactor during 
the research period. 

Parameter Unit Average Min. Max. St. Dev. Number of 
samples 

Dissolved 
oxygen 

mg O2/L 2.2 1.1 3.8 0.7 47 

Table 38. pH variations of Deammonification reactor during 
the research period. 

pH Unit Average Min. Max. St. Dev. Number of 
samples 

Inflow - 8.0 7.5 8.4 0.3 37 

Out-
flow 

- 6.9 5.6 8.0 0.5 47 

Fig. 57. DO profile in Deammonification reactor during the 
operational period.  

Fig. 58. Variation of pH in Deammonification reactor during 
the operational period. 
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the changes on the nitrogen removal (Table 39).Detailed values are pre-
sented in Appendix IV.   

Temperature 

Temperature was an easy parameter to control in pilot plant Deammoni-
fication reactor as a result of the good mixing of the reaction liquid. The 
average value was almost 25 °C, being the last obtained values closer to 
the average than the earlier ones (Table 40 and Fig. 60). More details are 
shown in Appendix IV. 

Redox Potential 

Redox potential was also measured on-line for inflow and outflow of the 
pilot plant Deammonification reactor. ORP in influent was lower than in 
effluent due to the oxidizing ability of the solution (Fig 61). In both cas-
es this parameter had fluctuations during the whole period (Table 41). 
More information is presented in Appendix IV.  

Table 41. Redox potential variations of Deammonification 
reactor during the research period. 
Redox Poten-

tial Unit Average Min. Max. St. 
Dev. 

Number of 
samples 

Inflow 
mV 

-480 -539 -406 31 47 

Outflow 85 -11 237 60 47 

Table 39. Conductivity variations of Deammonification reactor 
during the research period. 

Conductivity Unit Average Min. Max. St. 
Dev. 

Number 
of 

samples 

Inflow mS/cm 9.55 9.22 9.87 0.15 47 

Outflow mS/cm 1.63 0.96 3.03 0.4 47 

Table 40. Temperature variations of Deammonification reactor 
during the research period. 

Parameter Unit Average Min. Max. St. 
Dev. 

Number of 
samples 

Temperature °C 24.8 24.0 25.5 0.4 47 

Fig. 59. Variation of conductivity in  Deammonification 
reactor during the operational period. 



Zaira Hernando & Sandra Martínez  TRITA LWR Degree Project   

 

64 

7.2.2. Chemical Analyses 

NH4
+-N concentration 

Ammonium concentration was measured in inflow and outflow of the 
reactor (Fig. 62). No other forms of inorganic nitrogen were analyzed in 
the influent because in the initial analysis of supernatant, nitrite and ni-
trate concentrations were almost zero. 

Ammonium concentration was kept stable in the influent with an  
average of 1021 mg/L while NH4+-N concentration in effluent de-
creased until 60.2 mg/L on average (Table 42). More details are shown in 
Appendix IV. 

NO2
--N concentration 

Nitrite concentration in outflow remained quite stable until a drop 
caused by the reduction in DO concentration to the range 1-1.5 mg/L, 
which led to a slowdown in the nitritation process (Fig. 63). From the 
day 40th day, nitrite concentration was going up to 10 mg/L due to the 
increase of DO level (Fig. 57). High nitrite concentration in outflow 
must be avoided because it reflects that Anammox process was not per-
formed efficiently. 

Nitrite concentration values are gathered in table 43. Detailed values are 
listed in Appendix IV.  

Fig. 60. Temperature profile in  Deammonification reactor 
during the operational period. 

Fig. 61. Variation of redox potential in Deammonification 
reactor during the operational period. 
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NO3
--N concentration  

Nitrate was the main compound in the outflow from the reactor, being 
the nitrate production around 15 % (Fig 64). This value is higher than 
the stoichiometric one, 11 %. This difference between the theoretical 
and the experimental value could be due to the favorable conditions for 
the growth of nitrite Nitrite Oxidize Bacteria (NOB) in the outer layer of 
the biofilm, this is, the presence of oxygen and nitrite.  

Table 42. Ammonium concentration in Deammonification 
reactor during the research period. 

[NH4
+-N] Unit Average Min. Max. St. Dev. Number of 

samples 

Inflow 
mg/L 

1021 904 1110 53.8 9 

Outflow  60.2 20.6 163 40.2 13 

Table 43. Nitrite concentration in Deammonification reactor 
during the research period. 

[NO2
--N] Unit Average Min. Max. St. 

Dev. 
Number of 
samples 

Outflow  mg/L 7.01 4.34 10.41 1.89 13 

Fig. 62. Ammonium profile in Deammonification reactor. 

 

Fig. 63. Nitrite profile in Deammonification reactor. 
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Nitrate concentration during the operational period was on average 
163.1±34.6 mg/L (Table 44) with a similar variation trend compared to 
nitrite profile (Fig. 63 and 65). This makes sense since if more nitrite is 
produced, more amounts are oxidized to nitrate. Detailed values are 
shown in Appendix IV. 

Alkalinity 

Alkalinity was measured in the influent and effluent of the Deammonifi-
cation reactor. The values in inflow and outflow were rather stable but 
by the end of the period, it was observed a fluctuation both in inflow 
and outflow but following the same trend (Fig 66). Alkalinity decreased 
around a 97 % on average, but no lack of this parameter was noticed 
(Table 45). Detailed values are shown in Appendix IV 

Table 44. Nitrate concentration in Deammonification reactor 
during the research period. 

[NO3
--N] Unit Average Min. Max. St. Dev. Number of 

samples 

Outflow  mg/L 163.1 122.2 235.0 34.6 13 

Fig. 64 Evolution of nitrate production in % in 
Deammonification reactor. 

Fig. 65. Nitrate profile in Deammonification reactor.  



Evaluation of Deammonification process performance for supernatant treatment 

 

67 

COD 

During this period, the Chemical Oxygen Demand (COD) measurement 
was added to general chemical analysis to determine the amount of or-
ganic compounds present both in influent and effluent. In inflow, the 
organic material was higher but the profile was more unstable with a 
COD of 1060±264 mg O2/L on average. The COD in effluent suffered 
less fluctuation, being 311±49 mg O2/L on average (Table 46). 

The drop in the COD concentration between inflow and outflow (Fig 
67) could be associated with minor nitrogen elimination due to hetero-
trophic denitrifying bacteria. Detailed values are shown in Appendix IV.   

To get an idea of the amount of organic material that remained in the fil-
ter as SS, samples of inflow of different days were analyzed unfiltered 
and after filtration with different pore size filters (Fig. 68). 

The results show that organic compounds present in inflow with sizes 
between 0.45 and 1.6 µm are in quantity as much as organic matter bi-
gger than 1.6 µm.  

Table 45. Alkalinity values in Deammonification 
reactor during the research period. 

Alkalinity Unit Average Min. Max. St. Dev. Number of 
samples 

Inflow 
mmol/L 

82.9 68 112 15.3 9 

Outflow  2.81 1.18 7.27 2.08 12 

Table 46. COD concentration in Deammonification reac-
tor during the research period. 

COD Unit Average Min. Max. St. 
Dev. 

Number of 
samples 

Inflow (0.45 µm) 

mg 
O2/L 

1060 637 1410 264 9 

Inflow (1.6 µm) 1168 880 1320 198 5 

Inflow (Unfiltrated) 1361 110
0 

1610 216 5 

Outflow (0.45 µm) 311 180 380 49 12 

Fig. 66. Alkalinity profile in Deammonification reactor.  
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7.2.3. Biomass measurements 

The determination of the biomass attached to Kaldnes rings was calcu-
lated using the procedure described in Standard Methods, 1999 (see 
chapter 4.4) (Table 47). 

VSS represent the amount of biomass attached to carriers; in this case, it 
refers to nitrifying, Anammox and also denitrifying bacteria. Comparing 
the initial and final values for the VSS from the biomass, the increase 
means a rise in the bacteria population (Fig 69). However, fluctuations in 
this value can be caused by the detachment or wash-out of any of the ini-
tial bacteria of the system. That is why it was considered important to 
determine the concentration of suspended solids in the supernatant be-
fore and after the reactor. 

7.2.4. Suspended Solids (SS) in supernatant 

The concentration of SS in supernatant is an important parameter in the 
control of the Deammonification process. High concentration of solids 
has impact on process performance. They are usually controlled in 
WWTPs to avoid clogging of the pipes and ensure the compliance with 
discharge regulations. 

Fig. 67. COD profile in Deammonification reactor. 

Fig. 68. COD variations using different pore size filters. 
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For this reason, the concentration of suspended solids was also analyzed 
in the inflow, outflow and activated sludge inside the reactor once a 
week during the whole evaluated period. 

The average value in the influent was 0.141 g TSS/L and 0.122 g VSS/L 
whereas for the outflow the average values were higher (0.406 g TSS/L 
and 0.330 g VSS/L). Values for the activated sludge were 0.434 g TSS/L 
and 0.369 g VSS/L on average (Table 48 and 49). 

Solids concentration in the influent was rather low and it was progressive 
increased inside the reactor and in the outflow (Fig. 70 and 71), probably 
due to the biofilm detachment and the growth of the biomass. 

Table 47. Biomass developed on Kaldnes carriers. 

Parameter Unit Average Min. Max. St. 
Dev. 

Number of 
samples 

TSS 
g/L 

14.44 12.80 17.17 1.75 8 

VSS 13.14 11.69 15.75 1.59 8 

Table 48. Analyses of Total Suspended Solids (TSS) in inflow, 
outflow and activated sludge. 

TSS Unit Average Min. Max. St. Dev. Number of 
samples 

Inflow 

g/L 

0.141 0.107 0.205 0.042 5 

Activated 
sludge 

0.434 0.310 0.701 0.159 5 

Outflow 0.406 0.077 0.710 0.281 5 

Table 49. Analyses of Volatile Suspended Solids (VSS) in 
inflow, outflow and activated sludge. 

VSS Unit Average Min. Max. St. 
Dev. 

Number of 
samples 

Inflow 

g/L 

0.122 0.077 0.165 0.035 5 

Activated 
sludge 

0.369 0.275 0.559 0.115 5 

Outflow 0.330 0.065 0.516 0.216 5 

Fig. 69. TSS, VSS from biomass of Deammonification 
reactor. 



Zaira Hernando & Sandra Martínez  TRITA LWR Degree Project   

 

70 

The fact that there were not important changes on efficiency connected 
with the concentration of biomass in the rings because the increase of 
bacteria population is balanced with the evident biofilm detachment 
from the rings. 

7.2.5. Bacterial activity measurements 

Specific Anammox Activity 

SAA tests were carried out according to Dapena-Mora et al. (2007).  
Following this methodology, the activity measured is a potential activity 
referring to the maximum activity of Anammox bacteria without sub-
strate limitations for the range of ammonium and nitrite.   

During the studies performed in the pilot plant reactor, tests were done 
at the optimal temperature of 35 °C but they were also carried out at the 
operational temperature of 25 °C to check the temperature influence in 
the bacteria activity.  

As it was expected, high Anammox activity was measured at 35 °C with 
an average of 2.931 g N/m2�d and a maximum of 3.176 g N/m2�d.  
Lower temperature led to an activity of 2.079 g N/m2�d. with a maxi-
mum of 2.565 g N/m2�d (Table 50). It has been reported that between 
20 °C and 37 °C the activity of Anammox bacteria follows the Arrhenius 
law increasing with the increase of the temperature (Dosta et al., 2007). 
Activity decreased 30 % decreasing 10 °C the temperature (Fig 72). 

Fig. 70. TSS analyses 

Fig. 71. VSS analyses. 
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Previous results are referred to the biofilm area but it is also useful to 
calculate Anammox activity per grams of VSS. (Table 51 and Fig. 73). 

Deammonification process activity 

Apart from the potential Anammox activity, it is also useful to estimate 
the real activity of the bacteria under the specific operational conditions 
(Table 52).  

Table 50. SAA in g N/m2�d measured at 35˚C and 25˚C. 

Parameter Unit Average Min. Max. St. Dev. Number of 
samples 

SAA (35˚C) 
g N/m2·d 

2.961 2.831 3.176 0.133 6 

SAA (25˚C) 2.079 1.770 2.565 0.273 6 

Table 51. SAA in g N/gVSS�d measured at 35˚C and 25˚C. 

Paramenter Unit Average Min. Max. St. 
Dev. 

Number of 
samples 

SAA (35˚C) 
g N/gVSS·d 

0.072 0.060 0.079 0.007 6 

SAA (25˚C) 0.054 0.047 0.069 0.008 6 

Fig. 72. SAA referred to the biofilm area. 

Fig. 73. SAA referred to the amount of VSS. 
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As it was expected, potential SAA was always higher than the Deammo-
nification activity (Fig 74). In this way, comparing both amounts it is 
possible to evaluate the overall activity of the bacteria and the perfor-
mance of our system. 

To analyze the effect of the nitrogen load increase in the Deammonifica-
tion process activity, the figure 75 is presented. 

Parallel to the progressive increase of the nitrogen load from 2.5 to  
4 g N/m2�d, the Deammonification process activity also increased from 
2.28 to 3.36 g N/m2�d. This trend means that the system had some ca-
pacity left before increasing the nitrogen load value. Moreover, the bio-
mass attached to the rings was growing during this period (see Fig. 69). 
Szatkkowska et al. (2007) studied also the effect of a nitrogen load in-
crease and they reported that the average nitrogen removal rate was in-
significantly higher evidencing there was no capacity left in that system. 

Table 52. Deammonification activity during the operational 
period. 

Days Deammonification activity g N/m 2·d) 

25 2.198 

30 1.806 

35 1.916 

40 2.275 

50 2.545 

60 2.756 

Fig. 74. Comparison between SAA and Deammonification 
activity. 

Fig. 75. Comparison between nitrogen removal rate and 
nitrogen load in the influent. 



Evaluation of Deammonification process performance for supernatant treatment 

 

73 

7.2.6. Removal efficiency 

The Deammonification reactor was operating with a high efficiency  
during the analyzed period. The ammonium removal was 93.6±4.22 % 
on average, with a maximum in 97.2 %, whereas the total inorganic ni-
trogen removal during the research period was 76.5±6.5 % (Table 53), 
decreasing until the minimum registered value, 67.8 %, around day 50.  
This could be due to an increase in the nitrogen load in influent or a de-
crease in oxygen supply to 1-1.5 mg O2/L. Then, the efficiency started to 
increase again, and after two months of operation, the total nitrogen re-
moval was almost 84 % (Fig 76). Detailed values are listed in Appendix 
IV. 

7.3. Conclusions 

• Supernatant delivered from Bromma WWTP was characterized by 
high alkalinity and ammonium concentration and low organic matter 
content. 

• An increase in the influent nitrogen load resulted in an increase in the 
nitrogen removal rate after an adaptation period of the bacteria. 

• The COD removal from 1060 mg O2/L to 311 mg O2/L on average 
due to nitrogen elimination suggested that heterotrophic denitrifying 
bacteria were also responsible for the overall nitrogen removal to-
gether with the Anammox process. 

• On-line control of physical parameters (especially DO) provide relia-
ble and quickly data about the influence of changing operational pa-
rameters on the process performance. 

Table 53. Total nitrogen and ammonium removal efficiency of 
Pilot Plant Deammonification reactor. 

 Unit Average Min. Max. St. 
Dev. 

Number of 
samples 

Total nitrogen 
removal effi-

ciency % 

76.5 67.8 84.5 6.5 9 

Ammonium 
removal effi-

ciency 
93.6 84.3 97.2 4.2 9 

Fig. 76. Total inorganic nitrogen and ammonium removal 
efficiency of the pilot plant reactor. 
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• The reactor was operating with high nitrogen removal efficiency with 
an average of 76.5%. Maximum nitrogen removal efficiency was 
84.5%. 

• Specific Anammox activity is influenced by temperature following the 
Arrhenius law. SAA decreased 30% decreasing 10°C the temperature. 

• Fluctuations in the biofilm thickness evidenced a progressive growth 
in the bacteria population together with some wash-out of any of the 
initial bacteria of the system due to frictions between the carriers. 

• Detachment of the biomass from the carriers resulted in a  
progressive increase in the suspended solids concentration in the 
reactor. 

• Redox potential was the most changeable parameter and its fluctua-
tions depend on the DO level. 

• Decrease in pH in the effluent due to the alkalinity consumption  
during the nitritation step could be adjusted by decreasing the DO 
level inside the reactor to prevent further oxidation of nitrites to ni-
trates. 

8. GENERAL CONCLUSIONS  

The application of Anammox reaction for one-stage Deammonification 
process was investigated in this thesis.  Deammonification process was 
applied in laboratory-scale in two different system configurations as well 
as in bigger pilot plant scale. Additionally, discontinuous experiments 
were performed to find out the possible optimal strategy of aeration. Ex-
tended description of specific conclusions can be found in the  
discussion of different chapters.  

Summarizing the six months of experimental work presented in this the-
sis, it can be concluded that: 

• Partial nitritation/Anammox process is a sustainable alternative that 
can be successfully applied for nitrogen removal from ammonium-
rich streams of industrial and municipal wastewaters. 

• The co-existence between nitrifiers and Anammox bacteria in the 
biofilm makes able to perform two processes simultaneously in a sin-
gle reactor.  

• Suitable oxygen conditions together with adequate influent nitrogen 
load and proper hydraulic retention time is indispensable for high ni-
trogen removal rates. 

• Nitrite production and dissolved oxygen level in the reaction liquid 
seem to be the limiting factors for the Anammox reaction in a one-
stage single reactor. 

• Conductivity measurements are a simple and effective tool for 
process monitoring. 

• Influence of temperature on the removal rates is a key factor. Partial 
nitritation/Anammox process can be successfully applied at lower 
temperatures than the optimum value decreasing operational costs. 

• A separate treatment of the supernatant with partial nitrita-
tion/Anammox process enables a reduction of the nitrogen load in 
the effluent of the WWTP’s. 

• Changes on physical parameters and nitrogen forms profiles are a 
tool to follow up and monitor the system performance. 
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• SAA tests based on the measurement of the nitrogen gas pressure e-
nable to know the decrease or increase of bacteria activity. In case of 
lost of bacteria activity, time is needed for the process recovery. 

• Temperature was the most stable parameter while dissolved oxygen 
level and Redox potential were the most unstable parameters with big 
fluctuations over the research period.  

• Experimental results from laboratory scale and pilot plant scale are 
guidelines for future design of full-scale Deammonification systems. 

9. RECOMENDATIONS FOR FUTURE STUDIES 

The experimental work done during this thesis, together with  a wide li-
terature review have proved that the partial nitritation/Anammox 
process can be successfully applied as an alternative for nitrogen removal 
from wastewater. However, there are still several aspects that have to be 
investigated by future researchers to make possible a full-scale imple-
mentation of this process such as: 

• Identification of toxic substances present in wastewater to avoid the 
possible process inhibition. 

• Prevention the algae growth by protecting the system from the light. 

• Speed-up the process start-up using different strategies such as the 
use of catalysts for the reaction initiation.  

• Efficient retention of the biomass to avoid biofilm detachment is re-
quired due to the slow growth rate of the Anammox bacteria. Biofilm 
thickness should be examined. 

• Influence of biofilm thickness on the Deammonification efficiency. 

• Further investigations about the application of the Redox potential 
for monitoring the process performance. 

• Studies of the survival ability of Anammox bacteria under different 
conditions.  

• Further investigations about intermittent aeration strategy in one sin-
gle partial nitritation/Anammox reactor. 

• Effect of the mechanical stress and agitation speed on the Anammox 
culture. 
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APPENDIX I. DATA OF MEASUREMENTS AND ANALYSES FROM LAB-SCALE DEAMMONIFICATION REACTORS (SERIAL 

SYSTEM) DURING OCTOBER 13ST 2009 – NOVEMBER 24TH 2009. 

 

 

Table 1A.Data of physical parameters (Ph, conductivity, ORP, Do and temperature) in lab-scale Deammonification reactors during October 13th 2009 – No-
vember 24th 2009. 

  INFLOW R1 R2 OUTFLOW 

Days 
HRT 

(Days) 
pH 

Conductivity 
(mS/cm) 

DO 
(mg/L) 

pH 
Conductivity 

(mS/cm) 
T 

(°C) 
DO 

(mg/L) 
pH 

Conductivity 
(mS/cm) 

T 
(°C) 

pH 
Conductivity 

(mS/cm) 

2 2 8.08 3.9 3,51 7.96 3.7 17 3,8 7.61 3.62 19.3 7.94 2.98 

4 2 8.28 3.51 3.97 7.65 3.45 17.2 3.48 7.82 3.27 19.9 7.86 2.87 

5 2 8.11 3.74 2.9 7.8 3.64  2.5 7.79 3.35  7.79 2.95 

8 2 8.33 3.65 2.85 8.11 3.48 18.1 3.05 7.71 3.26 16.2 7.66 2.59 

10 2 8.2 3.61 3.6 6.78 3.61 18.8 3.51 6.96 3.16 20.6 7.27 3.05 

12 2 8.02 3.97 3.13 6.11 3.7 18.3 3.43 5.32 3.22 20.2 5.29 3 

15 2 7.9 3.86 3.06 6.12 3.51 18.6 3.03 5.52 3.26 18.7 5.37 3.25 

16 2 7.74 3.76 3.95 5.43 3.66 19.1 3.37 5.17 3.52 19.3 6.22 3.36 

17 2 7.79 3.94 3.65 5.9 3.55  3.02 5.69 3.23  6.12 3.22 

18 2 7.85 4.02 2.71 6.38 3.62 16.9 3.41 5.62 3.6 17.1 5.47 3.15 

19 2 7.91 3.99 3.27 6.6 3.57 15.9 3.14 5.95 3.19 15.5 5.93 3.05 

22 2 7.95 4.04 3.98 6.37 3.44 17.8 3.21 5.9 3.1 17.8 6.49 3.09 

24 2 7.77 3.68 2.23 6.7 3.54 18 3.02 5.87 3.51 17.5 5.95 3.35 

25 2 7.82 3.75 2.87 6.68 3.38  2.6 6.3 3.12  6.12 2.98 

26 2 7.56 3.63 3.95 6.81 3.43 17 1.75 6.41 2.89 16.7 6.7 2.84 

29 2 7.67 3.52 3.78 5.91 3.32 17.5 3.43 4.93 3.21 17.2 5.32 2.9 

31 2 7.62 3.6 3.71 6.12 3.5 17.5 4.54 4.46 2.9 19.4 4.5 2.9 

36 2 7.82 4.18 3.26 5.15 3.58 18.9 3.8 4.51 3.2 20.4 4.64 3.08 

37 2 7.89 3.89 3.9 6.3 3.3  3.32 5.45 3.17  5.15 3.27 

38 2 7.92 3.75 3.4 6.86 3.55  3.69 5.3 3.34  5.32 3.14 

39 2 7.77 4.04 2.8 6.36 3.86 18.3 3.21 5.24 3.3 20.6 5.47 3.05 

44 2 7.69 3.98 3.06 6.67 3.2  3.63 5.42 3.11  5.38 3.12 
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Table 2A. Data of chemical parameters (NH4
+, NO3

-, NO2-, alkalinity) and efficiency in lab-scale Deammonification reactors during October 13th 2009 – No-
vember 24th 2009. 

 INFLOW OUTFLOW EFFICIENCY 

Days 
NH4

+ 

(mg/L) 
Alkalinity 
(mmol/L) 

NH4
+ 

(mg/L) 
NO3

- 

(mg/L) 
NO2

- 

(mg/L) 
Alkalinity 
(mmol/L) 

Total Nitrogen 
Removal (%) 

Ammonium 
Removal (%) 

2 366 22.2       

4 319 24.2       

5   1.34 0.28 53.2 4.2 82.90 99.58 

8         

10         

12 484 14.5 355 0.11 48.2 4.68 16.69 26.65 

15         

16         

17 497 7.88 350 0.49 38.2 4.71 21.79 29.58 

18         

19         

22         

24 480 11.1       

25         

26   349 0.3 37.8 3.9 19.42 27.29 

29         

31         

36         

37 527 6.78       

38   411 0 24.7 2.9 17.32 22.01 

39         

44         
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Table 3A. Data for determination of biomass attached to Kaldnes rings in lab-scale Deammonification Reactor 1 (R1) during October 13st  2009 – No-
vember  24st - 2009. 

BIOMASS 

Days Rings Empty plate + filter (g) After 105 °C (g ) After 540 °C (g) TSS (g/L) VSS(g/L) 

24 4 2.6126 2.6715 2.6198 13.98 12.28 

38 4 1.0682 1.1266 1.0713 13.87 13.13 

44 4 1.0656 1.1229 1.0679 13.61 13.06 

 

 

Table 4A. Data for determination of biomass attached to Kaldnes rings in lab-scale Deammonification Reactor 2 during October 13st  2009 – November  
24st  2009. 

BIOMASS 

Days Rings Empty plate + filter (g) After 105 °C (g ) After 540 °C (g) TSS (g/L) VSS(g/L) 

24 4 2.6126 2.6715 2.6198 13.98 12.28 

38 4 1.0574 1.1107 1.0613 12.66 11.73 

44 4 1.0696 1.1198 1.0705 11.92 11.71 
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Table 5A. Data of pressure for calculation of SAA of biomass from lab-scale Deammo-
nification reactors during October 13st 2009 – November 24st  2009. 

 11.04.2009 11.18.2009 11.24.2009 

Time 
(min) P (mV) R1 P(mV) R2 P (mV) R1 P(mV) R2 P (mV) R1 P(m V) R2 

0 5  4.6 4.8 4.1 3.3 

40 27.3  30.2 21.4 36.4 14.8 

80 40.4  42.7 30.8 47.7 15.5 

120 49.9  47.7 36.6 56.9 20.1 

160 52.4  54.4 45 60.3 20.4 

200 51.1  57.3 51.2 61.3 22 
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APPENDIX II. DATA OF MEASUREMENTS AND ANALYSES FROM THE LAB-SCALE DEAMMONIFICATION REACTORS 

(PARALLEL SYSTEM) DURING NOVEMBER 27ST 2009 – DECEMBER 21TH 2009. 

 

 

Table 6A. Data of physical parameters (Ph, conductivity, ORP, DO and temperature) in lab-scale Deammonification reactors during No-
vember 27th 2009 – December 21th 2009. 

  INFLOW R1 R2 OUTFLOW  R1 OUTFLOW  R2 

Days 
HRT 

(Days) 
Ph 

Conductivity 
(mS/cm) 

Redox 
(mV) 

T 
(°C) 

T 
(°C) 

Ph 
Conductivity 

(mS/cm) 
Redox 
(mV) 

Ph 
Conductivity 

(mS/cm) 
Redox 

 

1 2 8.09 5.7 -50 29.2 29 7.8 1.65 38 8.28 3.9 64 

4 2 8.37 5.4 -68 29.5 30.1 7.79 1.5 -34 8.06 2 51 

5 2 7.95 6.55 -43.8 28 27.8 7.3 1.6 57 8.01 1.6 26.8 

6 2 8.02 7.09 -55.25 27 27.8 7.1 1.67 65.4 7.51 1.58 61.3 

7 2 8.09 6.89 -69.5 27 26.8 6.63 2.01 120.4 7.44 1.9 76.8 

8 2 7.91 7.61 -58.4 26.9 26.9 6.31 2.29 118.1 7.25 2.1 74.5 

11 2 8.11 6.86 -55.4 26.4 26.9 5.79 4.43 180.1 5.74 4.25 141.2 

12 2 8.21 6.75 -29.9 27 27.3 6.94 3.81 105.8 7.03 3.22 71.6 

13 2 8.2 6.92 -22.5 27.1 26.9 6.72 3.26 140.9 7.21 3.03 59.9 

14 2 8.07 6.7 -103 27.3 26.7 7.09 2.7 47.9 6.89 2.3 -43.7 

15 2 8.15 6.8 -68.5 27.5 27.4 6.94 2.3 79.4 7.03 2.1 28 

18 2 8.17 6.5 -53.7 27.1 26.2 7.58 2.6 27.5 7.4 2.06 41.4 

19 2 8.1 6.9 -43.1 27.2 26.5 7.2 2.2 89 7.21 1.9 38 

20 2 8.24 5.96 -7.1 26.5 26.1 7.68 2.02 60.3 7.14 0.96 64.1 

21 2 8.21 5.9 -286.5 25.5 26.4 7.61 1.77 78.3 7.55 0.88 -24.9 

22 2 8.22 5.9 -52.3 25.9 26.2 7.57 1.56 29.3 7.41 1.06 29.8 

25 2 8.23 5.7 -69.9 26 26.4 7.3 1.5 35.8 7.28 1.23 56.9 
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Table 7A. Data of chemical parameters (NH4
+, NO3

-, NO2
-, alkalinity) and efficiency in lab-scale Deammonification reactors during November 27th 

2009 – December 21th 2009. 

 INFLOW OUTFLOW R1 OUTFLOW R2 EFFICIENCY R1 EFFICIENCY R2 

Days 
NH4

+ 

(mg/L) 
Alkalinity  
(mmol/L) 

NH4
+ 

(mg/L) 
NO3

- 

(mg/L) 
NO2

- 

(mg/L) 
Alkalinity 
(mmol/L) 

NH4
+ 

(mg/L) 
NO3

- 

(mg/L) 
NO2

- 
(mg/L) 

Alkalinity 
(mmol/L) 

Nitrogen 
removal 

(%) 

Ammonium 
removal 

(%) 

Nitrogen 
removal 

(%) 

Ammonium 
removal 

(%) 

1 877      460 2.2 2.15    99.32  

4   5.92 52.6 3.23 5.76 96.8 4.38 4.87 14.7 92.96 88.46  88.96 

5 850 52.8             

6 850              

7             92.48  

8 897  63.9 103 3.52  63.1 29.9 6.84  79.95 88.25 69.68 92.58 

11 850 66.8 272 92.5 2.13 4.55 252 50.5 8.19 4.8 59.13 65.36  71.91 

12             81.41  

13 865 67.6 158 108 3.1 0.969 176 40.6 6.63 9.34 68.71 74.52  79.29 

14             90.10  

15 835 55.5 85.6 104 3.48 1.6 70.7 52 6.87 4.19 77.68 85.02 90.49 91.83 

18 829 57.5 79.4 82 5.64 5.66 36.6 54.5 10.3 4.1 80.00 87.86  95.62 

19               

20 830              

21               

22 820 52.8           81.10  

25   155 2.35 3.7 19.1 64.3 7.7 5.28 11.5 80.36 90.58  92.16 
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Table 8A. Data of Oxygen and Redox profile during intermittent aeration for one aera-
tion/non aeration period in lab-scale Deammonification reactors (11.31.2009). 

11.31.2009 R1  R2 

Time (min) DO (mg/L) Redox (mV) Time (min) DO (mg/L ) Redox(mV) 

0 0.33  0 0.09  

1.25 0.93  1.25 0.33  

2.5 1.49  2.5 1.04  

3.75 1.81  3.75 1.41  

5 2.37  5 1.79  

6.25 2.43  6.25 2  

7.5 2.52  7.5 2.21  

8.75 2.59  8.75 2.35  

10 2.71  10 2.52  

11.25 2.73  11.25 2.6  

12.5 2.79  12.5 2.68  

13.75 2.79  13.75 2.71  

15 2.79  15 2.75  

16.25 2.83  16.25 2.77  

17.5 2.85  17.5 2.79  

18.75 2.85  18.75 2.8  

20 2.88  20 2.8  

21.25 2.92  21.25 2.85  

22.5 2.94  22.5 2.8  

23.75 2.95  23.75 2.89  

25 2.97  25 2.8  

26.25 3  26.25 2.43  

27.5 2.99  27.5 1.98  

28.75 2.97  28.75 1.37  

30 2.26  30 0.89  

31.25 1.76  31.25 0.47  

32.5 1.36  32.5 0.33  

33.75 0.93  33.75 0.18  

32.5 0.64  32.5 0.11  

33.75 0.47  33.75 0.07  

35 0.35  35 0.05  

36.25 0.27  36.25 0.05  

37.5 0.2  37.5 0.04  

38.75 0.14  38.75 0.03  

40 0.13  40 0.03  

41.25 0.1  41.25 0.03  

42.5 0.16  42.5 0.03  

43.75 0.02  43.75 0.02  

45   45 0.02  
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46.25   46.25 0.02  

47.5   47.5 0.02  

48.75   48.75 0.02  

50   50 0.02  

51.25   51.25 0.01  

52.5   52.5 0.01  

53.75   53.75 0.02  

55   55 0.01  

56.26   56.26 0.02  

57.5   57.5 0.02  

58.75   58.75   

60   60   
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Table 9. Data of  Oxygen and Redox profile during intermittent aeration for one aera-
tion/non aeration period in lab-scale Deammonification reactors (12.03.2009). 

12.03.2009 R1  R2 

Time (min) DO (mg/L) Redox (mV) Time (min) DO (mg/L ) Redox(mV) 

0 0.14 112 0 0.3 47.1 

1 0.72 106.9 1 0.75 44.0 

2 1.36 103.4 2 1.17 41.3 

3 1.88 102 3 1.36 39.4 

4 2.01 101.7 4 1.61 38.8 

5 2.33 101.5 5 1.87 39.6 

6 2.5 101.5 6 1.96 40 

7 2.6 102.3 7 2.05 40.3 

8 2.67 102.6 8 2.1 40.8 

9 2.63 103.6 9 2.11 41.3 

10 2.65 104.2 10 2.18 42 

11 2.63 104.9 11 2.2 42.2 

12 2.65 105.1 12 2.27 42.7 

13 2.7 105.6 13 2.36 43.6 

14 2.73 106.1 14 2.45 43.8 

15 2.79 106.6 15 2.5 44.5 

16 2.81 107.3 16 2.51 45.2 

17 2.83 107.8 17 2.57 45.9 

18 2.83 108.3 18 2.59 46.5 

19 2.86 108.7 19 2.55 46.7 

20 2.86 109.1 20 2.55 47.2 

21 2.89 109.7 21 2.57 47.8 

22 2.91 110.1 22 2.56 47.8 

23 2.92 110.5 23 2.57 48.1 

24 2.93 110.9 24 2.55 48.6 

25 2.88 111.4 25 2.56 48.9 

26 2.9 111.6 26 2.48 48.9 

27 2.88 112.1 27 2.49 49.6 

28 2.63 112.6 28 2.45 49.9 

29 2.18 112.7 29 2.4 50.3 

30 1.77 113 30 2.45 50.5 

31 1.42 112.8 31 2.38 50.8 

32 1.12 112.4 32 1.83 51.1 

33 0.88 111.9 33 1.36 51 

34 0.68 110.9 34 0.92 50.4 

35 0.52 109.9 35 0.58 49.3 

36 0.41 108.6 36 0.32 47.3 

37 0.32 107.2 37 0.19 45.2 

38 0.25 105.5 38 0.11 42 
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39 0.2 103.6 39 0.09 39.7 

40 0.16 101.9 40 0.06 36.4 

41 0.13 99.9 41 0.06 34.1 

42 0.11 97.8 42 0.05 30.7 

43 0.09 95.9 43 0.05 27.3 

44 0.08 93.9 44 0.05 26.4 

45 0.027 92 45 0.05 23.5 

   46 0.05 22.2 

   47 0.05 20.6 

   48 0.05 18.8 

   49 0.05 17.4 

   50 0.05 15.5 

   51 0.04 13.6 

   52 0.04 13.3 

   53 0.04 12.2 

   54 0.04 11.4 

   55 0.04 10.7 

   56 0.04 8.7 

   57 0.04 8.2 

   58 0.03 7.4 

   59 0.03 5.8 

   60 0.03 5 
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Table 10A. Data of Oxygen and Redox profile during intermittent aeration for one 
aeration/non aeration period in lab-scale Deammonification reactors (12.04.2009).  

12.04.2009 R1  R2 

Time (min) DO (mg/L) Redox (mV) Time (min) DO (mg/L ) Redox(mV) 

0 0.18 -20 0 0 26.1 

1 0.53 16.5 1 0.34 25.2 

2 0.72 33.1 2 1.12 27.3 

3 1.04 47.7 3 1.43 29.3 

4 1.46 54.7 4 1.64 33.1 

5 1.8 64.8 5 1.79 34.8 

6 2.08 72.5 6 1.9 37.8 

7 2.19 75.9 7 2 39.8 

8 2.42 81.3 8 2.11 42.1 

9 2.63 84.9 9 2.15 43.6 

10 2.58 88.1 10 2.19 45.3 

11 2.7 91.7 11 2.19 47 

12 2.77 94.6 12 2.19 48 

13 2.81 97 13 2.18 49.3 

14 2.87 98.9 14 2.21 50.6 

15 2.92 101 15 2.27 51.5 

16 2.92 103 16 2.27 52.7 

17 2.95 104.8 17 2.25 53.3 

18 2.94 106.6 18 2.37 54.4 

19 2.97 108.7 19 2.37 54 

20 2.99 109.8 20 2.36 56 

21 3 111.3 21 2.34 56.9 

22 3.02 112.7 22 2.38 57.4 

23 3.04 113.9 23 2.36 57.9 

24 3.05 115.4 24 2.41 58.6 

25 2.94 116.4 25 2.41 59.2 

26 2.93 117.5 26 2.38 59.8 

27 2.99 118.6 27 2.47 60.3 

28 3.06 119.4 28 2.33 60.7 

29 2.85 120.6 29 2.46 61.2 

30 2.42 121.4 30 2.39 61.7 

31 1.96 122 31 2.19 62 

32 1.63 122.3 32 1.68 62.2 

33 1.19 122.3 33 1.19 61.7 

34 1.03 122.1 34 0.7 60.5 

35 0.85 121.6 35 0.3 58.2 

36 0.68 120.9 36 0.14 55.5 

37 0.49 119.2 37 0.06 51.6 

38 0.44 118.3 38 0.03 49.5 
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39 0.38 117.4 39 0.01 45.8 

40 0.32 116 40 0.01 43 

41 0.27 114.2 41 0.01 40.2 

42 0.24 112.7 42 0 39.7 

43 0.21 110.9 43 0 32.9 

44 0.19 109.1 44 0 30.2 

45 0.17 107.3 45 0 27.3 

   46 0 25.2 

   47 0 22.8 

   48 0 20 

   49 0 18.3 

   50 0 16.7 

   51 0 14.7 

   52 0 13.2 

   53 0 11.7 

   54 0 9.4 

   55 0 8.7 

   56 0 6.1 

   57 0 5 

   58 0 4.8 

   59 0 3.7 

   60 0 2.8 
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Table 11A. Data of Oxygen and Redox profile during intermittent aeration for one aera-
tion/non aeration period in lab-scale Deammonification reactors (12.08.09). 

12.08.2009 R1  R2 

Time (min) DO (mg/L) Redox (mV) Time (min) DO (mg/L ) Redox(mV) 

0   0   

1 0.52 103.7 1 1.41 65.6 

2 0.69 105.3 2 1.46 62.9 

3 1.15 108.1 3 1.63 54.1 

4 1.59 111.9 4 1.69 49.8 

5 1.84 113.4 5 1.73 45.9 

6 2.11 115.7 6 1.77 44.4 

7 2.28 117.5 7 1.71 43.3 

8 2.36 119.8 8 1.64 42.1 

9 2.34 121.9 9 1.77 41.6 

10 2.35 124.2 10 1.65 40.1 

11 2.38 125.9 11 1.71 39.6 

12 2.39 127.6 12 1.72 39 

13 2.46 130 13 1.6 38.7 

14 2.46 131.1 14 1.52 37.8 

15 2.46 131.7 15   

16   16   

17 2.63 134.2 17 1.26 35.2 

18 2.65 135.3 18 0.98 33 

19 2.68 136.4 19 1.01 66.1 

20 2.62 137 20 1.06 67.4 

21 2.66 137.8 21 0.98 66.7 

22 2.66 138.6 22 1.01 66.2 

23 2.84 139.3 23 0.95 66.2 

24 2.6 140 24   

25 2.91 140.9 25   

26 2.88 141.6 26 0.91 69.6 

27 2.89 142.4 27 1.01 69.4 

28 2.37 143.2 28 0.57  

29 1.85 143.7 29 1 66.8 

30 1.45 143.8 30 0.96 66.6 

31   31   

32 0.9 142.8 32 0.42 65 

33 0.62 141.3 33 0.19 63.4 

34 0.48 139.5 34 0.1 63.3 

35   35 0.06 61.5 

36 0.27 133.8 36 0.04 61 

37 0.21 130.6 37 0.04 59.7 

38   38 0.04 60.9 

39   39 0.04 60.3 
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40 0.15 124.4 40 0.04 59.3 

41 0.14 122.2 41 0.04 61.9 

42 0.14 120.3 42 0.04 61.9 

43 0.15 118.5 43 0.03 61.2 

44 0.24 116.6 44 0.03 60.4 

45   45 0.03 58.6 

   46 0.03 58.4 

   47   

   48   

   49 0.03 61.9 

   50   

   51 0.02 60.7 

   52 0.02 56.7 

   53 0.02 50.9 

   54   

   55 0.02 27.2 

   56 0.02 18.8 

   57 0.02 10.2 

   58 0.02 3.5 

   59   

   60 0.01 9.5 
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Table 12A. Data of Oxygen and Redox profile during intermittent aeration for one 
aeration/non aeration period in lab-scale Deammonification reactors (12.08.09). 

12.10.2009 R1  R2 

Time (min) DO (mg/L) Redox (mV) Time (min) DO (mg/L ) Redox(mV) 

0 0.15 19.6 0 0.15 19.6 

1 0.74 21.4 1 0.74 21.4 

2 1.28 25.6 2 1.28 25.6 

3 1.44 29.7 3 1.44 29.7 

4 1.77 33.5 4 1.77 33.5 

5 1.88 36.9 5 1.88 36.9 

6 2.27 40 6 2.27 40 

7 2.38 42.5 7 2.38 42.5 

8 2.41 44.8 8 2.41 44.8 

9 2.34 46.7 9 2.34 46.7 

10 2.18 48.3 10 2.18 48.3 

11 2.48 49.9 11 2.48 49.9 

12 2.47 51.5 12 2.47 51.5 

13 2.56 53.3 13 2.56 53.3 

14 2.59 54.9 14 2.59 54.9 

15 2.65 56.1 15 2.65 56.1 

16 2.64 57.4 16 2.64 57.4 

17 2.53 58.6 17 2.53 58.6 

18 2.35 59.7 18 2.35 59.7 

19 2.6 60.7 19 2.6 60.7 

20 2.49 61.6 20 2.49 61.6 

21 2.56 62.9 21 2.56 62.9 

22 2.67 64.1 22 2.67 64.1 

23 2.66 64.7 23 2.66 64.7 

24 2.66 65.4 24 2.66 65.4 

25 2.63 66 25 2.63 66 

26 2.64 66.5 26 2.64 66.5 

27 2.43 67.5 27 2.43 67.5 

28 2.05 68 28 2.05 68 

29 1.57 67.9 29 1.57 67.9 

30 1.14 67.6 30 1.14 67.6 

31 0.85 66.6 31 0.85 66.6 

32 0.63 65 32 0.63 65 

33 0.47 61.8 33 0.47 61.8 

34 0.36 59.2 34 0.36 59.2 

35 0.27 56.4 35 0.27 56.4 

36 0.26 52.5 36 0.26 52.5 

37 0.18 51.3 37 0.18 51.3 

38 0.15 49.1 38 0.15 49.1 

39 0.13 46.9 39 0.13 46.9 
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40 0.13 45 40 0.13 45 

41 0.11 43.2 41 0.11 43.2 

42 0.11 41.8 42 0.11 41.8 

43 0.11 39.8 43 0.11 39.8 

44 0.1 38.2 44 0.1 38.2 

45   45   

   46   

   47   

   48   

   49 0.03 61.9 

   50   

   51 0.02 60.7 

   52 0.02 56.7 

   53 0.02 50.9 

   54   

   55 0.02 27.2 

   56 0.02 18.8 

   57 0.02 10.2 

   58 0.02 3.5 

   59   

   60 0.01 9.5 
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Table 13A. Data of Oxygen and Redox profile during intermittent aeration for one 
aeration/non aeration period in lab-scale Deammonification reactors (12.14.09). 

12.14.2009 R1  R2 

Time (min) DO (mg/L) Redox (mV) Time (min) DO (mg/L ) Redox(mV) 

0 0.17 13.5 0   

1 0.64 13 1   

2 1.2 13.9 2   

3 1.63 16.3 3   

4 1.72 18.4 4   

5 1.82 20.8 5   

6 2.06 22.8 6   

7 1.99 24.3 7   

8 1.99 26.2 8   

9 2.06 27.8 9   

10 2.12 28.9 10  13.7 

11 2.23 29.9 11 2.89 16.7 

12 2.41 30.9 12 2.63 18.8 

13 2.32 31.9 13 2.81 19.8 

14 2.28 32.6 14 2.92 20.9 

15 2.21 33.6 15 3.05 21.9 

16 2.06 34.1 16 3.14 22.8 

17 2.12 34.9 17 3.26 23.6 

18 2.08 32.6 18 3.19 24.2 

19 2.09 33.3 19 2.54 25 

20 2.1 32.5 20 3.17 25.7 

21 2.08 37.1 21 3.26 26.1 

22 2.13 37.6 22 3.31 26.3 

23 2.2 38.8 23 3.41 27.1 

24 2.22 38.4 24 3.56 27.6 

25 2.25 38.7 25 3.49 28.1 

26 2.29 39 26 3.43 28.7 

27 2.17 39.5 27 3.4 28.7 

28 1.8 39.6 28 3.38 28.9 

29 1.53 39.4 29 3.34 29.1 

30 1.1 38 30 3.28 29.3 

31 0.91 38 31 3.27 29.5 

32 0.71 36.8 32 3.05 29.8 

33 0.52 35.1 33 2.52 29.4 

34 0.42 33.7 34 2.21 28.9 

35 0.34 31.9 35 1.86 27.9 

36 0.29 30.1 36 1.53 26.6 

37 0.53 28.1 37 1.22 25 

38 0.22 25 38 0.98 23 

39 0.2 23.3 39 0.77 20.7 
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40 0.18 20.4 40 0.61 18.2 

41 0.16 18.4 41 0.47 14.9 

42 0.16 17 42 0.37 11.8 

43 0.15 14.8 43 0.26 7.4 

44 0.14 13.2 44 0.23 4.8 

45 0.14 11.8 45 0.19 1.1 

   46 0.14 -2.9 

   47 0.11 -6.2 

   48 0.1 -9.8 

   49 0.09 -12.8 

   50 0.08 -15.7 

   51 0.07 -18.4 

   52 0.07 -20.8 

   53 0.07 -23.1 

   54 0.07 -25 

   55 0.07 -27.1 

   56 0.07 -28.8 

   57 0.08 -30.3 

   58 0.06 -31.8 

   59 0.06 -33.2 

   60 0.05 -34.5 
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Table 14A. Data of Oxygen and Redox profile during intermittent aeration for one 
aeration/non aeration period in lab-scale Deammonification reactors (12.18.09). 

12.18.2009 R1  R2 

Time (min) DO (mg/L) Redox (mV) Time (min) DO (mg/L ) Redox(mV) 

0 0.13 -22.6 0 0.1 -34.6 

1 0.38 -21.5 1 0.35 -33 

2 0.8 -18 2 1.03 -30.1 

3 0.95 -14 3 1.75 -23.8 

4 1.14 -10.2 4 2.12 -19.9 

5 1.27 -7.1 5 2.43 -11.1 

6 1.34 -4.4 6 2.69 -2.7 

7 1.83 -1.9 7 2.8 -0.3 

8 1.66 0.5 8 2.99 3.6 

9 1.6 2.8 9 3.1 7.5 

10 1.51 4.7 10 3.18 9.6 

11 1.37 6.1 11 3.27 11.3 

12 1.82 8 12 3.3 13.5 

13 1.75 9 13 3.34 15.5 

14 1.64 9.8 14 3.37 17 

15 1.54 10.4 15 3.47 19.3 

16 1.48 11 16   

17 1.44 11.4 17 3.49 21.2 

18 1.43 12.1 18 3.4 23.2 

19 1.43 12.8 19 3.41 24.4 

20 1.43 13.2 20   

21 1.42 13.7 21 3.49 27.1 

22 1.42 14.1 22 3.46 28.7 

23 1.45 14.7 23 3.49 29.3 

24 1.45 15.2 24 3.44 29.2 

25 1.45 15.5 25 3.44 29.5 

26 1.46 15.9 26 3.51 30.4 

27 1.47 16.1 27 3.6 30.3 

28 1.41 16.8 28 3.55 30.3 

29 0.98 16.7 29 3.6 30 

30 0.71 16.1 30 3.65 29.6 

31 0.49 14.1 31 3.55 32.5 

32 0.34 11.4 32 2.97 34.8 

33 0.23 7.8 33 2.67 35.8 

34 0.16 3.3 34 2.35 36.3 

35 0.12 -0.5 35 1.97 36.5 

36 0.09 -4.8 36 1.77 36.3 

37 0.07 -8.9 37 1.5 35.5 

38 0.05 -12.4 38 1.23 34.1 

39 0.05 -15.5 39 1.1 32.9 



Zaira Hernando & Sandra Martínez  TRITA LWR Degree Project   

 

XX 

40 0.04 -18.5 40 0.92 30.4 

41 0.04 -21.2 41 0.79 28 

42 0.04 -23.3 42 0.66 24.5 

43 0.03 -25.5 43 0.8 19 

44 0.03 -27.3 44 0.42 14.2 

45 0.03 -29 45   

   46 0.3 7.6 

   47 0.26 3.9 

   48 0.22 0.2 

   49   

   50   

   51   

   52   

   53 0.11 -18.1 

   54   

   55   

   56   

   57   

   58 0.07 -29.6 

   59 0.06 -30.9 

   60   
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Table 16A. Data for determination of biomass attached to Kaldnes rings in lab-scale Deammonification reactor 2 (R2) during November 27st  2009 – 
December  21st  2009. 

BIOMASS 

Days Rings Empty plate + filter (g) After 105 °C (g ) After 540 °C (g) TSS (g/L) VSS(g/L) 

1 4 1.0656 1.1275 1.0729 14.70 12.96 

7 4 1.0676 1.13155 1.0769 15.18 12.97 

13 4 1.0629 1.1284 1.07 15.55 13.87 

22 4 1.0634 1.1291 1.0706 15.60 13.89 

Table 15A. Data for determination of biomass attached to Kaldnes rings in lab-scale Deammonification reactor 1 (R1) during November 27st  2009 – 
December  21st  2009. 

BIOMASS 

Days Rings Empty plate + filter (g) After 105 °C (g ) After 540 °C (g) TSS (g/L) VSS(g/L) 

1 4 1.0656 1.1275 1.0729 14.70 12.96 

7 4 1.0639 1.1265 1.0713 14.86 13.11 

13 4 1.0578 1.1228 1.0667 15.43 13.32 

22 4 1.067 1.1322 1.0741 15.48 13.79 
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 12.09.2009 12.18.2009 

Time 
(min) P (mV) R1 P(mV) R2 P (mV) R1 P(mV) R2 

0 4.1 4.1 7.2 16.9 

40 30 28.3 36.8 33.1 

80 44.6 43.4 43.2 52.8 

120 51.2 50.2 56.8 59.7 

160 54.7 55.4 62.4 59.9 

200 57.9 60.1 64.1 63.8 

 

 

 

Table 17A. Data of pressure for calculation of SAA of biomass from lab-scale 
Deammonification reactors during November 27st 2009 – December 21st 2009. 

 11.27.2009 12.03.2009 

Time 
(min) P (mV) R1 P(mV) R2 P (mV) R1 P(mV) R2 

0 4.5 5.5 3.9 3.2 3.4 

40 29.8 30 27.2 21 25.5 

80 46.4 43.6 39.5 35.2 38.5 

120 54.1 55.1 47.7 40.3 47.5 

160 62.4 63.1 54.1 46.9 43.3 

200 57.2 64.2 54.3 44.3 46.1 
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APPENDIX III.  DATA OF MEASUREMENTS AND ANALYSES FROM 

BATCH TESTS DURING DECEMBER 1ST 2009 – DECEMBER 17T H  

2009. 

 

Table 18A. Data of chemical analyses by Flow Injection Analysis (FIA) for batch 
test no 12 (45 min aeration/15 min no aeration; DO 4mg/L). 

Time (min) NH 4
+-N (mg/L) NO 2

- -N (mg/L) NO 3
- - N (mg/L) 

0 157.8 0.9976 0.8494 

45 133 8.148 2.452 

60 127 5.88 2.978 

105 101.1 9.5342 6.2858 

120 95.97 6.992 6.868 

165 66.98 9.6752 8.8648 

180 62 6.949 9.181 

225 36.08 8.935 11.955 

240 30.18 5.555 12.995 

 

Table 19A: Data of physical parameters (DO, Redox, Conductivity, pH) for batch test 
no 12 (45 min aeration/15 min no aeration; DO 4mg/L). 

Time (min) DO (mg/L) Redox (mV) Conductivity (mV) p H 

1 1.77 19.20 1365.00 7.90 

2 2.25 19.3   

3 2.66 19.5   

4 2.75 19.4   

5 2.92 19.7   

6 3.02 19.8   

7 3.2 24.2   

8 3.3 25.1   

9 3.42 23.4   

10 3.47 22.8   

11 3.59 22.1   

12 3.74 21.6   

13 3.85 21.2   

14 3.93 21.1   

15 4.03 20.8   

16 4.05 20.7   

17 4.08 21   

18 4.09 21.8   

19 4.09 21.6   

20 4.1 21.2   

21 4.15 20.6   

22 4.15 20.4   

23 4.11 20   

24 4.12 20   

25 4.15 19.8   
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26 4.11 19.7   

27 4.05 19.4   

28 4.03 19.5   

29 4.04 19.3   

30 4.01 19.4   

31 4.01 19.3   

32 4 19.4   

33 4.05 19.4   

34 4.02 19.4   

35 4.01 19.6   

36 4.05 19.7   

37 3.98 19.8   

38 4.09 19.8   

39 4.08 20   

40 4.03 20.1 1316.00 7.72 

41 3.98 20.2   

42 4.08 20.4   

43 4.1 20.7   

44 4.09 21.1   

45 4.18 21.4   

46 2.87 21.8   

47 2.15 21.4   

48 1.44 20.5   

49 0.88 18.3   

50 0.67 15.7   

51 0.37 13.4   

52 0.25 10   

53  8.5   

54 0.17 7   

55 0.11 5   

56 0.08 2.8   

57 0.07 1.6 1204.00 7.61 

58 0.06 -0.4   

59 0.06 -2.1   

60 0.06 -4.7   

61 1.2 -3.7   

62 2.15 -1.1   

63 2.87 2.8   

64 3.42 6.5   

65 3.62 9.7   

66 3.8 19.9   

67 3.88 19.6   

68 3.95 20.5   
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69 4.05 21.4   

70 4.1 22.6   

71 4.22 23.9   

72 4.2 24.5   

73 4.11 25.2   

74 4 26.7   

75 3.96 27.1   

76 3.94 27.8   

77 3.95 28.1   

78 3.95 28.6   

79 4 34.1   

80 4.02 33.8   

81 4 32.9   

82 4.05 32.6   

83 4.06 32.4   

84 4.06 32.4   

85 4.07 32.5   

86 4.06 32.6   

87 4.08 32.9   

88 4.08 32.9   

89 4.09 33.3   

90 4.08 33.4   

91 4.1 33.5   

92 4.06 33.8   

93 4.07 34   

94 4.09 34.3   

95 4.07 34.4   

96 4.08 34.6   

97 4.07 34.9   

98 4.09 35.2   

99 4.09 35.3   

100 4.09 35.5   

101 4.08 35.7   

102 4.08 36   

103 4.1 36.1   

104 4.1 36.5   

105 4.11 36.9 1.07 7.65 

106 4.1 37   

107 2.99 37.6   

108 2.29 37.3   

109 1.41 36.3   

110 0.8 34.3   

111 0.44 31.9   
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112 0.22 28.7   

113 0.13 25.6   

114 0.08 22.3   

115 0.07 22.3   

116 0.07 22.3   

117 0.07 22.3   

118 0.07 22.3 1045.00 7.47 

119 0.07 22.3   

120 0.07 22.3   

121 1.77 19.2   

122 2.25 19.3   

123 2.66 19.5   

124 2.75 19.4   

125 2.92 19.7   

126 3.02 19.8   

127 3.2 24.2   

128 3.3 25.1   

129 3.42 23.4   

130 3.47 22.8   

131 3.59 22.1   

132 3.74 21.6   

133 3.85 21.2   

134 3.93 21.1   

135 4.03 20.8   

136 4.05 20.7   

137 4.08 21   

138 4.09 21.8   

139 4.09 21.6   

140 4.1 21.2   

141 4.15 20.6   

142 4.15 20.4   

143 4.11 20   

144 4.12 20   

145 4.15 19.8   

146 4.11 19.7   

147 4.05 19.4   

148 4.03 19.5   

149 4.04 19.3   

150 4.01 19.4   

151 4.01 19.3   

152 4 19.4   

153 4.05 19.4   

154 4.02 19.4   
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155 4.01 19.6   

156 4.05 19.7   

157 3.98 19.8   

158 4.09 19.8   

159 4.08 20   

160 4.03 20.1   

161 3.98 20.2   

162 4.08 20.4   

163 4.1 20.7 0.88 7.43 

164 4.09 21.1   

165 4.18 21.4   

166 2.87 21.8   

167 2.15 21.4   

168 1.44 20.5   

169 0.88 18.3   

170 0.67 15.7   

171 0.37 13.4   

172 0.25 10   

173  8.5   

174 0.17 7   

175 0.11 5   

176 0.08 2.8   

177 0.07 1.6 0.85 7.23 

178 0.06 -0.4   

179 0.06 -2.1   

180 0.06 -4.7   

181 1.2 -3.7   

182 2.15 -1.1   

183 2.87 2.8   

184 3.42 6.5   

185 3.62 9.7   

186 3.8 19.9   

187 3.88 19.6   

188 3.95 20.5   

189 4.05 21.4   

190 4.1 22.6   

191 4.22 23.9   

192 4.2 24.5   

193 4.11 25.2   

194 4 26.7   

195 3.96 27.1   

196 3.94 27.8   

197 3.95 28.1   

198 3.95 28.6   
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199 4 34.1   

200 4.02 33.8   

201 4 32.9   

202 4.05 32.6   

203 4.06 32.4   

204 4.06 32.4   

205 4.07 32.5   

206 4.06 32.6   

207 4.08 32.9   

208 4.08 32.9   

209 4.09 33.3   

210 4.08 33.4   

211 4.1 33.5   

212 4.06 33.8   

213 4.07 34   

214 4.09 34.3   

215 4.07 34.4   

216 4.08 34.6   

217 4.07 34.9   

218 4.09 35.2   

219 4.09 35.3   

220 4.09 35.5   

221 4.08 35.7   

222 4.08 36 0.70 7.19 

223 4.1 36.1   

224 4.1 36.5   

225 4.11 36.9   

226 4.1 37   

227 2.99 37.6   

228 2.29 37.3   

229 1.41 36.3   

230 0.8 34.3   

231 0.44 31.9   

232 0.22 28.7   

233 0.13 25.6   

234 0.08 22.3   

235 0.07 22.3   

236 0.07 22.3   

237 0.07 22.3   

238 0.07 22.3   

239 0.07 22.3   

240 0.07 22.3 0.66 6.91 
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APPENDIX IV.  DATA OF MEASUREMENTS AND ANALYSES FROM PILOT PLANT DEAMMONIFICATION REACTOR 

DURING JANUARY 28ST 2009 – APRIL 2ND 2010. 

 

Table 20A. Data of physical parameters (Ph, conductivity, ORP, DO and temperature) in pilot plant Deammonification reactor during 
January 28st 2009 – April 2nd 2009. 

  INFLOW INSIDE THE REACTOR 

Days 
HRT 

(Days) 
pH 

Conductivity 
(mS/cm) 

Redox 
(mV) 

DO 
(mg/L) 

pH 
Conductivity 

(mS/cm) 
T 

(°C) 
Redox 
(mV) 

1 1.98 8.2 9.4708 -453 1.6 8.0 3.0308 24.9 90 

2 1.98 8.3 9.3944 -533 2.0 7.7 1.4066 25.0 58 

6 1.98 8.4 9.4192 -477 2.7 6.6 1.4890 24.2 155 

7 1.98 8.4 9.3585 -481 1.4 6.9 1.4930 24.1 107 

8 1.98 8.4 9.4047 -519 1.7 6.9 1.4996 24.0 100 

9 1.98 8.3 9.2200 -508 2.0 6.8 1.8000 25.0 124 

12 1.98 8.1 9.5618 -495 2.1 6.7 1.3000 24.1 101 

13 1.98 8.0 9.5861 -487 1.8 6.8 1.2888 24.8 74 

14 1.98 8.2 9.6150 -475 1.8 6.9 1.1925 24.1 61 

15 1.98 7.8 9.5663 -470 1.9 6.9 1.2142 24.3 60 

19 1.98 7.7 9.5720 -476 1.9 7.0 1.2000 24.8 66 

20 1.98 7.7 9.4698 -465 2.1 7.0 1.2071 24.3 64 

21 1.98 7.6 9.5400 -453 2.0 6.8 1.1900 24.9 102 

22 1.98 7.7 9.5599 -480 1.5 7.1 1.2306 24.2 28 

23 1.98 7.9 9.5257 -476 2.0 7.2 1.2482 24.2 30 

26 1.98 7.7 9.3697 -486 3.0 6.7 1.3257 24.0 155 

27 1.98 7.8 9.5112 -424 2.3 6.8 1.3149 24.8 103 

28 1.98 7.7 9.3450 -491 2.1 6.8 1.3247 24.1 121 

29 1.98 7.8 9.4697 -496 2.0 6.8 1.0266 24.9 165 

30 1.98 7.8 9.5348 -473 2.0 6.7 1.0838 25.5 204 

33 1.98 7.8 9.5784 -469 1.7 6.0 1.1368 25.2 237 
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34 1.98 7.7 9.5360 -453 2.1 5.9 2.0742 25.4 212 

35 1.98 7.7 9.4953 -460 2.3 5.7 1.5971 25.1 206 

36 2.20 7.7 9.4903 -474 1.9 6.4 1.3576 24.9 77 

37 1.98 7.7 9.4550 -440 1.8 5.8 1.0638 24.5 175 

40 1.98 7.5 9.5366 -485 1.5 5.6 1.5552 25.0 160 

41 2.14 7.7 9.5526 -463 1.1 6.3 1.6402 25.5 127 

42 1.63 7.7 9.4106 -423 1.3 7.1 1.6450 25.1 24 

43 1.63 7.7 9.5059 -498 1.2 6.8 1.6760 24.9 40 

44 1.63 7.8 9.2806 -488 1.2 6.6 1.5732 25.5 96 

47 1.39  9.3342 -438 1.54 7.25 1.3066 25 0.31 

48 1.39  9.3275 -456 1.63 7.4 1.4487 25 -11.11 

49 1.39  9.6836 -474 2.21 7.44 1.4904 25 28.98 

50 1.39  9.6304 -532 2.7 7.37 1.529 25 34.52 

51 1.39  9.6513 -497 2.6 7.33 1.638 25 30.2 

52 1.39  9.6623 -518 2.58 7.45 1.812 25 19.38 

53 1.39  9.6525 -523 2.55 7.51 2.225 25 16.026 

54 1.39  9.6381 -474 3.25 7.44 2.434 25.2 34.6 

55 1.39  9.6597 -457 3.82 6.97 1.439 25.2 75.76 

56 1.39  9.7547 -431 3.2 7.066 0.956 25.2 55.92 

57 1.39 8.3 9.7422 -470 3.28 7.14 1.202 25.2 50.27 

58 1.39 8.4 9.817 -511 3.44 6.97 2.637 25.2 67.09 

61 1.39 8.4 9.8234 -513 3.4 7.2 2.8244 24.8 46 

62 1.39 8.4 9.7035 -406 3.3 7.2 2.9103 24.5 61 

63 1.39 8.4 9.8062 -539 2.9 7.1 2.6102 25.3 40 

64 1.39 8.38 9.8673 -515.752 2.7646 7.07 2.4812 25.2 54.37 

65 1.39 8.39 9.859 -515.5 2.764 7.03 2.404 25.2 56.52 
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Table 21A. Data of chemical parameters (NH4
+, NO3

-, NO2
-, alkalinity and COD) in pilot plant Deammonification reactor during January 28th 2009 – 

April 2nd 2009. 

 INFLOW OUTFLOW EFFICIENCY 

Days 
NH4

+ 

(mg/L) 
Alkalinity 
(mmol/L) 

COD 0.45 
(mg/L) 

COD 1.6 
(mg/L) 

COD Unf.  
(mg/L) 

NH4
+ 

(mg/L) 
NO3

- 

(mg/L) 
NO2

- 

(mg/L) 
Alkalinity 
(mmol/L) 

COD 0.45 
(mg/L) 

COD 1.6 
(mg/L) 

COD Unf. 
(mg/L) 

Nitrogen 
removal (%) 

Ammonium 
removal (%) 

6 1030 79.1 637   91.4 235 5.89 1.57 180   67.81 91.13 

13 1020 72.8 1050   41.8 155.5 6.4 1.37 304     

15 1020 72.8 1050   32 138 5.66 2.42 306   82.82 96.86 

20 1030 75.2 1250   20.6 126 6.58 2.38 312     

22 1030 75.2 1250   28.6 124 7.08 2.95 318   84.53 97.22 

27 904 68.0 1410   35.3 122.2 5.91 1.66 340     

29 904 68.0 1410   29.2 153 6.39 1.73 300   79.17 96.77 

34 994 76.5 1150 1305 1508          

36 994 76.5 1150 1305  44.6 180 8.96 1.18 328 328  76.50 95.51 

41 1030 76.6 1280 1320 1610          

43 1030 76.6 1280 1320 1610 77.1 205 4.34 1.22 318 321 360 72.19 92.51 

48 1035 106.0 1154 1295 1476          

50 1035 106.0 1154   163 160 5.02 7.27 380   68.31 84.25 

55 1040 112.0 917 1040 1210          

57 1040 112.0 917 1040 1210 89.1 177 8.46 6.83 289 302 565 73.60 91.43 

58 1040 112.0 917 1040 1210 88.8 182 10.40       

62 1110 79.9 696 880 1100          

65 1110 79.9 696 880 1100 41.3 127 10.04 3.16 358 360 587 83.93 96.28 
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Table 22A. Data for determination of biomass attached to Kaldnes rings in pilot plant Deammonification reactor during January 28st2009 – April  2nd 
2009. 

BIOMASS 

Days Rings Empty plate + filter (g) After 105 °C (g ) After 540 °C (g) TSS (g/L) VSS(g/L) 

7 4 1.0592 1.1248 1.0657 15.58 14.03 

14 4 1.0649 1.1194 1.0702 12.94 11.68 

20 4 1.0667 1.1206 1.0714 12.80 11.68 

29 4 1.0597 1.1282 1.0661 13.06 11.74 

34 4 1.0671 1.1213 1.0708 12.87 11.99 

51 4 1.0686 1.1313 1.0741 14.89 13.58 

55 4 1.0699 1.1382 1.0765 16.22 14.65 

64 4 0.8932 0.9655 0.8992 17.17 15.74 

 

Table 23A. Data for determination of solids in the inflow of pilot plant Deammonification reactor during January 28st2009 – April  2nd  2009. 

INFLOW 

Days Rings Empty plate + filter (g) After 105 °C (g ) After 540 °C (g) TSS (g/L) VSS(g/L) 

20 4 1.064 1.077 1.0678 0.162 0.115 

29 4 1.0648 1.0734 1.0672 0.107 0.077 

34 4 1.0643 1.0807 1.0675 0.205 0.165 

47 4 1.0766 1.0853 1.0733 0.109 0.150 

56 4 1.0534 1.063 1.0505 0.120 0.104 
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Table 25A. Data for determination of solids in activated sludge of pilot plant Deammonification reactor during January 28st2009 – April  2nd  2009. 

ACTIVATED SLUDGE 

Days Rings Empty plate + filter (g) After 105 °C (g ) After 540 °C (g) TSS (g/L) VSS(g/L) 

20 4 1.0682 1.093 1.071 0.310 0.275 

29 4 1.0607 1.0875 1.065 0.335 0.281 

34 4 1.069 1.1051 1.075 0.451 0.376 

47 4 1.0624 1.0921 1.0639 0.371 0.353 

56 4 1.0722 1.1283 1.0836 0.701 0.559 

 

 

 

 

 

 

 

 

 

Table 24A. Data for determination of solids in the outflow of pilot plant Deammonification reactor during January 28st  2009 – April  2nd  2009. 

OUTFLOW 

Days Rings Empty plate + filter (g) After 105 °C (g ) After 540 °C (g) TSS (g/L) VSS(g/L) 

20 4 1.0695 1.081 1.071 0.144 0.125 

29 4 1.0658 1.072 1.0668 0.077 0.065 

34 4 1.0537 1.0935 1.0549 0.497 0.483 

47 4 1.0631 1.1199 1.0786 0.710 0.516 

56 4 1.0672 1.1153 1.0786 0.601 0.459 
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Table 26A. Data for calculation of SAA of biomass from Pilot plant Deammonification reactor 
during January 28st2009 – April 2nd 2009. 

02.21.2010 

 35 °C 25°C 

Time 
(min) P (mV) R1 P(mV) R2 P (mV) R1 P(mV) R2 

0 7.5 7.9 8.7 8.1 

40 26.3 32.6 23.9 26 

80 45.3 49.5 30.6 35 

120 53.9 59.5 35.9 44.9 

160 61.3 65 40.3 47 

200 69.3 67 44.8 49.7 

 

02.26.2010 

 35 °C 25°C 

Time 
(min) P (mV) R1 P(mV) R2 P (mV) R1 P(mV) R2 

0 7.5 7.9 11.2 17.5 

40 26.3 32.6 20.4 30.5 

80 45.3 49.5 25.5 40.9 

120 53.9 59.5 35.1 48.9 

160 61.3 65 42 54 

200 69.3 67 65 65.1 

 

03.03.2010 

 35 °C 25°C 

Time 
(min) P (mV) R1 P(mV) R2 P (mV) R1 P(mV) R2 

0 7.9 8.6 9.8 8.8 

40 27.2 21.3 19.8 13.6 

80 48.3 45 26 14.8 

120 56.5 59 32.8 16 

160 62 69 38.1 17.5 

200   40.6 18.5 

 

3.08.2010 

 35 °C 25°C 

Time 
(min) P (mV) R1 P(mV) R2 P (mV) R1 P(mV) R2 

0 9 10.9 9.7 8.94 

40 34.9 27.5 26.8 30.1 

80 50.8 51.8 34.8 36.1 

120 55.5 59.9 44.4 49.1 

160 72.2 68.7   

200 79 73.5   
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03.18.2010 

 35 °C 25°C 

Time 
(min) P (mV) R1 P(mV) R2 P (mV) R1 P(mV) R2 

0 12.7 10.6 9 8.4 

40 26.6 27.3 24.8 28.1 

80 43.8 44.9 32.8 35.1 

120 44.6 53.6 41.4 47.1 

160   66.7   

200     

 

03.28.2010 

 35 °C 25°C 

Time 
(min) P (mV) R1 P(mV) R2 P (mV) R1 P(mV) R2 

0 11.6 9.9 10.1 9.9 
40 45.4 49.8 23 24.6 
80 57.8 66.9 35.3 39.9 

120 54.7 73.1 39.5 47.5 
160 71 75.1   

200     

 


