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SAMMANFATTNING  

Detta examensarbete baseras p¬ egna studier. En studie genomfºrdes 
under en fyra m¬nadersperiod vid Hammarby Sjºstadsverk, som ªr 
belªgen i Stockholm. Enstegs teknik utvªrderades fºr deammonifikation 
fºr tv¬ systemutfºranden i pilotskala. 

Den teroretiska bakgrunden fºr detta examensarbete presenteras i en 
fºrsta del och hªrvid beskrivs negativa miljºkonsekvenser av 
kvªvefºreningar liksom myndighetskrav fºr renat avloppsvatten i 
Europeiska Unionen (Polen och Sverige). I nªsta del av examensarbetet 
beskrivs kvªvecykeln med fokus p¬ biologiska reaktioner fºr 
kvªveavskiljning. Speciellt behandlas nitrifikations-/denitrifikations- och 
anammoxprocesser med tonvikt p¬ olika faktorer som p¬verkar 
anammoxprocessen samt fºr- och nackdelar att anvªnda denna process. 
Experimentella resultat fºr fyram¬nadsstudien liksom utvªrdering av 
mikrobiell aktivitet beskrivs i examensarbetets sista del.  
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ABSTRACT 

This master thesis is based on own studies. A four-month study was performed at 
Hammarby Sjostad Research Station, which is located in Stockholm. One-stage 
deammonification process was evaluated in two different system configurations in 
pilot plant scale. 

The theoretical background for this thesis works is presented in the first part and 
where is presented negative impacts of nitrogen compounds in environment and 
requirements for purified wastewater in European Union (Sweden and Poland). In the 
next part of the thesis the nitrogen cycle is described and with focus on biological 
reactions for nitrogen removal. Especially, nitrification/denitrification and anammox 
processes are described with special focus on parameters affecting the anammox 
process performance and its advantages and disadvantages of using this process. 
Experimental results from the four-month study and evaluation of the microbial 
activity are described in the last part. 

Key words: Anammox, Moving Bed Biofilm Reactor, nitrogen removal, batch 
test, Specific Anammox Activity, Oxygen Uptake Rate, Nitrate Uptake Rate.  

1. I NTRODUCTION  

1.1. Negative impact of nitrogen on the environment 
Nitrogen is a nutrient and it mean, that this substance allow and intensify 
biomass process growth. When there is a excessive amount of nitrogen 
in water, we can observed a disorder the natural balance in the tank. If it 
is delivered 1 kg Nitrogen ð (Nitrogen embedded in cells) we receive 
increase in biomass on 16 kg and it gives charge 20 kg O2 extra organic 
substances. This process is very unprofitable and we can observe it 
especially in the lakes. In the water receivers, where is constant supply of 
nutrients it is possible to observe vigorous plant growth and progressive 
overgrowing of the tank. The nitrogen is also nourishment for the algae. 
At the beginning it is only nourishment, but in the next steps we can 
observe expansion of the algae and òwater bloomó. There are very 
negative and dangerous situations. An increased volume of ammonia and 
nitrite in the water is very toxic (Dymaczewski, 1997). 

1.2. Requirement for nitrogen removal from wastewater 

1.2.1. Polish standards 

Polish is a member of the European Union since 1 May 2004. Signing 
the Accession Treaty on 16 April 2003, the government committed itself 
to respect and implement EU legislation into national law. This is due to 
the transposition of EU directives into Polish legislation. It should be 
noted that although the Directives is the overarching legislation in 
relation to the law, they shall appoint only a goal to be achieved. Specific 
legislation is left to the legislature of the country concerned. In Poland, 
current legislation is Minister of Environment Regulation: Dz. U. 2006 
nr 137 poz. 984. This regulations specify details for wastewater treatment 
for example references methods of wastewater sample analysis. 
Regulation also defines the standards for nitrogen in treated wastewater. 

1.2.2. Requirements in the European Union (Sweden) 

Council Directive 91/271/EEC concerning urban waste-water treatment 
was adopted on 21 May 1991. Its purposes to protect the environment 
from the adverse effects of urban waste water discharges and discharges 
from certain industrial sectors the collection, treatment and discharge  
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domestic waste water, the mixture of sewage and wastewater from 
certain industrial sectors (Fig. 1). 

1.3. Forms of nitrogen in the environment 
Nitrogen is one of the most important elements: it takes part in many 
processes, is utilization by plants and it is a component of many bio 
molecules such as amino acids, nucleotides and nucleic acids. In the 
environment there are two forms of nitrogen (Fig. 2): unoxidized and 
oxidized forms. 

1.4. Nitrogen cycle 
This chapter shows only very short and general nitrogen cycle and 
Anammox process. All reactions, parameters and details will be 
presented in more detail in next chapters of this master thesis. The  
(Fig. 3) shows the microbial relationships between nitrification and 
denitrification, and shows Anammox process in this cycle.  

The first step of traditional nitrogen cycle is microbial conversion of 
molecular nitrogen (N2) to ammonia (NH4). In the deamination process 
there is producing ammonia, because organic molecules containing 
nitrogen are deaminated during the decomposition of organic materials. 
Next step of nitrogen cycle is nitrification. This process is

 
Fig. 1. Review of Directive 91/271/EEC. (http:/  /ec.europa. eu/  
environment/water/water -urbanwaste/index_en.html) 

Table 1. The highest value of pollution indicators or minimum percentage 
reductions of contaminants for treated wastewater of domestic and communal, 
made to the water and to the ground (www.isap.sejm.gov.pl). 

Nr 
Name of 
pollution 
indicator 

Unit 

The highest value of pollution indicators or minimum percentage 
reductions of contaminants depend on p. e. 

<2000 
2 000 -  
9 999 

10 000 - 
14 999 

15 000 ï 
99 999 

>100000 

4. 
Total 
Nitrogen 

mg N-l 30
1)
 15

1)
 15

1) 
15 10 

min. % 
red. 

- - 35
2)
 80 85 

1)
 required only in the effluent entering the lakes and inflows and directly to the reservoirs located in the 

flowing waters 
2) 

The minimum percentage reduction is not used in example when the wastewater is entering in to the lakes 
and lakes inflows directly to the artificial water reservoirs located in the flowing waters and to the ground. 

http://www.isap.sejm.gov.pl/
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Fig. 2. Forms of nitrogen in the environment 

a biological process of transformation ammonium form nitrogen to 
nitrate and nitrite form. At the beginning of nitrification bacteria of the 

genus Nitrosomonas oxidize NH3 to nitrites (NO2
-), then bacteria of the 

genus Nitrobacter oxidize the nitrites to nitrates (NO3
-). Last step of 

traditional nitrogen cycle is denitrification. Denitrification is the process 
of biological reduction. During denitrification nitrate is reduced to 
dinitrogen gas (N2). The heterotrophic bacteria are responsible for 
quality of this process (Malovanyy, 2009). 

The red line in the (Fig. 3) shows Anammox process. In this process ð 

biological process, nitrite (NO2
-) and ammonium (NH4) are converted 

directly to dinitrogen gas (N2).  

 
Fig. 3. Nitrogen cycle with Anammox process (www.paques.nl). 
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2. CONVENTIONAL PROCESS : N ITRIFICATION  

/ D ENITRIFICATION  

2.1. General description of nitrification process 
Nitrification is a first part of transformation ammonium to the 
dinitrogen gas, and it consists .of two different steps. The first step of 
nitrification process is called nitritation and it is transformation of 
ammonium to nitrite (Wiesmann, 1994). Nitritation is performed mainly 
by Nitrosomonas bacteria in aerobic conditions. The simplified equation 
of nitritation process is: 

 

The second step of nitrification process is called nitratation and it is 
transformation of nitrite .to nitrate. Nitratation is performed by bacteria 
of genera Nitrobacter in aerobic conditions. The simplified equation of 
nitratation process is: 

 

Both Nitrosomonasand Nitrobacter, that are responsible for nitrification 
process are autotrophic bacteria, called nitrifying bacteria (Malovanyy, 
2009). 

2.2. General description of denitrification process 
Second part of transformation ammonium to the dinitrogen gas is 
denitrification. During this process, nitrite and nitrate are reduced to 
dinitrogen gas, by heterotrophic bacteria mainly from gram-negative 
alpha and beta classes of Proteobacteria in anoxic conditions. Nitrate 
and nitrite are using oxygen as an electron acceptor. Heterotrophic 
bacteria in this process use external carbon as a carbon source for 
gaining energy and building cells. Usually easily degradable organic 
substances that come with wastewater are used as a carbon source but 
often an additional external carbon source (mainly methanol) has to be 
added in order to reduce all the nitrite and nitrate. The simplified 
equation of nitritation process is (Malovanyy, 2009): 

 

2.3. Operational parameters 
Knowledge about nitrification and denitrification is very important .in 
wastewater technology. But by knowledge about processes very 
important is knowledge about operational parameters. It helps to achieve 
the maximum efficiency of process and minimal costs (Cema, 2009). 

When we are talking about nitrification, we must know, that about 
efficiency of this process decide a lot of factors such as: temperature, 
pH, concentration of nitrogen in effluent, dissolved oxygen (DO), age of 
sludge, alkalinity and toxic substances. The optimal temperature for 
nitrification is above 20 degrees. When the temperature drops, the 
intensity of nitrification process drops too. Less than 5 degrees process 

stops. The optimum pH ranges between 7.5õ8.5, but process can be 
carried in different pH (for example 6.5) if value of pH is constant. 
Concentration of dissolved oxygen should be about 2 mg O2/l. When 
concentration of DO drops to 1 mgO2/l, nitrification becomes very 
slow, in the case, when DO rise above 2 mg O2/l, the efficiency of the 
nitrification is at the same level as efficiency in 2 mg O2/l. N itrifying 
bacteria are very sensitive for toxic substances. Toxic substances are 
inhibitors for nitrification process. Denitrification runs most efficiently 
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while keeping several conditions. First, in wastewater must be carbon 
compounds and nitrates. Then, as for nitrification, optimal temperature 
for denitrification is above 20 degrees. The optimal pH for 

denitrification ranges between 6.5õ7.5. Concentration of DO in 
denitrification chamber should be as low as it is possible and lower than 
0.5 mg O2/l.  

All these factors have strange influence for nitrification and 
denitrification. When one or more of these factors are not running 
correct, the nitrification or denitrification process have disturbed 
efficiency (Dymaczewski, 1997).  

3. ANAMMOX È PROCESS DESCRIPTION 

Wastewater treatment, especially nitrogen removal is currently interest 
many of research groups. We are looking for òa new wayó for nitrogen 
removal. One of this ways can be ANAMMOXÈ. ANaerobic 
AMMonium Oxidation is biological oxidation of ammonia to nitrogen, 
and this process seems to be promising alternative for traditional 
nitrogen removal. During this process, under anoxic conditions, 
ammonium is directly oxidized to dinitrogen gas using nitrite as the 
electron acceptor (Jetten et al., 1999). 

3.1. Parameters affecting ANAMMOXÈ process performance 

3.1.1. Dissolved Oxygen 

Dissolved oxygen has an impact on efficiency of nitrogen removal by 
deammonification. On the one hand has a negative impact on the 
Anammox process, on the other hand, remember, that it is necessary for 
the nitritation process. For one-stage partial nitrification/anammox 
process, dissolved oxygen is parameter influencing the nitrogen removal 
rate in the system. DO concentration should stay at a certain level, to 
allow ammonium oxidizers to produce a sufficient amount of NO2

--N 
for anammox reaction but also not to high NO2--N level to cause 
anammox inhibition effect or increasing Nitrite Oxidizerõs Bacteria 
growth (Cema et al., 2007). 

3.1.2. Temperature 

The correct temperature for ANAMMOXÈ process is in the range of 
20-43 degrees, and the optimal temperature is 40 degrees. Negative 
impact has in temperature change and situations, when temperature 
drops below 20 degrees, which was observed in Waste Water Treatment 
Plant in Hattingen. As a result of drops temperature observed decrease 
in efficiency of nitrogen removal in MBBR from 70-80% to 16-40% 
(Ƭubrowska et al., 2010). 

3.1.3. pH and alkalinity 

pH is very important parameter, which has influence for anammox 
process. Different groups of researchers tried to provide anammox 
process in various pH. But in partial nitritation/anammox process, 
performance efficiency could be inhibited by free ammonia, when pH is 
above 8 and nitrous acid when pH is below 7.5.  

3.1.4. Organic matter 

In different studies were used different groups, kinds of organic matter, 
used as inhibitors. Among the most important inhibitors of the process 
anammox is oxygen and other compounds such us methanol and 
ethanol. But methanol and ethanol are irreversible inhibitors for 
anammox process (Ahn, 2004). 
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Table 2. Factors influencing deammonification process (Hernando et al., 2010). 

 

 

3.2. Superiority of the ANAMMOXÈ process 
After analysis Anammox process and traditional 
nitrification/denitrification, we can observe a lot of advantages, and 
superiority ANAMMOXÈ over the traditional methods of nitrogen 
removal for wastewater: 

 High nitrogen removal, 

 No external carbon source needed, 

 40% reduction in oxygen demand, 

 Reduced production of sludge,  

 Reduced nitrous oxide emission, 

 Reduced carbon dioxide emission, 

 Reduction of energy demand and power consumption up to 60-90%, 

3.2.1. Deammonification 

Deammonification process consists of two steps process: Partial 
Nitritation and Anammox reaction. During the first step of 
deammonification process - Partial Nitritation, about 50-60% of 
ammonium is oxidized to nitrite: 

 

During the second step, anammox reaction, bacteria use ammonium and 
nitrite as substrates to produce nitrogen gas: 

 

Deamonification process can be realised in two different strategies: in 
one-stage or two-stage strategy. In situation, when process is carried in 
two separate reactors, in the first reactor is carried a partial nitration, and 
in the second reactor Anammox stage. In one-stage reactor both partial 
nitritation and anammox process are realised in the same time. Both in 
one-stage and in two-stage strategies, nitritation and anammox 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) (Hernando 
et al., 2010). 

The same as nitrification and denitrification, there are factors which have 
decisive for deammonification process (Tab. 2). 

3.3. MBBR with deammonification in MBBR 
Moving Bed Biofilm Reactor is a high technology wastewater treatment, 
which becomes increasing recognition in the word. 

  

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 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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Fig. 4. Samples of Kaldness carriers. 

MBBR process is based on the principle of biological membrane: 
biofilm, which grows on specially designed elements (Fig. 4) of material 
immersed in the entire volume of the reactor. 

MBBR elements were designed to present largest possible active surface 
area (from 200-1200 m2/m 3) for biological membrane and optimal living 
conditions for different cultures of microorganisms. 

Biofilm starts to grow within minutes/hours after start of the 
purification process. Microorganisms that are involved in the treatment 
process produces sticky substances attach themselves to the media and 
begin to create a high performance biofilm (Dosta et al., 2008). 

In this technology, biofilm suspended on the tubular profiles is mixed .in 
the biological reactor chamber using: compressed air (aerobic reactors) 
and mixer (anaerobic reactors). In characterized pilot-plant we have two 
reactors: R1 ð based on aeration strategy and R2 ð based on temperature 
effects. Each of these reactors has a working volume 200 litres and 
Kaldness carriers 80 litres, which is about 40% reactors volume. 

Biofilm, covering the surface of the fittings, has optimal conditions for 
development and provided an optimal supply of oxygen and organic 
matter to bacteria and higher microorganisms. Biofilm, located in the 
middle of Kaldness carrier consists of two very important and depend 
on each other zones. The zone, which directly adjacent to the Kaldness 
carriers anaerobic zone, and in this part of biofilm, we can observed 
anammox process. Then, in the second zone, which contacted with 
anaerobic zone and liquid we can observed nitritation process, and it is 
aerobic zone. 

Conditions conductive to the growth of bacteria, high levels of biofilm 
and high concentration of oxygen in Moving Bed Biofilm Reactor 
technology cause the removed several times more pollution per day than 
in the traditional technology.  

According to INWATEC Industrial Waste Technology 
(www.inwatec.pl), using movable bed guarantees: 

 stable wastewater treatment plant work, 

 possibility to adopt more pollutant loads,  

 approximately five times smaller bioreactors cubature,  

 BOD5 removal rate about 5000 BZT5/g/d m 3 for 15 degrees, 

 nitrogen removal rate about 400 NH4-N/d m 3, 670 NOx-N g/d m3 
for 15 degrees, 

 no need to recycled sludge, 

 no clogging and self-cleaning,  

 high resistance for pH and temperature changes,  

 possibility of using technology to each shape of the reactor, 

 high durability carriers (up to 20 years), 

 reduction of excess sludge up to 50%.  
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4. AIM OF THE STUDY  

This Master Thesis is a part of òAnammox technology nitrogen 
reductionó project and it is focused on the one-step partial 
nitrification/Anammox process in the moving bed biofilm reactor 
(MBBR) with Kaldnes carriers.  

The aim of this study was evaluation of microbiological activity during 
the deammonification process for nitrogen removal under different 
operation strategies (long term study): 

 Aeration strategy (DO 3.0 mg/l) 

 Temperature (190C) 

The main goal of short term test was evaluate the influence of 
temperature on different groups bacteria: 

 Anammox Bacteria Activity: 35 - 50C, step: 3 degrees 

 Ammonium Oxidizing Bacteria Activity 

 Heterotrophic Activity             35 - 170C, step: 3 degrees 

 Nitrate Oxidizing Bacteria Activity 

To achieve goals, during the research, was necessary: 

 Review literature and publications about nitrogen removal from 
wastewater; 

 Evaluation of the process performance by chemical analyses, physical 
parameters monitoring and biomass measurements; 

 Perform calibration and cleaning of the portable and on-line 
instruments; 

 Assess the Nitrate Uptake Rate (NUR) test by the biofilm and its 
evolution; 

 Monitor the evolution of Anammox bacteria activity though SAA 
tests; 

 Assess the evolution of Heterotrophic bacteria, Nitrosomonas and 
Nitrobacter bacteria activity in the biofilm though Oxygen Uptake 
Rate tests; 

 Try to find correlations between chemical analyses results and 
physical parameters. 

5. M ETHODOLOGY  

5.1. Short description of the research station Hammarby Sjºstadsverk 
The Hammarby Sjºstadsverk is located on the top of Henriksdal 
underground Waste Water Treatment Plant (Fig. 5) which is the biggest 
WWTP in Stockholm. 

The Hammarby Sjºstadsverk is one of the most popular institutions in 
Sweden, where are conducted research in the field of wastewater 
treatment. The objects which are located on the facilities were held in 

October 2003 and they were constructed by Stockholm Water AB. 
Today it is a facility where are prepared projects of the Royal Institute of 
Technology (KTH) and IVL Swedish Environmental Research Institute. 
Furthermore, it is a place that gives the opportunity to develop for many 
Swedish and international students, PhD students and many scientists. 
Currently, the station carries the following major projects 
(www.sjostadsverket.se): 

http://www.sjostadsverket.se/
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Fig. 5. Location of research station (http://maps.google.com ). 

 Reduce the greenhouse gas emissions from Swedish wastewater and 
sewage sludge management 

 Removal of pharmaceuticals from the wastewater 

 More efficient biogas production 

 Anammox technology: nitrogen reduction 

 Energy and resource management facility 

 Algae for water treatment and Biofuel production 

5.2. Description of experimental installation 
One of the projects, which are realized in Hammarby Sjºstadsverk is 
called òAnammox technology: nitrogen reductionó. And it is 
experimental installation (Fig. 6), which allowed the implementation of 
the experiments and research to support this work. The 
deammonification process is conducted by KTH since 1999. The 
experiments for this project are conducted by PhD students and Master 
Students, who are preparing their Master Thesis at KTH, under the 
leadership of Professor Elƭbieta PĠaza and PhD J·zef Trela from KTH 
(Bertino, 2010).  

The technical-scale pilot plant reactor, which is the main element of 
installation, was designed as a continuous aerated and stirred Moving 
Bed Biofilm Reactor (MBBR) with Kaldnes carriers. The biocarriers, 
which is filled technical-scale pilot plant reactor were brought from 
Himmerfjªrden Wastewater Treatment Plant (Bertino, 2010). 

In addition to pilot reactor, in to the installation comes a lot of elements. 
First of them is storage tank, holding about 26 cubic meters, with reject 
water from Bromma Waste Water Treatment Plant. This tank is 
connected with smaller one, with holding about 1.3 cubic meters. From 
bigger to smaller tank, the reject water is regularly, twice per week, 
pumped. 

 
Fig. 6. The one-stage pilot plant scale reactor for partial 
Nitratation/Anammox with equipment.  

 
 
 
 
 
 
 
 
 

Hammarby 
Sjºstadsverk 
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Fig. 7. Fulfillment  of pilot plant scale reactor. 

From a small tank reject water is continuously pumped to the stirred and 
aerated reactor. The pilot reactor is filled by Kaldnes carriers (Fig. 7). At 
the beginning, where is reject water connected with reactor, there is 
conductivity and ORP measured. At the end of process, are measured: 
DO, pH, ORP, T and conductivity. All parameters are continuously 
recorded on the computer. Purified reject water is transmitted to the 
outflow tank (Bartino, 2010). 

5.3. Physical parameters measurements and chemical analysis 

5.3.1. Physical parameters 

At the research station physical parameters are monitored every day. The 
physical parameters measurement such as: 

 Dissolved Oxygen 

 pH 

 Conductivity 

 Temperature 

 Redox Potential 
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 (Ridenoure, 2004). Off-line 
measurements are performed the verify on-line measurements. 

5.3.2. Chemical analyses 

Chemical analyses is another group of measured parameters. Chemical 
analyses are carried out in influent and effluent, regularly to follow up 
and monitor the process. The most important group is the analysis of 
nitrogen forms: Ammonium, Total Nitrogen, Nitrate, Nitrite, that allow 
processes evaluate quality. To accurately assess process in lab .is carried 
out COD and Alkalinity (or Acid Capacity) analysis. Samples taken from 
outflow and inflow are always filtrated with a 1.6 Ǫm pore size prefilter 
and 0.45 Ǫm pore size filter. For these analyses was applied 
spectrophotometric method (Fig. 8): Dr. Lange cuvettes and Dr. Lange 
Xion 500 spectrophotometer. To carried out the analysis were used 
cuvettes: 

 COD LCK 314 (15-150 mg/L O2) and LCK 514 (100-2000 mg/L O2) 

 Acid Capacity Ks 4.3 LCK 362 (0.5-8.0 mmol/l)  

 NH 4-N  LCK 303 (2-47 mg/L) and LCK 302 (47-130 mg/L) 

 NO 3-N  LCK 340 (5-35 mg/L) 

 NO 2-N  LCK 342 (0.6-6 mg/L) 
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Fig. 8. Dr. Lange Xion 500 spectrophotometer and Dr. Lange 
cuvettes (LCK 340). 

5.4. Microbial activity tests 

5.4.1. Specific Anammox Activity (SAA) 

To evaluate microbiological activity we are using batch tests, such as 
SAA. By Specific Anammox Activity test is measured Anammox 
Bacteria Activity. This batch test is based on the measurement of the 
increment of pressure inside a closed volume, proportional to the 
production of nitrogen gas by ANAMMOX bacteria which use nitrite 
and ammonium as their substrates (Strous et al., 1999). 

At the beginning of each test is prepared equipment (Fig. 9) and test 
material. The rings were washed three times with phosphate buffer. 
(0.75 g/L K2HPO4 and 0.14 g/L KH2PO4) with a pH 7.8 manually 
prepared.  

In the next step of experiment 15 Kaldnes rings with attached bacteria 
were put to the Pyrex vial with buffer solution until a volume of 24 mL 
was reached. For each reactor were prepared three vials. Then, the vials 
were closed and a needle connected to the nitrogen gas line. Nitrogen 
(N2) gas was inoculated for a few minutes (about 3 minutes) to remove 
all the oxygen inside the vial (Fig. 10). 

 

Fig. 9. Equipment for SAA test. 
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Fig. 10. SAA sample during the N2 gas inoculated. 

When the samples for experiment were ready, they were put to the water 
bath, where the samples were kept during the whole experiment. Before 
substrates were dosed, the samples stayed in water bath (in 25 degrees) 
about 10-15 minutes until the desired stable temperature were reached. 
When sample reached 25 degrees the substrates 0.5 mL of NH4Cl and 
0.5 mL of NaNO2 to fix initial concentrations of ammonium and nitrite 
inside the vials in 70 mg N/L, were added by needle and syringe. At the 
beginning of this part, the gas inside the vial was equalized to the 
atmospheric, and appropriate measurement was started at this time. The 
pressure was measured every 20-30 minutes with a pressure transducer. 
Transducer used in this experiment (produced by Centrepoint 
Electronic) displayed a value in mV. This value can be converted into 
mmHg multiplying by 2.65.  

Below shows calculations used to estimate the SAA on the biocarriers: 

N 2 gas production rate:  

 
SAA (Specific Anammox Activity): 

 
SAA (Specific Anammox Activity): 

. 

ǟ ð slope of the pressure increase inside the vial plotted versus time 
(atm/min), VGð volume of the gas phase (0.013 l), calculated by 
subtracting the volume of liquid with 15 biocarriers (25 ml) from the 
total volume of the vial (38 ml), R ð ideal gas constant  
0.0820575 (atm l mol-1 K -1), T ð temperature (K) 28 ð molecular weight, 
of N2 (g N/mol), 60 and 24 ð unit conversion factors from min to days 
Sbiofilm ð surface area of 15 biocarriers = 7.00935ā10-3m2, calculated as a 
product of the specific area of Kaldnes media and the volume occupied 
by 15 rings (calculated by proportion on the base of the measurement 
that 107 rings occupy 100 ml), X ð grams of biomass attached on 15 
rings. Calculations for the activated sludge have been calculated similarly: 
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N 2 gas production rate: 

 
SAA (Specific Anammox Activity): 

. 

ǟ ð slope of the pressure increase inside the vial plotted versus time 
(atm/min), VGð volume of the gas phase (0.013 l), calculated by 
subtracting the volume of liquid with 15 biocarriers (25 ml) from the 
total volume of the vial (38 ml), R ð ideal gas constant  
0.0820575 (atm l mol-1 K -1), T ð temperature (K) 28 ð molecular weight 
of N2 (g N/mol), 60 and 24 ð unit conversion factors from min to days, 
X ð biomass concentration inside the vial (g VSS/l), VLð volume of the 
liquid phase in the vial (approximately 18.97 ml). It has been calculated 
as difference between 25 ml and the equivalent volume occupied by 
carriers, based on the measurement that 4 l of rings occupy 
approximately a volume of 1.72 l. 

5.4.2. Oxygen Uptake Rate (OUR) 

The principle of OUR test is to monitor the rate of dissolved oxygen 
uptake by bacteria and selectively inhibit different bacterial populations 
during the test. During this test we measure three kinds of bacteria: 

 Measure Ammonium Oxidizing Bacteria Activity (AOB) 

 Measure Heterotrophic Bacteria Activity 

 Measure Nitrate Oxidizing Bacteria Activity (NOB) 
The tests and methodology were performed on the base of the 
methodology described by Gut et. Al. (2005).  

At the beginning of this experiment it was necessary to prepare diluted 
with reject water approximately 1:10 in order to have a NH4

+-N initial 
concentration of about 100 mg/l. This value was measured before 
starting the test (Fig. 11). 

 
Fig. 11. Equipment for dilution concentration control. 
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Fig. 12. Equipment for OUR test. 

The glass water with volume of 1.56 l with dilution was placed in the 
water bath until the temperature measured had reached about 25ÁC. 
Than, water was supplied in the reject water to reach a DO 
concentration over 6.5 ð 7 mg/l. Then in to the bottle was thrown 
magnetic stirrer and 107 Kaldnes carriers. A deal od magnetic stirrer is 
very important, because 107 Kaldnes carriers correspond to a volume of 
approximately 100 ml. At this stage of experiment, bottle was completely 
closed with rubber corks and parafilm, and the test was started. The 
dissolved oxygen was measured by YSI Model 57 Oxygen Meter with 
YSI 5905 BOD probe, and data were recorded every second by TESTO 
Comfort ð Software 2004 v 3.4. 

During the first 5 minutes total oxygen uptake was measured (Fig. 13). 
After 5 minutes were added 4 ml of sodium chlorate (NaClO3, solution 
470 g/L) in order inhibit NO2-N oxidation by Nitrite Oxidizing Bacteria. 
Dose and inhibitor concentration is determined by previous studies of 
the research group (Yang J., personal information, not published). 

After 5 minutes, were added another inhibitor: 4 ml of Allylthiourea 
(ATU: C4H8N2S, solution 3.9 g/L). This inhibitor operates for Nitrate 
Oxidizing Bacteria and Ammonia Oxidizing Bacteria. The inhibitors  
 

 
Fig. 13. First stage of OUR experiment. 










































































































































