
 

TRITA-LWR Degree Project  
ISSN 1651-064X 
LWR-EX-2015:21 

 

EVALUATION OF 
NITRATION/ANAMMOX PROCESS BY 

BACTERIAL ACTIVITY TESTS 

Anna Mika 

June 2015 



Anna Mika   TRITA LWR Degree Project 15:21   

 

 ii 

© Anna Mika 2015  
Degree Project Masters Level  
In association with the research group Water, Sewage and Waste Technology 
Department of Land and Water Resources Engineering 
Royal Institute of Technology (KTH) 
SE-100 44 STOCKHOLM, Sweden 
Reference should be written as: Mika, A (2015) “Evaluation of Nitration/Anammox process 
by bacterial activity tests” TRITA-LWR Degree Project LWR-EX 15:21, 26 p.  



Evaluation of Nitration/Anammox process by bacterial activity tests. 

 

 iii 

SUMMARY  
The current era of rising energy prices and large anthropogenic envi-
ronmental contamination, exhibits necessity of searching new, sustaina-
ble, effective and energy-efficient waste water treatment. In response to 
these needs they were discovered innovative technologies, which include 
deammonification process (partial Nitritation/Anammox). Anammox 
process as the one of new capabilities of nitrogen removal, is character-
ized by slow growth of microorganisms, becomes in the present time 
new development, tested in word class research laboratories, which are 
working on entering these methods on a large scale. Previous studies on 
the research facility Hammarby Sjöstadsverk on this field, were mainly 
introduced in side-stream treatment, containing high concentration of ni-
trogen in inflow. 
The main aim of present work is to get stable operation of the deam-
monification process in the mainstream, achieve the effective degree of 
nitrogen removal while maintaining the greatest activity of the Anammox 
bacteria. Reactor with IFAS system was operated at a temperature of 
25˚C, with the DO concentration ranged between 1.2 - 1.8 mg/L and 
NH4-N concentration <50 mg/L. The different phases of the process 
and the low concentration of nitrogen in the inflow, were used to evalu-
ate the adaptability of bacteria to changing conditions. Batch tests such 
as: SAA, OUR, NUR, were performed with biofilm on Kaldnes carriers, 
biomass grown in the Anammox process and activated sludge supplied 
from the SBR reactor. During the four-month studies based on laborato-
ry tests, the obtained batch test values were analyzed. It was observed 
that the highest Anammox bacteria activity was in the biofilm in the fifth 
period, while maintenance negligible share of denitrifying bacteria. High 
AOB activity, responsible for NH4 oxidation to NO2, was correlated 
with an increased concentration of suspended sludge. On the other hand 
an increased NO3 concentration, reflecting high activity of NOB. At the 
end of the fourth phase on activated sludge and at the beginning of the 
fifth phase in the biofilm, dominant AOB activity has been observed, 
while big influence of other groups of bacteria were still visible. Anam-
mox bacteria adapt quickly to changing conditions and during stable en-
vironment are able to play a dominant role in the process of removing 
nitrogen from wastewater. It was also noted that in the absence of sludge 
in the reactor, it may be inocculated from another source (e.g from the 
SBR reactor). Despite the satisfactory results achieved during tests it is 
necessary to further study the activity of bacteria in lower temperature.  
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SUMMANFATTNING 
Den nuvarande eran av stigande energipriser och stora antropogena för-
oreningar, visar på nödvändigheten av att söka ny, hållbar, effektiv och 
energisnål rening av avloppsvatten. Som svar på dessa behov upptäcktes 
innovativa metoder, som inkluderar deamonifikationsprocessen (partiell 
nitrifikation/Anammox). Anammoxprocess, en ny möjlighet för 
kväveavlägsning som kännetecknas av långsam tillväxt av mikroorga-
nismer, genomgår i nuläget nyutveckling och testas i forskningslaborato-
rier som arbetar med att införa dessa metoder i stor skala. Vid tidigare 
studier på forskningsstationen Hammarby Sjöstadsverk användes denna 
huvudsakligen i sidoström biofilmsystem som innehåller hög koncentrat-
ion av kväve i inflödet. 
Det främsta syftet med detta arbete är att stabilisera deamonifikations-
processen, uppnå en effektiv grad av kväveavlägsning samtidigt som den 
största aktiviteten av Anammoxbakterier i huvudströmmen bibehålls. 
Reaktor med IFAS-system användes vid en temperatur av 25 °C med 
DO-koncentrationen varierande mellan 1,2 till 1,8 mg/l och NH4-N-
koncentration < 50 mg/l. De olika faserna av processen och den låga 
koncentrationen av kväve i inflödet, användes för att utvärdera anpass-
ningsförmåga av bakterier till förändrade förutsättningar. Satsvisa tester 
såsom: SAA, OUR, NUR, utfördes på Kalndesbärare, sediment som od-
las i Anammoxprocessen och slam som tagits från SBR-reaktorn. Under 
fyramånadersstudierna baserade på laboratorietester, analyserade de er-
hållna satstestvärden. Det observerades att den högsta Anammoxbakteri-
eaktiviteten erhöls i biofilmen i femte perioden, samtidigt som andel av 
denitrifierande bakterier hölls försumbar. Hög AOB-aktivitet, ansvarig 
för NH4 oxidation till NO2, korrelerade väl med ökad koncentration av 
suspenderat slam. Å andra sidan återspeglar en ökad NO3 koncentration 
ett höga värdet på NOB. I slutet av den fjärde fasen på aktivt slam och i 
början av den femte fasen i biofilmen, observerades en dominerande 
AOB-aktivitet, medan stor påverkan av andra grupper av bakterier var 
fortfarande synliga. Anammoxbakterier anpassade sig snabbt till föränd-
rade förhållanden och kan under stabil förhållanden spela en domine-
rande roll i processen att avlägsna kväve från avloppsvatten (ända upp till 
97 %). Det konstaterades också att i frånvaro av slam i reaktorn, kan det 
inympas från en annan källa (t.ex. från SBR reaktorn). Trots de goda re-
sultat som uppnås under testerna är det nödvändigt att ytterligare studera 
aktiviteten av bakterierna vid lägre temperatur. 
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ABSTRACT 
Partial Nitritation/Anammox process (deammonification process), by which occurs 
oxidation of ammonium to nitrogen gas by autotrophic bacteria in anaerobic condi-
tions, considered to be cost-effective and environmentally friendly method of nitrogen 
removal. Present research work focuses on achieving a high nitrogen removal degree, 
thanks to Anammox bacteria, while providing the best performance of the ongoing 
process. Integrated fixed-film activated sludge (IFAS) reactor was supplied with the 
main stream of the wastewater after UASB reactor, characterized by low concentra-
tion of nitrogen and organic matter. The bacteria ability to accommodate, were tested 
in the biofilm and in the activated sludge, depending on the different stages in which 
the process were being conducted. Batch test, such as Specific Anammox Activity 
(SAA), Nitrate Uptake Rate (NUR) and Oxygen Uptake Rate (OUR), were used for 
the evaluation of activity of various groups of bacteria. On the basis of laboratory 
analysis verified the values obtained from the batch tests. It was determined that a 
high degree of nitrogen removal (92% of NH4-N) was achieved thanks to the domi-
nant activity of the Anammox bacteria (SAA value =0,64 ), with low participation 
of other groups of bacteria. It was also proved, that Anammox bacteria activity were 
overwhelming in the biofilm. Dominant role of Ammonium Oxidizing Bacteria 
(AOB) was associated with high activity of Anammox bacteria, which together satisfy-
ingly out-competed Nitrite Oxidizing Bacteria (NOB) and heterotrophic bacteria. It 
has been shown that Anammox bacteria quickly adapt to the new conditions and they 
are able to assume a dominant role, even in the case of inoculation of the reactor with 
the sludge from SBR. This allows conclude, that in the case of operational problems, 
the reactor can be supplied from another source, in order not to inhibit the process. 

Key words: Partial Nitritation/Anammox process; Integrated fixed-film acti-
vated sludge (IFAS) reactor; Batch tests; Specific Anammox Activity (SAA); 
Nitrate Uptake Rate (NUR); Oxygen Uptake Rate (OUR); Ammonium Oxi-
dizing Bacteria (AOB); Nitrite Oxidizing Bacteria (NOB); Heterotrophic bac-
teria. 

1. INTRODUCTION 
Sewage rich in nitrogen, introduced to surface water, caused deoxidation 
of the water, through oxidation ammonium nitrogen to nitrites and ni-
trates in nitrification process. Imbalance in the aquatic environment, re-
ducing the availability of oxygen and disappearance of self-purification 
conditions leads to fish poisoning and then later their death. Increasing 
population, industrialization, intensification of agriculture, improving of 
the living quality (that contains increasing water consumption) causes en-
larged production of the wastewater. Therefore identification of pollu-
tion sources and researches, which purpose is their reduction in water, 
should decided the present, as well future tasks and aims of sewage 
treatment plants. Present work shows the results of research work on the 
deammonification process in mainstream performed in pilot scale IFAS 
(Integrated Fixed-Film Activated Sludge) reactor, in order to obtain the 
highest possible degree of nitrogen removal from waste water.   

1.1. The nitrogen cycle 
The main resource of mineral nitrogen is nitrogen as gas form situated in 
the atmosphere, which in the environment occur mostly as molecular 
N2 (Chmura, 2008). The rest of the gas nitrogen occurs as nitrous oxide 
(N2O). Remaining nitrogen compounds are being characterized by low 
concentration and relatively short staying in atmosphere. This type of ni-
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trogen may be used by specialized bacteria. They have the ability to cre-
ate ammonia from nitrogen gas. Bacteria, which are living in symbiosis 
with flora, give back ammonia directly to plants. The ammonia may also 
be transported directly to ground, where it undergoes different reactions.  
An important source of nitrogen are also nitrogen compounds that stand 
in the ground. Ammonia is produced from putrefaction processes as a 
result of decay of organic matter, faeces of living organisms and remains 
of dead organisms. Then ammonia may be converted to nitrates and ni-
trites through nitrifying bacteria. Later on, these forms of nitrogen could 
be transformed to organic compounds, necessary for plants and micro-
organisms. Part of the ammonia formed after the putrefaction processes 
may also be converted to nitrogen gas in denitrification processes.  
Big amount of nitrogen are contained in municipal wastewater, as 
urea, which is a decomposition product of proteins from food consump-
tion by human. In sewage systems they are transformed to an ammoni-
um form.   
Too low concentrations of nitrogen in the ground, cause lower fertility, 
which require the enrichment of the ground by fertilization. On the oth-
er hand, too high concentration causes an increase in biomass and de-
crease of oxygen in water, which finally leads to eutrophication (Szat-
kowska, 2007; Bertino, 2010; Rajkowski, 2012; Malovanyy, 2014). 
Contaminated water with nitrogen compounds is gathered in the water 
supply systems, determining a negative impact on human life. Introduc-
tion of bigger amounts of nitrogen compounds to human organism may 
be the reason of methemoglobinemia, which provide loss of the ability 
of hemoglobin to transport oxygen (Bertino, 2010).  Disease is particu-
larly dangerous for children under 6 months. Nitrogen are able to disrupt 
metabolism of fats and proteins, proper functioning thyroid, abnormal 
heart rhythm, impairment of the nervous system and may have terato-
genic activity. Nitrates may react with nitrosamines, lead to mutagenic ef-
fects.  
All this aspects indicate on great impact of nitrogen removal from 
wastewaters and justify tightening of the standards of nutrients removal.  

1.2. Legal normalization 
Countries that are members of the European Union are obligated to 
timely introduction of the European standards to their standards, which 
is a basic fundament of the European common market. The most im-
portant EU directives taking care of water quality include: 
 Convention on the Protection of the Marine Environment of 

the Baltic Sea Area [1992 – Helsinki Convention]. 
This convention is a result of progressive eutrophication, due to 
induction to Baltic Sea large amount of nitrogen and phospho-
rus. Member country undertook to submit data on sea pollu-
tions within their economic zones and also prevent and elimi-
nate pollutions effects on Baltic Sea. All these normalizations are 
to “conserve natural habitats and biological diversity and to protect ecologi-
cal processes”.  

 The EU Water Framework Directive. 
The main purpose of the Directive is to achieve good status of 
water by the end of 2015. According to the principles of sustain-
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able development policy, preservation at the same time natural 
and cultural heritage of the nations must be with keeping eco-
nomic progress of civilization. To the main goals of Directive 
belongs: meeting the water demand, promote the sustainable use 
of water, protection of water and ecosystems, improving water 
quality and ecosystems and don’t allowed to progressive degra-
dation due to human activity, reduce pollution of groundwater 
and reduce the effects of floods and droughts.  

 Council Directive 91/676/EEC of 12 December 1991 con-
cerning the protection of waters against pollution caused 
by nitrates from agricultural sources [The Nitrates Di-
rective] . 
Directive obligates membership countries to take actions to 
monitoring concentration of nitrogen in groundwater and sur-
face water, identifications "Nitrate Vulnerable Zones" and im-
plementation of appropriate corrective actions. 

 Drinking Water Directive 98/83/EC 
The main goal of legislation is to assure that drinking water is 
suitable to drink and clear. Members states have to drawn regu-
lar inspection of parameters, which must suite to guidelines of 
EU. If the parameters are not included in the directive, and 
theirs values are significant for human health, they have to be 
determined by member states by themselves.  

 Council Directive 91/271/EEC concerning urban waste-
water treatment. 
Directives concerns about collection, treatment and discharge of 
urban as also industrial wastewater, to protect the environment 
from the discharge of this sewage. Its targets is to providing in 
all agglomerations sewage systems and wastewater treatment 
plants, which will be able to clean the wastewater according to 
required standards.  

 Industrial Emissions Directive (2010/07/EU). 
Its considers holistic approach to neutralization of pollutions to 
air, water, soil, as well as waste management, energy efficiency 
and prevent accidents.  
 
Below shows selected requirements of pollutions indicators pos-
sible to introduction to receiver for European Union and Poland 
(Table 1 and 2). Sweden regulates the discharge of sewage in ac-
cordance with the provisions imposed by the EU. 
Depending on type of receiver and sewage load to wastewater 
treatment plant (which is equivalent to the number of residents), 
various countries have different needs of the limit values for in-
dicators of pollutions. Sweden as the country, which promoting 

Table  1. Requirements for discharges from urban waste water treatment plants to 
sensitive areas (91/271/EEC) – Council Directive. 

Parameters Concentration Minimum percentage of 
reduction 

Total nitrogen 

15 mg/l N 
(10 000 – 100 000 p.e.) 

70-80 
10 mg/l N 

(more than 100 000 p.e.) 
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Table  2. Requirements in Polish legal normalization – Dz.U. 2014 poz. 1800. 

Name of the 
indicator Unit 

The maximum values of contaminants, or a minimum 
percentage of pollution reduction for domestic sewage or 

waste into water or ground. 

Depending on equivalent to the number of residents 

Below 
2000 

From 
2000 to 

9999 

From 10 000 to 
14 999 

From 15 
000 to 99 

999 

Above 
100 000 

Total Nito-
gen 

mg/l 30 15 15 15 10 

Min. 
reduction 

% 
- - 35 70-80 70-80 

sustainable development, is taking numbers of actions to protect 
the environment and combating eutrophication in Baltic Sea 
(Małoszewski, 2013). Therefore it has one of the strictes re-
quirements to wastewater treatment, what favor protecting 
coastline and prevent to spread pollutions within their economic 
zones. In connection with growing threat of over-fertilization in 
the Baltic Sea, Swedish sewage treatment plants located near to 
the coastline are obligated to observance even more sharpened 
norms.  

2. TRADITIONAL NITROGEN REMOVAL FROM WASTEWATER 
Tightening regulations, specify getting lower threshold of concentration 
of the biogenic compounds, which can be discharged to receiver, cause 
necessity of searching and developing effective methods of removal 
these substances from wastewater.  
 Wastewater treatment can be carried out by two methods: biological and 
physico-chemical. The physico-chemical methods include breakpoint 
chlorination, venting warm air, ammonia stripping steam and also ion 
exchange. While traditional method of nitrogen removal is based on ni-
trification and denitrification process (Cema, 2009; Bertino, 2010; 
Małoszewski, 2013).  
The majority of sewage treatment plants remove nitrogen using biologi-
cal methods rather than physic-chemical, which is related to lower oper-
ating cost,  lower consumption of chemicals and lower complexity of the 
plant and management (Bertino, 2010). Biological methods based on 
natural processes, presented in the environment, are trying to intensify 
self-cleaningactions occurring in natural waters.  

2.1. Ammonification 
Transformation of organic nitrogen to ammonium with the participation 
of heterotrophic bacteria represented by the Equation 1. Conversion run 
both in anaerobic and aerobic conditions (Trela, 2000).  

   (1) 

2.2. Assimilation 
Sludge microorganisms use nitrogen to construction theirs cells. The 
most easily digestible nitrogen form is ammonia nitrogen, which is as-
similating from decomposition of organic compounds.  Assimilation of 
nitrates or nitrites requires a reduction of these compounds to ammonia 
nitrogen, which later on may be built into the cells. Released oxygen dur-
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ing lasting reaction is available for the oxidation of the organic com-
pounds. Process assimilation can be carried out in anaerobic and aerobic 
conditions. A simplified scheme of the reaction presented at Equation 2 
(Trela, 2000).  

 
 (2) 

2.3. Nitrification 
Two-step process, involving oxidizing ammonium to nitrates. In the first 
step ammonia oxidizing bacteria (AOB) are oxidized ammonium to nitite 
(Equation 3), (Masłoń et al, 2007; Sultana, 2014). Bacteria, which have an 
ability to oxidation ammonia are mainly Nitrosomonas, but also Nitrosococ-
cus, Nitrosopira, Nitrosovibrio and Nitrosolobus. (Ahn et al, 2006) 

  (3) 
In the next step nitrite is oxidized to nitrate, thanks to nitrite oxidizing 
bacteria (NOB). Nitrate oxidizing bacteria include Nitrobacter (the most 
common), Nitrospira, Nitrospina, Nitrococcus and Nitrocystis. (Ahn et al, 2006) 
Equation has the form (Szatkowska, 2007; Yang, 2012): 

    (4) 
The summary simplified process reaction demonstrates Equation 5: 

    (5) 
Nitrifying bacteria belong to group of autotrophic bacteria, which to 
build new cells are using inorganic carbon compounds (  
During ammonium oxidation energy is formed, which is used to the 
production of new biomass.  
Conditions and factors affecting on the nitrification process: 
 Dissolved oxygen in activated sludge chamber should be higher 

than 2 mg/l, to not restricted the nitrification process.  
 Nitrification bacteria are sensitive on temperatures changes. Op-

timum temperature is 35˚C. Temperature drop below 10 - 15˚C 
cause decrease in the rate of the process. (Bertino, 2010) 

 Sufficiently long sludge age is necessary due to the slow growth 
and development of nitrification bacteria. Theoretical age of 
sludge for stable nitrification in temperature 15˚C is determined 
as 2-3 days, as a result of lower activity of nitrification bacteria 
than bacteria that remove carbon compounds. So long sludge 
age prevent excessive outflow of nitrification bacteria.  

 Proportion . Low level of organic compounds, contribute to 
growth of nitrification bacteria in biomass.  Presence in 
wastewater carbon compounds promote heterotrophs develop-
ment, which competing with nitrifications bacteria of the sub-
strate, causing nitrification reduction.  

 Optimal range of pH is between 8-9. When pH<7 and pH>9,5 
speed range of nitrification come down. During oxidation of 
ammonium is reduced basicity, per 1g oxidize NH4 is consumed 
7,14 g CaCO3. (Trela, 2000)  

 Inhibitory substances. Bacteria Nitrosomonas and Nitrobacter 
are sensitive on different substances flow with the wastewater. 
Primarily they are sensitive to heavy metals (Zinc  Cadmi-
um  Chromium  Lead  Nickel Silver 
Ag; Mercury Hg; Cobalt Co). Inhibition of the process can also 
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cause the presence of organic materials (aniline and its com-
pounds, phenols and cyanides) (Trela, 2000) and inorganic mate-
rials (high concentration of free ammonia NH3  and nitric acid 
HNO2) (Makuch, 2009). 

2.4. Denitrification 
Reduction process of nitrates and nitrites to nitrogen gas, while oxidizing 
of organic compounds. Process go under anaerobic condition thanks to 
heterotrophic bacteria, using carbon compounds, as a energy source and 
nitrates as electron acceptors. This group of bacteria include Protobacteria 
(Pseudomonas, Alcaligenes, Paracoccus, Thiobacillus), Bacillus and Archea (Halo-
bacterium). (Ahn et al, 2006) 
Reactions of biochemical reduction occurs in a few steps, shown in 
Equation 6 (Trela, 2000): 

    (6) 
Nitrates, obtained during nitrification process, are transformed to nitro-
gen gas, in condition of the absence of oxygen (Equation 7). At the later 
stage, they are removed from aquatic environment to atmosphere.  

   (7) 
Intermediates released during denitrification process, could be toxic. 
Their quantity could increase, especially over stress conditions, caused by 
too low amount of organic substances or nutrients. 
Conditions and factors affecting on the nitrification process: 
 Denitrification process place under anoxic conditions. Contents of 

dissolved oxygen in activated sludge chamber should be lower 
that 0,5 mg/l. Such value should not affect on the process (Ber-
tino, 2010). 

 Denitrification bacteria are less sensitive on temperatures chang-
es than nitrification bacteria. Optimum temperature is 20˚C. 
However, process may take places in the temperature range hesi-
tate between 5-35˚C (Bertino, 2010). 

 Optimal range of pH is between 6,5-7,5. During denitrification 
increase basicity, caused by  formation of hydrogen carbonate 
and decrease of carbon dioxide concentration. Nitrate reduction 
leads to increase value of basicity of 3,57 g CaCO3per every 1g 
N-NO3  (Bertino, 2010). 

 Content of organic substances, being electron donors and ener-
gy source for bacteria, is crucial for denitrification efficiency.  

 Inhibitory substances, such as heavy metals, organic and inor-
ganic compounds. Over time and prolonged exposure to inhibi-
tion, microorganisms can get used to prevail conditions. (Ber-
tino, 2010).   

3. ANAMMOX PROCESS 
Anammox process, in other words anaerobic ammonium oxidation reac-
tion, is used to anaerobic oxidation of ammonium to nitrogen gas by au-
totrophic bacteria. Energy beneficial of the process relative to nitirifica-
tio, was calculated for the first time, in respect of thermodynamic, by 
Engelberd Broda in 1977. However, existence of the anammox process, 
was described in 1995 by Mulder (Mulder et al, 1995) based on denitrify-
ing fluidized-bed reactor. During further studies of the process it was 
found that electron acceptors are nitrites  and ammonium is an 
electron donors. Intermediates of the anammox process are hydroxyla-
mine  and hydrazine . Nitrates are reduced to hydrox-
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ylamine and later react with ammonium, creating hydrazine. According 
to (Schalk et al, 1997), 3 mol of  and 4 mol  are necessary to 
generate 5 mol . The enzyme responsible for oxidation intermediates 
is hydroxylamine oxidoreductase (HAO). It is located in organelle – an-
amoksosom. During hydrazione oxidation to nitrogen gas, electrons are 
released and in the next step are used in reaction of reduction nitrates to 
hydroxylamine (Makuch, 2009). Reaction takes place without external 
carbon source, which can be written in the form of a stoichiometric 
equations (Equation 8): 

(8) 
(Strous et al, 1998) 

The main product of the nitrogen removal in anaerobic conditions is ni-
trogen gas, but also part of nitrogen is converted to nitrate (which is 10% 
of the sum of substrates containing nitrogen). According to the Equation 
(8),  1 mole of  and 1,32  are processed to 0,26 mole of . 
Necessary carbon source for the growth of bacteria conducting process 
is hydrogen carbonate, which value for the reaction progress is 0,066 
mole of .  

3.1. Microorganisms of Anammox process 
Bacteria Anammox is classified as phylum (typ) Planctomycete, which in-
clude five genus: Brocadia, Anammoxoglobus, Scalindua, Kuenenia and Jettenia 
(Masłoń, 2007; Ahn, 2006). Among them only Scalindua was identified 
in marine ecosystem, the rest of them are in a sewage treatment plants or 
freshwater streams. Discovery of anammox bacteria in marine sediments 
and anaerobic ponds, proved that these bacteria are responsible for al-
most 1/3-1/2 of nitrogen global removal from marine environment 
(Dalsgaard, 2005). The (Table 3) presents basic information about 
Anammox bacteria. 

3.2. Conditions and factors affecting on the anammox process 
 Dissolved oxygen should be smaller than 0,5% air saturation 

(<0,5 mg L-1) in order to prevent increased activity of NOB bac-
teria (oxidizing nitrite to nitrate) in relation to AOB bacteria (ox-
idizing ammonium to nitrite). However, leading process in one 

Table  3.  Characteristics of Anammox bacteria. 
 
 
 

3.3. C
o
n
d
i
t
i
o
n
s
  

 r

Type Mandatory anaerobic bacteria  
Structure Cell wall structure is constructed from organelle – anamoksosom, 

which is surrounded by membrane composed mainly by lad-
derane lipids, affecting on its strength. It is responsible for main-
taining the concentration gradient and preventing the contamina-
tion of semi-finished to cells.(Biedroń et al, 2013) In this 
organelle is located enzyme hydroxylamine oxidoreductase 
(HAO). (Schalk et al, 1997) 

Growth rate Max. 0,0027 h-1 (Strous et al, 1998; Hao, 2001); relatively 
slow compared to nitrite oxidizing bacteria = 0,04 h-1 (Ahn 
et al, 2006); NOB = 0,6 d-1=0,25 h-1 (Trojanowicz et al, 
2015) and Ammonium Oxidizing Bacteria (AOB) =  0.8 d-

1= 0,03 h-1  (Trojanowicz et al, 2015) 
Doubling rate 11 days (Strous et al, 1998) 
Multiplication Division by budding   
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reactor system is necessary alternating aeration, to provide con-
ditions for both partial nitrification and denitrification. (Straus et 
al, 1997) It is concluded that the highest activity was obtained 
with the process of DO values in the range of 2,6-3,0 gO2/m3 
and 1-1,5 gO2/m3. (Rajkowski, 2012) 

 Opitimal N-removal is bonded to ASL (Ammonium Surface 
Load) and DO level. According to mathematical model (Hao et 
al, 2002) maximal N-removal, equal to 82% is associated with 
ASL =  , temperature = 30˚C and DO=1,3 

.  
 The process runs at temperatures in the range of 6-43˚C, where-

in the optimal value is 37˚C (Sultana, 2014). As the temperature  
increases, HRT decreases. (Egli et al, 2001) 

 Bacteria exhibit activity in pH value between 6,5 to 9,0. However 
the optimal level stands at 8,0. (Egli et al, 2001) 

 Inhibitory substances, which include nitrite NO2-N of a con-
centration exceeding 70 mg NO2-N (Bertino, 2010) and ammo-
nium (with concentration exceeding 770 mg NH4-N/l) (Jin et al, 
2012). High concentration of organic matter, forming at the lev-
el of COD/N > 2, may inhibit the process. To substances caus-
ing inhibition of the process, may be also counted alcohols, pri-
marily ethanol and methanol, and antibiotics. Salt concentration 
from 45 g/L and presence of heavy metals (mainly 1 mmol 
HgCl2/L), completely inhibits bacteria activity (Malovanyy, 
2014). Phosphate and sulfide contents of concentration exceed-
ing 5 mmol/L cause decrease in bacterial activity to zero. (Jin et 
al, 2012) 

 Interval COD in terms of 100-300  does not effect on activity 

of bacteria anammox, although >300  followed by decrease 
of activity, caused by enhanced amount of deninitrifiers (charac-
terized greater growth rate value). (Makuch, 2009) 

 Activity of bacteria anammox shows growth in activity for relative 

1:1,3 . (Schmidt et al, 2003) 

3.4. Deammonification process 
Shown in the (Fig. 1) process of deammonification, in other words 
partial nitritation-anammox, reflect nitrogen removal from wastewater. 
In first stage ammonium is oxidize to nitrites (9) and afterwards ammo-
nium and nitrites is converted to nitrogen gas, under anaerobic condition 
in anammox process (10). 
 
Reaction presents up as the following equations (Equation 9, 10): 

 First stage – Partial Nitritation (Wur, 2014): 
 

  (9) 
 
 Second stage – Anammox process based on (Straous et 

al., 1998): 
 

                                         (10) 
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Process may be carried out in one reactor (one – stage deammonifica-
tion) or in two reactors (two – stage deammonification). In the first al-
ternative, nitritation and anammox process occur in the same reactor, 
while in the second alternative, nitritation takes place in one reactor and 
anammox process in the second. Specific construction of biofilm allows 
to carrying out the deammonification process in a single reactor with 
partial oxygenation. In the outer layer ammonium is oxidized to nitrites, 
while protecting inner layer from oxygen (Yang, 2012). Formed in the ni-
tritation nitrites, together with occurring in the inner layer anammox bac-
teria, produce nitrogen gas.  

4. AIM OF STUDY 
Research work focuses on assesing the activity of the Anammox bacteria 
in the process of deammonification for the main stream. The study was 
conducted on the basis of pilot-scale single reactor at the research station 
Hammarby Sjöstadsverk  in Stockholm. The main objective was to 
achieve the highest efficiency of nitrogen removal, while maintaining op-
timal conditions for the Anammox bacteria. 
Assessment of bacterial activity took place in five phases of the process: 
Phase 1- the process conducted on the earlier grown sludge; 
Phase 2 - the problem with the settler; loss of the MLSS <100; 
Phase 3 - inoculating the reactor with activated sludge from SBR reactor; 
Phase 4 – providing sludge from SBR reactor again – contained both ni-
trifiers and denitrifiers; 
Phase 5 – inoculating the reactor with Kaldnes carriers from the Him-
merfjärden WWTP, constituting together with the previous ones - 50% 
of the volume of the reactor.  
In order to assess the activity of bacteria and define optimum operating 
conditions of the following process was carried out: 
- Overview of literature related to the nitrogen removal by deammonifi-
cation process. 
- Review of previous work made on the Hammarby Sjöstadsverk re-
search station. 

 
Fig .  1. Nitrogen cycle. 
http://en.paques.nl/products/featured/anammox 



Anna Mika   TRITA LWR Degree Project 15:21   

 

 X 

- Referring to the instructions of the single devices in the reactor, make 
regular calibration and cleaning of instruments in order to verify their 
compliance with laboratory data. 
- Familiarity and regularly perform laboratory analysis. 
- Familiarity and regularly perform tests of bacterial activity (Oxygen Up-
take Rate - OUR, Specific Anammox Activity - SAA, Nitrate Uptake 
Rate - NUR). 
All of these activities were used to: 
- Stabilizing the process in order to achieve the greatest possible efficien-
cy of nitrogen removal and bacterial activity. 
- Acquiring knowledge on factors affecting activity of different microor-
ganisms by assessing the various phases of the study. 
- Evaluation of microbial in activated sludge and in biofilm on Kaldnes-
carriers. 
- Based on the results obtained in laboratory, efforts were made to de-
termine the relationship between values obtained in batch tests. 

5. MATERIALS AND METHODS 
The experiments for this study were conducted at the research facility - 
Hammarby Sjöstadsverk, located in Stockholm over the Henriksdals 
WWTP, constituting modern international cooperation in the field of 
environmentally friendly sewage treatment technology. Project under the 
direction of Royal Institute of Technology (KTH) and Swedish Envi-
ronmental Researching Institute (IVL), helps develop knowledge, ex-
change of ideas and implementation of the new techniques on large 
scale.  

5.1. Description of the pilot plant 
Deammonification process for the mainstream was conducted in inte-
grated fixed-film activated sludge (IFAS) reactor with a total capacity of 
200 liters. The reactor was filled in 40% of the kaldnes biofilm carriers, 
which were in constant motion due to stirring equipment. Constant 
working conditions were kept through aeration system, continuous flow 
of sewage into the system, heating to maintain the temperature at a con-
stant level varying 25 degrees and permanent mixing. Sewage inflow 
from UASB reactor getting to surge tank (with a capacity of 26 m3), from 
where continuously feed the pilot stations.  Outflow was collected in two 
settling tanks, from which the residue was recycled back to the reactor. 
The pilot was also equipped with a number of on-line device for measur-
ing the conductivity, redox, pH, temperature, concentration, NH4-N and 
NO3-N concentration.  

5.2. Laboratory analysis 
During 4 month studies conducted at the station, chemical analyses of 
the samples were carried out in order to properly control and monitor 
the process. Sample after filtration on filters with a pore size of 0.45 and 
1.6  respectively, were subjected to an appropriate procedure in ac-
cordance with the manufacturer's instructions. The desired value on the 
inflow and outflow were read, using a HACH LANGE spectrophotome-
ter and they are summarized in (Table 4).  
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Table  4.  Measured parameters for inflow and outflow. 
Inflow Outflow 

 
 NH4-N 
 Total nitrogen (TN) 
 COD 
 Phosphate  
 Alkalinity 
 Organic Acid 

 NH4-N 
 NO3-N 
 NO2-N 
 Total nitrogen (TN) 
 COD 
 Phosphate 
 Potassium 
 Alkalinity 
 Organic Acid 

5.3. Research methodology of microbial activity 
Batch tests determining the activity of individual groups of bacteria, in 
order to create optimal conditions of the deammonification process and 
maximize the coefficient of nitrogen removal. 

5.3.1. Specific Anammox Activity (SAA)  
Anammox bacteria activity tests were carried out, based on measuring 
the pressure increase, resulting from the nitrogen gas produced by bacte-
ria at the top of a sealed bottle. (Strous, 1999; Malovanyy, 2015) The test 
was performed on the basis of the instructions drawn up by Andriy 
Malovanyy. First had to be prepared a buffer, which is a 10-fold dilution 
of stock solution. Phosphate buffer, which is stock solution, is a mixture 
of KH2PO4 and K2HPO4, diluting in distilled water.  
The test was performed on two different ways, depending on whether 
using kaldnes carriers or suspended biomass. The procedure is described 
in detail in the (Appendix I).  
In the case of research with the addition of a concentrated sludge Vola-
tile Suspended Solids must be performed - described in chapter 5.3.2.  

KALDNES CARRIERS 
Calculation of the SAA value for the tests with the Kaldnes carriers are 
based on following equations (Equation 11, 12): (Rajkowski, 2012; 
Wójcik, 2011)

 
 The nitrogen gas production rate 

 

    (11) 

 
α - value of slope of pressure inside bottle plotted versus time; 

 
VG - volume of gas phase inside the bottle; 
R - ideal gas constant (0,0820575) ; 
T – temperature (K); 
 

 Specific Anammox Activity (SAA)  
 

  (12) 
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28 - molecular weight of N2 ; 
Sbiofilm - surface area of rings; 
60·24 - unit conversion factors from min to days 

ACTIVATED SLUDGE 
Calculation of the SAA value for the tests with the concentrated sludge 
are based on (Equation 13): 

 
 Specific Anammox Activity (SAA)  

 

  (13) 

 
X - biomass concentration inside the bottle  
VL- volume of liquid phase; 

5.3.2. Oxygen Uptake Rate (OUR) 
OUR test is performed to determine the activity of nitrifying (AOB and 
NOB) and heterotrophic bacteria, existing in sludge or kaldnes carriers 
biomass. The first thing done before the final measurement was prepar-
ing liquid medium, which was filtrated effluent from reactor. To obtain 
final concentration of ammonium in that liquid medium equal to 50 mg 
N/l, should be add appropriate amount of NH4HCO3 and adjust pH to 
by adding NaOH or H2SO4). Afterwards, prepared in advance liguid me-
dium was added to 3-neck bottle and disposed on a magnetic stirrer in 
water bath. After temperature stabilization within about 25˚C and 
achieving DO concentration above 7 mg/L, must be added sodium ace-
tate (CH3COONa) and NaNO2. Depending on the experiment conduct-
ed, placed biofilm carriers or concentrated sludge to the bottle and filled 
it completely. Test starts upon the placement of DO meter (HACH 
Lange DO meter) to the bottle. The other necks were tightly closed with 
the needle contained inhibitors. DO concentration was logged and 
saved. Drop of the DO concentration by 0,7 mg/L (or after 10 minutes) 
caused the addition of 5 ml of NaClO3 solution, which is Nitrobacter 
bacteria inhibitor (Surmacz, 1996). After 8 minutes or decrease DO con-
centration about 0,5 mg/L, must be add ATU solution, which is  Nitro-
somonas bacteria inhibitor. (Surmacz, 1996) The test should be complet-
ed after decrease of 0,3 mg/L DO concentration or after passing 12 
minutes.  

KALDNES CARRIERS 
Calculation of the OUR value for the tests with the Kaldnes carriers are 
based on following equations (Equation 14,15,16,17): (Rajkowski, 2012)

 
 Oxygen uptake rate  

 

   (14) 

 
α - average value of dissolved oxygen concentration slope in a 
time interval for a particular duration during the test phase; 
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VL - volume of the bottle (1,27 L), less the value occupied by 
rings; 
Sbiofilm -surface area of rings; 
 

 OUR – Nitrobacter 
 

 (15) 

 
 OUR – Nitrosomonas 

 
   (16) 

 
 OUR – Heterotrophs 

 

   (17) 

 

ACTIVATED SLUDGE 
Calculation of the OUR value for the tests with the concentrated sludge 
are based on following equations (Equation 18,19,20,21): 

 
 Dissolved oxygen uptake rate  

 

   (18) 

 
α - average value of dissolved oxygen concentration slope in a 
time interval for a particular duration during the test phase; 

 
X - biomass concentration inside the bottle, less the value occu-
pied by stepwise dilution ;  
 

 OUR – Nitrobacter 
 

  (19) 

 
 OUR – Nitrosomonas 

 
  (20) 

 
 OUR – Heterotrophs 

 

   (21) 

Volatile Suspended Solids 
In the case of tests with the addition of a concentrated sludge Volatile 
Suspended Solids must be performed.  
The appropriate amount of well-mixed sample were measured. More 
concentrated samples were taken in smaller quantities than the samples 
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with higher dilution. Filter with pores of 1.6  should be pre-weighed. 
Followed by filtration by means of a vacuum pump, filter with mounted 
suspension was carefully transferred to an aluminum base and allowed to 
stand for at least 1 hour in an oven at 105 degrees. After this time, the 
cooled sample in desiccators was weigh again and put in an oven at 550 
degrees for another hour. After re-weighing proceeded to determine the 
value of TSS and VSS. 
TSS (Total Suspended Solids) value determines the amount of combus-
tible particles in the wastewater. It is calculated according to the follow-
ing equation (Equation 22): 

  (22) 

A - filter weight [mg] 
B - the weight of the filter with dried residue after 1 hour in an oven at 
105 degrees [mg]  
V - the volume of filtered sample [ml] 
 
VSS (Volatile Suspended Solids) value determines the amount of organic 
matter remaining after ignition of dry residue in 550 degrees. It is calcu-
lated according to the following equation (Equation 23): 

  (23) 

C - the weight of the filter with dried residue after 1 hour ignition in an 
oven at 550 degrees [mg] 

5.3.3. Nitrate Utilisation Rate (NUR) 
Nitrate utilization test was conducted in order to evaluate the activity of 
denitrifying bacteria and their ability to remove NO3 from the 
wastewater. Andriy Malovanyy instruction served to performed the NUR 
test depending on whether using kaldnes carriers or suspended biomass. 
Proceedings in the case of buffer preparation were the same as for SAA 
test. Differences in the methodology are presented in (Appendix III). 
Calculation of the NUR value in the Kaldnes carriers and activated 
sludge are based on the same equations, used to calculate the SAA val-
ue, presented in Chapter 5.3.2.  

6. RESULTS AND DISCUSSION 
6.1. Operation of pilot plant with IFAS system  

Based on laboratory analyzes made by Ewa Ograbek in her research 
work (Ograbek, 2015), charts were prepared according to the amount of 
ammonia nitrogen removal (NH4-N), total nitrogen (TN), nitrate (NO3-
N), nitrite (NO2-N) and chemical oxygen demand (COD) value. Graphs 
showing the change in concentration of the individual components are 
situated in the (Fig. 3 and 4). During four months of conducting experi-
ments, the reactor was partially aerated in the sequence, divided into 15 
minutes of aerated phase and 45 minutes of non-aerated phase (intermit-
tent aeration).  
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Fig . 2.  Percentage dependence of nitrogen removal from the MLSS value. 

 

 
Fig . 3.  NO3-N concentration variability in time. 

 
Four-month period of pilot plant study was divided into five phases: 
Phase I - IFAS system – biofilm with activated sludge 
Phase II - only biofilm 
Phase III - biofilm with sludge from SBR reactor 
Phase IV - re-empting settler and reload with sludge from SBR reactor 
Phase V - reactor supplied with Kaldnes carriers from Himmerfjärden   
WWTP 
 
DO concentration 
In the first phase of study, DO concentration was reduced from the val-
ue 1,8 mg/L to 1,2 mg/L. In subsequent phases maintained the DO 
concentration equal to 1,4 mg/L. In the fourth stage of research, DO 
value was to maintain at  level equal to 1.0 mg/L, which was associated 
with decreased pH value in the reactor. The last period characterized by 
an increased DO concentration up to 1,5 mg/L. 
Inflow and outflow characteristics 
The inflow to the reactor was maintained within 155 -220 ml/min, with 
hydraulic retention time (HRT) fluctuating at the border of 0,6-0,9 [d]. 
The temperature was kept at a 25˚C. The average concentration in the 
inflow was: TN = 47,83 mg/L, NH4-N = 40,51 mg/L, COD = 78,13 



Anna Mika   TRITA LWR Degree Project 15:21   

 

 XVI 

mg/L and in the outflow: TN = 25,07 mg/L, NH4-N = 15,00 mg/L, 
NO3-N = 6,12 mg/L, NO2-N = 0,31 mg/L, COD = 40,65 mg/L.  
Nitrogen removal 
According to the described in chapter 4 phases of the process, it was ob-
served that in phase number one, with grown stabilized sludge, average 
removal percent of TN was about 47%, while NH4-N – 42%. For phase 
2 devoid of solid, average value of TN removal is 42% and NH4-N – 
54%. Inoculating pilot station of the sludge from SBR reactor (phase 3), 
containing a large amount of denitrifiers and nitrifiers, which resulted in 
an increase removal of TN – 54% and NH4-N – 82%. TN reduction is 
not substantial, due to formation of significant amounts of NO3-N. The 
fourth stage, characterized by the re-emptying the settling of the sedi-
ment caused another drop in total nitrogen removal and ammonium re-
moval. Re-inoculation sludge from the SBR reactor – helped to reaching 
a value of 50% TN removal and NH4-N – 74%. The last stage, connect-
ed with the loss of the sludge and delivery new batch of Kaldnes carriers, 
caused a further decline in value, amounting in the case of TN removal 
equal to 33% and NH4-N – 60%.  
 
Bacteria fast extent to the changing conditions, it takes 11 days to 
achieve 90 - percentage NH4-N removal after inoculating of the sludge. 
Seeding pilot plant with sludge from SBR reactor is associated with in-
creased production of NO3-N, what we see in the accompanying charts. 
IFAS system was operated in 25˚C with a ratio of COD/NH4-N varying 
in the range of 0,9-4,0.  
Average Mixed Liquor Suspended Solids (MLSS) values inside reactor 
for a specific phase of the process, are shown in (Table 5):  

Table 5.  MLSS values in the different phases of the process. 
Phase MLSS [mg/L] 

I 942,21 
II 39,87 
III 394,92 
IV 589,13 
V 145,21 

 

 
Fig . 4. The activity of individual groups of bacteria for OUR 
test with the use of sludge from the SBR reactor. 
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Fig . 3. SAA values obtained with the use of activated sludge. 

6.1.1. Anammox bacteria 
 
According to the executed test, determining the denitrification activity 
with using sludge from SBR reactor, obtained NUR value was 0,1061 

. OUR test determined the activity of heterotrophic bacteria at the 
level of 68% of total maximum oxygen uptake rate – shown in the (Fig. 
2).  

6.2. Microorganisms activity based on batch tests 
 
The SAA values obtained during the tests are illustrated in the (Fig. 2. 
and 3). 
To investigate activity of the Anammox bacteria, once a week there were 
done tests by using carriers and suspended biomass. Within four months 
conduct study, seventeen SAA tests with carriers were obtained and 
fourteen tests with suspended biomass. Tests were run at the optimal 
temperature of 25˚C with the addition of substrates to create the most 
favorable conditions for bacteria, in order to verify their maximum activ-
ity. In the first period an average value of bacterial activity was achieved 
equal 0,4224  in the biofilm and 0,0757  on activated sludge. 

Fig . 2. SAA values obtained with the use of Kaldnes carriers. 
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Bacterial activity in the vast majority was concentrated in the biofilm. 
The best result was achieved in the fourth stage (0,7919 ). Avarage 
values obtained in the first phase are 63% lower compared to the high-
est recorded value, which was caused by significant activity of hetero-
trophic bacteria that successfully compete with the Anammox bacteria. 
The next phase with the average MLSS = 39,87 mg/L exhibits a much 
lower bacterial activity (0,3037 ). Compared to the previous phase, 
NH4-N removal (54%) increased and TN (42%) removal values have 
been slightly reduced. Reduced removal of TN and greater amount of 
NO3-N production, increased NH4-N removal amount and activity of 
heterotrophic bacteria, indicates the presence of denitrification.  On 
March 23rd, SAA value reached the lowest value equal to 0,1885  in 
the biofilm with the lowest achieved ratio COD/NH4-N=0,9208. That 
day the removal of ammonium nitrogen was 51%, and TN = 56%. On 
the 7th of April, we had also one of the lowest value of the SAA = 
0,2893  in the biofilm. Level of Mixed Liquor Suspended Solids that 
day was extremely low and ranged 65 mg/L. High level of ammonia ni-
trogen removal (79%) was due to nitrification reaction, its oxidation into 
nitrites and in the next step nitrates. Therefore the high level of NO3-N 
concentration was recorded, equal to 12,4 mg/L and relatively low per-
centage of removed TN (46%).  In the third phase 100% increase in bac-
terial activity was observed. The average SAA value of this period was 
0,6067 . Increase in the activity of bacteria in the biofilm shows a 
correlation with a decrease in bacterial activity on the suspended bio-
mass. Very active group of nitrification bacteria was still visible, which 
was related to their high amount in sediments supplied from SBR reac-
tor. Increase bacterial activity reflects the growth of nitrogen removal.  
The fourth phase is characterized by high activity of bacteria ranging be-
tween 0,6165 to 0,7919  in the biofilm and the least activate of bacte-

ria on suspended biomass, varying between 0,0053 to 0,0140 . On 
the 11th of May, the peak in activity of the bacteria Anammox appeared, 
the value of the SAA reached the value 0,7898  in the biofilm. Activi-
ty was correlated with the 97% removal of NH4-N and 66% TN remov-
al. High NH4-N removal was reflected in the significant Nitrobacter bacte-
ria activity. The maximum concentration of NO3-N – 15,3 mg/L was 
observed that day, as also high ratio of COD/NH4-N and MLSS = 748,4 
mg/L. In the last phase Anammox bacteria showed the greatest activity, 
reaching an average SAA value of 0,9376   in the biofilm. Due to the 
low sludge concentration in this phase, tests with using activated sludge 
were not performed. The highest value was reached on 8th of June, at 
which time there was also a drastic drop in the sludge concentration in 
the reactor. This fact explained subsequent decrease in the activity of 
Anammox bacteria and AOB.  
A series of tests on washed and non-washed biomass were conducted, 
which demonstrated that the bacteria are more active in the washing bi-
omass. This is associated with the concentration of nitrate and dissolved 
organic matter. In the presence of this two substances, nitrogen gas, 
which is used to flush the contents before the test, produce both anam-
mox bacteria and denitrifiers. This dependence might be seen on per-
formed tests. Values reached in the tests with washing biomass are an  
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Fig . 4. The activity of individual groups of bacteria for OUR test with the use of Kaldnes 
carriers. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
order greater than performed without (reaching up to almost 80% less 
value than tests taken on washed biomass).  

6.2.1. Ammonium oxidation bacteria 
The activity of individual groups of bacteria for OUR test with the use of 
Kaldnes carriers are shown in (Fig.7).  
The activity of individual groups of bacteria for OUR test with the use of 
activated sludge are shown in (Fig.8).  
Anammox and AOB bacteria are responsible for deammonification pro-
cess. Nitrosomonas bacteria oxidize the ammonia nitrogen to nitrite, 
which are involved in the deammonification process. OUR tests are per-
formed to investigate the activity of specific groups of bacteria in the 
wastewater: Ammonium oxidation bacteria (AOB), Nitrite oxidation bac-
teria (NOB) and Heterotrophic bacteria. A competition between them 
proves effectiveness of the process. OUR values obtained in individual 
weeks are presented in graphs above – Fig. 7 (tests performed with using 

Fig .  5. The activity of individual groups of bacteria for OUR test with the use of 
activated sludge. 
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biofilm) and 8 (tests performed with using activated sludge). In the first 
phase of the research, oxygen consumption test was carried out only by 
using biofilm carriers. Activity of AOB bacteria was small in the first pe-
riod, representing only 11.9% (0,53 ) of total maximum oxygen up-
take rate (AOB+NOB+Het). In the next phase, despite emptying the 
settler from the grown sludge (decrease MLSS concentration of the aver-
age value of 39,87 mg/L), AOB bacteria activity was gradually increased 
in the biofilm, with the range of 0,16 to 1,.07 . Nitrosomonas growth is 
accompanied by Nitrobacter increasement, while maintaining a high pro-
portion of Heterotrophic bacteria. Nitrosomonas bacteria are the dominant 
group in the case of a test made with the participation of the concentrat-
ed sludge. They account almost 52% of maximum oxygen uptake rate 
value in this case (0,41 ). This group of bacteria exists mainly in the 
sediment, hence the increased value of the measurements performed 
thereon. The third period and another change of conditions, caused a 
drastic decrease in the activity of bacteria on biofilm carriers, getting a 
value of 10% of max. OUR. Bacterial activity in a concentrated sludge of 
13th April 2015 is imperceptibly small, reaching a value of 0,01 . 
However after ten days of adaptation - 23rd of April, the AOB bacteria 
activity increased, reaching a value of 0,56  on activated sludge. 
The increase in activity of this group of bacteria involved in the oxida-
tion of NH4-N to NO2-N, which would be used by the Anammox bacte-
ria in the process of deammonification. Therefore an increase of Anam-
mox bacteria activity (increase in value SAA) was observed. However, 
after 10 days of adaptation period to the new conditions, caused by in-
oculation sludge from SBR to the reactor, bacterial activity increased by 
55,5% - to give a value of 0,56  Fourth period accompanied by in-
creased activity of the bacteria Nitrosomonas for both tests on biofilm car-
riers and concentrated sludge. In the fourth stage AOB becoming a 
dominant group of bacteria, obtained the highest value of 3,26  in 

the biofilm (60% max. OUR) and 0,53  on suspended biomass 
(46,5% max. OUR). The increase in activity of Nitrosomonas bacteria on 
the activated sludge, testifies the corect trend of the process in which 
Anammox bacteria started to be prevailing in the removal of nitrogen 
forms. At the beginning of the last phase of the study AOB remain the 
dominant group, reaching a maximum value of 2,75 .  During the 
last measurement increasing NOB activity was recorded, that was associ-
ated with increasing NO3 value. 

6.2.2. Nitrite oxidizing bacteria 
NOB are responsible for the oxidation of nitrite to nitrate. In the deam-
monification process the aim is to inhibit their activity. During operation 
on a research station, fifteen tests were performed on biofilm carriers 
(two of them needed to be eliminated because of problems during analy-
sis) and eight tests on suspended sludge. Nitrobacter bacterial activity in 
the first stage of the process was 0,2  in the biofilm, which gives 
4,36% of total maximum oxygen uptake rate. The increase in activity of 
93% falls on the second period, reaching a value 3,25 . Due to the 
lack of sludge in the settler, only one OUR test was done on activated 
sludge in the initial phase of the test period - 16th March 2015. Oxygen 
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uptake rate value was 0,41 . Sludge inoculating to the reactor 
caused a sudden drop in activity of NOB (a decrease of 94,5%), equal re-
spectively to the value 0,18 . Tests carried out on suspended biomass 
show an increase in activity, relative to earlier period – number II. Activi-
ty recorded on 23rd of April decreased of 23% compared to the meas-
urement noted 13th. Discrepant findings in the biofilm and activated 
sludge, might be a result from the possible errors during tests perfor-
mance. They may arise with a sensitivity to even the slightest inhibition 
of mixing, the presence of air bubbles in the syringe dosing inhibitors, or 
the sealing cap. Phase IV was characterized by an initial increased share 
of Nitrobacter bacteria, reaching a maximum OUR value 4,73  in the 

biofilm and 1,73  on the suspended biomass. The highest activity 
of bacteria observed on the 11th of May, reaching 47,7% of total maxi-
mum oxygen uptake rate on Kaldnes carriers and 55,4% in the activated 
sludge. As already mentioned, large activity was associated with the onset 
of full nitrification, as indicated by the high concentration of NO3-
N=15,3 mg/L. At the same time, 97% NH4-N removal was obtained, 
which was associated with oxidation NH4-N to NO3-N. After the 11th 
of May NOB activity falls both at kaldnes and suspended biomass, 
claimed 22,4% of the total maximum oxygen uptake rate in regard to 
kaldnes and 19,5% relative to the sludge. Increasement in the removal of 
all forms of nitrogen, accompanied by a decrease of NOB activity and 
AOB growth. In the early stages of the fifth phase, we see relatively 
small share of this group of bacteria. Starting with the 8th of June their 
activity increases, reaching on 15th dominant role - 60% of total maxi-
mum oxygen uptake rate in the biofilm.  

6.2.3. Heterotrophic bacteria 
Heterotrophic bacteria, which are responsible for carrying out the pro-
cess of denitrification, have the ability to rapidly adapt to the new pre-
vailing conditions. They compete with AOB, NOB of oxygen and food. 
In the first phase, their activity is clearly prevailing, acting by 83% 
(3,76 ) of total maximum oxygen uptake rate. Heterotrophic bacteria 
dominated the environment in the reactor, that might be the cause of too 
low DO concentration, which in the next step may lead to the formation 
of anaerobic condition. Another reason might be too large amount of 
organic carbon in the inflow, which can result in overgrowth of hetero-
trophic bacteria.  Bacterial activity in the second period remains at a high 
level, keeping the value from 3,87  to 4,21  in the biofilm. De-
spite their high activity, part of other groups of bacteria (Nitrosomonas and 
Nitrobcter) became visible. The percentage of total maximum oxygen up-
take rate decreases, represent in the final stage only 49%. For tests per-
formed on the sediment, bacterial activity is not as significant, represent 
42% of total maximum OUR, giving way to Nitrosomonas. Feed the reac-
tor with sludge from SBR reactor, rich in denitrificants resulted in a sig-
nificant growth of heterotrophic bacteria. 13th April have reached a val-
ue 3,98 , which represents 86% of total maximum OUR in the 
biofilm. On the same day, the bacteria activity on the suspended biomass 
was 1,26 , which was 68% overall share of oxygen consumption.  
That day was achieved 96% NH4-N removal at the 12,7 mg/L NO3-N 
concentration. The high content of suspended solids MLSS=482,25 
mg/L and the ratio of COD/NH4-N = 2,32 was recorded. Another test 
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carried out after 10 days indicates a decline in activity Heterotrophic bacte-
ria, representing already 47% share, reaching a value of 0,87 . The 
first two tests performed during the fourth period continue to hold a 
dominant share of heterotrophic bacteria, but the group of microorgan-
isms responsible for the oxidation nitrite are beginning to increase their 
activity. So far was seen denitrification, with a dominant or very active 
group of heterotrophic bacteria. From 11th of May, analyzed group of 
bacteria reduced their activity, giving way to increasing participation of 
the Anammox bacteria. The last tests in this period made on 26th – 27th 
May shows oxygen consumption equal 0,99  (18% of total maximum 

oxygen uptake rate) on the biofilm carriers and 0,31  (33% of total 
maximum OUR). Studies show that the bacteria Anammox can success-
fully compete with the heterotrophic bacteria in temperature 25˚C and 
with a C/N ratio between 1,7-1,9 in inflow. In the last phase also evident 
is the low activity of heterotrophic bacteria, which values ranging from 
0,8  (26,88% of the total share) to 1.26   (19,77%).  

6.2.4. Denitrifying bacteria 
The NUR values obtained during the tests are illustrated in the (Fig. 9) 
for Kaldnes carriers and (Fig. 10) for activated biomass. Nitrogen uptake 
rate tests, specifying denitrification activity, were performed once a week. 
A total of sixteen assays were obtained with carriers and fourteen tests 
using suspended biomass (nine with washing biomass and five without). 
Survey by using washing and unwashed sludge is explained in Section 
6.2.1. The results of the activity of denitrifying bacteria, such as in SAA 
tests, achieved lower levels of activity with using unwashed biomass. 
Therefore, values obtained by using washing biomass, will be discussed. 
Activity of denitrifying bacteria on Kaldnes carriers, in the first period 
was growing, reaching its peak equal to 0,0952 . Activity in the test 

with washed biomass reached 0,0412 .  

 

 
Fig . 6. NUR values obtained  with the use of Kaldnes carriers. 
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Second period was characterized by high volatility obtained values, be-
tween 0,1080 to 0,0473  in the biofilm and 0,0851  on sus-
pended biomass. High average Nitrate Utilization Rate was due to the 
significant activity of heterotrophic bacteria during this period.  In a sub-
sequent period denitrifiers activity on Kaldes carriers had been declining 
(almost 60% compared to the previous phase), obtained averaged value 
0,0410 . Whereas denitrification acivity on the activated sludge, after 

an initial growth, decrease reached 0,0943 . The fourth period is 
characterized by the average value of MLSS = 589 mg/L and the ratio 
C/N varying in the range of 1,74 to 2,64. This period exhibits the small-
est value of denitrification activity, averaging 0,0250  on the Kaldnes 
carriers. The last phase shows increased activity of denitrifying bacteria, 
reaching an avarage NUR value of 0,0733  in the biofilm (which is 
about 65,9% more than in period IV). For tests performed on suspended 
biomass, initially there was an increase in denitrification activity associat-
ed with increasing share of heterotrophic bacteria. Nitrosomonas bacteria 
increased their participation, whereas Heterotrophs decline their activity. 
That has led to the decrease in the value of NUR, which amounted in 
the fifth phase 0,0003 . Values obtained in the biofilm ranged be-

tween 0,0144 – 0,1080 , compared to the levels achieved by (Malo-
vany et al, 2015) 0,32 +/- 0,14, allow to conclude positive direction of 
the process.   
The chart below compares the SAA with NUR values, achieved by using 
Kaldness carriers (Fig. 11). 

Fig . 7. NUR values obtained  with the use of activated sludge. 
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Fig . 8. Listed the SAA and NUR values with the use of Kaldnes carriers. 

 

 
Fig . 9. Listed the SAA and NUR values with the use of activated sludge. 

Regardless of the period, Anammox bacterial activity was overwhelming. 
The highest NUR value was achieved 30.03 (0,1080  ), representing 
31.6% of the total activity of the bacteria. In the last two phases of the 
research, activity of the bacteria Anammox an average represents of 
94,4%. 
(Fig. 12) shows the development of the SAA and NUR in the activated 
sludge. The first and second period of Anammox bacteria activity prevail 
over denitrifiers, with an average of 64.5% in the first phase and 68.5% 
in the second. The sludge from SBR reactor inoculation, falling in the 
third and fourth period, caused prevalent part of denitrifiers activity.  

7. CONCLUSIONS 
Four-month study was conducted over the deammonification process 
for the mainstream in the pilot-scale with IFAS system, in order to ob-
tain the most favorable conditions for process performance. The activity 
of particular groups of bacteria was determined both for biofilm on 
Kaldnes carriers and for activated sludge taken from the reactor by using 
the following batch test: 
 SAA – Specific Anammox Activity  
 NUR – Nitrate Uptake Rate 
 OUR – Oxygen Uptake Rate 
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SAA 
 Anammox bacteria are sensitive to changing conditions and easily 

are out-competed by more readily adaptable Heterotrophic bac-
teria.  

 Anammox bacterial activity was observed mainly in the biofilm. 
The highest activity was achieved in the fourth phase of the 
study equal to 1,1293  in the biofilm. While on the activated 

sludge average activity was equal to 0,0299 . 

OUR 
 OUR tests were carried out to assess the activity of AOB, NOB, 

Heterotrophic bacteria and their percentage share. 
 Higher sludge concentration in the reactor caused an increase in 

activity of AOB bacteria, which are responsible for carrying out 
the first stage of nitrification.  

 AOB activity began to play a dominant role in the fourth and at 
the beginning of fifth period of the study and reached a maxi-
mum activity value of 3,26  (59.5% of total maximum OUR) 

in the biofilm and 0,53  (46%) on activated sludge.  

 High activity of NOB, shows the course of the complete nitrifica-
tion, which confirms a high degree of NH4-N removal and also 
the formation of considerable amounts of NO3-N. The highest 
activity was reached at the end of the fifth period, amounted to 
5,41  in the biofilm.  

 The highest activity for heterotrophic bacteria was obtained at the 
onset of the fourth phase, amounting to 5,39  in the biofilm 

and 1,38 in the activated sludge. From this point there was 
an increase of AOB activity recorded.  

 After a period of adaptation to the new conditions, the most satis-
factory results have been obtained at the end of the fourth and 
at the beginning of the fifth period. AOB and Anammox bacte-
ria out-competed NOB and heterotrophic bacteria, but it was 
still noticeable their presence in the reactor. 

NUR 
 The highest NUR value was reached in the second period of the 

study, amounted to 0,1080  in the biofilm and 0,2311  
in the activated sludge.  

 Comparison of values for NUR and SAA proves that activity of 
denitrification bacteria was neglible. 

 Nitrogen removes was obtained by anammox bacteria activity. 
 

Comparison of the batch tests with chemical analysis results enable to 
get evaluation of the process, its efficiency and factors influencing on the 
operation. 
It was found that: 

• Constantly changing of conditions, make it difficult to achieve 
stable operation of the system. At the end of Phase IV satisfac-
tory results were obtained 

• The system shows ability to adapt to the new prevailing condi-
tions, caused by sludge inoculation  from the SBR reactor. 
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• It has been shown that Anammox bacteria quickly adapt to the 
new situation under favorable operating parameters of the sys-
tem, taking over a dominant role in the nitrogen removal pro-
cess. 

• In case of operational problems and sludge escape, inoculation 
with new biomass can be a good solution. 

To further study of the partial nitritation/anammox process and its im-
plementation on a large scale at the mainstream conditions, it is neces-
sary to examine the operation of the IFAS system during a gradual low-
ering of temperature.  
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