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ABBREVIATIONS AND SYM BOLES

ATU Allylthiourea @HeN>S

AOB Ammonium Oxidizing Bacteria
ANAMMOX ANaerobic AMMonium OXidation
BOD Biochemical Oxygddemand
DO Dissolved Oxygen

HT Heterotrophs

kg Kilogram

MBBR Moving Bed Biofilm Reactor
NOB Nitrite Oxidize Bacteria

NH3 Free ammonia

NH4*-N Nitrogen in Ammonium form
NO2-N Nitrogen in Nitrite form
NO3-N Nitrogen in Nitrate form

NO Nitrous oxide

NO> Nitric dioxide

NUR Nitrate Uptake Rate

OUR Oxygen Uptake Rate

ORP Oxidation Reduction Potential
p.e. Population equivalent

R1 Labscale Reactor 1

R2 Lab-scale Reactor 2

SAA Specific Anammox Activity

T Temperature

VSS Volatile Suspended Solids

WWTP Waste Water Treatment Plant
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ABSTRACT

This master thesis is based on own studies. Anfmth study was performed at
Hammarby Sjostad Research Station, which is located in Stockhektag©ne
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 ofthe 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 performaacand its advantages and disadvantages of using this process.
Experimental results from the feupnth 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. INTRODUCTION

1.1. Negative impact of nitrogen on the environment
Nitrogen is a nutrient andnitean, that this substarai®w and intensify
biomass process growthen there is excessive amount of nitrogen
in water, we can observed a disorder the natural balance in the tank. If it
is delivered 1 kg Nitrogén(Nitrogen embedded in cells) we receive
increase in biomass on 16 kg and it gives charge 2@}xga@rganic
substancesThis 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 atagishment for the algae.
At the beginning it is only nourishment, but in the next steps we can
observe expansion of the algae and
negative and dangeroiteations. An increased voluofeammonia and
nitrite in the water isevy toxic Dymaczewskil997)

1.2. Requirement fornitrogen removal from wastewater

1.2.1. Polishstandards

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 implant 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 leeethSpecific
legislation is left to the lediste of the country concerndd.Poland,
current legislation is Minister of Environment Regulddmnt). 2006

nr 137 poz. 984 his regulations specify details for wastewater treatment
for example refenees 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/EEConcerning urbawastewater treatment
was adoptedn 21 Mayl991.lts purposes to protect thmvironment
from the adverseffects ofurban waste watdrscharges ardischarges
from certain industrial sectottse collectionfreatment and discharge
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Table 1. The highest value of pollution indicators or minimum pecentage
reductions of contaminants for treated wastewater of domestic and commun.
made to the water and to the groungdwvww.isap.sejm.gov.pl.

The highest value of pollution indicators or minimum percentage

Name  of _ reductions of contaminants depend on p. e.
Nr pollution Unit 2 000 10 000 15 000 i
indicator i ) I
<00 2000 10000 15 000 >100000
mg N- 30? 159 159 15 10
4 Total -
: Nitrogen m'(;‘- % - 35% 80 85
red.

2 required only in the effluent entering the lakes and inflows and directly to the reservoirs located in the
flowing waters

3 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.

domestic waste water, the mixturesefvage and wastewatiem
certain industrial sectdfSg. 1)

1.3. Forms of nitrogen in the environment
Nitrogen is one of the moshportant 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 nitrog€ig. 2) unoxidzed and
oxidizd 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 agbnships between nitrification and
denitrification, and shows Anammox process in this cycle.

The first step of traditional nitrogen cycle is microbial conversion of
molecular nitrogen gNto ammonia (Nb. In the deamination process
there is producin@gmmonia, because organic molecules containing
nitrogen are deaminated during the decomposition of organic materials.
Next step of nitrogen cycle is nitrification. This process is

paglomeratio,, Art.13

N

B Food-
‘glﬁ \ ® processing ®
Agro-food. wwTp
>4,000p.e.

Art.14 ‘ Art.12

Re-use |
of treated ‘
waste water

Sludge
management

Receiving areas:

Legend: sensitive area, catchment of
Pre-TR = pre-treatment sensitive area, normal area,
Agro-food = fond-processing industries less sensitive area
UWWTP = urban waste water treatment plant

Agro-food >4000p.e = food-processing industry

Art.3,4,5,7,11,12,13, 14 = articles of the Directive 91/271/EEC

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

Oxidized form

MNitrogen Gas (IN) Mitrite (N0
—I Ammeonia (NH, T, IH) ] Nitrate (INC3)

Organic Nitrogen —[Nn:[ous Oxide N0 I

{amino acids, proteines, stc.)
MNitric Oxide INO)

—I Nitrogen Dioxide (INOy) ]

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 Nitrosomonaxidize NHto nitrites (NQ), then bacteria of the
genus Nitrobacter oxidize the nitrites to nitratessfNOast step of
traditional nitrogen cycle is denitrification. Denitrification is the process
of biological reduction. During denitrification atér is reduced to
dinitrogen gas @\ The heterotrophic bacteria are resptmsgior
quality of this procegslalovanyy, 2009)

The red line in theé={g. 3 shows Anammox process. In this prodess
biological process, nitrite (NPand ammonium (N4l are converted
directly to dinitrogen gasN

Denitrification
CH;OH

NO; NH,*

Anammox®

NO,

0O 0O

Nitrification
Fig. 3 Nitrogen cycle with Anammox process (www.paques.n)
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2. CONVENTIONAL PROCESS : NITRIFICATION
/ DENITRIFICATION

2.1. General description of nitrification process
Nitrification is a first part of transfornmati 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 nitrit¢Wiesmann, 1994)litritation is performed mainly
by Nitrosomonas baata in aerobic conditions. The simplified equation
of nitritation process is:

Nitrosomonas
NH; + 1.50, NO; + H,0 + H*
The second step of nitrification process is called nitratation and it is
transformation of nitrite .to nitrate. Nitibnis performed by bacteria
of genera Nitbacter in aerobic conditiod$he simplified equation of
nitratation process is:
Nitrobacter
NO3 + 0.50, NO3

Both NitrosomonaandNitrobactey thatareresponsible for nitrification
process arautotrophic bacteriaalted nitrifying bacterigMalovanyy,
2009)

2.2. Generaldescription of denitrification process
Second part of transformation ammonium to the dinitrogen gas is
denitrification. During this process, nitded nitrate are reduced to
dinitrogen gas, bkieterotophic bacteria mainly from graegative
alpha and beta classesPobteobacteriin anoxic conditions. Nitrate
and nitrite are using oxygen as an electron acceptor. Heterotrophic
bacteria in thigprocess use external carbon asaréon source for
gainingenergy and building cells. Usually easily degradable organic
substances that come with wastewater are used as a carbon source but
often an additional external carbon sourcenmmaethanol) has to be
added in order to reduce all the nitrite and nitfdte. simplified
equation of nitritation process is (Malovanyy, 2009):

Proteobacteria

5CH,0H + 6HNO, 5C0, +3N, + 13H,0

2.3. Operational parameters
Knowledge about nitrification and denitrification is very important .in
wastewater technology. But by knowledge about spescevery
important is knowledge about operational parameters. It helps to achieve
the maximum efficiency of process and minimal (€2etsa, 2009)

When we are talking about nitrification, we must know, that about
efficiency of this process decide a fotaotors such as: temperature,
pH, concentration of nitrogen in effluent, dissolved oxygen HO&¥

sludge, alkalinity and toxic substances. The optimal temperature for
nitrification is above 20 degrees. When the temperature drops, the
intensity of rirification process drops too. Less than 5 degrees process
stops. The optimum pH ranges betweef875 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:;ing\ben
concentration of DO drops to 1 mgD nitrification becomes very
slow, in the case, when DO rise above 2 gigte efficiency of the
nitrification is at the same level as efficiency in 2 #hgNGtrifying
bacteria are very sensitive for toxicstsuizes. 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 nitrificatiptinal temperature

for dentrification is above 20 degrees. The optimal pH for
denitrification ranges between 68.5. Concentration of DO in
denitrification chamber should be as loWiagpossible and lower than

05 mg Q/l.

All these factors have strange influence for rmtidfic and
denitrification. When one or more of these factors are not running
correct, the nitrification or denitrification process have rioistu
efficiencyDymaczewskil997)

3. ANAMMOX E PROCESS DESCRIPTION

Wastewater treatment, especially nitrogeroval is currently interest

many of research groups. We are | ooki
removal. One of this ways can be ANAMMOXANaerobic

AMMonium Oxidation is biological oxidation of ammonia to nitrogen,

and this process seems to be promisilternative for traditional

nitrogen removal. During this process, under anoxic conditions,
ammonium is directly oxidized to dinitrogen gas udirig ®@is the

electron acceptgdetten et al., 1999)

3.1. Parametersaffecting ANAMMOX E process performance

3.1.1. DissolvedOxygen

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 procesd-or onestagepartial 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 gfNNO

for anammox re&ion but also not to high N©GN level to cause

anammox inhibition effect or increasingr Nitt e Ox i di zer 0s Ba
growth (Cemat al., 2007)

3.1.2. Temperature

The correct temperature for ANAMM®@Xprocess is in the range of
2043 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 astdt of drops temperature observed decrease

in efficiency of nitrogen removal in MBBRnirg380% to 1640%

( Tubr & al,2618)

3.1.3. pH and alkalinity

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

3.1.4. Organic matter

In different studies were usdifferent groups, kinds of organic matter,
used as inhibitors.nmfong the most important inhibitors of the process
ananmox is oxygen and other compounds such us methanol and
ethanol. But methanol and ethanol areversible inhibitordor
anammox procegdhn, 2004)
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Table 2 Factors influencing deammonification process (Hernando et al., 2010)

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

3.2. Superiority of the ANAMMOX E process

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

¢ High nitrogen removal,

¢ No external carbon source needed,

e 40% reduction in oxygen demand,

¢ Reduced production of sludge,

¢ Reduced nitrous oxide emission,

e Reduced carbon dioxide emission,

¢ Reduction of energy demand and power consumption 908460

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, about060% of
ammonium is oxidized to nitrite:

NH} + 1.50, » NO; + H,0 + 2H™

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

NH; + NO; - N, + 2H,0
Deamonificatiorprocess can be realised in two different strategies: in
onestage or twatage 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. Irstaige reactor both partial
nitritation and anammox process are realised in the same time. Both in
onestage and in twstage strategies, nitritation and anammox are
carried out by different microorganisms. In the first step, the ammonium
is partially oxided by aerobic autotrophic ammonia oxidizers (AOBS)
and in the second stage the remaining ammonium is oxidized to nitrogen
gas by anaerobic autotn@pammonia oxidizers (Anamm¢grnando
et al., 2010)

The same as nitrification and denitrification, #reréactors which have
decisie 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.
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Fig. 4 Samples oKaldness carriers

MBBR process is based on the principle of biological membrane:
biofilm, which grows on specially designed eleitégist)of material
immersed inhe entire volume of the reactor.

MBBR elements were designed to present largest padsielsurface
area (from 260200 r¥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 involvilg treatment
process produces sticky substances attach themselves to the media and
begin to aeate a high performance biofflDostaet al., 2008)

In this technology, biofilm suspended on the tubular profiles is mixed .in
the biological reactor chaenbusing: compressed air (aerobic reactors)
and mixer (anaerobic reactors). In characterizeglpitbtwe have two
reactors: R@ based on aeration strategy an@ B&sed 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 microorganiBm$ilm, 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, Ire tsecond 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 dReact
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 phaork,

¢ possibility to adopt more pollutant loads,

e approximately five times smaller bioreactors cubature,

e BODsremoval rate about 5000 B#j¥d m 3 for 15 degrees,
nitrogen removal rate about 400 MAN{d m3, 670 NQ-N g/d m3
for 15 degrees,

no need to recycletlidge,

no clogging and salfeaning,

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 Mast er Thesi s i s a part of OAnamn
reductiond project an d-step tpartial s f ocus
nitrification/Anammox process in the movingd bleiofilm reactor

(MBBR) with Kalnes carriers.

The aim of this study was evaluation of rhiokogical activity during

the deammonification process for nitrogen removal under different

operation strategies (long term study):

e Aeration strategy (DO®Bmg/I)

e Temperature (29)

The main goal of short ternest was evaluate the influerafe

temperature on different groups bacteria:

¢ Anammox Bacteria Activity: 35°C, step: 3 degrees

Ammonium Oxidizing Bacteria Activit

Heterotrophic Activity 35- 17C, step: 3 degrees

Nitrate Oxidizing Bacteria Activity

To achieve goals, durithg research, was necessary:

e Review literature and publications abotrogen removal from
wastewater;

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

e Perform calibration and cleaning thie portable and eme

instruments;

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

¢ Monitor the evolution of Anammox bacteria activity though SAA
tests;

e Assess the evolution bleterotrophic bacterid\itrosononas and
Nitrobecter bacteria activity in the biofilm though Oxygen Uptake
Rate tests;
e Try to find correlations between chemical analgsedts and
physical parameters.
5. METHODOLOGY

5.1. Short description of the research statiodlammarbySj ° st adsver k
The HammarbyS|j © s t asd Iscatedr ok the top of Henriksdal
underground Waste Water Treatment RREigt 5)which isthe biggest
WWTP in Stockholm.

TheHa mmar by Sig 8ne of ghd maostepopkilar institutions in
Sweden, where are conducted research in the field of veastewat
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 Enviromtaé 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.sjostadsverked:se


http://www.sjostadsverket.se/
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Fig. 5 Location of research station ffttp.//maps.google

.com ).

¢ Reduce the greenhouse gas emissions from Swedish wastewater and
sewagsludge management

¢ Removal of pharmaceuticals from the wastewater
¢ More efficient biogas production

¢ Anammox technology: nitrogen reduction

e Energy and resource management facility

¢ Algae for water treatment and Biofuel production

5.2. Description of experimentalinstallation
One of the projects, which are realizetim mmar by Si°stadsver
called 0o Anammo x technol ogy.:. Amiitisogen red
experimental installatigRig. 6) which allowed the implementation of
the experiments and research to support thisrk. 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 ProfessBrl f b i e &and PhBPJsa 2 & frdhr KTH a
(Berting 2010).

The technicadcale 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 filed technicadcale pilot plant reactor were brought from

Hi mme r Wastemar &reatment PlaBerting 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 safler one, with holding alitol 3 cubic meters. From
bigger to smaller tank, the reject water is regularly, twice per week,

B

Fig. 6. The onestage pilot plant scale reactor for partial
Nitratation/Anammox with equipment.


http://maps.google.com/
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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. &lpilot reactor is filled by Kales carrierd-{g.7). At

the beginning, where is reject water connected with reactor, there is
conductivity and ORP measured. & &nd of process, are measured:
DO, pH, ORP, T and conductivity. All parameters are continuously
recorded on the computer. Purified reject water is transtoitted
outflow ank(Barting 2010)

5.3. Physical parameters measurements and chemical analysis

5.3.1. Physical parameters

At the research statipihysical parameteage monitore@very daylhe
physical parameters measurement such as:

¢ Dissolved Oxygen

° pH

¢ Conductivity

e Temperature

e Redox Potential

can be done offne or online. Online equipment providesnaore
efficient control of the process, with more reliable and accurate values
than the manual measurements (Ridenoure, 20D#}ine
measurements are performed the verifinermeasurements.

5.3.2. Chemical analyses
Chemical analyses is another groumedsted parameterhemical
analyses are carried out in influent and effluent, regularly to follow up
and monitor the process. The@shimportant group is the analysis of
nitrogenforms: Ammonium, Total Nitrogen, Nitrate, Nitriteat albw
processes evalaajualityTo accurately assgsscess in lab .is carried
out COD and Alkalinity (or Acid Capacity) analysis. Samples taken from
outflow and inflow are always filtrated with &1 Om por e si ze pr
and 4 5 Qm pore si ze filt eapplied For t he.
spectrophotometric methd#ig. 8) Dr. Lange cuvettes and Dr. Lange
Xion 500 spectrophotometer. Tarried out the analysis were used
cuvettes

¢ COD LCK 314 (15150 mg/L @) and LCK 514 (162000 mg/L Q)
¢ Acid Capacity Ks 43 LCK 362 (0.83.0 mmoll)

e NH 4N LCK 303 (247 mg/L) and LCK 302 (430 mg/L)

¢ NO3-N LCK 340 (535 mg/L)

¢ NO >N LCK 342 ((6-6 mg/L)

10
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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 measAreammox
Bacteria ActivityThis batch test is based on the measurement of the
increment of pressure inside a closed volume, propbrtmnthe
production of nitrogen gas by ANAMMOX bacteria which use nitrite
and ammonium as thsubstrate Strouset al., 1999).

At the beginning of each test is prepared equipment (Fig. 9) and test
material. The rings were washed thiraes with phospite buffer.

(075 g/L KoHPO4 and 014 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 reaatere 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 aygen inside the vial (Fig. 10).

Fig. 9 Equipment for SAAtest
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Fig. 10 SAA sample during the N gas inoculated

When the samples for experiment were ready, they were put to the water
bath, where the samples wearpt during the whole experimedéefore
substrates were dosed, the samples stayed in water Pattegrees)
about 16015 minutes until the desired stable temperature were reached.
When sample rdaed 25 degrees the substrateésr. of NH,CI and

05 mL of NaNQ to fix initial concentrations of ammonium and nitrite
inside the vials in 70 mg N/L, weadded by needle and syringe. At the
beginning of this part, the gas inside the vial was equalized to the
atmospheric, arappropriate measurement was started at thisTtime
pressure was measured eveiy02@inutes with a pressure transducer.
Transduer used in this experimer(produced by Centrepoint
Electronic) displyed a value in mV. This vata® be convéd into

mmHg multiplying by @5.

Below shows calculations used to estimate the SAA on the biocarriers:
N2 gas production rate:

dN, «a-V;[mol N2]
dt " R-T l min
SAA (Specific Anammox Activity)

d';iz .28 g N,
SAA =———60-24[—]
biofilm m”d
SAA (Specific Anammox Activity):
dN,
saa_dt 28 o 54| 8Nz
X gvssd|

a 8 slope of the pressure increase inside the vial plotted versus time
(atm/min), Ve0 volume of the gas phaseO(@ I), calculated by
subtracting the volume of liquid with 15 biocarriers (25 ml) from the
total volume of the vial (38 mIR 0 ideal gas constant
00820575 (atm | mbK-1), T & temperature (K283 molecular weight

of N2 (g N/mol), 60 and 24 unit conwersion factors from min to days
Siofim O Sufface area of 15 biocarriers 8 0. 9 33ma chlfulateds a
product of the specific area of Kaldnes media and the volume occupied
by 15 rings (calculated by proportion on the base of the measuremen
that 107 rings occupy 100 nX) 0 grams of biomasattached on 15
rings.Calculations for the activated sludge have been calculated similarly:

12
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N2 gas production rate:

dN, «a-V;[mol Nzl
dt R-T| min
SAA (Specific Anammox Activity)

dN
SAA at %8 60 -24[ 2]
Xy . [vss-d_

a 8 slope of the pressuiecrease inside the Ivjgotted versus time
(atm/min), Ve0 volume of the gas phaseO(@ I), calculated by
subtracting the volume of liquid with 15 biocarriers (25 ml) from the
total volume of the vial (38 mIR & ideal gas constant
00820575 (atrhmolt K1), T & temperature (K288 molecular weight

of N2 (g N/mol), 60 and 24 unit conersion factors from min to days

X @ biomass concentration inside the vial (g V.S&8)volume of the

liquid phase in the vial (approximatel@7L&nl).It hasbeen calculated

as difference between 25 ml and the equivalent volume occupied by
carriers, based on the measurement that 4 | of rings occupy
approximately a volume of2.1.

5.4.2. Oxygen Uptake Rate (OUR)

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

e Measure Ammonium Oxidizing Bactégévity (AOB)

e Measure Heterotrophic Bacteria Activity

e Measure Nitrate Oxidizinga&eria 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 approxiret 1:10 in order to have a NHN 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 glassvater with volume of 86 | with dilution was placed in the
water bath wuntil the temperature mea:
Than, water was supplied in the reject water to reach a DO
concentration over 68 7 mg/l. Then in to the bottle was thrown
magretic 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, gredtest 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
Comfortd Software 2004 v 3.4.

During the first 5 minutes total oxygen upiake measured (Fig. 13).
After 5 minutes weradded4d mlof sodium chlorate (NaCiOsolution
470 g/L) in order inhibit N©@N oxidation by Nitrite Oxidizing Bacteria.
Dose andnhibitor concentratioris determined by previous studies of
the research grojgang J., personal infieaition, not published).

After 5 minutes, were added another inhib#oml of Allylthiourea
(ATU: GHeN»S, solution 8. g/L). This inhibitor operates for Nitrate
Oxidizing Bacteria and Ammonia Oxidizing Bacteria. The inhibitors

Fig. 13 First stage ofOUR experiment
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