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At the North Pest Wastewater Treatment Plant, a nutrient removal process has been in operation since 2011. 
New tanks have been built, which can receive approximately half of the pre-settled wastewater. A pre-
denitrification system has been planned and built both to the old and new lines. Due to the relatively small 
anoxic zones, periodic aeration was initiated first in the new line to achieve the lowest possible effluent total 
nitrogen concentration. Because of its positive impact, the operation of periodic aeration was initiated in the old 
line as well. Ammonium-analysers are used to control the aeration periods. Due to this process, the plant can 
provide a very low total nitrogen effluent value (below 10 mg dm-3 on average) as well as save energy and 
operational costs. 
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1. Introduction 

In the North Pest Wastewater Treatment Plant, the 
nutrient removal phase has been in operation since 
2011. The pre-settled wastewater is divided into two 
parts: one part is led to the “A” biological line and the 
other to the “B” line. Both biological lines were 
constructed for pre-denitrification with anoxic selectors. 
Since the volume of these selectors is relatively small, 
the operation of periodic aeration is carried out in order 
to provide more time for the denitrifying bacteria to use 
the slowly biodegradable particulate chemical oxygen 
demand (COD) as well. 

The aim of its operation is to keep the effluent 
total nitrogen (TN) concentration under an annual 
average value of 10 mg dm-3. Therefore, the precise 
control of periodic aeration is important to fulfil this 
aim and save energy and costs as well. 

1.1. Nitrification and Denitrification 

In the case of municipal wastewaters, the hydrolysis of 
nitrogen containing compounds takes place mainly in 
the sewage system. Therefore, ammonium is the main 
form of nitrogen present in the influent wastewater. The 
nitrogen content of the filtration originates from the 
sludge treatment technology, which could also be 
significant for wastewater treatment plants. 

The first step of the biological nitrogen removal 
process is nitrification, which is the biological oxidation 
of ammonia or ammonium to nitrite followed by the 
oxidation of the nitrite to nitrate. The process is 
performed by autotrophic bacteria as follows: 
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 [NH4]+ + O2 + CO2 → (MOA) → (MOA)’ + NOx + 2 H+ 

where (MOA) and (MOA)’ stand for autotrophic bacteria. 
The growth rate and specific sludge production of 

the nitrifying bacteria are lower than for heterotrophic 
bacteria, thus the growth of the autotrophic bacteria has 
to be in the appropriate ratio of wastewater quality to 
amount of sludge production [1, 2]. Therefore, 
appropriate sludge loading can balance out the 
conditions for the growth of the two groups of bacteria. 
Increasing the sludge retention time and decreasing the 
organic loading rate of the activated sludge could 
balance out the disadvantage posed by the nitrifying 
bacteria [3, 4]. 

The second step of nitrogen removal is 
denitrification, when special heterotrophic facultative 
anaerobic bacteria produce molecular nitrogen (N2) 
from nitrate as follows: 

NOx
 + BOD5 + H+ → (MOH) → (MOH)’ + N2 + CO2 

where BOD5, (MOH), and (MOH)’ stand for biological 
oxygen demand, and heterotrophic bacteria, 
respectively. 

2. Experimental Setup 

During the construction of the nutrient removal phase a 
pre-denitrification system was built both in the “A” and 
“B” lines with 2–2 ganged, rectangular, mixed anoxic 
reactors for each section. Both “A” and “B” lines have 
four parallel sections. In the case of the “A” line, the 
anoxic selectors were separated from the beginning of 
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the existing rectangular aeration tanks (Fig.1). As for 
the “B” line, the new anoxic reactors were built before 
the new Caroussel type aeration tanks (Fig.2). The 
volume of the anoxic tanks is relatively small, since 
only 18 vol.% of the total activated sludge can be held 
in both lines.  

The best available effluent total nitrogen value was 
chosen for the design of the control system of the 
nitrogen removal program instead of the smallest 
ammonium nitrogen value. The standard value for total 
nitrogen is 35 mg dm-3, but the aim of the plant was to 
keep the effluent total nitrogen under 10 mg dm-3 as an 
annual average. The problem was that for the small 
anoxic volumes there was not enough time for the 
denitrification to take place completely. The other 
challenge was that the quality of the incoming 
wastewater had changed, since the original design of the 
nutrient removal phase was made. The incoming 
wastewater was diluted, but the rate of dilution was not 
the same for each parameter (Table 1).  

3. Results and Analysis 

The organic matter content (COD, BOD5) and the total 
suspended solids (TSS) decreased the most, while the 
decrease in nutrients, especially in the nitrogen forms 
was only modest. The difference was caused by the 
filtration water of the sludge dewatering system (Table 
2). At the wastewater treatment plant, there are two 

operating mesophilic digesters with a volume of 12,000 
m3 each. These digesters receive not only the thickened 
sludge from the plant, but other wastes containing high 
quantities of organic matter, such as dried sludge, 
industrial wastewater, and animal protein. In Table 2, it 
can be seen that the nitrogen content of the filtration is 
very high so the ratio of the nitrogen in the influent 
wastewater is higher, too.  

Considering the planned values from Table 1, the 
COD:TN ratio is 11.5:1 while the actual ratio is only 7–
8:1. Previous experiments showed that the readily 
biodegradable soluble COD (SS) content of the 
wastewater is only about 20% [5], thus the total amount 
of organic matter isn’t available for the denitrifying 
bacteria in the anoxic zones. The average hydraulic 
retention time in the anoxic zones is about 3.5 hours. 
With periodic aeration (Fig.3), the denitrifying bacteria 
can consume not only the SS, but the slowly 
biodegradable particulate COD, which becomes 
available as a result of hydrolysis. 

Table 1: Planned and real daily loads in kg. 

Load 
planned actual deviation in % 

 
annual 

2013 
annual 

2014 
1st quarter 

2013 
annual 

2014 
1st quarter 

COD 133 406 73 103 74 692 55 56 
BOD5 72 800 41 390 42 043 57 58 
TSS 63 336 41 408 37 316 65 59 

NH4-N 7 553 6 298 6 357 83 84 
TN 11 575 9 137 9 487 79 82 
TP 1 984 1164 1279 59 65 

Loads: COD = chemical oxygen demand, BOD5 = biological oxygen 
demand, TSS = total suspended solids, NH4-N = ammonium nitrogen, 

TN = total nitrogen , TP = total phosphorous 

 
Figure 2. Schematic layout of the “B” line. 

 
Figure 1. Schematic overview of anoxic selectors in 
the “A” line. 

Table 2. Average COD and nitrogen content of the 
filtration water in mg dm-3. 

 COD N  
(NH3-NH4) 

TN COD:TN  
ratio 

2013 847 1,163 1,326 ~1:1.6 
2014 1st 
quarter 815 1,091 1,262 ~1:1.5 

     
 

 
Figure 3. Effluent total nitrogen values between July 
and December 2010. 
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 First, the periodic aeration system was evaluated 
in the “B” line as shown in Fig.3. The blue diagram 
shows the effluent total nitrogen values from the “B” 
line, the red from the “A” line. It can be seen that with 
periodic aeration the effluent values from the “B” line 
are much lower compared to the “A” line. Due to this 
positive effect, the periodic aeration process has been 
used in the “A” line since 2011 as well. 

3.1. Controlling Periodic Aeration  

In the case of the “B” line, controlling the system is 
quite simple, because the treated wastewater coming 
from four parallel, activated sludge tanks is mixed 
before the final settling tanks. There is a short channel 
before the wastewater is divided and led to the eight 
rectangular secondary sedimentation tanks, where a 
‘Hach Lange AMTAX sc.’-type ammonium-analyser is 
set up. Aeration is controlled by the measured 
ammonium-nitrogen value (Table 3).  Due to the 
Carousel race-track type activated sludge tanks, aeration 
can be switched off even for 3 hours, because the four 
agitators in each section do not let the sludge settle. 

Controlling the “A” line was much more difficult 
partly because there are no agitators in the rectangular 
activated sludge tanks. On the other hand, the 
wastewater coming from four sections is only mixed 
after the final settling. Thus, the ammonium-nitrogen 
level has to be measured separately for each section. 

There are two ‘AMTAX sc.’-type ammonium-
analysers in dual channel mode for the “A” line for 
Sections 1–2 and separately for Sections 3–4. Because 
of the lack of agitators, there is a time limit in order to 
prevent the sludge from settling. After 60 minutes, the 
aeration has to be switched on even if the measured 
ammonium is not over the set value. 

In the “A” line, all the sections are controlled 
separately. The hours when aeration is switched on and 

off can be chosen. There are “manual”, “time control”, 
and “automatic” modes as shown in Fig.4.  In “time 
control” mode the operator can fill in a timetable with 
aeration periods (green). Yellow areas show the hours 
when the aeration is turned off. 

In “automatic” mode, the program calculates an 
average NH4-N for each section from the past hour and 
compares it to the set values. If the average value is 
under the minimum in a section then there will be two 
hours with aeration on and one hour off (Fig.4). If the 
value is between the limits, there will be three aeration 
hours and one without. If the average value is over the 
maximum limit, aeration remains on until the value 
decreases below the limit. The operation of the blowers 
is also an important parameter. Aeration must not be 
switched off in every section at once. 

Fig.5 shows the effluent total nitrogen levels for the 
controlled periodic aeration of both lines. In May, the 
“A” line operated under “time control”, thus the effluent 
results were much better in the “B” line. Automatic 
control of the “A” line was turned on in the summer of 
2014 as shown in Fig.5. Sometimes the effluent values 
in the “A” line are better according to the TN than in the 
“B” line as can be seen from data point 06.2014. Due to 
periodic aeration, the effluent total nitrogen level was 
under the annual average of 10 mg dm-3 (Table 4).  

4. Conclusion  

Our study indicates that with periodic aeration external 
carbon sources are not needed at the North Pest 
Wastewater Treatment Plant in order to ensure the 
requested total nitrogen value. For optimal operation, 
control by ammonium analysers is essential, while the 
time-controlled system did not prove to be sufficient. 

 
Figure 4: Aeration control in the “A” line 

 
Figure 5: Effluent total nitrogen levels between April 
and August 2014. 

Table 4. Average effluent values in mg dm-3 between 
January and August 2014 

Load Effluent Standard  
COD 30 125 
BOD5 < 10 25 
TSS 5 35 

NH4-N 2.54 10 
TN 9.63 35 
TP 1.39 5 

Loads: COD = chemical oxygen demand, BOD5 = biological 
oxygen demand, TSS = total suspended solids, NH4-N = ammonium 

nitrogen, TN = total nitrogen , TP = total phosphorous 

Table 3. Control parameters for aeration in the “B” 
line. 

NH4-N level 
(mg dm-3) 

Sections with 
aeration on 

[pcs] 

Sections with 
aeration off 

[pcs] 
< 5.0 1 3 

5.0 - 7.0 2 2 
7.0 - 10.0 3 1 

> 10.0 4 0 
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