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1. Introduction and research goals 

Having joined the European Union, one of the most urgent tasks of Hungary in the field 

of environmental protection is to significantly increase the ratio of biologically treated 

wastewater, in order to fulfill requirements of EU guidelines. In Hungary as well as worldwide 

the most commonly used method for the treatment of both domestic and industrial wastewaters is 

the activated sludge technology. Removal of the nitrogen and phosphorus content of the 

wastewater during the treatment is essential, because these nutrients are the main sources of 

eutrophication. In order to fulfill the strict effluent limits introduced for the protection of the 

sensitive receiving bodies  in the last decades, most of the activated sludge systems having 

designed originally for removal of the organic contaminants needed to be complemented by 

furhter biological and chemical treatment technologies.   

The PhD studies have focussed on the optimization of activated sludge systems coupled 

with biofilm units. Southpest Wastewater Treatment Plant has been chosen as a case study. In 

this treatment plant the high load activated sludge system has been comlemented with post-

nitrification and post-denitrification BIOFOR® type biofilm units (see Fig. 1.).  In the common 

international practice the activated sludge system and the biofor units are operated separately.

At the Southpest WWTP possibility of using the influent wastewater as carbon source for 

activated sludge pre-denitrification of the nitrified wastewater recirculated from the nitrification 

filter (N-filter) has been established, based on the proposal of BUTE, Department of Agricultural 

Chemical Technology during the tender discussions in 1997. Advantages of this technological 

option are the followings:  

Biodegradable organic content of the influent wastewater can be used as carbon source in 

pre-denitrification, thus equivalent amount of external carbon source (methanol) can be 

saved during the post-denitrification in the denitrification filter (DN-filter). 

Nitrate is used as electron acceptor in the anoxic basins, thus equivalent amount of 
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oxygen supporting otherwise aerobic elimination of organic matter can be saved.

Nitrate load on the denitrification filter can be reduced, thus the not denitrified nitrate 

residue in the plant effluent may be decreased. 

Through the reduced amount of the methanol introduced as external carbon source, the 

part that is not consumed in denitrification may also be reduced, resulting in lower 

effluent COD values. 
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Fig. 1. Schematic of the Southpest wastewater treatment plant 

The main goal of the research has been to investigate a new, cost-efficient way of 

optimization of activated sludge-biofilm wastewater treatment systems through the 

combination of the two technology used separately in the common practice. Besides

increasing the ratio of nitrate recirculated from the nitrification filter, activated sludge 

nitrification offered an additional and unambiguously more advantageous possibility for 

achieving this good. If nitrification occurs in the activated sludge unit, nitrate can be recirculated 

to the anoxic reactors without overloading the secondary clarifier.  Low SRT (2-2,5 d) values in 

the Southpest Wastewater Treatment Plant, however, do not support activated sludge 

nitrification. On the other hand, it could be assumed that nitrifying biomass backwashed from the 

nitrification filter may efficiently backseed the activated sludge unit, resulting in efficient 

nitrification. Such combination of activated sludge and biofilm technology had never been 

applied in the common international practice, moreover, this kind of operation of the system 

definitely has not been recommended due to the assumed uncertainity of the operation.  
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2. Experimental methods 

2.1. Development of a simulation model for describing the combined system

Previous studies investigating the possibility of seeding an activated sludge system by 

the excess biomass of a biofilm unit had not appropriately described the effect on the 

performance of the system. Thus, as a first step of the research, development of a 

mathematical simulation model describing combined activated sludge-biofilm systems has 

been carried out. In the simulation model the Activated Sludge Model (ASM) No.1 was used 

as a basis. Simulation of the combined system has been carried out through the application of 

ASM1 and the model developed for the description of the biofilm unit together.  

2.2. On-site lab-scale experiment verifying the possibility of seeding 

Except a short period during the trial operation, nitrification did not occur in the 

activated sludge system of the Southpest WWTP.  In order to verify the possibility of efficient 

seeding and thus activated sludge nitrification, on-site lab-scale experiment has been carried 

out. Pre-clarified influent of the full-scale plant, nitrate and backwashed biomass recirculated 

from the biofilm unit have been introduced to two parallel experimental systems in order to 

appropriately maintain the full-scale conditions

2.3. Concentration profile measurements investigating the plant operation 

In order to investigate the biological processes, between 22.07.2004. and 02.12.2004 

nine times concentration profile measurements of COD, TOC, NH4-N, NO3-N, NO2-N, PO4
3-,

DO, pH, temperature have been carried out at 13 points of the full-scale plant, supplemented 

by measurements of suspended solids, sludge concentration, BOD and SVI values at specific 

points. Results obtained have been evaluated with the mathematical simulation model 

developed. Sludge structure has been investigated through microscopic observations. 

Microbiological investigation of the sludge has been carried out in cooperation with the 



PhD Thesis    Gábor Tardy  4 

National University of Singapore with FISH (Fluorescent In Situ Hibridization) method. 

Measured sludge volume index and sludge concentration values have been evaluated with 

STOWA secondary clarifier model, in order to determine the maximum nitrate recirculation 

rate tolerated by the clarifier capacity. 

2.4. Full-scale experiment optimizing the plant 

In the full-scale experiment, impact of the improved activated sludge denitrification 

through increasing the nitrate recirculation has been investigated. Impact of the optimization 

steps has been monitored through nitrate, nitrite, ammonia and TKN concentration 

measurements in the activated sludge influent, in the recirculated flows and in the anoxic 

basins.
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3. Results 

3.1. Development of the simulation model 

Mathematical model has been developed for the description of the combined activated 

sludge-biofilm systems. In contrast to the commonly used complex biofilm models, 

the developed model is easy to use, and describes the biofilm processes using the 

operational data.

Nitrogen balance in the biofilter was established by using the measured data. Biomass 

amount formed in the biofilter units was calculated from the amount of nitrified 

ammonia and denitrified nitrate, multiplied by the yield coefficients. In order to 

adequately model the interactions between the activated sludge unit and the biofilter 

unit, the model necessarily involved an iteration routine.  

Viability factor has been introduced, describing the ratio of the actively growing 

nitrifying biomass and the total recirculated biomass.  

3.2. Simulation studies 

Applicability of the developed simulation model has been proven by the evaluation of 

lab-scale and full-scale experiments 

Simulation studies of the different technological and operational options revealed that 

efficient backseeding may result in enhanced nitrification in the activated sludge 

system. The strongest improvement in the nitrification efficiency was obtained in the 

15-21 °C temperature range.  At the same time simulation studies suggested that 

organic content of the average composition of the wastewater may provide appropriate 

amount of denitrifiable substrate for the efficient denitrification, enabling considerable 

methanol savings.  
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During short period of trial operation of the newly built system of the Southpest 

Wastewater Treatment Plant carried out in autumn 1999, efficient nitrification 

occurred in the activated sludge unit of Southpest . Simulation results of this period 

suggested that the efficient nitrification can be attributed to the seeding effect of the 

nitrifying biomass backwashed from the nitrification filter.  

3.3. On-site lab-scale experiment 

Results of the on-site lab-scale experiment supported the assumption that with 

efficient backseeding of the nitrifying biomass of the biofilter unit, even at low SRT 

values high rate nitrification can be achieved in the activated sludge unit of the 

Southpest WWTP.

Full nitrification in the experimental systems operated with appropriate aeration, and 

the decreased nitrification efficiency caused by the decreased aeration suggested that 

the insufficient aeration may be the main reason for the lack of nitrification in the 

activated sludge system of the Southpest WWTP. 

3.4. Concentration profile measurements 

COD and BOD measurements of the preclarified wastewater showed, that the major 

part of the organic matter fed to the activated sludge unit is biodegradable, and thus 

available for the denitrification as carbon source.

Ammonia and nitrate concentration profiles proved that no nitrification occurred in the 

activated sludge basins. No considerable amount of nitrate has been detected in the 

first anoxic basins of the activated sludge system suggesting that the amount of nitrate 

recirculated form the nitrification filter had already been denitrified in the first 

unaerated basin. These results refer to the fact that the denitrification capacity of the 
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wastewater has not been fully used out, enabling more recirculated nitrate to be 

denitrified in the activated sludge system.  

Microscopic observations and microbiological investigations carried out together with 

the National University of Singapore revealed that glycogen accumulating bacteria 

may grow in the activated sludge system, supported by the partial anaerobity of the 

anoxic reactors, and the relative phosphorus deficiency caused by overdosing the 

Fe(III) applied for chemical phosphorus removal. Glycogen accumulating organisms 

eliminate the organic substrates anaerobically that may otherwise be used for 

denitrification, which leads to decreased optimization potential.  

Simulation studies carried out with measured data suggested, that in all cases the 

effluent ammonia concentration could have been highly decreased by applying 

efficient aeration. The results also suggested that by supporting the growth of 

recirculated nitrifying bacteria, nitrification could be achieved in the activated sludge 

basins even at low temperatures.  

Simulation studies also supported that through the enhanced nitrification of the 

activated sludge unit facilitated by backseeding, at the wastewater quality detected 

also the total inorganic nitrogen concentration of the activated sludge effluent could 

also have been significantly decreased, resulting in considerable savings (15-20%) of 

methanol and related aeration costs.  

Simulation studies revealed that the influent COD/NH4-N ratio may limit the potential 

of the optimization. The higher is the COD/NH4-N ratio, the higher may be the 

methanol and the related aeration cost savings, due to increased amount of nitrate 

removed by the carbon source of the wastewater in the anoxic reactors of the activated 

sludge unit.
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Calculations carried out by using measured sludge volume index and sludge 

concentration values with the STOWA secondary clarifier model suggested, that the 

capacity of the secondary clarifiers could tolerate the increase of the nitrate 

recirculation to nearly the triple of the original flow rate.  

3.5. Full-scale optimization of the plant 

During the full-scale study, in cooperation with the Plant Management, flow rate of 

the nitrate recirculated from the nitrification filter was increased in four steps from 

24000 m3/d, the average value of year 2004, to 42288 m3/d. Nitrate concentration 

values measured during the experiment showed that full denitrification occurred 

already in the first anoxic basin even at the highest nitrate recirculation rate at every 

time measured. The fact of full denitrification suggests, that denitrification capacity of 

the influent carbon source has not been fully exploited, offering the possibility of 

denitrifying more recirculated nitrate, and thus, further optimization.   

Having the nitrate recirculation increased, activated sludge effluent ammonia 

concentration decreased from 31.6mg/l, the average of year 2004, to 15.3 mg/l, while 

the influent nitrogen load was nearly constant. Simulation studies carried out with the 

full-scale measured data suggested that as a consequence of the increased amount of 

pre-denitrified nitrate, equivalent amount of oxygen could be used for nitrification in 

the aerobic basins, resulting in effective ammonia elimination through backseeding in 

the activated sludge basins.

Methanol demand of the DN-filter decreased from 4400-5700 kg/d to  

2500-3200 kg/d, due to the increased nitrate recirculation and the consequent activated 

sludge nitrification. Due to methanol savings the operation costs of the plant decreased 

by 20-25%, what is equal to ~7.5 MFt. Further improvement in connection with the 
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decreased methanol dosage is the decrease of the effluent COD value from 40-70 mg/l 

to 30-40 mg/l. Due to the decreased nitrate load of the DN-filter, effluent nitrate 

residue has also been desreased. Decreased load of both biofilters result in less 

biomass growth, enabling to reduce the frequency of the backwash, and thus the 

backwash-related costs.    
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