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Abstract. The authors present the Moving Bed Biofilm Reactor (MBBR) 
model with a quasi-continuous flow for small water reservoir restoration, 
characterized by high concentrations of organic pollutants. To determine the 
efficiency of wastewater treatment the laboratory analysis of physic-chemical 
parameters were conducted for the model on a semi-technical scale of 1:3. 
Wastewater treatment process was carried out in 24 h for 1 m3 for raw sewage. 
The startup period was 2 weeks for all biofilters (biological beds).
Approximately 50% reduction in COD and BOD5 was obtained on average for 
the studied bioreactors. Significant improvements were achieved in theclarity of 
the treated wastewater, with the reduction of suspension by 60%. The oxygen 
profile has improved significantly in 7 to 9 hours of the process, and a diametric 
reduction in the oxidative reduction potential was recorded. A preliminary 
model of biological treatment effectiveness was determined based on the 
conducted studies. In final stages,the operation mode was set in real conditions 
of polluted water reservoirs.

1 Introduction 
The primary goal of Water Frame Directive is to achieve a good state of uniform bodies of 

surface water. Many large and small water reservoirs, heavily transformed by humans still 
require urgent corrective action in order to achieve the main aim of WFD. The process of water 
quality monitoring is crucial to prepare the proper environmental risk assessment (ERA). 
Environmental risk assessment procedures are currently being promoted by the EU as a 
necessary tool for further environmental risk management actions. The US EPA published 
Guidelines for Ecological Risk Assessment [1], nevertheless, this document contained very 
general guidelines for the ERA process [2]. In the EU has developed a number of specific 
algorithms of ERA for the surface water, and one of the most commonly applied methods is a 
TRIAD, developed in the UK[2]. The results of the ERA are adatabase to take further action 
under the environmental risk management procedure (ERM). The ERM algorithms require the 
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involvement of legal, political, economic and engineering instruments. Often these procedures 
are cyclical, with a constant modification of the main objectives and with control of stages 
andend effects. The ERA results are also a database for selecting appropriate methods for 
restoration of degraded water reservoirs, already at the planning stage of the ERM procedure. In 
order to choose thebest types of lake reclamation methods can be used multi-criteria analysis 
such as AHP, Rembrandt or Promethe[3, 4]. The cost of water treatment of polluted water 
bodies is very high, especially when they are characterized by high loads of organic pollution.  

The scientific progress in Environmental Engineering provides us with informationabout 
new effective biotechnologies of water treatment and purification from different types of 
pollution. The best prospects give us interdisciplinary research in this field of environmental 
biotechnologies [5]. Researchers in their studyhave been looking for effective strains and 
consortiums of microorganisms which are able to maintain an effective biodegradation and 
biotransformation of different types of pollution[6, 7, 8, 9, 10, 11]. The above-mentionedstudy 
directions aimto develop dedicated biopreparations and high-efficiency wastewater treatment 
technologies [6]. Most of wastewater treatment technologies require the maintenance of 
controlled and homogeneous bioreactors operating conditions [12].  However, for two decades, 
the market of WWTP observed thedynamic development of MBBR technology, in which the 
main objective is to minimize power consumption and volume of the reactor while increasing 
the degree of wastewater treatment. This types of reactors are used in wastewater treatment 
from communal and industrial sources in global scale [13]. The MBBR reactors are 
characterizedby wide tolerance for changes in physicochemical factors (temp., pH, redox, 
conductivity, organic loads, etc.) [14]. In the two decades, over 450 large and nearly 110,000 
smaller WWTP have been developed around the world using a high-efficiency biofilm bed. 
There are therefore justified scientific grounds for the possibility of adapting this technology to 
the reclamation of open water bodies in temperate climate zone [13, 15]. MBBR reactors 
require an energy input to maintain the aeration process and flow of the medium through the 
bed. The application of RES (renewable energy sources) in power supply of field installation 
allows for energy self-sufficiency of this type of technology.  

It is also possible to use traditional sources of electricity and prepare the installation in 
astationary mode with the blower station located on the reservoir bank [16].  

2 Methodology 

The authors conducted a study on the biological treatment efficiency of municipal wastewater 
in MBBR model reactors designed in laboratory scale 1:3. Four MBBR reactors were 
constructed with cylindrical geometryand dimensions: diameter ȹ = 400 mm, Ltot = 90 cm, 
hbasket = 70 cm, Vact. = 0,088 m3, Vtot. = 0,133 m3 (Fig. 1.). The bed mediaofreactor were
3 cm long carriers made of an electrical conduit (PE) and thetotal active area was 30,8 m2. Each 
reactor was operating in plastic containers with volume V = 1 m3, fully submerged, 5 cm below 
the surface of wastewater. The aeration process was carried out by fine bubble disc diffuser (ȹ 
=240 mm) with compressed air suppliedby rubber pipes and generated bya blower (model AT-
80). Inorder to ensure a smooth adjustment of the supplied air into reactor system, two valves 
were mounted: control and relief valve. A rotameters were used to measure the flow of supplied 
air into the bed of MBBR and Mammoth reactors.Established air flow was Qp = 2,2 m3·h‒1,  at
which the flow and velocity of the wastewater through the reactor was obtained, 
respectively:Qw = 8 m3·h‒1and v = 0,38 m·s‒1.The above air flow ensured the full circulation of
the carriers into the bed and the biofilm on the colliding carriers wasn’t intensively detached 
from theexternal surface. The startup period for biological bed was 2 weeks, after which it was 
obtained a stable process for the wastewater treatment. The bioreactors were operated on the 
wastewater after primary mechanical treatment by rotary mechanical coarse in Left-side WWTP 
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in Poznan. The average loads of CODwere in the range 500 ÷ 600 mg O2·dm‒3 in raw
wastewater. Nutrients concentration was recorded respectively in ranges: PO4

-3 7 – 14 mg·dm‒3,
NH4+ 27 ÷ 84 mg·dm‒3, NO3‒ 1,2 ÷ 2,6 mg·dm‒3, NO2- 0,08 ÷ 1,4 mg·dm‒3 in raw sewage.  

The hydraulic retention time was:        
  

[ ]          

   
 

        [ ]   (1) 

where: Vact –volume of thereactor, Qd – influent flow rate 
The operation mode was divided into 1,5 h of aeration (nitrification phase) and 1,5 h without 

aeration (denitrification phase).The floating carriers provide adequate biomass suspension of 
biofilm in the denitrification phase, no additional mixing is required. The samples of 
treatedwastewater were taken after treatment process, before its discharging from model reactor 
chambers. 

Table 1 presents laboratory technics used during analysis of physical and chemical 
parameters of studied wastewater (raw and after treatment). 

Table 1. Laboratory procedures and methods of studied physical and chemical parameters. 

No. Method Used procedures

1 COD Procedure Merckmillipore in NOVA 60 Spectroquant®, 114555 - CODcuvette 
test, method for range: 100 - 1000 mg O2·dm-3

2 BOD5
According to the procedure Oxi-top (WTW company) in 5 days period (in dark 

glass bottles with continuous stirring and temperature 20 °C). 

3 NH4+ Spectrophotometric method, by spectrophotometer Spectroquant NOVA 60 by 
Merck. Method PB-06, issue 2 from 1 0.05.2007. 

4 NO3‒ Spectrophotometric method, by spectrophotometer Spectroquant NOVA 60 by 
Merck. Method PB-04 issue 2 from 10.05.2007. 

5 NO2‒ Spectrophotometric method, by spectrophotometer Spectroquant NOVA 60 by 
Merck. Method PB-05 issue 2 from 10.05.2007. 

6 PO4
3‒ Spectrophotometric method, by spectrophotometer Spectroquant NOVA 60 by 

Merck. Method PB-07 issue 2 from 10.05.2007. 

7 SO4
2‒ Spectrophotometric method, by spectrophotometer Spectroquant NOVA 60 by 

Merck. Method (064) 114548 5 – 250 mg/l SO4 Bariumsulfate, turbidimetric 
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Fig. 1. Experimental MBBR reactors: A. MBBR – type Mammoth airliftreactor and B.classical 
MBBR airliftreactor in scale 1:3 in Left-side WWTP in Poznan. 
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3 Results 

Fig. 2. Reduction of COD after 24h wastewater treatment [mg O2 · dm‒3].

Figure2 and 3 present changes in COD and BOD5 after  24 h of wastewater treatment 
process in bioreactors MBBR (R1, R2, R3) and Mammoth (M). The startup period is 
characterized by worst treatment results in comparison to further experiments after 2 weeks 
later, in which the efficiency of the treatment has improved significantly. The article presents 
results for 10 randomly chosen treatment processes in two months period of theexperiment.   

Fig. 3. Reduction of BOD5 after 24h wastewater treatment process [mg O2 · dm‒3].
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Fig. 4. Reduction of nutrients after 24h MBBR operation: A. PO4
3‒ and B. NH4
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The changes in nutrients concentration PO4
3‒, NH4

+ and NO3
‒ (Fig. 4 and 5) were

statistically significant due to the initial level with exception of changes in   NO2
- ions levels.

The concentration of this ions was highly variable depending on whether aerobic or anaerobic 
conditions were provided. Due to the accepted sampling procedure during the aeration phase, 
the NO2

- concentrations in the experimental samples were characterized by significant non-
specific changes. 
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Fig 6. Statistical analysis of theeffectiveness of reduction of selected pollutants in 
investigated reactors. 

4 Discussion 

The experiment was conducted during the summer months since 1st of July till 10th of 
September, thedaily temperature of treated wastewater were ranged in 20 – 28° C and were 
conducive to biochemical processes. The concentration of oxygen in raw sewage in the bed 
dropped to level 0,5 mg ·dm‒3 and during treatment process were raised to level about 8 mg · 
dm‒3 into classical MBBR (with fine bubble aeration) inversely proportional to the 
concentration of COD and to level about 6 mg ·dm‒3 into Mammoth bioreactor. The reduction 
of COD values in MBBR reactors ranged from 52 to 82%, and significantly worse results 
obtained from the reactor type Mammoth 36 - 62%, (figure 2) which was reflected in changes in 
the dynamics of the oxygen profiles for both types of reactors during theprocess. The changes in 
thelevel of easily biodegradable organic compounds expressed as BOD5 presented much better 
in MBBR reactors in the range 65 – 89% and for theMammoth reactor in therange 57 – 78% of 
total reduction (Fig. 3). Statistical analysis confirmed the statistically significant differences 
between results for the MBBR and Mammoth reactors, with exception of changes in 
theconcentration of NO2

‒ ions. Many authors have confirmed the effectiveness of the reduction
of organic pollutants in MBBR reactors [14, 17, 18]there are no articles devoted to acomparison 
of the type of aeration in the wastewater treatment efficiency for MBBR reactors, which differ 
in the types of aerators. The nutrients level analyses also showed statistically significant 
differences in changesof their concentrations PO4

3‒(11 – 80%) (Fig. 4a, 6) and NH4
+ (4 – 67%)

(Fig. 4a, 6) in relation to baseline levels.The results of NO3‒ and NO2‒ ions concentrations due 
to reactor operation mode were characterized by significant variability depending on the 
kinetics of process and the nitrification stage (Fig. 5) [19, 20, 21].The comparison of the 
wastewater treatment efficiency between two types of MBBR reactors (Fig. 1) also showed 
significantly better results for reactors equipped with disk diffusor.The final results clearly 
show that disk diffusers are better in the wastewater treatment process than air-lift reactor in 
Mammoth mode.  
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Based on the obtained results and literature reports [19] can be demonstrated that tested 
MBBR reactors are the appropriate solution for the reclamation of water reservoirs heavily 
polluted by organic compounds and with high nutrients concentration. The similar solutions are 
used in wastewater treatment of highly productive fish farms[22]. The conception project of 
floating reclamation platforms with MBBR reactors are still ongoing, with theapplication of 
new RES technologies, which allow them for the independent operation on the lakes. Despite 
the wastewater treatment process in laboratory bioreactors were conducted in quasi-flow mode, 
nevertheless, the obtained efficiencies allow us to conclude that the tested technologies are 
promising for the application in the reclamation of small water reservoirs [23]. Hydraulic and 
biotechnological studies allowed better estimation of the number of reactors necessary in the 
restoration of polluted water reservoirs, with respect to its volume. The proposed method of 
reclamation with MBBR reactors can be compared to the in-situ WWTP (wastewater treatment 
plant) technology. The high stability of the wastewater treatment process makes these types of 
reactors particularly valuable in temperate climate zones [24]. 

5 Conclusions 

Tested laboratory models of MBBR reactors characterized by high efficiency of wastewater 
treatment, which proves their usefulness for the purposes of the degraded water reservoirs 
restoration.  

Further studies are needed to determine their effectiveness of sewage treatment with low 
loads of organic pollutants.  

Investigated bioreactors were designed on the semi-technical scale, which allows for 
extrapolation of laboratory results to field conditions, with no significant statistical error. 

MBBR belongs to unique technologies, which can be easily adapted to the treatment 
processes of small water reservoirs. 
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