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Fig. 8. NH4
+ ions reduction during wastewater treatment in experimental bioreactors for 24 hours

Fig. 9. PO4
3– ions reduction during wastewater treatment in experimental bioreactors for 24 hours
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DISCUSSION 

The author designed and constructed a prototype of the 
MBBR bioreactor for the purpose of the reclamation 
of small water reservoirs with a depth exceeding 2 m. 

Hydraulic testing allowed the initial recognition of the 
flow character and the determination of the retention 
time of pollutants in the biological bed (see: Table 1). 
The reactor operates in the full flooding mode and for 
these parameters, it obtained the best flow efficiency 

Fig. 10. Comparison of the average reduction of NH4
+ vs PO4

3– after 24 h of the treatment process

Fig. 11. Online monitoring of oxygen concentration and redox changes during the process of wastewater treatment
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with the airflow of Qp = 3 – 4 m3 · h–1 (see: Fig. 4). The 
70% filling of the reactor chamber with biomass car-
riers is the maximum load that still allows the circula-
tion of the bed at the above-mentioned air flow rates.  
(Barwal and Chaudhary, 2014). It is difficult to clearly 
state whether the calculated retention times will de-
termine the required reduction of pollutants in the bed 
with continuous flow (see: Table 1) (Ødegaard, 2006; 
Tilley, 2011; Kershaw, 2015, Bugajski et al., 2016a; 
2016b). In extreme cases of water reservoir pollution 
– additional support of the process may be required 
by dispensing microorganisms with a certain degree 
of affinity for the substrate (Sitarek et al., 2017). There 
is no universal scheme of the character of pollution of 
water reservoirs (Smith, 2013; Ji, 2017). In each case, 
it is necessary to carefully monitor water quality and 
perform risk analysis in order to take further actions 
related to risk management strategy (Hering et al., 
2015). The application of MBBR in the treatment of 
polluted water reservoirs belongs to innovative solu-
tions, which previously had been used only in some 
aquacultures with a high stocking density (Nowak 
et al., 2018). There are no literature data reporting on 
the results of pollution treatment with the application 
of analogous systems in open water reservoirs. The 
Japanese used the fluidized-bed biofilm reactor system 
for the mechanical reduction of suspension in eutro-
phicated water bodies (Tanaka et al. 2001). The results 
of biotechnological tests on a semi-technical scale 
indicate the possibility of effective elimination of or-
ganic pollutants (Fig. 5–7) (Nowak et al., 2018). The 
data on hydraulic tests, presented in this article, is very 
important for the configuration of final bioreactors on 
a technical scale in the conditions of water reservoirs 
with variable geometrical and qualitative parameters 
(see: Fig. 4).

 Biotechnological testing showed that in quasi-con-
tinuous flows, after 24 hours, the degree of purification 
of organic pollution – one that had been heavy as for 
surface waters (see: Fig. 5, 6) – is satisfactory (Do-
chain and Vanrolleghem, 2001). The degree of COD 
and BOD5 reduction statistically shows no significant 
differences (see: Fig. 7). Monitoring of O2 concentra-
tion and redox can also be extremely helpful in esti-
mating the rate of organic matter decomposition, and 

in determining the discharge time for the quasi-con-
tinuous mode. Presented results (see: Fig. 11) indicate 
intensive oxygen consumption during treatment pro-
cess, but at higher concentration of organic pollutants 
the use of more efficient aeration systems is required. 
Based on the results of hydraulic and biotechnologi-
cal testing, it was possible to determine the operating 
parameters of technological reactors and to determine 
the energy requirements of the system. 

In further studies, the author is going to search for 
the best construction solutions for the building of a mo-
bile reclamation platform that could carry out the puri-
fication process in a water reservoir. Platforms of this 
type will be a competition for chemical methods and 
pulverization reclaimers (Sobczyński et al., 2012). Al-
though the literature describes many methods based on 
the use of artificial or natural wetlands (Hamilton and 
Collier, 2016), their applications are limited by many 
environmental or economic factors. The tested bioreac-
tors also show possibilities of nutrient reduction (see: 
Fig. 8 and 9), which can additionally be supported by 
sorbents (Mazur at al., 2017; Wąsik at al., 2017 a). Un-
fortunately, the efficiency of nutrients removal without 
additional support is not sufficient (see: Fig. 10). 

The author investigated the efficiency of organic 
pollutants treatment from the wastewater character-
ized by a small concentration of COD and BOD5, in 
order to simulate the conditions of heavily polluted 
water bodies (Usha et al. 2006). The studies were car-
ried out in the temperature range 8–10°C characteris-
tic for the conditions prevailing in the second half of 
October. Due to the significant tolerance of MMBR 
reactors to temperature changes, the treatment process 
on the biological bed was satisfactory (see: Fig. 7.) 
(Hoang et al. 2014).

High retention of the biomass of microorganisms 
that carry out the purification process in the biological 
beds of MBBR minimizes the formation of sludge and 
its sedimentation in purified water reservoirs (Com-
ett-Ambriz et al., 2003; Chmielowski and Ślizowski, 
2008). With the view to the significant demand for 
electricity for the operation of purification installa-
tions, the author already prepared a preliminary proj-
ect of power supply from renewable energy sources 
on the water.
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CONCLUSIONS 

1.	 The constructed reactors show a high potential for 
their application in the processes of the small wa-
ter reservoirs’ reclamation.

2.	 The obtained results constitute a valuable database 
for the construction of a technological model that 
can be easily adapted to the specific conditions of 
surface water pollution.

3.	 Hydraulic and biotechnological parameters ob-
tained on the basis of experimental results will al-
low determining the time of water treatment pro-
cess to obtain appropriate water quality effect.

4.	 Nevertheless, further testing is required in the sea-
son with low temperatures, and with the use of 
multi-chamber beds, which can further increase 
the efficiency of purification in field conditions.
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KONCEPCJA REDEGRADACJI ZANIECZYSZCZONYCH MAŁYCH ZBIORNIKÓW WODNYCH PRZY 
ZASTOSOWANIU TECHNOLOGII MBBR

ABSTRACT

Cel pracy
Zadaptowanie technologii MBBR do oczyszczania wód powierzhniowych. Zbadanie efektywności oczysz-
czania zanieczyszczeń organicznych w wodach o wysoce zanieczyszczonych ściekami komunalnymi (lub 
łatwo biodegradowalnymi ). Sprawdzenie skuteczności usuwania biogenów w trakcie procesu oczyszczania 
tego typu zanieczyszczeń.

Materiał i metody
Badania prowadzone w warunkach laboratoryjnych w skali ćwierć technicznej. Oczyszczano rozcieńczone 
ścieki bytowo-komunalne w celu określenia efektywności oczyszczania dla każdego stanowiska badawcze-
go. Doświadczenia prowadzono w 4 stanowiskach badawczych (V ścieków = 1000 L), każde zaopatrzone 
w bioreaktor MBBR z wpracowanym złożem biologicznym. Badano parametry fizykochemiczne pH, red-ox, 
stężenie tlenu, oraz wykonano analizy laboratoryjne dla wskazania zmian w ChZT, BZT5 , oraz wybranych 
formach biogenów NH4 i PO4. Na podstawie uzyskanych wyników wykazano efektywność oczyszczania 
oraz zamodelowano parametry hydrauliczne instalacji.

Wyniki i wnioski
Wyniki prac eksperymentalnych wskazują na znaczącą efektywność procesu oczyszczania oraz usuwania 
biogenów w instalacjach MBBR. Po zaprojektowaniu odpowiedniej platformy pływającej można będzie tego 
typu instalacji wprowadzić do zdegradowanych zbiorników wodnych w celu ich oczyszczania.

Słowa kluczowe: oczyszczanie ścieków, zanieczyszczenia wód, MBBR, redegradacja zbiorników wodnych


