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Abstract

This study finalizes a series of research previously conducted by the authors that aimed to 
apply polymer floating carriers for municipal wastewater treatment. A two-step technologi-
cal scheme was applied, with a trickling filter reactor in the first step and an activated sludge 
reactor in the second step. Three types of floating carriers were applied in the activated 
sludge reactor. The study took three stages to pursue the goal of organic pollutant and 
nitrogen removal. During the first stage, only one of the three floating carriers demon-
strated results that can be considered positive. Throughout the second and third stages, the 
technological parameters (modified treatment sequence and extended hydraulic retention 
time) were gradually altered to meet current regulatory requirements applied to discharged 
wastewater. The following pollutant values in the effluent were obtained after the third 
stage: BOD5  (2.3 mg/L), NH4  (0.4 mg/L), NO2  (0.1 mg/L), and NO3  (19 mg/L), with the 
filling ratio of the round-shaped polymer floating carrier being 20%.

Keywords: wastewater treatment; nitrification; denitrification; trickling filter; activated 
sludge reactor; floating carrier

1. Introduction
Biochemical treatment of municipal wastewater plays an important role in reducing 

the impact of discharged wastewater on water bodies. In cases where regulations are getting 
stricter, specific limitations (pollutant values, costs, available area, etc.) may be imposed 
during the design stage and especially during the launch of the wastewater treatment plant 
and its service [1,2]. This concerns both new construction and, what is more important for 
municipal systems, modernization of existing plants and the requirement for sustainable 
solutions through the entire life cycle [3,4].

The majority of wastewater treatment plants (WWTPs) that deal with domestic or 
municipal wastewater include various forms of activated sludge reactors (ASRs) in their 
treatment schemes [5]. Wastewater is supplied to ASRs, where it is mixed with activated 
sludge–special colonies of microorganisms, which perform biochemical transformation 
of wastewater components under various oxygen conditions [6]. They could be aerobic, 
anoxic, or anaerobic. The type of oxygen conditions or their combination is defined by the 
applied technology. Typically, each ASR includes an aerobic zone, while the implementation 
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of anoxic and anaerobic zones serves to raise the efficiency of the system with more complex 
elimination of pollutants [7,8]. Aeration systems in ASRs provide oxygen for oxidation 
reactions and maintain activated sludge in a suspended state, preventing its deposition [9]. 
In anoxic and anaerobic zones, special mixers are used to keep the sludge suspended [8,10].

The advantages and drawbacks of known systems are quite well investigated and 
based on long experience of their service [11]. Mostly, ASRs provide intensive biochemical 
reactions that result in the decomposition of pollutants such as biochemical oxygen demand 
(BOD) or nitrogen compounds. However, the operation of an ASR has certain features, 
such as high energy costs spent on aeration and sensitivity of the process to peak pollutant 
loads or toxic compounds that may appear in wastewater [12]. Several zones based on 
dissolved oxygen concentration (DO) make the entire process more efficient but, at the 
same time, more complicated to operate [4,7,13].

Trickling filters (TF, sometimes also called biofilters) present a different type of reactor 
for biochemical decomposition of pollutants. The microflora in TF is attached to the loaded 
carriers through which the flow of wastewater penetrates [14]. Trickling filters have different 
types of hydrodynamics and kinetics in the treatment process. First, microorganisms have 
to be evenly distributed on the surface of the loaded carriers [15]. After the operation 
starts, they also penetrate through the carriers, get attached to them and oxidize pollutants 
with oxygen from the outer air. As a result, TF demonstrates better energy efficiency 
than ASR because its air supply does not require a special aeration system, only filter 
ventilation [16]. In cases of proper operation, TF may show relatively high efficiency in 
organic pollutant removal (BOD) and can perform nitrification—oxidation of ammonium 
to nitrates. However, TF mostly cannot show comparable efficiency to ASR, especially when 
denitrification is required [17,18].

To overcome existing drawbacks, ASR and TF can be united within a multi-step treat-
ment process, contributing to treatment efficiency rise and overall cost reduction [19,20]. 
The application of ASR in the first stage of treatment, with additional treatment at TF, may 
be very efficient in the removal of organic pollutants and ammonium. If TF is set on the 
first stage, it provides preliminary oxidation of organics, while ASR ensures nitrification 
and denitrification if an anoxic zone is implemented [21–23].

Combining ASR and TF may bring several benefits: Since TF performs partial treatment, 
less volume of ASR (and less capital expenditures, correspondingly) may be required. 
Operating expenditures can also be reduced due to lower air supply in ASR. Finally, splitting 
the biochemical process can raise the entire system stability to peak loads [24]. Furthermore, 
additional flexibility of the treatment may be achieved if the microflora in ASR are not 
only suspended but also attached to fixed or floating carriers (MBBR—Moving Bed Biofilm 
Reactor or IFAS—Integrated Fixed Film Activated Sludge) [25–27]. Advantages of both 
technologies may be urgent in case of a WWTP upgrade when its area extension is not 
available or limited.

Floating carriers (FCs) for MBBR or IFAS are typically made of polymers (polyethylene, 
polypropylene, etc.), ensuring the following advantages critical for wastewater treatment:
• The physical stability to degradation in aggressive media (low need for FC replacement);
• A density of 900–950 kg/m3  (less than the density of water) prevents FC elements 

from drowning even when biofilm is attached;
• The specific surface area of 200–600 m2 /m3  provides a high concentration of biomass 

within a limited volume.
The various shapes of FC elements ensure better hydrodynamics and mixing inside 

ASR. Besides the material type, another key parameter of such systems is the filling ratio 
(FR) or the relation of the volume occupied by FCs to the entire volume of ASR. Previous 
research revealed that the FR value may differ from 20 to 70% and mostly determines the 
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hydrodynamic performance of the system, mass transfer efficiency, clogging resistance, and 
overall efficiency [28–31].

The accumulation of biomass on the FC surface establishes a multi-layer cake with 
aerobic microorganisms mostly located in the outer layer and anaerobic microorganisms 
located in the inner layer (because of low oxygen conditions). Such stratification stimulates 
conditions for simultaneous nitrification and denitrification within a single biofilm. In 
other words, the availability of different types of biomass may exclude division of ASR into 
several technological zones (aerobic plus anoxic or anaerobic) and simplify the operation 
of the reactor [32–36].

Several studies revealed that the combined application of TFs with IFAS or MBBR 
may be considered when an overall efficiency rise in WWTP is required. As previously 
highlighted, the addition of activated sludge solutions to trickling filters may be urgent 
in case of their upgrade. In the study by Li et al., the operation of the TFF + IFAS system 
demonstrated stability to shock loads in addition to improved treatment efficiency [37]. 
Implementation of the complex treatment scheme of MBBR + TF1 + TF2 resulted in a 50% 
efficiency increase for nitrogen removal with reduced waste activated sludge flow due to 
attached biomass [38].

Current research is based on the results of research conducted by the authors in 2020 
and 2022 [39,40]. Table 1 shows the results of research [40], demonstrating the required 
efficiency of BOD and ammonium removal as well as the level of nitrates after treatment.

Table 1. Comparison of previously obtained results and the required values.

Mean Values After 
Treatment [40]

Required Values

FWB [41] Cat. A [42] Cat. B [2]

BOD5 
[mgO2 /L] 2.0 2.1 3.0 8.0

NH4  [mg/L] 0.5 0.5 1.3 1.3
NO2  [mg/L] 1.0 0.08 0.4 0.4
NO3  [mg/L] 25.1 40.0 40.0 40.0

Note: FWB—fishery water body; Cat. A—water body of category A; Cat. B—water body of category B.

However, the efficiency of nitrite elimination was not enough to meet any of the 
requirements for wastewater discharge (see Table 1). Insufficient removal of nitrites also 
indicates incomplete nitrification, as the conversion of ammonium into nitrites and nitrates 
was not fully accomplished. Therefore, the aim of this study is to address the remaining gap 
in the treatment efficiency and to contribute to the existing experience of the implementation 
of combined technological sequences that may include both trickling filters and activated 
sludge reactors.

2. Materials and Methods
Since the study targeted the improvement of previously obtained results, some of the 

initial conditions remained constant. Thus, the applied FCs demonstrated an overall high 
level of efficiency in removing the majority of pollutants, and it was decided to leave them 
unchanged (Figure 1).

The main alteration throughout this study was the treatment sequence. Previously, the 
ASR with inserted floating carriers acted as a first stage, and a trickling filter reactor (TFR) 
was the second. The idea was that the TFR’s main role was to eliminate excess pollution 
after the main phase in ASR. Currently, the scheme was rearranged so that treatment started 
in the TFR and was finalized in ASR (Figure 2).
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(a) (b) (c) 

Figure 1. Floating carriers used in the research: (a) Polystyrene (PS); (b) Polyvom (PV); (c) Bioballs 
(BBs).

Figure 2. Scheme of the lab-scale model: 1—wastewater influent; 2—TFR; 3—biomass carrier in 
TFR; 4—effluent from TFR to ASR; 5—ASR; 6—floating carrier; 7—aeration diffuser; 8—air supply; 
9—compressor; 10—discharge of treated wastewater for clarification; 11—secondary clarifier (SC); 
12—effluent; 13—recirculated activated sludge (RAS).

After biochemical decomposition of pollutants, the wastewater was discharged into a 
secondary clarifier to separate treated water and activated sludge. After settling, the sludge 
was returned (RAS) to the TFR.

Both reactors were made from transparent Plexiglas vertical columns of 1.0 m in height 
and 0.1 m in diameter (the volume was 8 L, respectively). The height of the biomass carrier 
(Figure 3) loaded in TFR was 0.9 m. The type of the carrier in TFR remained unchanged in 
comparison with previous research (Figure 3).

The research bench was supplied with the synthetic wastewater based on the enzymatic 
peptone with the addition of sodium chloride, potassium nitrate, and soda ash in a ratio of 
100/62.5/1.1/14.7 g per 100 L of water. The applied relations were experimentally obtained 
to correspond to the values of pollutants that are typical for the Russian Federation.
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Figure 3. TFR biomass carrier.

To accelerate biomass colonization at the start of the research, the biofilm and activated 
sludge taken from the real WWTP were preliminarily added to TFR and ASR, respectively.

During the research, continuous sampling was conducted to estimate the efficiency of 
treatment for the following parameters: BOD, total suspended solids (TSS), ammonium, 
nitrites, nitrates, and DO. There were also periodic estimations of pH values carried out.

BOD was measured using WTW OxiTop IS 12 (Xylem Analytics, San Diego, CA, USA); 
the samples were stored in a WTW TS 608/2-i thermostat (Xylem Analytics, San Diego, CA, 
USA). NH4 , NO2 , and NO3  were determined using the Hach Lange DR6000 instrument 
(Hach, Loveland, CO, USA). The DO was measured by the WTW Oxi 3205 2BA101 (Xylem 
Analytics, San Diego, CA, USA). pH values were measured by the HANNA Edge instrument 
with a pH sensor (Hanna Instruments, Woonsocket, RI, USA).

As far as the existing experience demonstrated that the demanded efficiency of treat-
ment might take several iterations within the research, the scheme of the research was not 
preliminarily defined. After the research was completed, its sequence became as shown in 
Figure 4.

Figure 4. Research sequence.
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3. Results and Discussion
3.1. Stage 1 of the Research

Within stage 1, three parallel benches with three different floating carriers installed in 
each ASR were launched to provide similar conditions for the experiment. Despite the fact 
that one of the FCs previously demonstrated better performance [40], the efficiency relation 
may differ after the treatment sequence has been altered. The flowrates were 40 L/d for 
influent and 10 L/d for RAS, respectively. This gave an HRT of 5 h in ASR and 2.5 h in SC, 
respectively. Each on the bench was equipped with its own feeding tank. Within this stage, 
the DO value was held at the level of 6 mg/L.

The filling ratios were taken according to previous research data [39]:
• PS—10% (bench #1).
• PV—20% (bench #2).
• BB—20% (bench #3).

Figures 5 and 6 reveal the intensity and BOD and ammonia removal within stage 1; 
Figures 7 and 8 show nitrite and nitrate values.

Figure 5. BOD removal intensity for benches with corresponding floating carriers: BB (black); PS 
(green); PV (orange).

Figure 6. NH4  removal intensity for benches with corresponding floating carriers: BB (black); PS 
(green); PV (orange).
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Figure 7. NO2  concentration change for benches with corresponding floating carriers: BB (black); PS 
(green); PV (orange).

Figure 8. NO3  concentration change for benches with corresponding floating carriers: BB (black); PS 
(green); PV (orange).

The research at this stage took three months, excluding two weeks of the launch period. 
Figure 5 shows that the BOD5  removal was comparable in the three benches, with a bit 
better efficiency on bench #3, where the BB-FC was inserted into the ASR.

Bench #3 also showed the best of the three efficiencies in ammonium removal (97%, 
Table 2). It is worth noting that the ammonium removal effect in benches #1 and #3 was 
comparable, at 97% and 91%, respectively, while bench #2 showed an efficiency only at the 
level of 43%. Presumably, it occurred because of the clogging of the PV floating carrier, 
which led to delayed nitrification or even ammonification. As a result, nitrogen conversion 
for the ASR with this type of FC was incomplete, which was also proven by the dynamics 
of nitrites and nitrates.

Overall, bench #3 (with the BB floating carrier) demonstrated better efficiency of BOD 
and ammonium removal among the three under operation at 96.3% and 97%, respectively. 
Bench #1 (ASR with PS floating carrier) showed efficiencies for these components at the 
level of 91%, and bench #2 demonstrated efficiencies of 95% and 43%, respectively. The 
latter fact was unexpected, since previously the lab bench with this type of floating carrier 
showed better performance, among others [40]. Sporadic measurements showed that 
pH values were in the range between 7.0 and 8.0, providing the demanded conditions 
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for nitrification and denitrification. This also demonstrated that the accepted wastewater 
composition provides typical conditions for the medium and has no negative effect on the 
treatment process.

Table 2. Mean operation values for lab benches.

Bench

Mean Values [mg/L] MLSS

BOD5 NH4 [g/L]

Inf. Eff. Eff% Inf. Eff. Eff% Free Att.

Bench #1 166 15.7 91 25.7 2.3 91 0.84 0.2
Bench #2 193.0 9.5 95 29.0 17.0 43 0.65 0.9
Bench #3 169 6.2 * 96.3 28.1 0.8 * 97 0.75 0.3

Note: * values meet Cat. B requirements (see Table 1); Inf.—influent; Eff.—effluent; Att.—MLSS of 
attached biomass.

In terms of absolute values of BOD, ammonium, and nitrates, only bench #3 complied 
with the current regulation for discharge to the Category B water bodies (see Table 1); 
stricter requirements were not met. The concentration of nitrites was still far from regulation 
values, witnessing incomplete nitrogen transformation. The spread of obtained values in 
discharge revealed some kind of instability of treatment processes for all benches. Thus, it 
can be preliminarily concluded that the change in the reactor sequence did not lead to a 
significant improvement in the treatment quality. Since further efficiency improvement was 
required and only bench #3 showed results that correspond (partially) to regulation, it was 
decided to continue research only with bench #3 (TFR + ASR with BB floating carrier).

3.2. Stage 2 of the Research
Within a previous stage, it was noted that an inlet of a large amount of obsolete biofilm 

from TFR to ASR can negatively affect the operation of ASR and, in particular, may provoke 
secondary contamination. Therefore, in order to stabilize the bench operation, it was 
decided to divide the secondary sedimentation process into two stages. After the TFR, 
an intermediate clarifier (IC) was installed, whose main task was the partial retention of 
biofilm discharging from the TFR. In addition to limiting the biofilm discharge, this measure 
contributes to maintaining a low mixed liquor suspended solids value (MLSS) in the ASR. 
The HRT in the ASR remained at 5 h. Within this stage, the DO value was held at the level 
of 6 mg/L. The adjusted treatment sequence scheme is shown in Figure 9.

Since only one bench (bench #3 with the BB floating carrier) revealed results that 
partially meet current regulation, the research within stage 2 was continued, with one 
bench remaining. The removal efficiencies of BOD and NH4  at stages 1 and 2 are shown 
in Figures 10 and 11; nitrite and nitrate dynamics (also for two stages) are shown in 
Figures 12 and 13.

Table 3 shows that the mean value of BOD concentration increased to 200 mgO2 /L 
(+18% compared to stage 1), and the mean influent concentration of NH4  pollutants grew 
by 9% (up to 30.8 mg/L). Despite the increased pollutant concentration in the influent, the 
efficiency of BOD and ammonia removal showed no decrease. It was assumed that the 
introduction of the intermediate clarifier contributed to the stability of pollutant removal. 
The values in the discharge flow were practically similar to stage 1 and corresponded to 
Cat. B requirements (table) for BOD (5.7 vs. 8.0 mgO2 /L), ammonium (0.8 vs. 1.3 mg/L), 
and nitrates (20.3 vs. 40.0 mg/L). Stricter requirements were still not reached. It is worth 
noting that even despite a relatively high DO value, pollutant oxidation was not sufficient. 
The mean value of nitrite concentration also remained similar, significantly exceeding any 
of the required values (1.0 mg/L vs. 0.08 or 0.4 mg/L); the nitrogen transition is still 
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incomplete, presumably because longer HRT is required. The positive circumstance was 
that the treatment process showed stability at a low value of MLSS. Periodic control of pH 
demonstrated stability of values in the range of 7.0 to 8.0.

 

Figure 9. Scheme of the modified lab-scale model: 1—wastewater influent; 2—TFR; 3—biomass carrier 
in TFR; 4—effluent from TFR; 5—intermediate clarifier (IC); 6—ASR; 7—floating carrier; 8—aeration 
diffuser; 9—air supply; 10—compressor; 11—discharge of treated wastewater for clarification; 12—SC; 
13—effluent; 14—RAS.

Figure 10. BOD5  removal intensity: stage 1 (black); stage 2 (green).
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Figure 11. NH4  removal intensity: stage 1 (black); stage 2 (green).

Figure 12. Comparison of NO2  dynamics within stages: stage 1 (black); stage 2 (green).

Figure 13. Comparison of NO3  dynamics within stages: stage 1 (black); stage 2 (green).
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Table 3. Comparison of treatment process at stages 1 and 2 of the research.

Mean Values Stage 1 Stage 2

BOD5 

Influent [mg/L] 169 200
TFR discharge [mgO2 /L] 52.4 50.4
ASR discharge [mgO2 /L] 6.2 5.7

ASR efficiency [%] 88 88
Overall efficiency [%] 96 97

NH4 

Influent [mg/L] 28.1 30.8
TFR discharge [mg/L] 9.4 10.4
ASR discharge [mg/L] 0.8 0.8

ASR efficiency [%] 92 93
Overall efficiency [%] 97 98

NO2 
TFR discharge [mg/L] 1.3 1.2
ASR discharge [mg/L] 1.0 1.0

NO3 
TFR discharge [mg/L] 4.6 7.7
ASR discharge [mg/L] 12.5 20.3

MLSS [g/L]
Free floating 0.75 0.83

Attached 0.3 0.3

Despite the initial goal, two stages of the study indicated no major progress on nitrite 
elimination (Figure 12). If combined with a level of ammonia removal (lower than expected; 
Figure 11) and values of nitrates in the effluent (Figure 13), the overall result of the research 
may be considered moderate.

3.3. Stage 3 of the Research
After obtaining the results of the first two stages of the study, it was assumed that an 

HRT of 5 h does not allow performing a full cycle of nitrification and denitrification.
Within stage 3, the bench was technologically adjusted. The hydraulic retention time in 

the activated sludge reactor was extended to 8 h. Return flow from the secondary clarifier 
dropped to a 100% ratio. Alteration of these two values was assumed to have a positive 
impact on both nitrification (by prolonged transition of ammonia into nitrites and nitrates) 
and denitrification (by limiting the amount of chemically bound oxygen that is contained 
in a return flow and might decelerate denitrification).

Figures 14 and 15 compare the removal efficiencies of BOD and NH4  at stages 1, 2, 
and 3, respectively. Nitrite and nitrate dynamics (also for three stages) are shown in 
Figures 16 and 17. 

After stages 1 and 2, the removal of BOD and ammonium had high efficiency, but that 
was not enough to meet the strictest requirements for discharging wastewater (see Table 1). 
The results of stage 3 demonstrated that this was mainly due to an insufficient HRT of 5 h. 
Extending the HRT to 8 h resulted in improved decomposition of these pollutants so that 
the required values were achieved (2.3 mg/L and 0.4 mg/L, respectively).

Complete nitrification and denitrification at the previous stages were not achieved, 
as the nitrite value was far from the requirements. And as stage 3 revealed, insufficient 
retention time was the factor limiting the efficiency of treatment. After stage 3, the mean 
nitrite value in the discharge dropped from 1.0 mg/L (stages 1 and 2) to 0.1 mg/L.
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Figure 14. BOD5  removal dynamics: stage 1 (black); stage 2 (green); stage 3 (orange).

Figure 15. NH4  removal dynamics: stage 1 (black); stage 2 (green); stage 3 (orange).

Figure 16. Comparison of NO2  dynamics within stages: stage 1 (black); stage 2 (green); stage 3 
(orange).
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Figure 17. Comparison of NO3  dynamics within stages: stage 1 (black); stage 2 (green); stage 3 
(orange).

The obtained values meet the requirements for discharge in water bodies of categories 
A and B (0.1 mg/L vs. 0.4 mg/L) and almost meet the strictest requirement for discharging 
wastewater into fishery water bodies (0.1 mg/L vs. 0.08 mg/L). Slightly higher values 
may be explained by the quite short period of the experiment, and a longer period of 
treatment will result in stable performance for this parameter. Nitrate values remained 
under requirements. Control of pH revealed no significant changes in comparison to values 
that were previously obtained.

The overall results of the experiment are shown in Table 4. It demonstrates that 
the system was operated under pollutant conditions similar to the real influent values 
typical for the Russian Federation. An HRT of 5 h may demonstrate the required efficiency 
of treatment for 1 of 4 investigated parameters and partially required efficiency for 2 of 
4 parameters. An extended retention time of 8 h almost eliminated the observed gaps. 
The inverse scheme to [40] maintained stability in the system and provided enhanced 
biochemical transformation of nitrogen.

Table 4. Comparison of treatment processes in stages 1, 2, and 3 of the research.

Mean Values Stage 1 Stage 2 Stage 3

BOD5 

Influent [mg/L] 169 200 183.2
TFR discharge [mgO2 /L] 52.4 50.4 49.6
ASR discharge [mgO2 /L] 6.2 5.7 2.3

ASR efficiency [%] 88 88 93
Overall efficiency [%] 96 97 98

NH4 

Influent [mg/L] 28.1 30.8 36.4
TFR discharge [mg/L] 9.4 10.4 11.3
ASR discharge [mg/L] 0.8 0.8 0.4

ASR efficiency [%] 92 93 97
Overall efficiency [%] 97 98 99

NO2 
TFR discharge [mg/L] 1.3 1.2 1.0
ASR discharge [mg/L] 1.0 1.0 0.1
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Table 4. Cont.

Mean Values Stage 1 Stage 2 Stage 3

NO3 
TFR discharge [mg/L] 4.6 7.7 15.2
ASR discharge [mg/L] 12.5 20.3 18.4

MLSS [g/L]
Free floating 0.75 0.83 0.7

Attached 0.3 0.3 0.3

Overall, it is worth noting that the results were obtained with a relatively low filling 
ratio compared to some of the previous research [43–45]. In some cases, a filling ratio up to 
50% is required, but these values may be influenced by the inlet concentrations of pollutants 
in wastewater [46]. The entire experiment was carried out under low values of biomass 
concentration in the ASR, which also means lower costs for the entire system operation.

4. Conclusions
1. The current research built on previous research by the authors in order to meet the 

required values of pollutants in the discharged wastewater. A modified technological 
sequence was applied with a trickling filter in the first step and an activated sludge 
reactor in the second step.

2. When comparing three types of floating carriers, the BB type showed 96% removal 
efficiency of BOD and ammonium compared to 91% efficiency for PS and 95% and 
43% efficiency for PV, respectively. Since only in the case of BB were the require-
ments partially achieved, further improvement of treatment was made with only one 
floating carrier.

3. Slight enhancement of the treatment sequence by the introduction of an intermediate 
clarifier after a TF play almost has no role in efficiency improvement as far as treatment 
duration is concerned. ASR was not enough for complete elimination of organic 
pollutants and ammonium. However, the introduction of intermediate sedimentation 
between biological reactors contributed to the stability of the treatment and may play 
a positive role in cases of shock loads.

4. The extended HRT to 8 h helped to achieve an initial goal of the study, showing 98% and 
99% efficiency for BOD and ammonium removal with 2.3 mg/L and 0.4 mg/L values in 
discharged wastewater, respectively. And what is more important, the required values 
for nitrites (0.1 g/L) and nitrates (18.4 mg/L) were also achieved, revealing complete 
nitrogen transformation.

5. The obtained results were still demonstrated under conditions of low biomass concen-
tration in the activated sludge reactor. Moreover, the simultaneous nitrification and 
denitrification may be justified, since the ASR was operated under aerobic conditions 
(without addition of anoxic and/or anaerobic zones).

6. The research had a focus on the removal of BOD and nitrogen in various forms, and 
only a few pieces of attention were paid to phosphorus removal, since its biochemical 
decomposition may be limited. Thus, research on parameter adjustment to perform 
dephosphotation combined with BOD and nitrogen removal may be of certain interest 
for future studies. Due to the known limitations of biological phosphorus removal, 
there is an obvious rationale to investigate the combination of biological and chemical 
methods to achieve required values set by the regulation documents. Simultaneous 
removal of organic pollutants and nutrients (both nitrogen and phosphorus) will 
provide a solid basis for sustainable wastewater treatment, contributing to 10 of the 
17 Sustainable Development Goals (SDGs).
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