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Abstract 

Wastewater treatment plants (WWTPs), which operate due 

to the vital activity of microorganisms, often do not achieve high 

nitrogen and phosphorus removal from wastewater. Nitrogen 

and phosphorus compounds in treated wastewater enter surface 

water bodies and cause their eutrophication. The effective 

treatment of wastewater is essential for creating a sustainable 

environment. Three WWTPs were selected with similar effluent 

discharges (10 m3/d) and the removal of pollutants was 

analyzed. Chemical analysis data of wastewater samples of 

WWTPs effluent was collected and evaluated for each quarter 

for 5 years (2017-2021). The results showed that 76.67% of the 

residual total phosphorus concentration, 1.67% of biochemical 

oxygen demand (BOD7), and 25% of total nitrogen from all 

analyzed samples did not meet the requirements for treated 

wastewater. In order to achieve a higher level of removal of 

nitrogen and phosphorus compounds, additional tertiary 

treatment is recommended. 
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I. INTRODUCTION 
Biological wastewater treatment, which operates due to the vital 

activity of microorganisms, is the main method of domestic 

wastewater treatment. Wastewater treatment plants (WWTPs) with 

conventional technology do not always meet the stricter 

requirements for the quality of treated wastewater [1]. The main 

wastewater treatment process can not completely remove nitrogen 

(N) and phosphorus (P) compounds. Often WWTPs with low flow 

of wastewater release the higher residual concentrations of these 

compounds in the treated wastewater. Untreated or insufficiently 

treated wastewater pollutes the natural environment: land, soil, 

lakes, rivers, or other bodies of water and groundwater [2]. Nitrogen 

and phosphorus compounds in treated wastewater enter surface 

water bodies and cause their eutrophication. The concentration of 

nitrogen and phosphorus compounds is higher than normal in 

surface water bodies [3, 4]. Eutrophication threatens the supply of 

drinking water, recreation, and fish and wildlife habitats [5, 6]. The 

condition of many European water bodies is poor due to 

eutrophication [7]. The European water policy aims to achieve good 

ecological status (defined as a small deviation from near-natural 

conditions) in all rivers, lakes, coastal and intermediate waters by 

2027 at the latest [8].  

Three WWTPs were selected with similar effluent discharges (10 

m3/d) in order to find out the efficiency of pollutants removal from 

wastewater and determine the need for tertiary treatment of 

wastewater. 

II. METHODS 
Three WWTPs with a flow rate of 10 m3 per day but with a 

population equivalent (PE) less than 10000 were selected in 

Lithuania. 

The data of wastewater quality before and after wastewater 

treatment from real wastewater treatment systems were collected 

and evaluated for each quarter for 5 years (2017-2021), with a total 

of 20 wastewater samples per WWTP.  

Chemical analysis data of wastewater quality consisted of pH, total 

suspended solids (TSS), chemical oxygen demand (COD), 

biochemical oxygen demand (BOD7), ammonium nitrogen (NH4-

N), nitrate nitrogen (NO3-N), nitrite nitrogen (NO2-N), total nitrogen 

(TN), ortho-phosphate phosphorus (PO4-P) and total phosphorus 

(TP) concentrations. The standard analytical methods were applied 

to analyze the parameters listed above: EN ISO 10523:2012; EN 

872:2005; ISO 6060:2003; EN 1899-1:2000; ISO 7150-1:1998; ISO 

7890-3:1998; EN 26777:1999; EN 25663-2000; EN ISO 6878-

2004; EN ISO 6878-2005. Selected data were processed statistically 

by applying a confidence interval of 95 % and values of arithmetical 

average, maximum, minimum, median, and standard deviation were 

calculated.  

Wastewater chemical analysis results were compared to 

requirements for the quality of treated wastewater in Lithuania 

(DLK): an instantaneous maximum permitted concentration is 23 

mg/L for BOD7; an instantaneous maximum permitted 

concentration is 2 mg/L for TP; an instantaneous maximum 

permitted concentration is 20 mg/L for TN. BOD7, TP and TN 

removal efficiency from wastewater must reach 70-90%, 80% and 

70-80%, respectively [9].  An analysis has been carried out to 

evaluate how much requirements for the quality of treated 

wastewater are met. 
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III. RESULTS 

A. Removal efficiency 
 The results of BOD7 in treated wastewater from the first WWTP 

(1), the second WWTP (2), and the third WWTP (3) are shown in 

Figure 1.  

The initial average concentration of BOD7 before WWTPs was 400 

mg/L. 

The average concentration of BOD7 in the treated wastewater in the 

first WWTP was 12.64 mg/L, the minimum - 4.26 mg/L, and the 

highest – 22 mg/L.  

The average concentration of BOD7 in the treated wastewater in the 

second WWTP was 13 mg/L, the minimum – 6.12 mg/L, and the 

highest – 24 mg/L. 

The average concentration of BOD7 in the treated wastewater in the 

third WWTP was 9.49 mg/L, the minimum – 3.32 mg/L, and the 

highest – 17 mg/L. 

According to the BOD7 indicator, all the WWTPs meet the 

requirements (Fig. 1). Only 1 unallowable concentration (24 mg/L) 

of BOD7 was detected (1.67% of total samples). 

The results of total nitrogen in treated wastewater from the first 

WWTP (1), the second WWTP (2), and the third WWTP (3) are 

shown in Figure 2. 

The initial average concentration of TN before WWTPs was 80 

mg/L. 

The average concentration of TN in the treated wastewater in the 

first WWTP was 15.73 mg/L, the minimum - 4.2 mg/L, and the 

highest – 44.8 mg/L.  

The average concentration of TN in the treated wastewater in the 

second WWTP was 16.88 mg/L, the minimum – 9.9 mg/L, the 

highest –33.7 mg/L. 

The average concentration of TN in the treated wastewater in the 

third WWTP was 17.81 mg/L, the minimum – 8.1 mg/L, the highest 

– 47.2 mg/L. 

15 unallowable concentrations of TN were detected (25 % of total 

samples). 

The results of total phosphorus in treated wastewater from the first 

WWTP (1), the second WWTP (2), and the third WWTP (3) are 

shown in Figure 3. 

 The initial average concentration of TP before WWTPs was 10 

mg/L. 

The average concentration of TP in the treated wastewater in the first 

WWTP was 2.63 mg/L, the minimum – 0.8 mg/L, and the highest – 

5.29 mg/L.  

The average concentration of TP in the treated wastewater in the 

second WWTP was 3.29 mg/L, the minimum – 1.43 mg/L, and the 

highest – 6.89 mg/L. 

The average concentration of TP in the treated wastewater in the 

third WWTP was 2.9 mg/L, the minimum – 1.42 mg/L, and the 

highest – 5.15 mg/L. 

46 unallowable concentrations of TP were detected (76.67 % of total 

samples).  

The results of total phosphorus removal efficiency in the first 

WWTP (1), the second WWTP (2), and the third WWTP (3) are 

shown in Figure 4. 

Figure 1. BOD7 residual concentration compliance with the 

requirements (DLK)  

Figure 2. Total nitrogen residual concentration compliance 

with the requirements (DLK)  

Figure 3. Total phosphorus residual concentration 

compliance with the requirements (DLK)  

Figure 4. Total phosphorus removal efficiency compliance 

with the requirements (DLK)  



International Conference on Innovations in Energy Engineering & Cleaner Production IEECP22                                                    

 

3 

 

The efficiency of TP removal was less likely to meet the 

requirements for the quality of treated wastewater: only 18.3 % met 

the requirements and 81.7 % did not. 

It should be noted that the maximum permitted concentrations were 

exceeded by the quarterly average concentrations. Therefore, 

instantaneous concentrations could have been even higher. 

B. Removal of nitrogen 

Wastewater treated in conventional wastewater treatment plants 

with activated sludge has a low concentration of organic 

compounds, but high nitrate concentrations [10]. After biological 

wastewater treatment, nitrate nitrogen theoretically accounts for the 

majority of total nitrogen, because total nitrogen concentration in 

wastewater is reduced during biological treatment by nitrification 

(aerobic respiration: oxidation of ammonia to nitrates and nitrites) 

and denitrification (anoxic respiration: reduction of nitrates to 

gaseous nitrogen) [11]. 

Examining the data of wastewater treatment protocols for the 

selected period, the distribution of ammonium nitrogen and nitrate 

nitrogen in the concentration of total nitrogen was determined for 

each treatment plant. 

In Figure 5 can be seen, that in treated wastewater from the first 

WWTP ammonium nitrogen or nitrate nitrogen accounts for the 

majority of total nitrogen at a different quarter of the year. Also, the 

average percentage amount of ammonium nitrogen in the total 

nitrogen concentration was 43.4 % and the amount of nitrate 

nitrogen in the total nitrogen concentration was 27.1 %. 

The average concentration of ammonium nitrogen in the treated 

wastewater in the first WWTP was 6.82 mg/L and the average 

concentration of nitrate nitrogen was 4.26 mg/L. 

So, in most cases, the total nitrogen concentration consisted of 

ammonium nitrogen in the 1st WWTP. 

In Figure 6 is shown, that in treated wastewater from the second 

WWTP ammonium nitrogen accounts for the majority of total 

nitrogen at a different quarter of the year. Also, the average 

percentage amount of ammonium nitrogen in the total nitrogen 

concentration was 68.2 % and the amount of nitrate nitrogen in the 

total nitrogen concentration was only 7.2 %. 

The average concentration of ammonium nitrogen in the treated 

wastewater in the second WWTP was 11.52 mg/L and the average 

concentration of nitrate nitrogen was 1.21 mg/L. 

So, in most cases, the total nitrogen concentration consisted of 

ammonium nitrogen in the 2nd WWTP. 

In Figure 7 is shown, that in treated wastewater from the third 

WWTP ammonium nitrogen accounts for the majority of total 

nitrogen at a different quarter of the year. Also, the average 

percentage amount of ammonium nitrogen in the total nitrogen 

concentration was 59.6 % and the amount of nitrate nitrogen in the 

total nitrogen concentration was only 13.3%. 

The average concentration of ammonium nitrogen in the treated 

wastewater in the third WWTP was 10.61 mg/L and the average 

concentration of nitrate nitrogen was 2.37 mg/L. 

So, in most cases, the total nitrogen concentration consisted of 

ammonium nitrogen in the 3rd WWTP. 

Summarizing the nitrogen removal results, it can be said that a 

similar situation was found in three different WWTPs with the same 

flow rate - the concentration of ammonium nitrogen accounted for 

most of the total nitrogen concentration. These WWTPs have a 

problem with the nitrification process. It is important information 

for designing the tertiary wastewater treatment to achieve a higher 

level of removal of nitrogen compounds.  

Obviously, before applying additional (tertiary) wastewater 

treatment, the composition of total nitrogen compounds in each 

treatment plant must be assessed.  

Figure 5. Distribution of ammonium nitrogen and nitrate 

nitrogen in the total nitrogen concentration in 1st WWTP 

Figure 6. Distribution of ammonium nitrogen and nitrate 

nitrogen in the total nitrogen concentration in 2nd WWTP 

Figure 7. Distribution of ammonium nitrogen and nitrate 

nitrogen in the total nitrogen concentration in 3rd WWTP 
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C. Removal of phosphorus 

When considering conventional phosphorus removal technologies, 

a few key factors must be taken into account. Firstly, there is the 

requirement to remove up to 80% of incoming TP load to meet the 

current discharge requirement of 2 mg/L. In conventional 

wastewater treatment plants, approximately 10% of total 

phosphorus can be removed during solids settling and 30% during 

the biological metabolism of microorganisms [12]. Consequently, 

phosphorus is removed inefficiently and an additional 40% removal 

of P is required. 

The distribution of phosphate phosphorus in the concentration of 

total phosphorus was determined for each treatment plant. 

In Figure 8 can be seen, that in treated wastewater from the first 

WWTP the phosphate phosphorus accounts for the majority of the 

total phosphorus concentration. Also, the average percentage 

amount of phosphate phosphorus in the total phosphorus 

concentration was 72.9 %. 

The average concentration of phosphate phosphorus in the treated 

wastewater in the first WWTP was 1.92 mg/L and the average 

concentration of total phosphorus was 2.63 mg/L. 

In Figure 9 is shown, that in treated wastewater from the second 

WWTP the phosphate phosphorus accounts for the majority of the 

total phosphorus concentration. Also, the average percentage 

amount of phosphate phosphorus in the total phosphorus 

concentration was 71.6 %. 

The average concentration of phosphate phosphorus in the treated 

wastewater in the second WWTP was 2.36 mg/L and the average 

concentration of total phosphorus was 3.29 mg/L. 

 

 

In Figure 10 is shown, that in treated wastewater from the third 

WWTP the phosphate phosphorus accounts for the majority of the 

total phosphorus concentration. Also, the average percentage 

amount of phosphate phosphorus in the total phosphorus 

concentration was 71.2 %. 

The average concentration of phosphate phosphorus in the treated 

wastewater in the third WWTP was 2.06 mg/L and the average 

concentration of total phosphorus was 2.90 mg/L. 

It can be assumed, that the phosphate concentration of phosphates 

makes up the major part (about 70%) of total phosphorus. The 

orthophosphate (PO4-P) is the most abundant form in domestic 

wastewater: it represents 60–85% of total phosphorus due to the 

hydrolysis of polyphosphates and organic phosphates [13]. 

In this study, it was found that the main pollutants in the wastewater, 

that cause eutrophication - nitrogen and phosphorus, were not 

removed effectively. In order to protect the environment around us, 

water resources, also to reduce eutrophication, it is necessary to 

install tertiary wastewater treatment plants, that will reduce residual 

concentrations of nitrogen and phosphorus compounds. It is 

recommended that tertiary wastewater treatment plants should not 

be expensive to install and operate, should be environmentally 

friendly, and be suitable for small and medium-sized wastewater 

treatment plants. Also, before applying tertiary wastewater 

treatment, the composition of wastewater pollutants in each 

treatment plant must be assessed. 

IV. CONCLUSIONS 
The results showed that 76.67% of the residual total phosphorus 

concentration, 1.67% of biochemical oxygen demand (BOD7), and 

25% of total nitrogen from all analyzed samples did not meet the 

requirements for treated wastewater. The efficiency of total 

phosphorus removal did not meet the requirements for the quality of 

treated wastewater in 81.7 % of cases. The results justified the need 

for tertiary treatment of wastewater in all three WWTP. In order to 

achieve a higher level of removal of nitrogen and phosphorus 

compounds, additional tertiary treatment is recommended.  

REFERENCES 

 

[1] Crini, G., & Lichtfouse, E. (2019, March 1). Advantages and 
disadvantages of techniques used for wastewater treatment. 
Environmental Chemistry Letters, Vol. 17, pp. 145–155. 
https://doi.org/10.1007/s10311-018-0785-9 

[2] Farkas, K., Walker, D. I., Adriaenssens, E. M., McDonald, J. E., 
Hillary, L. S., Malham, S. K., & Jones, D. L. (2020, August 15). Viral 
indicators for tracking domestic wastewater contamination in the 
aquatic environment. Water Research, Vol. 181, p. 115926. 
https://doi.org/10.1016/j.watres.2020.115926 

Figure 8. Distribution of phosphate phosphorus in the total 

phosphorus concentration in 1st WWTP 

Figure 9. Distribution of phosphate phosphorus in the total 

phosphorus concentration in 2nd WWTP 

Figure 10. Distribution of phosphate phosphorus in the total 

phosphorus concentration in 3rd WWTP 



International Conference on Innovations in Energy Engineering & Cleaner Production IEECP22                                                    

 

5 

 

[3] Bali, M., & Gueddari, M. (2019). Removal of phosphorus from 
secondary effluents using infiltration–percolation process. Applied 
Water Science, 9(3), 3. https://doi.org/10.1007/s13201-019-0945-5 

[4] Powley, H. R., Dürr, H. H., Lima, A. T., Krom, M. D., & Van 
Cappellen, P. (2016). Direct Discharges of Domestic Wastewater are a 
Major Source of Phosphorus and Nitrogen to the Mediterranean Sea. 
Environmental Science & Technology, 50(16), 8722–8730. 
https://doi.org/10.1021/acs.est.6b01742 

[5] Culhane, F., Teixeira, H., Nogueira, A. J. A., Borgwardt, F., Trauner, 
D., Lillebø, A., … Robinson, L. A. (2019). Risk to the supply of 
ecosystem services across aquatic ecosystems. Science of the Total 
Environment, 660, 611–621. 
https://doi.org/10.1016/j.scitotenv.2018.12.346 

[6] Lv, N., Li, T., Liu, H., Belarbi, Z., Daramola, D. A., & Trembly, J. P. 
(2020). Phosphate removal from wastewater using reinforced feed 
material at the tertiary treatment stage. IOP Conference Series: 
Materials Science and Engineering, 869(4), 042023. 
https://doi.org/10.1088/1757-899X/869/4/042023 

[7] Renman, A., & Renman, G. (2022). Removal of Phosphorus from 
Hypolimnetic Lake Water by Reactive Filter Material in a 
Recirculating System&mdash;Laboratory Trial. Water 2022, Vol. 14, 
Page 819, 14(5), 819. https://doi.org/10.3390/W14050819 

[8] Poikane, S., Kelly, M. G., Salas Herrero, F., Pitt, J. A., Jarvie, H. P., 
Claussen, U., … Phillips, G. (2019). Nutrient criteria for surface waters 
under the European Water Framework Directive: Current state-of-the-
art, challenges and future outlook. Science of The Total Environment, 
695, 133888. https://doi.org/10.1016/J.SCITOTENV.2019.133888 

[9] Ministry of Environment of the Republic of Lithuania. Regulation on 
Wastewater Management of the Republic of Lithuania (In Lithuanian 
Language: LR Nuotekų Tvarkymo Reglamentas). (2006). 

[10] Chang, J. J., Wu, S. Q., Dai, Y. R., Liang, W., & Wu, Z. Bin. (2013). 
Nitrogen removal from nitrate-laden wastewater by integrated vertical-
flow constructed wetland systems. Ecological Engineering, 58, 192–
201. https://doi.org/10.1016/j.ecoleng.2013.06.039 

[11] Jaramillo, F., Orchard, M., Muñoz, C., Zamorano, M., & Antileo, C. 
(2018, July 15). Advanced strategies to improve nitrification process in 
sequencing batch reactors - A review. Journal of Environmental 
Management, Vol. 218, pp. 154–164. 
https://doi.org/10.1016/j.jenvman.2018.04.019 

[12] Bunce, J. T., Ndam, E., Ofiteru, I. D., Moore, A., & Graham, D. W. 
(2018, February 22). A review of phosphorus removal technologies and 
their applicability to small-scale domestic wastewater treatment 
systems. Frontiers in Environmental Science, Vol. 6, p. 8. 
https://doi.org/10.3389/fenvs.2018.00008 

[13] Bali, M., & Gueddari, M. (2019). Removal of phosphorus from 
secondary effluents using infiltration–percolation process. Applied 
Water Science, 9(3), 3. https://doi.org/10.1007/s13201-019-0945-5 


