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plant in individual years was made. The calculation 
results are presented in Table 1.

At the beginning of the study period, in 2003, the 
total phosphorus concentration in the raw sewage was 
15.0 mg · dm–3. At the end of the research period, 
i.e. in 2017, the analysed nutrient concentration de-
creased by 60.1% to 5.9 mg · dm–3. Every year, the 
phosphorus concentration was reduced – on average, 
by 6.5%. It was also observed that the total phospho-
rus concentration variability in wastewater decreases 
annually. This confirms the value of the standard de-
viation, which in 2003 was 4.3 mg · dm–3, and in 2017 
only 0.7 mg · dm–3. 

The values of total phosphorus load in raw sew-
age were then analysed. With the average daily flow 
of sewage inflow in m3 · d–1, the average daily load of 
total phosphorus in the sewage flowing into the treat-
ment plant is calculated (see: Table 1). Analysing the 
obtained data, it is seen that despite the increasing 
number of sewerage users and growing intensity of 
sewage inflow every year, the load of the studied nu-
trient gradually decreased from 6.37 kg · d–1 in 2003 to 
3.75 kg · d–1 in 2017. Thus, the total phosphorus load 
in raw sewage decreased by 41.1%.

In this type of research, it is important to find 
whether the decrease in phosphorus concentration is 
associated with dilution of wastewater by infiltration 
or / and accidental waters. In this case, the values of 
other contamination indicators, such as BOD5, COD 
or total suspension should be supported. Research 
conducted by Kaczor (2012) and Kaczor et al. (2015, 
2017) indicates that with the extraneous waters’ con-
tribution in the wastewater, the values of most pollu-
tion indicators decreased. Zawilski and Brzezińska 
(2003) also point out the diluting phosphorus possibil-
ity during wet weather. Figure 2 shows the changes in 
BOD5 values in raw domestic sewage in the analysed 
period of 2003–2018. No trend is observed here. The 
presented chart shows that even since 2015, BOD5 
values have increased periodically, perhaps due to the 
inflow of concentrated sewage. No such phenomenon 
is observed in Figure 1. Similarly, significant dilution 
of the contamination is observed for COD and total 
suspension. Only in the case of total nitrogen, a sta-
tistically insignificant decreasing trend is also visible.

The global value of phosphorus load in raw sew-
age is poorly comparable. In terms of treatment plants 
design and the conducting of technological process-

Fig. 1. Scatter plot and regression line describing decreasing trend of total phosphorus concentration in raw sewage in the 
analysed years 2003–2017
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es, the unit value of the phosphorus load is more im-
portant. This value mainly depends on the number of 
inhabitants. The latter number, as the key one in the 
calculations, was verified in many stages. The actual 
number of inhabitants registered in the housing estate 
was compared with the number of inhabitants calcu-
lated on the basis of the unit volume of sewage. In ad-

dition, the actual number of residents registered in the 
housing estate was compared with the BOD unit load.

This number is verified as a key factor in the cal-
culations. The actual number of inhabitants registered 
in the housing estate was compared to the conversion 
rate resulting from the unit volume of sewage and ad-
ditionally with the conversion rate of p. e. calculated 

Table 1. Summary of the selected parameters of wastewater treatment plant operating and total phosphorus concentrations 
and loads in a raw and treated wastewater 

Parameter Unit Value of the parameter in a given year

Year 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Wastewater treatment plant

Average 
daily 

wastewater 
flow

[m3 · d–1] 424.5 439.5 454.6 469.6 484.6 499.7 514.7 529.7 544.8 559.8 574.8 589.9 604.9 619.9 635.0

Population 
equivalent 

(PE)
[–] 2830 2970 3113 3261 3413 3569 3730 3895 4065 4241 4422 4608 4801 4999 5205

Raw wastewater

Total 
phosphorus 
concentra- 
tion with
standard 
deviation

[mg · dm–3]
14.4

± 4.3

13.8

± 7.2

13.2

± 4.0

12.6

± 3.9

11.9

± 4.8

11.3

± 3.7

10.7

± 5.5

10.1

± 3.6

9.5

± 3.8

8.8

± 1.8

8.2

± 2.1

7.6

± 2.0

7.0

± 1.6

6.3

± 1.8

5.7

± 0.7

Total 
phosphorus 

load 
[kg · d–1] 6.12 6.07 5.99 5.90 5.78 5.65 5.50 5.34 5.15 4.94 4.72 4.48 4.22 3.94 3.64

Unit load  
of total 

phosphorus

[mg · d–1 · 
· person–1] 2.16 2.04 1.92 1.81 1.69 1.58 1.48 1.37 1.27 1.17 1.07 0.97 0.88 0.79 0.70

Treated wastewater

Total 
phosphorus 
concentra- 

tion

[mg · dm–3] 5.1 4.4 3.7 3.4 3.1 2.9 2.7 2.6 2.5 2.4 2.3 2.2 2.1 2.0 2.0

Total 
phosphorus 

load
[kg · d–1] 2.16 1.92 1.70 1.58 1.51 1.45 1.41 1.38 1.35 1.33 1.31 1.30 1.28 1.27 1.26

Efficiency 
of total 

phosphorus 
removal 

[%] 64.6 68.4 71.7 73.2 74.0 74.3 74.4 74.2 73.7 73.1 72.2 71.1 69.6 67.8 65.5
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Fig. 2. Changes in the values of BOD5 in raw sewage in the years 2003–2017

on the basis of the BOD5 unit load in sewage. Data 
consistency was obtained for a unit volume of waste-
water decreasing from 150 dm3 · person–1 · d–1 in 2003 
to 120 dm3 · person–1 · d–1 in 2017. The number of in-
habitants thus determined and verified list Table 1, as 
PE. With the number of inhabitants and concentration 
value, the unit load of total phosphorus was calculated 
(see: Table 1). The results obtained are extremely im-
portant in the aspect of designing new sewage treatment 
plants. The studies have shown that the unit load of to-
tal phosphorus decreased by 68% from 2.25 mg · per-
son–1 · d–1 in 2003 to 0.72 mg · person–1 · d–1 in 2017, i.e. 
it decreased by 1.53 mg · person–1 · d–1.

The last stage of the study was to analyse how the 
reduction of concentration (see: Fig. 3) and load of to-
tal phosphorus in raw sewage affected their treatment 
process and the concentration and load of this nutri-
ent in treated sewage. The results of this analysis are 
listed in Table 1, in the part about the treated waste-
water. We should note at this point that the sewage 
treatment plant enables biological dephosphatation of 
total phosphorus, through the anaerobic chamber with 

a capacity of 35 m3 separated in the reactor and the 
sewage retention time of 2.6 hours. It should be men-
tioned that, in accordance with the conditions of the 
water permit, in the analysed sewage treatment plant 
there is no requirement to reduce total phosphorus to 
the indicated value.

At the same time, under the water permit, a spe-
cific reduction of phosphorus is not required. The 
efficiency of phosphorus removal in the analysed ob-
ject at the beginning of the study was 64.6%. In later 
years, periodic variation was observed, gradually in-
creasing to the value of 74.4% in 2009, and then again 
decreasing to 65.5% in 2017. This relationship shows 
that the trend of decreasing phosphorus concentration 
and load in raw sewage did not affect the monotonous 
increase in efficiency of the dephosphatation process. 
Deterioration of the sewage treatment plant operation 
efficiency may be related to its functioning under per-
manent hydraulic overload conditions at the end of the 
research period. Inflow of the raw sewage began to pe-
riodically exceed the design capacity of the analysed 
facility. 



Kaczor, G. B. (2020). Changes in concentrations and loads of total phosphorus in domestic and treated wastewater over a 15-year observa-
tion period in terms of limiting... Acta Sci. Pol., Formatio Circumiectus, 19 (2), 3–14. DOI: http://dx.doi.org/10.15576/ASP.FC/2020.19.2.3

10 www.acta.urk.edu.pl/pl 

However, despite the average operational efficien-
cy, probably due to the decreasing amount of phos-
phorus in the inflowing sewage, a constant trend of 
decreasing the concentration and load of this nutrient 
in the treated sewage is noticeable. The total phospho-
rus concentration in the treated sewage in the years 
2003–2017 decreased from 5.1 to 2.0 mg · dm–3, i.e. 
by 60.8%. The change in phosphorus concentration in 
the treated wastewater, as much as 3.12 mg · dm–3, is 
extremely important in terms of protecting the quality 
of the receiving water body. A similar correlation was 
found for the average daily load of total phosphorus 
in the treated sewage. In 2003, 2.16 kg · d–1 of total 
phosphorus was discharged into the stream, which is a 
right-bank tributary of the Vistula river, while in 2017, 
the corresponding figure was only 1.26 kg · d–1. There-
fore, the daily load of the nutrient, which is a trophic 
threat to the water, decreased by 0.90 kg · d–1, i.e. by 
41.7%. The obtained results are highly valuable in the 
context of efforts related to protecting the receiving 
water body against anthropopressure, due to the dis-
charge of the treated sewage to the Vistula river and 

the Baltic Sea. In one year, 2003, 788 kg of total phos-
phorus was discharged into surface water within the 
treated wastewater from the analysed treatment plant. 
It is assumed that 1 kg of phosphorus can cause the 
growth of 100 kg trophic biomass (Dymaczewski, 
2011), so theoretically 78,840 kg of algae may have 
grown from the discharged phosphorus. 11,826,000 kg 
of oxygen is needed to decompose such biomass (Dy-
maczewski, 2011). Multidirectional efforts related to 
the phosphorus reduction in wastewater have contrib-
uted to its reduction in washing agents. As a result 
of these efforts, in 2017, only 460 kg of total phos-
phorus was discharged from this treatment plant into 
the water body, and that could have been the cause 
of 46,000 kg of algal growth. To decompose this bio-
mass, only 6,900,000 kg of oxygen will be needed, 
which is 4,926,000 kg less than in 2003. 

Referring the obtained results to the results of 
studies by other authors, it should be stated that in se-
lected studies one can also notice increased phospho-
rus concentrations and loads at the beginning of the 
multi annual period 2003–17 (Kaczor and Szewczyk, 

Fig. 3. Scatter plot and regression line describing decreasing trend of total phosphorus concentration in treated sewage in 
the analysed years 2003–2017
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2011; Bugajski and Kaczor, 2004; Błażejewski, 2003; 
Henze et al., 2000). A publication by Maciołek et al. 
(2016) reports that the phosphorus concentration in 
a wastewater in 2005 is even higher than in this study, 
namely that it is 20 mg · dm–3. The trend of decreas-
ing total phosphorus concentration in wastewater in 
2008–2011 has been observed in the aforementioned 
study by Maciołek et al. (2016). Interesting results of 
the total phosphorus content in wastewater discharged 
from the household to the household sewage treat-
ment plant were presented by Wiejak (2013). The au-
thor demonstrated that the total phosphorus concen-
tration in raw sewage, in the years 2011–2012, did not 
exceed the value of 6.5 mg · dm–3. The average value 
of the analysed nutrient in the wastewater obtained 
by the author, amounting to 4.2 mg · dm–3, is signifi-
cantly lower than that found in this study, in the years 
2003–2010. Decreased values of total phosphorus in 
wastewater were also reported in the publications by 
Chmielowski et al. (2020), Wałęga et al. (2019), and 
Jucherski et al. (2019). 

Unfortunately, the studies by other authors cited in 
the discussion are random, and short-term (maximum 
4 years). These studies show a fragmentary decrease 
in phosphorus concentration, but such that was not de-
scribed, analysed or statistically tested by the authors. 
In short periods, the aforementioned concentration 
of nitrogen may decrease, but then it often increases 
again. Based on the data from short-period observa-
tions, it cannot be concluded that the activities related 
to the reduction of phosphorus content in wastewater 
have brought effects.

In their article, Heidrich and Kozak (2009) point 
to the need of observing and testing pollutants’ unit 
loads, because along with sewage flows they consti-
tute the basic and most important parameters used in 
the design of sewage treatment plants. In order to meet 
these expectations, this paper analyses a 15-year op-
eration period of a sewage treatment plant. Research 
results are supported by advanced statistical analysis.

Summing up the obtained research results, the 
current activities in Poland and in Europe, intended 
to limit phosphorus content in washing products for 
dishwashers, washing machines and detergents com-
monly used to keep rooms clean, have to be positively 
assessed. However, it should be noted that even long-
term research, carried out for many years but on a sin-

gle object only, is insufficient to be able to state with 
certainty that the observed trend occurs throughout 
Poland. The author hopes that other researchers, who 
will have accumulated sufficiently long-term measur-
ing sequences, shall undertake a similar analysis of 
phosphorus concentrations and loads in domestic sew-
age. Of course, it would be most beneficial to measure 
this nutrient in the wastewater discharged from each 
farm or public utilities. Such measurements would not 
be disturbed by possible phosphorus discharges from 
small-scale production facilities or its possible dilu-
tion with infiltration and / or accidental waters. There-
fore, they would provide high degree of certainty for 
scientific inference.

СONCLUSIONS

Based on a 15-year study of the concentrations and 
loads of total phosphorus in domestic sewage dis-
charged from single-family housing estates, the fol-
lowing conclusions were drawn:
• Multidirectional activities, introduced in recent 

years in Poland and Europe, and aimed at reduc-
ing the amount of phosphorus compounds in deter-
gents, have significantly decreased the concentra-
tion and load of this nutrient in domestic sewage 
flowing into the analysed treatment plant.

• Over the past 15 years, the total phosphorus con-
centration in domestic sewage has decreased from 
15.0 to 5.9 mg · dm–3, i.e. by 60.1%. Annually, in 
the years 2003–2017, the total phosphorus concen-
tration decreased on average by 6.6%.

• The observed trend of total phosphorus reduction in 
domestic sewage corresponds to a decrease in the 
unit load value, related per 1 inhabitant. In the ana-
lysed period of the research, the value of this mea-
sure decreased by 68% from 2.25 mg · person–1 · d–1 
in 2003 to 0.72 mg · person–1 · d–1 in 2017.

• Reduction of phosphorus loads and concentrations 
in domestic sewage translates into better quality of 
treated sewage discharged to the receiving water 
body, in terms of the content of this nutrient. Total 
phosphorus concentration in the treated wastewa-
ter discharged from the tested sewage treatment 
plant with the capacity of 650 m3 · d–1 decreased 
in the years 2003–2017 from 5.1 to 2.0 mg · dm–3, 
i.e. by 60.8%.
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• Limiting the phosphorus content in detergents 
contributed to a significant reduction of its load in 
treated wastewater discharged to flowing waters. 
For example, in 2003, 2.16 kg · d–1 of total phos-
phorus was discharged into the water body, which 
is the right-bank tributary of the Vistula river, 
while in 2017 the corresponding figure was only 
1.26 kg · d–1. Therefore, the daily load of the nu-
trient, which is a trophic threat to the water body, 
decreased by 0.90 kg · d–1, i.e. by 41.7%.

• The observed regression of phosphorus content in 
the wastewater discharged into the sewage system 
translates into a lower risk of anthropopressure on 
flowing waters and the Baltic Sea, mainly in the as-
pect of initiating the eutrophication process. Based 
on the research, it was found that only for one ana-
lysed sewage treatment plant, the annual phospho-
rus content in the wastewater would reduce the tro-
phic mass growth by nearly 33 tons, in comparison 
to the period when no restrictions were applied to 
the content of polyphosphate in detergents.
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ZMIANY STĘŻEŃ I ŁADUNKÓW FOSFORU OGÓLNEGO W ŚCIEKACH BYTOWYCH I OCZYSZCZONYCH  
W 15 LETNIM OKRESIE OBSERWACJI W ASPEKCIE OGRANICZENIA NEGATYWNEJ ANTROPOPRESJI  
NA JAKOŚĆ WÓD POWIERZCHNIOWYCH – STUDIUM PRZYPADKU

ABSTRAKT

Cel pracy
Głównym celem badań było udowodnienie tezy, że wprowadzone w ostatnich latach formalnoprawne ogra-
niczenia stosowania związków fosforu w detergentach wpłynęły istotnie na obniżenie stężenia i ładunku tego 
biogenu w ściekach surowych dopływających do wybranej oczyszczalni. Dodatkowo zbadano, czy obniże-
nie stężenia fosforu w ściekach surowych wpłynęło na zmniejszenie stężenia i ładunku fosforu w ściekach 
oczyszczonych, co ograniczyłoby negatywną antropopresję ścieków na jakość wód powierzchniowych.

Materiały i metody
W niniejszej pracy, w ciągu 15 letniego okresu badań (2003–2017), poddano obserwacji stężenia i ładunki 
fosforu ogólnego w ściekach bytowych dopływających do wybranej oczyszczalni, a także w ściekach oczysz-
czonych odprowadzanych do wód odbiornika. W ramach badań pobrano łącznie 148 próbek ścieków suro-
wych oraz 114 próbek ścieków oczyszczonych. Wyniki badań poddano zaawansowanej analizie statystycznej 
przy wykorzystaniu m.in. testu Manna-Kendalla, Kołmogorowa Smirnowa, elementów statystyki opisowej, 
a także analizy regresji wraz z wybranymi testami istotności.

Wyniki i wnioski
Na podstawie badań wykazano, że wielokierunkowe działania, wprowadzone w celu ograniczenia ilości 
fosforanów w detergentach w Polsce oraz Europie, przyczyniły się istotnie do zmniejszenia stężenia oraz 
ładunku tego biogenu w ściekach bytowych dopływających do wybranej oczyszczalni. W ciągu ostatnich 
15 lat stężenie fosforu ogólnego w ściekach uległo obniżeniu z 14,4 do 5,7 mg · dm–3, czyli o 60,4%. Tenden-
cja ta miała przełożenie na obniżenie się wartości ładunku jednostkowego. Wartość tego parametru obniżyła 
się o 68% z wartości 2,25 mg · d–1 na osobę w roku 2003 do 0,72 mg · d–1 na osobę w roku 2017. Obniżenie 
się zawartości fosforu w ściekach surowych wpłynęło także na obniżenie stężenia tego biogenu w ściekach 
oczyszczonych z wartości 5,1 do 2,0 mg · dm–3, czyli o 60,8%.

Słowa kluczowe: ścieki, fosfor ogólny, oczyszczalnia ścieków, kanalizacja, negatywna antropopresja


