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INFLUENCE OF REED-BED TREATMENT PLANT
ON THE ENVIRONMENT PROTECTION

FROM NITROGEN CONTAMINATION

SKUTECZNOŒÆ TRZCINOWEJ OCZYSZCZALNI ŒCIEKÓW
W OCHRONIE ŒRODOWISKA

PRZED ZANIECZYSZCZENIEM ZWI¥ZKAMI AZOTU

Abstract: The paper presents efficiency of removal of nitrogen compounds in the reed-bed treatment plant in
Inwald (southern Poland) and the influence of discharge of purified sewage on the water quality of the
receiving watercourse (the Stawki stream). The research was carried out between 1998 and 2007. Average
yearly loads of nitrogen entering the treatment plant with raw sewage were: 650 kg Norg, 2156 kg N-NH4, 2.2
kg N-NO2 and 74 kg N-NO3. In purified sewage at the outflow, in turn, the amounts were: 234 kg Norg, 1867
kg N-NH4, 5.8 kg N-NO2 and 84 kg N-NO3. Organic nitrogen compounds were broken down efficiently in the
treatment plant, which was expressed by an average reduction of the Norg load in the inflow-outflow relation at
58 %. At the same time, absorption of ammonium compounds was inefficient – reduction of N-NH4 load was
below 20 % on average. The treatment plant showed practically no capabilities of absorption of nitrates(III
and V). Average concentrations of N-NH4 in the water of the Stawki stream were 0.25 mg/dm3 above the
point of discharge from the treatment plant, and 1.42 mg/dm3 below. Average concentrations of N-NO3 were
2.42 mg/dm3 above the discharge point, and 2.52 mg/dm3 below. Discharge of purified sewage caused
contamination of the receiving stream with ammonia. The results of the research show the need to reduce the
load of sewage coming to the treatment plant or improve the treatment technology.
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Hydrophyte sewage treatment technology has been in the point of interest in many
regions of Poland since the early 1990s, mainly due to its relatively low costs of
treatment plant construction and almost manless operation throughout the year.
Sanitation systems comprising hydrophyte treatment plants are mainly operated in rural
areas, both in individual households and in the form of sewage collectors. A wider use
of the technology is restricted by the need of a definite size of hydrobotanic beds, at
about 2–5 m2 per 1 equivalent person (E.P.). With poorly developed sewerage of rural
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regions in Poland, hydrophyte treatment plants operating in these areas are an important
element of protection of the soil-water environment.

The hydrobotanic beds in hydrophyte treatment plant are created by planting
vegetation of swampy ecosystems, most frequently Phragmites australis (Cav.) Trin. ex
Steud or Salix viminalis L., on processed filter aggregate [1–3]. So created environment
is continuously supplied with sewage which has been preliminarily treated in the
settlement tank (stage I of treatment). The flow of sewage through the bed provides at
least stage II of treatment, which is mainly associated with mineralization of organic
matter [4]. Due to the fact that sewage purified in hydrophyte treatment plants is
discharged directly to the environment, these treatment plants should also feature
efficient absorption of biogenic substances, that is nitrogen and phosphorus compounds
(stage III of treatment).

Objects and methods of research

Sewage treatment using the hydrophyte technology (in a reed-bed treatment plant)
was applied in the collective sanitation system of the village of Inwald, situated in the
town of Andrychow (southern Poland). In geographic terms, the area covered by the
sewage system stretches at the foothill of the northern slopes of the Beskid Ma³y
Mountains, while the treatment plant itself was located at the bottom of the valley of the
Stawki stream, which hydrographically belongs to the catchment area of the Skawa. The
plant has been operating since mid-1997 and is administered by Water Supply System
and Sewage Company in Andrychow. It collected increasing volumes of sewage as
more household sanitary systems were connected. The current inflow has stabilized at
about 113 m3 of sewage per day, with maximum flow capacity, according to the
technical specification, at 116 m3/day. In terms of standards for water use [5], the plant
may be described as designed for 1160 E.P., which translates to 2.6 m2 of the bed for
E.P. The administrator’s resources and the author’s own calculations show, however,
that the load of BOD5 flowing to the plant currently refers to a higher number of
equivalent persons, which was estimated at about 1600 E.P. in 2007.

The following describes the operation of the technological sequence of a plant:
– large fraction of sewage is stopped on the floor drain;
– sewage flows through a three-chamber settlement tank with a volume of 200 m3;
– sewage is evenly distributed over 4 reed fields of 750 m2 each;
– there is a horizontal subsurface flow of sewage through the hydrobotanic bed

constructed according to the Danish technology;
– treated sewage is discharged to the reservoir (the Stawki stream);
– retained sludge from the settlement tank is collected in a drying field with an area

of 375 m2.
The research was carried out between 1998 and 2007. Its objective was to assess the

efficiency of absorption of nitrogen compounds in the analyzed treatment plant and to
determine the changes in the water quality in the receiving stream caused by discharge
of purified sewage. Samples of raw and purified sewage were taken every month and
concentrations were measured of organic nitrogen (Norg), ammonium-nitrogen (N-NH4),
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nitrate(III)-nitrogen (N-NO2) and nitrate(V)-nitrogen (N-NO3). The total of the mentioned
compounds amounts to total nitrogen (TN = Norg + N-NH4 + N-NO2 + N-NO3). Due to
continuous measurement of sewage flowing through the plant, which was carried out by
electromagnetic flow meters being an integral part of the technological line, it was
possible to calculate monthly and annual loads of nitrogen in their inflow–outflow
relation. Chemical analyses also concerned water from the Stawki stream – both above
and below the discharge point of purified sewage, where concentrations of N-NH4 and
N-NO3 were measured. A total of 120 measuring series were carried out.

Physiochemical analyses of sewage and water were made in the laboratory of the
Water Supply System and Sewage Company in Andrychow. Organic nitrogen was
mineralized to ammonium ions, concentrations of which were determined using the
method of direct nesslerization. Nitrates(III and V) were determined using the
sulphanilic acid method [6].

Results and discussion

Efficiency of removing nitrogen from sewage

The changes in concentrations of total nitrogen (TN) in raw sewage ranged between
36.4 and 198.7 mg/dm3 with the average value at 91.4 mg/dm3, while in treated sewage
between 24.9 and 131.6 mg/dm3, with the average value at 67.8 mg/dm3 (Fig. 1).
Hence, the decrease in concentrations of total nitrogen during treatment was little
efficient. Sewage discharge did not meet the limit of the maximum allowed con-
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Fig. 1. Concentration of total nitrogen in sewage flowing through the reed-bed treatment plant in Inwald in
the years 1998–2007: 1A – concentration in raw sewage (monthly); 1B – consecutive mean values in
raw sewage (five month period); 2A – concentration in treated sewage (monthly); 2B – consecutive
mean values in treated sewage (five month’ period); 2C – maximal permissible concentration for
discharge sewage
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centration of 30 mg/dm3 TN, which was in force until December 31, 2002 (Fig. 1). In
next years, no limits were, or have been until the present, established for concentrations
of total nitrogen in treatment plants with less than 2,000 E.P. discharging sewage to
running waters. It is worth mentioning that the variability of total nitrogen con-
centrations in treated sewage was characterized by an increasing tendency, with
fluctuations showing higher effectiveness in summer seasons (Fig. 1). That should be
associated with intensified process of assimilation during the vegetative season of the
reed.

Loads of nitrogen discharged with raw sewage into the treatment plant, as well as
amounts of sewage, increased in consecutive years of research. In 1998, the inflowing
load of total nitrogen was nearly 1100 kg, while in years 2005–2007 it was about 4000
kg/year. Increased loads were accompanied by a drop in efficiency of removing
nitrogen from sewage. Reduction of the total nitrogen load was low and amounted to
26 % on average. Only 6.7 % of the inflowing load was removed in the treatment
process in the last year of the research (2007). Such poor efficiency of nitrogen removal
is featured by many hydrophyte treatment plants in Poland [4, 7], especially those with
horizontal subsurface flow of sewage, as it is in Inwald. Performance of treatment plants
with vertical flow is usually higher [8, 9].

The substance that was removed from sewage most efficiently was nitrogen
contained in organic compounds (Table 1).

Table 1

Nitrogen removal effectiveness in the reed-bed treatment plant in Inwald – annual loads of nitrogen
in raw sewage (inflow) and in treated sewage (outflow)

Year

Organic nitrogen
Norg

Ammonium-nitrogen
N-NH4

Nitrate(III)-nitrogen
N-NO2

Nitrate(V)-nitrogen
N-NO3

inflow
load
[kg]

outflow
load
[%]*

inflow
load
[kg]

outflow
load
[%]*

inflow
load
[kg]

outflow
load
[%]*

inflow
load
[kg]

outflow
load
[%]*

1998 150 64.1 904 63.6 1.31 32.1 37.1 70.5

1999 173 54.9 1123 66.2 0.58 127.6 36.0 63.0

2000 266 58.1 1735 79.8 1.73 112.7 54.3 108.2

2001 313 36.5 1768 80.3 2.25 160.0 54.5 163.3

2002 650 26.4 2126 73.3 0.43 1051.2 57.2 226.2

2003 679 37.5 2641 72.1 1.29 327.1 81.9 129.9

2004 922 33.7 2685 90.6 4.25 197.9 110.1 107.0

2005 1124 38.6 3127 95.1 1.96 611.7 107.8 101.5

2006 1410 22.5 2590 101.9 2.41 473.0 98.2 97.1

2007 814 48.8 2863 106.2 5.54 187.5 107.8 82.2

* Inflow load value [kg] = 100%.

The average yearly reduction of the Norg load was 58 %. Only in the initial stage of
operation of the treatment plant (1998–2000) was it noticeably lower – at about
35–45 %. Analyses of monthly loads showed that only in few cases was the load of Norg

discharged into the receiving stream higher than that inflowing with raw sewage. This
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occurred in winter seasons, among other factors, the reason was the increased volume of
organic matter coming from decayed vegetation. In spite of that, that fact is hydrophyte
treatment plants are efficient in mineralization of organic master, which is determined by
a significant decrease in BOD5 and COD in sewage in the process of purification [4, 10].

Removal of ammonium-nitrogen from sewage was very poor in the treatment plant
(Table 1). The average reduction of N-NH4 load in the inflow–outflow relation was at
18 % and was decreasing during the research period. The treatment plant did not reduce
the load of ammonium-nitrogen in years 2006–2007. The situation was even worse
concerning nitrate(III)-nitrogen. The loads of N-NO2 that left the plant were higher than
those inflowing (Table 1). These results prove very poor intensity of the nitrification
process and, indirectly, possibly low oxygenation of the hydrobotanic bed. Insufficient
oxidation of ammonia and nitrates(III) is reported in many hydrophyte treatment plants
in Poland [4, 9].

The analyzed plant was also incapable of absorbing nitrate(V)-nitrogen from
inflowing sewage (Table 1). The loads were reduced at 30–40 % only in the initial stage
of the research (1998–1999). Generally, sewage was subject to an increased burden of
nitrate(V)-nitrogen coming among others from nitrification. Hence, not only the process
of nitrification was little efficient in the treatment plant. That was also the case of the
process of denitrification, that is reduction of nitrates(V) to N2O and N2. It was no
sooner than the last year of research that the load of nitrate-nitrogen was reduced to
82.2 % of the inflowing load (the reduction rate was at 17.8 %).

Contamination of the receiving stream

The receiving watercourse for sewage purified in the Inwald treatment plant is the
Stawki stream – discharge takes place at the outlet section. The catchment area of the
stream is typically agricultural. According to the information from the technical-legal
documentation of the treatment plant [11], contamination of water in the Stawki stream
with organic substances improved as the result of connecting about 30 % buildings in
the catchment area to the sewerage system. It should be assumed, however, that
discharge of purified sewage influences the water quality in the stream below the
treatment plant.

The average low flow in the stream above the sewage discharge zone is estimated at
1898 m3/day [11], whereas the amount of discharged sewage did not exceed 113 m3/day
during the research. In years 1998–2007, the average yearly amount of nitrogen
inflowing with purified sewage to the stream was: 234 kg Norg, 1867 kg N-NH4, 5.8 kg
N-NO2 and 84 kg N-NO3. These amounts were inflowing as a solution which contained,
on average, 7.18 mg/dm3 Norg, 57.7 mg/dm3 N-NH4, 0.16 mg/dm3 N-NO2 and 2.7
mg/dm3 N-NO3.

During the research, concentrations of ammonium-nitrogen (N-NH4) in the Stawki
stream above the sewage discharge point ranges from 0.02 to 2.28 mg/dm3 and was 0.25
mg/dm3 on average. In most measurements, concentrations were typical of clean waters
[12]. In consecutive years, average yearly concentrations ranged between 0.15 and 0.54
mg/dm3 (Fig. 2). As the result of inflow of purified sewage, where the concentration of
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N-NH4 ranged between 19.7–113.0 mg/dm3, the concentration of ammonium-nitrogen
in the water of the stream increased noticeably. The concentration measured in water
below the sewage discharge point was 0.04–9.8 mg/dm3, and average yearly values
were between 0.4 and 3.4 mg/dm3 (Fig. 2). Hence, these were often contaminated
waters [12].

The amounts of nitrate-nitrogen (N-NO3) in waters of the Stawki stream above the
plant ranged between 0.1 and 8.5 mg/dm3 (average 2.4 mg/dm3). Periodically, the
concentrations were very high, which results from agricultural activities in the
catchment. Average yearly concentrations were between 1.7 and 3.8 mg/dm3 (Fig. 2).
Sewage discharge had little effect on changes in the water quality of the stream, as
concentrations of N-NO3 were not significantly higher (0.5–11.8 mg/dm3) in purified
sewage than those in water of the stream. Below the discharge point, water of the stream
averagely contained 2.5 mg/dm3 of N-NO3 – measurements showed results ranging
between 0.6 and 7.8 mg/dm3, and average yearly values were between 2.1 and 4.7
mg/dm3 (Fig. 2). Occasionally, concentrations of N-NO3 in water were lower after
collecting purified sewage. The reported concentrations of nitrate-nitrogen in water of
the Stawki stream often suggested its eutrophication. Running waters are regarded as
eutrophicated if the average yearly concentration of N-NO3 exceeds 2.2 mg/dm3 [13].

Conclusions

The studies carried out in years 1998–2007 show that the reed-bed treatment plant in
Inwald with horizontal subsurface flow of sewage through the hydrobotanic bed was
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Fig. 2. Average annual ammonium- and nitrate(V)-nitrogen concentration in Stawki stream – above and
below discharge point from reed-bed treatment plant in Inwald
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little efficient in terms of environmental protection from contamination with nitrogen
compounds. Only organic nitrogen compounds were efficiently removed from sewage.
Nitrification was not very intense, so the reduction rate of the load of ammonium-
-nitrogen in sewage was low, and in case of nitrate(III)-nitrogen, an increase of its load
in sewage was observed in the process of purification. The plant was also incapable of
removing nitrate(V)-nitrogen – assimilation by vegetation and denitrification did not
result in a decreased load of N-NO3 in purified sewage. As the result, discharge of
purified sewage had a negative impact on the water quality of the receiving stream – an
influence on contamination of water with ammonium-nitrogen was reported during the
research.

The above results show that it is necessary to decrease the load of contaminants
flowing into the plant (by reducing the volume of sewage) or improve the technological
line of the plant regarding stage III of treatment. In spite of that, the discussed treatment
plant and other objects of that type should be regarded as an important element of
protection of the rural environment, especially in areas completely lacking any
sewerage system.
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SKUTECZNOŒÆ TRZCINOWEJ OCZYSZCZALNI ŒCIEKÓW W OCHRONIE ŒRODOWISKA
PRZED ZANIECZYSZCZENIEM ZWI¥ZKAMI AZOTU

Instytut Ochrony i In¿ynierii Œrodowiska
Akademia Techniczno-Humanistyczna w Bielsku-Bia³ej

Abstrakt: W artykule przedstawiono efektywnoœæ zatrzymywania zwi¹zków azotu w trzcinowej oczyszczalni
œcieków w Inwa³dzie (po³udniowa Polska) i jednoczeœnie wp³yw zrzutu oczyszczonych œcieków na jakoœæ
wód odbiornika (potok Stawki). Badania prowadzono w latach 1998–2007. Œrednie roczne ³adunki azotu
dop³ywaj¹ce do oczyszczalni w œciekach surowych wynosi³y: 650 kg Norg, 2156 kg N-NH4, 2,2 kg N-NO2 i 74
kg N-NO3. W œciekach oczyszczonych œredniorocznie odp³ywa³o natomiast: 234 kg Norg, 1867 kg N-NH4, 5,8
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kg N-NO2 i 84 kg N-NO3. W oczyszczalni nastêpowa³ efektywny rozk³ad azotowych zwi¹zków organicznych,
co wyra¿a³a przeciêtna 58 % redukcja ³adunku Norg w relacji dop³yw–odp³yw. Równoczeœnie zatrzymywanie
zwi¹zków amonowych by³o ma³o skuteczne – œrednia redukcja ³adunku N-NH4 mniej ni¿ 20 %. Oczysz-
czalnia praktycznie nie wykazywa³a zdolnoœci akumulowania zwi¹zków azotanowych(III i V). Stê¿enie
N-NH4 w wodzie potoku Stawki powy¿ej miejsca zrzutu z oczyszczalni wynosi³o œrednio 0,25 mg/dm3,
a poni¿ej 1,42 mg/dm3. Z kolei œrednie stê¿enie N-NO3 powy¿ej zrzutu by³o równe 2,42 mg/dm3, a poni¿ej
2,52 mg/dm3. Zrzut oczyszczonych œcieków powodowa³ zanieczyszczenie wód odbiornika amoniakiem.
Wyniki badañ wskazuj¹ na potrzebê zmniejszenia obci¹¿enia oczyszczalni lub udoskonalenia technologii
oczyszczania.

S³owa kluczowe: obszary wiejskie, trzcinowa oczyszczalnia œcieków, substancje biogenne, azot, jakoœæ wód
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