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ABSTRACT

The aim of this study was to identify the water quality of a small reservoir, including its trophic state subjected
to anthropogenic influences and its impact on river water quality. The study was carried out on reservoir water
sampled from five points, in four quarters of the hydrological year. The following determinations were carried out:
turbidity, true colour, electrolytic conductivity, pH, concentrations of ammonia nitrogen, nitrate and nitrite, organic
nitrogen and phosphate as well as total phosphorus. The nature of the trophic state of the ‘Turo$n’ reservoir was
determined in accordance with the table on the trophic state index according to Carlson. Significant seasonal varia-
tions were found in the turbidity and true colour of the reservoir water tested, and to a lesser extent — in conductiv-
ity and pH values. These parameters were influenced by the location of water sampling. Elevated concentrations
of ammonium ions in reservoir water, occurred in autumn and depended on the sampling point and were higher in
outflowing water than in inflowing water. Significant seasonal variations occurred in the concentrations of oxidised
forms of nitrogen (N-NO, and N-NO,) and organic nitrogen. The highest concentrations of nitrate and organic
nitrogen occurred in winter and nitrite in autumn. The reservoir had a positive effect on the concentrations of both
forms of nitrogen, which was reflected in their concentrations in the water leaving the reservoir and, in the case of
organic nitrogen, an inverse relationship was noted. Phosphate concentrations were highest in the water sampled
in summer and total phosphorus in autumn. In the samples from the other quarters of the hydrological year, the
concentrations of both forms of phosphorus were lower. Phosphate concentrations varied little between sampling
points, and for total phosphorus there was considerable variation across the reservoir water sampling points. Some
phosphate and total phosphorus were retained in the reservoir during the study period. Due to the concentration
of nitrogen, the water in the Turo$n Reservoir can be predominantly classified as eutrophic. Taking into account
total phosphorus, on the basis of the obtained test results, waters in winter and summer are defined as oligotrophic,
while in spring and autumn they corresponded to the values characterising a mesotrophic state. A number of factors
could have contributed to the increasing eutrophication of the water in the studied reservoir. The construction of
the reservoir itself undoubtedly affects the value of the indices in question. The shallow depth of the hydro-techni-
cal facility results in a more rapid development of eutrophication. Accumulation of various substances is ideal for
aquatic organisms, which use them as nutrients, thus increasing the risk of eutrophication. The degradation of the
small retention reservoir is also attributed to growing transport, tourism and recreation, continuous climate change,
pollution of agricultural origin and disordered sewage management.
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INTRODUCTION

Surface water are the most important source
available water found in nature (Lubkowska,
2016). In addition to rivers and lakes, this group
also includes water reservoirs known as retention
reservoirs or retention ponds, which significantly

improve, but still maintain the correct water balance
within hydrological catchments (Mioduszewski,
2015, Siemieniuk et al., 2017). A characteristic fea-
ture is their shallow depth and relatively small sur-
face area (Ostrowska, Satdak, 2015). They are built
as a result of the damming of river water and are
constructed in the areas favourable to the location
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of the damming structure. River valleys are the op-
timal location for this type of hydrotechnical facili-
ties (Rzetala, 2008). They are anthropogenic reser-
voirs characterised by frequent and large water lev-
el changes. They are often described as dam lakes.
Due to their type and location, dammed reservoirs
are divided into mountain and lowland reservoirs.
Dam reservoirs are created as a result of human ac-
tivity. They play an important role in the environ-
ment and their great economic importance is known
worldwide. The positive aspect of the presence of
such reservoirs is the enhancement of the landscape
and the ecosystem surrounding them. The concept
of dam reservoirs is based on the prevention of wa-
ter deficits. The water stored by hydrological ob-
jects is used for a wide range of industrial, tourism
and recreational purposes, as well as supporting ag-
riculture and energy (Jankowski, 2017).

One of the main reason for creating retention
reservoirs is flood protection. The water of these
reservoirs are largely intended to meet consumer
needs. The benefit for agriculture and forestry is
the possibility of irrigating fields, meadows or for-
est areas, especially in the periods of drought with
water from dam reservoirs. These reservoirs are
largely intended to meet consumption needs. The
benefit for agriculture and forestry is the possibility
of irrigating fields, meadows or forest areas, espe-
cially in periods of drought with water from dam
reservoirs (Jagus, 2018). Reservoir water contains
mineral and organic compounds of both natural
and anthropogenic origin. These components enter
the water, as it circulates and moves through the
environment, and their concentration depends on
the origin of the water. Thus, they may be present
in trace or significant quantities (Adamczyk and
Jachimowski, 2013, Aspin et al., 2020).

The natural factors that adversely affect dam
reservoirs are long-lasting and often extreme cli-
matic phenomena. These include earthquakes, tor-
nadoes, violent storms and downpours. Strong fluc-
tuations in water levels and the dynamics of oscilla-
tions or vibrations of water impacts also determine
the proper maintenance of these reservoirs. Another
very serious threat is the enrichment of reservoirs
with nutrients, flowing in from agricultural areas,
wastewater treatment plants or urbanised areas. The
phosphorus and nitrogen compounds that are pres-
ent in predominant concentrations often have a neg-
ative impact on the aesthetic qualities of the water
in the reservoir and lead to massive phytoplankton
blooms, thus reducing the possibility of using the
retention water for various purposes (Jagus, 2011).
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The trophic state is based on the analysis of
physico-chemical properties and determines the
condition of surface water. Indicators, such as
electrolytic conductivity, pH, turbidity, nutrient
concentration and many others are taken into
account in assessing the trophic status of water
(Kociotek-Balawejder and Stanistawska, 2012,
Siemieniuk and Szatytowicz, 2014). The Carlson
index, also known as the trophic state index, is
also used to determine the degree of intensity of
eutrophication phenomena in freshwater ecosys-
tems (Jodtowski and Gutowska, 2012).

The aim of this study was to determine the
water quality of a small reservoir including its
trophic state subjected to anthropogenic influenc-
es and impacts on river water quality.

STUDY AREA AND METHODOLOGY

Reservoir characteristics

The study was based on water samples tak-
en from the small reservoir “Turos$n” located in
north-eastern Poland. The “Turo$n” dam reservoir
is a fairly modern facility, commissioned in 2014.
It is located in the valley of the Turosnianka River.
“Turo$n” as an artificial water reservoir is an in-
vestment created as a part of the development of
so-called “small retention”. An ecosystem such as a
small retention pond initiates the creation of a cer-
tain system that triggers numerous reactions lead-
ing to a maximally achievable ecological balance.

The reservoir measures 1000 m long and 82 m
wide. The area of the reservoir is 11 ha and the
catchment area is 94.5 km? The reservoir has a
depth of 2.5 m and a capacity of 94.5 m®. In hy-
drographical terms, the municipality of Turosn
Koscielna, where the reservoir is located, forms
the buffer zone of the Narew National Park. The
area of the commune is located in the catchment
area of the Narew River, which is the central point
of surface water run-off. The hydrographical net-
work consists of the following rivers: Turo$nian-
ka, Narew and Czaplinianka-Niewodnica includ-
ing their tributaries. The catchment soil typology
is quite diverse. Sandy soils, pseudo-loamy soils,
brown soils and chernozem prevail here. Pseu-
do-polylic soils are most characteristic of the
municipality southern region, while the northern
and central parts are characterised by sandy soils
of different genetic types. Arable land, including:
cropland, grassland, meadows, pastures, occupies
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as much as 8928 ha, which indicates 63.6% of
the total area (Kasperowicz, 2017). The Turosn
hydro-technical facility is designed to perform
specific functions, which include: maintaining
the best possible surface water quality class by
improving its purity, increasing the attractiveness
of the municipality area by improving landscape
values, improving the microclimate in the vicinity
of the reservoir, preventing water erosion, increas-
ing the economic activation of the municipality,
ensuring environmental protection and safety, as
well as fire protection and supporting the agri-
cultural needs with retention water (irrigation of
agricultural land). The creation of an open water
surface characterised by a sizable area has result-
ed in ideal conditions for restoring the ecological
balance of the ecosystem. With the adaptation of
the reservoir in the landscape, many new plant and
animal species have appeared (Marszatek, 2009).

Research methodology

The water from the reservoir was sampled in
four quarters of the hydrological year 2022/23
(autumn, winter, spring, summer). Five sampling
points were set on the reservoir in order of the
direction of water flow through it (Figure 1).

The sampling points were positioned to be
characteristic of the development type in the res-
ervoir catchment area. The first point was located
at the inflow of water into the reservoir from the
river. Points two, three and four were located with-
in residential buildings, farms and fishing sites,
and point five was located at the reservoir outflow.
The water samples for testing were taken once
a month from a depth of up to 25 cm from each
point and the average sample consisted of 6 indi-
vidual samples. The following were determined

in the samples: turbidity, true colour, electrolytic
conductivity, pH, concentration of ammonia nitro-
gen, nitrate nitrogen and nitrite nitrogen, organic
nitrogen, phosphates, and total phosphorus. The
turbidity of the sampled water was measured using
the nephelometric technique with a TURB 550 IR
turbidimeter. True and apparent colours were de-
termined spectrophotometrically (Dojlido 1995)
using a HACH DR/4000 spectrophotometer. The
specific electrolytic conductivity and pH value was
determined using an InoLab Multi 9430 IDS digi-
tal multifunction meter. Ammonium nitrogen was
determined by the direct nesslerisation method,
nitrate nitrogen and nitrite nitrogen was measured
after the addition of appropriate reagents using a
HACH DR/4000 V spectrophotometer. Organ-
ic nitrogen was determined using the Kjeldahl’s
method, which involves mineralising nitrogenous
organic compounds in concentrated sulphuric
acid (VI) and perhydrol at high temperature and
measuring the absorbance on the above-mentioned
spectrophotometer. Phosphate and total phospho-
rus concentrations were also determined after prior
mineralisation in sulphuric acid. Absorbance was
measured on a HACH DR/4000 V. The results of
the nitrogen and phosphorus concentrations were
used to calculate the Carlson Index, and TSI was
used to assess the trophic status of water in detail
(Jodtowski, Gutkowska 2012). The value range is
from 0 to 100, and results are given as averages for
each study point and each year quarter.

Statistical analysis of obtained test results

The obtained tests results were evaluated by
applying statistical analysis using the STATISTICA
version 12 computer programme. For this purpose,
an analysis of variance — two-factor classification
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Figure 1. Location of water sampling points
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ANOVA (ANalysis Of VAriance) was used to com-
pare several populations. This is a technique for ex-
amining outcomes (dependent or explanatory vari-
ables) that depend on the factors at work (grouping
or classification factor). It was tested whether the
factors analysed have an effect on the observed re-
sults. The aim was to test the significance of dif-
ferences in population means. Non-parametric
Kruskal-Wallis tests were used to assess the signifi-
cance of differences between the groups, at a signif-
icance level of p=0.05. Multiple comparison proce-
dures were then used - post-hoc tests to see which
of the means differ and which are equal. These are
based on comparing the differences between pairs
of sample means with the size of the least signifi-
cant difference (NIR). Of the many tests, the Tukey
HSD test was chosen as the most popular and rec-
ommended for comparing pairs of means. The fol-
lowing relationships were considered: (1) analysis
of the values of individual water quality parameters
of the reservoir depending on the sampling date, (2)
demonstration of differences in the values of wa-
ter quality parameters depending on the sampling
point located in the studied reservoir.

RESEARCH RESULTS AND DISCUSSION

Surface water turbidity is a result of the pres-
ence of fine clay and sand particles or dispersed
organic substances of plant, animal origin, hu-
mic substances, and plankton (Gomoétka and
Szaynok, 1997). This optical property is based
on the scattering and absorption of part of the
visible radiation spectrum by dispersed particles
present in the water. The turbidity value of the
water samples taken from the reservoir differed
in seasons (Figure 2).
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The highest value of turbidity was determined
in water sampled in the summer season and was
significantly higher compared to the other quar-
ters. Water turbidity was influenced by the point
of water abstraction and the highest average tur-
bidity values occurred at point four during winter
and summer. At the other points, the value of this
parameter was significantly lower, with the ex-
ception of the summer period. Changes in the tur-
bidity of the reservoir water result from the type
of its sub-catchments, which is indicated by the
data from the summer period in the central part
of the reservoir. In addition, precipitation and a
given season of the year play an important role,
because turbidity varies from season to season
(Szczykowska and Siemieniuk, 2011).

Seasonal changes in the true colour values of
reservoir water are shown in Figure 3. The colour
of the water was variable depending on the sam-
pling date and its lowest value was found in win-
ter and significantly higher in spring and summer,
which may be due to the increase in intensified
use of the reservoir (fishing and recreation) dur-
ing these quarters.

Some variation in values of these water param-
eters can be seen at the sampling points. The small-
est values were found at the inflow of water into
the reservoir, and higher values in the middle part
of'the reservoir. Colour is caused by the presence of
substances that form non-ideal solutions, character-
ised by a high degree of dispersion (Szczykowska
and Siemieniuk, 2011). In the case of surface wa-
ters, the content of humic substances, manganese
compounds and iron compounds are responsible
for the true colour (Dojlido, 1995). The high true
colour increase during the summer period is due, to
a greater extent, to the presence of a large amount
of phytoplankton and more intensive mixing of the
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Figure 2. Turbidity of water in ‘Turosn’ reservoir in NTU (during the seasons: F = fall,
W = winter, SP = spring, SU = summer), 1-5 research points
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Figure 3. True colour value in mg Pt/dm® (during the seasons: F = fall, W = winter, SP = spring, SU = summer),
1-5 research points

waters of the shallow reservoir than during the oth-
er periods, and this may have led to an increase
in the value of this parameter. The measurement
of electrolytic conductivity allows determining the
mineral content of the test water and, in addition to
this, it is possible to determine what concentration
of dissolved ions is present in the water (Figure 4).
This parameter determines the degree of salinity
in a given water body (Dojlido 1995). During the
other quarters, it was higher by nearly 150 p S/
cm and similar with respect to each other. There
were no significant differences for this parameter
between the study points. The results obtained are
characteristic of Class I surface waters according
to the Regulation of the Minister for Maritime Af-
fairs and Inland Navigation (Rozporzadzenie Min-
istra Gospodarki Morskiej i Zeglugi Srodladowe;,
2019) and the determinations of this parameter did
not exceed 1000 puS/cm.

Most surface water types have an alkaline re-
action, which is due, among other things, to in-
creased photosynthesis (Gomoétka and Szaynok,
1997). Assimilative processes, which occur very
intensively at this time of year, are responsible for

700

600
500
400
300
200
100

0

1

| F =W

the highest pH values in summer, and then the pH
increases markedly, even within the pH=10 range
(Szczykowska and Siemieniuk, 2011). In addition
to this, it is worth pointing out that the pH value
increases with increasing temperature, which is
reflected in the test results obtained (Figure 5). In
the spring and summer months, the pH value of
the tested reservoir water was close to 9, while in
the autumn and winter months it was significant-
ly lower, the difference being almost a unit, and
the difference was statistically proven. No signifi-
cant differences of this parameter were noticed in
the water from the various points. According to
the limit values included in the Regulation of the
Minister of Maritime Affairs and Inland Naviga-
tion of 11 October 2019, the obtained results of
the pH of the water from Turo$n reservoir can be
classified as second class.

Concentrations of ammonium nitrogen in the
studied water were low and did not exceed 0.5 mg
N-NH,/dm?* (Figure 6). It was varied in the sam-
pling points, and the water from the fourth point
was distinguished by an increased concentration of
this form of nitrogen in comparison with the water
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Figure 4. Conductivity value of reservoir water in pS/cm (during the seasons: F = fall, W = winter,
SP = spring, SU = summer), 1-5 research points
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Figure 5. pH value of reservoir water (during the seasons: F = fall, W = winter, SP = spring, SU = summer),
1-5 research points

samples from the other points. Ammonium form
concentrations were subject to seasonal variations.
The highest was recorded in autumn and the lowest
in winter and these were statistically proven differ-
ences. Ammonium nitrogen in surface water may
originate from the biochemical decomposition of
organic nitrogenous compounds of plants or ani-
mals, and its presence in water may also be caused
by discharges of municipal or industrial wastewa-
ter, as indicated by the concentration of this form
of nitrogen in the autumn period in the water of
the studied reservoir. Elevated amounts of ammo-
nium nitrogen are inadvisable in usable waters, as
high levels of ammonium nitrogen may pose a risk
especially in municipal water use (Dojlido, 1995).
This form of nitrogen is very well absorbed by
autotrophs and is a potential food source for phy-
toplankton (Adamczyk and Jachimowski, 2013).
Large amounts of ammonium ions, this means a
few to several or more mg N-NH,*/dm’, present
in surface waters usually indicate pollution by
domestic or industrial effluents and may originate
from decomposition processes of water-dwelling
vegetation. The water from the middle part of the
reservoir contained higher amounts of ammonium
nitrogen than the water entering the reservoir. The
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reservoir had a negative effect on the concentration
of this form of nitrogen, particularly in autumn, as
evidenced by the results of water flowing out of
the reservoir. The analysed waters should be clas-
sified as out-of-class waters due to this parameter
(Rozporzadzenie Ministra Gospodarki Morskiej i
Zeglugi Srodladowej 2019).

During the study period, significantly higher
nitrate concentrations were found in winter and
lower in autumn (Figure 7). This is due to the in-
flow of nitrates to the surface water during the so-
called dead period with reduced temperatures from
the areas bordering the surveyed reservoir. In addi-
tion, the development of plankton and aquatic veg-
etation is limited and this results in a lack of nitrate
uptake, as pointed out by Czaplicka-Kotas (2012).
In higher-temperature quarters of the year, grow-
ing plants take up nitrate and its influx into the wa-
ter is reduced. The influence of the sampling loca-
tion was also marked, as there was little variation
in nitrate nitrogen concentrations except during the
winter period. The reservoir had a positive effect
on the out flowing water, which mostly discharged
less nitrate during the study period compared to
the incoming water, indicating uptake of this form
of nitrogen by the reservoir plants (Aspin et al.,
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Figure 6. Concentration of ammonium nitrogen in reservoir water in mg N-NH,*/dm’ (during the seasons:
F = fall, W = winter, SP = spring, SU = summer), 1-5 research points
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Figure 7. Concentration of nitrate nitrogen in reservoir water in mgN-NO,/dm’ (during the seasons: F = fall,
W = winter, SP = spring, SU = summer), 1-5 research points

2020). According to the 2019 Regulation of the
Minister of Maritime Affairs and Inland Naviga-
tion, it has been established that the studied waters
are out-of-class due to the concentration of nitrate
nitrogen, as this value exceeded 5 mg N-NO,/dm’
(Rozporzadzenie Ministra Gospodarki Morskiej i
Zeglugi Srodladowej 2019).

The water from the first point of the reservoir,
as it flowed into the reservoir, was characterised
by the highest concentration of nitrite nitrogen
during autumn and winter. This concentration
was significantly higher compared to the other
dates and points in the middle part of the reservoir
and in the outflowing water (Figure 8).

Considering the study periods, it can be seen
that their highest concentration was in the water
taken in winter, which is due to the reduction of
biological life in the reservoir and this form of
nitrogen remained in the water. During spring
and summer, the lowest concentrations of this
form of nitrogen were recorded, which is due to
its uptake by the plants and phytoplankton of the
reservoir as well as the oxidation process to ni-
trate. The nitrites in surface water are formed by
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biochemical processes of transformation of nitro-
gen-containing compounds. Pure surfaces water
usually contain trace amounts of nitrite, namely
not exceeding thousandths of a milligram in 1
dm?’. Slightly higher values of this parameter can
be observed in the water flowing from swampy
areas (Szczykowska and Siemieniuk, 2011). Ex-
cessive presence of nitrite ions in the reservoir
is toxic to the fish species that live there, as well
as to other aquatic organisms, but the determina-
tions obtained for this indicator are low and do
not pose a great threat to these organisms. The
reservoir had a positive effect on the process of
reducing concentrations of this form of nitrogen,
as evidenced by the difference in concentration
between inflowing and outflowing water during
the study period. Organic nitrogen present in all
kinds of surface water is usually associated with
the presence of pollution from agricultural areas,
but also with the decomposition of organic mat-
ter in the water. This observation is confirmed
by the results obtained for the concentration of
this form of nitrogen in the studied water of the
Turosn reservoir.
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Figure 8. Nitrite nitrogen concentration in reservoir water in mg N-NO,/dm’ dm?* (during the seasons: F = fall,
W = winter, SP = spring, SU = summer) 1-5 research points
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The concentration of organic nitrogen in the
reservoir water followed a similar pattern to that
of the nitrogen forms discussed above (Figure 9).
It varied depending on the date and location of
sampling. The water sampled in winter was char-
acterised by the highest concentration of organic
nitrogen at four points in the reservoir, which is re-
lated to the deposition of organic matter in the res-
ervoir after the growing season, and these differ-
ences were significant. Similar observations were
made by Wiatkowski et al. (2021), who assessed
several small reservoirs in Dolny Slgsk (Poland).
At point three, similar concentrations of this form
of nitrogen occurred in water sampled in all quar-
ters of the year. Organic nitrogen seasonal chang-
es are due to changes that occur in surface water
during the year. Throughout the study period, the
lowest concentrations of organic nitrogen were in
the water sampled in spring and summer, which
may be indicative of the conditions favourable for
organic matter biodegradation processes. In this
process, plant-available mineral nitrogen com-
pounds are formed (Szczykowska et al., 2017).
The stages of transformation are directed towards
the use of complex organic nitrogen compounds,
in the form of tissue and cell fragments of soil mi-
cro-, meso- and macrofauna, plant residues, dead
microbial cells, animal excreta, and intentional-
ly added organic fertilisers: manure, composts.
These transformations involve enzymatic hydrol-
ysis until simple mineral compounds of biogenic
elements are obtained, which are taken up by the
producers — green plants (Krasowska, 2017).

The concentrations of phosphate ions in the
tested reservoir water samples were significantly
higher in the summer period in relation to the con-
centrations in the water from the other quarters of
the year (Figure 10). In the water from the first
point, the concentration in this period was at the
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level of 14 mg/dm?, while in the remaining points,
especially in the central part of the reservoir, the
concentration was lower by several mg. In other
quarters of the year, the phosphate ions concentra-
tion in the water was slightly above 6 mg/dm? at
all points in the reservoir. The differences between
these quarters at individual points can be consid-
ered negligible. Higher phosphate concentrations
in summer are an effect of resuspension, which is
the movement of phosphate ions accumulated in
sediments at the bottom of the reservoir by wave
action and strong water movements, resulting in
the leaching of the ions in question from bottom
sediments (Krasowska, 2017, Szczykowska et al.,
2017). Benthic organisms or fish also play their
part in this process and can induce water move-
ment to some extent. In spring, with increased
rainfall, there was mixing of the water in the res-
ervoir, so there was an activation of the bottom
sediments and a release of phosphate ions from
them (Kajak, 2001). Untreated wastewater, which
enters from unsewered areas in close proximity to
the reservoir, has also played an important role in
the accumulation of phosphorus in the aquatic en-
vironment of this reservoir, acting as an external
source of phosphorus. Another reason for the high
phosphate concentration is surface runoff and the
movement of soil particles, which are a source
of phosphorus to surface waters (Wiatkowski et
al., 2021), as evidenced by the summer phosphate
concentration in the water entering the reservoir,
which was higher than in the outflow water. The
reservoir inflow water runs through agriculturally
used areas and carries soil particles, which are a
source of phosphates.

Phosphorus, in contrast to nitrogen, is a
low-mobile biogenic compound. Hence, sourc-
es of phosphorus in surface water include run-
off from fields containing phosphorus fertilisers,

5 ppk
SP SuU

Figure 9. Concentration of organic nitrogen in reservoir water in mg N/ dm? (during the seasons: F = fall,
W = winter, SP = spring, SU = summer,) 1-5 research points
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Figure 10. Concentration of phosphate ions in water in mg PO,*'dm’ (during the seasons: F = fall, W = winter,
SP = spring, SU = summer), 1-5 research points

pollutants from industrial and domestic sewage
treatment plants, as well as from decomposition
processes of organic substances of animal and
plant origin (Adamska et al., 2015). Total phos-
phorus occurring in the water from the Turos$n
reservoir varied depending on the sampling point
and was largely subject to seasonal variations
(Figure 11). On the other hand, the outflow wa-
ter was characterised by lower phosphorus con-
centrations than the water in the middle points of
the reservoir, which indicates phosphorus being
retained in the organic matter of the reservoir and
phosphorus being mobilised after the end of the
growing season. Phosphorus compounds under
aerobic and anaerobic conditions in surface wa-
ter undergo transformations identical to those of
nitrogen compounds. During aerobic processes,
phosphorus compounds are converted to phos-
phate (V), which is considered the last stage of
mineralisation. Under anaerobic conditions, these
compounds can even be reduced to PH..
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The performed determinations of the wa-
ter quality of the small reservoir ‘Turosn * show
instability in its quality because most of the pa-
rameters were subject to seasonal variability. The
water of the reservoir were not self-purifying and
negatively affected the water of the Turo$nianka
River. Similar observations were made by Wiater
et al. (2011) while investigating the impact of the
reservoir on water quality in the Suprasl River.
The trophic status of the Turo$n reservoir was
determined according to the Carlson trophic state
index table (Table 1).

By analysing the table above showing the
trophic state on the basis of total nitrogen, it can
be seen that the waters of the Turosn reservoir
are mostly eutrophic. The lowest TSI(TN) value,
indicating the mesotrophic character of the water
body, of 42.46 mg/dm?, was observed in spring.
On the basis of the trophic state results includ-
ing total phosphorus, the character of ‘Turo$n’
reservoir water can be defined as oligotrophic,
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Figure 11. Concentration of total phosphorus in water in mg P/dm? (during the seasons: F = fall, W = winter,
SP = spring, SU = summer), 1-5 research points

351



Journal of Ecological Engineering 2026, 27(3), 343-353

Table 1. Carlson’s trophic state index of surface water

Season TSI (TN) Trophic state TSI (TP) Trophic state
Fall 50.91 eutrophic 44.43 mesotrophic
Winter 61.97 eutrophic 28.91 oligotrophic
Spring 42.46 mesotrophic 44 .51 mesotrophic
Summer 52.46 eutrophic 37.43 oligotrophic

falling in the winter and summer seasons, and
mesotrophic corresponding to the autumn and
spring seasons. TSI(TP) values ranging from
28.91-37.43 mg/dm® indicate oligotrophy, while
44.43-44.51 mg/dm’ indicate mesotrophy. The
inflow of nutrients from an agriculturally used
catchment and domestic sewage, together with
the slowing down of water flow in the reservoir
compared to the feeder watercourses, favour eu-
trophication processes while constituting a barri-
er to the good ecological status of small retention
reservoirs (Wojtkowska and Bojanowski, 2021).
In rivers where nutrient inflows have been high
for long periods of time, a lot of phosphorus com-
pounds can accumulate in the bottom sediments,
which may continue to contribute to high nutri-
ent levels in the water after inflows are reduced
(Mainstone and Parr, 2002). Aspin et al. (2020)
suggest that nutrient input to surface waters
should be considered as an integral component
of environmental flows. Water quality indicators
should be linked to the effects of flow and migra-
tion of constituents from the catchment.

CONCLUSIONS

There were significant seasonal variations in
the turbidity and true colour of the tested water of
Turoén Reservoir, and to a lesser extent in con-
ductivity and pH values.

Water was significantly differentiated in
points of intake due to turbidity and colour, in
the case of conductivity and pH values, it was
less differentiated.

Particularly during the autumn period, there
were increased ammonium ions concentrations
in the reservoir water. The concentration of this
form of nitrogen was highest at point 4 and 5 of
the water sampling, which was caused by their
release from decomposing organic matter. There
was more of the ammonium form of nitrogen in
the outflowing water than in the incoming water
during the autumn period. This relationship was
not observed in other quarters.
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There were significant seasonal changes in the
concentration of nitrogen oxidised forms (N-NO,
and N-NO,), with the highest concentrations of ni-
trate occurring in winter and nitrite in autumn. It
can be concluded that the reservoir had a positive
effect on the concentration of nitrogen both forms,
which was reflected in their concentrations in the
water leaving the reservoir (sampling point 5).

Organic nitrogen concentrations varied be-
tween seasons, with the highest value in water
during winter period. The reservoir had a negative
effect on the concentration of this form of nitro-
gen, as evidenced by the increased concentration
in the outflow water compared to the inflow wa-
ter, particularly evident during the winter period.

Phosphates were highest in the water sampled
in summer and total phosphorus in autumn. In
the samples from other quarters of the year, the
concentration of both forms of phosphorus was
lower. Phosphate concentrations varied slightly
from one sampling point to another, and for to-
tal phosphorus there was considerable variation
across the reservoir water sampling points. Some
phosphate and total phosphorus were retained in
the reservoir during the study period.

Considering the content of total nitrogen, eutro-
phic waters prevailed in the ‘Turo$n’ reservoir. On
the basis of the total phosphorus results, the water
in winter and summer showed an oligotrophic char-
acter, while in spring and autumn, they correspond-
ed to values characterising a mesotrophic state.

The worsening phenomenon of eutrophication
in the water of the study reservoir may have been
influenced by a number of factors. The construction
of the reservoir undoubtedly affects the value of the
indicators in discussion. The shallow depth of the
studied hydro-technical object causes a faster devel-
opment of the eutrophication process. The accumu-
lation of various substances is beneficial to aquatic
organisms, which use them as nutrients, thereby
increasing the risk of eutrophication. Degradation
of the small retention reservoir is also attributed to
growing transport, tourism and recreation, continu-
ous climate change, pollution from agriculture and
disordered sewage management.



Journal of Ecological Engineering 2026, 27(3), 343-353

REFERENCES

1. Adamczyk W., Jachimowski A. (2013). Wpltyw
sktadnikéw biogennych na jako$¢ i eutrofizacje
powierzchniowych wod ptynacych, stanowiacych
zrodto wody pitnej Krakowa. Zywnosé: nauka —
technologia — jakosé¢, z. 6(91), 175-190.

2. Adamska A., Kanclerz J., Wiatrowska K., (2015).
Formy specjacyjne fosforu w wodach powierzch-
niowych w zlewni Jeziora Gorzuchowskiego. Pol-
ish Journal of Agronomy, 22, 10

3. Aspin T., House A., Martin A. (2020). Reservoir
trophic state confounds flow-ecology relationships
in regulated streams. Science of The Total Environ-
nment 748, 245-253.

4. Czaplicka—Kotas A. (2012). Analiza zaleznosci
migdzy wskaznikami jakosci wody w Jeziorze
Goczatkowickim w aspekcie zakwitow fitoplank-
tondw. Ochrona Srodowiska 1(34), 21-27.

5. Dojlido J. (1995). Chemia wod powierzchniowych.
Wyd. Ekonomia i Srodowisko, Bialystok

6. Gomodtka E., Szaynok A. (1997). Chemia wody
i powietrza. Oficyna Wydawnicza Politechniki
Wroctawskiej. 426-4217.

7. Jagu$ A. (2018). Gospodarczo-spoteczne znaczenie
zbiornikéw zaporowych — studium kaskady Soty.
Inzynieria Ekologiczna, 19(1), 25-26.

8. Jagus A. (2011). Ocena stanu troficznego wod
zbiornikow kaskady Soty. Proceedings of EC
Opole, 5,234,

9. Jankowski W. (2017). Przyrodnicze skutki budowy
i funkcjonowania zbiornikéw suchych i wielo-
funkcyjnych — Do$wiadczenia z oceny wybranych
zbiornikow. Przeglgd Przyrodniczy XXVIII, 4,
135-151.

10. Jodtowski A., Gutkowska E. (2012). Ocena stanu
troficznego wod zbiornika Sulejowskiego na pod-
stawie indeksu Carlsona. InZynieria i Ochrona
Srodowiska 15(4), 127-140.

11. Kajak Z. (2001). Hydrologia — limnologia.: Ekosys-
temy wod $rodladowych. Wydawnictwo Naukowe
PWN, Warszawa, 165

12. Kasperowicz A., Wactaw B. (2017). Program och-
rony srodowiska dla gminy Turo$n Koscielna na lata
2017-2020 z perspektywa na lata 2021-2024. In-
stytut Zrownowazonego Rozwoju, Biatystok, 12—65.

13. Kociolek-Balewejder E., Stanistawska E. (2012).
Chemia $rodowiska. Wydawnictwo Uniwersytetu
Ekonomicznego we Wroctawiu, Wroclaw, 294.

14. Krasowska M. (2017). Sezonowe zmiany sktadu
chemicznego wod rzecznych w zlewni rolnicze;.
Ecological Engneering 18(3), 175-183.

15. Lubkowska B. (2016). Rola wody w zyciu cztowicka
i srodowisku. Zywienie a Srodowisko. Wydawnictwo
Wyzszej Szkoly Zarzgdzania, Gdansk, 20-37.

16. Mainstone C.P, Parr W. (2002). Phosphorus in riv-
ers —ecology and management. Science of The Total
Environment, 282-283, 25-47.

17. Marszalek M. (2009). Budowa zbiornika matej re-
tencji ,,Turo$n” na rzece Turo$niance gm. Turosn
Koscielna, woj. podlaskie. Biuro Studiow i Projek-
tow Gospodarki Wodnej i Rolnictwa, Warszawa, 51.

18. Mioduszewski W. (2015). Mata retencja— ewolucja
idei. Aktualne wyzwania w gospodarowaniu rolnic-
zymi zasobami wodnymi. Wyd. Instytut Technolog-
iczno —Przyrodniczy, Falenty, 20.

19. Ostrowska M., Saldak A. (2015). Rekreacyjne
wykorzystanie zbiornika retencyjnego w Gminie Kluc-
zbork, Studia Obszarow Wiejskich, 37,217-218.

20. Rozporzadzenie Ministra Gospodarki Morskiej i
Zeglugi Srédladowej z dnia 11 pazdziernika 2019 . w
sprawie klasyfikacji stanu ekologicznego, potencjatu
ekologicznego i stanu chemicznego oraz sposobu
klasyfikacji stanu jednolitych czg$ci wod powierzch-
niowych, a takze srodowiskowych norm jakosci dla
substancji priorytetowych. Dz. U. 220191, poz. 2149.

21.Rzgtata M. (2008). Funkcjonowanie zbiornikow
wodnych oraz przebieg proces6w limnicznych
w warunkach zréznicowanej antropopresji na
przyktadzie regionu gornoslaskiego. Wydawnictwo
Uniwersytetu Slgskiego, Katowice, 24.

22. Siemieniuk A., Szatylowicz E. (2014). Przeglad metod
oceny stanu troficznego wod powierzchniowych,
Inzynieria Srodowiska — Mlodym Okiem 4, 144-174.

23.Siemieniuk A., Szczykowska J. (2011). Przyczyny
i skutki poziomu czystosci wod zbiornikow mate;j
retencji na Podlasiu. InZynieria Ekologiczna, Nr
26, 68-74.

24. Szczykowska J., Siemieniuk A., Wiater J. (2017).
Trophic state of small retention reservoirs in Pod-
lasie Voivodeship, Journal of Ecological Engineer-
ing, 18(5), 160-167.

25. Wiater J., Siemieniuk A., Szczykowska J. (2011).
Influence of small retention reservoir on water qual-
ity of Suprasl River. Ecological Chemistry and En-
gineering, 18(9-10), 1363—-1372.

26. Wiatkowski M., Wiatkowska B., Gruss L., Rosik-
Dulewska C., Tomczyk P., Chtopek D. (2021). As-
sessment of the possibility of implementing small
retention reservoirs in terms of the need to increase

water resources. Archives of Environmental Protec-
tion 47(1), 80—100.

27. Wojtkowska M., Bojanowski D. (2021). Assess-
ing trophic state of surface waters of Stuzewiecki
Stream (Warsaw) Applied Water Science, 11(7), 1-8.

353



