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1. Introduction

Eutrophication of inland waters, in connection with increase in phosphorus
(P) and nitrogen (N) content is a global issue, especially in agricultural areas. Ex-
cessive increase in the content of mineral components in rivers is the result of such
substances being carried from the areas of intensive agriculture (Withers et al.
2008). Increase in nitrogen and phosphorus content causes fluctuations in water
quality, and the excess of nutrients promotes the growth of phytoplankton (water
blooming) and macrophytes, resulting in loss of habitats and beneficial species of
plants and animals (Smith 2003). In 19th ct. Europe this process was considered as
a significant environmental protection issue and it continues to be a long-term chal-
lenge to sustainable management of aquatic ecosystems (Leaf, 2017). This resulted
in undertaking a number of water quality tests for major rivers and their major trib-
utaries, including their content of anthropogenic mineral ingredients — mostly of
farming origin (Domagata & Kondratowicz 2006, Dupas et al. 2015) and investi-
gating the possibility of reducing such content (Keck & Lepori 2012). It needs to
be stressed that small tributaries - watercourse of third and higher orders, lay a ma-
terial role in shaping the quality of water in large rivers (Alexander et al. 2007).
Small watercourses located within agricultural areas play an important role in water
retention; they are used in economy and improve the landscape value. They also
form a refugium for multiple species of aquatic plants and animals, and affect the
biodiversity of land (Williams et al. 2003). In addition, it is commonly known that
small watercourses play critical role in biogeochemical connectivity of aquatic and
terrestrial ecosystems and are a vital part of the macrocomponent supply line to
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a receptacle — a higher-order river (Withers & Jarvie 2008). Usually they bring in
disproportionally higher quantity of biogenic substances than contained in the re-
ceptacle, and despite being thinned they still constitute a serious source of charge
causing degradation of water quality (Biggs et al. 2017, Kelly-Quinn et al. 2017).
In spite of that, as compared with larger rivers, European countries do not have
systems in place for strategic monitoring of physical and chemical properties of
small watercourses (Biggs et al. 2017, Lassaletta et al. 2010). Also in Poland, ex-
cept for a few studies (Liberacki & Szafranski 2008, Sojka et al. 2016), no compre-
hensive evaluation of the volume of charge carried by small rivers to higher-order
rivers, including its potential impact.

The purpose of this study is to assess the ecological status of small wa-
tercources of lowlands tributaries of Odra and Wista rivers on the basis of selected
concentrations of physicochemical parameters (nitrogen and phosphorus com-
pounds).

2. Study area

Studies were conducted on 10 small watercourses within the Odra river
basin and Wista river basin (Fig. 1). In the north-western section of Odra river
basin, the following rivers were selected for the study: Plonia, Mysla, Tywa,
Rurzyca and Wardynka, and in Central Poland the area of Wista river basin was
represented by Kanal Habdzinski, Zielona, Czarna-Cedron, Kraska and Molnica.
Three measuring stations were established on each river, mostly on agricultural
land.

The characteristics of the adjacent areas were based on calculations in the
QGIS program using data of Corine Land Cover.

In the catchments of all 10 examined rivers, land cover was mainly agri-
cultural. This particularly concerned rivers in the central part of Poland (B),
where the catchment areas of the Molnica and Kraska rivers were dominated by
agricultural land (Kraska 88.3% and Molnica 84.2%). The catchment areas of the
Habdzinski Canal were also dominated by agricultural areas (79.1%), but anthro-
pogenic areas (16.8%) also had a significant share. The catchment areas of the
Zielona and Czarna Cedron rivers, apart from agricultural areas (72.6% and
60.9%, respectively) also consisted of forests and semi-natural ecosystems
(20.8% and 30.8%). Areas in western Poland (A) were also dominated by agri-
cultural areas (in the catchments of all rivers in this region, it constituted over
50% of the area coverage).
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Fig. 1. Location of small rivers in the Odra (A) and Wista catchments (B)
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In the Ptonia river catchment area 73.5% was agricultural, 5.2% was an-
thropogenic and 4.7% was water area. In the catchment areas of the Tywa and
Wardynka rivers, apart from agricultural areas (constituting over 65%), forested
areas (approx. 30%) and a small amount of anthropogenic areas were annotated.
However, despite the fact that the river basin Mysla and Rurzyca dominated by
agricultural land (over 56%), a significant part they are also forests and natural
ecosystems.

Characteristics of individual rivers are shown in Table 1.

Table 1. Characteristics of small watercourses of the Odra and Wista catchments
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Odra catchment
Ptonia 1129.0 73.0 2.7 0.84 23
Mysla 1298.0 104.0 3.6 0.31 20
Tywa 264.5 479 1.9 0.40 16
Rurzyca 430.7 44 .4 2.3 0.44 24
Wardynka 101.2 213 2.8 0.20 18
Wista catchment
Kanat
Habdzifski 28.1 9.9 0.9 0.43 17
Zielona 37.0 11.6 1.1 0.16 17
Czama-Ce- | 4 15.5 0.5 0.70 17
dron
Kraska 36.0 11.5 3.7 0.21 17
Molnica 59.0 15.5 39 0.07 17

*own measurement (average of all positions)
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3. Material and methods

Field examinations were conducted within the 2018 vegetation period
(Apr to Oct). Temperature and pH of water were measured directly in the field,
using the multi-parameter mobile measuring instrument HACH, also dissolved
oxygen (DO) content was measured (multi-parameter measuring instrument
Multi 3400 by WTW with oxygen probe type Cellon 323 was used). Also, field
measurements were accompanied by taking water samples (3 samples from each
station) every 30 days from rivers subject to study. Test samples were taken in
compliance with the applicable standards. Concentration in water was
determined: N-NOs, N-NH;" and P-PO.". Concentrations of nitrogen and
phosphorus forms were determined by the Environmental Chemistry Research
Laboratory of ITP in Falenty by colorimetric method, using automatic flow
analyzer manufactured by Skalar. In addition, depth was determined at individual
measuring stations, using measuring staff.

Water quality indices have been evaluated with reference to requirements
included in the Regulation by Minister of Environment of July 21, 2016 on
classification of the state of uniform parts of surface waters and on environmental
quality standards for priority substances (JoL 2016 item 1187). Water test results
were statistically processed in the software tool Statistica 12.5 PL. Since the data
obtained failed to meet the assumptions necessary to conduct the variance analysis
(i.a. no normal distribution, no homogeneity of variance), Kruskal-Wallis test (p <
0.05) has been used to determine statistically significant differences.

4. Results and discussion

Physical and chemical properties of river waters change in time and
space, resulting in continuity of ecological processes and gradient nature of river
zones, so-called river continuum (Vannote et al. 1980, Neal et al. 2006). Width
and depth of river bed, inflow of biogens, temperature, general suspended matter,
oxygen content, as well as the water flow rate change continuously from the river-
head to the river mouth (Kanclerz et al. 2018). Since matter and energy are trans-
ferred with the flow of a water course, gradual increase in concentration of sub-
stances dissolved in water is natural. Such factors as change in decline and flow
rate, land improvement related reshaping of river bed, contamination of waters,
hydro-engineering structures may interfere with the concept of river continuum.
Small watercourses — tributaries to higher-order river, may supply waters of such
river with organic matter and pollutants.



Quality Analysis of Waters from Selected Small Watercourses... 1207

When analyzing results of water quality tests from waters of five (5) riv-
ers within Odra river basin, four water quality indicators out of seven, namely
conductance, dissolved oxygen, N-NOj;™ and P-PO4* concentration, were elevated
and failed to meet the requirements as per Regulation by ME of 21/07/2016 (Tab.
2). The highest, 15-fold excess of the permitted content of phosphate phosphorus
(£ 0.101 mg P-PO,s-dm™ for water quality class II) was recorded in waters of
Plonia river. It is probably connected with local dumping of fertilizer compounds,
noted in its upper course. Differences between obtained concentrations of phos-
phate phosphorus were statistically significant from those recorded for rivers
Mysla, Tywa and Rurzyca. In the latter one, however, nearly 4-fold exceeding of
permitted N-NO; content (< 1.7 mg N-NO;-dm™ for water quality class II) was
observed. Elevated values of N-NO;™ and P-PO,*" has impact on low content of
oxygen dissolved in waters of examined rivers. It was in the range 1.16 mg-dm
(item 3, river Mysla) to 6.27 mg-dm™ (item 2, river Tywa) and at no point did it
meet the requirements of water quality class II (Tab. 2). In the context of the
regulation in force, considering mean values of electrolytic conductance of waters
from those 5 rivers, a slight exceeding of limit value for water quality cat. II,
which has been observed in, Tywa and Wardynka, and in My$la and Rurzyca the
limit value has been exceeded by 53.3 and 73.6% respectively. Values of remain-
ing indices, as per requirements in the regulation, were not exceeded and com-
plied with requirements for water quality class I and II (Tab. 2).

Having assessed the quality of those 5 rivers, it is waters of Rurzyca river
that carry the largest quantities of pollutants. This is probably due to local dump-
ing of municipal sewage recorded by stations 1 and 2, whereas station 3 was lo-
cated at the municipal sewage treatment plant.

Table 3 presents the results of water quality analysis for small rivers of
Wista river basin. As is the case with Odra river basin, indices that complied with
the requirements of water quality class I and II in Regulation by ME 0f21/7/2016
were temperature, pH and N-NH4" content. Considering mean values of electro-
lytic conductivity, the highest mean value was observed in waters of river Kraska
(813 ps/cm), and the lowest in waters of Czarna Cedron (519 ps/cm) and only in
the latter water course values obtained complied with requirements for water
quality class I as per the a.m. regulation (< 549 ps/cm). Small quantity of oxygen
dissolved in water was observed in all watercourses of the Wista river basin.
Mean values were in the range 3.96 to 5.63 mg-dm™ and differences between
them were not statistically significant (Tab. 3).
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Very high excesses were noted for concentrations of N-NOs™ and P-PO4™.
The highest mean value of P-PO4* was obtained for Molnica river. It exceeded the
limit value for water quality class II as much as 20-fold (P-PO4*<0.101 mg-dm™
for water quality class II). This small watercourse was fully covered by aquatic
vegetation, which often accumulates charges of nitrogen and phosphorus (Ilnicki
2014). Also, the depth of Molnica river was the smallest, reaching on average as
little as 0.07 m (Tab. 1). In Czarna Cedron river, the concentration of P-PO4* was
small — 0.055 mg-dm™, and consistent with requirements for water quality class
I (Tab. 3). The lowest concentration of N-NOj3™ has been determined also in waters
of Czarna Cedron river and the value determined exceeded permitted value
3.4 mg-dm™ for water quality class II (Tab. 3). The highest mean value of this
index was obtained for river Molnica, and in item 1 the quantity of N-NOs™ was
exceeded two times, considering requirements included in Regulation by ME of
21/7/2016. The whole course of this small river runs through agricultural areas,
in sections adjacent to farm households. During the study period the growth of
aquatic plants there was intense, completely covering the watercourse surface,
which combined with the outflow of biogenic components, could have acceler-
ated eutrophication of the watercourse subject to study.

Summarizing the values of water quality indices for examined water it may
be concluded that river Molnica is the most contaminated watercourse in the Wista
river basin, whereas river Czarna Cedron is the least contaminated one.

In the spring and summer season phytoplankton and macrophytes inhab-
iting rivers increase their absorption of nutrients, while higher availability of light
and higher temperatures promote and intensify nitrogen and phosphorus absorp-
tion processes (Jarvie et al. 2013). Increase in biogen concentration during the
vegetation season, observed in the study, may be the testimony to anthropogenic
contamination of waters, originating in farming and industrial operations running
in the area.

5. Summary

Study completed confirmed the assumed thesis on contamination of
small, lowland watercourses going through agricultural land. Analyzed samples
from all rivers demonstrated elevated content of phosphate phosphorus. Material
exceeding of P-PO4* in Zachodniopomorskie region has been recorded for river
Plonia (1.505 mg-dm™ on average), whereas in Mazowsze region the highest ex-
cess has been recorded for Molnica watercourse (2.023 mg-dm™ on average). De-
spite those two rivers being so different in length and surface area of river basin,
local dumping of fertilizer compounds and intensive farming use of the land ad-
jacent to the river were observed in both cases. Also the highest content of nitrate
nitrogen were recorded in Molnica river (2.023 mg-dm™ on average), which may
be explained by intense growth of aquatic plants in the watercourse. In addition,
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the smallest quantity of water (0.07 m on average) was observed in the water-
course, which could trigger biogenic charges in bottom deposits. The highest con-
tent of the same compound in waters of Western Poland has been determined in
Rurzyca river (7.321 mg-dm™ on average), probably due to local dumping of mu-
nicipal sewage. In both examined areas the situation was better with contamina-
tion of small rivers with ammonia nitrogen compounds — waters could be classi-
fied as water quality class I and II as per Regulation by ME of 21/7/2016. High
content of biogenic compounds in examined waters translated into low oxygen
concentration and elevated conductance. Aforementioned significant increase in
phosphorus and nitrogen content in minor lowland watercourses may be the evi-
dence for biogens ingress to major rivers, such as Odra and Wista, and in the
absence of control and monitoring measures, municipal sewage and fertilizer
sewage dumping spots may be the significant source of contamination.

The research financed under the multiannual program
by the Institute of Technology and Life Sciences
and titled "Engineering and landscaping projects for innovative,
resource-efficient and low-carbon economy in rural areas”,
Activity 5 "Information support for preparation, completion
and acceptance of land improvement equipment”
154/2016_RM-111-156-16).
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Abstract

An important source of contamination of inland waters is the content of nitrogen
and phosphorus compounds, which in agricultural areas constitute a significant threat by
getting into flowing waters. The runoff of mineral substances from areas with high inten-
sification of agriculture contribut to increase of nutrient content in rivers, which often
causes disturbances in water quality, with excess nutrients supporting the growth of phy-
toplankton (algae receipts) and macrophytes and associated with it loss of habitats and
desirable plant and animal species. The small rivers play an important role in the water
quality of large rivers. The purpose of this work is to assess the quality of water in small
lowland rivers, which are tributaries of the Odra and Wista rivers, with particular empha-
sis on the content of biogenic compounds (nitrogen and phosphorus forms). The study
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was carried out on 10 small rivers from the Odra river basin (Plonia, Mysla, Tywa,
Rurzyca and Wardynka River), and the Wista river basin (Habdzinski Channel, Zielona,
Czarna-Cedron, Kraska and Molnica River). The analyzed water samples in all rivers had
increased content of reactive phosphorus, which allows to classify the waters into non-
class waters. The highest exceedences were recorded in the Plonia River (on average
1.505 mg P-PO4*/L) in the Odra river basin, while in the in the Wista basin the highest
exceedances were recorded in the Molnica watercourse (average 2.023 mg P-PO4>7/L).
Also high concentrations of the nitrate-nitrogen content were recorded, and the highest
amounts of N-NOs7/L were found in the Rurzyca River (the Odra catchment — 7.321 mg
N-NOs7/L) and in Molnica River (Wista catchment — 5.092 mg N-NOs7/L). Lower values of
ammonium nitrogen were found in all tested watercourses, classifying water to the first class
of water quality according to Minister of the Environment Regulation (21.07.2016r.). Only
increased concentrations classifying the examined waters up to the 2nd water quality class
were recorded in the Rurzyca river (Odra catchment - 0.350 mg N-NO;7/L average, and in
the Habdzinski Channel (Wista catchment - 0.293 mg N-NO;7/L). Significant increases in
the content of biogenic compounds classifying tested waters to the 2nd class and above,
were also conducive to low values of oxygen concentration in water and high conductance.
For example in the Molnica river, high nitrate nitrogen and phosphate content influenced
on low water oxygenation. In addition, there was a very low water level in the watercourse,
which could have triggered nutrient loads in bottom sediments. Contamination of waters
from agricultural areas with nitrogen and phosphorus compounds may pose a threat to larger
rivers to which they can pass without proper monitoring.

Keywords:
watercourses, catchment, water quality, pollution

Analiza jakosci wod wybranych malych ciekéow
zlokalizowanych w zlewni rzek Odry i Wisly

Streszczenie

Istotnym zrodlem zanieczyszczenia wod srodladowych sa zawarto$ci zwiazkow
azotu i fosforu, ktore na obszarach rolniczych stanowig znaczace zagrozenie przedostajac
si¢ do wod plynacych. Do nadmiernego wzrostu zawarto$ci zwiazkow biogennych w rze-
kach przyczyniaja si¢ sptywy substancji mineralnych z terenow o duzej intensyfikacji
rolnictwa, co niejednokrotnie jest przyczyng zaburzen jakosci wody, przy czym nadmiar
sktadnikéw odzywcezych sprzyja wzrostowi fitoplanktonu (zakwitéw glonéw) i makrofi-
tow oraz zwigzanej z tym utraty siedlisk i pozadanych gatunkow roslin i zwierzat. Duza
role w ksztattowaniu jako$ci wody duzych rzek petnig niewielkie doptywy stanowigce
mate cieki wodne. Celem niniejszej pracy jest ocena jakosci wod w wybranych matych
nizinnych ciekach wodnych bedacych doptywami rzeki Odry i rzeki Wisly ze szczegol-
nym uwzglednieniem zawarto$ci zwigzkoéw biogennych (formy azotu i fosforu). Bada-
niami objeto 10 niewielkich ciekow z obszaru zlewni rzeki Odry (rzeki: Plonia, Mysla,
Tywa, Rurzyca i Wardynka), oraz zlewni rzeki Wisty (Kanat Habdzinski, Zielona,
Czarna-Cedron, Kraska i Molnica). Analizowane proby wody we wszystkich rzekach
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mialy podwyzszone zawartosci fosforu fosforanowego, co pozwala zaklasyfikowa¢ ba-
dane wody do wdd pozaklasowych. W zlewni rzeki Odry najwicksze przekroczenia norm
odnotowano w rzece Plonia (§rednio 1.505 mg P-PO,*/L), natomiast w zlewni Wisly naj-
wieksze przekroczenia zanotowano w cieku Molnica ($rednio 2.023 mg P-PO4*/L). Row-
niez wysokie st¢zenia odnotowano analizujac wody pod katem zawartosci azotu azotano-
wego, a najwigksze ilosci N-NOs™ stwierdzono w rzece Rurzyca (zlewnia Odry —
7.321 mg N-NOs7/L) i w Molnicy (zlewnia Wisly — 5.092 mg N-NO;7/L). We wszystkich
badanych ciekach stwierdzono nizsze ilo$ci azotu amonowego, klasyfikujac wody do I klasy
czystosci wg Rozp. MS z 21.07.2016r. Jedynie podwyzszone stezenia klasyfikujace badane
wody do 2 klasy czystoSci wod zanotowano w rzece Rurzyca (zlewnia Odry — $rednio
0.350 mg N-NH4"/L, oraz w Kanale Habdzifiskim (zlewnia Wisty — 0.293 mg N-NH,"/L).
Znaczace podwyzszenia zawarto$ci zwigzkow biogennych klasyfikujace badane wody do
II klasy i1 powyzej II klasy czystosci wod sprzyjaty rowniez niskim warto§ciom stgzenia
tlenu w wodzie oraz wysoka konduktancja. Przyktadem jest tu rzeka Molnica, w ktorej
wysokie zawartosci azotu azotanowego oraz fosforanow przektadaly si¢ na niskie natle-
nienie wody i wysokie przewodnictwo wtasciwe. Ponadto w cieku byta bardzo niski stan
wod, co mogto uruchomi¢ poktady tadunkow biogennych w osadach dennych. Zanieczysz-
czenia wod z terendw rolniczych zwigzkami azotu i fosforu moga stanowi¢ zagrozenie dla
wigkszych rzek, do ktorych bez odpowiedniego monitoringu mogg si¢ przedostawac.

Stowa kluczowe:
cieki wodne, zlewnia, jako$¢ wody, zanieczyszczenie
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