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Abstract. The research on the quality of the water of a small watercourse 
was conducted in the agricultural catchment in north-eastern Poland. The 
water quality was analyzed in the hydrological year and in the period of 
increased discharge, which in these hydro-meteorological conditions occurs 
in the snowmelt period. Nutrients get from agricultural land to surface water 
during the snowmelt or precipitation period. Therefore, the chemical 
composition of the water of the studied watercourse was subject to intense 
seasonal fluctuations. The concentration of nitrates, phosphates and 
ammonium ions increased with discharge. The snowmelt lasted for several 
days. However, as research has shown, this is a critical period for the quality 
of surface water in the agricultural landscape. During this period, the water 
of a small watercourse transported about 36% of annual nitrate load, over 
45% of phosphate load and as much as 66% of ammonium ions. 

1 Introduction 
The soils of farmland are the main source of scattering of dissolved substances into surface 
water [1–9]. Chemical compounds in the form of mineral and organic fertilizers, which are 
introduced into soils, as well as activated in soil and not used by plants, are leached by 
rainwater and snowmelt, and then they get to groundwater and a watercourse with surface or 
underground runoff  [10, 11]. In processes of leaching chemical constituents from the 
catchment to the watercourse, atmospheric factors have the greatest influence. They 
determine the movement of water in the soil as well as the rate of mineralization of organic 
substances [12].  

In Poland, an important characteristic that describes the distribution of water outflow and 
dissolved substances in catchment is their seasonality. Its variability depends on the physical 
and geographical conditions, in particular on the climate, morphology, geological structure, 
land cover and the method and intensity of the catchment management [13, 14]. It is assumed 
that the largest transport of dissolved substances occurs during freshets caused by snow 
melting or rainfall. Particularly noteworthy are snowmelt floods, when there is an intensive 
elution of dissolved substances accumulated in the catchment [15–19]. During floods of thaw, 
surface and subsurface runoff is formed and there is an increased migration of dissolved 
substances, including nutrients, into surface water. It seems that leaching of substances 
dissolved from the agricultural catchment during the snowmelt may be a period of intense 
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denudation, especially in the hydro-meteorological conditions of north-eastern Poland. 
Therefore, the purpose of the present study was to analyze the chemical composition of the 
water of the watercourse in the agricultural catchment, with particular emphasis on the flood 
period. 

2 The study area 
The research was conducted in a part of the agricultural catchment, a small watercourse, 
which is located in north-eastern Poland, in the Podlasie voivodship, in the municipality of 
Choroszcz. The analyzed stream is a left tributary of Horodnianka, which flows into the 
Supraśl River (Fig. 1). The studied catchment has an area of 187 ha and a circumference of 
about 6 km.     

The watercourse is regulated and there is no natural source because it starts from the 
drain. It measures about 1550 m from the outflow to the research section and there are three 
surface inflows in this section. 

 
Fig. 1. The studied part of the catchment of the watercourse against the background of the Horodnianka 
catchment from the inflow from Łyski to the estuary. 

In terms of climate, the area of research belongs to the XII Mazursko-Podlaski Region, 
which is characterized by the highest frequency of the appearance of the coldest weathers 
[20]. Frost extends from October to May. The growing season begins in mid-April and ends 
in the third decade of October. The rainfall dominate in the studied area, while snowfall 
accounts for an average of about 22% of the annual sum. The snow cover stays from the 
beginning of November to the end of April and is most often unstable, which is due to the 
effects of the thaw [21]. 

The dominating way of land use is relatively low-intensity agriculture. The main use of 
the catchment is arable land, which covers about 75% of the area. Permanent grasslands are 
predominantly located in the watercourse valley and occupy 16% of the catchment. Forests 
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the catchment is arable land, which covers about 75% of the area. Permanent grasslands are 
predominantly located in the watercourse valley and occupy 16% of the catchment. Forests 

are small-surface and cover only 3.5% of the area, and built-up areas and wasteland occupy 
5.5% of the catchment area. The agricultural land is drained, about 40% of their area is 
drained by a tile network.  

3 Methods 
The hydrochemical studies were conducted throughout the hydrological year in the 
agricultural catchment. Intensive research was carried out during the snowmelt floods. They 
consisted of measurements of atmospheric and hydrological conditions as well as analysis of 
selected physicochemical properties of water from the watercourse. The water level in the 
watercourse, on the closing cross-section (hydrometric), was measured at regular intervals 
every 30 minutes using the CTD Diver (Schlumberger Ltd.), then, they were converted into 
flow values. 

The samples of water from the watercourse were collected for laboratory tests once 
a week. During flood periods caused by melting snow cover, samples were taken every two 
hours using an automatic GLS 6712 ISCO (Teledyne Isco) device.  

Selected physicochemical properties, such as: electrolytic conductivity (EC) and ion 
concentration: H+, NO3

-, NH4
+, PO4

3-, SO4
2-, Cl-, Mg2+, Ca2+ were determined in water 

samples 
Loads of ions in the river's outflow during the entire hydrological year and during the 

freshet were calculated using the formula (1) [22]:  

𝑙𝑙𝑘𝑘(𝑗𝑗) = ∑ ∆𝑡𝑡𝑖𝑖[𝑐𝑐𝑖𝑖(𝑗𝑗)𝑄𝑄𝑖𝑖+𝑐𝑐𝑖𝑖+1(𝑗𝑗)𝑄𝑄𝑖𝑖+1]
2

𝑘𝑘
𝑖𝑖=1 [kg]     (1) 

where:  
lk(j)  – the cumulative load of component j in the time interval k, 
Δti  – the time interval i between measurements, 
ci(j)  – the instantaneous concentration of the component j,  
Qi  – instantaneous flow.  

4 Results 
The increased concentration of nitrates and phosphates was recorded in March, during the 
snowmelt period. The another increase was in autumn during high water levels due to rainfall. 
The lowest concentrations of these ions were found in the summer months at low flows. the 
concentration of ammonium ions changed dynamically throughout the year. The maximum 
concentration was found in February before the flood wave. The concentration of this ion 
decreased during its descent, and another increase was before intense rainfall, in the summer 
months. The highest concentration of sulphates was recorded in December, during low water 
levels. The content of this ion decreased significantly during the culmination of the flow. The 
calcium content (Ca2+) was characterized by the highest fluctuations in the initial flooding 
phase. In February 2010, the Ca2+ concentration reached about 205 mg∙dm-3, after which the 
concentration of this ion decreased, which was clearly influenced by the inflow of meltwater 
and rainwater. The magnesium and chloride content was characterized by high dynamics in 
the water of the watercourse. The maximum concentration of these ions was noted after the 
flood wave in March, which was related to the leaching of the substance dissolved from the 
catchment (Tab. 1). 

The content of most ions changed in the water of the watercourse during increased flows. 
The lower content of dissolved substances was recorded in the initial phase of the snowmelt, 
while the concentration of dissolved material increased just after the culmination and in the 
recessionary phase of the flood (Fig. 2). 
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Table 1. Average monthly values of selected physicochemical parameters. 

Month 
EC H+ NO3- NH4+ PO43- SO42- Si2O32- Cl- Mg2+ 

[μS∙cm-1] [mg∙dm-3] 
January 589 7.9 21.3 0.3 0.1 41.8 0.4 14.5 21.1 
February 557 7.8 20.0 0.4 0.0 30.6 0.9 13.7 18.4 
March 605 7.8 35.4 0.3 0.1 40.6 1.0 13.7 30.1 
April 605 7.8 27.5 0.1 0.0 52.3 1.0 16.6 17.2 
May 596 8.2 15.5 0.3 0.1 38.3 0.9 11.7 34.3 
June 654 7.6 11.0 0.3 0.0 51.0 1.7 16.5 29.3 
July  548 7.5 11.9 0.4 0.1 42.7 1.1 14.3 39.3 
August 586 7.9 5.5 0.1 0.1 44.5 1.7 13.3 37.3 
September 626 7.2 46.7 0.2 0.3 51.4 0.6 12.6 35.6 
October 679 8.2 21.0 0.2 0.0 60.4 1.1 15.6 40.7 
November 675 8.5 21.5 0.1 0.0 61.7 1.0 13.7 33.1 
December 688 9.6 24.5 0.4 0.1 124.0 1.4 14.8 31.6 

 

 
Fig. 2. The relationship between discharge (Q) and the concentration of the dissolved substance (DS) 
during the snowmelt. 

The changes in the concentration of most ions in the water of the watercourse were 
correlated with the discharge. The increasing the discharge caused a decrease in the 
electrolytic conductivity (EC) of water (R=-0.827, p <0.01) and the content of such ions 
as: Ca2+ (R=-0.610), Mg2+ (R=-0.713), Cl (R=-0.610) and SO4

2- (R=-0.441). These ions were 
characterized by the highest concentration during low water levels. During the snowmelt, the 
content of ions decreased as a result of dilution by weakly mineralized rainwater and 
meltwater reaching the watercourse in the form of surface runoff and subsurface. The 
sulphate content was constantly fluctuating, the lowest concentration reached at the moments 
of the highest discharge in the watercourse (Fig. 3).  

The dynamics of NO3
- and PO4

3- ion migration into surface water shows a graph of the 
hysteresis effect occurring between the concentration of these ions and the discharge (Fig. 4). 
The first increase in the concentration of NO3

- ions, to the value of about 40 mg∙dm-3, was 
noted in the initial phase of flooding, at the time of intensive melting snow cover. The 
concentration of nitrates decreased as the flow of water increased during the culmination of 
the flood wave. This indicates their dilution by the water reaching the trough. The 
concentration of nitrates increased again after the culmination of the snowmelt. However, 
when the watercourse was fed by groundwater (after March 3), the NO3

- content decreased, 
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but it was still higher than before the freshet. The concentration of PO4
3- was positively 

correlated with the discharge (R=0.813, p<0.01). Initially, the phosphate content increased 
with increasing flow, however, the maximum of over 0.5 mg∙dm-3 was in the recession phase 
of the snowmelt. 

 
Fig. 3. The relationship between discharge (Q) and the concentration of  SO42- during the snowmelt. 

 

             
Fig. 4. The relationship between discharge (Q) and the concentrations of  NO3- and PO43- during the 
snowmelt. 

Within a few days during the snowmelt, the flow of water in the watercourse increased. 
In addition, during this time the amount of loads of the examined ions represented from over 
a dozen to over 65 percent of annual loads (Tab. 2).  
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Table 2 The loads of ions transported by the stream of water throughout the hydrological year and 
during the snowmelt period. 

 Q NO3- NH4+ PO43- SO42- Si2O32- Cl- Mg2+ 

[m3] [kg] 
hydrological 

year 123384 3287.4 43.5 15.9 5240.4 119.9 1652.4 3031.41 

period of 
snowmelt 78634 1168.2 19.7 10.6 693.9 42.2 408.5 584.4 

% 63.7 35.5 45.3 66.7 13.2 35.2 24.7 19.3 

5 Summary 

The chemical composition of river water changed seasonally. The concentration of nitrates, 
phosphates and ammonium ions increased with higher discharge. The highest concentration 
of nutrients was observed during snowmelt in the early spring period, while the lowest 
concentration was recorded during low water levels in the non-precipitation period. 

During the snowmelt, the stream water transported about 36% of the annual load of 
nitrates, over 66% of phosphates and over 45 of ammonium ions. In the case of nitrates, the 
admissible value was exceeded, according to the regulation of the Minister of the 
Environment of 22/10/2014 [23]. 

It can be presumed that intensive seasonal nutrient leaching may contribute to the bed 
chemical condition of surface water in agricultural areas [2]. As part of the diagnostic 
monitoring in 2010–2015, the chemical status of river surface water in 28% was rated below 
the good one [24].  

The socio-economic changes occurring in Poland also entail transformations in the 
agricultural economy and perception of the role of rural areas. More and more attention 
is paid to the need to take into account non-productive functions, including ecological ones. 
Therefore, systemic actions are necessary that lead to the protection and improvement 
of the quality of ecosystems, including the protection of surface and underground water 
resources [25].  
 
The acknowledgments: research was funded by Ministry of Science and Higher Education as a part of 
the project S/WBiIŚ/02/15. 
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