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Introduction

Changes in the river flow during rainfall flood events are usually accompanied by changes in river water’s chemical composition and in its total mineralization. Those changes are produced by the varying participation of individual compounds in bio-geo-chemical processes, by their varying susceptibility to dissolution, and, first of all, by their different circulation routes before they reach a river bed. Each source of stream water: surface runoff, midsoil flow and underground supply brings into a watercourse the waters showing individual physical and chemical features.

The presented study was carried out in July 1997 in a small Carpathian catchment of Dworski Potok. In Central Europe, the 1997 summer was a period of heavy rains that caused numerous floods; the Oder River catchment basin, as well some catchment in the Upper Vistula River Basin were those areas that suffered most of all. The results obtained during this rather short period allowed the identification of changes in the chemical composition of waters of the Dworski Potok stream during floods, under the varying soil moisture conditions.
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The Dworski Potok catchment (0.29 km2) is situated in the northern marginal zone of the Carpathian Foothills (Fig. 1). The bedrock complex is built of flysch deposits with inter-folded Miocene marls, silts and gypsum. Layers of loess-like fine deposits cover the bedrock. The relief is typical for the foothill areas of the Carpathians. The average flow in the Dworski Potok is 1.2 dm3 s-1. As for soil types present in this basin, the majority of them are Stagnic Luvisols. At a depth of 50 ‑ 120 cm, an argillaceous layer hinders rainwater infiltration, causes its periodic stagnation, and so enhances the formation of the midsoil runoff. 

The catchment has been intensively used for agricultural purposes for many years. On arable lands, potassium-phosphorus-nitrogen fertilisers and liming has been applied. Arable lands constitute 63% of the basin’s total area, grassland  23%, and forests  2%. The idle land with hydrophilous plant cover is situated in the stream valley and covers about 12% of the total area. 

Methods

In July 1997, during the series of flood events, the electric conductivity and water temperature in the Dworski Potok were measured using an appropriate automatic registering gauge. For the laboratory analysis, one-litre water samples were taken every 10 to 30 minutes depending on the dynamics of water level changes and electrical conductivity. Samples were also taken 3 to 8 hours after the flooding wave subsided. Totally, 83 stream water samples were analysed in the laboratory. The reference temperature assumed for electric conductivity measurements was t = 25°C. The ion contents of Ca2+, Mg2+, Na+, K+, HCO3-, SO42-, Cl-, and PO43- was also determined. The dissolved solids concentration (DSC) was calculated for the period between sampling basing on the electric conductivity parameters recorded by the automatic registering gauge. 

Results 

It was found that the stream water parameters repeatedly changed during the Dworski Potok flooding. The total dissolved solids concentration, as well as the concentration values of ions: Ca2+, Mg2+, Na+, HCO3-, SO42-, Cl-, repeatedly decreased whereas the K+ and PO43- concentration values increased. It was a general regularity found during the flood events. 

The weakest correlation was between the ion SO42- and DSC; it is assumed that this particular ion could have been also supplied, in essential quantities, by waters deriving from midsoil runoff. The ion K+ concentration was positively correlated with the discharge. Potassium is an ion playing an important role in bio-chemical processes occurring in soils. Soluble potassium salts can be easily rained-out from covers during rainy weather, and, next, brought by midsoil flow and surface runoff waters into the stream water. The main source of PO43- anions was surface runoff water, which supplies the stream water with phosphates that had been washed out from the catchment surface. Some phosphates derived from sediments in the streambed. 

Individual flood events in July 1997 showed an independent course of change in chemical composition of the Dworski Potok water depending on the hydro-meteorological conditions and antecedent soil moisture status. During the first of the flood events, occurring in series, with the low wetting degree of soils, the stream water mineralization gradually decreased and this decrease run parallel to the increasing stream supply by the midsoil flow. The flush effect somehow smoothed the drop in the stream water mineralization. The PO43- concentration remained at the same level (0.06-0.08 mg dm‑3), and this proves that no stream supply by surface runoff water was present. The maximum K+ concentration (9.4 mg dm-3) took place 2h after the flow peak. This delay was due to the prolonged rainwater circulation time in over dried covers. During the flooding events, the both groundwater and midsoil-water constituted the main source of the stream supply. 

During the ensuing flood events, with the high soil moisture status, waters supplied to the stream by surface runoff caused a quick decrease in the dissolved matter concentration (Fig. 2). During high flows, DSC did not change much because there was only one dominant source of water supply – surface runoff. Rainwater infiltration in the water-saturated soils was hindered and, thus, was the reason that the stream flow always rose upon the increase in the rainfall intensity. The midsoil played an important role in stream supply at the beginning of the storm event (especially during continuous rain) and during the hydrograph subsidence. The midsoil waters reacted relatively quickly to the rainfall because they were “forced” into the stream by infiltrating rainfall waters penetrating the soil covers. The minimum DSC occurred during the flow peak. The maximum PO43- concentration up to 0.77 mg dm-3 was found during the flow peak, as well as in the periods following the increase in the rainfall intensity.
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