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Abstract: In order to help develop a better understanding of relevant catchment processes, this paper
presents the changes in physico-chemical features of the Wieprz River water during the spring snow-
melt flood of 2006. The obtained results showed that the groundwater sampled from the springs and
the water sampled from the river had a similar and quite stable composition of the basic physico-
chemical features in the period of solely groundwater feeding (the river is fed only with the water
coming from underground sources). The physico-chemical composition of river water during snow-
melt depended on the contribution of surface runoff in total outflow and the flood phase. The correla-
tion coefficients between the discharge in the Wieprz River and the concentrations in the studied in-
dices were significantly negative: pH, SEC, HCOs, Ca, Mg, Na, Sr, SiO,, Cl, SO,, F. Significantly
positive correlations associated with an increase in discharge were observed in the case of: K, NOs,
NO,, total organic carbon, chemical oxygen demand and biochemical oxygen demand. Step and bidi-
rectional responses were noted during the snowmelt flood in the case of the content of NH, and PO,.
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INTRODUCTION

Water is the most dynamic component of the geographical environment due to
its ability to dissolve and transport various substances. The studies done on rivers
are the best document of energy and matter transport effects. Recently, one can ob-
serve a growing interest in forecasting river water chemistry changes during ex-
treme events such as floods or droughts, which helps to evaluate the potential con-
tamination of water used not only for domestic purposes but also for industry and
environmental management (DOJLIDO and WOJCIECHOWSKA, 2000; WALEWSKI,
1997).

The quantity and quality changes which occur in river water and those result-
ing from the inflow of water from surface runoff are mainly influenced by hydro-
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meteorological conditions, water flow pathways within the basin, and the degree of
anthropogenic environmental changes (CHMIEL, 2005; HARNED, 1988; KOST-
RZEWSKI et al., 1994; MAZUREK, 1999; Metody..., 1992; WALLING and WEBB,
1986; ZELAZNY et al., 2005). It has been assumed that in heavily contaminated riv-
ers the concentration due to the factors of anthropogenic origin decreases as the
result of dilution caused by water from surface runoff. In rivers with clean water,
there an increase in the concentration indices, while in rivers with medium con-
tamination levels — the response to a change in discharge volume is bidirectional.

THE STUDY AREA AND METHODS

The aim of the present study was to determine the physico-chemical response
of the Wieprz River to intensive snowmelt flooding based on an analysis of phys-
ico-chemical properties of the water participating in the hydrologic cycle. The
study on physico-chemical properties of the Wieprz River during the snowmelt pe-
riod was carried out at the Guciow profile, to which water flows from a catchment
of 300.3 km® in area (Fig. 1). The catchment is situated in the northern part of the
Roztocze Tomaszowskie region and comprises loess and permeable sand sediments
of different origin. As a result, the plateau and slope areas are devoid of surface
water. The main groundwater reservoir feeding the river is located in fissured car-
bonate rocks of Upper Cretaceous formed as opokas, gezas, and marls. The
groundwater table in the Wieprz River Valley is at 250-260 m a.s.l.,, whereas on
the plateaus — 290-310 m a.s.l. The Wieprz Valley extend refers to fissures of bed-
rock and it is the base for drainage for groundwater table of the so called “Roztocze
water-bearing horizon”.

In the land use structure of the basin, agricultural lands have the largest share
— 60% (arable lands 79%, meadows and pastures 21%), forests cover 34%, while
built-up areas cover less than 5%. This area is characterized by low population
density, low urbanization, and in agriculture extensive farming is predominant,
which is attested by low fertilizer application levels: ~50 kg N-ha '-year ' and ~20
kg P-ha '-year .

In the period of 1995-2006, the average discharge of the Wieprz River in Gu-
ci6w amounted to 1.30 m’'s', corresponding to specific runoff of 4.3 dm®s'-km™
and the runoff index of 136.2 mm (STEPNIEWSKA, 2007). In the total outflow,
groundwater feeding accounts for over 80%, where the share of direct riverbed
drainage and spring feeding is about 50% of value each (MICHALCZYK, 2004).
Seasonally, the highest discharges of the Wieprz River occur in March and April
(up to 2 m*s '), whereas the lowest in December (~1 ms'). Surface runoff
reaches the riverbed more often after snowmelt than after rainfall. In the years
1995-2006, ten over-bank floods caused by snowmelt and three over-bank floods
caused by rainfall occurred on the Wieprz River in Guciow (SADOWSKA, 2007).
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Fig. 1. Location of the Wieprz River catchment; / — springs, 2 — rivers, 3 — waters, 4 — built-up areas,
5 — forests, 6 — meadows and pastures, 7 — arable lands, 8 — water divide of the catchment

The maximum flow in this period occurred in March 2005 during spring snowmelt
and it was 13.1 m’>:s ™.

The aim of the 2006 study was to capture the physico-chemical response of
the Wieprz River in Guciow to intensive snowmelt feeding based on an analysis of
physico-chemical properties of the following: rainfall water, surface runoff water,
groundwater and river water. Water samples for physico-chemical analyses were
taken from the Wieprz River channel every day in the morning. Temperature, water
pH, and specific electrical conductivity (SEC) were measured during field investi-
gations. Moreover, in the laboratory of the Roztocze Research Station in Guciow
total suspended solids (TSS) were determined gravimetrically and water alkalinity
(Alkal.) was determined by titration, based on which the bicarbonate concentration
was calculated. The other indices were analysed in the laboratory of the Depart-
ment of Hydrography, Maria Curie-Sktodowska University in Lublin, using a Pas-
tel UV spectrophotometer by Secoman in order to determine total organic carbon
(TOC), biochemical and chemical oxygen demand (BODs and CODc,); a Hach DR
2000 spectrophotometer to determine SiO, and POy, a MIC 3 ion chromatographer
by Metrohm to determine: Ca, Mg, Na, K, NHy, Sr, F, Cl, SO4, NO,, NO;.

To identify the factors which drive the hydrochemical changes in the river, the
precipitation water collected daily in the Guciéw Research Station, the water flow-
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ing down from the slopes during snowmelt as well as groundwater from the springs
in Krasnobrod and in Hutki and from the Belfont spring were analysed.

HYDROMETEOROLOGICAL CONDITIONS OF FLOOD

The flood in the Upper Wieprz River began on 27" March 2006 as a result of
the melting of accumulated snow. The analyses of the data from the weather sta-
tions located in the Wieprz basin show that nearly 100 mm of water was accumu-
lated in the snow cover. Intensive snowmelt events were caused by rainfall and an
air temperature increase as a result of the inflow of a warm and moist front from
the western sector of Europe. Rainfalls which occurred on five successive days in
arow (26™ March — 3.7 mm, 27" March — 1.6 mm, 28" March — 17.1 mm, 29"
March — 4.0 mm, 31* March — 3.6 mm) melted the snow cover. During the few
first days of the flood, the water maintained on the frozen ground, therefore it was
possible to observe surface runoff. At the beginning of April — when the ground
unfroze, the water began to soak in and consequently the level of flood water on
arable lands started to decrease.

During the flood which lasted about two weeks, the discharges in the Wieprz
River increased from 0.73 m*s ' to 8.70 m*s' at the maximum flood wave, but at
the end of the flood the discharges decreased to approx. 1 m’-s' (Fig. 2).
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Fig. 2. Daily flows of the Wieprz River in Guciow in 2006 with the designated period
of hydrochemical investigations included in the analysis of the snowmelt flood
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RESULTS AND DISCUSSION

When the Wieprz River was only fed by groundwater, the composition of the
water collected from the springs and from the river was similar in terms of basic
physico-chemical indices and considerable stability. A great variability in the phys-
ico-chemical properties of the Wieprz River water was observed during the snow-
melt flood (Tab. 1, Fig. 3); the changes were much smaller for groundwater ana-
lysed in the observed springs. That is a typical hydrochemical feature of water from
the potamic zone in the plateau area of the Lublin region (CHMIEL, 2005; JANIEC,
1997; Przyrodnicze..., 2004; SWIECA, 1998). The physico-chemical composition

Table 1. Characteristic values of the physico-chemical indices of the Wieprz River water at the Gu-
ciow profile in Roztocze during the snowmelt flood (based on the determinations from 34 samples
from the period 17" March — 20" April 2006) in relation to the physico-chemical properties of the
Wieprz River water during solely groundwater feeding and averaged values from 3 springs (Krasno-
brod, Hutki, Belfont)

Points of water samples taking
) Wieprz River (17" March — 20" April 2006)
Wieprz
Index Units . Riv.erf o g § Lol .o Zz %' 2 g
springs | dominant % __g E E Qg) g 8E = !g S5
gmnd\yater g 2 E| %2 g & g .g S| %
feeding g | € Sg| »o
pH - 7.24 7.86 7.59 7.63 693 793 742 7.83 0.04 028
TSS mg-dm™ <1 9.5 244 131 5 170 11 19.8 154 37
Alkal.  mval-dm 4.09 4.17 3.26 3.61 0.70 421 298 410 031 1.01
HCO;~ mgdm™ 249 254 199 220 43 257 182 250 031 62
Clr mg-dm™ 7.0 6.7 65 67 36 76 64 72 015 097
NO;~ mg-dm™ 8.3 4.1 53 47 34 100 4.0 62 034 18
NO,~ mg-dm™ 0.01 0.09 0.10 0.09 0.02 0.19 0.07 0.13 041 0.04
SO, mg-dm™ 21.0 18.7 17.8 187 9.1 20.1 18 194 0.16 293
PO, mg-dm™ 0.31 0.32 0.38 0.37 0.22 0.58 034 042 035 0.06
F mg-dm™ 0.15 0.13 0.13 0.13 0.09 0.15 0.13 0.14 0.08 0.01
Ca®? mg-dm™ 84.3 78.0 62.3 729 14.6 81.8 53.0 76.6 032 19.6
Mg”?  mgdm™ 4.6 5.5 47 53 17 58 43 56 026 12
Na* mg-dm™ 2.0 4.6 42 45 17 68 3.6 49 024 1.0
K" mg-dm™ 1.1 1.9 24 23 1.8 40 20 25 025 06
NH," mg-dm™ 0.02 0.42 0.33 0.37 0.02 1.11 0.09 049 076 0.25
Sr2 mg-dm™ 0.32 0.54 0.39 0.41 0.05 0.62 0.38 051 041 0.16
SiO, mg-dm™ 24.0 24.4 164 168 35 247 133 239 04 6.6
COD¢,  mgOydm™  <2.0 11.8 232 247 11.2 385 127 292 038 88
BOD; mgOydm?® <1.0 5.7 112 123 53 180 6.2 138 037 4.1

TOC mg-dm™ <1.0 39 76 86 3.7 120 42 93 036 27
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Fig. 3. Changes in physico-chemical features of the Wieprz River water in Guciow during
the snowmelt flood (2006)

of the water in the Wieprz River during snowmelt was essentially influenced by the
snow cover which contained cumulated pollution and by the transformations which
occurred after the contact of snowmelt water with bedrock (CHMIEL, 2005; ECK-
STEIN, 1990; JANIEC, 1991; 1997; MAZUREK, 1999; OSMULSKA-MROZ and
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SADOWSKI, 1991). Soil thermal conditions determined water infiltration into the
bedrock and the level of suspended solids in surface runoff water on the slopes.

The physico-chemical composition of the water in the river during the flood
was the result of the contribution of surface runoff to the total outflow and the
flood phase. The water which flows down to the river contains less dissolved min-
erals of natural origin (especially carbonates) than the river water originating from
groundwater feeding, but many more substances of anthropogenic character —
mainly trophic. It documents well the physico-chemical composition of surface
runoff water from the slopes into the Wieprz River (Fig. 4). The mixing of those
different types of water in the river channel determined the hydrochemical pattern
of the flood.
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Fig. 4. Physico-chemical composition of precipitation and surface runoff water; / — average weighed
composition of precipitation water retained in snow cover, 2 — average physico-chemical composition
from 11 water samples taken from slope runoff on 29" March 2008, 3 — physico-chemical
composition of surface runoff water from 30" March 2008, calculated on the basis of the discharge
and concentration index in the Wieprz River in the period before the flood as well as the discharge
and concentration index during the flood — the so-called mixing rule
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The correlation coefficients between the discharge in the Wieprz River and the
concentrations in the studied indices were negative: pH —0.78, SEC —0.92, TH —
0.92, alkalinity —0.93, Ca —0.89, Mg —0.88, Na —0.81, Sr —-0.87, SiO, —0.81, CI —
0.87, SO4 —0.83, F —0.59. During the flood peak phase, there was a decrease in the
indices as an effect of dissolved natural minerals (mainly carbonates) and their in-
crease in the flood receding phase. Based on these indices, it is possible to forecast
changes during a snowmelt flood. The best match of the correlation between dis-
charge and physico-chemical features was achieved using logarithmic or power
functions (Fig. 5).
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Fig. 5. Relations between the river flow and the studied physico-chemical indices
(hysteresis loop) of the Wieprz River water at the Gucidow profile

Significantly positive correlations were associated with an increase in dis-
charge observed in the case of: K 0.73, NO; 0.71, NO, 0.58, TOC 0.62, COD 0.63
and BOD 0.62. Step and bidirectional responses were noted during the snowmelt
flood in the case the content of: NH, 0.34 and PO, 0.13. In the group of the coeffi-
cients whose values increase during flood or whose response is described by the
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hysteresis effect, it should be supposed that the anthropogenic factor (both in time
and space) played a significant role in determining their values. The possibility to
forecast the values of these coefficients, on the basis of the known proportion of
surface runoff in total runoff, ares then limited.

CONCLUSIONS

The studies conducted on the Wieprz River show that groundwater taken from
the springs and from the river, in the period of solely underground feeding, had
a similar and quite stable composition in terms of basic physico-chemical indices.
The water flowing down from the slopes had considerably less dissolved bicarbon-
ates and usually more substances of trophic character. The physico-chemical com-
position of the water in the river during the flood depended on the contribution of
surface runoff in total outflow and on the flood phase. Contrary to the flood rising
phase, the indices were decreasing as the result of dissolved natural minerals
(mainly carbonates). These indices can be used for the genetic division of the water
flowing in the riverbed. In the case of the indices whose values increase during
flood or whose response is described by the hysteresis effect, it is supposed that the
anthropogenic factor (both in time and space) plays a significant role in determin-
ing their values. The use of these indices for evaluation of the genetic division of
the water flowing in the riverbed is limited. The hydrochemical response of the
Wieprz River to intensive snowmelt feeding depended on soil thermal conditions
which played an essential role in the ion composition of runoff water.
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STRESZCZENIE

Hydrochemiczna charakterystyka wiosennego wezbrania roztopowego
w zlewni gornego Wieprza w 2006 r. (Roztocze)

Stowa kluczowe: odplyw, Roztocze, sktad fizyczno-chemiczny, wiosenne wezbranie

roztopowe

W pracy przedstawiono zmiany cech fizyczno-chemicznych wody rzeki

Wieprz w Guciowie (SE Polska) w czasie wiosennego wezbrania roztopowego
2006 roku. Wyniki badan wykazaly, ze wody gruntowe pobrane ze zrodet oraz
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wody pobrane z koryta rzeki Wieprz w okresie wylacznego zasilania podziemnego,
miaty zblizony i stabilny sktad podstawowych wskaznikow fizyczno-chemicznych.
Podczas roztopéw warto$ci parametréw fizyczno-chemicznych wody w rzece byty
uzaleznione od stopnia przemarznigcia pokrywy glebowej, udziatu sptywu po-
wierzchniowego w odptywie catkowitym oraz fazy wezbrania. Wspoétczynniki ko-
relacji migdzy przeptywem wody w rzece Wieprz a stgzeniem badanego wskaznika
byty istotne ujemne w przypadku: pH —0,78, SEC —0,92, TH —0,92, HCO; —0,93,
Ca -0,89, Mg —0,88, Na —0,81, Sr -0,87, SiO, -0,81, C1 -0,87, SO4 —0,83, F —0,59.
Istotnie dodatnie zalezno$ci zwiazane ze zwigkszeniem przeptywu zanotowano
w przypadku: K 0,73, NO; 0,71, NO, 0,58, TOC 0,62, COD 0,63 i BOD 0,62. Sko-
kowa iréznokierunkowa reakcje podczas wezbrania roztopowego notowano
w przypadku: NH, 0,34 1 PO,4 0,13.
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