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Abstract: In this paper results of the water quality investigations were presented. Samples of water were
taken from four rivers in middle-eastern Poland: Kostrzyn, Mienia, Osownica and Wilga. Quarterly
investigations covered analysis of water reaction, electrical conductivity, dissolved oxygen and biochemical
oxygen demand, total concentration of twenty six elements by inductively coupled plasma atomic emission
spectrometry (ICP-AES). The resulting data were processed statistically using arithmetic means, concentra-
tion ranges, standard deviations and relative standard deviations. Due to the effect of sample collection date
on concentrations of analyzed elements, a single factor analysis of variance and Tukey post-hoc test were
completed. It was found that the quality of water in the rivers was differential if selected water quality
indicators were taken account. The values of this indicators were dependent on location of checkpoints,
season and type of surrounding grounds cultivation. The quality of water in particular checkpoints was
affected by anthropogenic sources of contamination: community waste from private possessions and sewage
from fertilized arable land and greenlands.
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Purity of surface and underground waters is very important from both an ecological
and economic point of view. The decreasing extent of the use of surface water is a
consequence of the quality of those waters which does not meet the standards set for
water intended for consumption and for use in individual branches of the economy. The
main factors which directly affect the diversity of chemical composition of surface
waters are: geochemical properties of the drainage basin [1] and the amount of rainfall
and methods of use of adjacent land [2–5]. The load of anthropogenic contamination
introduced directly or as contaminated rainfall, can greatly affect the water quality. The
chemical composition of the water also depends on seasonal changes of flow intensity,
temperature, climate humidity and biological activity [6]. Water resources are frequently
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degraded by industrial, communal and agricultural pollutants being discharged to them
[7, 8]. The ability of flowing water to regenerate varies and depends mainly on the
presence and effect of anthropogenic factors. The knowledge of changes in soluble
substance concentration helps to evaluate the natural chemical composition and the
effect of human economic activities on the quality of surface waters.

The aim of the study was to evaluate the purity of the Kostrzyn, the Mienia, the
Osownica and the Wilga rivers based on selected indicators of surface water quality as
well as an interpretation of the spatial and seasonal changes in the water quality.

Materials and methods

Samples taken from the Kostrzyn (7 sampling sites), the Osownica (7), the Mienia
(11) and the Wilga (10) rivers in the central-eastern part of Poland were used in the
study. Water samples for analysis were taken seasonally at intervals of a quarter of a
year in the years 2005/2006. The following were determined immediately after
sampling: pH – by the potentiometric method with the use of a combined electrode and
a 301 pH-meter, manufactured by Hanna Instruments; electrolytic conductivity – by the
electrochemical method with an HI 2300 conductometer, manufactured by Hanna
Instruments; concentration of dissolved oxygen – electrochemically with the use of an
HI 9143 dissolved oxygen probe, manufactured by Hanna Instruments. The BOD5 value
was calculated from the results of determination of dissolved oxygen in situ and after a
five-day period of incubation with an oxygen probe, without diluting the samples.
Subsequently, 5 cm3 of concentrated HNO3 was added to 45 cm3 of water and
mineralised in a Multiwave microwave sample preparation system, manufactured by
Anton Paar. The total content of 26 elements (P, K, Ca, Mg, Na, S, Fe, Al, Mn, Co, Mo,
B, Li, Ti, Ba, Sr, V, Se, Sn, As, Pb, Cd, Cr, Cu, Zn, Ni) was determined by the ICP-AES
method on an Optima 3200RL spectrometer, manufactured by Perkin Elmer. The
method enabled simultaneous determination of the concentration of many elements at
low levels of detectability and a relatively low effect of the sample matrix [9]. The
results were worked out statistically by calculating arithmetic averages, concentration
ranges, standard deviations (SD) and relative standard deviation (RSD) and performing
a single-factor analysis of variance and Tukey’s test at the levels of significance
a = 0.05 and a = 0.01.

Results and discussion

The values of selected physical indexes of salinity and quality of waters corresponded
generally to class I and II of surface water quality (Tables 1–4). The values correspond-
ing to classes III, IV and V were recorded in the case of Fe, Mn and Al, but not for P
and Cr. Elevated values of Cr content were found in the Wilga in spring and in the
Kostrzyn in winter. This was probably a consequence of discharging communal
wastewater. In the Kostrzyn, spot distribution of the pollution was observed and
self-purification of the water took place down the river. The concentrations of Co, Mo,
V, Se, Sn, As, Pb and Cd lay within the detection limits of the method and were equal to
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0.001, 0.001, 0.001, 0.05, 0.004, 0.02, 0.008, 0.0009 mg × cm–3, respectively. These
elements are not shown in the Tables.

A single-factor analysis of variance showed the highly significant (a = 0.01) effect of
the date of sampling on the content of Ca (20 % of explained variance), Mg (21 %), Fe
(11 %), B (17 %), Li (41 %), Ba (12 %), Sr (30 %) and Zn (18 %) and the significant
effect (a = 0.05) of the concentration of Mn (7 %). The results indicate a higher effect
of the sampling site on the variance of concentration of the analysed elements than the
sampling date. Higher average concentrations of each element were found in summer
and autumn, which can be attributed to the diminiution of the river waters caused by the
decreasing seasonal water levels (Table 5).

Table 5

Mean contents of analyzed elements and homogeneous groups of means

Sample
collection

date
Mean

Homogeneous groups
of means

Sample
collection

date
Mean

Homogeneous groups
of means

Ca [mg × dm–3] Fe [mg × dm–3]

Spring 61.9 * Winter 0.643 *

Summer 65.9 * Spring 0.803 * *

Autumn 75.0 * Autumn 1.16 * *

Winter 76.1 * Summer 1.33 *

Mg [mg × dm–3] Li [mg × dm–3]

Spring 7.52 * Winter 0.001 *

Winter 7.58 * Spring 0.002 * *

Autumn 9.54 * Summer 0.003 *

Summer 9.92 * Autumn 0.005 *

B [mg × dm–3] Sr [mg × dm–3]

Winter 0.019 * Winter 0.125 *

Spring 0.027 * Autumn 0.174 *

Summer 0.030 * Spring 0.183 * *

Autumn 0.057 * Summer 0.211 *

Ba [mg × dm–3] Zn [mg × dm–3]

Winter 0.044 * Autumn 0.006 *

Autumn 0.052 * Summer 0.017 * *

Spring 0.055 * * Winter 0.031 * *

Summer 0.065 * Spring 0.039 *

Mn [mg × dm–3]

Winter 0.145 *

Spring 0.172 * *

Autumn 0.213 * *

Summer 0.388 *
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In the case of Zn, this was observed in spring and in winter, which was probably
caused by introducing anthropogenic pollutants, especially by discharging industrial,
communal and agricultural sewage.

Conclusions

1. The water quality in the Kostrzyn, Mienia, Osownica and Wilga rivers varied in
terms of the quality indicators under study. The values of selected indicators were
affected by the location of the sampling site (geochemical properties of the drainage
basin and the method of use of adjacent terrain) and, to a lesser extent, the sampling
date (seasonal changes of the flow intensity, temperature, climate humidity and
biological activity). The differences in concentrations of the indicators in water between
different sampling sites are a consequence of pollution and the natural self-purification
of water.

2. The overall concentration of the elements in the water of the rivers under study can
be arranged in decreasing order:

– macroelements:
Ca > S > Na > Mg > K > P (in the Kostrzyn);
Ca > Na > S > Mg > K > P (in the Mienia and the Wilga);
Ca > S > Mg > Na > K > P (in the Osownica);

– selected microelements and trace elements:
Fe > Mn > Al > Sr > Ba > B > Li > Ti (in the Mienia);
Fe > Mn > Sr > Al > Ba > B > Li > Ti (in the Kostrzyn, the Osownica and the
Wilga).

3. The content of heavy metals in the rivers was low. The Pb and Cd content was
lower than the detection limit of the method applied, therefore, the rivers can be
included in class I and II of surface water quality. Elevated concentrations of the other
metals were recorded sporadically, at sites affected by spot pollution sources.

4. An analysis of the chemical composition and selected indicators of water quality
of the rivers under study indicates only a low degree of hazard to the aquatic
environment. However, efforts should be made to minimize the effect that anthropo-
genic sources of pollution have on water quality, eg run-off from fertilized agricultural
land, inflow of communal waste and uncontrolled discharge of industrial and agri-
cultural waste.
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CHEMIZM WODY WYBRANYCH RZEK NIZINY PO£UDNIOWOPODLASKIEJ

Katedra Gleboznawstwa i Chemii Rolniczej
Uniwersytet Przyrodniczo-Humanistyczny w Siedlcach

Abstrakt: W pracy przedstawiono wyniki badañ jakoœci wód rzek w œrodkowo-wschodniej czêœci Polski:
Kostrzynia, Mieni, Osownicy i Wilgi. Próbki wody pobierano sezonowo w odstêpach kwartalnych. Badano
w nich odczyn, przewodnictwo w³aœciwe, stê¿enie tlenu rozpuszczonego w wodzie i BZT5 oraz zawartoœæ 26
pierwiastków metod¹ ICP-AES. Uzyskane dane opracowano statystycznie podaj¹c œrednie arytmetyczne,
zakresy stê¿eñ, odchylenie standardowe (SD) oraz wzglêdne odchylenie standardowe (RSD). Z uwagi na
wp³yw terminu pobrania próbki na zawartoœæ pierwiastków przeprowadzono jednoczynnikow¹ analizê
wariancji. Stwierdzono, ¿e jakoœæ wód analizowanych rzek by³a zró¿nicowana w zakresie badanych
wskaŸników jakoœci. Na wartoœæ wybranych wskaŸników wp³ywa³a g³ównie lokalizacja pobrania próbki
wody, pora roku oraz sposób u¿ytkowania terenów przyleg³ych. Zró¿nicowan¹ jakoœæ pobieranej wody
powodowa³y antropogenne Ÿród³a zanieczyszczeñ, a przede wszystkim zrzuty œcieków komunalnych
z prywatnych posesji i sp³ywy z nawo¿onych terenów rolniczych. Sporadyczne wystêpowanie podwy¿-
szonych wartoœci niektórych wskaŸników mia³o charakter punktowy i zmniejsza³o siê w dalszym biegu rzek.

S³owa kluczowe: jakoœæ wód powierzchniowych, wskaŸniki jakoœci, Ÿród³a zanieczyszczeñ, ICP-AES
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