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THE EFFECT OF AGRICULTURAL ACTIVITY
ON OF WATER QUALITY IN THE JASIENIANKA
FLYSCH STREAM

Agnieszka Policht-Latawiec, Wioletta Zarnowiec

University of Agriculture in Krakow

Abstract. The paper presents the results of hydrochemical research conducted on the
Jasienianka flysch stream, a left bank tributary to the Biata Tarnowska river. The submontane
catchment of the stream, with area of 94.40 m? is situated in the Malopolska province.
The stream catchment area is covered mainly by agricultural lands (68.3%) and to a lesser
degree by forests (25.5%), built-up and urbanized areas (6.2) located along the banks of
the Jasienianka and its tributaries. The investigations were conducted in 2014. 21 selected
physicochemical indices were determined in the stream water at five control-measurement
points situated along the 13 km long stream reach. Along the analyzed stream section, only
the water temperature, dissolved oxygen, BOD; and N-NH, allowed to classify the waters
to quality class I (maximum potential), whereas ChZT-Mn, EC, SO}, CI, Ca?", Mg*', water
pH and P-PO;~ did not fulfill the requirements for class II. The other indices, in compliance
with the Minister of Environment Regulation of 2016, classified water to quality class II.
Statistical analysis conducted using Kruskal-Wallis test revealed statistically significant
differences in the indices values between the investigated measurement-control points for
SO, Mg*, K*, N-NO; and PO;~. The assessment of water usable values revealed that it
may be used for supply of water intended for human consumption only in the upper and
middle reach. The Jasienianka did not meet the requirements for a natural habitat salmonid
fish along its whole length because of high NO, concentrations.

Keywords: agricultural lands, flysch stream, agricultural area pollution

INTRODUCTION

Surface water quality formation is influenced by numerous physiographic, natural
[Kanownik 2005] and anthropogenic factors, whose share is different and variable in
time [Ostrowski et al. 2005, Kanownik et al. 2013]. Land use and catchment management
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[Policht-Latawiec and Kanownik 2013, Policht-Latawiec et al. 2015], and associated
intensification of water erosion from the soil surface [Pytka et al. 2013] are considered
as the main factors. Water pollution is connected with agricultural activity [Hunter et
al. 1999, Wiatkowski et al. 2012] and precipitations [Bogdat et al. 2012], inadequately
treated household sewage [Lewandowska-Robak et al. 2011] or industrial wastewater
and with runoffs from communication routes [Wisniowska-Kielian and Niemiec 2008].

Identification of the mechanism of water quality formation in a catchment, charac-
terized by different soil and climatic conditions leads to a proper management of the
water resources [Kowalik et al. 2009]. It allows to maintain biodiversity and aquatic
biotopes, which is directly connected with improvement of the water usable values, as
well as landscape, aesthetic and recreational qualities of the adjoining areas [Kanownik
and Kowalik 2010]. High quality water influences living standards and human health, but
also improves the tourist attractiveness of the region, therefore affecting the development
of some branches of economy. On the other hand, poor water quality negatively affects
all aspects of human life and activities.

The paper presents changes of the values of physicochemical indices of water quality
in the 13 km long Jasienianka stream in 2014. The choice of the watercourse was deter-
mined by anthropogenic factors occurring in the catchment area, which is used mainly for
agriculture. The paper aims to demonstrate the interrelations between the catchment and
water flowing through its area but in the first place the effect of agricultural management
of the catchment on the quality and potential use of the Jasienianka water. In order to
reach the planned objective, analysis of the analyzed stream hydrochemical profile was
conducted from the perspective of its potential use for life and development of the salmo-
nid fish and its usability for drinking water supply to people. Determining the effect of
anthropogenic factors, understood as agricultural management of the catchment area, on
the stream water quality will allow for a sustainable utilization of waters, which requires
specification of not only the quantity, but in the first place quality of the available water
resources and developing a long-term programme of their protection [Pawtowski 2011].

MATERIAL AND METHODS

The stream is 13 km long, with a mean bed slope 16.2%. The Jasienianka sources
are located north of Jasienna village at the altitude of about 490 m a.s.l. It is flowing
in a narrow gorge to the south-east, towards Korzenna village and then to the east
towards Wojnarowa village, where it flows into the Biata Tarnowska river at the altitude
of 282 m a.s.l. [Policht-Latawiec et al. 2015]. The stream catchment covers the area of
94.40 km? and is situated at the altitude of 280—-716 m a.s.l. in the Malopolska province,
within the boundaries of the Nowy Sacz and Gorlice counties, in the area of Korzenna,
Bobowa and Grybow districts.

68.3% of the catchment area is managed for agriculture, the other part is covered by
forests. Clusters of built-up areas in the catchment are situated along the course of the
stream and its tributaries constituting 6.2% of its total area. The catchment geological
base is composed of flysch deposits with prevailing shales and alluvial deposits, which
belong to the hilly area of the Roznéw Foothills. These are mostly loam-silt or silt depos-
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its with low sand content. Medium quality soils prevail in the catchment. Good quality
soils constitute 14.6% and poor soils 5% of the farmland total area. Agricultural manage-
ment of the catchment area favours erosion process [Kondracki 2013].

Hydrochemical research was conducted on the Jasienianka stream in 2014. Water for
analyses was sampled in 5 measurement-control points: point 1 —at km 13+448m, point 2
—at km 124228, point 3 — at km 74293, point 4 —at km 3+134 and point 5 — at 0+493 of
the stream course (Fig. 1). The measurements conducted on site comprised: electrolytic
conductivity (EC) measured using CC-102 meter, dissolved oxygen content and degree
of water saturation with oxygen by means of CO-411 oxygen meter. In the laboratory,
total suspended solids (TSS) were assessed by evaporation and concentrations of Ca*',
Na*, K*, Mg*, Mn*", Fe?*and Fe** (total iron) ions by means of atomic absorption spec-
trometry (AAS) on UNICAM SOLAR 969 spectrometer. Concentrations of ammonium
nitrogen (N-NH,), nitrite nitrogen (N-NO,) and nitrate nitrogen (N-NOj;), phosphate
phosphorus (P-PO;") and chlorides (CI") were determined using continuous flow colori-
metric analysis on FIAstar 5000 apparatus, and sulphates (SO;") by precipitation method
[Rozporzgdzenie... 2016a]. Concentrations of NO, and NO; ions were computed from
nitrogen forms determined in the laboratory. The Jasienianka stream water quality class
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Fig. 1. Location of the measurement-control points in the Jasienianka stream catchment
Ryec. 1. Usytuowanie punktéw pomiarowo-kontrolnych w zlewni potoku Jasienianka
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in the measurement-control points was assessed according to the Minister of Environment
Regulation on classification of ecological status, ecological potential and chemical status of
homogeneous parts of surface water [Rozporzadzenie... 2016b], whereas its usable values
— by comparison of the assessment results with the values permissible for the water used
for supply of water intended for human consumption [Rozporzadzenie... 2002a] and for
natural fish habitats [Rozporzadzenie... 2002b]. Descriptive statistics were presented, i.e.
minimum and maximum values, arithmetic mean and medium value (median) presented
for the individual indices. Changeability of selected indices in the analyzed measurement-
control points was presented for the period of investigations. Statistical inference about
the significance of indices values differences among the control-measurement points was
conducted by means of Kruskal-Wallis test. The non-parametric test was selected due to
a lack of normality of distribution for a majority of the analyzed indices, according to
the results of Shapiro-Wilk test and a lack of equality of variances determined by Fisher-
Snedecor test. The analysis using U Mann-Whitney test was conducted in order to deter-
mine between which points significant differences of the indices values occurred. The
significance level o = 0.05 was assumed for all tests [Stanisz 2007].

RESULTS AND DISCUSSION

Mean temperature of water in the Jasienianka stream during the period of investiga-
tions fluctuated from 12.0 to 14.0°C and its pH from neutral (pH 6.6) to alkaline (pH 8.6).
Total suspended solids content in water was low, on average from 2.0 to 8.0 mg - dm,
on the level of quality class I, except for water in point 4, where mean value exceeded
8.0 mg - dm>[Rozporzadzenie... 2016b]. Over the whole period of investigations water
in the stream was characterized by very good oxygen conditions, on the level of quality
classes I and II — mean degree of water saturation was above 85% but did not exceed
95%, while the lowest mean concentration of dissolved oxygen was 9.0 mg - dm~. BOD;
value was below the limit value for class I, whereas COD-Mn values below the norm for
class II. Mean electrolytic conductivity of water in all points exceeded the limit value of
309 uS - ecm! for class II stated for the abiotic type 12 in the Minister of Environment
Regulation of 2016. These values were much lower than the ones obtained by Attoui
et al. [2016]. Mean concentrations of dissolved solids fluctuated from 251 mg - dm™ in
the headwater area to 272 in the middle part of the stream (Table 1, Fig. 2). The highest
mean concentration of sulphates (SO;") was 35.0 mg - dm™. Mean concentration of chlo-
rides (CI") in the lower (point 5) part of the stream remained above 13.0 mg - dm3, which
caused that the water did not meet the requirements for class II. Chloride concentrations
in the upper and middle parts of the stream did not exceed 12.0 mg - dm=. Mean Ca**
concentration was on the level of class I, except for the upper stream reach, where its
mean value was exceeded (53.0 mg - dm™). On the other hand, mean Mg** concentration
in water along the whole length of the stream exceeded the normative value for class II.
In small river catchments used for agricultural practices, a hazard for water is posed
by dissolved nitrogen form, which together with plant and organic fertilizer residue
migrate to waters with surface runoff [Ostrowski et al. 2008, Kiryluk and Rauba 2009,
Kowalik et al. 2012, Dgbrowska et al. 2016]. Ammonium nitrogen concentrations in the
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Jasienianka water was from 0,00 to 0.84 mg - dm™ (Table 1, Fig. 2). On most dates higher
concentration of ammonium nitrogen occurred in water of the upper and middle reach
of the stream. The exception was the concentration registered in July, where in the lower
course of the stream it was 0.84 mg - dm=. The decrease in the concentrations with the
stream course may be associated with the Jasienianka water dilution by her tributaries.
The analysis of seasonality revealed the highest concentrations of ammonium nitrogen
in the control points in the summer period, i.e. in June and July. Higher concentration of
this compound in the summer period is caused by the application of natural fertilizers,
such as liquid manure and farmyard manure on grasslands during the springtime and
starting cattle grazing on pastures at the beginning of May [Pietrzak and Sapek 1998].
Differences in ammonium nitrogen concentrations among the water sampling points
were not statistically significant. Concentration of nitrite nitrogen in the analyzed water
samples ranged from 0.00 to 0.06 mg - dm=. The highest content of nitrite nitrogen in
each measurement-control point was registered in May and September. A similar distri-
bution of values was noted for the concentrations of nitrate nitrogen and phosphate phos-
phorus V. Maximum concentrations of nitrite nitrogen (0.06 mg - dm?) and phosphate
phosphorus V (0.6 mg - dm™) were registered in the headwater part, whereas nitrate
nitrogen concentrations (2.2 mg - dm~) in the middle reach of the stream. High concen-
trations of compounds in waters of these reaches might have been caused by intensive
fertilization of field crops. Intensive vegetation which starts in May is supported by
fertilization and some part of the fertilizers if washed off to the stream bed. The differ-
ences in concentrations of nitrate nitrogen and phosphate phosphorus V between the
sampling points were statistically significant. Higher values of nitrate nitrogen were
observed in the middle course in relation to the mouth part, while phosphorus values
were higher in the upper course in relation to the values registered in the middle and
lower reach.

In points 1., 4. and 5. the highest (0.40 mg-dm™) mean total iron concentration
was registered and the lowest (0.20 mg - dm) was noted in point 2. Manganese (Mn*")
concentrations fluctuated on average from 0.06 to 0.14 mg - dm= (Table 1).

In order to determine water usability for consumption, values of selected physico-
chemical indices were compared with the limit values in compliance with the Regulation
of the Minister of Environment of 27 November, 2002. The assessment revealed that
the temperature, pH, electrolytic conductivity, degree of water saturation with oxygen,
COD-Mn, concentrations of nitrates, sulphates and chlorides in all measurement points
classified water to A1l category, i.e. water requiring simple physical treatment (Table 2).
Concentrations of the analyzed metals — iron and manganese, as well as total suspended
solids considerably worsened the assessed water usability for consumption. Due to high
iron concentrations in point 4. and 5. water was unfit for consumption exceeding the
limit values permissible for A3 category. On the other hand, manganese concentrations
in water in all analyzed points led to the water classification to A3 category, i.e. water
requiring high performance physical and chemical treatment. Water in measuring-control
point 1., because of pH and PO;~ and in point 2., due to total iron content obtained A2
category, i.e. water requiring a typical physical and chemical treatment. Water in all
analyzed measurement-control points was classified to A2 category due to BOD, value
[Rozporzadzenie... 2002a].
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Table 2. Assessment of the usable values of the Jasienianka stream water
Tabela 2. Ocena waloréw uzytkowych wody potoku Jasienianka

Index
Wskaznik

Water usability for — Przydatnos¢ wody do

the salmonid fish
habitat bytowania ryb
tososiowatych

consumption — spozycia

Measurement-control point
Punkt pomiarowo-kontrolny

1 2 3 4 5 1 2 3 4 5

Temperature — Temperatura, °C

Al YES

Total suspended solids, mg - dm
Zawiesina ogolna, mg - dm™

Al YES

pH

A2 Al YES

Electrolytic conductivity, uS - cm™!
Przewodno$¢ elektrolityczna, pS - cm™!

Al - - - - -

Degree of saturation with oxygen, %
Stopien nasycenia tlenem, %

Dissolved oxygen, mg - dm™
Tlen rozpuszczony, mg - dm™

BOD; A2 YES - YES
COD-Mn Al _ _ _ _ _
NO; = Al - - - -
s
g
PO; A2 Al - -
SO~ Al _ o _ _
ClI- Al _ - _ _
Total iron (Fe) - - — _ _
Mn?* _ - _ _

Al — water requiring simple physical treatment, particularly filtration and disinfection — woda wymaga-
jaca prostego uzdatniania fizycznego, w szczegolnosci filtracji oraz dezynfekc;ji,

A2 — water requiring a typical physical and chemical treatment, particularly primary oxygenation, co-
agulation, flocculation, decantation, filtration and disinfection (final chlorination) — woda wyma-
gajaca typowego uzdatniania fizycznego i chemicznego, w szczegodlnosci utleniania wstgpnego,
koagulacji, flokulacji, dekantacji, filtracji, dezynfekcji (chlorowania koncowego)

A3 — water requiring high performance physical and chemical treatment, particularly oxygenation,
coagulation, flocculation, decantation, filtration, activated carbon adsorption and disinfection
(ozonation and final chlorination) — woda wymagajaca wysokosprawnego uzdatniania fizycznego
i chemicznego, w szczegdlnosci utleniania, koagulacji, flokulacji, dekantacji, filtracji, adsorpcji na
weglu aktywnym, dezynfekcji (ozonowania, chlorowania koncowego)

NU — water unfit for treatment — woda nienadajaca si¢ do uzdatniania
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In the paper, the Jasienianka stream waters were assessed as a natural habitat for
the salmonid fish. On the basis of 7 physicochemical indices it was determined that
water in all points did not meet the requirements for the salmonid fish because of high
nitrite concentration (Table 2). Nitrite concentration in each water sample was above
0.01 mg - dm™. The water temperature, BOD, and ammonium nitrogen values registered
in the stream upper course also exceeded the limit values. On the other hand, such indices
as: total suspended solids, dissolved oxygen and pH were suitable for the water providing
a natural habitat for the salmonid fish [Rozporzadzenie... 2002b].

The Kruskal-Wallis nonparametric test revealed statistically significant differences
for sulphates, magnesium, potassium, nitrate nitrogen and phosphate phosphorus, where
the test probability was lower than 0.05 (Table 3). Statistically significantly higher values
for SO;-, as compared with the other segments of the analyzed stream, occurred by its
inflow into the Biata Tarnowska river (Table 4). For the other mentioned parameters the
differences between the analyzed points were noted along the whole length of the water-
course, but they were insignificant.

Table 3. Comparison of analyzed water indices values between the measurement-control points
using Kruskal-Wallis nonparametric test

Tabela 3. Porownanie wartosci badanych wskaznikéw wody pomigdzy punktami pomiarowo-kon-
trolnymi testem nieparametrycznym Kruskala-Wallisa

Measurement-control point Results of Kruskal-Wallis test
Punkt pomiarowo-kontrolny ~ Wyniki testu Kruskala-Wallisa

Index
Wskaznik 1 2 3 4 5 Testvalue Test probability (p)
Wartos¢  Prawdopodobienstwo
Median — Mediana testu testowe (p)
Temperature, °C 13.0 12.0 13.0 140 140  0.995 0911

Temperatura, °C

Total suspended solids,
mg - dm? 1.0 20 30 3.0 1.0 3.776 0.437
Zawiesina og6lna, mg - dm™

Degree of water saturation
with oxygen, %

- . 8 89 8 94 89 4.420 0.352

Stopien nasycenia wody
tlenem, %

3 . -3

Dissolved oxygen, mg dm™ = o o g 190 90 90  1.120 0.891
Tlen rozpuszczony, mg - dm

BOD,, mg - dm™ 20 20 1.0 20 20 3.308 0.508
COD-Mn 60 50 40 40 40 8472 0.076
EC, uS-cm! 389 508 512 526 504  3.308 0.508
Dissolved solids, mg - dm™ 247 266 273 266 256 3.397 0.494
SO;, mg-dm? 22.0 27.0 31.0 40.0 34.0 10.151 0.038
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Table 3. cd.
Tabela 3. cont.

Measurement-control point Results of Kruskal-Wallis test
Punkt pomiarowo-kontrolny ~ Wyniki testu Kruskala-Wallisa

Index
Wskaznik 1 2 3 4 5  Testvalue Test probability (p)
Warto$¢ Prawdopodobienstwo
Median — Mediana testu testowe (p)
Cl, mg-dm 10.0 11.0 9.0 12.0 11.0  5.264 0.261
Ca*, mg-dm?> 50.0 50.0 47.0 47.0 45.0 2.369 0.669
Mg*, mg - dm3 24.0 28.0 29.0 27.0 24.0 16.065 0.003
Na“, mg - dm 120 12.0 11.0 12.0 12.0 3.946 0.413
K', mg-dm? 90 6.0 5.0 50 6.0 18745 0.001
N-NH,, mg - dm™ 0.07 0.04 0.04 0.01 0.01 3.199 0.525
N-NO,, mg - dm™ 0.02 0.00 0.01 0.01 0.00 5.514 0.239
N-NO;, mg - dm™ 1.03 1.36 1.40 1.05 1.02 10.556 0.032
P-PO;", mg - dm? 0.17 0.12 0.05 0.03 0.03 9.632 0.047
Fe, mg-dm? 028 014 0.12 0.18 0.15 4.015 0.404
Mn, mg - dm? 0.08 0.03 0.04 0.07 0.06 3.427 0.489

Statistics value in bold means that the differences are statistically significant at p < 0,05 — Wyttluszczona
warto$¢ statystyki oznacza, ze rdznice sg statystycznie istotne przy p < 0,05

Table 4. Significance of differences of water indices between the individual measurement-control
points on the Jasienianka stream — U Mann-Whitney nonparametric test

Tabela 4. Istotno$¢ réznic indekséw wody pomigdzy poszczegdlnymi punktami pomiarowo-kon-
trolnymi na strumieniu Jasienianka — test U Manna-Whitneya

SO;- Mg?*
Point
1 2 3 4 5 1 2 3 4 5

1 0.161 0.083 0.010 0.010 0.015 0.007 0.234 0.798
2 0.442 0.161 0.382 0.105 0.130 0.015
3 0.195 0.279 0.015 0.007
4 0.645 0.161
5
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Table 4. cd.
Tabela 4. cont.

K* N-NOj
Point
1 2 3 4 5 1 2 3 4 5
1 0.083 0.001 0.001 0.010 0.279 0.028 0.798  0.505
2 0.050  0.130 0.505 0.505 0.130 0.028
3 0.382  0.130 0.05  0.021
4 0.574 0.645
5
P-PO;
1 2 3 4 5
1 0.010 0.038 0.038 0.379
2 0.083  0.065 0.130
3 0.798 0.878
4 0.878
5

* Statistics value in bold means that the differences are statistically significant at p < 0,05
* Wytluszczona warto$¢ statystyki oznacza, ze roznice sg statystycznie istotne przy p < 0,05

Test probability (p)

CONCLUSIONS

The following conclusions were formulated on the basis of obtained results:

1. In compliance with the Minister of Environment Regulation of 21 July 2016, the
ecological potential of the Jasienianka stream water during the period of the analyzes
was below good in all points due to excessively high values of water pH, electrolytic
conductivity, magnesium and phosphorus. The concentrations of Ca*" in the upper co-
urse and CI in the lower course, but also SO; values in the middle and lower course
of the stream did not meet the standards stated for water quality class II.

2. Analysis of the Jasienianka stream water test results revealed that because of exce-
eded total suspended solids and total iron, water by the stream inflow into the Biata
Tarnowska river could not be used for supply of water intended for human con-
sumption.
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3. The water in the analyzed watercourse did not meet the requirements for the salmonid
fish habitat due to exceeded concentrations of nitrites along the whole length of the
investigated stream.

4. Mean values of a majority of the investigated indices of salinity, acidity and nutrients
were on a similarly high level in all measurement-control points, which may evidence
a constant emission of area pollutants into the stream originating from agricultural
practices in the catchment area.

5. Statistically significant differences of the indices values between the points occurred
only for sulphates, magnesium, potassium, nitrate nitrogen and phosphate phospho-
rus. Statistically higher concentrations of potassium and phosphate phosphorus were
noted in the upper course of the stream in comparison with the values registered in
the middle and lower course, whereas sulphate concentrations were higher in the
lower course of the stream in relation to the ones determined in the upper reach.
Magnesium concentrations were higher in the middle course of the stream than in
its other parts.
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WPLYW DZIALALNOSCI ROLNICZEJ NA JAKOSC WODY POTOKU
FLISZOWEGO JASIENIANKA

Streszczenie. W pracy przedstawiono wyniki hydrochemicznych badan potoku fliszowe-
go Jasienianka, lewobrzeznego doptywu rzeki Biata Tarnowska. Zlewnia potoku, o po-
wierzchni 94,40 km?, ma charakter podgorski i polozona jest w wojewodztwie matopol-
skim. Obszar zlewni potoku zajmuja gtéwnie tereny rolnicze (68,3%), w mniejszym stop-
niu lasy (25,5%) oraz usytuowane wzdtuz biegu Jasienianki i jej doptywow tereny zabu-
dowane i zurbanizowane (6,2%). Badania prowadzono w 2014 roku. W wodzie oznaczono
21 wybranych wskaznikow fizykochemicznych w pieciu punktach pomiarowo-kontrolnych
zlokalizowanych na odcinku potoku o dtugosci 13 km. Na analizowanym odcinku potoku
tylko temperatura wody, tlen rozpuszczony, BZT, oraz N-NH; pozwolity zakwalifikowa¢
wody do I kasy jakosci (potencjatu maksymalnego), natomiast wskazniki: ChZT-Mn, EC,
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SO;, CI, Ca*, Mg*, pH wody oraz P-PO;~ nie spetniaty norm dla II klasy. Pozostate
wskazniki, zgodnie z obowiazujacym rozporzadzeniem MS z 2016 roku, kwalifikowaty
wodg¢ do II klasy jako$ci. Przeprowadzona analiza statystyczna testem Kruskala-Wallisa
wykazata, ze istotnie statystyczne rdznice warto$ci wskaznikéw pomiedzy badanymi punk-
tami pomiarowo-kontrolnymi wystapity w przypadku SO,, Mg, K, N-NO, i PO,. Ocena
waloréw uzytkowych wody potoku wykazata, ze moze by¢ ona wykorzystywana do zaopa-
trzenia ludnosci w wodg przeznaczong do spozycia tylko w gérnym i srodkowym odcinku.
Na calej dlugos$ci Jasienianka nie spelnia warunkow naturalnego siedliska do bytowania
ryb tososiowatych ze wzgledu na wysokie st¢zenie NO,.

Stowa kluczowe: grunty rolne, potok fliszowy, rolnicze zanieczyszczenia obszarowe
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