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Abstract

Agricultural activity results in water pollution from nitrogen and phosphorus compounds. Increased con-
centrations of nitrogen compounds pose a threat to animal and human health.

The purpose of this study was to determine the impact of agriculture in a catchment basin on the level
of surface water pollution from biogenic compounds.

Spatial analysis of the land cover was conducted using GIS and was based on data from the Corine Land
Cover databases.

The study results indicated that high concentrations of nitrogen and phosphorus compounds existed in
the surface waters. In the surface water, high concentrations of biogenic compounds occurred in both primar-
ily agricultural catchments and in urbanized drainage areas. Water may be regarded as eutrophicated or at high
risk of eutrophication because the majority of the nitrate concentrations at the monitoring sites exceeded a limit
of 10 mg-dm” NO;.

Inadequate farming practices and poor sanitary conditions on farmsteads result in the leaching of bio-
genic substances into the water. To protect water from biogenic pollutants, it is necessary to adopt a new
approach to fertilizer use and to improve the sanitary conditions of agricultural properties, which can be
achieved by, among other things, the installation of drainage systems in rural areas. Our recommendations
include the protection of river valleys as follows: by stopping deforestation, by preserving natural riparian veg-
etation, and by reducing the volume of intensified agricultural activity or introducing so-called “precision

farming”’
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Introduction

Agricultural activity results in ground and surface water
pollution from nitrogen and phosphorus compounds, which
results from the excessive use of fertilizers containing these
ingredients [1, 2]. High concentrations of nitrogen com-
pounds pose a threat to animal and human health and, in the

*e-mail: magdalena.matysik@us.edu.pl

case of surface waters (lakes, seas, and rivers), these pollu-
tants can lead to eutrophication, which disturbs the ecolog-
ical balance of the aquatic environment [3-6].

Clean water is vital to human life and the proper func-
tioning of natural ecosystems; as a result, the protection of
water quality is one of the priorities identified by the
European strategy for environmental protection. To protect
water from nitrogen pollution, the EU member states are
obliged to comply with the Nitrates Directive (91/676/EEC).
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The main aim of the said directive is to reduce agricultural-
ly related nitrogen water pollution as well as to counteract
possible future occurrences of this type of pollution. The
maximum allowable concentration of nitrates in surface
and ground water is 50 mg NO;-dm”.

Studies of nitrogen and phosphorus pollution, as well as
eutrophication problems, were carried out, among others,
for surface water [3, 6-8] and for lakes [9-11]. The impact
of agricultural catchments on water quality has also been
described [12-15]. Haphazard waste water management is
another factor contributing, along with agriculture, to
decreasing water quality resources [16, 17]. Decreasing
water and air quality contributes to a lower quality of life,
which, in turn, has negative implications for public health,
including children’s health [18, 19].

The province of Silesia is known as a predominantly
industrial region, yet agricultural land accounts for half of
the area, and most of this agricultural land is located in the
northern part of the province, including the catchment area
of the Liswarta River. The region is characterized by rela-
tively good environmental conditions, including soil condi-
tions, that support agricultural production [20], which is
conducted mainly in Lubliniec and Kluczbork counties.
This location is favourable for the majority of cultivated
plants: it has a long growing season of over 200 days per
year and annual precipitation of 700 mm. The main crops
grown in Lubliniec County include rye, wheat, oats, cereal,
barley, and potatoes, with an increasing contribution from
maize. Animal husbandry is dominated primarily by pig
farming. Ktobuck County was, until recently, a distinctly
agricultural area that is currently focused on organic farm-
ing and the production of organic food. This entails partic-
ularly dynamic growth of the food-processing industry due
to local agricultural production.

Agriculture is the main source of nitrates entering
ground and surface water in Poland. Communities and
households are also local and regional sources that con-
tribute to the increased amount of nutrients in ground and

Farming systems involve the management of agricul-
tural space and the related plant and animal production and
processing, which can be described in ecological and eco-
nomic terms. System differentiation is based on the degree
to which farming activity is reliant on industrial means of
production, mainly in terms of mineral fertilizer and pesti-
cide use and their impact on the environment [22, 23].
Diffuse and point sources of nitrate pollution can be identi-
fied from most mixed farming systems in Poland. In gener-
al, only diffuse sources of nitrate pollution result from
households that specialize in plant production.

The purpose of this study is to determine the impact of
agricultural management in the Liswarta River catchment
on biogenic pollution of surface water.

Study Area

The Liswarta catchment is located almost entirely in the
province of Silesia, except for a small southwestern part of
the basin, which is located in Opole Province (Fig. 1). The
main part of the catchment basin is located in Klobuck
County, with only the northernmost part in Lubliniec
County. The western part of the catchment is located in
Oleski County, while its eastern section is located in
Czgstochowa County. The Liswarta catchment is home to
38 small villages with populations ranging from 300 to 500,
and 78 large villages inhabited by 500-3,200 people. There
is also one small town (Krzepice) with 4,500 inhabitants
and one major town (over 9,000 inhabitants) named
Ktobuck, with a population of 13,900. The total population
of the Liswarta basin is 112,197, which corresponds to a
population density of 72 people per km’ (based on an
IMAGIS 2012 digital administrative map).

According to the physical-geographic division of
Poland [24], the Liswarta catchment is located within the
macro-region of the Woznicko-Wielunska Upland, with
five identified mezzo-regions: the Woznicki Threshold, the
Liswarta Depression, the Herbski Threshold, the Krzepice
Depression, and the Wielunska Upland (Fig. 2).
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Fig. 1. Location of the study area.
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Fig. 2. Physical-geographic division of the study area.

The Liswarta is a left-bank tributary of the Warta River
(the Odra River catchment) that is 93 kilometres long, with
a catchment area of 1,577.7 km?.

The Liswarta catchment is a geologically and geomor-
phologically diverse area. The Woznicko-Wielunska Upland
is built from Triassic and Jurassic rocks of varied strength,
formed into limestone, sandstone, clay, and marl. Within the
upland boundaries, one can distinguish hill ranges (thresh-
olds) and a series of depressions. The area is elevated
approximately 200 m above sea level in its northern part and
approximately 380 m above sea level in the south.

The soil cover in the Liswarta catchment is similarly
diversified. The parent rock of the local soils are mainly
pre-Quaternary formations (sandstone, shale, limestone,
and dolomite) and Quaternary material (sand, dust, loam,
and loess soils), which cover the depressions and slopes of
plateaus and ridges. The soils occurring in the area include
podzols, alluvial soils, brown soils, rendzic soils, and black
soils. Podzols are predominant here and occur mainly in the
eastern part of the Liswarta Depression. Brown soils are
found in the Woznicki Threshold clays. In the river valleys,
silt-peat and alluvial soils occur [20].

The Liswarta catchment is part of the Kluczbork-
Lubliniec hydrogeological region. There are three usable
hydrogeological horizons: Quaternary, Jurassic, and
Triassic. The Quaternary water-bearing horizon is predom-
inant in the area. The groundwater table lies at a depth of
several centimetres, only occasionally falling to several
dozen meters below ground level in the area of Sierakow,
Panoszow and Ciasna [25]. The well yield ranges between
1.20 and 64.60 m*h' [26].

The source of the Liswarta is located 315 m above sea
level on the slope of the Woznicki Threshold in the village
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©———> physical-geographic division (mezzo-regions)

— VIS

D Liswarta catchment

of Babienica. The river network of the Liswarta catchment
is relatively dense, except around the Woznicki and Herbski
Thresholds at the divide of the Warta, Liswarta and Mata
Panew rivers, which are characterized by lower density.

The largest right-bank tributaries of the Liswarta are the
Pankéwka, Bieszcza, Gornianka, Biata Oksza, and
Kocinka. The left-bank tributaries include the Potok
Jezowski, Lomnica, and Piskara. The Kocinka is the
longest tributary, with a length of 40.05 km and a drainage
basin area of 259.9 km?.

Materials and Methods

The Polish CLC 90 database was updated in 2004. The
resulting CLC2000 database contains information about
land use as of 2000, as well as changes in land cover dur-
ing the period from 1990-2000. Thirty-one forms of land
use have been identified in Poland, compared with 44 iden-
tified for all of Europe. The database contains only surface
objects. The smallest mapping area unit is 25 ha; the mini-
mum width of delineations is 100 m, which is the same as
the accuracy required for boundary determination [27]. The
reported data reliability for Poland is 85% [28, 29].

Spatial analysis of land cover in the Liswarta catchment
was based on data from the CLC2000 and CLC2006 data-
bases. Land cover analysis was conducted using GIS.
Spatial analysis was performed for the entire Liswarta
basin, including the catchments of its major tributaries as
well as directly for the Liswarta catchment. Calculations of
particular land cover surfaces (CLC delineations) were sub-
sequently exported into Statistica software for statistical
analysis.
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Water analyses were conducted using data obtained
from the Regional Inspectorate of Environmental
Protection in Katowice (polish acronym: WIOS). The sur-
face water quality was monitored from 2000-10. The study
focused on the following substances: ammonia, nitrites,
nitrates, total nitrogen, phosphates and total phosphorus.
After 2000 Liswarta’s water quality was monitored in
Borondéw, Dankow, Kule, Starokrzepice, and Zawady.
Since 2010, the water quality tests for the Liswarta River
were carried out solely in Boronow and Kule. After 2000,
the water quality in the Biala Oksza River was monitored in
Klobuck, Lobodno, and at the confluence of the Biala
Oksza and Liswarta rivers. The water quality of the
Koninka River was monitored at the Trzebca site. Other
tributaries that were monitored for water quality included
Pankowka, Potok Jezowski, Goérnianka, Bieszcza, and
Piskara (Fig. 3).

Results

The predominant land cover in the Liswarta catchment
is agricultural, covering an area of 955 km® comprising
mainly non-irrigated arable land (2.1.1), which covered
671.7 km’ (45%) during from 2000 to 2006. The second
largest constituent within this agricultural land is cultivated
land (2.4.2), covering 125.1 km® (8%) during the study peri-
od. The third most common forms of land use are grass-
lands and pastures (2.3.1), covering 106 km* (6.9%). An
area of 51 km’ (3.3%) was covered primarily by agricultur-
al land with areas of natural vegetation (2.4.3). The propor-
tion of orchards and plantations (2.2.2) in the Liswarta
basin was low, at only 1.2 km’ (0.08%) from 2000 to 2006.

The second largest types of cover within the Liswarta
catchment were forest and semi-natural ecosystems, which
stretched over 535 km’ (33.4%) in 2006, up from a level in
2000 of 533.5 km* (31.91%). The largest area is occupied
by coniferous forests (3.1.2), covering an area of 420 km’
(27.2%) in 2000, which increased to 431 km® (27.9%) in
2006. Deciduous forests (3.1.1) covered an area of 50.7 km?
(3.3%). Mixed forests (3.1.3) covered an area of 21.4 km®
(1.4%) in 2000 and 23.5 km* (1.5%) in 2006. Forests and
shrub lands undergoing transformation (3.2.4) in 2000 cov-
ered 41.5 km* (2.7%), whereas in 2006 the percentage of
this land cover decreased to 29.5 km® (1.9%) (Table 1).

Non-Agricultural Impacts on Water

Practically all communities located within the Liswarta
catchment have access to water supply systems. However,
there is currently no coherent sewage disposal and treat-
ment system operating within the area. Sewage manage-
ment schemes are operated only in the towns of Klobuck
and Krzepice and in the communities of Wregczyca Wielka.
In other communities, installations of rural drainage sys-
tems are set to begin or are in process. Therefore, in most
places sewage is normally disposed of in isolated reservoirs
or (often leaky) septic tanks, from where it is discarded onto
the users’ own land, into ditches, watercourses, or directly
into the ground, thus resulting in surface and groundwater
contamination. The exceptions include households that are
equipped with household sewage treatment systems; how-
ever, their efficiency is largely dependent on applied tech-
nologies and strict adherence to proper use. The largest
number of these sewage treatment systems is located in the
community of Wrgczyca. Household sewage treatment sys-

112 - Dispersed urban buildings
- Industrial or commercial sites
- 122 - Transport argas
124 - Airponts
- 131 - Opancast mining sites

133 - Construction sites

ra

211 - Arable land
222 - Orchards and plantations
231 - Maadows, pasiures
242 - Cultivation patterns
243 - Agricultural land with areas of natural vegetation
311 - Deciduous forests
312 - Coniferous foresls
P 213 - Mived forests
324 - Forests and shrublands undergoing transformation
411 - Inland marshes

- 512 - Water reservoirs

-, River monitoring sites
Rivers
Watershed

Fig. 3. The location of surface monitoring sites, including the land use patterns in the Liswarta catchment (numbered according to Figs.

4-9).
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tems are characterized by a limited capacity, which does not
exceed 5 m*24 h'.

There are 13 professional sewage treatment plants
located in the Liswarta catchment area and most of them are
classified as biological-mechanical treatment systems. The
largest number of treatment plants (5) is operated in the
Biata Oksza catchment area in the community of Ktobuck.
In terms of the Kocinka catchment, there are three treat-
ment plants located in the communities of Czestochowa,
Wreczyca Wielka, and Mykanow. There are two plants
(located in the community of Opatow) within the
Gornianka catchment and two more in the Potok Jezowski
catchment (in the communities of Ciasna and
Kochanowice). Only one sewage treatment plant is located
in the community of Popéw, in the Liswarta River catch-
ment.

Surface Water Quality

The chemical composition of surface water in the
Liswarta catchment is affected by natural and anthro-
pogenic factors. Eutrophication is regarded as one of the
most serious threats to surface and coastal water quality
[30, 31]. Under the current legislation, eutrophication is
defined as the process during which water becomes
enriched with biogenic substances including, in particular,
nitrogen and phosphorus compounds, which stimulate the
growth of algae and other higher forms of life, thereby lead-
ing to a disturbance in the water regime and the subsequent
deterioration of water quality [32]. There is also a risk of
secondary water contamination that can be caused by sub-
stances known to be toxic to higher organisms, which are
produced during the anaerobic digestion of phytoplankton
[6, 14, 33].

The highest average concentration of ammonia from
2000-10 (1.741 mg-dm™) was reported for the Biata Oksza
River at the Lobodno site. The average concentration of
ammonia reported at the Klobuck monitoring site was
0.473 mg-dm?, while the figure recorded at the mouth of the
Biata Oksza River was 0.508 mg-dm~ (Fig. 4).

The lowest average concentration of ammonia (0.09
mg-dm?®) was recorded in the Liswarta River at

NH,
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Starokrzepice. A higher average concentration of 0.530
mg-dm”® from 2000-10 was reported at the Liswarta-
Boronéw site above Starokrzepice. When measured below
Starokrzepice, the average concentration of ammonia in
Dankéw was 0.455 mg-dm?, that in Zawady was 0.182
mg-dm?, and that at the final site (Kule) was 0.260 mg-dm™.
Among the Liswarta tributaries, the lowest average con-
centration from 2000-10 was reported in the Piskara River,
0f 0.132 mg-dm™.

The systematic growth of ammonia concentrations was
reported for the Biata Oksza River in Lobodno in 2000,
when the average annual NH, concentration was 0.303
mg-dm?, which reached the highest level of 3.74 mg-:dm™ in
2007.

The highest average nitrite concentration levels from
2000-10 were reported in Lobodno (Biata Oksza River), at
a level of 0.613 mg-dm”. At monitoring sites on the Biata
Oksza River above (in Ktobuck) and below L.obodno (at the
river’s mouth), the average nitrite concentration levels were
0.136 and 0.153 mg-dm™, respectively. The lowest average
nitrite concentrations, below 0.1 mg-dm® from 2000-10,
were recorded at the following sites: Boronow,
Starokrzepice, Kule (on the Liswarta), Trzebca (on the
Kocinka), at the mouth of the Pankowka, at Ciasna on
Potok Jezowski, and at the mouth of the Piskara. At the
other two sites, Liswarta-Dankéw and Gornianka-Opatow,
the average concentrations remained below 2 mg-dm®. A
considerable decrease in the average annual nitrite concen-
tration levels was observed at Lobodno on the Biata Oksza
River (Fig. 5).

The highest average nitrate concentrations from 2000-
10 were observed at the following sites: Opatow on the
Gornianka River (32.8 mg-dm?), the mouth of the Piskara
River (31.8 mgdm”), Krzepice on the Bieszcza River
(23.2 mg-dm?), and Lobodno on the Biata Oksza River
(22.7 mg-dm?). The lowest average nitrate concentrations
were reported in Ktobuck on the Biata Oksza River (10.0
mg-dm?), Ciasna on the Potok Jezowski River (11.2
mg-dm), Starokrzepice on the Liswarta River, and Trzebca
on the Kocinka River (13.4 mg-dm?). The average nitrate
concentrations that were recorded at other sites remained
below 20 mg-dm” (Fig. 6).

Fig. 4. The average concentration of NH," at surface water monitoring sites from 2000-10.
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Fig. 5. The average concentration of NO; at surface water monitoring sites from 2000-10.
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Fig. 6. The average concentration of NO5 at surface water monitoring sites from 2000-10.

The highest total nitrogen concentrations from 2000-10
were found at Opatow on the Goérnianka River (8.84
mg-dm~), Lobodno on the Biata Oksza River (8.21 mg-dm?),
and at the mouth of the Piskara River (8.08 mg-dm™). The
lowest average concentrations occurred at Starokrzepice on
the Liswarta River at 3.81 mg-dm?. The average concentra-
tions reported at other sites ranged between 4.4 mg
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(Ktobuck on the Biata Oksza River) and 5.92 mg-dm®
(Boronéw on the Liswarta River) (Fig. 7).

The highest average phosphate concentration from
2000-10 was observed in Lobodno (on the Biata Oksza
River) — 0.983 mg-dm”. At monitoring sites on the Biata
Oksza River, above (in Ktobuck) and below Lobodno (at
the confluence of the Biata Oksza and Liswarta rivers), the
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Fig. 7. The average concentration of total nitrogen at surface water monitoring sites from 2000-10.
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Fig. 8. The average concentration of PO; at surface water monitoring sites from 2000-10.

average concentration levels were 0.114 mg-dm™ and 0.293
mg-dm>, respectively. The lowest average concentrations
were collected from water at Starokrzepice on the Liswarta
river (0.040 mg-dm?®), Zawady on the Liswarta River
(0.064 mg-dm?), and from the mouth of the Piskara River
(0.069 mg-dm~). The phosphate concentrations that were
recorded at the other sites on the Liswarta River were 0.117
mg-dm* (Boronow), 0.123 mg-dm? (Dankéw), and 0.197
mg-dm* (Kule) (Fig. 8).

The highest average total phosphorus concentrations
from 2000-10 were observed at Lobodno on the Biata
Oksza River. At the mouth of the Biala Oksza River, the
average total phosphorus concentration was 0.184 mg-dm.
At two sites (Ciasna on the Potok Jezowski River and at
Trzebca on the Kocinka River), the average total phospho-
rus concentration levels exceeded 0.180 mg-dm?. The aver-
age phosphorus concentrations were reported at the other
sites and remained below 0.1 mg-dm? (Fig. 9).

Discussion

Land use itself does not affect water quality. However,
human activities on land use changes could influence the

types and degree of pollution. Therefore, measuring the
proportions of certain land use types in a watershed might
enable us to predict water quality [33].

Agricultural land use predicts fewer water quality vari-
ables than built-up land use, which is the primary contribu-
tor to degraded water quality [33-35]. Nevertheless, built-
up land use remains significantly related to most variables,
which suggest that point source pollution also positively
contributes to the nutrient content and organic matter in the
river water [36].

Water from agricultural areas has 2- to 4.5-fold higher
total nitrogen (N) concentrations than water from semi-nat-
ural areas [37]. Runoff of biogenic elements into surface
water from agricultural areas is largely dependent on the type
and volume of agricultural activity as well as the vulnerabil-
ity of soil to erosion along with its permeability. Soils of high
use value, in combination with adequate cultivation tech-
nologies, offer considerable prospects for agriculture [6].
Leaching of N-NO; from field crops into the aquatic envi-
ronment may reach levels up to 40 kg-ha', depending on the
level of fertilization; but in the case of grasslands the
observed levels may be considerably lower. Water erosion
and surface runoff are the major routes for phosphorus leach-
ing from agricultural areas into water resources [6, 14, 38].
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Fig. 9. The average concentration of total phosphorus at surface water monitoring sites from 2000-10.
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The waters of the Liswarta River and its tributaries can
be regarded as eutrophicated or at an increased risk of
eutrophication because nitrate concentrations have been
reported at most of the sites, except Starokrzepice, and the
levels exceed a limit of 10 mg-dm™® NO3. In the case of total
nitrogen concentrations, the average annual limit of 5 mg
was exceeded at the following sites: Borondéw, Dankow,
Kule — for the Liswarta River, Lobodno, the mouth of the
Biata Oksza River, and the Gornianka, Piskara, and
Bieszcza rivers. The maximum allowable phosphorus level
(0.25 mg-dm~) was exceeded at only one site, the Lobodno
(on the Biata Oksza River).

The optimal N:P concentration for algal growth is 7.
With ratios lower than 7, the growth of phytoplankton is lim-
ited by nitrogen [39]. If the value exceeds 60, the growth of
algae is constrained by phosphorus [6, 30]. The N:P ratio
observed for the Liswarta catchment ranges between 18
(Biata Oksza River — L.obodno) and 143 (the mouth of the
Piskara River). A chemical barrier to the growth of algae
(N:P values below 60) was not reported at the following
sites: on the Biata Oksza River at Ktobuck (57), on the Biata
Oksza River at Lobodno (18), on the Biata Oksza River at
the mouth (33), on the Kocinka River at Trzebca (27), on the
Pankowka River at the mouth (57), on the Potok Jezowski
River at Ciasna (54), and on the Bieszcza River at Krzepice
(37). The maximum limits of 60 and 61 were reported on the
Liswarta River at Boronow and Starokrzepice.

In the case of rivers where agricultural land covers more
than 80% of the catchment area, that is the Piskara (86%)
and Gornianka (82%) rivers, the average total nitrogen con-
centrations from 2000-10 exceeded 8 mg-dm”. In catch-
ments where agricultural land constitutes 70-80% of the
entire catchment area, such as the Pankdéwka (70%),
Kocinka (71%), and Bieszcza (79%) rivers, the average
total nitrogen levels ranged from 6.43 mg-dm? (Bieszcza)
to 4.93 mg-dm” (Kocinka). In the case of the Biala Oksza
River in Lobodno, high concentrations of nitrogen and
phosphorus compounds were caused by municipal sewage.
The Lobodno site is located below Ktobuck, which is the
largest town in the Liswarta catchment. Significantly lower
levels of ammonia, nitrites, nitrates, phosphates, and total
phosphorus at the river’s mouth indicate the self-cleaning
capacity of the river. Some compounds have been sorbed
by plants or diluted and dissolved.

Conclusions

Agricultural production constitutes a real risk to surface
and groundwater quality. Inadequate farming practices,
together with poor sanitary conditions on farmsteads, result
in biogenic substances being leached into water resources.
Studies carried out in the Liswarta catchment area indicated
that high concentrations of nitrogen and phosphorus com-
pounds in the surface water are closely connected to the land
use pattern in the catchment basin. The surface water in the
Liswarta catchment is characterized by high concentrations
of biogenic compounds that occur in both predominantly
agricultural catchments and in the Bieszcza catchment,

where the largest town in the study area exists — Klobuck.
Increased concentrations of biogenic compounds in the
Biata Oksza River result from municipal sewage discharges.
Water in the Liswarta River, as well as in its tributaries, can
be regarded as eutrophicated or at a high risk of eutrophica-
tion, particularly in the Kocinka, Pankowka, Potok
Jezowski, Bieszcza, upper Liswarta, and Biata Oksza rivers.
Protecting water from biogenic contamination requires
a new approach to fertilizer use as well as improvement in
the sanitary condition of households to be achieved by,
among other things, the installation of drainage systems in
rural areas. It is also necessary to take a closer look at small
watercourses draining into the Liswarta catchment.
Recommendations include the protection of river valleys by
stopping deforestation, preserving the natural riparian veg-
etation and reducing the volume of intensified agricultural
activity or introducing so-called “precision farming.’
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