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ABSTRACT
The content of biogenic substances, i.e. ammonia (NH4+), nitrates (NO3–) and phosphates (PO43–), in the mountain
stream waters was studied. The test (zero) sample was the water flowing from forest areas, while the study samples
included the water from the streams flowing through extensively used sheep pastures. The impact of grazing on
the water quality during high (in the rainy season) and low (in the dry period) water flows was assessed. The studies demonstrated the water contamination with ammonia, particularly during the rainy season. The contamination
was also present in the test sample, so it cannot be attributed to the grazing activity. The highest nitrate concentrations were reported in the dry period. An influence of grazing on the migration of nitrates into waters was found,
however, on a scale causing no contamination. The water contamination with phosphates was found. The studies
demonstrated that extensive grazing did not affect the fertilisation of mountain stream water, yet the water quality
may be deteriorated by the surface runoff processes and soil cover erosion.
Keywords: mountain areas, extensive agriculture, sheep pasture, biogenic substances, water contamination

INTRODUCTION
The sources of chemical substances in surface waters are very diverse; however, the occurrence of biogenic substances (nutrients) is
largely associated with the agricultural activities (Sapek 1998). The biogens from agricultural areas penetrate into watercourses and reservoirs along with the surface and underground
runoff. In the former case, their migration is a
result of a broadly understood erosion of the
earth surface, whereas in the latter case, water
seepage through the soil-rock cover and leaching of the substance in dissolved form. It is estimated that in Poland, 45% of nitrogen and 20%
of the phosphorus load carried by rivers comes
from agriculture (Sapek and Sapek 2005). The
problem of the agricultural pollution is a consequence of incorrect balancing of nutrients
in agronomy (i.e. improper fertiliser management) and a result of dispersing the elements
unused in plant and animal production into the
112

environment. Numerous studies (Strauch et al.
2009, Jagus and Rzetala 2012, Burt et al. 2013,
Szczykowska et al. 2015, Melland et al. 2018)
prove that in catchments with agricultural activity, the water in rivers and reservoirs is often
characterised by high fertility, i.e. excessive
concentration of biogenic substances, which
may result in eutrophication.
The aquatic environment in agricultural land
should be monitored to protect the water resources. This is particularly true for the mountain areas
which are considered to be ones providing a significant percentage of water on a supra-regional
scale. In the Polish Carpathians, covering 6.3%
of the Poland’s area, 13% of the country’s water
resources are created (Starkel 1990). It is not only
the quantity but alto the quality of water that is
important. Good quality ensures a favourable hydrobiological condition of the flowing and stagnant water ecosystems, and also contributes to
reducing the cost of water supply to the residents
of piedmont areas.

Journal of Ecological Engineering Vol. 21(4), 2020

The study was aimed at assessing the threat
to the water quality from the areas used as pastures. In literature, the problem is mainly analysed for intensive pastures where, apart from the
droppings of animals being grazed, additional
fertilisation is used (Nash et al. 2019, Pilon et al.
2019). The migration of biogens from such pastures translates generally into the quality of the
aquatic environment. This article describes the
studies on unfertilised mountain pastures used
for sheep grazing. Such pastures are considered
as a part of the so-called extensive agriculture
(Nastic et al. 2017, Lasanta et al. 2019), typical
mainly for the areas with adverse environmental
conditions (shallow and barren soils, inclement
weather etc.).

RESEARCH AREA
The research was carried out in the Polish
Carpathians, between the Pieniny and Beskid
Sądecki mountain ranges. It is a region of various research projects completed by the author of
this article over the past twenty years. The Biała
Woda stream catchment area (Figure 1) located
in the vicinity of Jaworki, popular tourist destination, was chosen to study the problem in question.

The catchment has the following physiographic
parameters (Kurek 1977):
•• area 10.91 km2;
•• average width of 2 km;
•• average elevation 842.1 m above sea level;
•• average slope gradient of 24%;
•• dominant exposure of the SW slopes;
•• average annual precipitation of 904 mm.
Afforestation of the catchment till the 1980s
was very low and amounted to 21% (Kurek
1977). It resulted from the historical conditions.
Until the end of the World War II, the area around
today’s Jaworki was inhabited by Ruthenians and
used predominantly as arable land and pastures
for cattle and sheep. After the War, the Ruthenians
were displaced, and the abandoned lands were
used as pastures for the sheep brought here for
the grazing season from the surrounding regions.
Around 30–40 thousand sheep were herded in the
vicinity of Jaworki. Since the 1980s, the sheep
population began to decline due to an increase in
the breeding cost with the economic support being simultaneously withdrawn. Currently, around
4,000 sheep are herded, about 1,500 of which in
the Biała Woda valley. The afforestation of the
catchment area has increased significantly, and
now amounts to 60%. It is hence a forest and

Figure 1. The Biała Woda stream catchment and the location of the water quality testing points
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agricultural catchment where the agricultural
activity involves extensive grazing (Figure 2).
Each year, the sheep grazing period lasts from
the first days of May to the first days of October.
It is worth adding that the extensive grazing of
sheep in the Biała Woda valley, apart from its significance for the cultural tradition of the region,
plays important environmental functions. First of
all, it prevents the unwanted self-afforestation of
the grass ecosystems.
The pasture areas extend in the middle and
lower parts of the catchment, from the Rozdziela
stream down the catchment, with partial catchment areas used for grazing being also partly
forested. The grazing is guarded, but there are no
fenced sections in the pastures. Flocks of sheep
are led by shepherds with dogs in such a manner that the vegetation is consumed in subsequent
parts of the pasture and that it can gradually regrow. The pastures are not treated with additional
fertilisers except for the grazed sheep droppings.
The droppings are produced both during grazing
at day time and while being kept in the fenced
piece of pasture at night. The first form of fertilisation is hence dispersed. The second involves
fertilisation focusing on a small area. At night,
the sheep are kept in a portable barnyard. There is
between 1 and 3 m2 area available per one sheep.
At a density of 1 sheep per 1 m2, 240 kg/ha of
nitrogen and 20 kg/ha of phosphorus are excreted
into the soil with droppings per day (Twardy and
Hamnett 2000). The barnyard has to be moved
to a different place every day. With lower animal
density, it is moved every 2 or 3 days.
In the pasture areas of the catchment in question, there are mainly sandy loam soils (in the

higher parts of the land) and sandy clay loam soils
(in the lower parts of the land). They are characterised by high water retention capacity. Due to
the covering of soils with permanent turf vegetation and formation of a lumpy structure (the effect
of the roots of grass species), the surface runoff
phenomena are limited here (Kostuch and Kopeć
1980). Only in the middle of the main valley and
near-stream areas of the lowest parts of the terrain, there are loam clay deposits, which impede
the rainwater infiltration and are subject to erosion. The surface runoffs are therefore observed,
but this does not apply to the pastures located
higher. In the higher parts of the area, the rainwater flows primarily through the farm roads.

METHODS
Six small streams flowing through the grazing
land and into the Biała Woda stream were chosen
for testing the water quality. The study also included the Biała Woda stream above the grazing
areas (in the forested part of its catchment) and after receiving the waters of all the examined tributaries. The water samples for laboratory analyses
were taken in two series, during high and low water flows. The first series was completed on June
4, 2019 after a period of heavy rainfall, and the
second on August 20, 2019 during a long rainless
period. The locations of the water intake points
are shown in Figure 1. The points were numbered
as follows:
A – Biała Woda stream (Figure 3) – zero test
sample;
1 – Rozdziela stream;

Figure 2. Pasture areas in the Biała Woda valley with buildings of one of the herding farms (photo by A. Jaguś)
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Figure 3. The Biała Woda stream flowing out of the forested part of the catchment (photo by A. Jaguś)

2 – Brysztan stream (Figure 4);
3 – an unnamed stream above Repowa;
4 – Repowa stream;
5 – an unnamed stream at a waterfall;
6 – Jasielnik stream;
B – Biała Woda stream – final sample.
The collected water was analysed for the content of biogenic substances, i.e. ammonia (NH4+),
nitrates (NO3–) and phosphates (PO43–). The analyses were carried out immediately after sampling
with a portable photometer. The assays consisted
in determining the intensity of water colour after
the application of appropriate reagents in relation
to raw water.
In the first assay, the ammonium ions present in water, in a diluted sodium hydroxide medium, react with an organic chlorinating complex.

Monochloramine is formed, which – in reaction
with thymol – produces the indophenol blue.
In the second assay, nitrates are reduced to nitrites in the presence of a zinc catalyst. Then, the
nitrites form a diazonium salt with amines which,
by conjugation with the aromatic amine, transforms into the purple-red azo dye.
The third assay is referred to as the molybdate
method. The orthophosphates assayed in combination with ammonium heptomolybdate form the
phosphoric-molybdate acid which is reduced to
phosphorous-molybdate blue.

RESULTS AND DISCUSSION
At the beginning of the study, it was assumed
that the content of the nitrogen and phosphorus
compounds in the water of the Biała Woda stream

Figure 4. The Brysztan stream flowing out of grazing land (photo by A. Jaguś)
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flowing from the forest areas would be noticeably
lower than in the waters of other streams. Among
others, the appearance of the stream bed at the
sampling point was considered. In the case of the
Biała Woda stream (zero sample), it was clean,
while those of the streams flowing through the
grazing areas were covered with a thin layer of
silt (the presence of silt can be associated with
passing of sheep flocks through streams and digging into stream beds with hooves). That basic
assumption, however, turned out to be true only
for nitrates. The ammonia and phosphate concentrations in the zero sample were similar to those
in other samples. Therefore, the water of the Biała
Woda stream, after receiving the water from the
grazing areas, i.e. in the final sample, was enriched only with nitrates.
The study showed a slight variation in the ammonia and nitrate concentrations in the waters of
individual streams, with more distinct differences
between the samples from the rainy and dry periods. For phosphates, the concentration values
were very close in most samples (Table 1).
Ammonia (NH4+) was present in higher concentrations during the rainy period, 0.90 mg/dm3
on average. This is due to the presence of that
compound in the surface runoff waters. Firstly,
it is an important component of rainwater and,
secondly, it is leached from the surface layer of
soil containing organic matter, including animal
droppings. In the dry period, the ammonia concentrations were clearly lower, 0.36 mg/dm3 on
average, because during deep infiltration (underground seepage) this compound undergoes biochemical changes. This is best confirmed by the
results of the lysimeter studies continued for several decades in Jaworki. Researchers (e.g. Kopeć
1990) generally found low levels of ammonia
(several or dozen hundredths of mg/dm3) in the

waters infiltrating through the soil profile, both in
the absence of fertilisation and with the use of different doses of fertilisers. Therefore, the ammonia
present in the waters of the studied streams, during the dry period, comes partly from the washing
of the bed zones which are, as already mentioned,
penetrated by the sheep. For the water from the
forest areas (zero sample), the origin of ammonia
can be attributed to the washing of dead organic
matter accumulated in the bed of the stream.
The ammonia concentrations recorded during the study indicated that the streams were
contaminated with that compound. The concentrations in all cases exceeded the level of
0.1 mg N-NH4/dm3 i.e. 0.13 mg NH4+/dm3, provided by the Polish legislation for the best water
quality class (class I out of five) in the streams
in the mountain areas (designation of streams in
the classification of surface waters: RWf). Except for two tests, they also exceeded the limit
value for quality class II, 0.2 mg N-NH4/dm3 i.e.
0.26 mg NH4+/dm3(Ordinance... 2019). Another
indicator of the water contamination with ammonia is a high percentage of the ammoniacal nitrogen in relation to the nitrate nitrogen. In pure water, the nitrate form definitely dominates, while in
the water of the streams studied, the ammonium
form represented on average as much as 65% of
total nitrogen in the rainy period and 31% for the
dry period.
Nitrates (NO3–) were present in the tested
waters in concentrations from 0.8 to 5.7 mg/dm3.
As opposed to ammonia, higher concentrations
were reported during the dry period (an average of
2.7 mg/dm3) in comparison with the rainy period
(1.7 mg/dm3 on average). This is due to the fact
that nitrates, which are formed in the soil environment during the nitrification process, migrate
mainly underground together with the seepage

Table 1. Biogen concentrations in the surface waters in the Biała Woda catchment (location of test points
according to Figure 1) in the rainy and dry period
Sampling point

NH4+
[mg/dm3]

NO3–
[mg/dm3]

PO43–
[mg/dm3]

Rainy

Dry

Rainy

Dry

Rainy

Dry

A – Biała Woda

1.02

0.48

0.8

1.0

0.06

0.05

1 – Rozdziela

0.85

0.37

2.2

2.7

0.05

0.06

2 – Brysztan

0.92

0.36

1.6

2.9

0.06

0.06

3 – stream above Repowa

0.81

0.14

2.7

5.7

0.05

0.06

4 – Repowa

1.03

0.61

1.1

2.9

0.05

0.04

5 – stream at a waterfall

0.74

0.40

1.5

1.8

0.04

0.05

6 – Jasielnik

0.90

0.39

2.2

3.0

0.09

0.07

B – Biała Woda

0.96

0.16

1.5

1.5

0.06

0.06
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water (in the dry periods, the underground water
continues flowing in streams). The highest nitrate
concentration occurred in the dry period, in sample 3 – it is a stream with the lowest water content
of all streams studied (a small amount of water in
the watercourse is usually associated with a high
concentration of chemical substances dissolved
in water).
The nitrates were found to infiltrate into water in the pasture areas in a greater amount than
in the forest areas. The concentrations in the
zero sample were half or third of the values in
the other samples. It is a consequence of a greater nitrogen content in the soils of pasture areas
compared to the forest soil (Jaguś and Skrzypiec
2017) – the coniferous stand in the Biała Woda
catchment does not provide enough organic matter to enrich the soil with nitrogen, as it is the
case of the deciduous stand (Rahmonov et al.
2011, Jaguś and Skrzypiec 2017). However, it
should be noted that the concentration values in
all samples, both from forest and pasture areas,
can be considered low. The Polish legislation
(Ordinance... 2019) provides the maximum concentration of 0.8 mg N-NO3/dm3 for waters of
quality class I, i.e. 3.54 mg NO3-/dm3, which was
exceeded only once in the sample 3 mentioned.
The maximum concentration for class II waters
was 1.3 mg N-NO3/dm3, i.e. 5.75 mg NO3-/dm3,
so it had not been exceeded.
The agricultural activity usually causes the
contamination of the aquatic environment with
nitrates;therefore, the results obtained in the pasture areas studied are optimistic in the context of
the water resources protection. Since nitrates are
not retained by the soil sorption complex, absorption by vegetation has to be the factor limiting
their migration. Numerous studies on the leaching of nitrates from various agricultural crops
indicate (e.g. Smoroń et al. 1996, Hussain et al.
2019) that the protective function for waters is
best performed by the perennial grassy vegetation. Such kind of vegetation effectively absorbs
nitrates even under the application of high doses
of fertilisers (Jagła and Misztal 2000).
Phosphates (PO43–) occurred in the waters
tested in the amount of several hundredths of
mg/dm3. The concentrations were almost identical during the rainy and dry periods. There were
also no differences between the water flowing out
of the forest and pasture areas. Those findings indicate high stability of this substance in the soil
environment. In the lysimeter studies conducted

in Jaworki, it was repeatedly demonstrated (e.g.
Kopeć 1985) that even the use of phosphorus
fertilisation does not cause a marked increase in
the phosphate concentrations in the waters leaching from soil profiles. This is due to the formation of poorly soluble phosphorus compounds
in the soil, e.g. Ca3(PO4)2, FePO4, AlPO4 and the
sorption of phosphate ions by soil colloids. Only
small amounts of phosphate ions originating from
orthophosphoric acid or soluble phosphates, e.g.
Ca(H2PO4)2 migrate in a dissolved form.
It is well known that the movement of phosphorus into the surface waters occurs along with
surface runoff carrying soil particles. Numerous
researchers (e.g. Monaghan et al. 2016) reported
that this is the main migration route for this element in agricultural areas. As already mentioned,
the surface runoff in the Biała Woda catchment
area does not apply to the grazing areas, but mainly to the near-stream areas and farm roads. The
water runoff is most visible in the Jasielnik stream
catchment, where the forestry works are carried
out using heavy machinery. This may explain a
slightly higher concentration of phosphates in the
water of that stream compared to other streams.
However, a greater amount of phosphates is probably the cause of the development of bryophytes
and benthic algae in the Jasielnik stream bed
(Figure 5). In other streams, those organisms are
not visible or they occur in much smaller amounts.
The phosphate concentrations recorded in
the tests (with the exception of concentrations
in the Jasielnik stream) were within the limits
specified for water quality class I, i.e. they did
not exceed 0.02 mg P-PO4/dm3, i.e. 0.06 mg
PO43–/dm3(Ordinance... 2019). In the water of the
Jasielnik stream, the level of class I was slightly
exceeded (the range of concentrations for quality
class II is from 0.07 to 0.18 mg PO4/dm3). Therefore, the waters examined cannot be considered
as contaminated with phosphates which are assumed the main substance determining the fertility of the environment.

CONCLUSION
The surface waters in the Biała Woda stream
catchment show contamination with ammonia,
particularly during the rainy periods. The threat to
the water quality results mainly from the surface
runoff phenomena and does not have to be associated with the grazing activity. In the dry periods,
117

Journal of Ecological Engineering Vol. 21(4), 2020

Figure 5. Phytobenthos in the Jasielnik stream bed (photo by A. Jaguś)

the ammonia concentrations are also excessive,
prompting the search for its sources in the bed
and near bed areas of the streams.
Pastures are the source of nitrates in the surface waters to a greater extent than the forest areas. This is particularly apparent in the dry periods, i.e. periods of underground supply to watercourses, and is related to the nitrogen content of
soil. However, the nitrate contents are low which
means that the grazing has its effects but it does
not cause contamination of the waters.
The threat of water pollution by phosphates
should be associated mainly with the processes
of the soil cover erosion. The pasture land is not a
significant source of phosphates in stream waters.
Extensive grazing does not contribute to the
fertilisation of mountain streams in the Biała
Woda catchment. In order to maintain a favourable situation, it appears necessary only to minimise the human interference in the bed and nearbed areas of the streams and to reduce the works
violating the structure of soil covers.
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