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INFLUENCE OF RESERVOIRS ON THE CONCENTRATION
OF NUTRIENTS IN THE WATER OF MOUNTAIN RIVERS

WPLYW ZBIORNIKOW RETENCYJNYCH NA KONCENTRACJE
NUTRIENTOW W WODACH RZECZNYCH OBSZAROW GORSKICH

Abstract: The aim of the analysis was to demonstrate theableservoirs in shaping nutrient content (nitsate
NO;™ and phosphates RDas well as ammonia NH in the waters of mountain rivers. Three Carpathigers
with reservoirs in their courses were selectedttier study: the Ropa River (Klimkowka reservoir)e tAunajec
River (the Czorsztyn-Sromowce Wyzne reservoir caxijpand the Raba River (Dobczyce reservoir). Thecbha
criteria for the selection of the study objects thoe investigation were: similar hydrological regirof the rivers
and diverse parameters and functions of the storesgevoirs. The analysis of nutrient concentratias based on
a long-term series of measurements (2004-2013)rd88evoirs investigated generally contribute tonanease in
nitrates in the rivers flowing below the reservairgarticular months. The role of reservoirs iaging phosphate
and ammonia levels was not as evident as in the chgitrates. The reservoirs are merely one of eroos
factors that contribute to nutrient levels in thatev of the mountains rivers. In the light of tlalgsis of nutrient
concentrations in the surface water tested, it tm@yconcluded that the reservoirs do not cause & eled
permanent deterioration of river water quality.
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Introduction

Reservoirs play a very important role in the geaaical cycling of elements and
influence the chemical composition of the riverteys [1]. According to Dumnicka et al
[2], the differences in the impact of storage resigs on the chemical composition of river
waters result from various locations of the outltpth of the reservoir, frequency of water
exchange, and the degree of water pollution. Thesipbchemical properties of the water
running out of the reservoir reflect the qualitytbé water entering it as well as the biotic
and abiotic phenomena in the reservoir.
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According to Palmer and O’'Keeffe [1], small damsgmlly cause low-intensity
chemical changes, which recover within a few kiltne®, but larger dams cause larger
disturbances which take up to 30 km to recover. ddwenstream effects of impoundments
with low-level outlets were more severe than wageases from the surface. The studies
conducted in various regions of the world indic#tat large reservoirs supplied with
moderately and poorly polluted tributaries imprdkie quality of water [3, 4]. Reservoirs
can temporarily retain even 90% of the total amoaoihinflowing matter and biogenic
substances associated with it. Proper assessmetfte oinfluence of reservoirs on the
quality of water in rivers flowing below the reseivrequires an analysis of the quality of
water that supplies it, which results, among oth&mn the manner of water and sewage
management in the catchment area [5].

In the world literature, the studies on the infloenof storage reservoirs on the
chemical composition (including nutrients concetiras) of rivers are focused both on
single and numerous reservoirs localised in varreggons, diversified in terms of physical
and geographical characteristics [4, 6-12]. Mounteggions show high temporal and
spatial diversification of all hydrological process[13-15]. Therefore, disturbances of the
hydrochemical regime in mountain rivers causedhgygresence of reservoirs may bring
about environmental effects that may be more ungtaale than in less diversified terrains.

The aim of the analysis conducted was to demouesthat role of Carpathian reservoirs
in shaping nutrient content (nitrates N@nd phosphates RDas well as ammonia Nf
in the waters of mountain rivers. The analysis @nés temporal and spatial dynamics of
nutrient concentration in water stored in threeecteld reservoirs and in rivers flowing
above and below them. The basic criteria for thiecten of the objects for the
investigation were: similar hydrological regime the rivers and diverse parameters and
functions of the storage reservoirs. This enalthedsinthesis of the direction and degree of
hydrochemical changes in Carpathian rivers caugathins located in their courses.

Methods and area of investigation

Three Carpathian rivers with reservoirs in theinrses were selected for the study: the
Ropa River (Klimkowka reservoir), the Dunajec Ri\(eie Czorsztyn-Sromowce Wyzne
reservoir complex) and the Raba River (Dobczycerxesr), (Fig. 1, Table 1).

The analysed courses of the Carpathian riversomadi$ed in the region of the Outer
Western Carpathians. From the geological pointi@fvythese mountains consist of several
nappes moved there from the south and composedppérUCretaceous and Paleogene
sandstones, conglomerates and shales (so-callepatBien flysch). The hydrological
regime of Carpathian rivers is characterised bysitmrable annual and slight multi-annual
changeability of discharge. Low discharge is obsérwnainly in autumn and winter
whereas high discharge occurs in spring and sunihher rivers selected are situated in the
basin area of the Upper Vistula River and are atarsed by considerable water reserves,
irregularly distributed in time and space, as vealla large flooding potential and intense
river bed erosion processes.

Changes in the concentrations of nitrates, phosghahd ammonia in the reservoirs
discussed as well as in rivers above and below kheations were determined on the basis
of samples collected in measuring points belonginttpe Polish network of the Voivodship
Inspectorates for Environmental Protection (in §talWIOS) in Krakow, Poland. The data
used in the study encompass the period from 20Q018.
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Fig. 1. Localization of the studied reservoirs aindrs in the Polish Carpathians
Table 1
Characteristics of the studied Carpathian resesvoir
. . Catchment | Capacity | Depth | The area | Year of .« | Schindler
Reservoir River 3 . Functions L
area [km?] | [minm? | [m] [km? | creation coefficient
Czorsztyn | Dunajed 1147 234.5 50.0 11.0 1997 E, F|L 4.9 ()
Sromowce | Dunaje 1287 7.5 8.5 0.9 1994 F, L| 170)5
Dobczyce Raba 768 127.0 28. 10.7 1986 W, F,|L (15.6
Klimkowka Ropa 210 43.5 30.0 3.1 1994 F, L B 418 (

“E - energy, F - flood protection, L - flow leveling/ - drinking water supply

The data collected by WIOS is a result of the oniylti-annual hydrochemical
measurements conducted in reservoirs and rivefsein immediate vicinity. However, the
series of data obtained were not continuous in timeé not all nutrients were tested in
individual years. Nevertheless, a ten-year serienaasurements was sufficient to present
annual dynamics of nutrients in the selected riagit reservoirs in a reliable way.

The selected sites for measuring the bodies ofrveaitelocalised:

- in the Raba River above Dobczyce reservoir in Istyise (0.5 km above reservoir), in
Dobczyce reservoir and below the reservoir in t@&yce town (0.5 km);

- in the Ropa River above Klimkowka reservoir incigs Gorlickie (1.5 km), in
Klimkowka reservoir and below the reservoir in 8®ymbark village (13.5 km);

- in the Dunajec River above the Czorsztyn-SromoWégzne reservoir complex in
Harklowa village (5.0 km), in Czorsztyn and Sromewdyzne reservoirs as well as
below the reservoirs in Cerveny Klastor (7.5 km).

The samples for the laboratory analysis of the db@&ntomposition were collected
each month. The winter season was an exceptiorubedee cover on reservoirs frequently
prevented sampling. The collected data base enalgfieimination of the mean, minimum
and maximum monthly and annual concentrations efrthtrients tested in the period of
investigation in given measuring points. The valadgained were compared with the
Regulation of the Minister of the Environment of 2dly 2016 on the classification of
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ecological status, ecological potential and chehstatus of surface waterbody [16]. The
regulation in accordance with the requirementshef European Union. For this purpose,
the Schindler's index was calculated as well. tedrines the role of the catchment area in
shaping qualitative parameters of lentic water. Tisability of water inflowing to and
outflowing form the reservoirs was determined bynparing the indicators tested with the
limit values that need to be fulfilled in order émable fish dwelling [17]. Moreover, the
waters sensitive to contamination with nitrogen poomds of agricultural origin were
indicated [18].

Furthermore, in order to determine the role of sterage reservoirs in shaping the
ecochemical status of the rivers analysed, watepkes were collected from the reservoirs
and rivers above and below their localisationsigiviidual seasons in 2011-2012 (20 Aug
2011, 2 Nov 2011, 23 Feb 2012, 10 Apr 2012). Thendhal composition was analysed
with the use of a DIONEX ICS-3000 ion chromatographe tests enabled the calculation
of the indicator of water ecochemical statiesthe volume of acid neutralising capacity,
ANCaq (in pEqdm?]) [18, 19].

The data collected were analysed statistically wite use of a STATISTICA 10
system in order to specify the levels of statistisignificance between the parameters
tested. The collected variables were initially geat with the use of the Shapiro-Wilk test
in order to specify the agreement of the data withnormal distribution. In the situation
when the requirements concerning parametric tegtee vmot met, the non-parametric
U Mann-Whitney test was applied. The analysis idetlithe mean monthly values from
the period of 2004-2013.

Results and discussion

Temporal and spatial dynamics of nutrients in Carpdhian rivers and storage
reservoirs

Dunajec River and Czorsztyn-Sromowce Wyzne reservoir complex

Nitrates (NQ") are ones of the basic nutrients that influendéupon of surface water.
They originate from sewage, runoff from fertiliseil, rainwater and processes of
biochemical degradation of organic nitrogen compsufhe commonly used nitrogen
fertilisers considerably contribute to an increafaitrate concentration in water. Nitrogen
compounds are necessary for aquatic organisms.rélatater reservoirs exhibit high
tolerability to nitrates. However, over-fertilisati of water with nitrogen and phosphorus
compounds causes an intense growth of aquatic splartis leads to overgrowing
(eutrophication) of water reservoirs. Excessive am® of organic matter lead, in turn, to
excessive oxygen use. As a consequence, fish diarml mineralisation processes are
inhibited.

The analysis conducted revealed that the mean tyoodimtent of nitrates (Ng) in
2004-2013 in the Dunajec River above and below @morsztyn-Sromowce Wyzne
reservoir complex did not exceed the limit value fowater class (purity classje
9.2 mg NQ'mg-dm? (Table 2, Fig. 2) [16]. The high mean value amedrib 5.4 mg-dm
was noticed in Czorsztyn reservoir in April. In ¥én months (January-March and
November-December), the concentrations of nitratese higher above than below the
reservoir complex. An inverse correlation was obsérin the summer season. The winter
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season was also characterised by the highestenitaatcentrations in all measuring sites.
One of the more important factors that influendeate levels is land use [20].
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Fig. 2. Content of nutrients in the reservoirs &adpathian rivers selected for the analysis

As in other regions of the Polish Carpathians, erafese in arable land area and an
increase in grassland area is observed also itJper Dunajec catchment. The area of
arable land in the Upper Dunajec region has deetehy approximately 17% since the
beginning of the 1990s. At the same time, it isesbsd that wastelands as well as
developed lands and infrastructural sites have besrasing in area. In the Upper Dunajec
catchment, their area has increased on averagé@dyT#ie analysis of the mean annual
nitrate values in the past decade indicates a deratile nitrate level decline in the Dunajec
River above and below the Czorsztyn-Sromowce Wyeservoir complex. This indicates
that the supply of nitrate contaminants of agrio@t origin in the Upper Dunajec
catchment has been visibly reduced over the pamtsydhe mean annual nitrate values
noted above the Czorsztyn-Sromowce Wyzne compleeaded 5.0 mg-drhand fell
within the range from 6.5 mg-dfin 2005 to 4.9 mg-dmin 2012. In the Dunajec River
below the impoundments, this range was lower: fEoehmg-dm®in 2005 to 3.3 mg-dm
in 2012. Such a state could also result from theadyc development of sanitary
infrastructure in this period. The average lengthsanitary installations in the Upper
Dunajec catchment increased nearly 8 times ovelagte30 years.
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The concentration of nitrates did not exceed 10dmg’. This in the admissible limit
value above which the phenomenon of eutrophicatiag occur [18].

The second most important nutrients that contritbaitihe quality of surface water are
phosphates (P®). As nitrogen compounds, phosphates belong tobémic biogenic
factors that contribute to the development of algdee source of phosphorus in surface
water is the breakdown of organic matter (plantsanimals) and agriculture, mainly
phosphorus fertilisers, as well as contaminantsdastrial wastewater.

The mean monthly content of phosphates in 2004-28&8hed the highest values in
Czorsztyn reservoir (Fig. 2, Table 2), except feptémber. The highest level was noted in
March and July (1.14 and 0.12 mg-dmespectively). High phosphate concentrations were
also noted above the Czorsztyn-Sromowce Wyzne @n(panging from 0.12 mg- dfhin
February to 0.04 mg-drhin November). In Sromowce Wyzne balancing resenvbie
mean monthly phosphate concentrations were cordiielower than in the main reservoir
(they ranged from 0.05-0.02 mg-@n This contributed to lower levels of this nutrién
the river below the reservoir complex (Fig. 2).te period investigated, the mean annual
phosphate values did not demonstrate the downwardency observed in the case of
nitrates. The measuring site localised below ther€zyn-Sromowce Wyzne complex was
an exception - a visible downward tendency was mesethere R = 0.7199p < 0.05). The
highest mean annual values in the period 2004-20&8 noted above the reservoir
complex (mean 0.08 mg- dij but they did not exceed the admissible limitesl for class
| water (0.2 mg-dmj).

The content of phosphates in the river above arldwbéhe reservoir complex
amounted to 0.25 mg-dinThis in the admissible limit value above whick ffhenomenon
of eutrophication may occur [18]. In lentic watére limit value is 0.1 mg-dr(growing
season). In Czorsztyn reservoir, the mean monévgl$ in July exceeded this value, which
might indicate that eutrophication may occur.

Another nutrient analysed in the context of watgiytion is ammonia. It can be found
in surface water and originates from biochemicakakdown of organic nitrogen
compounds from plants and animals, or from indaktriastewater or domestic sewage.
This form of nitrogen is freely absorbed by autptre and therefore is the main source of
nutrients for the phytoplankton.

The highest average monthly concentrations of anenerere noted in the water
entering Czorsztyn reservoir. In February, the meanthly ammonia levels reached
0.58 mg-drt, which indicates that the limit for | water clasas exceeded (1.0 mg-din
Increased concentrations in the winter and eanlypgpesult from the fact that ammoniacal
nitrogen compounds are not absorbed by plants et additionally, low temperatures
constrain biochemical processes. Low levels of thisient were noted both in Czorsztyn
reservoir and in the river below the Czorsztyn-Ssawe Wyzne complex. In Sromowce
Wyzne balancing reservoir, the values of this patemwere higher than in the main
reservoir. This is due to its lower size. The higfhaverage annual concentrations of
ammonia in 2004-2013 were noted in the Dunajec Rab®ve the reservoir complex. The
values ranged from 0.31 mg-@hf2004) to 0.10 mg-dm (2008). Considerably lower
values were observed in the water running out efithpoundments: from 0.10 mg-dn
(2004) to 0.05 mg-dm (2013). The mean annual ammonia concentrationswbéhe
reservoir complex are characterised by a visiblevrdeard tendency R = 0.6994,

p < 0.05), as with phosphates. As other nutrientpad of ammonia is retained in the
reservoir complex, which contributes to the impmagality of outflowing water. In all
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measuring sites, ammonia concentrations did nodexk¢he admissible limits for | surface
water class.

Table 2
Selected statistic parameters of nutrients conagotrin the water above, below and in the reses\gieriod
2004-2013)
N Statistic parameters . NITRATE |PHOSPHATE | AMMONIA
Localization of concgntration* Unit NO5 PO NH,

Dunajec River above min - max [mg-dn] 0.03-12.00 0.03-0.40 0.03-1.20
resenvoirs mean 3.08 0.08 0.20
SD - 1.08 0.55 0.72

_ min - max [mg-dn] 0.89-6.20 0.03-0.14 0.03-0.18
Czorsztyn reservoir mean 2.96 0.10 0.07
SD - 0.57 0.03 0.02

S W min - max d] 0.04-7.10 0.02-0.08 0.03-0.18
R mean [mg-dm 2.93 0.03 0.10
SD - 1.53 0.01 0.02

Dunajec River below min - max [mg-dm 0.01-7.96 0.02-0.21 0.03-0.18
[6SEIVOITS mean 3.01 0.04 0.08
SD - 1.82 0.02 0.05

. min - max . 0.22-15.81 0.01-0.36 0.03-2.22
Rabf‘e sRé\r/\?(r)i?bove mean [mg-dnt’] 4.87 0.07 0.53
SD - 1.89 0.06 0.50

min - max . 1.33-9.61 0.01-0.14 0.03-0.73
Dobczyce reservoir mean [mg-dm] 411 0.03 0.15
SD - 1.29 0.02 0.09

. min - max . 1.81-8.40 0.03-0.46 0.03-0.73
Raba River below mean [mg-dn’] 4.96 0.15 0.10
SD - 1.11 0.06 0.06

Ropa River above min - max [mg-dm 1.05-7.32 0.02-0.13 0.01-0.22
reServoir mean 3.86 0.03 0.07
SD - 0.57 1.86 1.20

_ . min - max [mg-drm 2.13-6.60 0.02-0.15 0.05-0.28
Klimkowka reservoir mean 3.66 0.05 0.14
SD - 1.19 0.25 0.43

Ropa River below min - max [mg-dn] 2.01-10.18 0.02-0.69 0.01-1.04
reservoir mean 4.69 0.06 0.17
SD - 0.32 0.96 0.81

“min - minimum concentration during the period oketvation, max - maximum concentration, SD - stethda
deviation

Based on the statistical analysis conducted with tise of the non-parametric
U Mann-Whitney test, it was concluded that there istatistically significant difference
(p < 0.01) in phosphate content between Czorsztymreseand samples collected below it
(Table 3). It was also demonstrated that the diffees in the content of ammonium ions
between Czorsztyn reservoir and sites localisedvabib are statistically significant.
However, no statistically significant differencesre found in the content of nitrate ions.

Raba River and Dobczyce reservoir

According to Balcerzak [21], agricultural farms aenajor hazard for the quality of
surface water in the catchment area of Dobczycerves. Septic tanks that are not tight
are of particular concern since they enable im@&ito permeate to ground water and
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subsequently to nearby watercourses. Kopacz anddiw22] report that arable lands,
which constitute from 36 to 64% of the total araee predominant in the catchment of
Dobczyce reservoir. In the past 25 years, a rednidti the arable area was observed in the
catchment of the Upper Raba (as in other regiotseoPolish Carpathians). In 1981, arable
land constituted 44% of the agricultural land wlasrén 2005, the percentage amounted to
merely 27%.

As with the Dunajec River, the mean monthly nitred&centrations in the Raba River
in the winter season were higher above Dobczyaves than below it. In this period, the
concentrations did not exceed the admissible vdhrelswater class. From April to August,
nitrate concentrations were higher in the reseraait in the river below the dam than in
the Raba River above the reservoir. The mean momtitlate concentrations below the
dam ranged from 3.89 mg- di{December) to 7.18 mg- di(April), and in the reservoir:
from 2.50 mg-drt (September) to 6.2 mg-di(February; Table 2). As far as the mean
annual nitrate concentrations are concerned, digstitally significant upward tendency
(R = 0.6923,p < 0.05) has been observed in the past decade bolyeathe Dobczyce
reservoir. Since 2007, Dobczyce reservoir has shiower annual nitrate concentrations
than the river above and below its localisation.

The concentration of nitrates did not exceed 10dmg- This in the admissible limit
value above which the phenomenon of eutrophicatighe flowing water may occur [18].

The highest average monthly levels of phosphates weted in the Raba River below
Dobczyce reservoir (0.03-0.46 mg-dmTable 2). They were frequently 7 times higher
than the values recorded at the remaining measutatgons (in the reservoir and in the
river above it). In June and September, these sakwceeded 0.2 mg-din Above
Dobczyce reservoir and in the reservoir itself, gff@ate concentrations were considerably
lower (0.03-0.10 and 0.01-0.05 mg-dmespectively). In the spring, when the growing
season had begun, a decline in phosphate contentobserved in the reservoir. In the
summer, however, an increase in phosphate levelsaasimultaneous decrease in nitrate
concentrations contributed to the deterioratiorthef quality of water. In 2004-2013, the
mean annual phosphate concentrations did not extleedthreshold admissible for
| water class (0.2 mg-df). It should be noted that the highest mean phdspha
concentrations were recorded in the Raba Rivervbéhe reservoir: from 0.12 (2007) to
0.18 mg-dn? (2009), and the lowest - in the reservoir itselfoni 0.02 (2005)
to 0.07 mg- dn¥ (2010).

The phosphate concentrations in the Raba River Roldczyce reservoir did not
exceed the admissible limits above which the phamm of eutrophication may occur.
The phosphate levels exceeded the values admi$sitiiee Salmonidae family in the Raba
River below Dobczyce reservoir [18].

In the case of ammonium ions, a considerable dinisias observed in their average
monthly concentrations at individual measuringistet. The highest values were noted
above Dobczyce reservoir (0.24-0.78 mg-trig. 2, Table 2), and the lowest - below the
reservoir (0.07-0.19 mg- df). The intermediate values were recorded in thervedr itself
(0.06-0.39 mg-di). The exceptions were September and October whamomia
concentrations were higher in the Raba river belmwreservoir than in the reservoir itself.
The mean annual concentrations of ammonium ionsaligxceed the admissible limits for
| water class. In the past decade, a decline inrtean annual ammonia concentration has
been observed, but it is not statistically sigmifit at the significance level @f < 0.05.

In the Raba River below Dobczyce reservoir, theuahmean values were slightly



Influence of reservoirs on the concentration ofieats in the water of mountain rivers 421

As with Czorsztyn reservair, it was demonstrateat there is a statistically significant
difference p < 0.01) in phosphate content between Dobczyce veseand samples
collected below and above it, as well as in ammomancentration lower
(0.06-0.14 mg-dm) than in the reservoir itself (0.07-0.21 mg-dnfTable 3).

Table 3
Results of the statistical analysis of nutrientsaamtration with the use of the U Mann-Whitney test
(the bold values are statistically significantra tevel ofp < 0.05)

The sum of
_ _ The sum of the ranks _ N
Nutrient Reservoir the ranks (above U Z p N reservoir| above
(reservoir) : reservoir
reservoir)
Dobczyce 134.0 166.0 56,0 -0.805 0.371 12 12
NOs~ Klimkowka 78.0 132.0 42.0 -0.425 0.671 8 12
Czorsztyn 77.0 133.0 410 -0.501 0.616 8 12
Dobczyce 81.0 213.0 3.0 -3.955 0.0p0 12 12
NH,* Klimkowka 136.5 94.5 16.5| 2.634] 0.008 9 12
Czorsztyn 55.0 176.0 10.0 -3.091 0.002 9 12
Dobczyce 84.0 216.0 6.0 -3.782 0.000 12 12
PO Klimkowka 102.0 108.0 30. 1.379 0.148 8 12
Czorsztyn 114.0 117.0 39/0 1.030 0.303 9 12
The sum of Ttp]g f;m:f N
Nutrient Reservoir the ranks (below U Z p N reservoir| below
(reservoir) . reservoir
reservoir)
Dobczyce 122.0 178.0 440 -1.588 0.112 12 12
NOs~ Klimkowka 59.0 151.0 23.0 -1.890 0.059 8 12
Czorsztyn 73.0 137.0 370 -0.810 0.4418 8 12
Dobczyce 174.0 126.0 48/0 1.397 0.4)75 12 12
NH," Klimkowka 95.0 136.0 50.0 -0.249 0.804 9 12
Czorsztyn 76.0 155.0 310 -1.599 0.110 9 12
Dobczyce 78.0 222.0 0.0 -4.129 0.000 12 12
PO Klimkowka 45.0 165.0 9.0 —2.970 0.008 8 12
Czorsztyn 153.0 78.0 0.0 3.802 0.0Q0 9 12

Ropa River and Klimkowka reservoir

The catchment area of the Ropa River mainly camsi$tagricultural land, which
constitutes 54% of the area (arable land - 25%j)e$te constitute 43% of the catchment
area (Corine Land Cover). As with the Raba and [amahe highest average monthly
concentrations of nitrates in the Ropa River (abSwag-dm® were noted in the winter.
Average monthly nitrate concentrations were the elstiwabove Klimkowka reservoir
(2.0-5.7 mg-dm), and the highest - below it (3.3-6.3 mg-@nFig. 2, Table 2). In the
period 2004-2013, the average annual nitrate lef&B9-5.60 mg-d) recorded below
Klimkowka reservoir exceeded the levels recorded time reservoir tributary
(3.29-4.26 mg-dm) and in the impoundment itself (2.90-3.66 mg-YnThe concentration
of nitrates did not exceed 10 mg-Hrfhis in the admissible limit value above whicle th
phenomenon of eutrophication in the flowing wateryroccur [18].

As with the Raba River, the highest average montldigcentrations of phosphates
were observed below Klimkowka reservoir. The valuwese up to twice as high as the
levels recorded in the Ropa River above the resemmd in the reservoir itself. The
changes of the mean annual values in the periodestigated ranged from
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0.02-0.23 mg-dm. The phosphate concentrations in the Ropa Rivell imeasuring points
did not exceed the admissible limits above whictigghication in the flowing water may
occur [18].

By contrast with the remaining reservoirs, the meaonthly concentrations of
ammonia in Klimkowka reservoir in the period invgated (0.05-0.22 mg-dm slightly
exceeded the levels recorded in the inflowing wébe®4-0.17 mg-dii; Fig. 2, Table 2).
Regarding Klimkowka reservoir, no regularities weoaind. In all measuring points,
ammonia concentrations did not exceed the adméssibits for | water class. Due to the
fragmentary character of the measuring seriess itlifficult to determine unequivocal
regularities in the dynamics of ammonia concerdrain the period 2004-2013.

The levels of nutrients in all measuring points diot exceed the admissible limit
values for water to enable fish dwelling [17].

As with the remaining reservoirs, the statisticallgisis demonstrated that there is
a statistically significant differencep (< 0.01) in phosphate concentration between
Klimkowka reservoir and samples collected below dg well as in ammonium ion
concentration in the reservoir and the measuringt @ove it (Table 3).

Conclusions

The analysis of nutrient concentration in seleaeskrvoirs and in rivers above and
below them was based on a long-term series of mea&unts. The results obtained allow
the following conclusions to be drawn:

1. The reservoirs investigated generally contrildiatan increase in nitrates in the rivers
flowing below the reservoirs in individual month§he content of nitrates
demonstrates an upward tendency in the winter amtbvanward tendency in the
summer. In the period investigated, a decline trate@ concentration was observed in
the Dunajec River and in the Czorsztyn-Sromowce NWéygeservoir complex. Such
a tendency was not observed in the remaining ri@edsimpoundments.

2. The phosphate concentrations in the surface rwatestigated show considerable
dynamics over a year. The concentration of phogghats lower in the spring, after
the growing season begins. In the summer, howewemcrease in their amount was
observed, which might contribute to an increasthanfertility of reservoirs. The role
of reservoirs in shaping phosphate levels is notvadent as in the case of nitrates.
In the Raba and Ropa Rivers, the highest phospt@mieentrations were observed
below the reservoirs, which is probably associatgth inflow of sewage and/or
mineral fertilisers from agricultural lands. Theggbhate concentration was higher in
Czorsztyn reservoir than in the Dunajec River. Théservoir, however, did not
contribute to an increase in the amount of phogshiatthe river flowing out of it.

3. Ammonia levels in Dobczyce and Czorsztyn reseswere lower than in the water
supplying these impoundments. This correlation netsso evident in the measuring
points localised below these reservoirs. The DunajRiver below the
Czorsztyn-Sromowce Wyzne reservoir complex showeshtgr concentrations of
ammonia than water in the reservoir itself. An ipeeregularity was observed in
Dobczyce reservoir where the level of this nutrieas higher than in the Raba River
below the reservoir. In the Ropa River and Klimkameservoir, the dynamics of
ammonia levels was less diversified, but it canobserved that this reservoir was
characterised by slightly higher ammonia levelsnthhe inflowing water. This
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contributed to a slight increase in the amounthi$ nutrient in the river below the
dam.

The concentrations measured in the rivers ardgt reservoirs investigated generally
do not exceed the admissible limit values above ciwhihe phenomenon of
eutrophication may occur [18]. Due to the levels ahmoniacal nitrogen and
phosphates, the water tested in the period of tivestigation created sufficient
conditions for the Salmonidae and Cyprinidae fish|

The water in the reservoirs and rivers discussealws a very high resistance to
acidification. This is demonstrated by the value$®\NCaq indicator which exceeded
200puEqQ-dm>.

Based on the statistical analysis conducted \lith use of the non-parametric
U Mann-Whitney test, it was concluded that thereaisstatistically significant
difference p < 0.01) in phosphate content between all the regsnand samples
collected below them. It was also demonstrated ttatdifferences in the content of
ammonium ions between the reservoirs and sitedidedaabove them are statistically
significant. It must be emphasised, however, tloastatistically significant differences
were found regarding the content of nitrate ionarig of the measuring points.

To sum up, it may be concluded that the role ofragje reservoirs in shaping

concentrations of nutrients in the Carpathian guemot explicit. The reservoirs are merely
one of numerous factors that contribute to nutriemels in the water of the mountains

rivers. In the light of the analysis of nutrientncentrations in the surface water tested, it
may be concluded that the reservoirs do not caudeas and permanent deterioration of
river water quality.
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