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ABSTRACT

To evaluate the water quality in the Poprad, Kamienica, Dunajec river and the Lubinka stream in the Sacz agglom-
eration, two series of pilot studies were conducted on raw water samples, with a particular focus on both physical
parameters (such as total suspended matter, turbidity, pH, and conductivity) and chemical parameters. The analysis
presented increased concentrations of phosphorus, nitrogen, BOD,, COD, chlorides, sulfates, permanganate value,
orthophosphates, total suspended matter, specific electrolytic conductivity (PEW), pH levels, and various elements
including lithium, magnesium, manganese, potassium, sodium, calcium, and iron. No exceedance of the detec-
tion limits for individual pesticides were observed in the waters of the Poprad, Kamienica rivers and the Lubinka
stream. Nevertheless, increased concentrations of the insecticide imidacloprid and the fungicide imazalil were
detected in the Dunajec river. The primary factors impacting water quality in the Sacz agglomeration are the use of

fertilizers, the proximity of wastewater treatment plants, and the presence of landfill sites.
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INTRODUCTION

Water has recently become a major aspect of
interest to researchers, in terms of its abundance
and quality, and it is a key component of the en-
vironment also indicating environmental change.
Water is used in every area of human function-
ing, thus being the most vulnerable to environ-
mental pollution [Pekel et al., 2016]. Water qual-
ity may be affected by hydrological, atmospheric,
climate, topographical and lithological factors
[Jesuraja et al., 2021; Uddin et al., 2018]. One of
the human activities negatively impacting the en-
vironment is the continuous increase in municipal
waste [Przydatek and Basta, 2020; Zwolinska and
Basta, 2024], but also increased sediment flow or
soil erosion resulting from land use change [Lo-
bato et al., 2015], heavy metal pollution and post-
process water from wastewater treatment plants
[Aquirre-Martinez and Martin-Diaz, 2020; Ciuta,
2022]. These threats should be eliminated to the
highest extent possible and negative environmen-
tal impacts should be countered. Groundwater

accounts for only approx. 30% of the world’s
freshwater resources, and only 0.3% is concen-
trated in reservoirs such as lakes and rivers [Li
and Qian, 2018]. Such factors as climate change
and biodiversity also interfere with surface water
[Pekel et al., 2016].

Surface waters (rivers, lakes, wetlands and
artificial reservoirs), are the core of the world’s
water demand. Recent decades showcased a sig-
nificant decrease in hydrological networks, and
water bodies such as rivers, lakes, wetlands are
markers and integrators of current climate change
operating on the Earth [Cretaux et al., 2023; Zhao
et al., 2022]. Contaminants entering surface and
groundwater constitute an issue [Stephens et al.,
2020; Derylo-Marczewski et al., 2019]. Riedo
et al. [2022] estimated that pesticides applied
directly to the soil reach non-target areas, espe-
cially along the edges of fields their amount may
increase with the amount of precipitation. Refer-
ence is mainly made to pesticides used to control
insects, fungi, bacteria, rodents, weeds and other
pests that damage crops [Kru¢-Fijatkowska et al.,
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2022; Summerton et al., 2022] as well as other
micropollutants, such as pharmaceuticals and mi-
croplastics [Puckowski et al. 2021; Titov et al.,
2024]. The amount of water pollutants shows the
ease of their migration to soils, waters and land,
where the most persistent and mobile pesticides
permeate [Derbalah et al. 2019; Montuori et al.,
2014]. Pesticide contamination may result from
water runoff, rainwater discharge from agricultur-
al crops and runoff from irrigated fields [Aguirre-
Martinez and Martin-Diaz, 2020; Masia et al.,
2015]. These factors currently undeniably impact
water quality as a result of agricultural activities
determined by population growth, and thus the
growing demand for agriculture-supported food
production [Sadowski and Baer-Nawrocka, 2018;
Srivastava et al., 2020].

Contaminants, particularly pesticides, are
more and more frequently detected in drinking
water, which may negatively impact human health
[Klarich et al., 2017; Dragon et al., 2018]. Con-
taminants concentrations in water vary depending
on their amount and exposure time [He et al., 2020;
Fini et al. 2019]. They are susceptible, similarly to
other micropollutants, to migration from rivers to
wells [Kumar et al., 2018; Nsibande and Forbes,
2016] and accumulation in the human body. Pol-
lutants elimination from hydrological sources de-
pends on the distance and the time pollutants re-
mained in the water — the longer the duration, the
more demanding the process of pollutant removal
becomes [Sallwey et al., 2020; Kru¢ et al., 2019].
An essential issue is to prevent leachate from in-
filtrating the soil and surface water, a task that, at
landfill sites, is safeguarded through the use of
plastic drainage systems [Przydatek et al., 2024;
Wysowska et al., 2024]. In contemporary practice,
advanced surface water treatment processes are
increasingly employed for such purposes, includ-
ing methods such as gamma irradiation, bioreme-
diation, membrane filtration, oxidation, ozonation,
and adsorption [de Souza et al., 2020].

BACKGROUND

The presence of pesticides in ecosystems in-
duces adverse effects that vary based on the con-
centration, quantity, and duration of exposure to
these contaminants. Furthermore, pesticides are
regarded as highly toxic due to their persistence
in the environment and their ability to bioaccu-
mulate in organisms [Porter et al., 2018]. These
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pollutants pose significant risks to human health,
potentially causing serious conditions such as
cancer, infertility, birth defects, and chromosomal
abnormalities, which may result in DNA muta-
tions and oxidative stress. Such effects are associ-
ated with aging and diseases like Parkinson’s and
Alzheimer’s. Although pesticides are primarily
applied to the soil, they can be transported over
long distances through processes such as evapo-
ration and precipitation. Additionally, pesticides
can enter water bodies through surface runoff
and infiltration into groundwater. Consequently,
elevated concentrations of various compounds
have been detected in surface waters on a global
scale. [Sabarwal et al., 2018; Gronba-Chyta et al.,
2024]. Due to runoff and soil erosion, phosphorus
is also leached from agricultural fields, prompt-
ing farmers to apply fertilizers using specialized
agricultural machinery and equipment to miti-
gate these deficits [Kowalski et al., 2022]. Plants,
however, lack the ability to use the phosphorus
supplied to them to the maximum extent, which
results in excess phosphorus entering surface wa-
ters through erosion. Owing to the limited solubil-
ity of phosphate in the soil, it is transported 75%—
90% with water runoff from farmland [Mekonnen
and Hoekstra, 2017]. Excessive concentrations of
nitrogen can also be detected in surface waters,
of which the following are identified as the main
sources: manure, domestic and industrial waste-
water [Shi et al., 2019].

Chloride pollution of surface waters, in partic-
ular following the winter season, is on the increase.
Sodium chloride (NaCl), commonly utilized as
road salt in winter to enhance safety on roads and
sidewalks, has detrimental long-term effects on
soil and surface waters. Its prolonged use dimin-
ishes biodiversity among aquatic flora and fauna
while encouraging the proliferation of phytoplank-
ton, particularly cyanobacteria. Cl has also been
observed to reduce water self-purification process-
es by decreasing the accumulation of nutrients in
macrophytes, reducing the rate of denitrification
and limiting the decomposition of organic matter
[Szklarek et al., 2022a; Hajduga et al., 2019].

The concentrations of various phosphorus
forms, including total phosphorus, orthophos-
phates, polyphosphates, and organic phosphorus,
are of tantamount importance for water quality.
As presented in the research of Wojtkowska and
Bojnarowski [2018], the sources of such pol-
lutants in rivers are wastewater treatment plant
discharges, leaking septic tanks, surface runoff
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from agricultural land and roads, landfill leachate
[Ciuta, 2021; Basta and Szewczyk, 2024]. A high
level of phosphate contamination is indicative of
significant eutrophication. A substantial propor-
tion of orthophosphates within total phosphorus
suggests that phosphorus compounds in rivers
are, to some extent, undergoing self-purification
processes [Wiewiorska and Rybicki, 2022; Wojt-
kowska and Bojanowski 2018]. Sources of organ-
ic phosphorus can also include substances origi-
nating from the decomposition of organic matter,
mainly proteins — for instance they are formed as
a result of inflow of wastewater with phosphorus-
containing surfactants [Wiewiorska et al., 2023;
Cruz-Alcalde et al., 2017]. Yet, orthophosphates
may in turn be formed by leaching from the soil or
by transformation of other forms of phosphorus in
water through mineralization and hydrolysis. The
range of phosphate concentrations is observed
even in short stretches of rivers [Gebus-Czupyt
and Wach 2022; Doydora et al., 2020].

Significant sources of water quality degra-
dation also include area-based nitrate pollution
from agriculture [Akhatar et al., 2021; Ciuta et
al. 2023]. Soil overfertilization is the main con-
tributor to the phenomenon [Withers et al., 2014]
as well as improperly balanced fertilization, i.e.
inadequate mix of nitrogen to phosphorus and
potassium [Lawniczak et al., 2016] and the use
of fertilizers at inappropriate times of the year,
for example, in Poland, nitrate exceedances in
surface waters are mostly recorded in the winter
season [Dg¢bska et al., 2021; Kuczynska et al.,
2021] due to the limited (or lack thereof) uptake
of nitrogen by vegetation outside of the vegeta-
tion period.

RESEARCH METHODS

The aim of the work was analysis was to ana-
lyze the physico-chemical parameters of surface
waters of four major watercourses of the Sgcz
agglomeration/Beskid Sadecki (Chetmiec Com-
mune, Nowy Sacz, Stary Sacz, Nawojowa Com-
mune) in the context of industrialization and
urbanization of urban-rural areas in Stary Sacz,
Chetmiec and Nowy Sacz. The implementation
of the research project is aimed at determining
the surface waters quality of the Dunajec, Po-
prad, Kamienica rivers and the Lubinka stream,
which are tributaries of the Dunajec river, flowing
through Nowy Sacz in the context of urbanization

of the southern Polish region. The areas of Nowy
Sacz, Stary Sgcz and the Chelmiec commune are
mountainous and heavily industrialized, yet also
being agricultural areas. Such conditions are con-
ducive to surface water pollution, both through
the entry of pesticides contained in fertilizers and
industrial waste. Nowy Sacz is located in the Out-
er Western Carpathians, the Western Beskids and
the macro-region of the Sacz Basin, these lands
are located in the river forks of: the Dunajec, Po-
prad and Kamienica rivers. The Lubinka stream
also flows on the outskirts of the analyzed area.

Cumulatively, surface waters cover approx.
2.19 hectares, i.e. 3.8% of the city’s total area. In
terms of flows, the Dunajec river is the largest one
(average annual flow 63.5 m’/s) followed by the
Poprad river (24.5 m®/s) and the Kamienica river
(3.67 m?/s). These rivers are of a mountainous na-
ture, which means observable fluctuations of water
levels throughout the year. The highest river levels
are recorded following spring thaws and sudden
intense summer downpours, whereas lower levels
predominantly occur in winter, primarily due to
prolonged snow cover. Occasional autumn or even
summer lows occur. Within the boundaries of Nowy
Sacz, the Dunajec river has flood embankment,
while other watercourses in significant sections are
regulated and partly have banks raised with earth
dikes [Gryczko-Gostynska and Olgdzka].

Figure 1 presents an overview map of the ana-
lyzed area of Nowy Sacz, with surface water sam-
pling points marked. Figure 1 presents the location
of surface water sampling points selected based on
own observations and field inspections. The exact
sampling points location is presented in Table 1,
along with the definition of geographical coordi-
nates based on the 1992 coordinate system (EPSG
2180). The raw water samples represent pilot sam-
ples of surface water in the Sacz agglomeration,
and studies will continue in the near future.

The Poprad river is typologically classified as
a medium eastern upland river [Journal of Laws
of 2021, item 1475]. The Poprad river’s total
length amounts to 169.8 km, and its catchment
area amounts to 2077.30 km?. The Polish section
amounts to 62.1 km, the catchment area amounts
to 482.8 km?, the river has no major tributaries,
only mountain rivers and streams [Radecki-Paw-
lik et al., 2019]. Surface water quality analyses
were performed at P1 and P2 points. The river
has its source in the Slovak part of the High Ta-
tra Mountains from the place of the Hinczowy
stream joining the Krupa stream, and flowing into
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Figure 1. Overview map of surface water sampling points.
Source: own study based on https://www.geoportal.gov.pl/

the Dunajec river in Stary Sgcz. As regards the
Dunajec river, pilot raw water samples were col-
lected at three points: D1, D2, D3. The Dunajec
is a medium [Czerniawski and Bilski, 2019] east-
ern upland river, which flows through the entire
Nowy Sacz agglomeration, with the Kamienica
and Lubinka watercourses as its tributaries. Wa-
tercourses: the Kamienica and the Lubinka are
included in the category of surface water as a fly-
sch stream [Policht-Latawiec et al., 2014]. The
Kamienica takes its source in the northern side
of the Jaworzyna Krynicka mountains, where
mountain streams flow, while it finds its outlet in
the Dunajec river in the area of Nowy Sacz. The
length of the Kamienica amounts to 33.079 km,
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and the catchment area amounts to 237.83 km?,
it flows through a valley in a northwest direction,
marking the border between the Beskid Niski and
Beskid Sadecki. The predominant form of natural
landscape in the catchment area is the Carpathian
flysch, the flysch sediments mainly in the form
of sandstone, shale and conglomerate. In terms
of use, the predominant part of the catchment
(58.7%) is forest-covered, the types of which are
determined by soil conditions, terrain and cli-
matic conditions, other forms of use include: de-
veloped areas (11.8%), grassland (7.4%), arable
land (6.5%), wasteland (15.6%). The highest run-
off volumes occur in March and April due to the
thawing of the snow cover, and what characterizes
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Table 1. Characteristics of surface water sampling points with their coordinates defined based on the 1992

coordinate system (EPSG, 2180)

CoIIectlop point Name of the Coordinates X Coordinates Y Location of the collection point
marking watercourse
D3 Dunajec 201713.23 620813.87 The collection pomt is located in the
Chetmiec commune
r2 ¥ ubinka 198849.11 621620.80 The collection point is located in the City
of Nowy Sacz
K2 Kamienica 197374.06 621951.59 The collection point is located in the City
of Nowy Sacz
D2 Dunajec 196937.49 621759.76 The collection point is located in the City
of Nowy Sacz
1 ¢ ubinka 195072.18 633566.82 The collection point is located in the City
of Nowy Sacz
K1 Kamienica 190759.46 625979.87 The collection point s located in the
Nawojowa Commune
P1 Poprad 189932 64 620066.44 The collection point is located in the
Stary Sgcz Commune
P2 Poprad 192274.20 619193.30 The collection point is located in the City
of Nowy Sacz
D1 Dunajec 192565.25 618869.18 The collection point is located in the
Stary Sgcz Commune

the surges in the Kamienica river is short duration
(2 days on average) [Walega et. al., 2016].

The source of the Lubinka is the village of
Mogilno, where it initially flows in a southwest-
erly direction, from the mouth of Zarebianka, to
change its direction to the west. The stream is 15
kilometers long, and the catchment area of the
Lubinka and its tributaries is located in three geo-
graphic mesoregions. The largest part of the catch-
ment area is located in the Beskid Niski, but some
of the source streams flow from the Roznowskie
Foothills. The lower section of the Lubinka is
already located in the Sadecka Basin, the main
tributaries are streams: Krasowka, lgkowka,
Nasciszowka, Wsiowka and Zar¢bianka. The an-
alyzed flysch stream flows into the Dunajec river
on its right side, carrying pollutants from the sur-
rounding agricultural areas, as well as industrial-
ized areas, scrap metal dumps, and a wastewater
treatment plant. Water samples were also taken
from both watercourses at points for the Lubinka
stream (L1, L2) and the Kamienica river (K1,
K2), respectively.

The river accumulating all the watercourses
analyzed is the Dunajec — the second largest river
considered a Carpathian tributary of the Vistula
(247 km). The Dunajec river’s catchment area
covers 6813 km?, 1028 km? of which is outside
Poland. It is formed by streams in Nowy Targ —
large streams of the Czarny and Biaty Dunajec,
where the river flows along the northern bank
of the Nowy Targ Basin, significantly forested
with spruce, then flows through the small erosion

basin of Kroscienko, flows from Jazowska with
a funnel-shaped valley extension into the Nowy
Sacz Basin. In this section two rivers flow into
the Dunajec river — the Ochotnica (109.1 km?)
and the Kamienica (128.5 km?) draining the
Gorce Mountains. In the area of the flat, unfor-
ested Sacz Basin, the Dunajec receives the waters
of the Poprad river (2080.2 km?) flowing out of
the High Tatras and breaking from the mountain-
ous areas of Slovakia into Poland through the
Beskid Sadecki. Furthermore, the Dunajec is sup-
plied by a number of smaller tributaries and, in
Nowy Sacz, by the Kamienica Nawojowska river,
which collects water in the Beskid Sadecki. The
rock substrate of the Dunajec river basin is quite
diverse, as its Tatra area is composed of crystal-
line rocks and sedimentary rocks of different ages
(Triassic, Jurassic, Cretaceous) and lithologies
of the rift and conglomerate series. On its way,
the Dunajec river flows through the rocks of the
so-called Podhale flysch (older Tertiary), rocks of
the Czorsztyn and Pieniny series (Jurassic, Creta-
ceous) shielded by a mantle of marls, shales and
sandstones, flysch formations of the Magurian
and Menilite series (Tertiary, Cretaceous), Mio-
cene siltstones and gravels of the Orava-Nno-
wotarska fracation, which became the cause of
their partial embolization. The bottom of the Sacz
Basin and the sub-quaternary layers of the lower
lowland part of the basin are Miocene formations
[Wiewiorska, 2023].

The study was carried out using research ma-
terials comprising surface water samples collected
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from nine sampling points, as shown in Figure 1
and Table 1 These samples served as preliminary
material for pilot studies, which will be repeated
and expanded, with additional intensified moni-
toring of specific parameters. The analyzed sur-
face water samples will provide the foundation
for subsequent research and a comprehensive in-
vestigation into the sources of watercourse pollu-
tion in the study area.

The work schedule for the research project
included carrying out two series of surface water
sampling in February and April, atnine points. The
samples were subjected to a series of raw water
laboratory tests for 16 non-metallic inorganic pa-
rameters (total phosphorus (P), Kjeldahl nitrogen,
total nitrogen as N, nitrates (NO,), nitrites (NO,),
chlorides(Cl), COD-Cr, phosphate phosphorus,
sulfates (SO,), total N-NO,+N-NO,, permanga-
nate value (COD-Mn), nitrate nitrogen (NNO,),
nitrite nitrogen(NNO,), BOD,, orthophosphates
(PO,), total suspended matter), 5 physical param-
eters (turbidity, specific electrolytic conductivity
(PEW), pH value, PEW measurement tempera-
ture, pH measurement temperature), 27 dissolved
metals, including major cations (antimony (Sb),
arsenic (As), barium (Ba), beryllium (Be), boron
(B), chromium (Cr), zinc (Zn), total phosphorus
(P), aluminum (Al), cadmium (Cd), cobalt (Co),
lithium (L1), magnesium (Mg), manganese (Mn),
copper (Cu), molybdenum (Mo), nickel (Ni), lead
(Pb), potassium (K), mercury (Hg), selenium (Se),
sodium (Na), silver (Ag), thallium (T1), vanadium
(V), calcium (Ca), iron (Fe)) and 239 pesticides,
including herbicides, insecticides, fungicides, as
well as all-purpose pesticides and plant growth
promoters. The pesticides analyzed are used pri-
marily in the fall to protect spring and winter ce-
real crops, as well as apple, corn, potatoes, canola
(2-amino-N-(isopropyl) benzoamide, 2-hydroxy-
atrazine,  3-hydroxy-carbofuran, acetochlor,
aclonifen, alachlor, ametryn, amidosulfuron, at-
razine, atrazine-deisopropyl, atrazine-diethyl,
benalaxyl, bentazonmethyl, bifenox, bromacil,
chloridazone, chloridazon-desphenyl, chlor-
propham, chlorsulfuron, chlortoluron, chlortol-
uron-desmethyl, clomazone, cybutryne (irgarol),
desmethrin, difenoxuron, dimethachlor, diuron,
domethenamid, epoxyconazoles, EPTC (s-ethyl
dipropylthiocarbamate), ethofumesate, ethopro-
phos, fenuron, fipronil, florasulam, fluazifop-bu-
tyl (isomers), fluazifop, foramsulfuron, haloxy-
fopmethyl (isomers), haloxyfop, imazamox, ima-
Zamox, isoproturon, isoproturon-monodesmethyl,
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isoproturon-desmethyl, carbetamide, carfentra-
zonetyl, clodinafop, lenacil, linuron, mefenpyr-
diethyl, metazachlor, metobromuron, metola-
chlor (isomers), metribuzin, metribuzin-deamino,
mesosulfuron-methyl, mesotrione, napropamide,
napalam, nicosulfuron, ethyl parathion, pendi-
methalin, picloram, pretilachlor, prime sulfuron-
methyl, prodiamine, promethrin, propachizafop,
propachlor, propanil, propoxycarbazonsodium,
propyzamide, prosulfocarb, prothioconazole,
quinclorac, quinoxyfen, quizalofop, rimsulfuron,
sulfosulfuron, simazine, simazine-2-hydroxy,
terbuthylazine, terbutrin, terbuthylazine-diethyl-
hydroxy-2-, terbuthylazine-hydroxy, terbuthyla-
zine-diethyl, tifensulfuron-methyl, triasulfuron,
tribenuron-methyl, triflusulfuronmethyl, acet-
amiprid, aldicarb, atratone, bendiocarb, chlor-
fenvinphos, chlorpyrifos-methyl, chlorpyrifos,
cyanazine, cyprazine, cyromazin, desmethrin,
diazinon, dichlorvos, dichlormid, diethofencarb,
difenacoum, diflubenzuron, diflufenican, dicro-
tophos, dimefuron, dimethoate, ethiofencarb, fe-
namiphos, fenarimol, phenoxaprop, phenoxycarb,
fenpropidin, fensulfotion, phonophos, fosalon,
phosphamidon, fosmet, furatiocarb, hexithiazox,
hexazinone, imazethapyr, imidacloprid, indoxa-
carb, cadusafos, carbofuran, carboxin, clothiani-
din, krimidin, coumaphos, malathion, mecar-
bam, methamidophos, methami tron, methiocarb,
methoxuron, methoxyphenoside, methomyl, met-
sulfuronmethyl, moline, monocrotophos, neu-
ron, nuarimol, oxadixyl, oxamyl, omethoate, pa-
clobutrazol, pencycuron, pyrimiphosmethyl, pyri-
miphos-ethyl, pyrimicarb, profenofos, propoxur,
pyriproxifen, secbumetone, sulfonaldicarb, sime-
thrin, tebutiuron, teflubenzuron, thiabendazole,
thiamethoxam, trialat, triazophos, tricyclazole,
triforine, azoxystrobin, bitertanol, boscalid,
bromophosetyl, carbaryl, chlorbromuron, chlo-
roxuron, cymoxanil, cyprodinil, cyproconazole,
difenoconazole, dimethomorph, fenhexamid, flu-
silazole, flutolanil, hexaconazole, iprodione, iso-
pyrazam, carbendazim, kresoxim-methyl, mandi-
propamid, imazalil, metalaxyl (isomers), metcon-
azole, picoxystrobin, pyrimethanil, prochloraz,
propamocarb, spiroxamine, tebuconazole, thio-
phanatmethyl, triadimefon, triadimenol, trifloxy-
sulfuronsodium, triticonazole, fenpropimorph
urea, propiconazole, monuron, monolinuron,
2-chloro-2.  6-diethylacetoanilide,acybenzolar-
S-methyl,, azinphosetyl, azinphosmethyl, BAM
(2,6-dichlorobenzamide metabolite), BDMC
(bis-desmethoxycurcumin), dichlofention,
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diurondesmethylorapamycin (DCPMU),
ethion, ethylparaoxone, forat, imazametha-
benz-methyl, iprovalicarb, clomeprop, mala-
oxone, metabenzothiazuron,  methidathion,
methylparaoxone, penconazole, pyribenzox-
ime, profam, promecarb, prometon, propa-
zine, sebuthylazine, sethoxydim, thioben carb).

The limit of quantification for the aforemen-
tioned pesticides amounted to 0.05 pg/l.

Forty-five organochlorine pesticides were
also studied, and their limits of quantification
amounted to: 0.005 pg/l (hexachlorobenzene
(HCB), aldrin, sum of Shexachlorocyclohexanes),
0.01 pg/l (hexachloroethane, hexachlorobuta-
diene, 1.2.4. 5-tetrachlorobenzene, pentachlo-
robenzene, trifluralin, hexachlorocyclohexane
alpha, hexachlorocyclohexane beta, hexachlo-
rocyclohexane gamma, hexachlorocyclohexane
delta, hexachlorocyclohexane epsilon, alachlor,
heptachlor, telodrin, isodrin, heptachloroepox-
ide-cis, heptachloroepoxide-trans, 2. 4-DDE,
alpha-endosulfan, 4.4'-DDE, dieldrin, 2. 4-DDD,
endrin, beta-endosulfan, 4.4-DDD, 2.4-DDT,
4.4°-DDT, methoxychlor), 0.02 pg/l (1.2.3.5-
&1.2.3. 4-tetrachlorobenzene, sum of endosulfan,
quintozene&pentachloroanaline), 0.03 pg/l (sum
of 3tetrachlorobenzenes, dicofol, ketonendrin,
aldehydendrin), 0. 04 pg/l (sum of 4hexachloro-
cyclohexanes, sum of 4 isomers of DDT), 0.05
ug/l (dichlobenil), 0.06 ug/l (sum of 6 isomers of
DDT), 0.270 pg/l (sum of250CPs+3CBs), 0.290
pug/l (sum of 270CPs+3CBs), 0.350 pg/l (sum of
290CPs+3CBs). A total of 332 parameters were
studied in one series.

According to PN-EN 1899-2:2002, ISO
5815-2, SM 5210B standards, biochemical oxy-
gen demand after 5 days (BOD,) was deter-
mined. Per ISO 15923-1:2013(E), the following
parameters were determined: ammonium ion,
nitrate, nitrite, chloride, orthophosphate, sulfate.
Silica was determined with the use of photomet-
ric method [NR — Journal od Laws of 2019 item
1747]. The permanganate index was determined
with the permanganate method, chemical oxygen
demand with the dichromate method (COD-Cr)
and the spectrophotometric method. Per PN-ISO
15705:2005, the chemical oxygen demand index
(SP-COD) was determined with the miniaturized
method using sealed tubes. In accordance with
PN-EN 27888:1999, the specific electrolytic con-
ductivity was determined, whose result correction
was carried out using a temperature-compensat-
ed device (PEW 25°C). Through fluorescence

spectrometry, mercury was determined. The sam-
ple was filtered through a microfilter with a poros-
ity of 0.45 pm, and nitric acid was added before
the analysis (CSN EN ISO 178 52). The amount
of elements was determined by inductively cou-
pled plasma atomic emission spectrometry and
stoichiometric calculation of compound concen-
trations from the measured values, including total
mineralization and calculation of total Ca+Mg.
The sample was filtered through a microfilter
with a porosity of 0.45 pm, and nitric acid was
added before the analysis (CSN EN ISO 11885).
The amount of Kjeldahl nitrogen was determined
with the spectrophotometric method (ISO 7150-1
CSN). With the application of ISO 15923-1:2013
(E), the quality of selected parameters was de-
termined with discrete analysis: ammonium ion,
nitrate, nitrite, chloride, orthophosphate, sulfate.

Total nitrogen concentration was determined
with calculation method based on the component
results, and organochlorine pesticides and other
halogen compounds were also determined by gas
chromatography and liquid chromatography with
ECD detection, and the sum of organochlorine
pesticides and other halogen compounds was cal-
culated from the measured values (CSN EN ISO
6468). Determination of pesticides, pesticide me-
tabolites, drug residues and other contaminants
was performed with liquid chromatography with
MS/MS detection and calculation of the sum of
pesticides, pesticide metabolites, drug residues
and other contaminants from measured values.
Per PN-EN [SO10523:2012, water pH was deter-
mined by correcting the pH result with a tempera-
ture compensation device (20°C), and turbidity
was determined with an optical turbidimeter.

Per ISO 15923-1:2013 (E) selected water
quality parameters were determined with discrete
analysis. (Ammonium ion, nitrate, nitrite, chlo-
ride, orthophosphate, sulfate and silica with pho-
tometric method). Per PN-EN ISO 6878:2006, the
determination of phosphorus was carried out us-
ing the spectrophotometric method with ammoni-
um molybdate. Per PN-EN 872:2007+Ap.1:2007,
suspended matter was determined using filtration
through glass fiber filters (CSN EN ISO 7027-
1). Turbidity of the studied raw water was deter-
mined with an optical turbidimeter.

The results obtained were compared with the
permissible parameters contained in the current
legal act on surface water quality, i.e. the Regula-
tion of the Minister of Infrastructure of 25 June
2021 on the classification of ecological status,
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ecological potential and chemical status, and the
method of classifying the status of surface water
bodies, as well as environmental quality stan-
dards for priority substances [Journal of Laws
2021, item 1475].

RESULTS

The following tables present research results
for selected parameters of the surface waters of the
Poprad river (Table 2), Kamienica river (Table 3),
Lubinka stream (Table 4) and Dunajec river (Table
5). Surface water samples quality analysis and their
classification was carried out pursuant to the Regu-
lation of the Minister of Infrastructure [Journal of
Laws of 2021, item 1475], which distinguishes
5 classes of surface water quality, with physico-
chemical parameters falling into two classes:

Table 2. Water quality indicators in the Poprad river

e (lass I means very good condition,

e C(Class Il means good condition,

e failure to meet the requirements of Class
I means condition below good, moderate
condition.

The analytical results of water samples for
all the aforementioned watercourses (at all sam-
pling points), tested for the content of individual
pesticides and organochlorine pesticides fall be-
low limits of quantification (2.2). Concentration
of only two of the studied pesticides exceeded
their limits of quantification, i.e. in the Dunajec
river, at D2 point (imidacloprid 0.099 ng/l) and
D3 (imazalil 130 pg/l) (Table 5). The surface
water quality class for indicators specified in the
Regulation has not been determined, however,
taking into account their low concentrations, the
conclusion is that the waters of the Poprad river,

Non-metal inorganic Unit Draft 1 P Drafi 2 Draft 1 P2 Draft 2 Surface water quality
parameters class
(February) (April) (February) (April)
Total phosphorus (P) mg/| <0.050 0.071 0.065 0.065 very good
Kjeldahl nitrogen mg/| <0.50 0.61 0.74 0.60 very good
Total nitrogen as N mg/| 1.40 5.72 2.19 1.52 moderate
BOD, mg/| 2.80 1.1 2.20 1.1 good
Chlorides (Cl) mg/| 12.2 9.5 124 9.4 good
COD-Cr mg/| 21.0 10.4 15.2 13.6 good
Sulfates (SO,) mg/| 23.6 19.9 28.4 19.4 very good
Sum of N-NO, + N-NO, mgl/l 1.40 5.12 1.45 0.919 unclassified
Oxidizability (COD-Mn) mg/| 3.24 2.44 2.79 2.25 very good
Nitrite nitrogen (N-NO,) mgl/l 0.023 0.030 0.018 0.029 good
Orthophosphates (PO,) mgl/l 0.127 0.263 0.196 0.209 moderate
General suspension mg/I 67.4 18.0 10.0 15.7 moderate
Physical parameters
fgfgggﬁ:@"gﬁém‘)’ uS/cm 347.0 315.0 350.0 319.0 very good
pH value - 7.7 8.1 7.6 8.1 good
Pesticides
imidacloprid ug/l <0.050 <0.050 <0.050 <0.050 unclassified
imazalil ug/l <0.050 <0.050 <0.050 <0.050 unclassified
Dissolved metals/mainly
cations

Lithium (Li) mg/l 0.0062 0.0084 0.0061 0.0088 unclassified
Magnesium (Mg) mg/| 9.42 9.49 9.58 9.50 very good
Manganese (Mn) mg/| 0.00170 0.00133 0.00570 0.00103 unclassified
Potassium (K) mg/| 1.89 2.00 1.93 1.99 unclassified
Sodium (Na) mg/| 8.27 8.16 8.28 8.38 unclassified
Calcium (Ca) mg/| 41.9 40.8 43.5 39.4 very good
Iron (Fe) mg/| 0.0206 0.0141 0.0193 0.0129 unclassified
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Kamienica river and the tubinka stream are not
polluted with pesticides.

Increased concentrations of the indicators
tested at P1, P2 points (Table 2), in the two pilot
series, mainly result from the fact that the waters
of the Poprad river flow from Slovakia, through
mountainous, Tatra areas, where the tanning in-
dustry dominates, which may affect the elevated
levels of cadmium and chromium, among oth-
ers, in the watercourses [Wisniowska-Weglarz,
2008]. Above the P2 point, the Poprad river flows
through towns, agricultural fields, and in the vicin-
ity of a landfill, which may further affect surface
water quality through the risk of landfill leachate
entering surface water. Account should also be
taken of the runoff of excessive amounts of water
from sudden snowmelt, deposited on the southern
slopes of the Tatra Mountains.

Class I (very good) specifies the ecological
status and quality of surface waters of the Poprad
river in terms of total phosphorus concentration,
whose values ranged from 0.050 to 0.071 mg/l,
the highest concentration of this parameter was
recorded in April at P1 point. Very good surface
water quality was determined based on the results
of sulfate analysis (from 19.4 to 28.4 mg/l), oxi-
dation (COD-Mn) with results from 2.25 to 3.34
mg/l, electrolytic conductivity (PEW) (from 319
to 530 uS/cm), pH values (from 7.6 to 8.1), and
magnesium and calcium concentrations, with
values from 9.42 to 9.58, and 39.4 to 43.5 mg/l,
respectively. Class Il (good condition) was deter-
mined by the concentrations of chloride (from 9.4
to 12.2 mg/l), COD-Cr (from 10.4 to 21 mg/l) and
nitrite nitrogen (from 0.018 to 0.030 mg/1). Condi-
tion above Class Il was determined by such pa-
rameters as total nitrogen (from 1.40 to 5.72 mg/1),
orthophosphates (from 0.127 to 0.263 mg/l, a con-
centration of 162 mg/l beyond the limit of Class
I surface water quality classification values) and
total suspended matter (from 10 to 67.4 mg/l, by
34.7 mg/l beyond the limit of Class II surface wa-
ter quality values). These values may be classi-
fied as a moderate class of surface water quality.
Values not classified in the Regulation [Journal
of Laws of 2021, item 1475] are the sum of N-
NO,+N-NO,, pesticides, including imidacloprid
and imazalil, lithium, manganese, potassium, so-
dium, iron. According to the data provided by the
laboratory, the limit of quantification of the sum of
N-NO, + N-NO, concentrations amounts to 0.050
mg/L. This value was exceeded 102 times at P1
point during the April sampling. Likewise, other

values were significantly exceeded at each of the
sampling points on the Poprad river (Table 2).

The Kamienica river’s water quality analysis
showed no pesticide pollution, however, exceed-
ance of the values of Kjeldahl nitrogen concentra-
tions (from 0.50 to 0.75 mg/l), orthophosphates
(from 0.030 to 0.206 mg/1), electrolytic conduc-
tivity (from 276 to 394 uS/cm) and calcium (from
35.1 to 52.2 mg/l) were particularly observed.
Taking into account the Regulation [Journal of
Laws of 2021, item 1475], the abovementioned
indicators should be classified in class below 11
(moderate condition), since exceeding surface
water quality limits of individual parameters var-
ies from several to more than a dozen times. Class
II classified parameters such as BOD; (from 1.0 to
2.5 mg/1), chlorides (from 6.5 to 11.4 mg/1), total
nitrogen (from 1.02 to 1.59 mg/l), COD-Cr (from
less than 5.0 to 12.8 mg/l), sulfates (from 15.2 to
20.6 mg/1), nitrite nitrogen (from 0. 005 to 0.014
mg/L), total suspended matter (exceeded the limit
of the permissible concentration only at K1 point
in April; 7.5 mg/L), pH value (from 7.4 to 8.2)
and magnesium (from 6.83 to 9.98 mg/L). Indi-
cators such as total phosphorus (less than 0.050
mg/L), COD-Mn oxidation (from 1.36 to 2.27
mg/L) may be described as very good condition
(Class I). Quality parameters studies results for
the Kamienica river stem from the terrain through
which it flows, and additionally the Kamienica
river is characterized by a complex hydrological
regime, which means that its surges occur most
often in March and from May to June.

The analyzed surface water quality indica-
tors for the Lubinka stream are classified as Class
I for parameters such as COD-Cr (from 7 to 10
mg/l), permanganate value COD-Mn (from 1.65
to 2.27 mg/l). Indicators such as Kjeldahl nitro-
gen (below 0.050 to 0. 59 mg/l), total nitrogen
(less than 1 to 2.90 mg/1), BOD, (below 1 to 2.9),
pH value (from 7.5 to 8.2), total suspended matter
(L1 point, standard 17.3 mg/l, value 16.9 mg/l)
and nitrite nitrogen (0.005 to 0.017 mg/l), can be
described as good condition (Class II). The high-
est index values are found for total phosphorus
(L1 point, February, limit 0.14 mg/l, value 0.146
mg/l), chloride (L2 point, limit 12.8 mg/l, value
20.1 mg/l and 24.2 mg/l), sulfate (L1 and L2
points, limit 28.2 mg/l, values from 25.4 to 29.
2 mg/l), orthophosphate (L1 and £2 points, limit
0.067 mg/l, values from 0.077 to 0.160 mg/l),
electrolytic conductivity (L2 point, limit 309,
value from 261 to 520 pS/cm), magnesium (L2
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Table 3. Water quality indicators in the Kamienica river

Non-metal inorganic Unit K1 K2 Surface water quality
parameters Draft 1 Draft 2 Draft 1 Draft 2 class
(February) (April) (February) (April)

Total phosphorus (P) mg/| <0.050 <0.050 <0.050 <0.050 very good
Kjeldahl nitrogen mgl/l 0.75 0.59 <0.50 0.59 moderate
Total nitrogen as N mg/| 1.59 1.21 1.02 1.30 good
BOD, mg/l 2.50 <1.0 1.40 14 good
Chlorides (Cl) mgl/l 6.5 8.0 7.9 1.4 good
COD-Cr mg/| 12.8 8.3 <10.0 <5.0 good
Sulfates (SO,) mgl/l 15.2 18.9 171 20.6 good
Sum of N-NO, + N-NO, mg/l 0.840 0.618 1.02 0.716 unclassified
Oxidizability (COD-Mn) mg/l 1.36 1.46 1.56 2.27 very good
Nitrite nitrogen (N-NO,) mg/| 0.006 0.005 0.006 0.014 good
Orthophosphates (PO,) mg/| <0.030 0.031 0.032 0.206 moderate
General suspension mg/| <5.0 7.5 <5.0 <5.0 good
Physical parameters
fg’:ﬂ'ciljl't‘;"(t;,"é% uS/cm 276.0 382.0 291.0 394.0 moderate
pH value - 7.9 7.4 8.0 8.2 good

Pesticides
Imidacloprid pg/l <0.050 <0.050 <0.050 <0.050 unclassified
Imazalil pg/l <0.050 <0.050 <0.050 <0.050 unclassified

Dissolved metals/mainly
cations

Lithium (Li) mg/l 0.0032 0.0049 0.0031 0.0056 unclassified
Magnesium (Mg) mgl/l 6.83 9.84 6.86 9.98 good
Manganese (Mn) mgl/l 0.00050 0.00323 <0.00050 0.00213 unclassified
Potassium (K) mgl/l 1.47 2.46 1.48 2.62 unclassified
Sodium (Na) mg/| 5.76 8.64 6.20 10.7 unclassified
Calcium (Ca) mgl/l 35.1 52.2 359 52.8 moderate
Iron (Fe) mg/I 0.0058 0.0039 0.0050 0.0124 unclassified

point, limit 11.7 mg/l, value from 9.32 to 13.8
mg/l) and calcium (41 to 64.7 mg/l). These values
should be classified as moderate, a class above II
(Table 4). Sulfates in water occur concurrently
with large amounts of calcium and magnesium
ions making the water a non-carbonate hardness.

The Dunajec river flows through areas used
mainly as agricultural areas, as well as devel-
oped with small-scale production facilities for
construction materials and agri-food products,
among others. The share of arable land amounts
to 37%, orchards 2.5%, meadows and pastures
13.4%, agricultural land in total 52.9% and forests
37.8%. As regards the section from the Czorsz-
tyn—Niedzica lake and Sromowce Wyzne up to
the intake in Stary Sacz and Podegrodzie, the Du-
najec receives tributaries of such watercourses as:
Grajcarek, Krosnica, Obidzki Potok, Kamienica,
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Czarna Woda, Jaworzynka, Jarzgbka and Stomka.
[Wiewiorska et al., 2023]. There is a wastewa-
ter treatment plant between sampling points D1
and D2, and before D3 point there is a municipal
wastewater treatment plant and a landfill.

The Dunajec river is characterized by the
highest recorded concentrations of studied sur-
face water quality indicators among all the ana-
lyzed ones. In terms of total suspended matter
(from 5.4 to 28.6 mg/l) and pH values (from 6.8
to 7.4), the Dunajec falls in Class II of surface
water quality, being a good quality class. The val-
ues analyzed, such as total phosphorus (from be-
low 0.050 to 0.433 mg/l), Kjeldahl nitrogen (from
below 0.50 to 3.29 mg/l), total nitrogen (from be-
low 1 to 4.59 mg/l), BOD, (from 0.600 to 6.00
mg/l), chloride (from 10.9 to 146.0 mg/l), COD-
Cr (from below 5.0 to 43.6 mg/l), sulfate (from



Journal of Ecological Engineering 2024, 25(12), 223-243

Table 4. Water quality indicators in the Lubinka stream

Non-metal inorganic . t t2 Surface water quality
parameters untt Draft 1 Draft 2 (April) |, Draft Draft 2 (April) class
(February) (February)

Total phosphorus (P) mg/| 0.146 <0.050 <0.050 <0.050 moderate
Kjeldahl nitrogen mgl/l <0.50 <0.50 <0.50 0.59 good
Total nitrogen as N mg/| 1.74 <1.00 1.58 2.15 good
BOD, mg/| 2.60 <1.0 2.90 1.1 good
Chlorides (Cl) mgl/l 16.2 18.3 20.1 242 moderate
COD-Cr mg/| <10.0 7.0 <10.0 7.9 very good
Sulfates (SO,) mg/l 254 28.6 28.8 29.2 moderate
Sum of N-NO, + N-NO, mg/| 1.74 0.787 1.58 1.56 unclassified
Oxidizability (COD-Mn) mg/| 1.65 1.81 1.65 2.27 good
Nitrite nitrogen (N-NO,) mg/| 0.005 0.008 0.005 0.017 good
Orthophosphates (PO,) mg/| 0.103 0.160 0.077 0.103 moderate
General suspension mg/| <5.0 16.9 <5.0 <5.0 good
Physical parameters
fg:gf‘c‘iljl't‘;"(t;,"é% uSfem | 361.0 456.0 430.0 520.0 moderate
pH value - 8.1 8.1 8.2 7.5 good

Pesticides
Imidacloprid pg/l <0.050 <0.050 <0.050 <0.050 unclassified
Imazalil pg/l <0.050 <0.050 <0.050 <0.050 unclassified

Dissolved metals/mainly
cations

Lithium (Li) mg/| 0.0039 0.0060 0.0045 0.0070 unclassified
Magnesium (Mg) mgl/l 9.32 121 10.6 13.8 moderate
Manganese (Mn) mgl/l 0.00480 0.00203 0.00830 0.00653 unclassified
Potassium (K) mg/| 2.16 2.68 2.45 3.32 unclassified
Sodium (Na) mgl/l 12.2 16.0 12.6 17.6 unclassified
Calcium (Ca) mg/| 41.0 55.7 47.9 64.7 moderate
Iron (Fe) mgl/l 0.0055 0080 0.0056 0.0077 unclassified

19.0 to 59.1 mg/l), COD-Mn oxidation (from
1. 75 to 9.05 mg/l), nitrite nitrogen (from below
0.0030 to 0.216 mg/l), orthophosphates (from
0.068 to 0.146 mg/l), electrolytic conductivity
(from 328 to 1130 puS/cm), pH value (from 6.8 to
7.4), magnesium (from 8.06 to 14.1 mg/l) and cal-
cium (from 39.8 to 94.0 mg/1) are classified below
Class II, as moderate condition. All the analyzed
surface waters flow into the Dunajec river, and the
most frequent limits exceedance, particularly by
several times the limit value, may be observed at
D3 point, at the second, April, water sampling. As
regards the Dunajec river, exceeding the limit was
also observed for such pesticides as imidacloprid
(limit <0.050, value 0.130 pg/l) and imazalil (limit
<0.050, value 0.099 pg/l) (Table 5). Imidacloprid,
due to its varied structure, exhibits high toxicity.
Its application includes, i.a. a seed spray on winter

wheat and winter barley, spray against aphids, po-
tential vectors of viral diseases. It is a potent in-
secticide, attacking the nervous system of insects
[Michel, 2020]. Imazalil is a fungicide to prevent
mold, to improve yield, in Poland it is used pri-
marily to reduce the development of silver scab
(in potato cultivation) — imazalil may be used in
the fall after harvesting vegetables [Osowski and
Urbanowicz, 2023].

Two water samples were collected for each
of the analyzed raw water sampling points of the
watercourses (P1, P2, K1, K2, £.1, £2, D1, D2,
D3), one in February and the other one in April.
In February, water level indicated runoff from the
mountains related to snowmelt, as no precipita-
tion was observed, while in April, water was col-
lected during precipitation. The initial raw water
sampling points were those located on the Poprad
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Table 5. Water quality indicators in the Dunajec river

Non-metal inorganic Unit b1 b2 b3 Surface water
parameters Draft 1 Draft 2 Draft 1 Draft 2 Draft 1 Draft 2 quality class
(February) (April) (February) (April) (February) (April)
Total phosphorus (P) mg/| <0.050 <0.050 <0.050 <0.050 <0.050 0.433 moderate
Kjeldahl nitrogen mgl/l 0.66 <0.50 <0.50 0.63 1.30 3.29 moderate
Total nitrogen as N mg/l 1.85 <1.00 1.41 3.66 2.48 4.59 moderate
BOD, mgl/l 0.600 11 1.80 1.2 6.00 41 moderate
Chlorides (Cl) mgl/l 10.9 11.2 1.7 11.2 92.6 146.0 moderate
COD-Cr mgl/l <10.0 <5.0 16.4 9.4 222 43.6 moderate
Sulfates (SO,) mgl/l 26.0 19.8 19.8 19.0 49.9 59.1 moderate
ﬁ?ﬁo‘zf N-NO, * mg/l 1.19 0.716 1.41 3.03 1.18 130 | unclassified
%‘g’lijz_m';ty mg/! 187 175 235 2.00 7.18 9.05 moderate
(N,\if_r,i\ﬁg:)i”oge” mg/l | <0.0030 | 0.004 0.004 0.014 0.190 0.216 moderate
(C;,rg‘:;ph“phates mgl | 0037 0.088 0.068 0.146 0.143 0.065 | moderate
General suspension mgl/l 5.4 6.1 10.0 211 8.3 28.6 good
Physical parameters
fg’:g:}f'c‘i“’fl'@c(tlfé’\'}\ﬁ uSlcm | 328.0 334.0 339.0 331.0 817.0 1130.0 moderate
pH value - 6.8 6.8 7.0 71 7.4 71 moderate
Pesticides
imidacloprid pg/l <0.050 <0.050 <0.050 <0.050 <0.050 0.130 unclassified
imazalil pg/l <0.050 <0.050 <0.050 0.099 <0.050 <0.050 unclassified
Dissolved metals/
mainly cations

Lithium (Li) mgl/l 0.0051 0.0062 0.0056 0.0066 0.0078 0.0120 unclassified
Magnesium (Mg) mgl/l 8.06 9.04 8.70 8.65 11.5 14.1 moderate
Manganese (Mn) mg/I 0.00570 0.00583 0.00610 0.00203 0.0134 0.0549 unclassified
Potassium (K) mg/l 1.73 1.84 1.85 1.82 12.7 244 unclassified
Sodium (Na) mg/l 7.72 9.31 8.13 9.91 59.3 124.0 unclassified
Calcium (Ca) mg/| 39.8 43.5 41.6 40.0 71.3 94.0 moderate
Iron (Fe) mg/I 0.0074 0.0084 0.0114 0.0121 0.0442 0.104 unclassified

river (P1 and P2). Comparing the highest concen-
trations of the studied parameters at the different
sampling points — P1 to P2, total phosphorus (0.015
mg/1), Kjeldahl nitrogen (0. 24 mg/1), total nitrogen
(0.79 mg/l), chloride (0.2 mg/l), sulfate (4.8 mg/l),
orthophosphate (0.069 mg/l), specific electrolytic
conductivity (3 uS/cm), magnesium (0.16 mg/l),
manganese (0.004 mg/l), potassium (0.04 mg/l),
sodium (0. 01 mg/l), calcium (1.6 mg/l) increase,
and a decrease in BOD, (0.60 mg/l), COD-Cr (5.8
mg/1), total N-NO, + N-NO; (0.05 mg/l), perman-
ganate value (COD-Mn) (0.45 mg/l), nitrite nitro-
gen (0. 005 mg/l), total suspended matter (57.4
mg/1), pH value (0.1), lithium (0.0001 mg/l), mag-
nesium (0.16 mg/l), iron (0.0013 mg/l) as well as
equal values of pesticide concentrations (below the
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limit of quantification <0.05 mg/l) were observed in
February. In April, a decrease was observed in the
concentrations of total phosphorus (0.006 mg/l),
Kjeldahl nitrogen (0.01 mg/l), total nitrogen (4.2
mg/l), chloride (0.1 mg/l), sulfate (0.5 mg/l), total
N-NO,+N-NO, (4. 201 mg/l), permanganate val-
ue (COD-Mn) (0.19 mg/l), nitrite nitrogen (0.001
mg/1), orthophosphate (0.054 mg/1), total suspend-
ed matter (2.3 mg/l), specific electrolytic conduc-
tivity (4 uS/cm), manganese (0. 003 mg/l), potas-
sium (0.01 mg/l), calcium (1.4 mg/l), iron (0.0012
mg/l), equal concentration values for BOD, (1.1
mg/1), pH value (8.1), pesticides (below the limit of
quantification <0.05 mg/1), and increases in COD-
Cr (3.2 mg/l), lithium (0.0004 mg/l), magnesium
(0.01 mg/1), sodium (0.22 mg/1).
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The waters of the Poprad river merge with the
Dunajec river right below sampling P2 point. Sur-
face waters collected at D1 point merge with wa-
ters flowing from the Slovak side and accumulate
at D2 point. Concentration analysis of the studied
values between point D1 and D2 in February pre-
sented equal values of total phosphorus and pes-
ticides (below the limit of quantification <0.05
mg/l), a decrease in Kjeldahl nitrogen (0.16 mg/1),
total nitrogen (0.44 mg/l), sulfate (6.2 mg/l), an
increase in BOD, (1.2 mg/l), chlorides (0.8 mg/1),
COD-Cr (6.4 mg/l), total N-NO,+N-NO, (0.22
mg/l), oxidation (COD-Mn) (0.48 mg/l), nitrite
nitrogen (0.001 mg/l), orthophosphate (0.031
mg/1), total suspended matter (4.6 mg/l), specific
electrolytic conductivity (11 uS/cm), pH value
(0.2), lithium (0.0005 mg/l), magnesium (0.6
mg/l), manganese (0.0004 mg/1), potassium (0.12
mg/l), sodium (0.41 mg/l), calcium (1.8 mg/l)
and iron (0.004 mg/l). The values in April were
also comparable for total phosphorus and imida-
cloprid (below the limit of quantification <0.05
mg/l), chlorides 11.2 mg/l), an increase in imaza-
lil (0.044 mg/1), Kjeldahl nitrogen (0.13 mg/l), to-
tal nitrogen (2.66 mg/1), BOD, (0.1 mg/l), COD-
Cr (4.4 mg/l), total N-NO,+N-NO, (2. 314 mg/l),
permanganate value (COD-Mn) (0.25 mg/l), or-
thophosphate (0.058 mg/l), total suspended mat-
ter (15.0 mg/l), pH value (0.3), lithium (0.0004
mg/l), sodium (0. 6 mg/1), iron (0.0037 mg/l), de-
crease in sulfate (0.8 mg/l), specific electrolytic
conductivity (3 uS/cm), magnesium (0.39 mg/l),
manganese (0.0038 mg/1), potassium (0.02 mg/I)
and calcium (3.5 mg/l) content.

The Kamienica river is the tributary of the
Dunajec river and its waters were studied at K1
and K2 points. The observation was that in Febru-
ary, comparing K1 to K2 points, the concentration
of total phosphorus, pesticides (below the limit of
quantification <0.05 mg/l), total suspended mat-
ter (below the limit of quantification <5.0 mg/l),
nitrite nitrogen (0.006 mg/l), manganese (0.0005
mg/l) remained at a constant level, the concen-
tration of Kjeldahl nitrogen (0.25 mg/1), total ni-
trogen (0. 57 mg/1), BOD, (1.10 mg/l), COD-Cr
(2.8 mg/l), lithium (0.0001 mg/l), magnesium
(0.03 mg/l), iron (0.0008 mg/l) decreased, chlo-
ride content (1.4 mg/1), total N-NO,+N-NO, (0.18
mg/l), permanganate value (COD-Mn) (0.3 mg/1),
orthophosphate (0.002 mg/1), specific electrolytic
conductivity (15 puS/cm), pH value (0.1), potas-
sium (0.01 mg/l), sodium (0.44 mg/l) and calci-
um (0.8 mg/l) concentration increased. In April,

the concentration of total phosphorus, pesticides
(below the limit of quantification <0.05 mg/l) as
well as Kjeldahl nitrogen (0.59 mg/l) remained at
a constant level, the concentration of total nitro-
gen (0.09 mg/1), BOD, (0.4 mg/l), chlorides (3.4
mg/1), sulfates (1.7 mg/1), total N-NO,+N-NO, (0.
098 mg/l), COD-Mn (0.81 mg/1), nitrite nitrogen
(0.009 mg/l), orthophosphate (0.175 mg/l), spe-
cific electrolytic conductivity (12 uS/cm), pH
value (0.8), lithium (0.0007 mg/l), magnesium
(0. 14 mg/1), potassium (0.16 mg/l), sodium (2.06
mg/1), calcium (0.6 mg/1), iron (0.0085 mg/l) in-
creased and the COD-Cr content (3.3 mg/l), to-
tal suspended matter (2.5 mg/l) and manganese
(0.00110 mg/1) content decreased.

The Lubinka stream was also studied at raw
water sampling points from the Cieniawa side (L1)
to the Lubinka flowing into the Dunajec river (L2).
Compared to the content of the studied substances
in L1 to £2 points in February, the content of total
phosphorus (0.096 mg/1), total nitrogen (0.16 mg/1),
the sum of N-NO,+N-NO, (0. 16 mg/1), orthophos-
phate (0.26 mg/1) decreased, the content of chloride
(3.9 mg/l), sulfate (3.4 mg/l), specific electrolytic
conductivity (69 uS/cm), pH value (0.1), lithium
(0.00064 mg/l), magnesium (1.28 mg/l), manga-
nese (0. 00350 mg/l), potassium (0.29 mg/l), so-
dium (0.4 mg/l), calcium (6.9 mg/l), iron (0.0001
mg/l) increased, and Kjeldahl nitrogen (0.09 mg/l),
COD-Cr (below the limit of quantification <10.0
mg/l), COD-Mn (1.65 mg/1), nitrite nitrogen (0.005
mg/l), total suspended matter (below the limit of
quantification <5.0 mg/l), pesticides (below the
limit of quantification <0.05 mg/l) remain at a
constant level. In April, the content of total phos-
phorus and pesticides remained at a constant level
(below the limit of quantification <0.05 mg/1), the
content of Kjeldahl nitrogen (0.09 mg/l), total ni-
trogen (1.15 mg/l), chloride (5.9 mg/l), COD-Cr
(0.9 mg/l), sulfate (0.6 mg/l), total N-NO,+N-NO,
(0. 773 mg/l), COD-Mn (0.46 mg/l), nitrite nitro-
gen (0.009 mg/l), specific electrolytic conductivity
(64.0 puS/cm), lithium (0.0010 mg/l), magnesium
(1.7 mg/1), manganese (0.00450 mg/l), potassium
(0. 64 mg/1), sodium (1.6 mg/1), calcium (9.0 mg/)
increased and orthophosphate content (0.57 mg/1),
total suspended matter (11.9 mg/l), pH content (0.6)
and iron (0.0003 mg/1) decreased.

The analysis of the last section of surface wa-
ter studied, from L2 to D3, the connection area
of the Lubinka stream with the Dunajec river,
presented in February the same concentrations of
total phosphorus and pesticides (below the limit
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of quantification <0.05 mg/l), an increase in Kjel-
dahl nitrogen (0.80 mg/1), total nitrogen (0.9 mg/l),
BOD; (3.10 mg/l), chlorides (72.5 mg/l), COD-Cr
(12.2 mg/l), sulfate (21.1 mg/l), COD-Mn (5.56
mg/l), nitrite nitrogen (0.185 mg/l), orthophos-
phate (0.066 mg/l), total suspended matter (3.3
mg/l), specific electrolytic conductivity (387 uS/
cm), lithium (0.0033 mg/1), magnesium (0. 9 mg/1),
manganese (0.0051 mg/l), potassium (10.25 mg/1),
sodium (46.7 mg/l), calcium (23.4 mg/l), iron
(0.0386 mg/l), a decrease only in the case of total
N-NO,+N-NO, (0.4 mg/l) and pH value (0.8). In
April, an increase was observed in total phospho-
rus (0.383 mg/l), Kjeldahl nitrogen (2.7 mg/1), total
nitrogen (2.44 mg/l), BOD; (3.0 mg/l), chlorides
(121. 8 mg/l), COD-Cr (35.7 mg/l), sulfate (29.9
mg/l), COD-Mn (6.78 mg/l), nitrite nitrogen (0.199
mg/l), total suspended matter (23.6 mg/l), specific
electrolytic conductivity (610 pS/cm), imidaclo-
prid pesticide (0.18 mg/l), lithium (0.005 mg/l),
magnesium (0.3 mg/l), manganese (0.04837 mg/l),
potassium (21.08 mg/l), sodium (106.4 mg/l), cal-
cium (29.3 mg/l), iron (0.0963 mg/l), a decrease in
total N-NO,+N-NO, (0.26 mg/l), orthophosphate
(0.038 mg/l), pH value (0.4), constant value of
imazalil pesticide (below the limit of quantification
<0.05 mg/l). The analyzed watercourses exhibit
elevated concentrations of non-metallic inorganic
compounds, physical parameters, and dissolved
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metals, particularly cations. During the study pe-
riod, low pesticide concentrations were recorded
in the Poprad and Kamienica rivers, as well as the
Lubinka stream. The Dunajec river, which receives
inflows from the Poprad and Kamienica rivers and
the Lubinka stream in the Sacz region, showed the
highest concentrations of substances such as phos-
phorus, nitrogen, BOD,, COD, chlorides, sulfates,
permanganate value, total suspended matter, mag-
nesium, manganese, potassium, sodium, calcium,
iron, and pesticides. These substances primarily
originate from agricultural and horticultural run-
off, urban surface runoff, leaking septic systems,
and discharges from wastewater treatment plants.
Notably, the value for specific electrolytic con-
ductivity should be considered, as it reflects the
watercourse’s ability to conduct electrolysis. A
higher conductivity value indicates a reduced ca-
pacity for the watercourse to self-purify [ Wysocka-
Czubaszek and Wojno, 2014].

For instance, a graphic representation of the
results of specific electrolytic conductivity (PEW)
in the form of a dot plot was prepared using Sta-
tistica software (Fig. 2).

Based on the results of the water samples
collected in April, the variation in specific elec-
trolytic conductivity may be observed. Specific
electrolytic conductivity depends on chloride and
sodium concentration in the water, among other
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Figure 2. Results of the specific electrolytic conductivity measurements at individual points (April)
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things (Fig. 3). Specific electrolytic conductiv-
ity concentration at P1, P2, D1 and D2 points is
comparable and amounts to 315 puS/cm, 319 pS/
cm, 334 uS/cm, 331 uS/cm, respectively, while
increasing values may be observed at K1 (382
uS/cm), K2 (394 uS/cm), L1 (456 puS/cm) and
12 (520 pS/cm). The highest concentration may
be found in the raw water sample from D3 point
(1130 pS/cm). This value nearly doubles the
recommended specific electrolytic conductivity
concentration for Class II surface water quality
[Journal of Laws of 2021, item 1475] and exceeds
almost 3.5 times the lowest studied specific elec-
trolytic conductivity value in April at P1 point.
This relationship is directly proportional; as the
concentrations of sodium (Na) and chloride (Cl)
increase, the specific electrolytic conductivity cor-
respondingly rises. Na and CI values at individual
sampling points graph analysis (Fig. 3) shows that
similarly to specific electrolytic conductivity at P1
point (Na amounting to 8.16 mg/l, Cl amounting
to 9.5 mg/l), P2 (Na amounting to 8.38 mg/l, CI
amounting to 9.4 mg/l), K1 (Na amounting to 8.64
mg/l, Cl amounting to 8.0 mg/1), K2 (Na amount-
ing to 10.7 mg/l, Cl amounting to 11. 4 mg/l), £.1
(Na amounting to 16.0 mg/l, Cl amounting to 18.3
mg/l), L2 (Na amounting to 17.6 mg/l, Cl amount-
ing to 24.2 mg/l), D1 (Na amounting to 9.31 mg/I,
Cl amounting to 11.2 mg/l), D2 (Na amounting
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to 9.91 mg/l, Cl amounting to 11.2 mg/l) sodium
and chloride concentration values exceeded their
limit of quantification, but remained at similar lev-
els. Yet D3 point (Na amounting to 124 mg/l, Cl
amounting to 146 mg/l) presented values clearly
exceeding the other results, with the limit of their
quantification amounting to 2 mg/l for chloride
and 0.03 mg/l for sodium.

The results of this case study are influenced by
the specific characteristics of the area under inves-
tigation, particularly the proximity of the analyzed
watercourses to wastewater treatment plants, land-
fills, agricultural areas (such as those used for the
cultivation of grain, corn, and potatoes), and or-
chards. The findings may vary with more frequent
monitoring of raw water from these rivers, as fluc-
tuations in the studied parameters and ecological
status are likely to occur. Additionally, variations
in medium to low flow rates, along with signifi-
cant differences in low flow variability throughout
the year within the same type of watercourse, may
lead to the overestimation or underestimation of
the seasonal study results [Madej and Grela, 2021].

DISCUSSION

The conducted studies revealed high contents
of, among others, phosphorus, chlorides, PEW,
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Figure 3. Measurement results of chloride and sodium concentrations at individual points (April)
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oxidizability, pesticides in surface waters. Single
increased phosphorus concentrations in the ana-
lyzed watercourses are due to overfertilization of
agricultural fields adjacent to the river. Ayele and
Atlabachew [2021] observed that significantly
increased phosphorus concentration in the water
contributes to the eutrophication of water bod-
ies, yet these components are essential for life
processes. Eutrophication is a global problem
and should be controlled. A study conducted by
Marsel et al. [2021] on the Citarum river, used for
various anthropogenic activities, in the West Java
province present nitrate levels of 0.13-0.33 mg/L
and phosphate levels of 0.13-0.29 mg/L. Anthro-
pogenic activities have a significant impact on
water quality. A study of the Abadaba river in Ni-
geria, showed that nitrates ranged from 17.40 to
3.459 mg/L in the Abadaba during the rainy sea-
son to 26.748 to 6.536 mg/L in the Njaba river.
Phosphates ranged from 40.204 to 6.024 mg/L
in the Abadaba river. Comparing the results with
World Health Organization (WHO) permissible
limits showed that nitrate levels were low, and
phosphate concentrations occurred only during
the dry season [Isiuku and Enyoh, 2020].

As with the previously analyzed Poprad river,
the elevated concentrations of the parameters list-
ed in Table 3 can be attributed to the characteris-
tics of the region and its level of industrialization.
The Kamienica river is bordered by agricultural
areas and flows through the city of Nowy Sacz,
where traffic-related pollutants and elevated chlo-
ride levels, particularly from road salt, may en-
ter the river during the winter season. Although
sodium chloride (NaCl) is the most widely used
de-icing agent, it has numerous adverse environ-
mental impacts. In addition to water contamina-
tion, NaCl contributes to damage to vegetation,
vehicles, and infrastructure. Ongoing research is
exploring alternatives based on magnesium chlo-
ride (MgCl,) and calcium chloride (CaCl,); how-
ever, studies suggest that these alternatives may
pose greater toxicity risks to freshwater species
compared to NaCl and are generally more costly
[Szklarek et al., 2022b]. Most likely, the sources
of the analyzed substances in the water are fertil-
izers used in agriculture, domestic and industrial
wastewater, bottom sediments, decomposition
products of organic substances of plant and ani-
mal origin permeating from the soil (Table 3). In
the Dunajec River, particular attention should be
paid to the detected concentrations of pesticides.
The use of pesticides is widespread worldwide,
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especially in China, where they are mainly used
on rice crops. A study of surface water in the
Nandu and Wanquan river basins, in Hainan,
China, presented total concentrations that ranged
from undetectable concentrations to 24.2 pg/l.
The most common pesticides were carbendazim
and imidacloprid, detected in 59.8% and 17.7%
of surface water samples, respectively, at concen-
trations above 0.1 pg/l, as well as chlorpyrifos,
detected in 9.0% of samples at concentrations
above 0.05 pg/l, fungicides: difenoconazole and
emamectin benzoate, herbicide: butachlor and the
insecticide acetamiprid, which were present in
>12.5% of samples at concentrations above 0.1
pg/l [Tan et al., 2021].

Similarly, nitrogen concentrations, pH value
are commonly detected in surface waters. A study
of nitrogen pollution sources in the Weihe river,
located in northern China, presented a positive
correlation between population, industrial waste-
water, domestic sewage, livestock and nitrogen
pollution concentrations. Forests and grasslands
had a negative impact on nitrogen concentrations
in surface water, with a total reduction effect of
55.8% [Shi et al., 2019]. Surface water was also
tested for BOD, content. An analysis of 13 BOD-
UV of surface water collected from Lake Taihu
(TL, n = 23) and the Qiantang river (QR, n = 22)
in China was conducted. The results showed that
5-chloro-2-(3,5-di-tertbutyl-2-hydroxyphenyl)-
benzotriazole (UV-327) was consistently the
predominant BOD-UV in water samples from
TL (mean 16 ng/l; frequency detection 96%)
and QR (14 ng/l; 91%). However, the sources of
these pollutants have not been clearly established
(Chen et al., 2024). The pH value of the water
tested in the Rewa, India amounted to 7.61, this is
the power concentration of H+ ions whose greater
presence indicates an excessive concentration of
carbon and bicarbonate. Chloride content in the
river falls within the range of 20 mg/l, this con-
centration is due to a natural process, the flow of
water through the natural formation of salts in
the ground. Sulfate concentration amounted to
4.2 mg/l, no chloride content was recorded in the
river. The highest concentration of magnesium in
the river amounted to 8.16 mg/l. No nitrate con-
tent was observed in the river water samples, and
the calcium content was below the desired limit
[Solanki and Soni, 2022].

Waters from the Obinna and Adada rivers lo-
cated in Enugu, Nigeria, were tested for their ir-
rigation needs potential. Testing forty-eight water
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samples from four sampling points, physicochemi-
cal parameters were analyzed with standard meth-
ods, and the results presented average pH concen-
tration indicating slight acidity of the river waters.
The physicochemical parameters were found to
present positive correlations, indicating ion ex-
change between the river waters and the surround-
ing soils [Abugu et al., 2023; Akhar et al., 2021].

CONCLUSIONS

The Poprad river, Kamienica river, Dunajec
river and the Lubinka stream surface waters study
results analysis facilitated the evaluation of sur-
face waters quality in the Sacz agglomeration. As
regards the Poprad river, study results indicate
Classes I and II surface water quality for soluble
metals, physical parameters, pesticides and non-
metallic general inorganic parameters, excluding
orthophosphates and total suspended matter. All
the studied parameters in the case of the Kamien-
ica river fall within Class I or II, except for ortho-
phosphates and specific electrolytic conductivity.
As regards the Lubinka stream, the studied raw
water parameters values are classified as group
I and II, except for phosphorus, chlorides, sul-
fates, orthophosphates, specific electrolytic con-
ductivity, magnesium, manganese. The Dunajec
river differentiates itself compared to the other
analyzed watercourses — its study results present
observable exceedance of standards and limits of
quantification indicating a moderate state of sur-
face water quality, especially for water sampling
point D3. Study findings indicate that exclusive
of total suspended matter, classified as Class II,
all the parameters referred to in the Regulation
fall below Class II.

The rivers presented in the study are moun-
tainous in nature, and therefore, especially during
the study period (February and April), the results
were affected by surface water melt. Raw water
samples in February were collected with no pre-
cipitation present, while in April, water collection
was accompanied by precipitation on the water
collection day and the days preceding it. The study
finds that high concentrations of phosphorus, ni-
trogen, COD, BOD,, sulfate, chloride, orthophos-
phate, total suspended matter, magnesium, man-
ganese, potassium, sodium, calcium iron as well
as pesticides (imidacloprid, imazalil), high con-
centrations of which were recorded at raw water
sampling point D2 and D3 on the Dunajec river,

probably result from the entry of rainwater, wa-
ter discharges from wastewater treatment plants,
water flowing down from the mountains due to
snowmelt, as well as salt used in the winter pe-
riod for removing snow from roads, into the ana-
lyzed watercourses. The presented surface water
quality in the Sacz agglomeration study results
are based on pilot raw water . It is necessary to
continue research in different seasons of the year
and multiply it in order to precisely understand
the causes of changes in the natural chemistry of
the analyzed watercourses.
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