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ABSTRACT

The research was based on the change in physical and chemical pg
over 35 years. Surface water (river) flows in a sensitive area acco
Statistical analysis was used to examine the connection betwee
water and the construction of municipal waste water drainag @
production and demographic changes. The research highlightsNgig
surface water quality, primarily attributed to the implcummgtati
wastewater treatment, and reduced agricultural
agriculture, demographic transformations, an
agricultural output have contributed to the de
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INTRODUCTION

One of the primary ¢
freshwater resources, mgrStlture, industrialization, and population growth are
gsources, which remain as limited today as they were two
ol water users contribute to pollution, posing significant health

dgent than in the past. Freshwater constitutes only 3% of the Earth's

iCts will arise from the pressures associated with the limited availability of clean
? Currently, between five to twelve million people die annually from waterborne
diseases, scarcity, and unsanitary living conditions, making contaminated water the leading
cause of environmental mortality worldwide. In addition to undermining economic and
developmental initiatives, water pollution severely hampers the health and well-being of
millions [4].
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Two major river basins delineate the Croatian territory: the Adriatic Sea Basin, which
encompasses the coastal region, and the Danube River Basin, which includes the continental
portion of the country. The hydrological, geographical, and geological characteristics of these
two basins, along with their vegetation cover, are distinctly different. Consequently, pressures
on water quality vary based on these geographic differences.

In the continental region, the primary threats to water quality are attributed to widespread
pollution from agricultural practices. The majority of the Adriatic coast is characterized by
karst topography, rendering it particularly susceptible to pollution. Beyond these fundamental
physical features, the impacts on water quality are significantly influenced by human activities
and the extent of catchment areas. Additionally, smaller rivers are generally more vulnerable
to various forms of contamination compared to larger rivers [5].

nutrients and other substances into water bodies, as well as the influencg
factors that modify the properties of water.

Water pollution encompasses the degradation of water quality Ny |, chemical,
biological, or radiological contaminants. The sources of water p
several distinct types, including [6]:

indigenous to water systems, and have arrive

Pollution in natural surface water is
treatment. Domestic wastewater typic
nitrogen, carbon compounds, pa
pharmaceuticals [7]. Additionally,

ated concentrations of phosphorus,
ne disruptors, heavy metals, and

substances can leach into groun sequently enter surface water bodies, leading to
alterations in the physicoch : pcs of water that adversely affect aquatic ecosystems.
Nutrients originating oT runoff contribute to eutrophication, resulting in

According to dat nited Nations Economic Commission for Europe (UN/ECE, 1993),
the predomi dter pollution in agricultural production arises from the excessive
of nitrogen and phosphorus fertilizers, followed by the use of

Bflinants such as nutrients, plant protection products (pesticides),
nd genetically modified organisms into aquatic systems. Notably, agriculture

agriculture’s contribution to nitrogen pressure on water resources increases to approximately
63%. Nitrogen compounds, including nitrites, nitrates, and ammonium, are highly mobile in
the soil solution and readily leach into water bodies. These nutrients enter surface waters
through various pathways, including surface runoff, drainage water, soil erosion, and direct
input methods, such as the application of mineral fertilizers along the edges of watercourses
[10].

The Nitrates Directive (Council Directive 91/676/EEC), enacted in 1991, is a European
Union regulation aimed at protecting water resources from nitrate pollution originating from
agricultural activities. This directive mandates that EU member states identify areas vulnerable
to nitrate contamination and develop and implement operational programs designed to prevent



such pollution [11]. The Nitrates Directive mandates that EU member states implement its
provisions through a five-step process, which includes:

1. determination of polluted, i.e. waters threatened by nitrate pollution,

2. determination of areas (zones) vulnerable to nitrates where the use of nitrogen fertilizers
should be limited,

3. development of principles of good agricultural practice, the application of which is
mandatory in areas vulnerable to nitrates, and recommended in other areas,

4. creation of an action plan within areas vulnerable to nitrates, and

5. creation of a national monitoring program for nitrate concentration and water
eutrophication, as well as evaluation of the effect of applied measures and reporting on the
success of their implementation.

whose farms are located in areas designated as vulnerable to nitrates nffist eg
requirements established by the Nitrates Directive [12]. %

Croatia has complied with the Nitrate Directive (91/676/EEC) wjifosc%g p
ORution. According
roigtivgly high degree of

pollution by nitrates originating from agriculture and to preve
to research conducted from 2002 to 2007 [13], in the areas
agricultural activity, there is no statistically significant da

floods often facilitate the discharge of

pathogenic microorganisms [15] and rag

diseases [16]. Additionally, floodin

concentrations of dissolved organi

compromising water quality andggijua
To assess how the aforemerty

s have influenced the variation of the specified
ver ggere employed. [20]

en at each location during each sampling event. The following
f the surface water (river) were subsequently analyzed to establish

1 oxygen demand (COD)
dry matter (TDM)

g - total suspend solids (TSS)

h - combustible dry matter
1—ammonia (NH3)

j — nitrites (NO»)

Sampling and testing were performed by an accredited laboratory at the Institute of Public
Health of Varazdin County, the Health Ecology Service. The procedures followed the accredited
methods outlined in Table 2.



The laboratory is authorized by: the Ministry of Health of the Republic of Croatia (Class: UP/I-
541-02/17-03/04; Registration No.: 534-07-2-1-2/3-17-03, dated October 16, 2017), the Ministry
of Environmental Protection and Energy of the Republic of Croatia (Class: UP/I-325-07/19-02/04;
Registration No.: 517-07-1-2-1-19-3, dated April 17, 2019), and the Ministry of Agriculture of
the Republic of Croatia (Class: UP/I-322-01/15-01/73; Registration No.: 525-10/1308-16-8, dated
April 11, 2016).

Table 1 Analytical methods

The name of the parameter Method
Sampling HRN ISO 5667-6:2016 (ISO 5667-
method P-7.2.1-40, ed. 1, 2020-06-088tamslard
Temperature

methods, 20th edition, 2550 A
pH value HRN EN ISO 10523:2012 pH

Method according to

Dissolved oxygen Standard methogd

Biochemical oxygen demand
(BOD)
Chemical oxygen demand (COD)
Ammonium
Nitrates
Nitrites ENNSO 10304-1:20099
Oxygen saturation Calculation

Total dry residue gravimetry

Filtered dry residue gravimetry

Combustible dry residue gravimetry
Additionally, demographic W, from the population register for the Community
of Varazdin Municipalities thedVlunicipality of Cakovec) for the year 1980 and from
Varazdin County for 202 % a as stratified by sampling location and included the
following parameters
- The number g

- The numbd nts living in households or apartments with sanitary wastewater
drainage

r thdyears 1980 and 2021.

d data, the study aims to investigate potential correlations between the
ollutants in the Plitvica River, the assessed physicochemical parameters, and
the number of households with municipal wastewater drainage, as well as the usage

include descriptive statistics and regression techniques (including correlation analyses), which are
further elaborated upon in the subsequent sections.

Means - measures of central tendency are determined by describing a set of variable data with
a single number, a constant. Mean values obtained using all data are called complete. Complete
mean values, used in this work, include the arithmetic mean. If the mean value is determined by
the position of the data in the series, then it is called the positional mean. Positional mean values,
used in this work, are the median and the mode [21].

The mode is the form of a qualitative or quantitative characteristic that occurs most often, and
is the form of the characteristic (value) with the highest frequency. It is disadvantageous that the
mode cannot always be determined, e.g. when there are no two identical values in the data set (e.g.



Table 5, Table 6, Table 7, Table 8, Table 9, Table 10 and Table 11). If the mode is the smallest
or largest value in the data set, then the mode is not a suitable mean value [21].

The median is the value of a feature and represents the value that divides a ranked data set
into two equal parts. Therefore, in order to determine the median of ungrouped numerical data,
they should be sorted by size. If the data number is even, the median is equal to half the sum of
the values of the middle two members of the ordered series. The median is the positional mean
that is not affected by very small or very large values in the series. This property is desirable
because it provides a mean value that represents the series well [21].

The arithmetic mean is the most important mean value and is the most commonly used. It
belongs to the complete means because it is calculated based on the data values of the entire
population [21]. The arithmetic mean is the ratio of the sum of the values of a numericagPseries to

the number of its members (1):
1 N
R Q°
where:
¥ | x; - the sum of the values of the numerical series and
alucg) amy i

N - the number of members.

The arithmetic mean is calculated only for numerical
coincide with any value in the data set. Since it belo d€omplete means, it is affected by
all the values in the data set. If there is a very small glue in a data set that stands out
1 them and may therefore poorly

ts value does not have to

represent the data set. Mean values are usuallyNg gfo describe a data set since different
sets may have the same mean values, sq ispersion are used in addition to mean
values to describe a data set. The mos easures of dispersion are: the range of
variation, which is based on a porti a, and the variance, standard deviation, and

statistics is the variance, the standard deviation
ion. Variance (3) is the mean square of the deviation

The most important measure
derived from it, and the co t
of the value from the arj

1 N

_ 2

o =N2(xi—x)2 2)
=1

The p %e root of the variance is the standard deviation (4) [21]:

1 N

_ 3

o= Ni(xi—x)z (3)
1=1

The ratio of the standard deviation to the arithmetic mean multiplied by 100 is the coefficient
of variation (5) [21]:

o
V =—=-100 )
X



The State Statistical Office collects and publishes data on the population, as well as other data
on the population of the Republic of Croatia, every 10 years. The data collected depend on the
year of collection, only the population is collected every 10 years.

The population of the observed area for the years relevant to this research, according to the
above source, is shown in Table 3.

Table 2 Number of inhabitants (population) [23]

Year Number
1971 183 711
1981 186 899
1991 187 343
2001 184 769
2011 175951
2021 159 487

Since this is a functional (non-stochastic) relationship between phe
using a scatter diagram, a "cloud of points" is obtained. Based on th
of the "cloud of points", conclusions are drawn about the exg
direction, strength and shape. If points appear on the scattgumdgraii
from other pairs of points, they should be ignored, or exclué v@ (h
it is a curvilinear nonlinear form, or nonlinear regression is apgiicd.

Since it is a curvilinear shape, the "cloud of poi bvided$
a more accurate analysis. In this way, the asse
changes as follows:

a) In the first part, up to the maxi
relationship between the variables

b) In the second part there is a neg@tive curv1 ear relationship. [25]

991, there is a curvilinear positive
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Figure 1 Graph of the function - dependence of the population on the year

For the year 1988, the population is calculated according to the line equation (6). By inserting
the value (7), the population for the year 1988 is obtained.



f(x) =-1.7377-10° + 181.6 x (%)

F(x) = —1.7377 - 105 + 181.6 - 1988 = 187 250.8 (6)

For the year 2023, the population is calculated according to the line equation (8). By inserting
the value (9), the population for the year 2023 is obtained.

f(x) =2.7155-105 — 1 264.1 x (7)
f(x) =2.7155-10% — 1 264.1- 2 023 = 158 225.7 ()

dry residue, filtered dry residue, combustible dry residue, NH3 and NO») and
sewage network, i.e. agriculture, is expressed by Pearson's correlation coefdmig
the definition [25], the Pearson correlation coefficient (r) is a measure of th
of statistical association, and is calculated according to (9):

X X;y; — nxy Q
r= )
\/le-z — nx? -\/Zyl-2 —nig

When the correlation coefficient is greater t it calybe determined that there is a
medium-strong correlation, and from 0.8 it is stgghg.

RESULTS AND DISCUSSION

Plitvica river has been subjected
water pollution. The collected da

g-t toring for various parameters related to
ere compdgd with information on demographic trends

ts meandering course, which lies entirely within
the boundaries of Varazdi 1). The Plitvica basin encompasses the area south
of the Drava River, caste y arazdinsko-Toplicko Gorje (Varazdinsko-Toplicko
Mountains) to the sof iciNg ehneate the watershed w1th the BednJa Rlver and to Vinica-
Breg in the west, c
to the confluencd
The Pli
Vinicko olje at ag Ce#tion of approximately 300 meters above sea level. It flows into the
i r VBliki Bukovac, slightly upstream from the confluence of the Bednja and

¢ valley of the Plitvica River is predominantly composed of Drava alluvium

The area of the Plitvica River basin is approximately 283 km?, of which around 40% is
classified as mountainous. The main tributaries of the river include Crna Mlaka, Tuzna,
Piskornica, and Zbel. All right tributaries are lowland streams, exhibiting only minor elevations
along their courses, while the left tributaries are predominantly lowland streams with minimal
gradients in certain sections.

The basin is characterized by an elongated shape throughout its entirety, with slight
elevation changes in the lower and middle reaches. This topography contributes to the
meandering nature of the river and results in a very slow discharge of water from its banks.
Mosaic habitats are the most prevalent ecological communities along the Plitvica River.
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Surrounding the river, defined as a low-velocity watercourse, a riparian vegetation belt has
developed, prominently featuring species such as willows, black alders, field ashes, holm oaks,
and field elms. In some areas, this riparian belt extends to include groves of willow, alder, and
poplar, as well as mesophytic meadows. There are no extensive forest complexes in this region.
In addition to the groves and meadows, cultivated agricultural areas predominantly reach the
riparian vegetation belt [26].

The Plitvica River exhibits both seasonal and torrential characteristics, resulting in elevated
water levels and flow rates during the spring and autumn, followed by significantly reduced
levels during the summer months. Human activities, such as the construction of hydrotechnical
infrastructure, unauthorized water extraction for irrigation, unregulated gravel excavation, and

improper waste disposal, contribute to the occurrence of "deadlocks" or slowdowns @Pspecific
locations, thereby disrupting the natural flow regime of the river. Additionally, thé\ghallgnges
posed by drought conditions and excessive precipitation, exacerbated by ange,

further complicate the hydrological dynamics of the Plitvica River [27].
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Figure 2 Research location with sampling points
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For years, the water quality in the Plitvica River has indicated significant pollution
primarily originating from agricultural land, particularly in the form of nitrogen compounds.
Settlements that discharge municipal wastewater into the Plitvica River must address
wastewater treatment, as the river's limited flow capacity prevents effective self-purification.
Consequently, connections to the Plitvica River should be prohibited for drainage systems that
lack an accompanying wastewater treatment facility [28].

The assessment of agricultural soil sensitivity to pollutant leakage encompasses 26,594
hectares of agricultural land within the Plitvica-Drava region alluvial plain of Varazdin County.
Since the 1960s, most of these areas have engaged in conventionally intensive agricultural
practices that often utilize ecologically questionable plant protection agents and mineral

practices, lacking nitrogen-fixing legumes, are prevalent.
The analysis reveals that 5,193.8 hectares of agricultural soils are clasg

able Zones (NVZs) according

from nitrates [29]. The study area is located in a (&Y ulnd
to the Nitrates Directive (Figure 2). (
AN 9

NITRATE VULNERABLE ZONES

Figure 3 Nitrate vulnerable zones (NVZs) [30]

Since the Plitvica River was originally studied back in 1988, the physicochemical
parameters of surface water that were assessed were typical for the time period in evaluating
pollution of surface water. State Statistical Office of the Republic of Croatia's 1993 Statistical
Yearbook of Croatian Counties [31], shows that the population of the Union of Municipalities
of Varazdin (excluding the Municipality of Cakovec) was 183,711 in 1971, 186,899 in 1981,
and 187,343 in 1991 [25]. Data from the lists of the Municipalities of Varazdin, Ivanec, Novi
Marof, and Ludbreg are used for this paper. Varazdin County is home to 159,487 people,
according to the State Bureau of Statistics' 2021 Census [23].



Due to the economic stagnation experienced at the end of the 1970°s and into the 1980’s,
attributable to the global oil crisis and escalating interest rates in international financial markets,
a significant portion of the population shifted towards more intensive agricultural practices [32].
[28] After an extended economic crisis, the homeland war, and the transition from socialism to
capitalism in the early 1990's, Croatia's economy experienced significant growth [29].
Regrettably, waste management and environmental preservation were subordinate to economic
development in terms of priority.

By the end of the 20th century, sites designated for the legal and sanitary disposal of waste
with waterproof foundations were scarce. Similarly, the municipal water filtration and drainage
infrastructure within settlements faced comparable challenges, leading to frequent pollution of
small surface watercourses [20].

The objective of this paper is to assess changes in fundamental physicochemica
over a 35-year period and to investigate how the construction of sewage syste
in agricultural practices (including the reduction of agricultural land along
prior to the enforcement of the Nitrates Directive), and population decling
physicochemical parameters.

Water sampling of the Plitvica River in 1988 and in 2023 was dofic
14 locations (Table 1 and Figure 1).

Table 3. Locations

Number

Q Plitvica Vidovec
Plitvica Jalkovec
Plitvica Varazdin
11 Plitvica Kneginec Donji

Plitvica Kelemen
3 Plitvica Jalzabet
14 Plitvica Zamlaka

the values of the analysis results from 1988 and 2023 is shown graphically
or each parameter in Figure 4 — Figure 13 and Table 5 — Table 14.

)s of pH values (Figure 4, Table 5), there are no large deviations between the
values from 1988 and 2023.
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Figure 4 Comparison between 1988 and 2023 for pH-value

Table 4 Descriptive statistics for pH-value

Parameter 1988
Average 7.64
Median 7.6

Mode 7.6
St. deviation 0.23
Variance 0.05

Coef.var. (%)

The results regarding the concentration
noticeable decrease in 2023 compared to
regulation of the flow of the Plitvica R%

13

dissolved oxygen
(mg02/I
Vel

< : 5
1 23 456 7 8 951011121314
sampling location
—— 1088 == == 2023
Figure 5 Comparison between 1988 and 2023 for dissolved oxygen

Table 5 Descriptive statistics for dissolved oxygen

Parameter 1988 2023
Average 10.59 8.19
Median 10.99 8.39
Mode - 9.51

st. deviation 1.39 1.16
Variance 1.39 1.16

coef.var. (%) 11.13 13.13
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The observed decrease in oxygen saturation (Figure 6, Table 7), alongside the reduction in
dissolved oxygen concentration in 2023 compared to 1988, can also be attributed to the partial
regulation of the Plitvica River, which has led to a reduction in flow velocity.

110
100

saturation (%)

1 2 3 4 6 7 8 9 10 11 12 13 14 15

sampling location
—— 1988 == = 7023

Figure 6 Comparison between 1988 and 2023 for saturat

Table 6 Descriptive statistics for saturatio

Parameter 1988
Average 94.58
Median 98.37

Mode -
st. deviation

Variance
coef.var. (%)

Biochemical oxygen demand over,
the oxygen consumed by microorggni
period. The BODs values recorg€d 1
value noted at measurement ¢ 7, Table 8). In contrast, the BODs measurements

nt values.

present in water. Unlileg
aerobic organis

with a strong oxi
and temperafure:

pxygen demand (COD) test involves incubating a water sample
in combination with boiling sulfuric acid, for a specified duration

1 2 3 4 5 6 7 8 9 1011 12 13 14

sampling location
e—— ] 988 == == 023

Figure 7 Comparison between 1988 and 2023 for BOD:s
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Table 7 Descriptive statistics for BODs

Parameter 1988 2023
Average 4.26 6.44
Median 3.78 6.68

Mode - -
st. deviation 3.57 1.70
Variance 12.74 2.90
coef.var. (%) 83.71 26.45

Chemical oxygen demand (COD) refers to the quantity of oxygen required for thggehemical
oxidation of both organic and inorganic compounds present in wastewater, ut11 A
ox1dlzmg agents such as potassmm dlchromate and potassmm permanganate 1

The COD values, along with BODs measurements from 1988 at samplif€ Tagdtyon 1 (g reveal
extreme levels (Figure 8, Table 9). Location 10 is the location of the onl

70

@
o

Ul
o

§: 40
£
= 30
S
20 =
10
. —
1 2 3 4 5 6 7 8 9 10 11 12 13 14
sampling location
— 1988 2023
mearison between 1988 and 2023 for COD
Table 8 Descriptive statistics for COD
arameter 1988 2023
Average 13.70 11.98
Median 8.69 8.13
Mode 3.48 -
st. deviation 16.97 8.71
Variance 288.00 75.82
coef.var. (%) 123.90 72.72

Total solids content, or dry matter (TDM), comprises both suspended solids and dissolved
salts. Consistent with the trends observed in other tested parameters, the total dry matter in 2023
displays less variability from the mean values, particularly in the lower reaches of the river. In
contrast, the data from 1988 revealed a significant spike in total solids content in this area (Figure
9, Table 10).
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Figure 9 Comparison between 1988 and 2023 for total

Table 9 Descriptive statistics for total

Parameter 1988
Average 450.5
Median

Mode
st. deviation

Variance

coef.var. (%)

Total suspended solids (TSS) is tH€ dry wei
can be caught by a filter and evaiffate®usin

filtering device called a sintered glass crucible.
er quality metric that can be used to evaluate a

sample of any kind of wate i . Plumbing systems, capital equipment, and filtration
systems' performance cag g@by high suspended solids (TSS) levels.

Elevated levels ofg8uspg s (TSS) in rivers, lakes, streams, and reservoirs can be
detrimental to the ¢ " in water can come from a variety of sources, including natural

sources, urban ru nd municipal waste, chemicals used in water treatment, and the

plumbing sy, is a measure of water quality even if it is not regarded as a principal
pollutant,

Total lids (TSS) in the Plitvica River were elevated from sampling locations 10
to 1 1, Figure 10). In contrast, TSS values recorded in 2023 are lower, with no

igni tions observed at any point during the sampling period.
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Figure 10 Comparison between 1988 and 2023 for total suspend sglid

Parameter 1988
Average 355.9
Median 315
Mode 300
st. deviation 90.87 ;
Variance 6117.6
coef.var. (%) 22.69

Combustible dry matter refers to the n
primarily consisting of minerals (salts)gaimil
and total suspended solids (TSS), cofibustible matter exhibited a decline in measurements
recorded in 2023 compared to thfSe Mgm 1988, particularly in the lower reaches of the river
(Figure 11, Table 12).

5

250

\4-‘-—'

combustible dry matter
g/
’_\
L
o

1 2 3 45 6 7 8 910111213 14
sampling location
—— (988 == == 2023
Figure 11 Comparison between 1988 and 2023 for combustible dry matter

Table 11 Descriptive statistics for combustible dry matter

Parameter 1988 2023
Average 94.6 74
Median 55 42

Mode 50 -
st. deviation 90.0 74.4

Journal of Sustainable Development of Energy, Water and Environment Systems 15
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Variance 8092.0 5539.0
coef.var. (%) 95.12 100.57

All surface waters contain trace levels of ammonia, which is produced during the
decomposition of plant and animal matter, typically in concentrations below the limit of detection.
The presence of ammonia and its salts serves as an indicator of the degradation of nitrogen-
containing organic materials. Elevated ammonia concentrations suggest contamination from
fertilizers or fresh sanitary wastewater, as ammonia has not yet undergone oxidation to nitrites
and subsequently to nitrates.

A comparison of the ammonia concentrations in the Plitvica River between 2023 and 1988

reveals a significant decrease overall, with the exception of sampling location 13 ble 13,
Figure 12).

o
(8

o
=

"ﬁ F“!
- _ ~

ammonia (mgN/I)
o
[
-

o

1 2 3 4 5 6 7 8 9 10 11 12 13 14

sampling location
——— ] OB == = )23

Figure 12 Compagison b eeIWnd 2023 for ammonia

ve Natistics for ammonia

988 2023
0.169 0.082
0.169 0.069
0.217 0.051
0.062 0.042
0.004 0.002
36.69 51.89

diate products in the biochemical process of ammonia oxidation to nitrates.
water indicates that pollution is not recent, suggesting that some time has passed
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Figure 13 Comparison between 1988 and 2023 for nitrites
Table 13 Descriptive statistics for nitrites
Parameter 1988
Average 0.051
Median 0.022
Mode 0.005
st. deviation 0.065
variance 0.004 )
coef.var. (%) 127.04 68.54

The comparison of the population siz
wastewater drainage in their household
location in Figure 14 and Figure 15
population for 1988 and 2023.

tage of the population that has
is shown graphically by sampling
the percentage of farmers within the

40000
35000
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25000

20000
( 15000
10000

5000
0

population

H = Ewm —_— — — — — .
3

1 2 4 5 6 7 8 9 10 11 12 13 14
sampling location

m1988. m2023

Figure 14 The comparison of the population size
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n coctficient was employed to identify the factors influencing the
pchemical parameter assessed in the Plitvica River. The results of

Table 14 Pearson correlation coefficient (|r|)

1988 2023
sewerage agriculture both sewerage agriculture both
0.59 0.13 043 0.23 0.25 0.27
0.77 024 0.60 0.10 0.25 0.06
total dry residue 0.50 0.15 025 0.08 0.50 0.46
filtered dry residue 0.08 0.27 0.12 0.20 0.47 0.48
combustible dry residue  0.41 0.14 0.19 0.04 0.10 0.09
NH; 0.24 0.61 045 041 0.05 0.09
NO; 0.14 035 0.09 0.19 0.02 0.04

The findings presented in Table 15 indicate that municipal wastewater significantly impacts
the majority of the evaluated parameters. In 1988, there was virtually no sewage network in the
upper reaches of the Plitvica River, where it received several small tributaries from the
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surrounding hills. Instead, municipal wastewater was discharged into septic tanks, which were
periodically emptied and often used to fertilize nearby fields.

The implementation of a sewer system markedly improved the water quality of the Plitvica
River. The most pronounced effects of untreated municipal wastewater are observed in the BODs,
COD, and dry matter (TDM) parameters. This is anticipated, as BODs measures organic matter
pollution and the amount of organic waste in the river, while COD assesses both organic and
inorganic oxidizable compounds. The total solids content, or dry matter (TDM), indicates the
quantity of suspended solids present.

In 2023, agricultural activities more significantly contributed to the pollution of the Plitvica
River, primarily because the influence of municipal wastewater pollution had been largely

synthetic fertilizers are commonly applied in agricultural areas, although the ne
these practices can be reduced by minimizing fertilizer use.

the Plitvica has been regulated from its source to the drainage channel 8
longitudinal drop and transverse profile. Large waterways' outfl
divider and connection to the Plitvica-Drava relief canal was ¢
the Plitvica.

Controlling the middle course of the Plitvica reduces
levels and stabilizes the saturation and concentration_of dis

risks, the potential for river pollution from surround afte ooding is also diminished.

CONCLUSION

The analysis of water quality data fr: e Pgyicadkiver over the years reveals significant
trends that reinforce theoretical assuyffi ut W€ impacts of agricultural and wastewater

xygen concentration decreased from 10.59 mg/L
in 1988 to 8.19 mg/L in 24 ributed to the river's partial regulation and reduced
flow velocity. Simila
indicating potential 8§
and diminishes i
thereby stabilizirlg

are requiredfto

agricultural runoff contaminating the river post-flooding,
ation and concentration of dissolved oxygen, further interventions

028, while the chemical oxygen demand (COD) showed a slight decrease
0 11.98 mg/L. The BODs rise indicates a higher level of organic matter

Ammonia concentrations saw a significant decline from 0.169 mg/L in 1988 to 0.082 mg/L
in 2023, suggesting improvements in wastewater management as the population transitioned
to a more structured sewerage system. However, nitrite levels rose from 0.051 mg/L in 1988
to 0.066 mg/L in 2023, reflecting ongoing pollution issues.

The Pearson correlation coefficients revealed that municipal wastewater had a more
pronounced impact on water quality parameters in 1988, while by 2023, agricultural runoff
became a significant contributor, particularly influencing BODs and ammonia levels. The
correlation with agricultural practices intensified, highlighting the need for targeted
management strategies to mitigate these impacts as agricultural activity continues to grow.



Overall, these findings underscore the critical need for improved agricultural management
and pollution control measures to safeguard freshwater resources. The evidence indicates that
while some progress has been made in managing wastewater, agricultural runoff remains a
pressing challenge that threatens the ecological integrity of the Plitvica River. This aligns with
broader theoretical frameworks predicting that human activities, especially in agriculture,
significantly alter water quality, thus necessitating urgent action to mitigate these impacts for
the future health of the river ecosystem.
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