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\ven ghe significant proportion of the global population living in rural areas and the urgent
need t ress the depletion of natural resources such as water, air, and soil in these regions,
which also contributes to climate change and diseases such was the Coronavirus pandemic, it
is crucial to prioritize rural development alongside urban development, as emphasized by the
Sustainable Development Goals (SDGs) and the guiding principle of the 2030 Agenda of
ensuring that everyone is included [1]. The importance of rural development to the SDGs is
underscored by the fact that over 3.4 billion people, or about 43% of the world's population,
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reside in rural areas, with a significant proportion residing in Asia and Africa. Nevertheless,
rural populations differ widely from country to country; in some, such as the United States and
Canada, most people reside in cities, whereas in others, like India and China, many people live
in rural areas [1]. Based on the urban-rural typology of the European Union (EU) countries,
predominantly rural regions accounted for nearly 45% of the EU's area in 2021. There have
been relatively rapid population increases of at least 0.3% per year in 108 predominantly rural
EU regions since 2015. In contrast, the population of 155 predominantly rural regions fell
relatively fast, less than -0.3% per year [2]. Observing the Western Balkan countries, as of
2020, the population living in rural areas is approximately 40.4% [3]. Currently, 44% of
Serbia’s population lives in rural areas [3]. Statistics on rural populations, as well as the varying
rates of population growth in different regions around the world, highlight the
tailored approach to rural development. Furthermore, within regions characterize
water availability, conducting research on the ecological consequences g water

freshwater resources, may contribute to a significant detriment in terms of L% [4]. In
addition to addressing public health challenges and mitigating climate : csource
depletion, this is part of a larger initiative to achieve the SDGs, O - universal
access to safe drinking water and sanitation [5].

Water resources play a critical role in a public wata
fundamental importance for sustaining human life a

outcomes, promoting overall well-being as re
directive [8]. Public water supply mana
sustainability, including minimizing w
aquatic habitats, and safeguarding na

. Therefore, the maintenance of a sustainable
balance, especially in surface , 1s imperative for the preservation of aquatic
ivQrsitygand overall ecological integrity [10].

Equally important j
change [11], as alt
increasingly challes awglldbility and quality of potable water [12]. For instance, the
severe drought ja from 2012 to 2016 significantly strained water supplies [7].

contribu imi ed¥snowpack levels, affecting both the quantity and quality of water

supplies ; uently, fluctuations in river flow volumes and the ensuing variations in
raw: esent substantial challenges to public water supply systems in light of
ima hanges [14].

or a customized approach in rural development is underscored by the challenges
asso ith securing access to clean and safe drinking water [15]. The importance of this
issue transcends mere biological necessities, embracing a broad spectrum of socio-economic
impacts that directly affect SDGs, notably SDG 6, in rural areas [16]. Such areas are
particularly susceptible to water quality degradation, a vulnerability exacerbated in areas prone
to extreme hydrological events [17]. This issue is of paramount importance in the context of
adapting small-scale public water supply systems prevalent in rural settings, which serve
populations ranging from a few thousand to tens of thousands. These systems often rely on
surface water as the primary source, necessitating subsequent treatment to meet consumption
standards [10]. Rural water resources are used for a variety of agricultural and economic
objectives, including irrigation, aquaculture, landscape development, aquatic species
preservation, etc. in various tropical and temperate countries. These uses depend on the



different physical properties of water bodies, their water supply, and the availability of water
[18]. With this understanding, the significance of monitoring water quality parameters during
extreme events becomes even more pronounced as it plays a vital role in maintaining ecological
equilibrium and fostering sustainable economic development [19]. Each adaptation endeavour
necessitates specific adjustments encompassing technical, organizational, and individual
dimensions, accompanied by consequential restructuring and transformation procedures.
Typically, these adaptations demand substantial material resources and suitable cognitive
capabilities, which are frequently limited in small-scale public water supply systems.
Consequently, it becomes imperative to characterize, quantify, and partially forecast variations
in chosen raw water quality parameters 1n response to alterations in volumetric ﬂows over a

significance for optlmlzlng the raw water treatment process [20].
Emerging research has provided compelling evidence regarding the subs

These events have the potential to cause surface water runoff that may ca
and sediments into sources of drinking water. Numerous fields, includi
science, hydrology, ecology, engineering, and social science, h

research on extreme occurrences [22]. To define extreme hydrglog , IT 1S necessary

to establish threshold values for flow extent, which enable th ‘ of high and low
flows. When these predetermined thresholds are exceedggmgt Nigfags the occurrence of an
exceptional hydrological event. Floods resulting from co ecipitation surpass typical

multi-year flow rates, while floods triggered by hegavy st pitation lead to elevated

impact water quality in both rural and u,
and nutrients due to changes in water,

icance of governance reforms and appropriate
w and quality during harsh conditions. Xiong and

ent of the constructed urban environment at a micro scale.
This study, condygte ermany, revealed the urban-rural difference in water-flow-
regulating servic uNgested ways to bridge the science-practice gap in water management.

#ing that land use significantly influences the interdependence between
ality during extreme events. Li et al. [26] assessed the hydrological response
eteorological drought event in the Baiyangdian basin, using base flow isolation
analyse streamflow and base flow. The study found a time lag between the end of
meteorological and hydrological drought events, with baseflow recovery lagging behind
streamflow recovery. De Bastos et al. [27] conducted a study in Southern Brazil to identify
pollution sources in a rural headwater catchment. They emphasized the importance of multi-
scale water quality monitoring and the impact of agricultural activity on water quality during
extreme hydrological events. Wang et al. [28] evaluate the individual and combined impacts
of land-use and climate change on extreme hydrological events in the Xitiaoxi River Basin,
China. Their findings suggest that the region will experience more severe extreme hydrological
events due to these changes. Puczko and Jekatierynczuk-Rudczyk [22] present a study on the
influence of hydro-meteorological extreme events and urban catchment on water quality in
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small rivers in Northeast Poland, highlighting the significant impact of these events on water
quality parameters.

South-eastern Serbia, for instance, is a region where extreme hydrological events occur
frequently, affecting the quality and availability of drinking water. The impact of such extreme
hydrological events on drinking water quality in rural areas, like Vlasotince, is an issue that
requires close attention due to its vulnerability. Firstly, the literature lacks studies that examine
the interdependence between water flow and multiple water quality parameters during extreme
hydrological events. Secondly, there is a need to explore the extent of the impact of such events
on rural water supply systems, which are often under-resourced and less resilient to such shocks.
Consequently, it is critical to develop appropriate strategies that mitigate these risks through
rigorous research-based solutions to ensure safe access to clean drinking water i
regions. In this context, Figure 1 presents a conceptual model for understanding the
between various natural and anthropogenic factors and their effects on water q
spatial and temporal context. The central theme of the diagram is ,,Qualitative &

Basin natural

factors

Volumetric
flow

Qualitative
and

quantitative

d oscillations
Atmospheric '

deposit

Human influence

Figur conctual framework for assessing the oscillations in water quality due to natural and
anthropogenic influences
e ofan

vertical arrow, labeled ,,Time dimension — day, month, year*, indicates that the
qualit™gg’ and quantitative characteristics of water bodies are measured over various time
scales, ranging from daily to annual assessments. The horizontal arrow, labeled ,,Spatial
dimension — ecoregions, water body type®, refers to the geographical location of the water body,
such as ecoregions or specific water body types (e.g., rivers, lakes, estuaries). The diagram
identifies three primary factors influencing these oscillations: ,,Basin natural factors®, which
are illustrated by a map, suggesting that the natural features of a drainage basin (topography,
geology, etc.) affect water characteristics; ,,Atmospheric deposit®, represented by a satellite
image, possibly indicating the impact of atmospheric conditions or deposits (like precipitation
or pollutants) on water quality; ,,Human influence®, shown by a photograph of a landscape with
human activity (agriculture), indicating the anthropogenic effects on water bodies. There are
also some water quality parameters such as turbidity — represented by a visual of water clarity
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or cloudiness; chemical oxygen demand (COD) — indicated by a molecular structure and a
graph, referencing the amount of oxygen required to chemically oxidize organic and inorganic
pollutants; biological oxygen demand (BOD) — illustrated with a graph and laboratory bottles,
suggesting the measurement of the amount of oxygen required by bacteria to decompose
organic matter in water; Volumetric flow which is symbolized by a flask with a measurement
marking, referring to the amount of water flowing through a particular point over time. The bar
graph at the bottom right corner further details these indicators (with additional parameters like
nitrogen and phosphorus concentrations, and possibly manganese), correlating them with the
volumetric flow.

This study aims to investigate the qualitative and quantitative fluctuations in raw water

quality parameters, including nitrates (NO*"), turbidity, COD, anq
study will examine the oscillations in water flow within the Viasi
source of raw water for the Vlasotince water supply system nsive evaluation
aims to develop frameworks for sustainable water 4

systems.

METHODS

cing the understanding of the overall experimental results. ANOVA is a common
used in scientific research to compare means across multiple groups or treatments.
g all the many effects (also referred to as sources of variation) acting simultaneously
on the response, this statistical technique determines which parameters are statistically significant
and how much they contribute to the response variability [32]. For instance, such statistical
analyses were commonly used to optimize the water quality monitoring network of water
pollution caused by fish farms [33], to investigate the regional distributional pattern of
groundwater quality characteristics [29], to quantify the extent of land use influence on river water
quality [34], etc. In this case, the groups are the different levels of water flow rate, and the response
variable is the water quality parameter. The water flow rate is the independent variable, and it is
divided into three categories:
e Minimum flow rates between 1.33 and 2.52,




e Average flow rates between 2.53 and 10.10 and

e Maximum flow rates between 10.11 and 133.00.

Each category represents a specific range of water flow rates. These categories are used to
group the data for analysis and compare the water quality parameters across different flow rate
intensities. The dependent variables, on the other hand, are the water quality parameters. However,
ANOVA only indicates whether there are statistically significant differences between groups; it
does not specify which groups differ from each other. This is where the post hoc Tukey's HSD
test comes in. A post hoc Tukey’s HSD test was used to analyse and identify the specific levels of
water flow intensity at which significant differences in water quality occur [22]. The post hoc
Tukey’s HSD test is a typical statistical procedure used in research to compare different groups

quality parameters.

Hence, these techniques aid in determining which water flow rates_ex
significant variances in water quality parameters and can be extended to
categorized as good and moderate under the Water Framework Directj
[35]. This methodology is applicable to water bodies sharing
hydrological, and climatic attributes, guaranteeing a thorougheq
quality trends [36]. By employing the previously described @ C ¢ water bodies, it
becomes possible to identify statistically significant distj Watcr quality parameters,
thereby supporting informed decisions in water re pagement, environmental
conservation initiatives, and decision-making procesggs concciing water quality enhancement.

Ston of their water

THE CASE STUDY: THE VLASINA RI B

This study used the Vlasina River basigfiQcatc®n VlasStince, south-eastern Serbia as the case
area. Vlasotince is located in south-e i overs the area of the lower and middle
basin of the Vlasina River as well as tiie slopes ofghe Suva mountain, as shown in Figure 2 [37].




Figure 2. The Vlasina River basin location: a) The@ i ébia shown in the ellipse [40], b)
i cWbasin [41]

The Vlasina River is classified as a w, Olerate size and is part of the Danube
River watershed [38]. With a surface
to 25,849 inhabitants according to th§ data fro
conducted in 2022 [39]. The VignaRiver

e Republic Statistical Office and the census
the largest watercourse in the municipality of
orava River, the second largest river in terms
of size, with a length of 7 igigates from the Vlasina Plateau and flows through the
Surdulica, Crna Trava,
Vlasotince area incl , Luznica, Pusta River, Bistrica, and Rastavnica rivers
[37]. About 165 [lda e's total land area, or about 53.6%, 1s made up of agricultural
land. The distrib ods of use, and productivity levels of the agricultural land in this
area show \%.

Water at the source

crwd characteristic of water quality in the Vlasina River basin is the absence of
a ollution that could jeopardize its primary purpose of providing water supply
. However, the most common deviations primarily involve organic matter,
the COD [43]. Polluted raw water is exclusively associated with precipitation and
upstream runoff, specifically the intensity and duration of rainfall, as well as the period of
snowmelt. The variability in raw water quality occurs throughout the day, exhibiting significant
fluctuations ranging from 3 to 5 times. The peak pollution event occurs approximately 2 to 3
hours after the onset of rainfall, indicating that contamination originates from the upstream
catchment area within a distance of 5 to 15 [km] from the raw water intake. During extreme
hydrological events, pollution levels surpass a COD of 100 [mg/1] or higher [43].
Furthermore, it is important to note that over the past 15 years, there has been a significant
increase in forest logging activities within the Vlasina River watershed, resulting in intensified
erosion of the surrounding land and elevated pollution levels from humic substances [43]. This
occurrence is not exclusive to this particular location but rather a common phenomenon




observed in many surface water supply areas across the Republic of Serbia. The extensive
logging practices have led to detrimental environmental consequences, including soil erosion
and increased sedimentation in water bodies, which can negatively affect water quality and
aquatic ecosystems. It is crucial to address and mitigate the adverse effects of such practices
through the implementation of sustainable forestry management strategies and the promotion
of environmentally conscious approaches to ensure the long-term preservation of the
watershed's ecological integrity.

Hydro-meteorological characteristics
The observed area encompasses the lower part of the Vlasina River basin. The entire basin

the upper part, resulting in a rapid concentration of runoff during heavy pr
precipitation in this area is notably intense, particularly in the upper and midd
basin. These distinctive features collectively indicate the potential occurrg
short-duration waves, and significant destructive capacity [43]. The
watercourse in the area, characterized by flash floods. Its tributari¢$
and LuZznica, contribute to its size and potential for destructivegior®g
including Stojkovacka Valley, Crnobarski Stream, and Pusi @ p
risk. The gentle slopes in this area result in sediment dep@ug Oy
basin into the Vlasina River and its tributaries [43].

ose a flash flood

average annual air temperature is a fundamen the thermal regime, and it stands
clear minimum in January and a
maximum in August [43]. The degree

annual trend, with maximum humidijgpms nuary and minimum values in August.
The territory of Vlasotince receiyesjvarying a
ranging from 44 to 80.6 mm. Thf’preSipitati@n regime in the municipality is characterized by
apeak in late spring and earlysu d June), while the minimum precipitation occurs
in late summer and early 1, October). It can be concluded that this represents
one variant of a contin

asotince. This station is part of the South Morava river basin, which
[km?]. The data collection period for water flow extended from 2014 to

, it was possible to capture seasonal and annual fluctuations in water flow
roviding a more robust understanding of the hydrological dynamics in the study
area. The dataset serves as a valuable resource for investigating the relationships between water
flow intensity and various water quality parameters, contributing to the advancement of
knowledge in hydrological research and facilitating informed decision-making in water
resource management.

The raw water quality data were acquired from the public water supply utility "Nerezine"
in Vlasotince for the same period spanning from 2014 to 2018. These data were collected to
assess the quality of the untreated water sourced from the utility. The water supply stations
monitored and reported up to 11 water-related parameters, providing near real-time information
on a daily basis. The parameters that were included in this study are ammonia (NH3), NO*",
nitrites (NO?"), turbidity, COD, iron, manganese, pH value, colour, and aluminium. These



parameters encompass various aspects of water quality and are crucial for evaluating the safety
and suitability of the raw water for consumption and subsequent treatment processes during
extreme hydrological phenomena.

Furthermore, to comprehensively investigate the interplay between water flow intensity and
water quality parameters, it is essential to connect the hydrological data obtained from the
Republic Hydro-meteorological Institute of Serbia with the raw water quality data obtained
from the public water supply utility “Nerezine” in Vlasotince. This integration allows for a
comprehensive analysis of the relationships between water flow dynamics and the various
water quality parameters, enabling a holistic understanding of the hydrological processes and
their impact on raw water quality during extreme hydrological events.

RESULTS

As previously stated, the chosen statistical technique enables the comp: eans
across several groups or levels of a single independent variable. It w3 MRible t§ aSsess
whether there were significant differences in water quality parameters be water
flow rates by utilizing ANOVA. This type of analysis is criticg anding how
variations in flow rate affect water quality in a water delivery systefla [44

The variables incorporated within the scope of this investigai#ngcQg H;, NO*, NO?,

turbidity, COD, iron, manganese, pH levels, colour, and alu
of parameters encapsulates multifaceted dimensions of assumes paramount
significance in assessing the portability and appropriatene d water for consumption,
alongside its viability for subsequent treatment proggeyres, icularly in the face of extreme
séwe as critical indicators in
discerning the overall condition and safety s ter resources, thereby underlining
their pivotal role in ensuring public health giffal sustainability amidst fluctuating
hydrological dynamics.

Table 1 illustrates the dynamic er quality attributed to the fluctuating
intensity of water flow within thegV don. The abbreviations delineated in Table 1
are as follows: N, representin le sige; M, denoting the mean or average value of a
specific group within the dagg i ting the standard deviation, a statistical metric
quantifying the extent of iability within a set of values; F, representing the
ratio of variance betwg ans¥to the variance within the groups; and p, signifying the

ations. This array

: Bgitly, Table 1 serves as a comprehensive reference for
understanding th istcauances associated with the depicted fluctuations in water quality
within the i
differencgi v of the water, F (2, 1820) = 89.72, p = 0.00. A post hoc Tukey HSD

ntify the water flow rates at which the discrepancies exist. In comparison

idity is higher at maximum water flow (M = 87.14, SD = 156.15); p 0.05.
ed to the average intensity of water flow (M = 30.45, SD = 61.36), the water
the minimum water flow (M = 11.55, SD = 26.50) is lower; p 0.05.

Table 1. Differences in water quality depending on the intensity of water flow in Vlasotince

Water quality Units

Water flow N M SD F p
parameter
Minimum 454 11,546 26,501
Turbidity [NTU] Average 916 30,448 61,361 89,724 0,000
Maximum 453 87,138 156,145
COD (mg/l] Minimum 454 7,948 6,841 79,071 0,000

Average 916 11,069 8,642
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Maximum 453 16,234 14,504
Minimum 411 0,035 0,040
Ammonia [mg/l] Average 789 0,051 0,106 5,706 0,003
Maximum 398 0,044 0,049
Minimum 417 1,281 0,497
Nitrates [mg/l] Average 788 1,637 0,766 147,654 0,000
Maximum 402 2,126 0,768
Minimum 417 0,002 0,002
Nitrites [mg/l] Average 791 0,004 0,004 50,845 0,000
Maximum 401 0,004 0,003
Minimum 417 0,116 0,192
Iron [mg/l] Average 785 0,176 0,246 72,526
Maximum 386 0,345 0,407
Minimum 416 0,039 0,070
Average 785 0,064 0,107
Manganese [mg/l] Maximum 394 0,132 0,000
Average 916 12,674
Maximum 453 8,850
Minimum 454 7,837
pH value Average 879 7,89 0,002
Maximum
Minimum
Colour [PtCo] Average 12,929 271,973 0,000
Maximum 17,539
Minimum 0,069
Aluminium [mg/1] 0,091 26,596 0,000

0,193 0,115

There is a significanipdi ¢ concentration of COD depending on the intensity of
water flow, F (2, 1820 @ .00. The concentration of COD during maximum water flow
M=16.23,SD= UNgfBlagr ®ompared to when there is minimum water flow (M =7.95, SD
= 6.84) and whe average intensity of water flow (M = 11.07, SD = 8.64); p <0.05.
~
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40
30
20
10

/Af .
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Water flow [m3/s]

Figure 3. The average water turbidity concentration
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The concentration of COD during minimum water flow (M = 7.95, SD = 6.84) is lower
compared to the average intensity of water flow (M= 11.07, SD =8.64); p <0.05. Figure 4 depicts
alterations in parameters related to water quality as influenced by the intensity of water flow,
specifically focusing on COD concentration in this instance. A difference in the concentration of
ammonia in water has been observed depending on the intensity of water flow, F (2, 1595) =
5.71, p = 0.00. The concentration of ammonia in water during minimum water flow (M = 0.04,
SD = 0.04) is lower compared to the average intensity of water flow (M = 0.05, SD =0.11); p
< 0.05. The concentration of ammonia in water during maximum water flow does not
significantly differ compared to the average or minimum water flow; p > 0.05. There is a

maximum water flow (M = 2.13, SD = 0.77) is higher compared to when th limum
water flow (M = 1.28, SD = 0.50) and when there is an average intensity of =
1.64, SD =0.77); p < 0.05. The concentration of nitrates in water during r flow
(M =1.28, SD =0.50) is lower compared to the average intensity of wate .64, SD
=0.77); p <0.05.
-
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e The average COD concentration

Figure 5 illusy ~ ctuations in water quality attributes concerning flow intensity,
speciﬁcallyési & on MWO”" concentration in this context.
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Figure 5. The average nitrates concentration



There is a difference in the concentration of nitrites in water depending on the intensity of
water flow, F (2, 1606) = 50.85, p = 0.00. The concentration of nitrites in water during
minimum water flow (M = 0.002, SD = 0.002) is lower compared to the average intensity of
water flow (M = 0.004, SD = 0.004) and maximum water flow (M = 0.004, SD = 0.003); p <
0.05. The difference in nitrite concentration in water during maximum flow is not significantly
different from the concentration of nitrites during average flow; p > 0.05. There is a difference
in the concentration of iron in water depending on the intensity of water flow, F (2, 1585) =
72.53, p =0.00. The concentration of iron in water during maximum water flow (M = 0.35, SD
= 0.41) is higher compared to when there is minimum water flow (M = 0.12, SD = 0.19) and

water flow (M = 0.12, SD = 0.19) and when there is an average in
0.18, SD = 0.25); p < 0.05. The concentration of iron in water du

m water flow (M
WM =0.18, SD =

aged to the average intensity of water
cr pH values was observed depending
= 0.00. The water pH value during

flow M =0.06,SD=0.11); p<0.05. A ¢
on the intensity of water flow, F (
minimum water flow (M = 7.84, S
ere is an average intensity of water flow (M =
value during maximum water flow does not
sity of water flow; p > 0.05. There is a significant

40

35
30
25
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Figure 6. The average water colour concentration



The water colour during maximum water flow (M =35.23, SD = 17.54) is more pronounced
compared to when there is minimum water flow (M = 13.43, SD = 10.71) and when there is an
average intensity of water flow (M = 20.69, SD = 12.93); p < 0.05. The water colour during
minimum water flow is less pronounced compared to the average intensity of water flow; p <
0.05.

There is a difference in the concentration of aluminium in water depending on the water
flow intensity, F (2, 1589) = 26.60, p = 0.00. The concentration of aluminium in water during
maximum water flow (M = 0.19, SD = 0.12) is higher compared to when there is an average
water flow (M = 0.17, SD = 0.09) and when there is minimum water flow (M = 0.15, SD =
0.07); p < 0.05. The difference in aluminium concentration in water between average (M =
0.17, SD = 0.09) and minimum water flow (M = 0.15, SD = 0.07) is significant; p >,

DISCUSSION

The findings of the conducted study regarding the impact of extreme hyd events

on drinking water quality in rural areas, particularly in the context of §0 Y
(1o and various
8 [)

s afhgsgbbserved in
y" ofpur concentration
> i

Contrary to conventional expectations, wherein hejg Y at®gflow is presumed to
consistently elevate pollutant concentrations, the study anced understanding. It

suggests that the relationship between water flg and pollutant levels is not
urbidity and nitrates, exhibit

underscore significant insights into the relationship between water
water quality parameters. Specifically, the study delves into tf
parameters such as turbidity, nitrates, COD, manganese, iron,

increased turbidity can be attributed to
events, which tends to carry more s
turbidity during the maximum wg
challenging to effectively elimg
manage turbidity levels toggns®

9

s into the water system. High levels of
ede disinfection processes making it more
[45]. Therefore, it is essential to monitor and
ality and protect public health. Management
de erosion control measures, reforestation, and

pitrate was found to be higher during maximum water flow
d average flow intensities. Excessive nitrate levels in water bodies

offcontaining agricultural fertilizers. Strategies to reduce nitrate pollution
e implementation of better agricultural practices, such as optimized fertilizer

centration of iron in water exhibited a significant difference depending on the
intensity of water flow. Specifically, the concentration of iron was higher during maximum
flow compared to both minimal and average flow intensities. Furthermore, the concentration
of iron during minimal flow was lower compared to the average flow intensity. Although iron
is generally considered beneficial and less toxic compared to other heavy metals, it is crucial
to acknowledge that its toxicity is dose-dependent. At elevated concentrations, iron can induce
oxidative stress, leading to cellular damage and impairments in vital biological functions [47].
Regarding manganese concentration, a significant difference was observed depending on water
flow intensity. Higher concentrations of manganese in water can cause a noticeable colour,
odour, or taste in water. The increased levels of iron and manganese during high flows could



be due to the disturbance of sediments where these elements are present. To mitigate this,
controlling soil erosion and avoiding activities that disturb the riverbed during high flows might
be effective [48]. The study found negligible changes in pH value based on the intensity of
water flow, suggesting that pH may be influenced by other factors not directly related to flow
intensity. It is essential to note that the specific causal relationships between water flow and
pollution concentrations can be complex and influenced by various factors, including land use,
vegetation cover, soil type, and human activities. The study recommends long-term monitoring
and extensive evaluations to better understand these relationships and develop targeted
mitigation strategies for preserving optimal water quality.

Among other stressors, climate change exacerbates existing water challenges and
introduces new uncertainties, including altered precipitation patterns, more frequepfextreme
weather-related events, and consequent intensive river volumetric flow oscillation ting
public water supply systems to future impacts necessitates proactive meg8t ch as
adaptation to extreme hydrological events influence on raw water quality}yp X to
enhance resilience and ensure reliable water access in a changing cliifiaty Ny sense,
addressing the variability of raw water resources for public water s %\ d global

perspective underscores the need for collaborative efforts and inngWatiVSglutighis, in which
the predictive system described in this paper coupled with % ng-information
systems, can be seen as a contribution to the technical and or joNgl imPprovement of pre-
water treatment operations [49]. In summary, while inc

management and mitigation efforts can counteract this effq Thes< efforts include land use
planning, agricultural practices, reforestation, ang#mait atural vegetation, which not
only help in managing water quality but a ) g to the overall resilience of the
watershed against pollution.

CONCLUSION(S)

Nelimafe change is expected to exacerbate the frequency
, Su heavy precipitation, floods, and droughts. These
igby increasing pollutant loads, sediment transport, and

envigonm@atal sustainability. In light of the emerging challenges posed by climate change, Serbia
is pot implement a range of strategic measures aimed at adapting to its evolving climate
conditions and minimizing potential adverse effects. These adaptation measures are multifaceted
and encompass various sectors, including water sectors, to address the diverse impacts of climate
change. One of these measures are enhancement of water storage capacity and distribution
systems to effectively manage the anticipated shifts in precipitation patterns, including increased
rainfall intensity and prolonged drought periods, as well as improvement of irrigation practices
and the utilization of advanced technologies to optimize water use in agriculture [51].

To summarize, the outcomes of this research demonstrate that diverse water parameters are
impacted by the water flow intensity. These findings underscore the crucial role of flow dynamics
in water quality assessment, particularly during extreme hydrological events.



This study lays the groundwork for the development of advanced tools to improve water
resource management. By identifying these crucial relationships between flow and water quality,
early warning systems can be built that predict water quality issues based on real-time or
forecasted hydrological data. Additionally, decision support models can be developed utilizing
this information to help water managers explore and evaluate different response strategies, such
as treatment adjustments or alternative water source utilization, during critical events.

It is important to emphasize that the study's conclusions are limited to the analyzed area
(Vlasotince, Serbia) and the five-year study period (2014-2018). More research is necessary to
validate these findings in other geographical locations and under diverse environmental conditions.
Long-term monitoring and comprehensive evaluations are recommended to assess the long-term

for preserving optimal water quality.
Overall, this study contributes to a deeper understanding of the complex i

research on this topic and informs sustainable water management practice
crucial relationships between flow and water quality paves the way fo
advanced tools, such as early warning systems and decision suppo
resource management and support informed decision-making duri
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