CIMICAHVIE HA BBAIFAPCKOTO
FEO/IOTMIECKO APYKECTBO

REVIEW OF THE BULGARIAN
‘GEOLGGICAL SOCIETY

CIIMCAHUE HA BBJITAPCKOTO I'EOJIOTMYECKO JIPY>KECTBO,
rox. 85, ku. 2, 2024, c. 79-87

REVIEW OF THE BULGARIAN GEOLOGICAL SOCIETY,
vol. 85, part 2, 2024, p. 79-87

Seasonal variation of dissolved oxygen in river water in an urbanized area:
example of the Vladayska River

Zvezdelina Marcheva, Simeon Matev, Dimitar Krenchev, Beloslava Simeonova

Sofia University “St.Kliment Ohridski”, Faculty of Geology and Geography, Department of Climatology, Hydrology
and Geomorphology, 1504 Sofia; E-mails: zmarcheva@gea.uni-sofia.bg; smatev@gea.uni-sofia.bg;
dkrenchev@gea.uni-sofia.bg; beloslavasimeonova3l@gmail.com

Ce30HHa Bapuanusi Ha pa3TBOPEHUS KUCJIOPOJ B peYHU BOAHU
B YPOAHU3HMPAHU TEPUTOPUM: 10 MpUMepa HA p. Biuagaiicka

3se30enuna Mapueesa', Cumeon Mames', lumumvp Kpenues', berocnasa Cumeonosa’

Cogpuiicku ynugeepcumem ,,Ceé. Knumenm Oxpuocku, I'eonozo-zeozpaghcku paxynmem, kameopa ,,Knumamonozus,
xuoponozus u zeomopghonozusn

Pesrome. Hactosmmoro uscnenBane pasriex/ia Ce30HHUTE BapHALUK B KOHIIEHTPALMHTE HAa PA3TBOPEH KUCIOPOJ] B ypOAHH3HPAHH PEKH, C
(okyc BepXy pexa Brnanaiicka, rpag Codmst. M3cnensano e BIMSHIETO HA KIIFOUOBH (PAKTOPH KaTo TeMIIepaTypa, OHOJIOrHdHa MOTPEOHOCT OT
xucnopon (BIIK), xumuuecka motpednoct ot kucaopox (XIIK), Banesxu 1 pedeH OTTOK BbpXy KoneOaHUsTa B HUBAaTa Ha Pa3TBOPEH KHCIOPO.
Bopwure Ha peka Branaiicka, ojuio)keH! Ha 3HAYNTENICH aHTPOIIOTCHEH HATHCK, ITIOKAa3BaT 3HAYUTEIHH KOJIeOaHNs B HUBATA HA Pa3TBOPEH KHC-
JI0pO/I, KaTO Hali-HUCKHUTE KOHIEHTPALMH Ca PETUCTPUPAHH IIpe3 JIATOTO M eCeHTa. Te3u MepHoaH ChBIALAT ¢ BUCOKU TeMIIEpaTypH Ha BOJATa,
HHCHK pedeH oTTok 1 nosumienn Huea Ha BITK; 1 XITK, xoeto npexronara nosuiesa KOHCyMalus Ha KHCIOPOJL OT OPraHWYHH U XUMHYECKH
3aMbpcUTeNd. Pe3ynrature nokassar, ye HUBaTa Ha Pa3TBOPEH KUCIOPOJ B peka Bnanalicka mazar nox kpuruyHuTe nparose (5 mg/L) npes
JIATOTO U €CEHTA, KOETO NPEICTABIISIBA EKOJIOTMYEH PHUCK M HaMaJIsABa CIIOCOOHOCTTA 3a CaMOINPEUNCTBaHE Ha peyHnTe BojH. [Ipes mponerra n
3MMAaTa MO-BUCOKHUTE HUBA HAa PAa3TBOPEH KHUCIOPOJ CE CBBP3BAT € IO-HUCKH TEMIIEPaTypHU H yBeIUYeH 00eM Ha peuHus HOToK. ToBa npoy4BaHe
aKLEHTHpa BbPXY CE30HHUS CIIajl B HUBATa Ha Pa3TBOPEH KHUCIOPOA B ypOaHH3UPAHHUTE PEKH, IbJDKALL Ce KAKTO HA €CTECTBEHH IIPOLIECH, TaKa U
Ha UHTEH3KBHA aHTPOIOIeHHA AEHHOCT, HOAYePTaBaliKy 3HAYEHHETO Ha HEMPEeKbCHATHSI MOHUTOPHHT Ha KAYECTBOTO HA BOJATA.

Knmiouosu 0yMu Ka4y€CTBO HaA BOaarTa, (I)I/I?)I/IKOXI/IMI/I‘IHI/I T10Ka3aTeiii, IMHaMUKa, BOJJHU €KOCUCTEMH, €KOJIOTUYCH PUCK.

Abstract. This study investigates the seasonal variation of dissolved oxygen (DO) concentrations in urbanized rivers, with a focus on the
Vladayska River in Sofia, and examines key influencing factors such as temperature, biological oxygen demand (BOD;), chemical oxygen de-
mand (COD), precipitation and river runoff. The waters of the Vladayska River, subjected to significant anthropogenic pressure, show significant
fluctuations in DO levels, with the lowest concentrations recorded in summer and autumn. These periods coincide with high water temperatures,
low river discharge, and elevated BOD; and COD levels, indicating increased oxygen consumption by organic and chemical pollutants. The
results show that DO levels in the Vladayska River fall below critical thresholds (5 mg/L) in summer and autumn, representing an ecological risk
and reducing river waters’ self-purification capacity. In spring and winter, higher DO levels suggest a seasonal recovery associated with cooler
temperatures and increased river flow volume. This study accentuates the seasonal decline in dissolved oxygen levels in urbanized rivers due to
both natural processes and intensive anthropogenic activity, highlighting the importance of continuous water quality monitoring.

Keywords: water quality, physicochemical parameters, dynamics, water ecosystem, ecological risk.

Introduction 2016; Mallin et al., 2009). Worldwide, urban water

ecosystems experience intense stress from anthro-
Rivers within urbanized territories are subjected to  pogenic pressures (Huang et al., 2017). Rivers in
considerable anthropogenic impacts that alter their urban zones can become highly contaminated by
natural chemical composition, often leading to a domestic and industrial wastewater, which deterio-
decline in water quality (Glinska-Lewczuk et al., rates their ecological status. Such pollution exerts a
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functional toll on urban aquatic ecosystems, hinder-
ing the natural biological development of aquatic
organisms and reducing the rivers’ self-purification
capacity (Rabalais, et al., 2002; Wang, et al., 2016).
The primary driver of these adverse outcomes is the
reduced concentration of dissolved oxygen (DO)
(Wang et al., 2012). Over the past two decades, a
global decline in dissolved oxygen has been ob-
served, largely due to pollution, nutrient influx, and
climate warming (Breitburg et al., 2018). This trend
also affects rivers that flow through densely popu-
lated or heavily urbanized regions.

Dissolved oxygen is a critical variable for as-
sessing water quality and is one of the most signifi-
cant indicators of deteriorated surface water bodies
(Rajwa-Kuligiewicz et al., 2015; Wang et al., 2003;
Sanchez et al., 2007). It is vital for aquatic organ-
isms and is involved in numerous biogeochemical
processes (North et al., 2014). DO levels influ-
ence the metabolism, development, reproduction,
and population dynamics of aquatic heterotrophic
organisms (Hull et al., 2000). Within aquatic sys-
tems, DO is generally regulated by photosynthesis,
aerobic respiration by microorganisms, and biologi-
cal and chemical oxygen demand (Banerjee et al.,
2019). Low DO concentrations directly impact the
diversity and abundance of fish and other organ-
isms, thus altering the ecological balance. The key
causes of DO depletion include organic pollution,
eutrophication, and nitrification (Rabalais et al.,
2010; Lietal., 2022). Rapid decreases in DO lead to
toxic algal blooms and loss of biodiversity, exacer-
bating the degradation of water ecosystems’ overall
ecological status (Bricker et al., 2007; Howarth et
al., 2011).

Waters in good ecological status typically main-
tain DO concentrations above 6.5-8 mg/L (USEPA,
1986). Levels below 5 mg/L induce stress in aquatic
organisms, while levels under 2 mg/L cause hy-
poxia and mortality in both lower and higher organ-
isms (EPA, 2000; Lai et al., 2013). According to
Ordinance Ne 4 on characteristics of surface waters
in Bulgaria, dissolved oxygen must not be below
6 mg/L. DO concentration is not constant and var-
ies over time (diurnal, seasonal, and annual fluctua-
tions), influenced by factors like water temperature,
atmospheric pressure, hydrodynamic processes,
pollution, nutrient levels, and biological activity.
Water salinity and pH also correlate with DO lev-
els (Cox, 2003; Rajwa et al., 2014; He et al., 2011;
Mandal et al., 2012; Banerjee et al., 2019). In the
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study by Nakova et al. (2009) it was noted that the
dynamics of dissolved oxygen in river waters de-
pend on the processes of diffusion, microbial respi-
ration, photosynthesis and aeration from tributaries.
Precipitation and river runoff are also important fac-
tors that under different conditions can affect DO
levels (Biggs and Close, 1989; He et al., 2011; Bello
etal., 2017).

The present research aims to study the seasonal
fluctuations in the content of dissolved oxygen in
the waters of the Vladayska River, as well as to an-
alyze the influence of temperature, biological and
chemical oxygen demand, precipitation and river
runoff on these fluctuations. This will help reveal
the dynamics of dissolved oxygen and the condi-
tions under which it is expected to decrease. The
study is part of the project “Assessment of the wa-
ter quality in urbanized areas based on the example
of the Vladayska River, Sofia” and will support a
more detailed study of the state of the waters of the
Vladayska River.

Materials and methods

Study area

The Vladayska River originates from the north-
western slope of Vitosha Mountain, with its source
located near Cherni Vrah at approximately 2250 m
altitude. Initially flowing northwest, the river shifts
direction near the village of Vladaya (900 m), turn-
ing north-northeast as it traverses the Sofia Basin.
Near Kubratovo village, it merges with the Perlo-
vska River due to riverbed modifications, before
eventually joining the Iskar River. The river cov-
ers 33.2 km from its source to its confluence, with
the majority of its course (22.3 km) running through
the urbanized areas of Sofia. Along its route, the
Vladayska River receives several smaller left- and
right-bank tributaries, including the Planinitsa and
Domuz Dere rivers, with its most substantial left
tributary being the Sukhodolska River, which spans
21 km, of which 13.7 km also flow through urban-
ized areas (Fig. 1). The Vladayska River catchment
area includes the northwestern slopes of Vitosha
Mountain, the northeastern slopes of Lyulin Moun-
tain, and part of the Sofia Basin, covering a total
area of 145 km?, with 65 km? classified as urban-
ized. The elevation range of the catchment extends
from 500 to 2280 m, with an average altitude of
890 m. The total elevation drop from the source area
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Fig. 1. Study area and sample sites

to the confluence follows a north-northeast trajecto-
ry, with an average terrain slope of 6°. The steepest
gradients, reaching 40—45°, occur along the slopes
of Vitosha and Lyulin Mountains, while the gen-
tlest slopes, approximately 2—3°, are found within
the Sofia Basin.

The region is characterized by a temperate-con-
tinental climate in the lower part near the conflu-
ence with the Iskar River, gradually transitioning to
a mountain climate with increasing altitude toward
the source area (Rachev & Nikolova, 2009). Winter
temperatures in the region are around or below 0 °C,
while summer temperatures approach 20 °C; howev-
er, temperatures in the mountainous part of the catch-
ment decrease by approximately 0.6 °C per 100 m
(Velev, 2010). The distribution of precipitation by
season is characterized by a rainy spring — 170 mm
of seasonal total precipitation, followed by summer

23°20'0"E

with a total precipitation of 163 mm, autumn with
140 mm, and in winter only falling to 119 mm. In-
tense, torrential rainfall is typical of the study area
during the warm half of the year, which can cause
sudden increases in river levels and regional flood-
ing. The Vladayska River has an average annual flow
rate of 0.63 m*/s (Hydrological reference book of the
Rivers in Bulgaria, Vol. I, 1957). Most of its flow
comes from rain and snow, with substantial ground-
water contributions (up to 44.4%) in its upper course
(Benderev et al., 2015). The river’s flow regime is
marked by high water levels in spring and low wa-
ter levels in late summer and autumn, with peak dis-
charge occurring in May and June, and the lowest
flows observed in August and September. According
to the Standardized Runoff Index (SRI), the Vladay-
ska River basin is classified as moderately drought-
prone (Hristova & Ivanova, 2018).
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Output data

This study utilized data for six indicators common-
ly used to assess water quality and widely applied
in quantitative and qualitative monitoring of river
waters. These include dissolved oxygen, biological
oxygen demand (BOD;), chemical oxygen demand
(COD), water temperature, rainfall amounts, and
river discharge. Data for dissolved oxygen, BOD;,
COD, and water temperature consist of 45 measure-
ments taken between 2011 and 2021, with sampling
conducted four times a year, once in each season.
These measurements were taken at the Kubratovo
station and published by the Executive Environ-
ment Agency (EEA). The station is located in the
lower course of the Vladayska River, before its
confluence with the Iskar River, after the river has
flowed through the urbanized area of Sofia.

Rainfall data are presented as monthly totals for the
period 2011-2021, measured at the Orlandovtsi Auto-
matic Weather Station (AWS) situated at an altitude of
525 m in the river’s lower course, just before it exits
the densely built-up area of Sofia. Average monthly
river discharge was measured at the Knyazhevo Hy-
drological Monitoring Station (HMS No. 18420), lo-
cated in the middle course of the Vladayska River as
it enters Sofia. HMS Knyazhevo is part of the river
discharge monitoring network of the National Institute
of Meteorology and Hydrology (NIMH).

Data analysis

For the purposes of this study, widely used statisti-
cal methods were applied to analyze the data, in-
cluding correlation analysis and the construction of
a correlation matrix to examine linear relationships
among the indicators. Data were grouped by season
and presented through boxplot diagrams to observe
the seasonal dynamics of dissolved oxygen and the

Table 1
Descriptive statistics

seasonal fluctuations of other indicators. This ap-
proach aids in assessing their influence on seasonal
changes in oxygen levels in the aquatic environment.
The correlation matrix and boxplots were generated
in the programming language for statistical analysis
and visualization R (R Core Team, 2023).

Results and discussion

Variation in Physicochemical Parameters

Table 1 presents the descriptive statistics for the
indicators DO, temperature, BOD,, COD, rainfall,
and river discharge. During the study period, dis-
solved oxygen ranged between 10.6 and 1.6 mg/L,
with an average value of 5.5 mg/L. Temperature
varied from 23 °C to 1.8 °C, with an average of
12.7 °C. The biological oxygen demand over 5
days (BODj) reached a maximum of 69 mg/L and
a minimum of 3.9 mg/L. The average concentration
is 17.4 mg/L. Chemical oxygen demand (COD) val-
ues ranged from 200 to 17.2 mg/L, with an average
of 55.9 mg/L. The maximum monthly rainfall total
was 141.7 mm, while the minimum monthly rainfall
was 1.4 mm. The average monthly river discharge
ranged from 2.5 to 0.05 m’/s, with a mean value of
0.59 m¥s.

Correlation dependence between the studied
indicators

In this study, a correlation analysis was conducted
to establish the relationships among the indicators.
The correlations are presented in a correlation ma-
trix (Fig. 2) using Pearson’s method. An autocor-
relation was observed between dissolved oxygen
(DO) and water temperature (r = —0.59). Higher
water temperatures correspond to lower DO levels,
while lower temperatures result in higher DO lev-

Parameters Max Min Mean SD
DO (mg/1) 10.6 1.6 5.5 2.01
Temperature (°C) 23 1.8 12.8 -

BOD; (mg/1) 69 39 17.4 16.6
COD (mg/1) 200 17.2 55.9 44.1
Rainfall (mm) 142.4 1 49.4 30.6
River flow (m?/s) 2.5 0.05 0.5 0.59
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els. Similar relationships between these indicators
have been observed in studies by Bello et al. (2017)
and Khani and Rajaee (2017). This is attributed to
the fact that water temperature influences numer-
ous biological, chemical, and physical processes in
aquatic environments. River water temperature is
determined by air temperature, solar radiation, and
the nature of river recharge (Ridanovic et al., 2010;
Harvey et al., 2011). Higher temperatures increase
microbial activity in the water, consuming more
oxygen and thus reducing DO levels (Desmet et al.
2011, Rajwa-Kuligiewicz et al., 2015). Another rea-
son is that oxygen dissolves more easily in colder
water than in warmer water (Harvey et al., 2011).

Dissolved oxygen shows a weak negative cor-
relation with biological and chemical oxygen de-
mand, with correlation coefficients of r = —0.34 and
r =-0.32, respectively. High oxygen demand tends
to lower DO levels in water (Hasan et al., 2019),
however, many other factors influence this relation-
ship, so the correlation is not strong. DO shows a
very weak correlation with rainfall (r = —0.12) and
river discharge (r = 0.26). These are indirect factors
that do not have a linear relationship with DO due
to the complexity of dynamic processes occurring
within river waters.

There is a high positive correlation dependence
between BOD, and COD indicators (r = 0.91). An
expected positive correlation with a coefficient of
r = 0.62 also occurs between precipitation and river

runoff. As the rainfall increases, so does the river
runoff. The not-very-high correlation coefficient
indicates the influence of many other factors and
environmental conditions that complicate this de-
pendence.

Seasonal variation of dissolved oxygen
and other parameters

This study analyzed intra-annual variations in dis-
solved oxygen and other key parameters over the
study period. Seasonal variation graphs for each pa-
rameter are presented in Fig. 3. The top, middle, and
bottom lines of the box in Fig. 3 represent the upper
quartile (75%), median, and lower quartile (25%),
respectively. The whiskers are used to determine
the minimum and maximum values.

Dissolved oxygen concentrations in the waters
of the Vladayska River show distinct seasonal pat-
terns, with the highest levels observed in spring and
winter. In spring, DO values range from 3.5 mg/L
to 10.4 mg/L, while in winter, concentrations vary
from 5.2 mg/L to 10.55 mg/L, reaching a peak of
10.55 mg/L in February. Summer and autumn
display lower DO concentrations, ranging from
1.6 mg/L to 7.4 mg/L in summer and from 2.7 mg/L
to 6.7 mg/L in autumn, with the minimum concen-
tration of 1.6 mg/L recorded in August. The graph
reveals that 75% of data points for summer and au-
tumn are at or below the threshold of 5 mg/L, indi-
cating oxygen deficits in river waters during these
seasons. In contrast, all winter data points exceed
the 5 mg/L threshold, while in spring, approximate-
ly 25% of the samples fall below this level. The sea-
sonal dynamics of dissolved oxygen is addressed in
the study by Liu et al. (2020), which also found a
decrease in dissolved oxygen in summer at the sur-
face of the Pearl River Estuary and at depth in au-
tumn. In spring and winter, both at the surface and
at depth, DO rises.

Biological oxygen demand (BOD) indicates the
oxygen required by microorganisms in water. BOD,
represents the amount of oxygen consumed by bac-
teria and other microorganisms as they decompose
organic matter under aerobic conditions. BOD; is
measured by determining the initial DO content of a
certain volume of sample and after a five-day incu-
bation period at 20°C, the sample is removed from
the incubator and the final DO content is taken. The
difference between the initial and final contents is
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the oxygen consumption. Seasonal fluctuations in
BOD; values in the waters of Vladayska Rivers
show a significantly higher oxygen demand in au-
tumn compared to other seasons. In spring, sum-
mer, and winter, BOD; values range between 4.4
and 14 mg/L, with occasional peaks up to 59 mg/L.
In autumn, BOD; varies from 3.9 to 49.4 mg/L,
with two instances of exceptionally high levels at
64.7 and 69 mg/L. In all seasons, BOD 5 values
higher than the permissible content in surface wa-
ters of 2.5 mg/l are observed (Ordinance Ne 4). In
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the present study, the biological demand for oxygen
repeatedly exceeds the permissible standards for
water quality. In the study of Varbanov et al. (2021)
also reported 10- to 25-fold excesses of BOD; in
the waters of the Vladayska River. Chemical oxy-
gen demand (COD) is another indicator measuring
oxygen consumption from microorganisms for the
decomposition of organic matter and the oxidation
of inorganic chemicals. Chemical oxygen demand
is measured as a closed water sample is incubated,
with a strong chemical oxidant under specific con-
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Fig. 3. Seasonal variation of dissolved oxygen and other indicators
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ditions of temperature and for a particular period.
COD measurements are commonly made on sam-
ples of wastewater or natural waters contaminated
by domestic or industrial wastes. Seasonal fluctua-
tions of COD in the waters of the Vladayska River
are similar to those of BOD,, with a sharp increase
in autumn compared to other seasons. The high
BOD; and COD levels in autumn coincide with a
decrease in DO, although the minimum DO levels
are registered during the summer. In autumn, COD
reaches up to 200 mg/L, while in other months, it
peaks at 102 mg/L. A number of studies have found
an increase in biological and chemical oxygen de-
mand during the dry season compared to the rainy
season (Uddin et al., 2015, Liu et al., 2024, Wang et
al., 2022). The concentration of pollutants in small-
er volumes of river water, dilution of pollutants dur-
ing the rainy season, reduced hydrodynamics during
the dry season, and higher temperatures during the
dry season have been cited as possible causes.

The seasonal dynamics of dissolved oxygen
(DO) in water largely depend on water temperature.
The World Health Organization reports that lower
temperatures typically correlate with higher dis-
solved oxygen concentrations, while warmer, pol-
luted waters have reduced DO levels (WHO, 2006).

In the lower course of the Vladayska River,
water temperature follows the seasonal air tem-
perature pattern. During spring, water temperatures
range from 7.8 °C to 17.2 °C, reaching their high-
est values in summer, between 17 °C and 23 °C.
Autumn temperatures, similar to spring, fluctuate
between 7.1 °C and 17.4 °C, while winter months
record the lowest water temperatures, ranging from
1.8 °C to 10.5 °C. In summer, when water tempera-
tures peak, DO levels are at their lowest. Although
water temperature gradually decreases in autumn,
DO remains low throughout the autumn months,
with a slight increase toward the end of the season.
And in other studies, in which they investigated the
dynamics of DO, they found that during the warm
months the concentration of dissolved oxygen de-
creases (Rajwa-Kuligiewicz et al., 2015, Harvey et
al., 2011).

The seasonal variations in Vladayska River dis-
charge show high water volumes in spring, ranging
from 0.3 m¥/s to 2.5 m*/s. During the other seasons,
discharge is significantly lower, varying between
0.05 m’/s and 0.67 m*/s, with occasional increases in
winter up to 1.3 m*/s and in summer up to 1.2 m¥/s.
Reduced water volumes in the riverbed can lead to

higher pollutant concentrations, decreased flow dy-
namics, limited oxygen exchange with the atmos-
phere, and accelerated water warming, all of which
increase microbial activity and oxygen consump-
tion. They, in turn, lead to a reduction in DO.

Rainfall acts as an indirect factor in seasonal DO
dynamics, potentially contributing to either oxygen
saturation or depletion. The boxplot diagram of the
seasonal distribution of precipitation for the stud-
ied period shows that the highest average monthly
amount of precipitation is registered in the spring
months, followed by the summer, autumn and win-
ter months. Precipitation has a multidirectional ef-
fect on dissolved oxygen concentration. On the one
hand, the small amount of precipitation implies a
small river runoff and a correspondingly reduced
concentration of dissolved oxygen during the dry
season. On the other hand, they can influence with
their intensity by supporting the transport and entry
of pollutants from urbanized areas into the river bed
(Liu et al., 2024, Zhang et al., 2022).

Conclusion

This study examines a small but essential set of fac-
tors influencing dissolved oxygen (DO) levels in the
waters of the urbanized Vladayska River system.
The indicators describing these factors are easy to
measure and are typically included in most monitor-
ing programs for quantitative and qualitative river
water assessments.

The analyses performed in the present study
show that the seasonal variation of dissolved oxygen
is mainly due to natural factors, namely water tem-
perature. This is evident by the significant correla-
tion between DO and water temperature (r =—0.59).
DO has a weak relationship with BOD (r = —0.34)
and COD (r =—0.32), which indicates the secondary
influence of pollutants entering the river. The lack
of correlation dependence between river runoff and
precipitation indicates their indirect importance for
the dynamics of DO. The lowest DO levels are re-
corded during the summer and autumn, coinciding
with the highest water temperatures, and the high-
est biological and chemical oxygen demand. Dur-
ing the summer, dissolved oxygen reaches critically
low levels, posing a risk to aquatic ecosystems.

Summer and autumn are periods of pronounced
water stress and reduced self-purification capac-
ity for the river. The natural conditions, combined
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with urbanization and high anthropogenic load, sig-
nificantly worsen the quality of the waters of the
Vladayska River, emphasizing the importance of
effective monitoring and intervention measures to
mitigate environmental impact and protect its eco-
logical balance.
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