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Abstract:

Introduction purpose: As population growth and industrial expansion
continue, surface freshwater reservoirs such as dams have become
increasingly vital due to their accessibility and ease of treatment. However,
the quality of these water sources has significantly deteriorated, primarily
due to the discharge of domestic and industrial wastewater. The
proliferation of extensive algal blooms has led to significant challenges in
maintaining drinking water quality and raised concerns about public health.
This study investigates the impact of various water sources on the
physicochemical quality of an Algerian dam over four seasons (December
2020 — October 2021) and explores the factors influencing the occurrence
of cyanobacterial blooms to better understand and manage this excessive
growth.
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Methods: Physicochemical properties and algal composition of the dam
water were analyzed monthly to determine nutrient sources and
environmental factors affecting cyanobacterial proliferation.

Results: The analysis revealed that the Timgad stream and Reboua valley
are notable sources of nutrient enrichment. Elevated temperatures and high
nutrient loads, particularly total phosphorus (TP), in Timgad dam water
facilitate the proliferation of blue-green algae. Additionally, limited nitrogen
content favors the dominance of nitrogen-fixing cyanobacteria such as
Aphanizomenon and Oscillatoria. The study also highlights that the low flow
rate and high nutrient load of the Timgad stream create favorable conditions
for cyanobacterial growth.

Conclusions: Nutrient inputs, temperature, and hydrological conditions
significantly influence cyanobacterial blooms. Understanding these factors
is crucial for implementing effective water management strategies to reduce
algal proliferation and protect freshwater quality.

Key words: Koudiet Medouar water dam, blue-green algae,
cyanobacteria, nutrient pollution, Timgad.

Introduction

The availability of fresh water is one of the necessities of life. Although
it represents 2.5% of all the water on our planet, less than 1.2% is in lakes,
rivers, and dams, while 68.7% is in form of glaciers and ice caps, and
30.1% is under ground (Gleick, 1993).

With demographic growth and industrial development, surface fresh
water such as that from dams has become more and more important
because of its ease of access and treatment (Berga et al, 2006; Loucks et
al, 2017). However, the quality of such water resources has suffered
serious deterioration, principally because of domestic and industrial
wastewater effluents (Quesada et al, 2019; Segerson & Walker, 2002;
Walker et al, 2019).

Surface water pollution has been made the principal objective of
several studies during the last years, indeed because of their serious
health and environmental risks. Pollutants such as heavy metals, nitrates,
phosphorus, dissolved organic matter (DOM) and others are well-studied
(Adimalla et al, 2020; Karaouzas et al, 2021; Pivokonsky et al, 2016; Qu &
Fan, 2010), but in fact, they still make a real challenge for water producers.
Nutrient pollution which includes nitrogen (N) and phosphorus (P) is the
leading type of contamination in water sources such as dams (Segerson
& Walker, 2002). While plants and animals need these nutrients to grow,
they have become a major pollutant due to fertilizer runoffs and effluents
of domestic and industrial wastewater. Nutrient pollution typically
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stimulates phytoplankton growth in dams (Dzialowski et al, 2005; Marra et
al, 1990). Unfortunately, some genera of phytoplankton named
cyanobacteria or blue-green algae (B-G Algae) usually break out and
stand stably, leading to problems with hypoxia, toxins, and changes in the
structure of biological communities (Carmichael, 2008; Havens, 2008;
Dobricic et al, 2016)

The excessive proliferation of blue-green algae not only creates
ecological problems but can also affect the ability of water treatment plants
(Gitis & Hankins, 2018; Wurtsbaugh et al, 2019). This includes poor
settling, clogging sand filters, and breakthrough of small-size algae
through sand filters, the fouling of membranes, and ion-exchange resins
(Cheng & Chi, 2003; Hoeger et al, 2005). In addition, algae can also serve
as precursors to form disinfection by-products (DBPs) during chlorination
(Richardson & Postigo, 2011).

The Koudiet Medouar dam (Timgad, Batna, NE Algeria) is one of the
most important freshwater resources in the area; it is used mainly to
produce drinking water for one million inhabitants of the cities of Batna and
Khenchla as well as for irrigation (Amrane & Bouhidel, 2019). Timgad's
water dam receives water from three principal supplies: Reboua valley, the
Timgad stream, and the water transfer from the Bni Haron water dam
(Mila/Algeria).

The plant of this dam uses a conventional treatment based on the use
of the coagulation/flocculation CF technique since it has been widely used
for the treatment of surface water due to its several advantages such as
the removal of organic, suspended, and colloidal matters. It can also be
effective in removing many protozoa, bacteria, and viruses; it has been
also found to be cost-effective, easy to operate and it is an energy-saving
treatment alternative (Feihrmann et al, 2017; Mhamdi et al, 2016).

Recently, the treatment plant in the Timgad dam has faced serious
problems with water quality caused by cyanobacteria blooms. Based on
the reports, algae concentration reached 600x102 cells cmin the summer
which causes an increase in the chemicals during water treatment and
affects the organoleptic quality of the produced drinking water. While the
dam plant uses chlorination as a pretreatment, a lot of concerns have been
raised about DBPs formation and its risks to public health.

Since this dam is of recent origin and little research has been carried
out about it, except for a few studies (Bouslah et al, 2017; Labed, 2015;
Smatti-Hamza et al, 2020; Tiri et al, 2017) on the water quality and water
pollution, this research work aimed to study the impact of different water
supplies on the physicochemical quality of the dam water, as well as the
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factors affecting the presence of cyanobacterial blooms in this important
Algerian reservoir for better environmental monitoring.

In this work, the physicochemical parameters (especially nutrients),
blue-green algae count, and identification have been followed during four
seasons in the water reservoir and its water supplies. To the best of our
knowledge, no study has so far been reported on the nutrient pollution,
blue green algae presence and their effect on the Timgad dam water
quality.

Study materials and methods

Study area

The Koudiet Medouar watershed is located northeast of the city of
Batna in the eastern part of Algeria (Figure 1). The water from its reservoir
is used for drinking and irrigation supply with a 69 million m? total capacity,
44 m depth, and 59.000 m? surface area (Amrane & Bouhidel, 2019). The
flow goes from south to north, and it is supplied by rainwaters that come
through Reboua valley by purified sewage of bordering cities and villages
that come through the Timgad stream, and by water transfer that comes
from the Bni Haroun watershed. The area lies between the longitude of
35°30'57" N and the latitude of 6°30'48" E (Figure 1).
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Figure 1 — Geographic map for the study area. The Koudiet Medouar dam, Timgad-
Batna-Algeria (software used ArcGIS 10.3.1)
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The Koudiat Medouar watershed is characterized by a semi-arid
climate, characterized by cold and wet winters, warm and dry summers,
and the rainfall between 300 and 450 mm per year. The extreme is marked
by a climate known as a mountain climate with abundant rainfall (over 600
mm per year), especially in spring and late fall. It is sometimes
characterized by violent storms. Generally, the regional rainfall exhibits
three maxima during the year: January, May, and November. The annual
average temperature is between 12 and 13 °C, with January as the coldest
month and August as the hottest month (average between 26 and 34 °C)
(Bouslah et al, 2017).

Sampling

Four sampling sites were chosen, each one from the dam and its

supplies:

- Station A - The intake tower of the dam: the samples in this station
were collected from different depths using a Niskin bottle attached
to an electric hoist winch.

- Station B - Reboua valley (a source of rainwater that comes from
the mountains).

- Station C — The Timgad stream (a source of purified wastewater
that comes from the purification stations of the bordering cities).

- Station D - The water transfer comes from the Bni Haroun dam
water (Mila-Algeria) which was put into service in 2013 (this supply
was out of service during the period of study).

Samples were collected monthly from December 2020 to October
2021. They were collected at about 30 cm in depth and 1m away from the
shore (APHA, 1999). For physicochemical analysis, Polyethylene bottles
(1 dm3) were used to collect water samples. The measurement of the pH,
turbidity, temperature, and conductivity was performed on-site. Afterwards,
samples were immediately transported to the laboratory and maintained at
4 °C in darkness for no more than 48 h before analysis.

The samples of the algae were collected. These samplings were
carried out using a 20 to 100 ym mesh plankton net; the samples were
fixed in a LUGOL solution and stored in glass jars (1 dm3).

Analytical methods

Chemicals and materials

All chemicals used in this work, such as K>Cr207 (299.5%), HCI (36.5—
38%), NaOH (=98%), H2SO4 (95-98%), potassium hydrogen phthalate
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(KHP) (299.95%), ammonium persulfate (298%), potassium antimonyl
tartrate (299%), ammonium molybdate (99.98%) and ascorbic acid (99%),
anhydrous sodium tetra borat Na;B4O7 (299.5%), phenol (299%), disodium
ethylenediamine-tetraacetic acid EDTA (297%), and others, were
purchased from Sigma-Aldrich, Algeria.

Analysis of the physicochemical parameters

Temperature, pH, and conductivity were measured in situ using a
Hanna Instrument (Portable pH/EC/TDS/ Temperature) Model No.
H1991300. Also, the dissolved oxygen (DO) was measured in situ using a
portable oxygen meter (Hanna HI 9142). Turbidity was measured in the
laboratory using a HACH 2100N turbid meter. Calcium (Ca?*), and total
hardness were determined by the volumetric method using ethylene
diamine tetraacetic acid (EDTA) while orthophosphates (PO.*) and nitrate
(NO*) were determined by colorimetric assay using a Shimadzu UV-1601
spectrophotometer (Rodier et al, 2009).

Organic matter analysis

The COD of the dam water and deferent supplies was measured
following the chemical oxygen demand index small scale sealed-tube
method (ST-COD) (Rodier et al, 2009). Standards of 0, 5, 10, 15, 20, and
25 mg dm of dissolved oxygen were prepared with potassium hydrogen
phthalate (KHP) using ultra-pure water for all dilutions. After 2 h in a
normalized thermo-reactor (WTW) at 150 °C, the dichromate excess
absorbance of samples and standards was measured using a UV-visible
spectrophotometer (Shimadzu, PharmaSpec 1700 UV/Vis) at 444 nm with
a quartz cell of a 1 cm path length. The instrument was calibrated using
ultrapure water as a blank.

Total phosphorus (TP) analysis

In a typical procedure for neutral digestion, 1 cm?® of sulfuric acid
solution and 0.4 g of ammonium persulfate were added to a 125 cm?
Erlenmeyer flask containing 50 cm® of the aqueous sample (or the
standard), and mixed. Then these flasks were placed on a pre-heated hot
plate for approximately 30-40 min. After digestion, the samples were
cooled and diluted to 50 cm?® and 8 cm?® of a combined reagent (H.SO4
solution, potassium antimonyl tartrate solution, ammonium molybdate
solution, and ascorbic acid solution) was added and mixed thoroughly.

The characteristic blue color fully developed within 10 min at room
temperature. The absorbance of the formed compound was measured at
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880 nm with a spectrophotometer using a 1 cm quartz cuvette (APHA,
1992).

Total nitrogen (TN) analysis

The TN is analyzed following the Kjeldahl digestion method using an
automated system of digestion/distillation/titration (U.S. Environmental
Protection Agency, 2001).

Algae analysis

The collected samples of algae were fixed using a LUGOL solution of
15%, and the species were counted and identified using an inverted
microscope OPTIKA IM-2 Trinocular according to the method of
UTERMOL (British Standards Institute, 2006).

Results and discussion

Physico-chemical quality of the studied water

Samples were taken from 3 different locations, at about 30 cm in
depth. Table 1 shows that most physicochemical parameters are in normal
values except for Reboua Valley which gives high levels of turbidity
reaching 60.4 NTU during the rainy season due to the high flow rate.

Figure 2 shows that the TP concentration is extremely high ranging
between 0.92 and 15.76 mg dm™ in the Timgad stream (throughout the
study period). These results are unexpected for the Timgad stream, which
is considered purified wastewater. And on the contrary, the results of TN
ranged between 150 and 300 ug dm laid as to confirm that the purification
plan used needs improvement.

Reboua valley has also shown high levels of TP ranging between 0.59
and 15.77 mg dm during the rainy season; this may be due to an erosion
of agricultural lands. The TN values ranged between 500 and
625 ug dm-.

On the other hand, the TP concentration in the dam water varies
between 0.59 and 6.48 mg dm (below the Algerian standards of 10 mg of
P dm=), which shows a clear impact of the Timgad stream and Reboua
valley on the dam water quality. The TN results ranged between 105 and
223 pg dm’,

The organic matter concentration in the water between summer and
winter has also been investigated in this study. The maximum value of 25
mg O, dm™ was recorded during May in the dam water and 27 mg O
dm= in the Timgad stream. A good stratification and aeration in the dam
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water was shown by the DO analysis; the mean average is 6.54 and 6.30
mg dm at the top and bottom, respectively.
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Figure 2 — Results of total phosphorus between December 2020 and October 2021

Algae analysis

In this study, two water supplies have been investigated and
compared with the dam water. The maximum values of the total algae
concentration were 428.5x103 cells cm™ (recorded during October 2021)
and 344x103 cells cm™ (recorded during July 2021) in the Timgad stream
and the dam water, respectively, as shown in Figure 3 and Figure 4.

It seems that the low flow rate, the high load of nutrients (TP
especially), and the lighting conditions in the Timgad stream give the
perfect conditions for algae proliferation (Lv et al, 2011; Mitrovic et al,
2011). Since the maximum values of the blue-green algae (B-G Algae)
concentration were recorded in July 2021 (360%103 cells cm) and May
2021 (217x10% cells cm®) in the Timgad stream and the dam water
respectively, a probable reason was the ideal conditions of temperature,
light, and nutrients (Giannuzzi, 2018). The percentage of blue-green algae
shows values superior to 50% between March and August 2021 (spring
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load (TP in particular) as well as the temperature that can control the

domination of algae species (Journey et al, 2013; Lv et al, 2011). During
the period of study, no algae proliferation is found in Reboua valley,

and summer). The possible explanation for these results is the nutrients
probably due to the high flow rate.
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The dominant algal species identified in the dam water and the
Timgad stream between March and August 2021 were Planktothrix
(Cyanobacteria), and Aphanizomenon flos-aquae (Cyanobacteria).
Cylindrospermopsis (Cyanobacteria), Euglena sp (Cyanobacteria),
Nodularia spumigena (Cyanobacteria). These species are often
considered a type of "nuisance algae" because they can form dense
blooms that can affect the appearance, odor, and taste of the water, as
well as interfere with the growth of other aquatic plants and animals
(Havens, 2008). They can also produce potent toxins that are harmful to
humans and animals (Codd et al, 2005). For this reason, monitoring and
management strategies are necessary to control the proliferation of these
species.

The dominance of some cyanobacteria like Aphanizomenon and
Oscillatoria is possible due to the low nitrogen content in the dam water
and the Timgad stream, whereas in a similar situation this genera of
cyanobacteria called N2-fixing can fix atmospheric nitrogen, which can
lead to a lack of nitrates or ammonia (Issa et al, 2014).
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Figure 3 — Count of Algae and B-G algae in the dam water (Station A)
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Figure 4 — Count of Algae and B-G algae in the Timgad stream (Station C)

Effects of TP on blue-green algae dominance

The combined results of the physicochemical analysis and the algae
analysis show a positive correlation between the TP and blue-green algae
concentration in the dam water (R?=0.85) (Figure 5), and in the Timgad
stream (R2=0.48) (Figure 6).

The strong positive correlation in the dam water compared with the
Timgad stream is possibly due to the difference in homogeneity and mixing
conditions (Whitton, 2012).

However, in general, these results have been in agreement with the

conclusion of a recent study that considered the TP to be the limiting
nutrient in freshwater ecosystems (Li et al, 2018; O’'Neil et al, 2012).
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Effects of temperature on blue-green algae dominance

A positive correlation has been recorded between temperature and

blue-green algae concentration in the dam water (R?

in the Timgad stream (R?

0.83) (Figure 7), and

0.84) (Figure 8) in the period between March

and August 2021. These results show that temperature is an important

factor that controls blue-green algae dominance in freshwater ecosystems

(Beaulieu et al, 2013; Konopka & Brock, 1978).
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Effects of blue-green algae on DO

The DO results negatively correlated with the blue-green algae
concentration in the dam water (Figure 9). The excessive proliferation of
algae leads to oxygen depletion (Dobricic et al, 2016). However, the results
show that the eutrophication phenomenon has not yet been reached.
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Figure 9 — Correlation between DO and the cyanobacteria count in the dam water
between March 2021 and October 2021

Conclusion

This paper delves into the impact of various water supplies on the
physicochemical quality of the Timgad dam water and the factors
influencing the presence of cyanobacteria blooms. The findings reveal that
the Timgad stream and Reboua valley contribute significantly to nutrient
levels. Elevated temperatures and nutrient loads, particularly those of total
phosphorus (TP), in the Timgad dam water facilitate the growth of blue-
green algae. Conversely, the limited nitrogen content favors the
predominance of nitrogen-fixing cyanobacteria such as Aphanizomenon
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and Oscillatoria. Moreover, the study highlights that the low flow rate and
high nutrient load of the Timgad stream create favorable conditions for
cyanobacterial growth. Importantly, the study confirms that eutrophication
has not yet occurred, underscoring the critical need for controlling nutrient
levels to enhance the efficiency of water treatment plants, maintain potable
water quality, and safeguard the aquatic ecosystem from further
deterioration.
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Resumen:

Introduccién/objetivo: Con el continuo crecimiento poblacional y la
expansion industrial, los reservorios superficiales de agua dulce, como las
presas, se han vuelto cada vez mas vitales debido a su accesibilidad y
facilidad de tratamiento. Sin embargo, la calidad de estas fuentes de agua
se ha deteriorado significativamente, principalmente debido al vertido de
aguas residuales domeésticas e industriales. La proliferacién de floraciones
extensas de algas ha generado importantes desafios para mantener la
calidad del agua potable y ha suscitado preocupacion por la salud publica.
Este estudio investiga el impacto de diversas fuentes de agua en la calidad
fisicoquimica de una presa argelina durante cuatro temporadas (diciembre
de 2020 a octubre de 2021) y explora los factores que influyen en la
aparicion de floraciones de cianobacterias para comprender mejor y
gestionar este crecimiento excesivo.

Métodos: Se analizaron mensualmente las propiedades fisicoquimicas y la
composicion algal del agua de la presa para determinar las fuentes de
nutrientes y los factores ambientales que afectan la proliferacion de
cianobacterias.

Resultados: El andlisis revel6 que el arroyo Timgad y el valle de Reboua
son fuentes importantes de enriquecimiento de nutrientes. Las
temperaturas elevadas y las altas cargas de nutrientes, en particular el
fésforo total (PT) en el agua de la presa de Timgad facilitan la proliferacion
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de algas verdeazuladas. Ademas, el contenido limitado de nifrdgeno
favorece el predominio de cianobacterias fijadoras de nitrbgeno, como
Aphanizomenon y Oscillatoria. El estudio también destaca que el bajo
caudal y la alta carga de nutrientes del arroyo Timgad crean condiciones
favorables para el crecimiento de cianobacterias.

Conclusién: El aporte de nutrientes, la temperatura y las condiciones
hidrolégicas influyen  significativamente en las floraciones de
cianobacterias. Comprender estos factores es crucial para implementar
estrategias eficaces de gestion del agua que reduzcan la proliferacién de
algas y protejan la calidad del agua dulce.

Palabras claves: presa de agua Koudiet Medouar, algas verdeazuladas,
cianobacterias, contaminacion por nutrientes, Timgad.

I/Iayqume BITMAHNA pa3JINYHbIX (*)OpM BOAOCHabXeHNs Ha Ka4yecTBO
NOBEPXHOCTHbLIX BOA

XyceliH LLnGaHa?, KoppeCnoHAEHT,

Myxammed Peza MeHann?, Kamen-edduH Byxannan®

2 YHunBepcutet baTtHbl 2,
MHcTutyT Hayk o 3emne n kocmoce, hakynbTeT reonorum,
nabopatopusi MObunm3auum 1 ynpasneHusi BogHbIMu pecypcamm MMWR,
r. batHa, Amxnpckas HapogHasa [JemokpaTtudeckast Pecnybnvka

6 YuueepcuteT BatHbl 1, hakynbTeT maTepuanoseneHus, kadeapa XmMmuu,
naGopaTtopusi XMMun 1 Xumnn okpyxatouen cpeabl LCEC,
r. bBatHa, Amxupckas HapogHas [lemokpatuyeckas Pecny6nvka

PYBPUKA TPHTW: 61.01.94 OxpaHa okpyxatoLien cpeabl
B CTATbW: opurmHanbHasa HayyYHas ctaTbsl

Pe3some:

BeedeHue/uenb: B c853Uu ¢ pOCMOM HacesleHUs U pa3gumuem
MPOMBbILUIIEHHOCMU 08EPXHOCMHbLIE 8000eMbl C [pPecHoU 8000,
makue Kak MiomuHbl, npuobpemarom ece bonbuiee 3Ha4yeHue U3-3a
npocmomsl 3Kkcriiyamauuu u oducmku. OOHaKko Kadecmeo 3mux
UCMOYHUKO8 8000CHabXeHUsI 3Ha4YumesibHO yxXyOwusoch, 8 nepsyr
o4yepedb u3-3a cbpoca bbimo8biX U MPOMbIWIEHHbLIX CMOYHbIX 600.
PacnpocmpaHeHue 6ypHo20 ysemeHuss eodopocrned rnpuseeso K
cepbe3HbIM rpobriemam 8 CoxXpaHeHUU Kadyecmea rnumeesoli 800kl U
8bi3gasio  0b6eCcrnoKOeHHOCMb no  nogody  obwecmeeHHO20
30pasooxpaHeHusi. B OaHHoMm uccriedosaHuu u3yyaemcs ernusiHue
PasIUYHBIX UCIMOYHUKOB 800bl Ha (hU3UKO-XUMUYECKOE Ka4yecmeo 800kl
8 00HOU armkupckol MIomuHe 6 medeHue 4Yembipex epemMeH 200a
(Oekabpb 2020 e. - okmsabpb 2021 e.). B cmambe makxe uccrnedyromcsi
ghakmopebl, enusOUiUE Ha BO3HUKHOBEHUE Li8eMeEHUSs uuaHobakmepul,
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C Uesbio lyywie2o MoHUMaHus u rnpedomepauieHust ux 4Ype3mepHo20
pocma.

Memodbi: B xo0e uccriedogaHuUsi exXeMecs4YHO aHanu3uposeasruch
¢usuKo-xumu4eckue ceolicmea U 800opocsiesbili cocmas 800bl
nnomuHbl 05151 oripedenieHUs1 UCMOYHUKO8 rnumamesibHbIX 8eu,ecms u
ghakmopos OKpyxawouwel cpedbl, BAUSIOWUX Ha pPasMHOXeHUEe
yuaHobakmepud.

Pesynbmamesi: AHanu3 rnokasas, 4mo eodoem Tumzad u donuHa
Pymbypa S6nstomcsi  8aXHbIMU  UCMOYHUKaMU  numamersibHbIX
sewiecms. [losbiweHHbIE memMnepamypbl U 8bICOKasi KOHUeHmpauusi
numamersibHbIX eeujecms, 0cobeHHO obuwezo ¢hocghopa 6 e00e
nnomuHbl  Tumead criocobcmeyrom pPasMHOXEHUIO CUHE-3€/1eHbIX
sodopocnel. [lMomumo moeo, oOepaHUYEHHoe coldepxaHue asoma
criocobcmeyem npeobniadaHuro azomaukcupyrouwux yuaHobakmepud,
makux Kak aghaHU3OMEHOH U ocyunnamopus. MiccnedosaHue makxe
rnokasarsno, 4Ymo medneHHoe, 6oezamoe numameribHbIMU 8eujecmeamu
meyeHue peku Tumead co3zdaem nodxodswyto cpedy Ons pocma
yuaHobakmepudi.

Bbigo0bl: MocmynneHue numamersibHbIX 8eujecms, memriepamypa u
2ulporsioesudecKue ycriogusi Cyu,eCmeeHHO 6/Usiom Ha UusemeHue
yuaHobakmepud. [loHumaHue smux @bakmopos umMeem KiH4egoe
3HayYyeHue 8 rMPUMeHeHUU 3EKMUBHbLIX cmpameaul ynpaseHus
B800HLIMU  pecypcamu,  Harnpass/eHHbIX Ha npedomepaweHue
pacrnpocmpaHeHusi go0opocriel u 3auumy Kadecmea rnpecHou 600bI.

Knwouesble cnoea: rnnomuHa Kyduam-Medyap, cuHe-3eneHble
sodopocru, yuaHobakmepuu, buozeHHoe 3azps3HeHue, Tumeaad.
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NOBPLUMHCKNX BOAA
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JlabopaTopuja 3a Mobunusauujy 1 ynpaerbarwe BOQHUM pecypcuma
JIMMBP, BaTHa, HapogHa [lemokpaTtcka Penybnuka Amxup

6 YuueepauteT y Bathu 1, GakynTeT Hayka o matepujanuma,
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OBJIACT: xemuja XUBOTHE CpeanHe
KATEITOPUJA (TWUM) YITAHKA: opurnHanHu Hay4Hu paj
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Caxemak:

Yeod/yure: C pacmom rionynayuje u wuperem uHOycmpuje pesepeoapu
rOBPUWIUHCKUX criamKux 8o0a, Kao wmo cy bpaHe, nocmajy cee 3HavajHuUju
3602 ceoje npucmynadyHocmu u fiakohe npepade. Mehymum, keanumem
osux sodoussopulima rocmaje cee siowuju, rpe ceeza 36oe ucnywmara
KOMyHanHux u uHOycmpujckux omnadHux eoda. [Iponugepayuja
eKCmeH3uBHo2 Ugemarba aneu 0oeesna je 00 3HadvajHux rpobriema y
o0p>kasary Keanumema nujahe 8ode, kao u 00 3abpuHymocmu 3a jagHo
30paerbe. Oga cmyduja basu ce ymuuyajemM pa3nuqdumux usgopa eode Ha
hu3UYKO-XeMUJCKU Kearumem 800e Yy jeOHOj bpaHu y AImKUpy MOKOM
yemupu eoduwrba 0oba (Oeuembap 2020 — okmobap 2021), a ucnumyje u
ghakmope Koju ymudy Ha rojagy ueemarba UujaHobakmepuja kako 6u ce
6orbe pasymeo U KOHMPOUCAO0 HUX08 MPEKOMEPHU pacm.

Memode: ®usuyko-xemujcka ceojcmea 800e y bpaHu, kao U cacmas asau
Y Hb0j, aHanu3upaHu cy Ha MeCe4YHOM HUBOY Kako bu ce o0pedurnu u3eopu
HympujeHama u ¢baKmopu XugomHe cpeluHe Koju ymudy Ha WUpPeHe
yujaHobakmepuja.

Pesynmamu: AHanu3sa je rioka3ana 0a cy so0omok Tumeada u donuHa
Peboya 3HauyajHu u3eopu oboeahusarba XpaH/bUBUM Mamepujama.
Bucoke memnepamype u 8ucoka 3acuheHocm 600e XpaHI/busuMm
Mamepujama (Hapo4yumo yKyrnHum ¢pocghopomMm) y 6paHu Tumead
oflaKkwasajy wuperse riaaso3esnieHux anau. [lpu mome, oepaHU4YeHU
calpxaj asoma nodcmuye  domuHauujy — asomogpukcupajyhux
yujaHobakmepuja kao wmo cy Aphanizomenon u Oscillatoria. Takohe, y
cmyduja ce ucmude Oa criopu mok Tumealda b60zamoz XpaH/bUSUM
Mamepujama rpedcmassba rno2odHy cpeduHy 3a pacm yujaHobakmepuja.

Bakrbyyak: [Jomok xpaHrbusux Mamepuja, memrepamypa u XudposiowKu
ycrosu 3HamHo ymudy Ha usemarse UujaHobakmepuja. lNo3Hasar-e o8ux
ghakmopa 00 CYWMUHCKE je 8aXHOCmu 3a [puUMeHy eguKacHUX
cmpameauja yrpaerbaka 86000M Kako bu ce cMarbuna nponughepayuja
areu u 3awmumuo Keanumem criamkux eooa.

KrbyuHe pedu: eodeHa 6paHa Koyduem Medoyap, nnasoseneHe aree,
yujaHobakmepuje, 3azahere HympujeHmuma, Tumeao.

Paper received on: 17.04.2024.
Manuscript corrections submitted on: 27.03.2025.
Paper accepted for publishing on: 28.03.2025.

© 2025 The Authors. Published by Vojnotehnicki glasnik / Military Technical Courier
(www.vtg.mod.gov.rs, BTr.mMo.ynp.cp6). This article is an open access article distributed under the
terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/3.0/rs/).

o574



http://www.vtg.mod.gov.rs/
http://%D0%B2%D1%82%D0%B3.%D0%BC%D0%BE.%D1%83%D0%BF%D1%80.%D1%81%D1%80%D0%B1/
http://creativecommons.org/licenses/by/3.0/rs/

