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Abstract: This study geographically evaluates the pressure on land use and water resources, which is increasing due to global factors such as climate change,
population growth, and intense urbanization. The sustainability of limited freshwater resources has been analyzed, particularly through the example of the
Keban Strait. In this area located between the provinces of Elazig and Malatya, the effects of aquaculture activities that developed after the Keban and
Karakaya dams on water quality have been examined. Using a mixed research method, water samples taken from three sampling points were evaluated in
terms of physical and chemical parameters; water quality deteriorated over time. This study provides original micro-level data on water resource management
and sustainability, emphasizing the need for similar research in other arid regions of Ttirkiye.
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02z: Bu alisma, iklim degisikligi, niifus artisi ve yogun kentlesme gibi kiiresel etkenlerle artan arazi kullanimi ve su kaynaklari izerindeki baskiyi cografi agidan
degerlendirmektedir. Sinirli tath su kaynaklarinin strdirilebilirligi, 6zellikle Keban Bogazi 6megi tizerinden analiz edilmistir. Elazi§ ve Malatya illeri arasinda
yer alan bu alanda, Keban ve Karakaya barajlari sonrasinda gelisen kdiltiir balikgiligi faaliyetlerinin su kalitesi Gizerindeki etkileri incelenmistir. Karma arastirma
yontemi kullanilarak, ti¢ érneklem noktasindan alinan su érnekleri fiziksel ve kimyasal parametreler agisindan degerlendirilmis; su kalitesinin zamanla
bozuldugu tespit edilmistir. Calisma, su kaynaklarinin yonetimi ve siirdurtilebilirligine yonelik mikro diizeyde 6zgtin veriler sunarak, Turkiye'nin diger kurak

bdlgeleri igin de benzer arastirmalarin gerekliligini vurgulamaktadir.

Anahtar kelimeler: Cografya, su yonetimi, stirdirilebilirlik, kiltir balikgigi, Keban bogazi, Elazig

INTRODUCTION

Water is considered an indispensable chemical compound
for the survival of all living beings. Throughout history, the first
civilizations were established near water sources and
developed in these environments. Possessing water
resources, being close to water sources, and controlling water
resources have been seen as important factors from primitive
humans to modern states. However, factors such as the world
population exceeding 8.2 bilion people, the unequal
distribution of water resources across the globe, freshwater
resources constituting only 2.5% of total water resources,
climate change, desertification, rapid population growth, rapid
urbanization, and rapid industrialization have negatively
affected the availability of water resources, and water problems
have emerged in many regions today. One reason for the
emergence of these problems is the excessive use of
freshwater resources and the deterioration of the water
ecosystem. Aquaculture is an important form of production with
the potential to respond to the increasing global food demand
within the framework of environmental sustainability principles.
With proper practices, it is a strategic sector that both protects
nature and contributes to economic growth.

The research topic has been chosen in accordance with
the United Nations Sustainable Development Goals,

specifically the twelfth of the 17 main problems faced by people
worldwide: responsible production and consumption, and the
indicator of ensuring sustainable management and efficient
use of natural resources by 2030 (Republic of Turkey
Presidency of Strategy and Budget, 2019: 187). The Keban
Strait (Elazig-Malatya Provincial Border), one of the locations
where aquaculture activities are most intensively carried out in
Turkey, has been selected as the sample. The scope of the
research topic includes water pollution, water management,
and sustainability of water resources in the Keban Strait
sample.

Various studies have been conducted in different areas of
literature on water pollution, water management, sustainability
of water resources, and aquaculture: Celayir et al. (2006)
explained the brief history of fishing activities in Keban Dam
Lake. The first fishing activities started in 1976-1977. YiingUl et
al. (2012) addressed the water resources and aquaculture
potential of Elazig province. Guner (2016) investigated the
aquaculture activities in Keban Dam Lake. The number of
people working in the dam lake over time, incentives, and
production quantities were provided. Recommendations were
made for the sustainable continuation of this economic activity
and water resources.
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Klglkyilmaz et al. (2017) conducted measurements at 7
sampling points for 12 months between May 2009 and April
2010 to determine water quality in Karakaya Dam Lake. Their
analysis revealed that the water quality was in the first-class,
high-quality water category. Kiglkyimaz et al. (2019)
determined that the water quality in the 10th Region, namely
Keban Strait, of Karakaya Dam Lake Fisheries Zones was in
the first-class high-quality water category based on
measurements made in 2011. Rashid et al. (2021) examined
water quality parameters of Keban Dam Lake in a study. Based
on chlorophyll a and total phosphorus values, they evaluated
the lake as a water body with a weak nutrient source and very
little plant life.

Aydin and Yandi (2024) stated that trout production in
Elazi§ Province has ranked first in Turkey since 2019. They
emphasized that as of March 2024, there were 176 aquaculture
production facilities in Elazi§ Province. They stated that this
activity provided employment for approximately 3,000 people
in Elazi§ province.

No recent study has evaluated the water quality in the
Keban Strait, where aquaculture is intensively practiced. The
fact that such a study is being conducted for the first time
constitutes the original value of this research. Water samples
taken from three different locations were analyzed, followed by
a geographical explanation of the strait, and recommendations
were presented for the sustainability of water resources. The
aim of this study is to determine how to ensure the
sustainability of water resources in the Keban Strait and to
reveal the general condition of the water ecosystem in the
location. To achieve this goal, the following objectives were
pursued:

e Whatis the quality of water in the Keban Strait?

e How intensively are water resources used in the Keban
Strait?

e What is the geographical explanation for the intensive
aquaculture activities in the Keban Strait?

e What is the state of water pollution in the Keban Strait? Is
there a water management problem in the region?

e How should the use and sustainability of water resources
in the Keban Strait be managed?

Answers to these questions were sought.
MATERIALS AND METHODS
Research area and status of water resources

The Euphrates River valley forms the border between two
provinces in the Upper Euphrates Section of the Eastern
Anatolia Region, to the west of Elazi§ Province and north of
Malatya Province. The Euphrates River is named the Keban
Gorge starting from the Keban Dam embankment (Figure 1).

Intensive aquaculture activities are currently being carried
out on the Euphrates River, which forms a narrow and deep
valley approximately 40 km long (Tonbul, 1985; Tonbul, 1987;
Kalinca, 1997; Siler and Sengiin, 2022). According to data
obtained from interviews conducted in the region, many people
in Keban District make their living through aquaculture. In
Elazi§ province, 3,000 people earn their livelihood through
aquaculture activities, and 300 of them work in the Keban
Strait. Fish raised in the Keban Gorge are exported to
approximately 30 countries, primarily to European, American,
and Far Eastern countries.
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Figure 1. Locations of selected stations in the Keban Strait

Explaining the geographical description of the Keban
Gorge, where intensive aquaculture is carried out for about 40
km, was one of the first stages of the study. Steep slopes were

formed in the gorge, which was created by the Euphrates
River's incision of up to 700 meters in places since the late
Pliocene, and the gorge gained canyon characteristics. This

318



Impacts of intensive aquaculture on hydrological systems and water quality parameters in the Keban Strait (Elazig-Malatya)

formation, along with the suitable temperature of the water
flowing south from the dam embankment and the structure of
the gorge, has provided great opportunities for fish production
(Siler and Sengtin, 2022). Currently, production is carried out
on an area of 700 hectares. Annual production is approximately
6,000 thousand. Various studies have emphasized that in
areas where aquaculture is intensively carried out, factors such
as the use of fish feed, high oxygen consumption, mixing of
chemical and medicinal substances with water, and dead fish
waste negatively affect water quality and lead to environmental
problems (Koca et al., 2011).

Water samples were collected from three different
locations in the study. Physical and organic-chemical
parameters were analyzed in the collected water samples, and
quality criteria were determined according to the classes of
inland water resources in the Water Pollution Control
Regulation (SKKY).

Collection and analysis of water samples

Water samples were examined using a YSI (Yellow
Springs Instruments) device on different dates (22.02.24 /
17.05.24 | 31.07.24 / 11.10.24 / 11.11.24) and locations
(stations 1, 2, and 3), considering weather and water
conditions, and after obtaining official permissions.

The locations where water samples were collected were
mapped using the licensed ArcGIS Pro program. The obtained
results were tabulated. Samples were taken from locations in
the north, middle, and south of the Keban Strait.

Research methodology

The research was structured within the framework of a
mixed research design in general terms. The mixed method is
an approach that aims for the researcher to achieve more
comprehensive and in-depth results by using both qualitative
and quantitative data collection and analysis techniques
together within a single study or sequential studies (Creswell,
2003; Tashakkori and Teddlie, 1998; Johnson and
Onwuegbuzie, 2004). This method allows for both
measurements supported by numerical data and the
development of a broader perspective on the subject through
qualitative observations and interviews in the local context.

The research process of the study consists of four
simultaneous and sequential phases. These are: data
collection tools, field research, analysis of obtained data
(database creation-data comparison), and finally, conclusions,
evaluations, and recommendations. Initially, a literature review
directly related to the subject was conducted to complete the
theoretical framework of the study. In this direction, the focus
was on the works of scientists studying Geography,
Aquaculture  Engineering,  Sustainability-Ecology, and
Landscape. Secondly, water samples taken from three
different locations in the Keban Strait were examined. Physical
measurements were made on-site from the surface at these
stations. Additionally, water samples were placed in 1-liter
polypropylene bottles, labeled, and brought to the laboratory

for chemical analysis in a cooler transport bag. Dissolved
oxygen concentration at the sampling points was measured on-
site using a YSI professional plus model measurement device
(Yellow Springs Instruments). Physical measurement results
such as temperature, pH, electrical conductivity, and dissolved
oxygen were determined. Furthermore, total nitrogen, total
phosphorus, and chlorophyll-a were determined in the water
samples as chemical properties of the water. Total nitrogen
and total phosphorus were determined in unfiltered samples
using a Nova 60 brand Spectrometer device, and chlorophyll-
a was determined by the fluorometric method (APHA, 1995).
Analysis results were evaluated according to the Water Quality
Regulation. Subsequently, face-to-face interviews were
conducted with authorized personnel and workers during field
studies in the Keban Strait. The study utilized techniques such
as excursions, observations, field examinations, and area
research. Representatives of private companies engaged in
aquaculture in the strait were interviewed, and information was
obtained. Thirdly, fish production data for Elazi§ Province was
obtained from the Turkish Statistical Institute. By obtaining
these two sets of data, the aim was to establish a connection
between production quantity and water pollution. Fourthly, all
obtained data were analyzed and reported under the title of
office work. Recommendations were presented on the
sustainability of water resources.

RESULTS

The analysis results of water samples taken at selected
sampling points in the Keban Strait are given in Table 1. At
Station 1, measurements conducted over four different periods
(February-October 2024) showed: pH (7.6-8.3) and total
nitrogen (1.23-2.79 mg N/L), total phosphorus (0.011-0.030 mg
P/L) values met Class | criteria. Conductivity fluctuated
between Class | (<400 uS/cm) in the 1st and 4th periods, and
Class Il (417-595 pS/cm) in the 2nd and 3rd periods. This
situation is attributed to seasonal precipitation or temporary
pollution. Dissolved oxygen remained at Class | levels (7.9-8.2
mg/L) during the first three periods, but dropped to 6.4 mg/L in
the 4th period, approaching the Class Il threshold. This
decrease is associated with temperature increase (10.1°C)
and organic matter accumulation. Chlorophyll-a values (0.107-
2.305 pglL) indicate a low risk of eutrophication, although a
slight increase in the 1st period suggests limited algal growth.

In the water quality analyses carried out at Station 2, the
temperature was measured as 10.3°C. While this value is
consistent with seasonal norms, it is noteworthy that the
dissolved oxygen (DO) level is 5.60 mg/L (Class Ill) despite the
expectation of high oxygen solubility in cold waters. The pH
(8.50) and conductivity (296.4 uS/cm) parameters meet Class
| criteria. However, the oxygen saturation of 50.5% indicates
stress and lack of biological activity in the aquatic ecosystem
as it falls below the generally accepted healthy range (80-
120%). This situation is associated with oxygen consumption
due to organic pollution or eutrophication.

In Station 3 data, pH (8.12) and conductivity (267.15
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pS/cm) values comply with Class | criteria. However, dissolved
oxygen (5.25 mg/L) and oxygen saturation (47.3%) levels
correspond to Class Ill quality limits. The temperature of
10.5°C is explained by seasonal conditions; however, low
dissolved oxygen levels indicate that organic matter load or
biochemical processes in the sediment are increasing oxygen
consumption. Salinity (0.20) and conductivity values are
considered normal for freshwater sources.

Trout production

In 2000, Elazi§ province produced 330 tons of rainbow

trout, and since then, it has experienced a steady increase,
becoming an important aquaculture production center,
especially in the last 10 years. The process, which began with
low production volumes in the first 6 years, has shown more
than 100-fold growth, reaching a high volume of 42 thousand
tons in 2024.

This indicates that the aquaculture sector in Elazi§ has
become more professional, investments have increased, and
export-oriented production capacity has developed (Figure 2).
In the Keban Strait, 6000 tons of trout are produced annually
in an area of 700 hectares.

Table 1. Analysis results of water samples taken from selected stations in the Keban Strait

Station 1 Station 2 Station 3 Station 3 Station 3 Station 3
Sampling Date 11.11.24 11.11.24 22.02.24 17.05.24 31.07.24 11.10.24
Sampling Type Surface Surface Surface Surface Surface Surface
Parameters
Temperature (°C) 10.3 10.5 9.5 8.8 9.3 10.1
pH 8.50 8.12 8.1 76 7.9 8.3
Conductivity (uS/cm) 296.4 267.15 282 417 595 294
Dissolved Oxygen (mg O/L) 5.60 5.25 8.2 8.0 7.9 6.4
Oxygen Saturation (%) 50.5 473 - - - -
Salinity 0.20 0.20 - - - -
Total Nitrogen (mg N/L) - - 191 2.79 250 1.23
Total Phosphorus (mg P/L) 0.023 0.030 0.011 0.016
Chlorophyll-a (ug/L) 2.305 1.422 0.107 0.524
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30000 A
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20000 A
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10000 -
5000 -
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Figure 2. Elazi§ Province annual aquaculture production (rainbow
trout) production quantities (Tons) (TUIK, 2025)

Environmental pollution

It is expected that the intensive trout production in the
Keban Strait would cause environmental pollution in addition to
water pollution. However, there are studies that yield different
results regarding the extent of this pollution (Ornekgi et al.,
2012) and news reports (Karapinar, 2024; Kanal23, 2025;
Hakimiyet, 2025) that have been reflected in the public opinion
(Figure 3).

DISCUSSION

In this study, the effects of intensive aquaculture activities
on freshwater resources in the Keban Strait, located on the
border of Elazi§ and Malatya provinces, were examined in
detail. According to the findings, both regional and seasonal
fluctuations in water quality are observed. Water quality data

KAFES BALIK URETIM TESISLERI
DOGAYI KIRLETIYOR

kafes balik Oratim tesisleri sovrayl
i tesislarin denetlenmemesi kirligin

yape:
9L0rOyor.

KEBAN BARAJ GOLU’'NDE
BALIKGILAR ZOR GUNLER YASIYOR -
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Figure 3. Images of environmental pollution in reservoir lakes and the
Keban Strait

News Headlines (Top): Cage Fish Farming Facilities Are Polluting the Environment The cage fish farming
facilities on Keban Dam Lake and the Euphrates River continue to pollute the environment. It is observed
that pollution caused by these facilities cannot be prevented due to a lack of inspections (Kanal23, 2025).
(Bottom left): Fishermen Are Facing Hard Times in Keban Dam Lake Deputy Head of A§in Water
Products Cooperative Ugur Selguk stated that inspections on Keban Dam Lake should be increased.
Selguk emphasized that fishermen are struggling due to uncontrolled fish farming (Karapinar, 2024).
(Bottom right): Keban Dam Lake Is Sounding the Alarm Elazi§’s Keban Dam Lake is giving environmental
alarm signals. It is being polluted by waste, feed, and plastic waste. President of the Eastern and
Southeastern Sports Fishermen’s Club, Aytag Kaya, stated that the Euphrates River and Keban Dam
Lake have become severely polluted. He warned that unless urgent measures are taken, the lake, which
once teemed with fish, may soon become completely lifeless. Kaya emphasized that pollution has
reached dangerous levels, calling for immediate and effective measures to be taken (Hakimiyet, 2025).

obtained from three different stations vary between Class | and
Class Il criteria according to the Water Pollution Control
Regulation (SKKY) classification. In particular, the low levels of
dissolved oxygen ratios at 47-50% indicate that the aquatic
ecosystem is under stress, which is attributed to the organic
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matter load and production activities.

Chlorophyll-a and total phosphorus values show that
eutrophication is currently at a low level. However, it is
predicted that the risk of eutrophication may increase in the
future if intensive feeding and production increase continue.
Changes observed in physical and chemical parameters
parallel to the increase in production demonstrate that
aquaculture negatively affects the natural ecosystem balance.
The increase in conductivity and decrease in dissolved oxygen
observed especially at the 3rd station support this conclusion.

In this context, it is clear that environmental sustainability
should be prioritized without disregarding the economic
potential of aquaculture activities. The sector provides direct
employment to approximately 3,000 people in Elazi§ province
and 300 people in Keban Bogazi, and contributes to the
national economy through its export potential. However, the
environmental impacts of this development should be properly
assessed, and necessary measures should be taken in a timely
manner.

Effective protection of aquatic ecosystems requires a
special approach tailored to the continuous nature of water,
distinct from traditional terrestrial protected areas. Therefore,
specially designed fluvial protected areas (FPAs) should be
established in the Keban Gorge to preserve the ecological
integrity of rivers (Abell et al., 2007). Conservation targets
should be determined using the systematic conservation
planning (SCP) method, which considers the longitudinal,
lateral, and vertical connections of river networks (Hermoso et
al., 2012). Additionally, preserving and restoring the natural
hydrological regime is essential; increasing the minimum flow
releases from dams improves habitats and enhances
biodiversity (Bain et al., 2000). The amount of water flowing
into the strait can be increased, considering the Keban Dam,
which supplies electricity to the region.

Water quality management should be improved through an
integrated and participatory approach at the basin scale.
Integrated modeling (e.g., CatchWat-SD), which simulates
pollutant loads in source, space, and time dimensions, should
be used to determine “headroom” and “excess” concepts, and
pollutant reduction strategies should be based on this
information. Management should occur within an integrated
framework that combines policy, legislation, scientific
monitoring, and stakeholder participation. River Basin
Management Plans, prepared on the basis of the European
Union Water Framework Directive, should be implemented, the
“polluter pays” principle should be effectively put into practice,
and inter-institutional coordination should be strengthened
(Buraketal., 2022; TUSIAD, 2008). Furthermore, management
should be flexible and adaptive, incorporating climate change
scenarios and future socio-economic pressures into planning.

In addition to traditional manual monitoring methods, they
should be replaced with Al-powered, real-time, and proactive
monitoring systems. Multi-source data from the Internet of
Things (loT) sensor networks, unmanned monitoring platforms

(UAV, USV, UUV), and satellite-based remote sensing
systems should be integrated and analyzed using Al algorithms
(CNN, LSTM, PGDL) to establish early warning systems
against abnormal pollution events (Zou et al., 2025). Monitoring
should not be limited to physicochemical parameters only;
ecosystem health should be evaluated holistically using
biological integrity indices (IBI), rapid bioassessment protocols
(RBP), and molecular techniques such as environmental DNA
(eDNA) (Qu and Peng, 2025).

To improve the water quality, multi-faceted and source-
oriented intervention strategies should be implemented for
pollution sources. As nature-based solutions, the protection
and restoration of wetlands, peatlands, and riparian buffer
zones increase the natural filtration capacity of water,
preventing eutrophication and improving water quality.

Finally, involving the community in the monitoring process
through citizen science projects will increase data coverage
and public awareness.

CONCLUSION

Considering the scale of aquaculture activities in the Keban
Strait and their impact on water resources, water use plans
need to be supported by more comprehensive environmental
impact assessment processes. Imposing limitations based on
production capacity will contribute to the preservation of water
quality. In this context, the continuity of water quality
measurements using devices such as YSI should be ensured,
and early warning systems should be established to activate
when threshold values for critical parameters are exceeded.

Itis necessary to adopt environmentally friendly production
methods, regulate the use of fish feed and medications in a
way that does not harm the environment, and install treatment
systems to prevent the accumulation of dead fish waste and
feed residues. Furthermore, not only the production processes
but all components of water resources - flora, fauna, sediment
structure, etc. - should be evaluated together, adopting a
holistic ecosystem-based water management approach.

Raising awareness among water users, fishermen, and
local people about sustainability and ensuring their active
participation in decision-making processes will make resource
management more effective. Finally, it is recommended that
existing water quality criteria and legislation related to
aquaculture be updated and adapted to regional needs.
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