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Abstract: Turkish coastline neighbor to the Mediterranean Sea faces serious problems such 

as eutrophication and diffuse pollution. Among diffuse pollution, the leading actor is 

intensive agriculture. This research focuses on four developed cities, Antalya, Mersin, 

Adana, and Hatay, along the Turkish Mediterranean shoreline. The inadequate sewage 

system and insufficient treatment plants lead to eutrophication in populated cities. In the 

year 2017, in Turkey's Mediterranean region, Aksu, Manavgat, Göksu, Seyhan, Ceyhan, 

and Asi rivers were monitored. Concentration values for BOD5, Total Phosphorus, Nitrite 

Nitrogen, and Nitrate Nitrogen parameters were determined. This study observes the 

pollution status of the rivers according to the Turkish Water Pollution Control Regulation. 

One sample T-Test determined the actual pollution potentials of the rivers. Besides, 

uncontrolled heavy metal and toxic emissions from industry are essential problems. 
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1. INTRODUCTION 

 

The Mediterranean Sea is under thread of wastewater discharges from municipalities, industries, rivers. Another 

threat is the oil seep, which is common in Hatay due to petroleum transport and ship maintenance [1]. 

 

This research underlines the level of pollution and recommends necessary measurements that could be taken 

against pollution on the Mediterranean Sea along Turkey’s shoreline. It is also to highlight the most critical 

issues related to pollution in the Mediterranean Sea. The leading transboundary problems of the Mediterranean 

Sea are nutrient-enrichment/eutrophication, changes in marine living resources, diffuse pollution, and 

biodiversity/habitat changes [2]. Diffuse pollution involves actual diffuse pollution and a large number of 

contaminated dispersed, usually single, minor, spot sources [3]. Unfortunately, the population is concentrated 

parallel to the shoreline. Hence, pollution arises along the coastline [4]. It is challenging to establish an 

infrastructure suitable for such a quick urbanized city. Municipal and industrial wastewaters are often combined 

and discharged directly into the Mediterranean Sea.   

 

Besides, current treatment practices in the heavy industry are generally inadequate. About 360 tons of solid 

waste is disposed of daily in Turkey's Mediterranean region [5]. Mixed wastes from municipality, industry, 

hospital, and other hazardous wastes are discharged to the closest rivers or directly into the Mediterranean Sea 

[6]. Solid wastes have to be classified and discarded by their characteristics [7]. Landfills are intended only for 

non-hazardous waste, and they should not accept hazardous, inert wastes. Furthermore, all emerging waste 

should be treated before being discharged to the landfills, according to the EU Water Framework Directive [8]. 

However, irregular discharge through the coastline is usual in Turkey’s Mediterranean Sea region [6]. 
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Figure 1 shows the investigated locations on the Turkish Mediterranean Sea Coast. Municipal infrastructure in 

Turkey is still unfavorable; hence this situation affects pollution in the Mediterranean Sea in terms of nutrient 

pollution. Besides, heavy metals, organic pesticides, and incidental spills from oil vessels and ports are other 

pressures on the Mediterranean Sea. 

 

Nutrient pollution leads to depletion of oxygen, which allows the habitat to survive in the receiving water 

environment [9]. In this sense, the most crucial aim of the research is to determine and reveal the actual nutrient 

pollution by using statistical methods. 

 

 
Fig. 1. Provinces (Antalya, Mersin, Adana, and Hatay) in the Mediterranean Sea coast of Turkey [10]. 

 

 

2. METHODOLOGY 

 

In this study, the water quality classification of the Aksu, Manavgat, Göksu, Ceyhan, Seyhan, and Asi Rivers 

from 2017 to 2018 was determined according to the Surface Water Quality Management Regulation (SWQMR) 

of Turkey [11]. The Aksu and Manavgat Rivers are located in Antalya, the Göksu River in Mersin, the Seyhan 

and Ceyhan Rivers in Adana, and the Asi River in Hatay. 

 

Primary river pollution comes from municipal, agricultural, air, and heavy industry. Main rivers form the 

watershed of the Mediterranean Sea in Turkey are; Aksu River (36° 51′ 40″ North; 30° 55′ 33″ East), Manavgat 

River (37° 17′ 35" North; 31° 34′ 38" East), Göksu River (36° 22′ 4″ North; 33° 53′ 5″ East), Seyhan River (37° 

03′ 38″ North; 35° 19′ 32″ East), Ceyhan River (36° 33′ 55″ North; 35° 33′ 39″ East), and Asi River (36° 2′ 52″ 

North; 35° 58′ 1″ East) (Figure 2).  

 

Water quality data were gathered through both field experiments and the environmental status reports of 

provinces where all rivers are located [12-15]. BOD5, Total Phosphorus, Nitrite Nitrogen, and Nitrate Nitrogen 

parameters were observed since mainly the agricultural industry induces them. 

 

The high amount of phosphorus and nitrogen leads to a frequently seen problem called eutrophication. Nutrient 

concentration highly blooms waterbody, and oxygen is rapidly depleted in the case of eutrophication [16, 17]. 

Aquatic ecosystems are disrupted by overfed if nitrogen, phosphorus, and carbon compounds are in over-limit 

concentrations [18]. Mainly, the organic nutrient loads discharged into the receiving waters cause eutrophication. 

Eutrophication is also lethal for fish species due to its toxic effect and oxygen depletion in the case of algal 

blooms [19]. Hence, river pollution control in the Mediterranean Sea area of Turkey is crucial to prevent nutrient 

discharge into the sea. Direct discharges from large agricultural, municipal, and industrial plants to the 

Mediterranean Sea account for only about 5% of the nitrogen, and 10% of the phosphorus load drained to the 
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Sea by rivers [3, 4]. This situation allows us to see how low the point source pollution is concerning the nonpoint 

source pollution problem in the region. The fact that point source pollution is very low compared to diffuse 

pollution is also an indication that the lack of drainage, piping, and infrastructure is at dangerous levels. The 

sizeable agricultural production in the region and the increasing population due to tourism activities are the main 

issues related to the high nutrient loads in the rivers. 

 

 
Fig. 2. Main rivers in the region that flow into the Mediterranean Sea. 

 

 

3. RESULTS AND DISCUSSION 

 

Table 1 shows the Surface Water Quality Management Regulation (SWQMR) of Turkey [11]. SWQMR is a 

regulation to determine all aspects of water pollution control, river, lake, and groundwater quality, protection 

zones for water reservoirs, discharge principles, domestic and industrial wastewater discharge standards. Inland 

waters categorized as Class I: high-quality waters, Class II: light-polluted waters, Class III: polluted waters, and 

Class IV: classified as seriously polluted waters [11]. Concentration values for pollution parameters were 

collected for Antalya, Mersin, Adana and Hatay.  

 

Table 1. Water quality classes, according to the Surface Water Quality Management Regulations (SWQMR) of 

Turkey [11]. 

  Water Quality Class 

Parameter       1  2    3          4 

BOD5 (mg/L)   < 4         < 8  < 20      > 20 

Total Phosphorus (mg/L)   < 0.02    < 0.16     < 0.65      > 0.65 

Nitrite Nitrogen (mg/L)    < 0.002    < 0.01     < 0.05      > 0.05 

Nitrate Nitrogen (mg/L)   < 5 < 10  < 20      > 20 

 

Human activities strongly influence the nitrogen and phosphorus content of many rivers [20, 21]. Traditional 

agriculture is also considered to be an essential source of nitrogen and phosphorus [22, 23]. Hence to constrain 

pesticide usage is only possible by the use of best management practices. Organic agriculture should be taken on 

the agenda while preparing the development plans for the Mediterranean Sea region.  

 

The Seyhan, Ceyhan, and Asi rivers are sources of pesticides because it lies in the southeast part of the 

Mediterranean Region. The drainage area of the region in southern Turkey consists of fertile plains [24-26]. 

Rivers like Aksu, Manavgat, and Göksu are located at the southwest Mediterranean Sea coast, and their drainage 

area influenced by regions in Central Anatolia where agriculture is extensive [27-29]. All streams are laid in the 

industrial activity region. Pesticide usage is high along with the toxic chemical pollution due to industries [30]. 

 

Considering the density of the industries in the region, and the lack of infrastructure, the existence of toxic 

pollution is an indisputable fact. Toxic pollution exerted from industrial facilities adversely influences the 

Mediterranean Sea. The chromium, lignite, iron, sulfur, and bauxite industry are the principal industrial polluters 

in the region. Adana is one of the developed provinces of the region. The sector in Adana has many branches 

such as; iron, glass, cement, weaving, food, chemical, agricultural vehicles, metalware, brick, and tobacco. 
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Mersin, which is located in the Mediterranean region, is a developed port city. There is an Ataş oil refinery in 

Mersin. 

 

In Antalya, ferrochrome manufacturing and oil factories are located. Heavy metal pollution due to the iron and 

steel industry and the oil spill problem in ports is the most critical environmental problems observed in Hatay 

[31, 32]. Heavy metal emission is the leading environmental issue of the marine environment [33]. Oil spills and 

seeps are other frequently seen diffuse pollution. Treatment plants must be modernized and their number should 

be increased. 

 

Today biological treatment is applied in all cities mentioned in this research. However, the population of these 

touristic cities is doubling, tripling in summers. Pretreatment is applied during peak times as a wastewater 

treatment process. Marine disposal follows processes such as screening, primary sedimentation, and grid 

removal.  

 

The infrastructure consists of the combined sewer system for whole cities. The Provincial Bank of Turkey 

announced that the treatment plants are essential. Besides, the Environment and Forestry Ministry of Turkey has 

issued many regulations for wastewater treatment according to the EU membership accession. Metal 

manufacturing is, unfortunately, the conventional industrial sources of environmental contamination. Heavy 

metals are a carcinogen, and they are accumulated in a variety of aquatic organisms [34-36]. At high 

concentrations, heavy metals are toxic chemicals. Moreover, at low levels, heavy metals exist as micronutrients 

[37]. 

 

One sample T-Test statistical test was implemented to categorize river water quality. The available pollution data 

is continuous and also distributed normally; therefore, the One-Sample T-Test is applicable. The mean observed 

values were already compared with the permitted values given by SWQMR to assess the pollution status. 

However, a more precise analysis requires the statistical test that is conducted to decide the real pollution status. 

Hence, the One-Sample T-Test results were applied to the gathered pollution data, and the results are shown in 

Table 2 - 5.  

 

Table 2. One-Sample T-Test results for the observed river BOD5 pollution data. 

 
 

Table 2 shows that Manavgat, Seyhan, Ceyhan, and Asi rivers are potentially in much worse status than what is 

appeared in terms of oxygen deprivation. When the average BOD5 concentrations are considered, although they 

have 2nd class water according to Turkish regulation, statistical analysis reveals that these rivers have the 

potential of 3rd class water quality which is a lower level in terms of oxygen deprivation. Similarly, Table 3 

shows the same situation for the Aksu, Manavgat, Seyhan and Ceyhan rivers considering the total phosphorus 

concentration. In terms of Nitrite Nitrogen concentrations, Aksu, Manavgat, Göksu, Ceyhan, and Asi rivers have 

a much higher potential (Table 4). When the Nitrate Nitrogen pollution is examined, it has been found that the 

pollution potential is higher especially in Manavgat, Seyhan and Ceyhan Rivers which are used in agricultural 

irrigation (Table 5). 
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Table 3. One-Sample T-Test results for the observed river Total P pollution data. 

 
 

 

Table 4. One-Sample T-Test results for the observed river NO2-N pollution data. 

 
 

Table 5. One-Sample T-Test results for the observed river NO3-N pollution data. 
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4. CONCLUSIONS 

 

The main problem in the region is the diffuse pollution, which is mainly due to agriculture and industry. Organic 

farming should be in priority to get rid of pesticide and over usage of nutrients. The excess nutrient loading 

causes eutrophication. Agricultural best management practices should replace traditional farming practices. 

 

Within this study, main rivers Aksu, Manavgat, Göksu, Seyhan, Ceyhan, and Asi were inspected since they are 

the most important ones among pollutant sources. Among the BOD5 and Total P loading, the Seyhan and Ceyhan 

Rivers is the leading one that needs to be protected. Rivers’ water quality can only be preserved using specific 

measures to improve water quality. The prior responsibility of the governors should be introducing an 

appropriate waste management system around the rivers. The results show that Antalya, Mersin, Adana, and 

Hatay provinces should rehabilitate their infrastructure systems and regulate municipal and industrial discharges 

and connect to treatment facilities appropriately. 

 

Pesticides and fertilizers used in agricultural activities are the most critical chemical pollutants for water. The 

amount of fertilizer used in Antalya, Mersin, Adana, and Hatay provinces is several times the average of Turkey. 

The discharge of untreated wastewaters firstly leads to a decrease of dissolved oxygen (DO) levels in the 

Mediterranean Sea. Statistical analysis applied in this study categorized river water quality by Class I, II, III, and 

IV, according to the Turkish Water Pollution Control Regulation. These quality classes are high-quality waters, 

light-polluted waters, polluted waters, and seriously polluted waters, respectively.  

 

Pollution in the Mediterranean also adversely affects habitat over time. Due to pollution, changes in the flow 

regimes in the water canals, and the physical formation of the Mediterranean Sea, species diversity in the habitat 

is gradually decreasing. Pollution prevention policies will help the protection of water quality in the 

Mediterranean Sea. Building the additional wastewater treatment plants and improvement of the existing 

treatment plants are crucial. 

 

The most significant cause of nutrient pollution is the traditional agricultural practices, which are outdated. 

Rapidly environmentally friendly agrarian technologies should be expanded. With best management practices, 

the discharge of nutrients from agricultural lands to the receiving river should be avoided. Increasing tourism 

potential should be supported by effective treatment methods and facilities, and nutrient pollution should be 

prevented. Statistical analysis shows that average pollution concentrations are not sufficient to determine the 

pollution level in rivers. The fluctuating changes and seasonal fluctuations in pollution loads indicate that 

potential pollution is much higher. 
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