Situation of urban wastewater treatment plants in Turkey - A step towards promoting sustainable wastewater management
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Abstract

The major objectives of this paper are to identify the prevailing situation of water and wastewater issues to promote sustainable water and wastewater management efforts in Turkey. A detailed data inventory step has been followed by an evaluation on the existing urban wastewater treatment systems. Such an investigation could not be managed without a survey on the population distribution and the water resources. The study is based on the river basins of the country as basin wide approaches seem to be the most logical scale to deal with such environmental issues. The characteristics of each basin are found to be very different from each other which is mainly due to the variations in geographical structure, climatic conditions, and to the extend of industrial activities, proximity to the coastlines and greater municipalities. As a developing country, Turkey faces certain difficulties in having a well organized and systematic database concerning especially infrastructure facilities. Lack of information and/or reliance on available data together with data scattered among various governmental organizations make the task of partly improving and re- establishing a sustainable water and wastewater management strategy for the country. One of the targets of the paper is to promote such activities that would finally lead to a sustainable management of urban wastewater treatment plants in the country.
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INTRODUCTION
The paper is devoted to the outcome of part of an ongoing project which aims to strengthen wastewater management and utilization of the treated effluent for relevant purposes in a sustainable manner. The main objectives of the project are to identify the prevailing situation of water resources wastewater treatment and management in Turkey, to develop tools and database for the promotion of sustainable urban wastewater treatment, to improve the already existing national policy, and to establish guidelines to be utilized by the responsible authorities on the most efficient solutions regarding the operation of the wastewater treatment systems. The expected results will be the formation of a reliable database representing the prevailing situation in the country regarding water resources and wastewater treatment practices, the transfer of knowledge within the entire country through establishment of a network, the acceleration of public awareness and increase the education level on the probable problems, the strengthening of the active involvement of all related actors concerned in water planning and wastewater management. It is then that a successful national management strategy can be set and accomplished. The part that forms the basis of this paper will be on the first and the most important step leading to management strategies which is the identification of the existing situation regarding water resources and wastewater management applications in the country. A sustainable management strategy will be built upon the information database that will be formed through a detailed survey reflecting the current situation. Development of such a healthy database relies upon considering both the available water and wastewater resources. Watersheds are the most logical scales on which to undertake management of both resources (Reimold, 1998). Management strategies and approaches are actually a conscious social decision that provides for the long term well- being of the environment. The finite capacity of a watershed natural capital cannot meet the ever increasing demands of the socioeconomic system without a strategy of sustainable management. Therefore, the study will be based on river basins of the country. Unfortunately, the administrative boundaries of provinces do not usually coincide with river basin boundaries, and other institutional constraints can make the management at the watershed scale difficult, as is accepted universally (ESCAP-UN, 1997). The principles considered and the assumptions done during the development of the river basin map of the country and of the related tables on population, population density, water resources, wastewater generated, and existing wastewater treatment applications based on the river basins will be referred following a brief description of the country regarding water and wastewater resources at national scale. The results will be discussed and evaluated for continuation of the task towards sustainable water and wastewater management.

WATER AND WASTEWATER RESOURCES OF TURKEY
Turkey is a country located between the two continents, Europe and Asia. She has an approximate area of 770 000 km2, houses a total population of around 68 million with an average population density of 87 capita/km2. Turkey possesses 177 714 km of river, 203 599 ha of natural lakes and 179 920 ha of constructed dams and artificial lakes, the latter area being continuously increasing. The country's geographical and climatic variety reveal that its water supplies are often not to be found in the right place and at the right time to meet the ever increasing demand. Turkey can be classified as a country facing potential water stress, considering the fact that there might be serious water scarcity where the expandable annual drinking water reserves are around 1000 m3 per capita. The available amount of water per capita is 1735 m3, however, the overall potential is around 3690 m3 per capita (SHW, 2001). The overall situation of water supply within the country, according to 2000 data states that Turkey is divided into 3227 municipalities, of which 2359 have a drinking water network and only 143 of these municipalities have a drinking water treatment facility. Lacking infrastructure, insufficient number of treatment facilities, water leakage (32% of the total supply) and illegal water consumption (37% of total supply) hinder the efficient use of municipal water facilities (The SPO, 2001). The responsibility of constructing, operating and monitoring the sewage collection and treatment systems has been given to the municipalities since 1930. The Law dated 1981 on Municipalities Income has brought the concept of constructing sewage treatment plants being financially supported by land and construction owners, which has been further revised in 1985 through the Law of Public Works. The National Water Pollution Control Regulation dated 1988 dictates the receiving water standards of wastewater that are collected through sewage systems and that are treated either by means of dilution or through satisfactory treatment (www.yerelnet.org).
Till late 1990’s, the National Bank of Provinces has been in charge of realizing wastewater treatment plants within the framework of annual investment programmes according to instructions of the related municipalities. Those constructed plants were then transferred to the municipalities for operation. However, nowadays many associations like Greater Metropolitan Municipalities- Water and Sewerage Administrations-, The Ministry of Tourism, Southeast Anatolian Project (SAP) Administration, The General Directorate of Special Protection Areas, and General Directorate of Massive Housing deal with the investment of wastewater treatment plants. The Greater Metropolitan Municipalities especially those with high urban populations prefer to solve their wastewater treatment problems by utilizing foreign credits and by managing the investment period. In the year 2001, a total number of 118 wastewater treatment plants have been in operation in Turkey with a total annual capacity of 2548 million m3. Even though the total capacity has been stated as 2548 million m3, the calculated amount of treated sewage was 1245 million m3 which accounts to 49% of the total treatment capacity. 38% (468 million m3) of the total treated amount subjected to physical treatment, whereas 50% (618 million m3) to biological treatment and the rest 12% (159 million m3) to advanced treatment. 
According to a recent detailed survey conducted by the municipalities, 4523.3 million m3 of water has been supplied to the residential sites of 2991 municipalities in the year 2001. The total amount of annual wastewater originating from the whole country has been registered as 2737 million m3.  Almost 93% (2 532 million m3) of this amount discharged to the corresponding to sewage system arises from urbanized districts having a population over 15 000, whereas the remaining 7% (205 million m3) originate from rural areas with population less than 15 000 (SIS, 2001).
UNDERLYING PRINCIPLES AND ASSUMPTIONS OF DATA INVENTORY FOR EVALUATION OF WATER AND WASTEWATER POTENTIAL 
The State Hydraulic Works (SHW) categorizes Turkey into her river basins according to their respective drainage areas. Hence, the country is divided into 26 main hydrological basins as presented in Figure 1 and basin-wide master plans have been prepared. In order to calculate the population of each basin and the population served by municipalities together with the corresponding densities as stated in Table 1 obtained through overlapping of the two maps that administrative and river basin maps of the country. Hence, even the districts are divided among the respective basins. The population values are based on the data of the final census of year 2000. The total inhabitants in each basin are not served by the related municipalities. Therefore, the population that is served by municipalities and the percent distribution of the non-served population constitute the last two columns of the table. The corresponding values are gathered from the registered data of the municipalities and highly confirmed through the recordings of the State Institute of Statistics (SIS, 2003). Table 2 refers to information on the available water resources of the country. However, data on various kinds of water resources are lacking, the only officially registered data belongs to the stored water resources in each basin through the operation of dams (SHW, 1999). The total number of dams and their percent distribution among the basins together with the annual amount of stored water and its corresponding percent is presented in the table. Table 3 presents data on produced and treated wastewater in each basin. Population values of year 2000 are used to calculate the wastewater generated in the basins. The unit daily per capita wastewater flow rate is estimated according to the population of the residential areas. For example, in smaller communities with a population up to 5000 inhabitants, the unit load is assumed to be 80 l/capita/day, and for cities over 1 million of population, the respective unit load is estimated as 160 l/capita/day (Erdogan et al., 2003). The annual treated amount of wastewater is calculated by considering either the full capacity of the existing treatment plants that are in operation or the capacity of the sewerage systems. However, these values need checking and control by obtaining more reliable data from the Ministry of Environment and Forestry and from the individual municipalities in charge of operating the treatment plants. There exist a total number of 121 wastewater treatment plants, out of which 45 are only physical treatment systems, 69 biological and 7 advanced treatment systems (SIS, 2001).
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Figure 1. The river basins of Turkey
Table 1. Turkish river basins and their population characteristics

	Basin Nr.
	Basin Name
	Basin Area 
(km2)
	Population
(2000)
	Population Density
(capita/km2)
	Population Served

by Municipality
	Population not Served

by Municipality (%)

	1
	Meric Ergene
	14560
	980.905
	67
	660.992
	33

	2
	Marmara
	24100
	12.481.311
	518
	11.830.954
	5

	3
	Susurluk
	22399
	2.637.131
	118
	2.074.227
	21

	4
	Kuzey Ege
	10003
	751.113
	75
	479.919
	36

	5
	Gediz
	18000
	1.581.398
	88
	1.124.713
	29

	6
	Kucuk Menderes
	6907
	3.142.603
	455
	2.859.583
	9

	7
	Buyuk Menderes
	24976
	1.929.397
	77
	1.346.321
	30

	8
	Bati Akdeniz
	20953
	1.066.630
	51
	665.995
	38

	9
	Antalya
	19577
	1.882.851
	96
	1.562.103
	17

	10
	Burdur Goller
	6374
	292.840
	46
	199.113
	32

	11
	Akarcay
	7605
	500.979
	66
	409.266
	18

	12
	Sakarya
	58160
	6.101.234
	105
	5.356.166
	12

	13
	Bati Karadeniz
	29598
	1.959.308
	66
	1.051.372
	46

	14
	Yeşilirmak
	36114
	3.003.142
	83
	1.912.931
	36

	15
	Kizilirmak
	78180
	4.167.766
	53
	2.629.720
	37

	16
	Konya Kapali
	53850
	3.048.395
	57
	2.549.023
	16

	17
	Dogu Akdeniz
	22048
	1.768.047
	80
	1.467.997
	17

	18
	Seyhan
	20450
	1.544.830
	76
	1.335.974
	14

	19
	Asi
	7796
	1.332.737
	171
	1.024.437
	23

	20
	Ceyhan
	21982
	2.286.178
	104
	1.729.562
	24

	21
	Firat
	127304
	6.910.866
	54
	4.784.750
	31

	22
	Dogu Karadeniz
	24077
	2.882.208
	120
	2.020.864
	30

	23
	Coruh
	19872
	432.259
	22
	203.747
	53

	24
	Aras
	27548
	808.570
	29
	344.713
	57

	25
	Van Kapali
	19405
	874.524
	45
	531.326
	39

	26
	Dicle
	57614
	3.349.716
	58
	2.391.857
	29

	Total
	
	779452
	67.716.938
	87
	52.547.625
	22


Table 2. Stored water sources for Turkish river basins

	Basin Nr.
	Number of Dams
	Distribution of Dams

(%)
	Annual Stored Water
(hm3)
	Distribution of Stored Water

(%)

	1
	21
	2.88
	1817
	*

	2
	58
	7.95
	2894.5
	1.17

	3
	26
	3.56
	3848
	1.56

	4
	15
	2.05
	797
	*

	5
	16
	2.19
	3565.9
	1.44

	6
	17
	2.33
	1697.7
	*

	7
	22
	3.01
	2739.9
	1.11

	8
	25
	3.42
	1830
	*

	9
	14
	1.92
	2858
	1.16

	10
	9
	1.23
	161.7
	*

	11
	3
	0.41
	172
	*

	12
	45
	6.16
	6827.9
	2.77

	13
	28
	3.84
	2784
	1.13

	14
	44
	6.03
	6194.9
	2.51

	15
	78
	10.68
	23774.3
	9.63

	16
	25
	3.42
	2800.8
	1.13

	17
	11
	1.51
	10173.5
	4.12

	18
	18
	2.47
	6124.5
	2.48

	19
	8
	1.10
	1086.5
	*

	20
	27
	3.70
	8229.3
	3.33

	21
	89
	12.19
	112193.2
	45.45

	22
	41
	5.62
	1491.6
	*

	23
	21
	2.88
	7467.3
	3.02

	24
	20
	2.74
	4085.2
	1.65

	25
	7
	0.96
	608.7
	*

	26
	42
	5.75
	30630.5
	12.42

	Total
	730
	100
	246853.9
	100


*Less than 1 percent
EVALUATION OF DATA GATHERED AND PRODUCED

Out of 26 river basins, the smallest and the largest ones are number 10 and 21, respectively. The largest one is expectedly the one that involves GAP region – South-Eastern Anatolian Project - where the largest dam of the country, the Ataturk Dam which is at the same time stated as ranked in the top 10 largest dams of the world. Besides this dam, there are on the whole a total number of 89 dams in this basin. In terms of population, number 2 which presents Marmara region, is the leader with an approximate value of 12.5 million inhabitants. The basin governs the industrial development thus in turn, has the highest share in the economical power of the country. Istanbul, being the most crowded province of the country, is located in this basin that houses 45% of the industries in its vicinity. While the average population density of the country is calculated as 87 capita/km2 this value in the Marmara region is 518 capita/km2. Such a high density points out why the region is that attractive for residing which is basically due to the ease of transportation and 
Table 3. Information on generated and treated wastewater in Turkish river basins

	Basin Nr.
	Generated Wastewater
(m3/year)
	Percent of Total Wastewater Generated
(%)
	Treated Wastewater
(m3/year)
	Percent of Total Wastewater Treated
(%)
	Percent of Wastewater Treated of Individual River Basin
(%)

	1
	34 985 936
	1
	0
	-
	-

	2
	668 796 450
	22
	375 194 855
	26.6
	56.1

	3
	121 645 665
	4
	65 626 316
	4.7
	53.9

	4
	26 701 962
	1
	9 235 400
	0.7
	34.6

	5
	63 024 085
	2
	16 848 520
	1.2
	26.7

	6
	161 026 061
	5
	159 019 518
	11.3
	98.8

	7
	76 572 439
	3
	17 989 408
	1.3
	23.5

	8
	39 557 224
	1
	7 649 315
	0.5
	19.3

	9
	84 488 023
	3
	33 581 405
	2.4
	39.7

	10
	9 901 552
	0
	4 460 000
	0.3
	45.0

	11
	19 914 542
	1
	16 425 000
	1.2
	82.5

	12
	299 262 969
	10
	253 319 680
	18.0
	84.6

	13
	73 862 371
	2
	11 172 260
	0.8
	15.1

	14
	119 380 424
	4
	12 592 800
	0.9
	10.5

	15
	158 258 043
	5
	76 969 390
	5.5
	48.6

	16
	126 132 159
	4
	26 688 639
	1.9
	21.2

	17
	84 956 440
	3
	69 032 315
	4.9
	81.3

	18
	84 300 305
	3
	65 590 163
	4.7
	77.8

	19
	54 031 081
	2
	10 950 000
	0.8
	20.3

	20
	102 192 614
	3
	34 618 223
	2.5
	33.9

	21
	287 974 298
	10
	120 212 039
	8.5
	41.7

	22
	106 213 180
	4
	9 914 504
	0.7
	9.3

	23
	14 678 971
	0
	0
	-
	-

	24
	28 467 730
	1
	2 185 620
	0.2
	7.7

	25
	34 783 493
	1
	8 822 031
	0.6
	25.4

	26
	138 735 392
	5
	0
	-
	-

	Total
	3 019 843 409
	100
	1 408 097 401
	100.0
	


location of the major industries. The second crowded basin is the Firat basin with an approximate value of 7 million which is in proportion with its area. Basin number 12, the Sakarya basin is ranked in the third row in terms of population load where Ankara, the capital city being the second crowded province of the country is located in the basin. Similarly, this basin also bears some major industrial districts and is the neighbour of Marmara region. Regarding the population densities, the second ranked basin is number 6, Kucuk Menderes, with a value of 455 indicating overpopulation. Izmir, the second crowded and highly industrialized province of the country located at the Aegean Sea coast is located in this basin. The least population densities are observed in the basins of number 23 and 24 with values of 22 and 29 capita/km2, respectively. The other highly less population densities are shared by basins number 25 and 10. with values of 45 and 46 capita/km2. These basins are Van Kapali and Burdur Goller. Such regions with the lowest population densities are regarded as under populated regions compared to the average population density of the country. Basin number with a comparatively lower density profile is a consequence of its lowest area. However, the remaining 3 basins are located at the eastern part of the country that face certain constraints like unsuitable geography, unfavourable climatic conditions, terrorism activities and lack of sufficient industrial activities.
As mentioned previously, the water demand of the population in the country is supplied by the municipalities, but as Turkey is still a developing country, not all the population is served by the local municipalities due to lack of infrastructure and sufficient financial support. Almost 80% of the whole population are benefited from municipal service. The maximum water supply systems attained through the municipalities belong to those basins that are highly populated and industrialized like Marmara and Kucuk Menderes basins. Basins that were listed as having the least population densities receive the least municipal aid with around 50 % in terms of water supply. The water demand of the population has not been officially calculated, but some researches have been carried out, stating that the demand varies between 110 - 200 l/capita/day (Erdogan et al., 2003). The Firat (Euphrates) basin bears the maximum number of dams and shares almost 50 % of the total annual water stored in the country. Basin number 26, Dicle (Tigris) basin near number 21 consists of a number of 42 dams. All the dams constructed in basins 21 and 26 are those located on the two significant trans-boundary rivers of Tigris and Euphrates. The longest river of the country, Kizilirmak, is located in basin number 15 and consists of a number of 78 dams. The dams on Kizilirmak, Tigris and Euphrates have a total water storage capacity of almost 70% of the country. There exist only three dams in basin number 11, Akarcay, followed by basin number 25, Van Kapali with seven dams. Even though there are 58 dams in the Marmara basin, the water storage capacity contribute to only 1% of the water storage capacity of the country 
Wastewater production values basically depend on the population and industrialization load, which is also reflected in Table 3. The basins, Marmara and Sakarya that are ranked as over-populated and highly industrialized generate the maximum amount of wastewater. These two basins account to one third of the total wastewater generated. Firat (Euphrates) basin contributes to 10% of the total wastewater, which is due to its high population attributable to its basin area. Two basins numbered 10 and 23 have insignificant contribution to total wastewater generation. Burdur Goller, being the smallest and the least populated basin is expectedly ranked as the least effective basin regarding wastewater amount. Coruh river basin has been accounted as the basin with the lowest population density. 
Almost 50 % of the wastewater generated in the country has been managed to be partly and fully treated. River basin number 6 is the only basin that completely treats its wastewater. This basin is followed by basins number 12, 11, and17 that treat more than 80 % of its wastewater. These three basins are those that are highly populated and industrialized indicating the socio-economic welfare of the regions. There appear 3 basins that do not have any wastewater treatment facility. Comparatively negligible wastewater is generated in basins number 23 and 1. The highest amount of treated wastewater belongs to basin 2, Marmara region which also accounts to the highest amount of wastewater. However, almost 40 % of its wastewater is still need to be treated. Despite the intensive efforts of the Greater Municipality of Istanbul to improve its sewerage systems, it cannot cope with its huge wastewater generation. 
Out of the 121 treatment plants in Turkey, 45 of them are preliminary treatment systems equipped with grit chambers and settling tanks, 69 of them are biological treatment systems containing activated sludge units and extended aeration tanks, and 7 of them are advanced treatment systems. Advanced biological treatment facilities are only being operated in river basins number 2, 6, 9, and 16. Generally speaking, no significant correlation exists between the number or type of treatment plants and the population density of the respective river basins. On the other hand, one may conclude that most treatment facilities are located in Istanbul and Izmir, i.e. the more industrialized regions with high population density, as well as in Antalya --centre of tourism- and Konya region (basin 16) of huge agricultural activities. Another noticeable fact is that most of the treatment facilities located in the river basins of the Black Sea region are just preliminary treatment systems with only physical treatment units. Sea outfall discharges are preferred at the Black Sea Coast of the country due to the geographical structure of the region and to the suitability of the sea to receive preliminary treated wastewater. Those located in the Mediterranean region are mainly biological. The region is quite sensitive as is known to be a tourism area. It receives financial support from the authorities to deal with sewerage systems.
CONCLUDING REMARKS
In order to fully understand a country’s particular water and wastewater issues and to have an overall picture of the facilities, a detailed research on the prevailing situation should be conducted. This study forms an example on such an identification procedure for Turkey. During the data inventory stage of the study, the difficulties faced rather contribute to the fact that the required data and information were highly scattered among the State Authorities and not collected at a single organization. It was a time-consuming task to gather all necessary available data. Besides, some of the data have to be estimated based on literature survey and personal contact with the related governmental personnel. Part of the data necessitate confirmation and are considered to be less reliable. Proper recordings of data still lack and needs formation of a systematic database that can easily be accomplished even by public. Infrastructure developments should be immediately involved in the databank and all the obtainable information must be up-dated. 
Regarding the findings of the survey, it can be seen that there is an imbalance in population distribution of the country, making the water and wastewater issues a difficult task. Most of the population is settled around the coasts of the country and the highly industrialized regions. Among the many reasons of this fact, the most important ones may be referred as climatic conditions, geographical structure, existence of transportation network, fertility of land, and political aspects.
Sustainable wastewater management can be promoted unless the existing situation is well defined. It also necessitates the investigation of the national monitoring and control acts, as without an idea on the national water and wastewater policies it is very hard to establish a healthy and satisfactory management strategy.
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