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Abstract
The Mediterranean countries are characterized by a severe water imbalance, mainly in the summer months, especially those located in the North Africa and Middle East region. This imbalance in water demand versus supply is due mainly to the relatively and uneven distribution of precipitation, high temperatures, increased demands for irrigation water and the impacts of tourism. To alleviate water shortages serious consideration must be given to wastewater reclamation and reuse. The sustainable wastewater treatment and reuse is a continuous challenge. MEDAWARE project funded by the Euro-Mediterranean partnership, seeks to develop a methodology for the safe wastewater reuse in the countries of this region. Through this project a methodology which deals with the following issues is being developed: 1) the non-regulated use of treated water in agriculture, 2) the non-existing reuse criteria related to hygiene, public health and quality control, 3) the non-existing reuse criteria related to irrigation techniques, degree of wastewater treatment, and choice of areas and types of crops to be irrigated, 4) the lack of efficient control and monitoring of urban wastewater treatment plants, 5) the lack of trained personnel both in the competent authorities and the treatment plants and 6) the low level of awareness of the farmers and the public at large. 
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INTRODUCTION
Water is an environmental, social and economic asset and as such needs to be managed with the objective of conserving a common patrimony in the interests of the community at large. Thus it is necessary and important to guarantee water availability over time by means of sustainable forms of management, which will allow the Mediterranean countries to cope with present demands without jeopardizing environmental balance and the needs of future generations. 
The North African and Middle East Countries are characterized by the lowest per capita amount of water supply in the world, unequally distributed in space and time. The Mediterranean countries are characterized by a severe water imbalance, mainly in the summer months, especially those located in the North Africa and Middle East region, (Haddadin M.J., 2002). This imbalance in water demand versus supply is due mainly to the relatively and uneven distribution of precipitation, high temperatures, increased demands for irrigation water and the impacts of tourism.

The Mediterranean Water Chapter established in Rome in 1992, (Conference on Fresh Water Problems and Management in the Mediterranean Region, 1992) stressed the need to contribute towards the creation of new sources of water. The Declaration of the Euro-Mediterranean Ministerial Conference on local water management of Turin stressed the importance of integrating water resources management into sustainable development policies, (Declaration of the Euro Mediterranean Ministerial Conference on local water management, 1999). It also stated the need for a participatory approach that had to be encouraged involving civil society, including water users and organizations at local, regional and national level. Another main aspect of this declaration is the statement that water scarcity could be alleviated through mobilization of non-conventional water resources, such as reuse of wastewater. Another problem that these countries face is that there are no sufficient systems for urban wastewater treatment. Raw sewage is deposited into the sea, rivers, and pits or used for irrigation purposes endangering human health and environment as a whole. According to the Barcelona Declaration the Mediterranean cities that do not belong to EU and that have a population of more than 100,000 inhabitants must have installed adequate water treatment systems to treat their sewage by the year 2005, while those having a population of more than 50,000 inhabitants must do so by the year 2010, (The Barcelona Declaration of the Mediterranean NGOs for sustainable development, Euro Mediterranean Conference, 1995).   

THE PROBLEMS THAT NEED SOLUTIONS
To alleviate water shortages serious consideration must be given to wastewater reclamation and reuse. The sustainable wastewater treatment and reuse is a continuous challenge. In the Mediterranean countries, wastewater, at different level of treatment (raw, secondary or tertiary) is used alone or mixed with fresh water, mostly on forage and cereals but also sometimes on fruit trees and even vegetables, depending on national legislation and its enforcement. Concern for human health and the environment are the most important constraints in the reuse of wastewater. In several cases the wastewater is not properly treated due to the fact that the construction cost of efficient treatment systems is very high, especially for small and medium size communities, (Bazza, 2003). Of course many alternative solutions have been developed with the scientific and technological progress during the last years. However, the selection of the appropriate treatment technique that is tailored to the needs of each community means in several cases the involvement of qualified specialists. Moreover, in several cases the outflow of the wastewater treatment systems does not have a standard quality either because standard operating procedures are not followed, or because there is no qualified personnel able to overcome usual problems and to control/monitor the whole treatment procedure. 
In general, the main problem that can create significant obstacles in the safe reuse of the treated wastewater in agriculture is the lack of information of all the involved actors, namely:

· Governmental authorities: lack of legislation and guidelines on the reuse of treated wastewater

· Local authorities and authorities responsible in wastewater treatment: (i) lack of information on innovative cost effective technologies for wastewater treatment, (ii) difficulties in the development of technical specifications for the construction and operation of appropriate wastewater treatment systems (in terms of technology, size, quality of the outflow), (iii) difficulties in the development of specifications for the proper use of the final outflow, (iv) difficulties in finding the appropriate funds for the improvement of the wastewater treatment system

· Operators: lack of knowledge for the efficient operation, control and monitoring of the wastewater treatment system

· Farmers: lack of information on the health risks related to the use of treated wastewater and the appropriate management procedures

While the risks do need to be carefully considered, the importance of this practice for the livelihoods of countless farm smallholders must also be taken into account. The need to establish monitoring and control systems to ensure reuse of suitably treated water is quite essential, (Nurizzo, 2003). Currently, the need for capacity building and for intra-regional transfer of knowledge and experience in the Mediterranean countries is apparent. The actors involved in the water management cycle are not all equipped with the necessary tools, methodologies and know-how in order to be able to promote those urban wastewater treatment technologies (including innovative ones) that could be easily implemented and combined with recovery and reuse systems, the aim being the safe reuse of the treated effluents in the agricultural production. The personnel of the governmental competent authorities do not have the knowledge and technical skills needed for the effective implementation of best practices, control and monitoring of the treatment plants operation and also experience concerning socioeconomic instruments, standards and criteria that can facilitate the enforcement of sustainable schemes. Farmers and public at large are not familiar with the hazards that are related with the uncontrolled direct usage of raw sewage in land and crops irrigation. The special characteristics of these countries including gender, religious and cultural peculiarities are not elaborated and integrated in the overall management cycle to the necessary degree. 

Some of the negative effects of wastewater irrigation faced in the countries concerned are, (Water Policy Briefing, 2003):

· health risks for irrigators and communities with prolonged contact with untreated wastewater and consumers of vegetables and other crops irrigated with wastewater

· contamination of groundwater (nitrates)

· buildup of chemical pollutants in the soil (heavy metals)

· creation of habitats for disease vectors

· excessive growth of algae and vegetation in canals carrying wastewater (eutrophication) 

The efficient management of the operation of the urban wastewater treatment plants is crucial to the problems described above. Hence their operation needs to be under continuous monitoring and control by the operators themselves and the competent authorities as well. As far as the operation of treatment plants is concerned, the absence of standard methods for samplings, measurements and analyses does not allow for an unambiguous record of quantity and quality of waste that end up in natural recipients, water bodies and underground water, while at the same time unknown quality treated wastewater reuse ambushes many dangers for the environment and public health. The Competent Authorities in most of the countries concerned, at the moment, are not capable of being at any time aware of all data and information concerning the treatment plants. A prerequisite, which is at the moment absent, for the control and monitoring of all the activities taking place in relation to treatment and reuse, is the trained personnel of the authorities and the operators as well. 

Concluding, the main problems that have to be dealt with are:

· The non-regulated use of treated water in agriculture

· The non-existing reuse criteria related to hygiene, public health and quality control 

· The non-existing reuse criteria related to irrigation techniques, degree of wastewater treatment, and choice of areas and types of crops to be irrigated 

· The lack of efficient control and monitoring of urban wastewater treatment plants

· The lack of trained personnel both in the competent authorities and the treatment plants 

· The low level of awareness of the farmers and the public at large

Following all the aforementioned problems together with their interconnections are given schematically. 
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Figure 1: The Problem Tree  

THE STRATEGY THAT WILL LEAD TO THE SOLUTIONS 
According to the opinion of the authors, the overall strategy (Figure 2) that has to be followed in order to deal with the problems described above consist of three main sub-strategies, namely:

(i) Sustainable and Controlled Treatment Strategy: Technical support of authorities for the implementation of the appropriate technologies for treatment, (including evaluation of existing situation in respect to wastewater treatment, development of specifications for innovative urban wastewater treatment technologies and systems tailored to local needs) and technical support of authorities for the control and monitoring of the wastewater treatment plants (including guidelines, methodologies and tools)

(ii) Sustainable Wastewater Reuse Strategy: Technical support of authorities for the orthodological utilization of treated wastewater in the agricultural production and for the maximum utilization in a safe way of the treated effluents, development of guidelines for the safe reuse (for operators and farmers), etc. 

(iii) Best Practices and Effective Policies Promotion Strategy: Acquisition of knowledge and experience of scientifically sound and effective practices on urban wastewater treatment and reuse implemented in countries facing the similar problems and having similar characteristics, through compilation of useful material in a report and also through selected site visits. In addition effective socio-economic and legislative instruments applied elsewhere will be examined and success stories will be promoted. 

(iv) Education/Awareness Strategy: Training/Educating support of all actors involved in the wastewater treatment and reuse cycle (including training workshops, a discussion forum, conference, a guiding support software tool, brochures, leaflets, etc)
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Figure 2: Strategy Analysis Tree 

The MEDAWARE PROJECT 
The MEDAWARE project is a project funded by the Euro-Mediterranean partnership and more specifically by its Regional Program for Local Water Management. The countries that participate in the project are Cyprus (Agriculture Research Institute), Jordan (Jordan University of Sciences and Technology), Lebanon (American University of Beirut), Morocco (Chouaib Doukkali University), Palestinian Authority (Ministry of Environmental Affairs), Turkey (Istanbul Technical University and Middle East Technical University), Spain (CARTIF Technology Center) and Greece (National Technical University of Athens and Prospect Systems). The total duration of the project is 42 months with May 2003 being the starting month. The main objectives of the project are:
· The identification of the (i) existing situation prevailed in the participating countries in regards to water and wastewater management policy, (ii) the existing situation related to the operation of the urban wastewater plants and the effluent disposal methods and practices applied, (iii) the potential negative impacts caused by the non orthodological operation of the wastewater treatment and disposal methods applied with emphasis given to wastewater reuse in agriculture
· The development of specifications for the urban wastewater treatment technologies and systems and also for the wastewater agricultural reuse methods, the aim being the presentation of those, including innovative ones, where the effluent can be safely reused and easily adapted in the regional context. 
· The development of the appropriate tools and a database for the effective control and monitoring of the operation of the wastewater treatment plants and to develop relevant guidelines to ensure the safe operation of the wastewater treatment plants. 
· The development of a multi-criteria analysis user friendly software that will guide the responsible authorities to the most efficient solutions in terms of health and safety for the agricultural reuse of the produced effluent as well as in terms of sustainable operation of the treatment unit 
· Organization of a series of training workshops, conferences, pilot studies, etc., aiming at capacity building, information and know-how transfer and raise of awareness
· Establishment of a network between the authorities of the Med. Countries for the exchange of information and intra regional transfer of experience 
The expected results will be the intra-regional transfer of knowledge, the increase of awareness and education level on relevant problems and opportunities, reinforcement of capacity building to promote active involvement of all actors concerned in water planning and wastewater management, dissemination of information on the role and the effectiveness of training in spreading awareness in respect to opportunities for wastewater reuse, sustainable operation of wastewater treatment plants, environmental advantages and the training of all project target groups e.g workers, farmers, operators and competent authorities on the wastewater sustainable management and safe reuse. The work plan in order to implement the activities and to achieve the targets of this project as described is composed by 8 main tasks. A representative flow chart is given in the Figure 3. 
The successful implementation of the project will lead to the following overall results, which will benefit all actors involved in the urban wastewater management sector and also those involved in water planning: 

The proposed project addresses the issue of inexperience and lack of knowledge in respect to best practices and sustainable methods tailored to local needs, concerning urban wastewater treatment and it will improve this situation by providing knowledge, examples, know-how etc to all actors concerned

















Figure 3: Project’s methodology
· The project will document that the safe wastewater reuse is a feasible option with respect to environment, health, technology, organization, and economics and it will encourage the competent authorities to use recycled water sources for agriculture irrigation. 
· The project will inform and train all competent operators on the benefits and optimum use of recycled wastewater with special focus on the agriculture irrigation. The barrier of minimal demonstration will be addressed through the development of a Guiding Support Software Tool for the assessment and evaluation of safe wastewater agriculture reuse. 
· All actors involved in the wastewater management and water planning sectors will acquire useful and easy to use tools and methods, as well as training material and guidelines, which shall enable them to become familiar with sustainable wastewater treatment tailored to the specific needs of each country and also with the safe reuse practices and realize the benefits and advantages from the application of combined (treatment/reuse) schemes. This way they will gain the necessary scientific knowledge and experience that will facilitate them towards sustainable development. More specifically, the benefits from the combined schemes refer to: (i) water savings since utilizing recycled wastewater in agriculture will lead to minimized conventional water resources extraction and use, (ii) less environmental deterioration via the elimination of the reuse of raw wastewater for irrigation and (iii) minimization of health hazards from the consumption of crops irrigated by low quality wastewater. 
· Main actors that are involved in water planning and wastewater management shall be benefited in many ways by the implementation of the project. More specifically public and local authorities will be facilitated in their obligations to comply with sustainable policies related to water and wastewater issues, such as the promotion of sustainable development, the prevention of environmental deterioration and the preservation of natural resources. Moreover, they will be provided with a solution for sustainable management of wastewater, preserving in this way the natural water resources. Research Institutions and Universities shall be benefited from the development of the methodology and further sharpen their know-how and expertise. Consultants and engineers will acquire extremely useful tools, which shall enable them to become more competitive and provide accurate, comprehensive services. Companies active in the field shall further develop their scientific knowledge and experience in wastewater treatment and reuse technologies the aim being to apply the appropriate systems on certain regions, taking into account the data and information provided.
Suggestions for future developments
Water supply and sanitation will be one of the main future challenges in a world of growing population and industrialisation. The growing awareness of water resource scarcity, the competition for water resources and the negative impact of contaminated water on human health and the environment demand the development of adequate strategies in water management. Next to the development of new management strategies to supply fresh water, the issue of treating and recycling wastewater will play an important role in tackling the existing and occurring problems. 
Growing population and increasing urbanization is resulting in shortages of water supply for communities even in water-rich areas of the world (Earth Policy Institute, 2002). An approach to addressing this problem has been the introduction of wastewater reclamation and reuse. An integrated planning approach, considering economic as well as environmental and health issues, related to water reuse is essential to guaranty a success. Furthermore it has been shown that the issue of wastewater reclamation is discussed and implemented all over the world. 

Although wastewater has been used already for decades and even back in the ancient Greece in the Minoan civilization (ca. 3000 – 1000 BC), (Angelakis et al., 1999) the need for adaptations of the guidelines to the specific area of concern is high and still a challenge to all involved disciplines. The adaptation to the local conditions should increase the benefits and decrease the health risk. Furthermore this will result in a higher public acceptance which is crucial for implementation of reuse projects.

Wastewater reuse in agriculture has been shown as one important management issue for sustainable use of the limited freshwater resource, next to demand oriented water allocation and water desalination. Important, because of the potential economic and environmental benefits. It is necessary and worth to initiate and support wastewater reuse projects all over the world, since the population together with the food demand is growing steadily, whereas water availability will stay the same.
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