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Abstract

The Mediterranean countries are characterized by a severe water imbalance, 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. In this paper, the analysis of a series of examples of successful wastewater schemes which include sustainable treated wastewater reused is presented. The criterion for selecting these best practices has been the contribution of the system into the overall increase of wastewater reuse in the country implemented. The effect of potential success factors and parameters has been looked into in order to realize why the implementation of these systems was proven to be highly efficient and successful.

Introduction

This paper refers to the collection and analysis of information regarding previously implemented methodologies, schemes and good practices with respect to urban wastewater treatment, and effluent reuse, both in countries in the Mediterranean basin and elsewhere, paying special attention to the disinfection requirements of these waters to be used in the agricultural production. This examination has been carried out in the frame of the MEDAWARE project funded by the Euro-Mediterranean partnership and more specifically by its Regional Program for Local Water Management (http://147.102.83.100/projects/meda/meda.htm) whose main objectives are the development of the appropriate tools for the effective control and monitoring of the operation of the wastewater treatment plants and the development of relevant guidelines to ensure the safe operation of the wastewater treatment plants and also the safe reuse of the treated effluent. 

Current Situation on Wastewater Treatment and Agricultural Reuse in Mediterranean Region

Focusing our study on the Mediterranean countries, these are characterized by a severe water imbalance, especially the ones located in the North Africa and Middle East region. Irrigation reuse appears as an adequate strategy to dispose of the effluents of conventional wastewater treatment plants.

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. 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 (1).
The Mediterranean region is characterised by the low level and irregularity of water resources, both through time (summer drought, interannual droughts) and through space (dry in the South). The region includes 60% of the world population with renewable national natural resources of less than 1000 m3 water/inhabitant/year. The strong growth in urbanisation, tourism, irrigation and population can only increase tensions in many countries and regions where consumption has already reached the amount of available resources.

On the other hand, the volume of wastewater is also increasing in the Mediterranean region. Large areas may be supplied with recycled water which may also be used for different other purposes depending on the demand, the water characteristics, its suitability, etc. Consequently, there is a major potential use of recycled water in the region. It is, however, essential that the development of water reuse in agriculture and other sectors be based on scientific evidences of its effects on environment and public health. Although several studies have been conducted on wastewater quality and for different purposes, currently, there are no regulations of water reuse at a Mediterranean level. With the development of tourism and Mediterranean food market, there is a need for sharing a common rationale for developing water reuse criteria on both sides of the Mediterranean (2).

In this document some examples of the potential benefits of wastewater reuse in different countries will be presented. Naturally, they are most obvious for the arid areas, but the general increasing pressures on water resources all over the world, should also make wastewater reuse attractive in other areas.
Best practices and success stories in agricultural reuse of urban wastewater

Reclaimed wastewater can be used for a number of options including agricultural irrigation, landscape irrigation, groundwater recharge and industrial processes. Water quality requirements for reuse alternatives vary depending on the extent of potential public exposure.
Water has recorded indisputable progress in recent years in the Mediterranean. Some concrete recent noteworthy examples can be pointed out in some Mediterranean countries, both nationally and locally. These examples show the considerable benefits that wastewater reuse can produce. These benefits are both financial (savings in very costly heavy infrastructures), economic and social (wastewater reclamation and reuse process, if it is well managed, may for example allow agricultural incomes to be improved and give better access to water for the least well-off) and environmental (reducing pressure on, and even restoring, ecosystems and resources).

An example about the above-mentioned is the strategy of irrigation water saving in Tunisia. In Tunisia a gradual approach has been adopted to expand the reuse since mid 1960s. Nowadays, out of 61 treatment plants that treat 140 Mm3/yr, 41 have a capacity less than 3,500 m3/d and 10 above 10,000 m3/d, Choutrana being the largest with 120,000 m3/d. Five treatment plants are located in the Tunis area, producing about 62 Mm3/yr or 54% of the country's treated effluent. Tunisia undertook a water saving policy at an early stage for both urban and agricultural needs. In this way it met the problem of scarce physical resources caused by the lack of large catchment areas. The essential result of this strategy has been the stabilisation of water used for irrigation for more than six years in spite of the size and development of its irrigated agricultural sector, of seasonal peaks and an unfavourable climate (droughts). This has enabled the needs of both the tourism sector, that brings in foreign exchange, and the household sector, to ensure social stability, to be met (3).

In Cyprus the wastewater generated by the main cities, about 25 Mm3/yr, is planned to be collected and used for irrigation after tertiary treatment. An amount of about 10 Mm3 is conservatively estimated to be available for agricultural irrigation. The cost of recycled water is low, about 0.13 €/m3. This will allow irrigated agriculture to be expanded by 8-10% while conserving an equivalent amount of water for other sectors (4).
An interesting case in Cyprus is the reclamation plant located in Cavo Greco area (Figure 1), between Ayia Napa and Paralimni, operating since 2002. Since the plant has been in operation, the effluent is being used for irrigation of agricultural land in Paralimni where potatoes are mostly cultivated. The treated water is also used by the hotels and the Municipalities for the irrigation of gardens and parks during the summer season. The total cost of the reclamation plant has been 14,4 million €, out of this 5,9 million €, is the cost of the tertiary treatment plant with the reuse network and pumping station. The cost for the production of tertiary treated water is around 0.50 € per cubic meter (34 cents for secondary treatment and 16 cents for tertiary treatment). The Sewerage Board of Paralimni and Ayia Napa sells this water at the price of 0.25 €/m3 for the hotels and 0.10 €/m3 for agriculture.
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Figure 1: Different views of the Ayia Napa-Paralimni (Cyprus) treatment plant: a) pre-treatment; b) aeration tank; c) storage tank (secondary treated water). (Source: report on task 3 Medaware project, by ARI partner).

Egypt has developed a participative approach for the management of irrigation and modernisation of technology in the irrigated areas of the Nile valley which have enabled it to gradually deal with the pressure on the resource. The technology uses modern equipment and bottom-up irrigation management with centralised control, simplification of the system, and above all the involvement of user organisations in decision-making, management, upkeep and maintenance through intensive training.

A series of field experiments carried out in Israel (5), verified that drip technology, primarily subsurface drip irrigation, can be combined with effluent disposal and meets, simultaneously, water shortage problems and environmental contamination control standards. Proper effluent filtration at the head control component will prevent emitting clogging. The dryness of the soil surface under subsurface effluent disposal minimizes any contamination risk. The limited fruit contamination indicates that delayed harvesting after last irrigation can be an additional acceptable safety barrier.

Dan Region project in Israel seems to be the largest and most remarkable one with 120 million m3/yr capacity, post-treatment water handling and reuse applications (e.g. groundwater recharge, reservoir storage, soil aquifer treatment, direct irrigation, etc). An average agricultural area of 16,000 ha is irrigated with this reclaimed water. Efluents of biological treatment including nutrient removal are recharged into the groundwater aquifer by means of spreading sand basins for additional polishing and long-term storage. The products cultivated in irrigated areas are field-crops (cotton, cereals, sunflower, etc.), fruit plantations and vegetables, flowers aimed for export. The price of the water is 0.36 €/m3.
Most of the current wastewater reuse applications for agricultural irrigation are of small scale in Turkey (3).  In most cases, treated wastewater is discharged to a creek or a stream.  Farmers generally withdraw water from these water bodies to irrigate their fields. Therefore, wastewater is reused indirectly for agricultural purposes. Facilities tailored towards wastewater reuse in agriculture are gaining importance in Turkey.  However, such projects are currently in the design and construction stages.  An example is Siverek. In this region an integrated project has been proposed that includes the renewal and construction of a sanitary sewer system, a wastewater treatment plant, and an irrigation network for wastewater reuse.  It is intended to irrigate 350 ha of land, of which 250 ha are crops (cotton, wheat, eggplants, pepper, tomato, cabbage, carrot, spinach) and 100 ha are fallow land, with the reclaimed wastewater.
In Spain, a very interesting case is the Santa Cruz de Tenerife wastewater reclamation system. The Santa Cruz wastewater treatment plant treats the domestic effluents from the metropolitan area of the city (350,000 inhabitants). The wastewater treatment includes a pretreatment, a primary treatment and an activated sludge system. The effluent from the treatment plant is transported by gravity to a pumping station, from where it is pumped to a gravity transportation reservoir. From there, a completely filled gravity 61 km pipe transports the reclaimed wastewater to the south of the island, an area with plenty of agricultural activities, for crop irrigation. Because water is reused fairly far from the city of Santa Cruz, it is then necessary to store water in two deep reservoirs of 50,000 and 250,000 m3, respectively. In order to improve wastewater quality, at 10 km from the inlet there is injection of fresh water saturated in dissolved oxygen, after which a fast nitrification process usually appears (less than two hours of space time). The price of the final reclaimed water is 0,45 €/m3.
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Figure 2: Santa Cruz de Tenerife reclamation system: a) Tenerife wastewater treatment plant;

b) water transport pipes. (Source: hispagua.cedex.es) (6).

Some local cases of progress in water use management have been noted in various regions or Mediterranean countries. For example, Rabat-Casablanca in Morocco has experienced a substantial drop in the rate of growth in water use, in spite of the high and growing urbanisation, by using measures to repair and find leaks in the system, setting up a banded pricing system to make consumers more responsible and with welfare provision for the poor, but with the supply of water routinely metered, and an intense public awareness campaign for water saving (3). 

The high-basin region of the river Guadiana in Spain has seen a rise in alluvial ground-water and springs running again in spite of high growth in irrigation since new regulations were introduced for pumping from bore holes including various measures for protection, warning, effective sanctions, permits etc. This was combined with compensation for loss of income for those using irrigation and financial incentives for using water saving technologies or planting crops that need less water (3). 

Selection of wastewater reclamation facilities

The selection of wastewater reclamation facilities is dependent upon specific treatment objectives and desired effluent quality. The simplest treatment system involves solid/liquid separation processes and disinfection whereas more complex treatment systems involve combinations of physical, chemical and biological processes employing multiple barrier treatment approaches for contaminant removal. An overview of the major technologies that are appropriate for wastewater reclamation and reuse systems is shown in Table 1.

Table 1: Processes and operations used in wastewater reclamation

	Process
	Description
	Application

	Solid/liquid separation

	     Sedimentation
	Gravity sedimentation of particulate matter and precipitates from suspension by gravity settling
	Removal particles from wastewater that are larger than about 30 m. Typically used as primary treatment and downstream of secondary biological processes

	     Filtration
	Particle removal by passing water through sand or other porous medium
	Removal of particles from wastewater that are larger than about 3 m. Typically used downstream of sedimentation (conventional treatment), or following coagulation/flocculation

	Biological treatment

	     Aerobic biological 

     treatment
	Biological metabolism of wastewater by microorganisms in an aeration basin or biofilm (trickling filter) process 
	Removal of dissolved and colloidal organic matter from wastewater

	     Oxidation pond
	Ponds with 2 to 3 feet of water depth for mixing and sunlight penetration
	Reduction of suspended solids, BOD, pathogenic bacteria and ammonia from wastewater

	     Biological 

     nutrient removal
	Combination of aerobic, anoxic and anaerobic processes to optimise conversion of organic and ammonia nitrogen to molecular nitrogen (N2) and removal of phosphorous
	Reduction of nutrient content of reclaimed wastewater

	Table 1 (continued)

	Process
	Description
	Application

	Advanced physical treatment

	     Activated carbon
	Process by which contaminants are physically absorbed onto the surface of activated carbon
	Removal of hydrophobic organic compounds

	     Air stripping
	Transfer of ammonia and other volatile constituents from water to air
	Removal of ammonia nitrogen and some volatile organics from wastewater

	     Ion exchange
	Exchange of ions between an exchange resin and water using a flow through reactor
	Effective for removal of cations such as calcium, magnesium, iron, ammonium and anions such as nitrate

	     Chemical

     coagulation and

     precipitation
	Use of aluminium or iron salts, polyelectrolytes, and/or ozone to promote destabilization of colloidal particles from reclaimed wastewater and precipitation of phosphorous
	Formation of phosphorous precipitates and flocculation of particles for removal by sedimentation and filtration

	     Lime treatment
	Use of lime to precipitate cations and metals solution
	Used to precipitate phosphorous and modify pH

	     Membrane filtration
	Microfiltration, nanofiltration and ultrafiltration
	Removal of particles and microorganisms from water

	     Disinfection
	The inactivation of pathogenic organisms using oxidizing chemicals, UV light, caustic chemicals, heat or physical separation processes (e.g. membranes)
	Protection of public health by removal of pathogenic organisms


Source: Adapter from Asano, 1998 (7)

The most attractive usages of reclaimed water include irrigation of edible crops or golf courses, but these uses require disinfection of wastewater so as to comply with relevant regulations. The purpose of disinfection is to reduce the population of organisms in the wastewaters to levels low enough to ensure that pathogenic organisms will not be present in sufficient quantities to cause disease when discharged or reuse. However quality standards are also affected by the irrigation option chosen, for example, a lower microbiology quality can be accepted if spray irrigation is used only for crops not to be raw-consumed, while in the same situation no-contact irrigation has to be implemented for other crops.

There are a number of chemicals and processes that will disinfect wastewater, but none are universally applicable. The disinfection methods generally considered for use consist of chemical methods (chlorine, chlorine dioxide, peracetic acid and ozone), physical methods (UV irradiation and membrane microfiltration), and biological methods (ponds). Disinfection systems are known to be very sensitive to wastewater quality. Suspended solids concentration in the effluent is a critical parameter and effluents can be classified according to that parameter in a first approach in order to choose the better disinfection system in each situation. A good practice in this case is the injection of fresh water saturated in dissolved oxygen (DO) that improves reclaimed wastewater quality during transportation (reduction in salinity and organic matter content). The DO injected with the fresh water provokes a nitrification-denitrification process. The appearance of oxidized nitrogen compounds inhibits the generation of sulphide and the reduction in ammonia nitrogen content results in a less chemical products requirement for disinfection.

Chlorination/dechlorination has been the most widely used disinfection technology until now but following the discovery that chloride may produce harmful by-products, alternative disinfectants are being considered worldwide for meeting the sanitary standards required for wastewater discharge and reuse. UV radiation is becoming a more and more accepted alternative to conventional chemical disinfection. UV-light has proved cost-effective and environmentally friendly but there are cases when ozonation should be considered as a competitive alternative (removal of organic compounds, colour, etc.).

The abovementioned conventional disinfection procedures are fairly effective, but in the Mediterranean countries, low technology techniques, such as lagooning and infiltration-percolation, are sometimes more reliable because of the lower cost that these systems suppose. The effluent microorganisms are eliminated here by mechanical filtration, adsorption and microbial degradation. The major disadvantage of these techniques is the big amount of space required.

The cost of water reclamation and reuse

Wastewater reclamation costs are usually not well documented. A problem associated to wastewater reclamation projects, is that the real cost is usually considerably higher than the estimated previously. The development of a cost estimate must include projections of capital costs, annual operation and maintenance costs and life cycle cost. Life cycle costs are useful in comparing the economic feasibility of alternative water resources projects over a specific time period (7).

The production of reclaimed water for fodder, fibre, seed crops and vineyards irrigation requires the lowest level of treatment and, as a result, generates the least reclamation costs. On the other hand, agricultural food crops, parks, playgrounds and schoolyard irrigation and non-restricted recreational impoundments reuse options, require a pathogen-free effluent. To upgrade secondary wastewater treatment plants to produce the desired product quality, chemical addition, coagulation, filtration and disinfection facilities must be provided. Operation costs appear to be strongly influenced by different disinfection options and quality targets. Incremental treatment costs for the additional treatment processes beyond secondary treatment required to produce reclaimed water suitable for unrestricted use will range from 0.06-0.14 €/m3 depending upon facility capacity and process configuration (7).

Certain economics of scale may be realized for reclamation plants in function of their capacity range. Incremental unit capital costs for small reclamation plants are greater than those for larger facilitates. Because ancillary equipment costs do not increase linearly with plant size, the cost of supporting facilities is a major component for small reclamation plants, thereby contributing to the disproportionately high unit costs.

Avoiding problems by application of good reuse practices

Successful development of a water reclamation and reuse project requires careful planning and depends on many factors, not all of which are under the control of project owner or manager. Identification of large customers of reclaimed water and a realistic assessment of their water demand is crucial for project development. Water quality requirements of all customers must be evaluated. If these requirements cannot be met, especially for large potential customers, project feasibility is questionable (9).

Another problem associated to wastewater reclamation is that the real cost of the projects are usually considerably higher than the estimated previously. This is in large part a result of insufficient planning before design and construction of water reclamation projects. Once the wastewater reclamation and reuse system has been built and is operating, it is also necessary to take into consideration a code of good practices in order to avoid any possible problems related to the use of this water (9). First of all, it must be taken into account that reclaimed wastewater must only be reused for the uses for which permit was issued. When reclaimed water quality does not meet the fixed standards, reuse must cease. In all the cases, quality monitoring and process controls should be supported.

Referring to parameters and conditions to be controlled in wastewater reuse facilities, some of the most important are the control of metals (Cd, Mo, Se) and boron contents, the relative situation of groundwater and surface water, the irrigation type (e.g., sprinkler irrigation should not take place in strong winds), characteristics of wastewater reclamation facility, origin of wastewater and final use for this water (crops irrigation, industry, etc.). From the point of view of reclamation plant operation it is necessary to optimise performance of the filtration process to maximize the effectiveness of disinfection. Disinfection systems are known to be very sensitive to wastewater quality and suspended solids concentration in the effluent is a critical parameter. Routine inspections of reclaimed water facilities, including facilities located on the property of end users and the preparation and implementation of a preventative maintenance plan are other aspects to consider when working with reclaimed wastewater.

Conclusions

The increasing scarcity of water in the world along with the rapid population increase in urban areas gives reason for concern and the need for appropriate water management practices. Very little investment has been made in the past on sewage treatment facilities; water supply and treatment often received more priority than wastewater collection and treatment. However, due to the trends in urban development, wastewater treatment deserves greater emphasis. Currently there is a growing awareness of the impact of sewage contamination on rivers and lakes; wastewater treatment is now receiving greater attention from the World Bank and the various international regulatory bodies. 

According to the World Bank, “The greatest challenge in the water and sanitation sector over the next two decades will be the implementation of low cost sewage treatment that will at the same time permit selective reuse of treated effluents for agricultural and industrial purposes”. It is crucial that sanitation systems have high levels of hygienic standards to prevent the spread of disease. 

There are still plenty of needs in this area for research to improve or optimize the current methods of wastewater treatment. The result of increased attention to this topic will improve the health, economic, and agricultural factors of the developing community.
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