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Abstract

As it is widely known and accepted, water is an essential and basic human need for urban, industrial and agricultural use and has to be considered as a limited resource. Only 1% of the total water resources in the world can be considered as fresh water and by 2025 it is estimated that nearly one-third of the population of developing countries (ca. 2.7 billion people), will live in regions of severe water scarcity. As a result, the amount of fresh water used in irrigation has to be reduced, in order for the domestic, industrial and environmental sector to survive. Additionally, human interference causes water pollution, e.g. by industrial effluents, agricultural pollution or domestic sewage, which will increase. As a result the world's primary water supply will need to increase by 41% to meet the needs of all sectors which will be largely due to the increase in the world population. Water reuse and recycling are the only solutions to close the loop between water supply and wastewater disposal. Within the past years, the cost of treating wastewater to a high quality has reduced to feasible. Consequently, in many parts of the world reclaimed water is used as a water resource. This paper aims at providing a brief overview of the various treatment technologies that may produce treated wastewater able to be reused and information on the reuse standards applied in Cyprus and Morocco. This work has been compiled in the framework of the MEDAWARE project which is a MEDA project funded by the Euro-Mediterranean partnership and more specifically by its regional programme on water development. The objective of this project is not to develop new scientific insight but rather to disseminate information and train all the stakeholders involved in the wastewater and water management sector on sustainable wastewater treatment and reuse. 
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1. Introduction 
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. In addition, one of the Millennium Development Goals, the key commitments of the Johannesburg Summit in 2002, is that “b<y the year 2015, the number of people without proper sanitation should be reduced by 50%". This target can only be realized by widespread implementation of proper wastewater treatment technology. Therefore the establishment of wastewater treatment plants is expected to be on the increase during the following years. Wastewater reuse in agriculture is common throughout the Middle East and North Africa. Wastewater reuse can be planned through specifically designed projects to treat, store, convey and distribute wastewater for irrigation. Examples of planned reuse can be found in Cyprus, Israel, Jordan, Tunisia, etc (Hidalgo et al., 2004). Reuse can also be unplanned, usually after discharge into open watercourses. This is the case in Jordan, where wastewater is treated to some extent, and in Morocco, where most of the wastewater is untreated, as well as in Algeria, West Bank and Gaza, Syria, etc. In most countries of the region, wastewater treatment plants are not operated and maintained adequately, making wastewater unsuitable for unrestricted irrigation even where it has passed through a treatment plant. 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. 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. Therefore there is a strong need to provide all these countries with information on the level of wastewater treatment required in order to achieve sustainable treatment and reuse. This is the objective of the MEDAWARE project, funded by the Euro-Mediterranean Partnership for Local Water Development. i.e. not to develop new scientific insight but rather to disseminate information and train all the stakeholders involved in the wastewater and water management sector on sustainable wastewater treatment and reuse. 
2. Wastewater characteristics 

The main constituents of wastewater are solids, soluble organics and waterborne pathogens, originating from domestic and industrial water uses. The composition/ratios that exist between components vary considerably, depending on local practices, percentage and type of wastewater, and amount of dilution caused by inflow/infiltration. The soluble organics composed mainly of proteins, carbohydrates and lipids contain carbon that can be converted to carbon dioxide biologically. Consequently, the oxygen demand exerted on receiving water is due to soluble organics. Nitrogen is also present due to the presence of proteins, and other nutrients such as phosphorus (6-20 mg/l). The concentration of ammonia (NH3) can range from 12-50 mg/l. High concentrations of nutrients N and P can cause eutrophication of water bodies. Lakes and slow moving waters are affected more than faster flowing waters. In the former, the algae are fertilised by the nutrients and settle as sediment when they decay. The nutrients are released regularly to the water column by the sediment which acts as a store of nutrients. As a result the cycle of bloom and decay of the algae is intensified. In the early stages of eutrophication aquatic life is made more abundant, because fish, for example, graze on the algae. As the concentration of algae increases, the decaying algae contribute to BOD and the water is deoxygenated. Thus wastewater treated for BOD reduction but still high in nutrients, can still have a significant impact on the receiving water. Additionally, some algae produce toxins which can be harmful to bird life and irritate skins coming into contact with the water. Heavy metals and possible toxic and household hazardous substances are other sources of pollution. Heavy metals include Cu, Zn, Cd, Ni, Cr and Pb, originating from materials used in the making of pipes for the supply of drinking water, household cleaning agents used, etc. In high enough concentrations these heavy metals are toxic to bacteria, plants, animals, and people. Other toxic substances are those disposed with household wastewater, such as medicines, pesticides and herbicides which are no longer used, excess solvents, paints and other household chemicals. These substances can corrode sewer pipes and seriously affect operation of treatment plants. They will also limit the potential of water reuse, and therefore should not be disposed with household wastewater.
Τhe most important constraint in regards to wastewater reuse has most often been the concern for the public health. Wastewater does carry pathogenic organisms and, in general, modern treatment methods (for example, activated sludge) are not designed to eliminate them. Wastewater disinfection eliminates them, but it is relatively costly and beyond the technological and financial capabilities of many regions in developing countries. Organisms that can survive wastewater treatment (without disinfection) include bacteria, protozoa, helminths, and viruses. Most of these pathogens affect the human body only through ingestion of waste-contaminated water and food. The major factors that control the degree of microbial health risk include, (Khouri, 1994): i) the ability of pathogens to survive or multiply in the environment, ii) the dose required for infection, iii) the need for, and the presence or absence of, intermediate hosts and iv) the susceptibility of the person at risk (constant exposure may have created (immunity). These factors are summarized in Table 1, showing their effectiveness in causing infection through wastewater irrigation. In Table 2 examples of the different microbial pathogens and the major diseases they cause are given. 
Table 1. Epidemiological characteristics of enteric pathogens in terms of their effectiveness in causing infections through wastewater irrigation (Gerba et al., 1975)

	Pathogen
	Persistence in environment
	Minimum infective dose
	Immunity
	Concurrent routes of    infection
	Latency/soil development stage

	Viruses
	medium
	low
	long
	mainly home contact, food and water
	no

	Bacteria
	Short to Medium
	Medium to high
	short to Medium
	mainly home contact, food and water
	no

	Protozoan
	short
	Low to medium
	None to little
	mainly home contact, food and water
	no

	Helminths
	long
	low
	None to little
	Mainly soil contact, outside home and food
	yes


Table 2. Microbial pathogens detected in untreated wastewaters, (Toze, 1997)
	Microbial type
	Major diseases
	Concentration in wastewaters
	Infectious dose

	VIRUSES
	
	
	

	Enteroviruses
	
	
	

	Poliovirus
	Poliomyelitis
	
	

	Enterovirus
	Gastroenteritis
	
	

	Echovirus
	Heart anomalies, Meningitis
	Medium
	

	Coxsackievirus
	
	to
	Low

	Hepatitis A virus
	Hepatitis
	High
	

	Adenovirus
	Respiratory disease, conjunctivitis
	
	

	Reovirus
	Not clearly established
	
	

	Calicivirus
	
	
	

	Norwalk agent
	Gastroenteritis
	
	

	SSRV
	Diarrhoea, vomiting, fever
	
	

	Rotavirus
	Gastroenteritis
	
	

	Astrovirus
	Gastroenteritis
	
	

	BACTERIA
	
	
	

	Vibrio cholerae
	Cholera
	
	High

	Salmonella typhi
	Typhoid, Salmonellosis
	
	High

	Enteropathogenic E.coli
	Gastroenteritis
	Medium to High
	High

	Campylobacter jejunei
	Gastroenteritis
	
	High

	Shigella dysinterae
	Dysentery
	
	Low

	Yersinia enterocolitica
	Yersiniosis
	
	High

	PROTOZOAN
	
	
	

	Giardia intestinalis
	Giardiasis
	
	Low

	Cryptosporidium Parvum
	Diarrhea, fever
	Low to Medium
	Low

	Entamoeba histolytica
	Amoebic dysentery
	
	Low

	HELMINTHS
	
	
	

	Ascaris lumbricoides

(Round worm)
	Ascariasis
	
	Low

	Ancylostoma spp.

(Hook worm)
	
	Low
	Low

	Trichuris trichiura

(Wrip worm)
	Trichuriasis
	
	Low

	Strongiloides stercoralis
	Strongyloidasis
	
	Low


3. Levels of wastewater treatment and reuse standards 
The aim of wastewater treatment could be described as the process required to enable wastewater to be disposed safely, without being a danger to public health, and without polluting watercourses or causing other environmental nuisance. The necessary quality of reclaimed water varies according to the use, and consequently different unit processes and combination of unit processes are required for the achievement of the required quality. Table 3 gives a brief description of processes that can be used for obtaining reclaimed water.
Table 3. Processes and operations used in wastewater reclamation 

	Process
	Description
	Application

	Solid/Liquid Separation

	Sedimentation
	Gravity sedimentation of particulate matter, chemical floc and precipitates from suspension by gravity settling.
	Removal particles from wastewater larger than about 30 μm. 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 larger than about 3 μm. 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 suspended 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.

	Advanced 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 a 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 reduce scale forming potential of water, precipitate phosphorous and modify pH.

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

	Reverse osmosis
	Membrane system to separate ions from solution based on reversing osmotic pressure differentials.
	Removal of dissolved salts and minerals from solution; also effective from pathogen removal.

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


There is not a common regulation of wastewater reuse in the world due to various climatic, geological and geographical conditions, water resources, type of crops and soils, economic and social aspects, and country policies towards using wastewater influents for irrigation purposes. Some countries and organizations have already established reuse standards such as USEPA, California, WHO, FAO, Israel, France, Italy (EPA, 2004). Most of the developing countries have adopted their own standards from the leading standards set by either FAO, WHO, California, etc. Most countries where wastewater irrigation is practiced have public health regulations to protect both the agricultural workers and the irrigated crops consumers. Data on the reuse standards used by various European and Mediterranean countries can be found in a report compiled in the framework of the Medaware project (Fatta et al., 2005). Following the standards applied in Cyprus and Morocco are provided. 
3.1 Reuse standards in Cyprus

In Cyprus domestic water is presently used for the watering of football fields, parks, hotel gardens, road islands, forests as well as irrigation of permanent crops. Some reclaimed water covers partly the needs in agriculture. Already some quantities are used for the following crops: citrus, olives, vines, fodders and landscape. Direct use of treated wastewater is used for irrigation. Table 4 shows the guidelines for the quality of wastewater used for irrigation in Cyprus (Anayiotou, 2005). For irrigating crops the guidelines are: BOD and suspended solids 10mg/l, faecal coli 5 with a maximum of 15, and the treatment scenario is secondary, tertiary and disinfection with chlorine. Storage of a period of 7 days before the use is required for the destruction of pathogens through the sun and for the worms to settle down. A micro-toxicity test has been developed for testing the effluent on pollutions. If the effluent contains toxic components then the source will be excluded for further reuse. During the storage an additional treatment takes place and the water is more bacterial safe. These guidelines are stricter than those proposed by WHO (WHO, 1998; WHO, 2005). In addition, the guidelines are followed by a code of practice intended to ensure protection of public health and the environment even further and they should be considered to be part of the guidelines. The code of practice among others includes the following: 
· The sewage treatment and disinfection plant must be kept and maintained continuously in satisfactory and effective operation for as long as treated sewage effluent is intended for irrigation.

· The treatment and disinfection plant must be attended every day and records must be kept of all operations performed.

· All outlets, taps and valves in the irrigation system must be secured to prevent their use by unauthorised persons. All such outlets must be coloured and clearly labelled to warn the public that the water is unsafe for drinking.

· No cross-connections with any pipeline or works conveying potable water are allowed. All pipelines conveying sewage effluent must be satisfactorily marked with red tape to distinguish them from domestic water supply. In unavoidable cases where sewage effluent and domestic water supply pipelines must be laid close to each other, the sewage or effluent pipes should be buried at least 0.5 m below the domestic water pipes.

· The irrigation methods allowed and the conditions of application differ between different plantations as follows:

· Park lawns and ornamental gardens in amenity areas of unlimited access: Sub-surface irrigation method, Drip irrigation, Pop-up, low angle, low pressure and high precipitation rate sprinklers. Sprinkling should preferably be practised at night and when people are not around the amenity areas. 

· Surface irrigation methods, spray or sprinkler irrigation is allowed with a buffer zone of about 300m. For fodder crops, it is recommended to stop irrigation at least one week before harvesting. No animals supplying milk should be allowed to graze on pastures irrigated with sewage.

Table 4. Guidelines for the quality of wastewater used for irrigation in Cyprus

	
	BOD (mg l-1)
	SS(mg l-1)
	Faecal coliforms 
(No. per 100 ml)
	Intestinal - worm

	Irrigation area
	80% limit1
	Max. allowed
	80% limit1
	Max. allowed
	80% limit1
	Max. allowed
	(No. per litre)
	Treatment required

	Amenity areas of unlimited access
	10
	15
	10
	15
	50
	100
	Nil
	Secondary, tertiary and disinfection

	Crops for human consumption; amenity areas of limited access
	20
	30
	30
	45
	200
	1,000
	Nil
	Secondary, storage > 1 week and disinfection, or tertiary and disinfection

	
	na
	na
	na
	na
	200
	1,000
	Nil
	Stabilisation using maturation ponds with a total retention time > 30 days or secondary and storage > 30 days

	Fodder crops
	20
	30
	30
	45
	1,000
	5,000
	Nil
	Secondary and storage > 1 week or tertiary and disinfection

	
	na
	na
	na
	na
	1,000
	
	Nil
	Stabilisation using maturation ponds with total retention time > 30 days or secondary and storage > 30 days

	Industrial crops
	50
	70
	na
	na
	3,000
	10,000
	na
	Secondary and disinfection

	
	na
	na
	na
	na
	3,000
	10,000
	na
	Stabilisation using maturation ponds with a total retention time > 30 days or second-secondary and storage > 30 days


1 These values must not be exceeded in 80% of samples per month, na Not applicable

· Vines: Drip irrigation, mini sprinklers and sprinklers (irrigation should stop two weeks before harvesting).

· Trees with fruits eaten raw without peeling: Drip irrigation, hose basin irrigation, Bubbler irrigation. No fruits to be collected from the ground. 

· Trees with fruits eaten after peeling, nuts and similar fruits: Drip irrigation, Minisprinklers (stop irrigation one week before harvesting). No fruits to be collected from the ground except nuts. Other irrigation methods could also be considered.

· In order to meet the required standards, tertiary treatment is essential when treated effluent is intended for irrigation of fruit trees and amenity areas of unlimited access. The following tertiary treatment methods are acceptable:

· Sedimentation by storage for not less than 30 days in open basins without agitation.

· Coagulation plus flocculation followed by rapid sand filtration.

· Any other method which may secure the total removal of helminth eggs and reduce faecal conforms to acceptable levels

· Appropriate disinfection methods should be applied when sewage effluents are to be used for irrigation. In the case of chlorination the residual free or total level of chlorine in the effluent should be equal to or more than 0.5 and 2 mg l-1 respectively at the point of use. 

Treated wastewater that will be used for irrigation must not contain toxic elements or compounds which (on their own or in combination are accumulated on the edible parts of the plant and have been proven to be toxic for humans). Allowable limits for metals are mentioned in Table 5. 

Table 5. Concentration limits for metals in treated wastewater for continuous irrigation purposes 

	Metal


	Concentration (mg/l)
	Metal


	Concentration (mg/l)

	Aluminium (Al)
	5.0
	Lead (Pb)
	5.0

	Arsenic (As)
	0.1
	Lithium (Li)
	2.5

	Beryllium (Be)
	0.1
	Manganese (Mn)
	0.2

	Boron (B)
	0.75
	Molybdenum (Mo)
	0.01

	Cadmium (Cd)
	0.01
	Nickel (Ni)
	0.2

	Chromium III (Cr) 
	0.1
	Selenium (Se)
	0.02

	Cobalt (Co)
	0.05
	Vanadium (V)
	2.0

	Copper (Cu)
	0.2
	Zinc (Zn)
	0.005

	Iron (Fe)
	5.0
	
	


The values must not be exceeded for 75% of the samples annually. For the total amount of metals, the following relationship should hold:

	CM1   CM2      CMi 

-----+-----+…----- < 

LM1     LM2       LMi 


	where, 

CMi = Metal concentration, LMi = The allowable concentration limit for the metal. 




3.2 Reuse standards in Morocco

The reused water is mainly raw wastewater sometimes mixed with fresh water. The irrigated crops are mainly fodder crops, fruit trees and cereals. Morocco does not have yet any specific wastewater reuse regulations. Reference is usually made to the WHO recommendations (Table 6). While reducing its environmental impact on the conventional receiving waters, the lack of wastewater treatment before reuse in inland cities results in adverse health impacts. Improvement in wastewater reuse methods and in the quality of reused water for irrigation is recognized as essential. In karstic areas, the infiltration of wastewater affects groundwater resources to varying degrees. Lastly, the inadequate sanitation, collection and treatment of wastewater, mostly in small towns, are often a risk to the eutrophication of dams. The discharge of raw wastewater to the sea without proper outfalls may affect the development of tourism by degrading the sanitary quality of beaches and generating unpleasant odours and aesthetics (Fatta and Skoula, 2004). 
Table 6. Quality standards of water in order to be used for irrigation in Morocco (Mountadar and Assobhei, 2005)
	
	Parameters
	Limit values

	BACTERIOLOGIC PARAMETERS

	1
	Faecal coliforms
	1000/100ml*

	2
	Salmonella
	Absence in 51

	3
	Bacterium of cholera
	Absence in 450ml

	PARASITOLOGIC PARAMETERS

	4
	Pathogenic parasites
	Absence

	5
	Eggs, Cysts of parasites
	Absence

	6
	Larvae of Ankylostomides
	Absence

	7
	Fluococercaires of Schistosoma haemotobium
	Absence

	
	TOXIC PARAMETERS(1)
	

	8
	Mercury (Hg) in mg/l
	0.001

	9
	Cadmium (Cd) in mg/l
	0.01

	10
	Arsenic (As) in mg/l
	0.1

	11
	Total Chromium (Cr) in mg/l
	0.1

	12
	Lead (Pb) in mg/l
	5

	13
	Copper (Cu) in mg/l
	0.2

	14
	Zinc (Zn) in mg/l
	2

	15
	Selenium (Se) in mg/l
	0.02

	16
	Fluorine (F) in mg/l
	1

	17
	Cyanide (Cn) in mg/l
	1

	18
	Phenols in mg/l
	3

	19
	Aluminium (Al) in mg/l
	5

	20
	Iron (Fe) in mg/l
	5

	21
	Lithium (Li) in mg/l
	2.5

	22
	Nickel (Ni) in mg/l
	0.2

	PHYSICO- CHEMICAL PARAMETERS

	23
	Total salinity (STD) mg/l
	7680

	
	Electric conductivity (CE) mS/cm, 250C**
	12

	TOXIC IONS (affecting sensible cultures)

	24

	Sodium(Na)
	

	
	Surface irrigation (SAR***)
	9

	
	Irrigation by spraying (mg/l)
	69

	25
	Chlorine(Cl)
	

	
	surface irrigation (mg/l)
	350

	
	Irrigation by spraying (mg/l)
	105

	26
	Boron (B) (mg/l)
	3

	VARIOUS PARAMETERS (affecting sensible cultures)

	27
	Temperature(0C)
	35

	28
	pH
	6.5-8.4

	29
	Suspended solids in (mg/l)

Gravitational irrigation

Local irrigation and irrigation by spraying
	2000

100

	30
	Nitrates (N-NO3) in (mg/l)
	30

	31
	Bicarbonate (HCO3) (Irrigation by spraying mg/l)
	518

	32
	Sulphates (SO4-2) in (mg/l)
	250


*1,000CF/100ml for cultures intended for raw consumption

**If electric conductivity (CE) exceeds 3 mS/cm, severe restrictions are applied to water when it is to be used for irrigation, but the 50% of the potential yield can be irrigated with water of 8,7 mS/cm (in the case of Barley)

***SAR, Sodium adsorption ratio (coefficient of sodium absorption)
4. Conclusions

A valid indication of the evolving situation is that the traditional large-scale use of water for agriculture (60-90% of water use) has increasingly become under pressure from alternative uses, being industrial or domestic. In certain countries, exploitation indexes of renewable natural fresh water resources have reached and exceeded 100%, thus imposing additional burden to the exploitation of non-renewable water reserves. This hard evidence demonstrates that water supply will be severely strained during the next 20 years, and thus more efficient use of conventional resources will be a crucial factor notwithstanding the necessity for a wider use of non-conventional resources like wastewater recycling and reuse. Treatment of municipal wastewater in anaerobic reactors, post-treatment in natural systems and agricultural reuse have been shown in practice to be relatively simple and cheap, but effective in removing pollutants and recovering resources (irrigation water, energy and nutrients). Wastewater may be reclaimed and reused for crop and landscape irrigation, groundwater recharge, or recreational purposes. Quality and treatment requirements for reclaimed wastewater become more stringent as the chances for direct human contact and ingestion increase. The impurities that must be removed depend on the intended use of the water. For example, removal of phosphates or nitrates is not necessary if the intended use is landscape irrigation. If direct reuse as a potable supply is intended, tertiary treatment with multiple barriers against contaminants is required. This may include secondary treatment followed by granular media filtration, ultraviolet radiation, granular activated carbon adsorption, reverse osmosis, air stripping, ozonation, and chlorination. Public health is very important and is directly related with wastewater reuse. Many pathogenic microorganisms such as bacteria, protozoan, helminths and viruses can survive through wastewater treatment. These microorganisms can cause infections such as hepatitis, cryptosporidiosis, giardiasis, typhoid fever, and gastroenteritis. Their persistence to the environment varies among the microorganisms and so their immunity. The choice of the right wastewater treatment is the most critical step to eliminate the environmental risk (chemical and microbiological). Therefore special attention must be given in order to consider more appropriate treatment processes to improve the effluents quality (meet appropriate water quality and other environmental criteria), and minimum demands on the treatment plants should be set in order to protect public health and environment during wastewater reuse applications.
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