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Abstract 

In arid and semi-arid regions there is scarcity of water and the use of treated wastewater for irrigation is an efficient way of conserving fresh valuable water resources. In Cyprus, to alleviate water shortages, serious consideration has been given to wastewater reclamation and reuse. There are 25 main Urban Wastewater Treatment Plants in operation. Reuse is applied only at plants located in big urban centers. Sewage Boards are responsible for the collection and treatment while the Water Development Department undertakes the management of reclaimed water. Reclaimed water is currently used for the watering of football fields, parks, hotel gardens, (1.5 MCM/yr) and for the irrigation of crops (3.5 MCM/yr). It is estimated that by the year 2012 an amount of approx. 30 MCM/yr of treated sewage effluent will be available for agriculture and landscape irrigation. This paper makes an overview of the existing situation in regards to water resources available, the operation of treatment plants and the applications of treated effluents.
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Introduction to Cyprus  

Location, population and climate
The Republic of Cyprus is located at the East Mediterranean basin, 75 km south of Turkey, 105 km west of Syria, 380 km north of Egypt, 380 km east of Rhodes (Greece). Cyprus is the third largest island in the Mediterranean with a population of 700,000, (DSR, 2005). Cyprus is dominated in its topography by two mountain ranges, the Troodos range in the central part of the island, rising to a height of 1,952 m and the Pentadaktylos range in the north of the island, rising to a height of 1,085 m. Cyprus has a typical Mediterranean climate with mild winters, long hot, dry summers and short autumn and spring seasons. The average annual rainfall is about 500 mm and ranges from 300 mm in the central plain and the south-eastern parts of the island up to 1,100 mm at the top of the Troodos range and 550 mm at the top of Pentadaktylos. The variation in rainfall is not only regional but annual and often two and even three-year consecutive droughts are observed. 
Agriculture 

The total agricultural land covers an area of about 200.000 ha. 92.300 ha represent temporary crops (46.15%) and 41.300 ha permanent crops (20.65%). 66.400 ha represent fallow, uncultivated, grazing, forest and scrub or deserted land with 5%, 24%, 1% and 3% respectively. The main temporary and permanent crops cultivated are shown in Table 1. Irrigated land accounts 38,200 hectares or 19.2% of the total area enumerated. 51% is irrigated with water pumped from boreholes, 39.2% from dams, 6.3% from rivers and 3.5% from springs, (DSR, 2003). 

[image: image1]Figure 1: Map of Cyprus

Water Resources 

The amount of water, which corresponds to the total surface of the Government controlled area
, totals 2,670 MCM whereas only 14% or 370 MCM is available for development since the remaining 86% returns to the atmosphere through evapotranspiration. The mean annual quantity of 370 MCM of water is distributed between surface and groundwater in the ratio 1,75:1 respectively, (WDD, 2001) .

Agriculture, Domestic use, Industry and Environment are the four main economic sectors of water demand. The water demand for agriculture is 182.4 MCM (68.6%), for domestic use is 67.5 MCM (25.4%), for industrial purposes is 3.5 MCM (1.3%) and for the environment is 12.5 MCM (4.7%). It is estimated that the water demand in the Government controlled areas will increase from 265.9 MCM in 2000 to 315 MCM in 2020. It is noted that conveyance, distribution and other losses are included in the above numbers. 

Concerning surface water, although the capacity of all the main dams is 273.6 MCM, the average annual amount of water available for use is estimated to be about 101.5 MCM. During the dry year of 2000 the contribution to irrigation of all dams was only 28.5 million m3. Out of the 101.5 MCM, 82 MCM are used within Government Projects, 14.5 MCM for domestic use (after treatment) and 5 MCM for ecological areas. Groundwater extraction is estimated to be about 127.4 MCM on an annual basis. This figure does not indicate the safe yield of the aquifers, which is much lower. From this amount, 100.4 MCM are used for agriculture (26 MCM are within the Government Irrigation Schemes and 74.4 MCM are outside the Government Schemes). Springs contribute very little, amounting to 3.5 MCM per year, for the domestic use of the mountainous villages. Desalination units at present contribute up to 33.5 MCM per year. Treated sewage effluent, only about 5 MCM is used, from which 3.5 MCM for agriculture and the rest for landscape irrigation.

Table 1. Agricultural Land, (DSR, 2003)
	Land Use 
	Irrigable Area, (*103 ha)
	Total Area, (*103 ha)

	Crops
	35.2
	133.6

	Temporary crops
	19.2
	92.3

	Cereals
	4
	56

	Legumes
	0.5
	0.8

	Industrial Crops
	0.5
	0.5

	Fodder crops
	4.5
	25.3

	Vegetables and melons
	9.7
	9.7

	Permanent Crops
	16
	41.3

	Vines
	2.5
	18.2

	Citrus
	5.4
	5.4

	Fresh fruit
	3.6
	3.6

	Nuts
	1.2
	3.9

	Olives and Carobs
	3.3
	10.2

	Fallow Land
	1.5
	9.5

	Grazing Land
	0
	1

	Uncultivated Land
	1.5
	47.8

	Scrub and deserted Land
	0
	6.6

	Total
	38.2
	198.5


Wastewater TREATMENT AND REUSE SCHEMES

The number of Urban Wastewater Treatment Plants (UWTPs) currently in operation is around 25. These UWTPs cover the four major greater urban areas and some large tourist centers (Nicosia, Limassol, Larnaca, Pafos and Agia Napa – Paralimni) serving 45% of the urban population and 12% of the rural population. There is also a large number of small plants in hotels. In addition there exists a program for the construction of UWTPs in 28 large rural centers (having a population of more than 2000) and in sensitive mountain villages, by the year 2012. This is in accordance with the principles of the Urban Wastewater Directive 91/271/EEC of the European Union (EU). It is worth noting that all plants have provisions for tertiary treatment so that their effluent is safely used for irrigation. UWTPs of total capacity of about 20 MCM/yr are now in operation. Table 2 presents the main plants with their capacity, level of treatment and final reuse / discharge method, (MEDAWARE, 2004). Some examples of the wastewater treatment and reuse schemes are presented in brief below, (MEDAWARE, 2005). 
Table 2. Urban Wastewater Treatment Plants
	Name
	Wastewater Produced m3/yr
	Treatment
	Use

	Nicosia Sewage Board
	3,650,000
	Secondary
	Diverted to Pedieos River

	Anthoupolis-Nicosia
	127,750-
(max 2.56 million)
	Secondary
	Stored in open Reservoir for evaporation

	Larnaca Sewage Board
	912,500 maximum
	Tertiary
	Landscape Irrigation

	Agia Napa – Paralimni
	2,500,000 maximum
	Tertiary
	Landscape-Forest

	Limassol Sewage Board
	3,000,000
	Tertiary
	Agriculture-Landscape of Hotels

	Pafos Sewage Board
	4,895,000
	Tertiary
	Agriculture

	Bathia Gonia
	803,000
	Tertiary
	Agriculture

	Dhali-Nisou
	182,500
	Tertiary
	Agriculture

	Platres
	73,000
	Tertiary
	Not operating-Agriculture

	Carlsberg
	146,000
	Tertiary
	Agriculture

	Nicosia New Hospital 
	182,500
	Tertiary
	Not operating-Landscape

	Limassol Hospital
	47,450
	Tertiary
	Landscape

	Alassa (new site village)
	18,250
	Tertiary
	Agriculture

	Palechori
	73,000
	Tertiary
	Diverted to the River

	Apostolos Loucas
	25,550
	Secondary
	Used by the Agriculture Research  Institute

	Kofinou
	65,700
	Secondary
	Agriculture

	Zenon-Kamares II
	109,500
	Secondary
	Landscape irrigation

	Agglisides
	365,000
	Secondary
	Agriculture

	Kornos
	25,550
	Tertiary 
	Landscape Irrigation

	Stavrovouni
	25,550
	Tertiary
	Landscape Irrigation

	Agios Ioannis
	17,900
	Tertiary
	Landscape Irrigation

	Malounda
	7,300 
	Tertiary
	Landscape Irrigation

	Klirou
	26,300
	Tertiary
	Landscape Irrigation

	Kyperounda
	109,500
	Tertiary
	Agriculture

	Troodos
	8,800
	
	Landscape

	TOTAL Maximum
	19,829,850
	
	


The Limassol UWTP is located at Moni Area and is designed to serve 70,000 PE. Today it serves around 55,000 PE. The facilities of the UWTP are quite modern. The wastewater is inserted into the primary treatment unit (bar racks, grid chamber, and skimmer tanks) and then it is directed at the sedimentation tank. After this stage the wastewater enters the secondary treatment unit, consisting of aeration tanks and the secondary settlement tanks. Finally, the biologically treated wastewater is inserted into the Tertiary Treatment unit (consisting of sand filter and chlorination unit). Currently, the quantity of the effluent is 12,000 m3/d to 15,000 m3/d at winter and summer time, respectively. More than half of the treated wastewater is used for direct irrigation (animal plants, olive trees, deciduous trees, aromatic plants and citrus trees). A very small percentage is directed to the Polemidia dam, while the remaining water is discharged into the sea. In years of high rainfall, less water is directed to the Polemidia dam. The opposite is true in years of low rainfall. It should be noted that the treated water that is now discharged into the sea it is scheduled to be utilised for the enrichment of Akrotiri Aquifer, which has been brackish for some time due the infiltration of seawater. 

Larnaca UWTP is located at Meneou Area near the International Airport. The treatment plant has been in operation since 1995 and provides domestic wastewater treatment for 46,340 PE. Currently, the UWTP serves only 36,000 PE. The design capacity of the treatment plant is 8,500 m3/d. The treatment facility consists of: bar racks, grit chamber, aeration tanks, secondary settlement tanks, sand filter and chlorination tank. The treated effluent has been used for irrigation purposes since 2000. An average agricultural area of about 250 hectares is being regularly irrigated. A variety of animal plants (corn, alfalfa, etc), are regularly irrigated with the treated wastewater. The treated water is also used by hotels connected to Larnaca UWTP, and by Larnaca Municipality for the irrigation of gardens, parks and football fields during the summer season. 

Paphos UWTP is located 2 km southeast of Achelia village. Primary treatment consists of bar racks and grid chamber, following by two primary sedimentation tanks. At the secondary treatment stage, phosphorus biological removal, nitrification, denitrification and settlement take place in four tanks. The tertiary treatment stage consists of sand filter and chlorination tank, followed by two anaerobic tanks. Currently, the quantity of the effluent is between 5,000-6,000 m3/d. The treated effluent is used for the enrichment of Ezousa Aquifer. About 22 shallow ponds have been constructed by the Water Development Department, (WDD). These ponds lie along Ezousa river in groups of 4-5 covering an area of 6-7 km and ending 0.5 km before the shoreline. The treated wastewater enters the ponds and through infiltration reaches the aquifer. 
WASTEWATER REUSE STANDARDS APPLIED IN CYPRUS
In order to control the treatment and use of wastewater and thereafter to safeguard the environment and public health, very strict guidelines have been established, (Tables 3-4), (MEDAWARE, 2005). These guidelines are stricter than those proposed by the World Health Organization. In addition, the guidelines are followed by a code of practice intended to ensure protection of public health and the environment as follows: 
1. The sewage treatment and disinfection must be kept and maintained continuously in satisfactory and effective operation, so long as treated sewage effluent is intended for irrigation, and according to the license issued under the existing legislation.

2. Skilled operators should be employed to attend the treatment and disinfection plant, following formal approval by the appropriate authority that the persons are competent to perform the required duties, necessary to ensure that conditions of (1) are satisfied.

3. The treatment and disinfection plant must be attended every day according to the program issued by the Authority, and records must be kept of all operations performed according to the instructions of the appropriate Authority. A copy must be kept for easy access within the treatment facilities.

4. All outlets, taps and valves in the irrigation system must be secured to prevent their use by unauthorized persons. All such outlets must be colored red and clearly labeled so as to warn the public that the water is unsafe for drinking.

5. No cross connections with any pipeline or works conveying potable water, is allowed. All pipelines conveying sewage effluent must be satisfactorily marked with red tape so as 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.

6. Irrigation methods allowed and conditions of application differ between different plantations (Subsurface irrigation methods, Drip irrigation, Pop-up, low pressure and high precipitation rate, Low angle sprinklers, Sprinkling preferably to be practiced at night and when people are not around). 
7. The following tertiary treatment methods are acceptable:

· Coagulation plus flocculation followed by rapid sand filtration.

· Slow Sand Filters.

· Any other method which may secure the total removal of helminth ova and reduce feacal coliforms to acceptable level. Must be approved by the appropriate Authority.

8. Appropriate disinfection methods should be applied when sewage effluent is to be used for irrigation. In the case of chlorination the total level of free chlorine in the effluent at the outlet of the chlorination tank, after an hour of contact time, should be at least 0.5 mg/l and not greater than 2 mg/l.

9. Suitable facilities for monitoring of the essential quality parameters should be kept on site of treatment.

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 3. The COD must be less than 125 mg/l. For plants > 10.000 PE a toxicity test should also take place. The acute toxicity inspection must take place twice a year and the Gene-toxicity inspection once a year. 75% of the samples must comply with the following limits of toxicity: (i) Microtox, Daphnia and Algae, TU50<1, (ii) Mutatox: the treated wastewater must not be positive in S9 Mutatox test, (TU = toxic units for 50% impact pf the under examination organism or the correspondence biological activity). 

Table 3. 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. 




Table 4. Cyprus guidelines for urban treated effluents use for irrigation

	Νο
	Type of Crops 
	BOD

mg/L
	SS mg/L
	Faecal coli-

forms/100ml
	Intestinal

worms/L ***
	Treatment

required

	1
	All crops (a)
	(A) 10*
	10*
	5*
15**
	Nil
	Tertiary and disinfection

	2
	Amenity areas of

unlimited access and vegetables eaten cooked (b)
	(A) 10*
15**
	10*
15**
	50*
100**
	Nil
	Tertiary and disinfection

	3
	Crops for human consumption and amenity areas of limited access
	(A) 20*
30*
	30*
45**
	200*
1000*
	Nil
	Secondary, disinfection and storage >7 days or Tertiary and disinfection.

	4
	Fodder crops
	(A) 20*
30**
	30*
45**
	1000*
5000**
	Nil
	Secondary, disinfection and storage >7 days or Tertiary and disinfection.

	
	
	(B)   -
	-
	1000*
5000**
	Nil
	Stabilization-maturation ponds with total retention time >60 days 

	5
	Industrial crops
	(A)  50*
   70**
	-
	3000*
10000**
	-
	Secondary and Disinfection

	
	
	(B)    -
	-
	3000*
10000**
	-
	Stabilization-maturation ponds with total retention time >60 days


*      These values must not be exceeded in 80% of samples per month (Min. number of samples = 5).

**     Maximum value allowed

***    Once a year (Summer Season)

(A)    Mechanised methods of treatment (activated sludge etc.), (B) Stabilization ponds

(a) Irrigation of leafy vegetables, bulbs and corms eaten uncooked is not allowed

(b) Potatoes, beetroots, colocasia.

CONCLUSIONS

In Cyprus the water shortage problem was identified and dealt in time. The slogan, Not a Drop of Water to the Sea, determines the water policy of the Government. In Cyprus, demand for water is expected to increase in the forthcoming years, while at the same time the capabilities for developing new water resources will be lessened. Therefore, in order to satisfy the increasing water demand and to eliminate the dependency of the towns and tourist centers on rainfall the Government has decided to proceed with the construction of seawater desalination plants. At the same time the Government has turned its attention to other non-conventional sources such as the use of recycled water for irrigation, recharge and amenity purposes, the desalting of brackish water, the changing of the cropping pattern to less water demanding crops, the introduction of new effective management procedures through the establishment of a Water Entity, the efficient use of available water including the better use of pricing and water conservation measures and the preservation of the water quality. But the implementation of short or long term projects will not solve the water shortage problem of Cyprus, unless everybody realises that water is a scarce resource and that all people have the responsibility and obligation to manage it correctly and to make every possible effort for its correct use and conservation. The long-term rational policy that has been followed has alleviated the problem and created all the necessary conditions for facing any future periods of drought. Various projects are now under development which concern the improvement of agricultural practices, research on the potential use of treated sewage in agriculture and establishment of criteria on water requirements in agriculture. The new water policy includes the following specific measures, which should be holistically applied.

· Secure additional sources of supply

· Ensure efficient use of available water

· Modify the current irrigation water allocation matrix

· Built up strategic water reserves

· Maintain and enhance the quality of the water

· Introduce new effective/efficient management procedures through the establishment of a Water Entity
From the information provided in this paper it is apparent that the potential of improvement in Cyprus in regards to wastewater treatment and reuse is open and the challenges are there to be faced successfully.
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� Cyprus became an independent republic in 1960. The economic growth of the country was interrupted in July 1974 by the Turkish invasion, which resulted in the occupation of about 36% of the territory of the republic and the displacement of one third of the population from their homes.
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