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Abstract
Current water shortages and the cost associated with freshwater have made water reuse and recycling of major importance. Recycling or reuse of wastewater is a significant trend in the water and wastewater communities. Reused water is currently used for non-potable purposes, such as agriculture, landscape, public parks and golf course irrigation; industrial process water etc. Benefits of reuse include protection of ecosystems and reduction and prevention of pollution. Water recycling and reuse is also beneficial because it reduces the demands on available surface and ground water sources. Additionally, recycling at wastewater treatment facilities delays the impending need to expand the potable water supply by building more drinking water treatment plants. Though costly at first, water reuse and recycling measures are quite cost effective in the long term. In anyway wastewater treatment required to provide water that can be reused is governed by the need for protection of public health and the environment. This paper focuses on the environmental and health considerations related to the utilization of treated wastewater, on the qualitative characteristics required for reuse/recycling and on the economics related to these operations. 
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INTRODUCTION

Even though wastewater can be treated to a level that can be potable, reasons associated with operation and maintenance, level of involvement, costs, effectiveness of the process train selected, suitability and last but not least cultural acceptability, the major water uses or reuses for treated wastewater are limited to irrigation, industrial use, surface water replenishment, and groundwater recharge. Wastewater treatment required to provide water that can be reused is governed by the need for protection of public health and the environment. The primary categories of wastewater reuse along with potential constraints faced are listed in descending order of use (Metcalf and Eddy, 2003). The first five categories can and are using large quantities of reclaimed water, whereas the non-potable urban and potable uses are presently minor to non-existent.
1. Agricultural Irrigation (Crop Irrigation, Commercial Nurseries): Surface and groundwater contamination if not managed properly; Marketability of crops and public acceptance
2. Landscape Irrigation (Parks, School Yards, Freeway Medians, Golf Course, Cemeteries, Greenbelts, Residential): Effect of water quality, particularly salts, on soils and crops; Public health concerns related to pathogens; Use area control including buffer zone may result to higher user costs
3. Industrial Recycling and Reuse (Cooling Water, Boiler Feed, Process Water, Heavy Construction): Constituents in reclaimed water related to scaling, corrosion, biological growth, and fouling; Public health concerns, particularly aerosol transmission of pathogens in cooling water; Cross connection of potable and reclaimed water lines
4. Groundwater Recharge (Groundwater Replenishment, Saltwater Intrusion Control, Subsidence Control): Possible contamination of groundwater aquifer used as potable water source; Organic chemicals - toxicological effects, total dissolved solids, nitrates, and pathogens in reclaimed water.
5. Recreational/Environmental Uses (Lakes and Ponds, Marsh Enhancement, Stream-Flow Augmentation, Fisheries, Snowmaking): Health concerns related to presence of bacteria and viruses; Eutrophication due to nitrogen and phosphorus in receiving water; Toxicity to aquatic life
6. Non-potable Urban Uses (Fire Protection, Air Conditioning, Toilet Flushing): Public health concerns about pathogens transmitted by aerosols; Effects of water quality on scaling, corrosion, biological growth, and fouling; Cross connection of potable and reclaimed water lines
7. Potable reuse (Blending in Water Supply Reservoirs, Pipe-To-Pipe Water Supply): Constituents in reclaimed water, especially trace organic chemicals and their toxicological effects; Aesthetics and public acceptance; Health concerns about pathogen transmission, particularly enteric viruses
Public Health AND Environmental Considerations
Very small quantities of a substance can be now detected. Consequently, available technologies for wastewater treatment have proven to be of a very high standard. Nevertheless, quantification of long term safety reclaimed water (and thus long term reusable) and impact on the environment, is very hard. One of the most critical steps in any reuse program is the protection of public health, with emphasis on workers’ and consumers’. Consequently, neutralisation or elimination of any infectious agents or pathogenic organisms that may be present in the wastewater is of high importance. The issue of public health is especially high in developing countries, where the excreta-related diseases are very common.
The recent work of Blumenthal (2000), has shown that the use of adequately treated wastewater for crop irrigation does not lead to excess intestinal nematode infection amongst field workers or consumers unless conditions (lower mean ambient temperature, wastewater application through surface irrigation) prevail which favour the prolonged survival of nematode eggs, which may still be contained in the irrigation water. Sprinkler irrigation with treated wastewater may promote the aerosolised transmission of excreted viruses, but disease transmission is likely to be rare in practice since most people have high levels of immunity to viral disease endemic in their community.
Substances such as drugs, home care products, antibiotics (human and veterinary), industrial and household products, hormones and other endocrine disrupters, may not be considered for complete removal. The long-term environmental effects of such substances and especially the impact on aquatic environments and water supply are issues of great concern for environmental scientists and engineers.

Water quality requirements for reuse
Microbiological parameters are considered of great importance in water reuse regulations due to the significance of public health and safety. Health risk is quantified with specific organisms being used as indicators. A summary of water quality parameters of concern are shown in Table 1, with respect to their importance in water reuse systems and approximate ranges of each parameter in raw sewage and reclaimed water.  For irrigation the additional parameters of salinity, sodium adsorption ratio, boron concentration, heavy metals content, and phytotoxic compounds content are required. For industrial uses, effluent limits for dissolved solids, ammonia, disinfection by-products and other specific inorganic and organic constituents may be required. Reclaimed water quality also varies according to reuse type.
Even though measures taken for protection of public health and the environment vary according to country, the most important criterion though remains the same: economics, with attention on the cost of treatment and monitoring. From there on, most developed countries have established conservatively low risk guidelines or standards based on a high technology/high-cost approach (Ayers and Westcott, 1985), whereas several developing countries have already adopted or are currently adopting a low technology/low-cost approach based on the WHO recommendations. High standards and high-cost techniques though, do not always guarantee low risk and can have adverse effects, since operational experience could be insufficient; and OM&R costs and regulatory control are also vital factors for the proper functioning of the treatment process.
Table 1. Summary of Water Quality Parameters of Concern for Water Reuse, (Lazarova, 2001; Metcalf and Eddy, 2003; Pettygrove and Asano, 1985)
	Parameter
	Range in secondary effluents
	Treatment goal in reclaimed water
	Significance for water reuse

	Suspended solids
	5 – 50 mg/L
	<5 – 30 mg SS/L
	Measures of particles. Can be related to microbial contamination. Can interfere with disinfection. Clogging of irrigation systems. Deposition.

	Turbidity
	1– 30 NTU
	<0.1 – 30 NTU
	

	BOD5
	10 - 30 mg/L
	<10 – 45 mg BOD/L
	Organic substrate for microbial growth. Can favour bacterial re-growth in distribution systems and microbial fouling.

	COD
	50 - 150 mg/L
	<20 - 90 mg COD/L
	

	TOC
	5 - 20 mg/L
	<1 - 10 mg C/L
	

	Total coliforms
	<10 -107 cfu/100ml
	<1 - 200 cfu/100mL
	Measure of risk of infection due to potential presence of pathogens. Can favour biofouling in cooling systems.

	Faecal coliforms
	<1-106 cfu/100ml
	<1 - 103 cfu/100mL
	

	Helminth eggs
	<1/L -10/L
	<0.1/L - 5/L
	

	Viruses
	<1/L -10/L
	<1/50L
	

	Heavy metals
	- - -
	<0.001 mg Hg/L

<0.01 mg Cd/L

<0.1 - 0.02 mg Ni/L
	Specific elements (Cd, Ni, Hg, Zn, etc) are toxic to plants and maximum concentration limits exist for irrigation

	Inorganics
	- - -
	>450 mg TDS/L
	High salinity and boron (>1mg/L) are harmful for irrigation

	Chlorine residual
	- - -
	0.5 mg Cl/L - >1 mg Cl/L
	To prevent bacterial re-growth. Excessive amount of free chlorine (>0.05) can damage some crops.

	Nitrogen
	10 - 30 mg N/L
	<1 - 30mgN/L
	Fertilizer for irrigation. Can contribute to algal growth, corrosion (N-NH4), scale formation (P).

	Phosphorus
	0.1 - 30 mg P/L
	<1 - 20 mg P/L
	


THE WASTEWATER RECLAMATION COST 
Water quality requirements for reuse alternatives vary depending on the extent of potential public exposure. Unfortunately, wastewater reclamation cost is not well-documented. The development of a cost estimate includes projections of capital costs, annual operation and maintenance costs and life cycle cost. Total reclamation system life cycle cost is estimated by combining amortized capital cost with annual operation and maintenance costs and converting to €/m3 (by dividing the estimated life cycle cost, €/yr, by the reclamation facility capacity, m3/yr). The life cycle analysis is based on a 20-year facility life and return rate of 10%. Wastewater reclamation system costs are presented as a function of facility capacity, end-use option and treatment process configuration. Costs have been identified by Asano (1998) estimating facility construction costs, equipment purchases and operation and maintenance fees. Initially, reclamation systems are analysed in terms of individual components based on design criteria. Cost data are derived for each element of a reclamation system at various capacity levels and unit sizes. Site development and electrical cost are assumed as 10 and 15 percent of the total facility cost respectively. One of the first efforts to develop a rationale basis for projecting reuse costs were technical information published in the report “Wastewater reuse and recycling technology” (Culp et al., 1980). Eighteen beneficial reuse options were identified ranging from agricultural irrigation to groundwater recharge. Thirteen levels of wastewater treatment comprising 24 different unit process configurations were developed and analysed subsequently in terms of life cycle costs. Assuming certain water quality requirements for each reuse alternative, specific treatment schemes were then linked with the respective beneficial use. A summary of the costs estimated in the mentioned study is presented in Table 2.
Table 2. Summary of estimated water reclamation treatment process life cycle costs, (Asano, 1998)
	Reuse alternative
	Recommended treatment process
	Annual costs (€/m³)a, b

	Agricultural irrigation 
	Activated sludge
	0.16-0.44

	Livestock and wildlife watering
	Trickling filter
	0.17-0.46

	Power plant and industrial cooling
	Rotating biological contactors
	0.25-0.47

	Urban irrigation – landscape
	Activated sludge, filtration of secondary effluent
	0.19-0.59

	Groundwater recharge – spreading basins
	Infiltration – percolation
	0.07-0.17

	Groundwater recharge – injection wells
	Activated sludge, filtration of secondary effluent, carbon adsorption, reverse osmosis of advanced wastewater treatment effluent 
	0.76-2.12


(a): Costs are estimated for facility capacities ranging from 4,000 to 40,000 m3/d. Lower cost figure within each treatment process category represents cost for a 40,000 m3/d reclamation plant while the upper cost limit is presented for a 4,000 m3/d facility, (b): Annual costs include amortized capital costs based on a facility life of 20 years and a return rate of 7 %. 

CONCLUSIONS 
Wastewater reclamation and reuse has been estimated to represent a potential extra water resource at approximately 15% of existing water consumption. On a local basis this proportion can be significantly higher (e.g., 30% of agriculture irrigation water and 19% of total water supply in Israel in the future). Reclaimed wastewater may be considered as a valuable source of water and nutrients in agriculture schemes, and therefore contribute to reducing chemical fertilizers’ utilisation and to increasing agricultural productivity. Reuse of recycled water, may alleviate pollution of water resources and sensitive receiving bodies. It may also contribute to desertification control and desert recycling. Saline water intrusion may be controlled in coastal aquifers through groundwater recharge operations. Other social and economic benefits may result from such schemes such as employment and products for export markets. It is, however, essential that the development of reuse prevents negative effects on environment and public health: wastewater content in mineral and organic trace substances and pathogens represents a health risk. Adequate treatment has to be thus provided for the intended reuse taking into account all the existing constraints, considerations and limitations. 
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