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Abstract 
Most of the world=s population live in developing countries where provisions of water and food to the 
growing population needs to be tackled, before shortage of water and food becomes critical in the near 
future. 
 
DREAM (Drainage and Reuse of Effluents for Agricultural Management) is a simple and holistic ap-
proach to reduce/remove contaminants from effluent to produce Αclean, useable≅ water for agricultural 
management, particularly in developing countries and areas where water is scarce. This project may 
solve both food and water shortage. 
 
The DREAM Αpackage≅ combines the concepts of land-based effluent irrigation, intensive cropping/ 
phytoremediation, water harvesting, permeable reactive barriers, and an artificial recharge of groundwa-
ter. Although the components are the same in all DREAM projects, the drainage factors, reactive mate-
rials, plant varieties used, will all depend on the quantity and quality of effluent, locally available mate-
rials, and local soil type. While the operational area of the DREAM project depends on the availability 
of land and effluent quantity, its success depends purely on the operator=s willingness and commitment. 
For example, this project may suit farmers, with no access to dependable supplies of groundwater or to 
perennial streams, who can construct small earth dams. Such dams can be used as irrigation during 
summer, as support for cut flower marketing, and as an artificial recharge of groundwater. 
 
Although this project has not been tested as a complete package, different components have been tested 
successfully either at laboratory scale or in field situations worldwide. This is the first time this holistic 
approach has been offered for discussion in an international conference. 
 
INTRODUCTION 
 
Most of the world=s population live in developing countries, where provisions of water and 
food to the growing population needs to be tackled, before water and food shortage becomes 
critical in the near future. Often the available land and freshwater supplies (including 
groundwater) in these regions are either mismanaged, or are polluted by solid or liquid 
wastes. 
 
Large quantities of municipal, industrial and agricultural effluents are generated worldwide. 
In many countries, the treated effluents are discharged into receiving waters such as rivers, 
lakes and sea (UNEP, 1993). However, these treated effluents may still retain large concentra-
tions of organic matter, nutrients, and other contaminants that can result in depletion of dis-
solved oxygen and eutrophication if directly discharged into waterways. So land application 
is becoming popular as an effective management option for the treatment of effluents. 
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With proper and advance planning, and with improved technology for waste treatment and 
disposal, it may be possible to tackle the demand for water and food resources in these coun-
tries. Since agriculture plays an important role, agricultural water management needed to be 
coordinated with, and integrated into, the overall water management of these regions (Bou-
wer, 2000). 
 
Although water reuse has been practised for many centuries, improvements in treatment 
process, increase in water demands, and public confidence have promoted water reuse in re-
cent years for unrestricted non-potable purposes, such as for landscape and market crop irri-
gation, and industry (Okun, 2000). The increasing agricultural reuse of treated effluent serves 
goals such as promoting sustainable agriculture and preserving scarce water resources, and 
maintaining environmental quality (Haruvy, 1997). 
 
In developing countries, reliable, low-cost, and low-technology methods are needed to ac-
quire new water supplies and to protect existing water sources from pollution. DREAM 
(Drainage and Reuse of Effluents for Agricultural Management) is a simple, low-cost, and 
holistic approach to reduce/remove contaminants from effluent to produce Αclean, useable≅ 
water for agricultural management. It is a Αpackage≅ that combines the concepts of land-
based effluent irrigation, intensive cropping /phytoremediation, water harvesting, permeable 
reactive barriers, and an artificial recharge of groundwater. Although this project has not been 
tested as a complete package, different components have been tested successfully either at 
laboratory scale or in field situations worldwide. Although the components are the same in all 
DREAM projects, the drainage factors, reactive materials, and plant varieties used will all 
depend on the quantity and quality of effluent, locally available materials, and local soil type. 
This is the first time this holistic approach has been presented /offered for discussion at an 
international conference. 
 
In this paper, different concepts adopted in the DREAM project for developing countries are 
introduced. However, for more comprehensive reviews on individual topics readers are di-
rected to excellent reviews on land-based effluent irrigation (Feigin et al., 1991), intensive 
cropping / phytoremediation (e.g. Meagher, 2000; Salt et al., 1998), water harvesting, perme-
able reactive barriers (e.g. Scherer et al., 2000), and artificial recharge of groundwater (Bou-
wer, 1996; 2000). 
 
LAND-BASED EFFLUENT IRRIGATION 
 
The objective of land treatment of effluent is to utilise the physical, chemical and biological 
properties of the soil/plant system to assimilate the waste components without adversely af-
fecting soil quality or causing contaminants to be released into water or the atmosphere 
(Feigin et al., 1991). 
 
Land application can have a variety of beneficial or detrimental effects, depending on the 
characteristics of the effluent and the soil. Some of the benefits include improved effluent 
quality, a means of disposal of effluent, irrigation to supply moisture and nutrients for plant 
growth, and the recharging of groundwater. Some detrimental effects include deterioration of 
the soil, damage to vegetation, the build-up of salts and heavy metals, undesirable odours, 
pollution of groundwater, and surface runoff of pollutants resulting from high rainfall. 
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For land treatment systems to be successful, it is important for soil to have high infiltration 
capacity, sufficient exchange capacity to hold effluent constituents for use by plants and soil 
organisms, and sufficient soil depth to provide adequate renovation of effluent. For some not 
so well-drained soils, it may be possible to improve soil drainage characteristics for irrigation 
treatment by means of subsurface drains (Bowler, 1980). 
 
In DREAM project, effluents are applied to soils, by either sprinklers or flood irrigation. 
Here, subsurface drains are installed to drain the excess water (Figure 1).  Many small, paral-
lel drains run at about 0.5 m depth below the soil surface. A pipe, larger in size than the 
drains, runs at right angles to them and collect all their water (Bowler, 1980; Magesan et al., 
1994; 1995). The backfilling around this larger pipe consists of materials with high hydraulic 
conductivity and reactive materials to remove contaminates. 
 

 
Figure 1. Different components of a DREAM project for developing coun-

tries. 
 
INTENSIVE CROPPING/PHYTOREMEDIATION 
 
Soil-plant systems can effectively treat effluents by removing nutrients, organic matter, and 
other contaminants. The degree of renovation of effluent, however, depends on the type of 
plant cover, irrigation loading, and management. The plant variety chosen may be determined 
by local conditions, such as cool temperatures, or effluent type. If the effluent is rich in nutri-
ents, then cropping will take place.  If the effluents are from industry and more contaminants 
are present, then the phytoremediation process will be tried. 
 
Phytoremediation is an environmentally friendly and cost-effective technology where plants 
are used to remove pollutants from the soil environment. This technology is rapidly develop-
ing, and may become commercially viable in near future (Salt et al., 1998). Phytoremediation 
is viewed as the ecologically responsible alternative to the environmentally destructive physi-
cal remediation methods currently practised, because plants have many endogenous genetic, 
biochemical, and physiological properties that make them ideal agents for soil and water 
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remediation (Meagher, 2000). Significant progress has been made in recent years in develop-
ing native or genetically modified plants for the remediation of environmental contaminants. 
Toxic heavy metals and organic pollutants are the major targets for phytoremediation, and 
several field trials confirmed the feasibility of using plants for an environmental cleanup (Salt 
et al., 1998). 
 
In the DREAM project, the plant varieties chosen are cropped and removed, otherwise the 
nutrients or contaminants taken up by the plants will ultimately be returned to the soil reser-
voir, thus reducing the treatment efficiency. 
 
CONCEPT OF WATER HARVESTING 
 
Water harvesting is the process of collecting and conveying water from an area that has ex-
cess water, or of transferring the surpluses of the wet season into a storage dam and redistrib-
uting it by irrigation to selected crops in the dry season (Turner et al., 1976). This practice can 
be adopted in a situation where water from perennial streams or groundwater wells is either 
unavailable or too expensive to recover. 
 
On intensively used fine-textured soils the need for drainage in wet seasons is usually more 
important than irrigation in dry seasons. So the most efficient subsurface drainage, consistent 
with economic consideration, will be justified. Areas of low relief, consisting of fine textured 
soils, can be drained and the water discharged into a dam constructed in a convenient site. In 
the DREAM project, however, water harvesting is achieved by an appropriate subsurface 
drainage system that underlies the treatment plot. Residual waters from effluent applied to 
land treatment areas percolate through unsaturated strata to enter the subsurface drainage sys-
tem in the treatment plot. The drainage system removes surplus water from the soil and ulti-
mately discharges it into suitably placed storage dams (after passing through reactive barri-
ers). It is expected that parallel drainage systems will be spaced 5 m apart and drawn 0.5 m 
deep, although the spacing and depth depend on soil type. The pipeline that runs at right an-
gles to the parallel drainage system is placed at about 1 m depth and has backfill mixed with 
gravel or reactive materials. 
 
PERMEABLE REACTIVE BARRIERS 
 
A permeable reactive barrier (PRB) is an innovative and low-cost remediation technology for 
in situ clean up of groundwater contamination (Scherer et al., 2000). Table 1 shows some 
semipermeable reactive media that are placed in the flow path of contaminants to remove 
organic and inorganic contaminants either by transforming the contaminant to a less harmful 
compound (by chemical or biochemical reactions) or to immobilize the contaminant within 
the barrier (by sorption or precipitation). 
 
The success of reactive materials used in PRBs will depend on the capacity of the material to 
sorb a particular contaminant. Proposed materials for use in reactive barriers include modified 
clays and zeolite, humic materials, oxides, and precipitation agents (Scherer et al., 2000). 
Natural materials, such as clays and zeolite have large surface area and so have a high capac-
ity for ion exchange. Surfactant-modified clays and zeolite can substantially change the affin-
ity for anions and other compounds. While modified clays have been proposed for use in 
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landfill liners, and containment barriers (Sheng et al., 1996), modified zeolite can be used in 
PRBs to remove non-polar organic compounds, inorganic cations, and inorganic oxy anions 
(Bowman et al., 1995). 
 
Table 1. Reactive materials tested for treatment of organic and inorganic 

contaminants. 
 Contaminant Reactive material Removal mechanism Reference 
1 Nitrate Organic material 

Sawdust 
Microbial denitrification 
Microbial denitrification 

Robertson & Cherry, 1995 
Schipper & Vojvodic-Vukovic, 
1998 

2 Phosphate Limestone Precipitation Baker et al. 1998 
3 Metals 

(e.g. chromium) 
Peat moss 
 
Modified zeolite 

Sorption 
 
Sorption 

Crist et al. 1996; McLennon & 
Rock, 1988 
Haggerty & Bowman, 1994 

4 Acid mine drainage Limestone 
Organic material 

Precipitation 
Microbial sulfate reduc-
tion & precipitation 

Hedin et al. 1994 
Benner et al. 1997 

5 Organics Coal, powdered 
activated carbon, 
peat & saw dust 
Modified clays 

Sorption 
 
 
Sorption 

Rael et al. 1995 
 
 
Smith & Galan, 1995 

 
As humic materials (e.g., peat and activated carbon) are inexpensive and widely available, 
and have large specific surface area and high porosity (McLellan and Rock, 1988), these ma-
terials have been used as effective sorbent in wastewater treatment for many years (e.g. Couil-
lard, 1994). Peat moss is an effective ion-exchange material for the removal of heavy metals, 
non-polar organics, and some anions (e.g., Crist et al., 1996; Morrison and Spangler, 1993). 
 
Naturally occurring oxides also provide sites for the sorption and exchange of anions and 
cations, and have been used for the treatment of industrial wastewater and may provide a 
promising alternative for containment of metals (Morrison and Spangler, 1993). 
 
Immobilization of contaminants via precipitation is a significantly different mechanism than 
adsorption to a solid medium. Precipitation is enhanced either by increasing the solubility 
limit or through the addition of an excess ion. The addition of lime, or limestone, is a com-
mon method for raising the pH, and has been used as a passive treatment technology for acid 
mine drainage (Hedin et al., 1994). A mixture of crushed limestone and sand has been found 
to reduce the concentration of phosphate (Baker et al., 1998). Phosphate minerals, such as 
apatite, can be used for in situ treatment technology for precipitation of low solubility metal 
phosphates (Ma et al., 1995). 
 
Transformation of the contaminant to a less harmful compound can be achieved by either  a 
chemical reaction barrier or by a biological barrier. The goal of a chemical barrier is to pro-
duce chemicals less toxic or less mobile than the original compound (Scherer et al., 2000). 
Transformation within a chemical reaction barrier most often involves a redox reaction in 
which the contaminant is reduced (gains electrons) and the reaction medium is oxidised (loses 
electrons).  Some viable media that have been proposed for PRBs include zero-valent metals 
and reduced minerals. Zero-valent metals such as iron, tin, and zinc are moderately strong 
reducing agents capable of reducing many common environmental contaminants such as 
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metals (Blowes et al., 1997), nitrate (Huang et al., 1998), and pesticides (Singh et al., 1998). 
A biological barrier may be constructed by adding organic matter to a subsurface barrier, and 
is a novel approach to create in situ reactive zones where anaerobic bio-transformations are 
simulated. These barriers are successful in treating acid mine drainage (Benner et al., 1997), 
and in removing nitrate by denitrification under field conditions (Robertson and Cherry, 
1995; Schipper and Vojvodic-Vukovic, 1998). 
 
In the DREAM project, the reactive materials used in the barriers will depend on quantity and 
quality of effluent, and the availability of low-cost materials. 
 
WATER STORAGE FOR IRRIGATION 
 
After passing through the PRB, the excess water collected from the drainage system is col-
lected in the storage ponds. Water storage ponds are constructed, depending on the purpose, 
and the stored water is used either for irrigation during summer or for an artificial recharge of 
groundwater. Since harvested water is usually a scarce water, it is important to monitor with-
drawals and losses. If the storage pond is used for irrigation, allowance should be made for 
wastage arising from evaporation, seepage and non-recoverable water when calculating the 
volume to be stored. The duration of the irrigation schedule and the kind of crop to be irri-
gated will finally determine the volume of water to be used/stored. 
 
The level of purification and location of agriculture using wastewater, should consider aspects 
including costs, hazards and benefits of agricultural reuse of wastewater. Estimated costs in-
clude those of treatment, storage and conveyance, while benefits comprise the value of agri-
cultural output, the decrease in fertilization costs, and aquifer recharges (Haruvy, 1997). The 
reclaimed water used for agricultural irrigation purposes has to meet public health and agro-
nomic quality requirements.  
 
High value crops such as fruit and vegetables, amenity horticultural uses such as the irrigation 
of golf greens, as well as the strategic watering of crops like maize for dairy cows, are exam-
ples of attractive uses of harvested water. A commercial hydroponic system is being adapted 
for studying the potential recycling of nutrients from settled primary domestic wastewater to 
produce value-added crops such as lettuce, capsicum, corn and tomato (Boyden and Rababah, 
1996). The crops grown in these systems have shown a remarkable ability to remove nitrogen 
and phosphorous. This system not only provides a low-cost water source to increase crop 
yields, but also decreases reliance on chemical fertilizers (Asano and Levine, 1996). 
 
ARTIFICIAL RECHARGE OF GROUNDWATER 
 
In many dry regions, groundwater is the only water that feeds plants, animals and humankind. 
It is usually more stable and reliable than any other source of water, but it is increasingly 
coming under threat because of greater demand. Thus, the option of an artificial recharge of 
groundwater as an underground storage is increasing and becoming a major alternative for 
overcoming short-term, seasonal, or long-term differences between water supply and demand 
(Bouwer, 1996). Use of treated wastewater for a groundwater recharge is also increasing as a 
way to protect surface water quality by keeping wastewater out of streams and lakes. 
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Groundwater aquifers provide natural mechanisms for treatment, storage, and subsurface 
transmission of reclaimed water. Soil aquifer treatment, or geo purification, provides purifica-
tion during flow of effluent through the soil of the unsaturated zone and in the aquifer. When 
the effluent is used for an artificial recharge of groundwater by surface infiltration, it will 
move downward through the unsaturated or vadoze zone to the underlying groundwater table. 
 
If the system is designed and managed as a complete recharge and recovery system, post-
treatment is a viable option that can reduce pretreatment and maximise soil-aquifer treatment 
benefits. To date, the major emphasis on wastewater reclamation and reuse has been for non-
portable applications such as agricultural and landscape irrigation. Stormwater and treated 
sewerage effluent, previously regarded as waste, are now being reused in South Australia 
through the innovative aquifer storage and recharge technique. After pretreatment in wet-
lands, this water is stored in otherwise unused brackish aquifers for summer irrigation of 
parklands. There are many case studies where the aquifer storage and recharge technique has 
been successful, with savings in water and infrastructure costs, as well as the provision of 
environmental benefits (Barnett et al., 2000). 
 
CONCLUSION 
 
As explained, DREAM is a simple, low-cost, and holistic approach to reduce/remove con-
taminants from effluent to produce Αclean, useable≅ water for agricultural management. It is 
suitable for and can be applied in developing countries, and areas of water scarcity. It is not a 
single idea but a package that combines the concepts of land-based effluent irrigation, inten-
sive cropping /phytoremediation, water harvesting, permeable reactive barriers, and an artifi-
cial recharge of groundwater. Different components of the DREAM project have been tested 
successfully either at laboratory scale or in field situations worldwide. Although the compo-
nents are the same in all DREAM projects, the drainage factors, reactive materials, and plant 
varieties used, will all depend on the quantity and quality of effluent, locally available mate-
rial, and local soil type. 
 
While the operational area of the DREAM project depends on the availability of land and 
effluent quantity, the success of the project depends purely on the operator=s willingness and 
commitment. 
 
Acknowledgements 
The author would like to thank his alma mater (Soil Science Department, Massey University), 
where he learned and used the concepts of subsurface drainage and water harvesting, and also 
those who encouraged him to pursue his dream of implementing the DREAM project. 
 
References 
Asano, T. and Levine, A.D. 1996.  Wastewater reclamation, recycling and reuse: past, present and future. 

Water Science and Technology, 33 (10-11): 1-14. 
Baker, M.J., Blowes, D.W., and Ptacek, C.J. 1998. Laboratory development of permeable reactive mixtures 

for the removal of phosphorus from onsite wastewater disposal systems. Environmental Science and 
Technology, 32: 2308-2316. 

Barnett SR. Howles SR. Martin RR. Gerges NZ. 2000. Aquifer storage and recharge: innovation in water 
resources management. Australian Journal of Earth Sciences, 47:13-19. 

Benner, S.G., Blowes, D.W. and Placek, C.J. 1997. A full-scale reactive wall for prevention of acid mine 
drainage. Groundwater Monitoring and Remediation. Fall 1997: 99-107. 



National Institute of Hydrology, Roorkee, U.P., India  
 
888 

Blowes, D.W., Ptacek, C.J., and Jambor, J.L. 1997. In situ remediation of Cr (VI)-contaminated groundwater 
using permeable reactive walls: laboratory studies. Environmental Science and Technology, 31: 3348-
3357. 

Bouwer H. 1996. Issues in artificial recharge. Water Science & Technology, 33:381-390. 
Bouwer H. 2000. Integrated water management: emerging issues and challenges. Agricultural Water Man-

agement, 45:217-228. 
Bowler, D.G. 1980. The drainage of wet soils. Hodder and Stoughton, Auckland. pp.259. 
Bowman, R.S., Haggerty, G.M., Huddleston, R.G., Neel, D. and Flynn, M.M. 1995. Sorption of nonpolar 

organic compounds, inorganic cations, and organic oxyanions by surfactant-modified zeolites.  D.A. 
Sabatini, R.C. Knox, and J.H. Harwell (Eds). Surfactant-Enhanced Remediation of Subsurface Con-
tamination. ACS Symposium Series 594. American Chemical Society, Washington D.C. pp. 54-64. 

Boyden, B.H. and Rababah, A.A. 1996. Recycling nutrients from municipal wastewater. Desalination, 
106:241-246. 

Couillard, 1994. The use of peat in wastewater treatment - review.  Water Research, 28: 1261-74. 
Crist, R.H., Martin, J.R. and Chonko, J. 1996. Uptake of metals on peat moss: an ion-exchange process. Envi-

ronmental Science and Technology, 30: 2456-2461. 
Feigin, A., Ravina, I., and Shalhevet, J. 1991. Irrigation with Treated Sewage Effluent. Management for Envi-

ronmental Protection. Springer-Verlag, Berlin. 
Haggerty, G.M. and Bowman, R.S. 1994. Sorption of chromate and other inorganic anions by organo-zeolites. 

Environmental Science and Technology, 28: 452-458. 
Haruvy, N. 1997. Agricultural reuse of wastewater - nation-wide cost-benefit analysis. Agriculture Ecosystems 

and Environment, 66:113-119. 
Hedin, R.S., Watzlaf, G.R. and Nairnn, R. 1994. Passive treatment of acid mine drainage with limestone. 

Journal of Environmental Quality, 23: 1338-1345. 
Huang, C.P., Wang, H.W., and Chiu, P.C. 1998. Nitrate reduction by metallic iron. Water Research, 32: 2257-

2264. 
Ma, Q.Y., Logan, T.J. and Traina, S.J. 1995. Lead immobilization from aqueous solutions and contaminated 

soils using phosphate rocks. Environmental Science and Technology, 29: 1118-1126. 
Magesan, G.N., White, R.E., Scotter, D.R. and Bolan, N.S. 1994. Estimating leaching losses from subsurface 

drained soils. Soil Use and Management, 10:87-93. 
Magesan, G.N., White, R.E., and Scotter, D.R. 1995. The influence of flow rate on the concentration of in-

digenous and applied solutes in mole-pipe drain effluent. Journal of Hydrology, 172: 23-30. 
McLellan, J.K. and Rock, C.A. 1988. Pretreating landfill leachate with peat to remove metals. Water, Air and 

Soil Pollution, 37: 203-215. 
Meagher, R.B. 2000. Phytoremediation of toxic elemental and organic pollutants. Current Opinion in Plant 

Biology, 3:153-162. 
Morrison, S.J. and Spangler, R.R. 1993. Chemical barriers for controlling groundwater contamination. Envi-

ronmental Progress,12:175-181. 
Okun, D.A. 2000. Water reclamation and unrestricted nonpotable reuse: A new tool in urban water manage-

ment. Annual Review of Public Health, 21:223-245. 
Rael, J., Shelton, S. and Dayaye, R. 1995. Permeable barriers to remove benzene: candidate media evaluation. 

Journal of Environmental Engineering, 121: 411-415. 
Robertson, W.D. and Cherry, J.A. 1995.  In situ denitrification of septic-systems nitrate using reactive porous 

media barriers: field trials. Ground Water, 33: 99-111. 
Salt, D.E., Smith, R.D. and Raskin, I. 1998. Phytoremediation. Annual Review of Plant Physiology & Plant 

Molecular Biology, 49: 643-668. 
Scherer, M.M., Richter, S., Valentine, R.L. and Alvarez, P.J.J. 2000. Chemistry and microbiology of perme-

able reactive barriers for in situ groundwater clean up. Critical Reviews in Environmental Science and 
Technology, 30: 363-411. 

Schipper, L. and Vojvodic-Vukovic, M. 1998.  Nitrate removal from groundwater using a denitrification wall 
amended with sawdust: field trial. Journal of Environmental Quality, 27: 664-668. 

Sheng, G., Xu, S. and Byod, S. 1996.  Mechanism(s) controlling sorption of neutral organic contaminants by 
surfactant-derived and natural organic matter. Environmental Science and Technology, 30: 1553-1557. 

Singh, J., Shea, P.J., Hundal, L.S., Comfort, S.D., Zhang, T.C. and Hage, D.S. 1998. Iron-enhanced remedia-
tion of water and soil containing atrazine.  Weed Science, 46: 381-388. 

Smith, J.A. and Galan, A. 1995. Sorption of nonionic organic contaminants to single and dual organic carbon 
bentonites from water. Environmental Science & Technology, 29:685-92. 

Turner, M.A., Scotter, D.R., Bowler, D.G., and Tillman, R.W. 1976. Water Harvesting: The concept and use 
in a humid climate. Proceedings of Soil and Plant Water Symposium, Palmerston North. pp. 168-75. 

UNEP, 1993. Environmental Data Report 1993-94. Blackwell, Oxford, UK. 


	ICIWRM – 2000, Proceedings of International Conference on Integrated Water Resources Management for Sustainable Development, 19 – 21 December, 2000, New Delhi, India
	G. N. Magesan

	Abstract
	INTRODUCTION
	LAND-BASED EFFLUENT IRRIGATION
	INTENSIVE CROPPING/PHYTOREMEDIATION
	CONCEPT OF WATER HARVESTING
	PERMEABLE REACTIVE BARRIERS
	WATER STORAGE FOR IRRIGATION
	ARTIFICIAL RECHARGE OF GROUNDWATER
	CONCLUSION
	Acknowledgements
	References

	Asano, T. and Levine, A.D. 1996.  Wastewater reclamation, recycling and reuse: past, present and future. Water Science and Technology, 33 (10-11): 1-14.
	Baker, M.J., Blowes, D.W., and Ptacek, C.J. 1998. Laboratory development of permeable reactive mixtures for the removal of phosphorus from onsite wastewater disposal systems. Environmental Science and Technology, 32: 2308-2316.
	Barnett SR. Howles SR. Martin RR. Gerges NZ. 2000. Aquifer storage and recharge: innovation in water resources management. Australian Journal of Earth Sciences, 47:13-19.
	Benner, S.G., Blowes, D.W. and Placek, C.J. 1997. A full-scale reactive wall for prevention of acid mine drainage. Groundwater Monitoring and Remediation. Fall 1997: 99-107.
	Blowes, D.W., Ptacek, C.J., and Jambor, J.L. 1997. In situ remediation of Cr (VI)-contaminated groundwater using permeable reactive walls: laboratory studies. Environmental Science and Technology, 31: 3348-3357.
	Bouwer H. 1996. Issues in artificial recharge. Water Science & Technology, 33:381-390.
	Bouwer H. 2000. Integrated water management: emerging issues and challenges. Agricultural Water Management, 45:217-228.
	Bowler, D.G. 1980. The drainage of wet soils. Hodder and Stoughton, Auckland. pp.259.
	Bowman, R.S., Haggerty, G.M., Huddleston, R.G., Neel, D. and Flynn, M.M. 1995. Sorption of nonpolar organic compounds, inorganic cations, and organic oxyanions by surfactant-modified zeolites.  D.A. Sabatini, R.C. Knox, and J.H. Harwell (Eds). Surfact...
	Boyden, B.H. and Rababah, A.A. 1996. Recycling nutrients from municipal wastewater. Desalination, 106:241-246.
	Couillard, 1994. The use of peat in wastewater treatment - review.  Water Research, 28: 1261-74.
	Crist, R.H., Martin, J.R. and Chonko, J. 1996. Uptake of metals on peat moss: an ion-exchange process. Environmental Science and Technology, 30: 2456-2461.
	Feigin, A., Ravina, I., and Shalhevet, J. 1991. Irrigation with Treated Sewage Effluent. Management for Environmental Protection. Springer-Verlag, Berlin.
	Haggerty, G.M. and Bowman, R.S. 1994. Sorption of chromate and other inorganic anions by organo-zeolites. Environmental Science and Technology, 28: 452-458.
	Haruvy, N. 1997. Agricultural reuse of wastewater - nation-wide cost-benefit analysis. Agriculture Ecosystems and Environment, 66:113-119.
	Hedin, R.S., Watzlaf, G.R. and Nairnn, R. 1994. Passive treatment of acid mine drainage with limestone. Journal of Environmental Quality, 23: 1338-1345.
	Huang, C.P., Wang, H.W., and Chiu, P.C. 1998. Nitrate reduction by metallic iron. Water Research, 32: 2257-2264.
	Ma, Q.Y., Logan, T.J. and Traina, S.J. 1995. Lead immobilization from aqueous solutions and contaminated soils using phosphate rocks. Environmental Science and Technology, 29: 1118-1126.
	Magesan, G.N., White, R.E., Scotter, D.R. and Bolan, N.S. 1994. Estimating leaching losses from subsurface drained soils. Soil Use and Management, 10:87-93.
	Magesan, G.N., White, R.E., and Scotter, D.R. 1995. The influence of flow rate on the concentration of indigenous and applied solutes in mole-pipe drain effluent. Journal of Hydrology, 172: 23-30.
	McLellan, J.K. and Rock, C.A. 1988. Pretreating landfill leachate with peat to remove metals. Water, Air and Soil Pollution, 37: 203-215.
	Meagher, R.B. 2000. Phytoremediation of toxic elemental and organic pollutants. Current Opinion in Plant Biology, 3:153-162.
	Morrison, S.J. and Spangler, R.R. 1993. Chemical barriers for controlling groundwater contamination. Environmental Progress,12:175-181.
	Okun, D.A. 2000. Water reclamation and unrestricted nonpotable reuse: A new tool in urban water management. Annual Review of Public Health, 21:223-245.
	Rael, J., Shelton, S. and Dayaye, R. 1995. Permeable barriers to remove benzene: candidate media evaluation. Journal of Environmental Engineering, 121: 411-415.
	Robertson, W.D. and Cherry, J.A. 1995.  In situ denitrification of septic-systems nitrate using reactive porous media barriers: field trials. Ground Water, 33: 99-111.
	Salt, D.E., Smith, R.D. and Raskin, I. 1998. Phytoremediation. Annual Review of Plant Physiology & Plant Molecular Biology, 49: 643-668.
	Scherer, M.M., Richter, S., Valentine, R.L. and Alvarez, P.J.J. 2000. Chemistry and microbiology of permeable reactive barriers for in situ groundwater clean up. Critical Reviews in Environmental Science and Technology, 30: 363-411.
	Schipper, L. and Vojvodic-Vukovic, M. 1998.  Nitrate removal from groundwater using a denitrification wall amended with sawdust: field trial. Journal of Environmental Quality, 27: 664-668.
	Sheng, G., Xu, S. and Byod, S. 1996.  Mechanism(s) controlling sorption of neutral organic contaminants by surfactant-derived and natural organic matter. Environmental Science and Technology, 30: 1553-1557.
	Singh, J., Shea, P.J., Hundal, L.S., Comfort, S.D., Zhang, T.C. and Hage, D.S. 1998. Iron-enhanced remediation of water and soil containing atrazine.  Weed Science, 46: 381-388.
	Smith, J.A. and Galan, A. 1995. Sorption of nonionic organic contaminants to single and dual organic carbon bentonites from water. Environmental Science & Technology, 29:685-92.
	Turner, M.A., Scotter, D.R., Bowler, D.G., and Tillman, R.W. 1976. Water Harvesting: The concept and use in a humid climate. Proceedings of Soil and Plant Water Symposium, Palmerston North. pp. 168-75.
	UNEP, 1993. Environmental Data Report 1993-94. Blackwell, Oxford, UK.

