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A Suite of Low-Cost Technologies are Needed to Address Point-of-Use Water Quality and to Build Networks for Public Health

Summary: 

Lack of drinkable water is one of the most dire health problems in the developing world.  The effects of insufficient supplies of potable water impact everything from public health, to infant survivability, to economic development, to environmental conservation and management.  The widely varying socioeconomic and environmental conditions around the globe require a diverse suite of water quality technologies that are each effective, low-cost, and able to be locally manufactured and maintained.

1.What is the significance of the health problem to be addressed?

Each day, thousands of people – including significant numbers of children under the age of five – die from waterborne diseases (WHO, 2000) and the lack of sufficient drinking water.  These deaths could be dramatically reduced by improving water quality, and would be even more effective if combined with expanded public health efforts to improve hygiene and sanitation.

2.What is the scientific rationale for proposing this challenge at this time?

Traditional approaches to water quality have focused on central disinfection and management, coupled with an envisioned robust distribution system. For many communities, households, and individuals in developing nations, however, this approach not realistic, or effective at increasing public health, nor is it cost effective.  In settings of poor regional infrastructure, dispersed rural dwellings, or in areas of conflict, water quality may be more effectively managed in a decentralized fashion at the point-of-use (POU) by the household or community.  While point-of-use treatment may require more effort on the part of individual households, it offers a means for households to affect their water quality independently and immediately. A common situation is one in which a large-scale piped water system is either not available, or is available but the water is of poor or inconsistent quality.  In both of these settings POU disinfection device offers many advantages.  

For a POU system to be effective, it must be accessible to those who need it most.  An accessible system will be affordable, provide excellent pathogen removal, be able to treat the required capacity of water, operate passively and be constructed from locally available parts.  Currently, there is no POU system in widespread use that fits all of these criteria, although a number of attractive candidate systems exist.  In addition, the technology and the approach to technology transfer must fit with the local economy, and local resource management practices.  This final criteria, often expressed as the need to develop an ‘appropriate’ technology, requires attention to the degree to which an innovation – however promising -- is well matched to the social, economic and technical realities of the situation, site, or region (Kammen and Dove, 1997).  

To address the many different constraints that result in low water quality and availability, a new approach is needed that departs from both the traditional model of central management of water quality, and also the traditional scientific and engineering model of single, optimized, solutions.  Instead, a diverse set of technologies and management practices are needed that can be: evaluated for use in diverse local settings; adapted to local needs; manufactured, distributed, and maintained locally.  It is important to remain cognizant of the fact that the call for distributed, effective, water treatment technologies is not an attack on central station water quality systems, but is a recognition that different regions, at different levels of socioeconomic development and with different types of public health infrastructure, require a diverse set of effective solutions.  In different locations effective POU systems may be, in time, replaced, by robust central systems, or, more likely, may be used in conjunction with centrally managed water technologies.

Scientifically, the time is ripe for this new focus on distributed water quality technologies.  Recent advances in chemical, ultra-violet, and mechanical filters combined with the virtual revolution in inexpensive, portable real-time sensors and wireless communication systems have laid the groundwork for a new generation of water purification technologies.  Manually and electronically controlled units and fully autonomous systems are now all possibilities.  Most importantly, these advances are not confined to one specific purification method, but instead could come in multiple areas if a dedicated research program were to highlight this area.

3.What are the scientific and technical advances that are anticipated if the challenge is successfully completed?

Advances could be achieved in a number of areas, and are naturally tied to the specific type of water purifier or management technology.  Promising technologies needing further research and outreach testing include UV purification systems; mechanical filters; heat purifiers, and a variety of chemical systems.  Each of these technologies will require a dedicated research effort, and each are likely to have application in different local natural, economic, and cultural environments.  A partial list of scientific and technical issues ripe for development include:

· Low-cost bulb and housing and materials for ultra-violet type purifiers that can achieve extended lifetimes and are effective against a wide range of pathogens (Cohn, et al., 2003);

· Developing low-cost chemical treatment systems that are effective against a broad range of pathogens;

· Developing new sensors that continuously monitor water quality, which can change rapidly due to new pollutant loads, increases in water flow rates, and re-contamination as a result of improper water storage or improper use of a particular technology;

· Integrating very low-cost advanced wireless telecommunications so that technology failure, or simply outbreaks of waterborne illness, can be automatically relayed to local health monitoring offices so that the POU networks can form a distributed and low-cost public health backbone (the proliferation of cell-phone technologies in even the poorest countries demonstrates the potential of low cost wireless systems to relay this critical information);

· Developing the range of electrical, mechanical, and chemical POU systems that can utilize the output of these new sensors;

· Developing water treatment and pumping systems that are increasingly autonomous through the inclusion of renewable energy solar, wind, or other types of power units (for systems requiring electricity for operation) for extended, isolated operation.

4.What is the likely impact of those advances on the development of new means to control or treat disease in the developing world?

The development of this next generation of water quality systems would transform the ability of governments and households to address the most basic reasons for ill-health.  With a suite of new low cost and high-reliability technologies and management practices, poor water quality could be addressed quickly where problems exist, or where failures of central station systems put households and individuals at risk.  Contaminated water is a dynamic ever-changing condition, which can be addressed through the flows of both information and technologies. This new focus on both improved POU devices, but also information flows from these systems, would provide the means to gather critical information about disease outbreaks, as well as to monitor the effectiveness of new water quality technologies and practices.
5.What is the feasibility of implementing any resulting new measures against disease in the developing world?

A variety of dramatic innovations have changed the landscape of water management options.  New and emerging purification technologies, communication systems, and low-cost renewable energy power systems can be integrated to address water quality in distributed, point-of-use devices and management practices.    Further research can make these technologies more robust, simple to operate and to maintain, and available in an increasing number of nations through new methods of dissemination (both market-driven and through national health-care systems).  Finally, ‘smart’ sensors and communication technologies could make these distributed water systems the heart of a new, information-driven health care system.
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