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The problems facing the United States and world with water are exponentially growing, and are impacting energy, the environment, agriculture, and the health of people in both the developed and most urgently the developing world.  Unfortunately, the cost to supply clean waters for the peoples of the world in the coming decades with current technologies is staggering (trillions), and costs of water are expected to rise rapidly in many parts of the U.S.  Rapid and massive development of water science and new technologies in the next ten years is needed to affordably secure the U.S. water needs.  Researchers worldwide and in the NSF Science and Technology Center, the WaterCAMPWS, are working on new methods to purify water to remove salts and contaminates, and to disinfect water from a host of pathogens.  Nanoscience and technology holds great promise to clean impaired waters, reuse waters, and desalinate seawater and most importantly inland saline aquifers that underlie most of the U.S.  Current purification techniques rely mainly on homogeneous chemistries and phase change, but heterogeneous purification techniques, such as reverse osmosis, have been gaining in use.  Nanotechnologies, such as incorporation of nanoparticles and nanostructures within membrane systems, are being developed to greatly increase the performance of membrane separation processes, and heterogeneous purification in general.  Nanotechnology is being used to decrease fouling of membranes and to increase flux in order to increase water supplies through reuse and desalination.  Micro-nanofluidic constructs to selectively add and subtract attoliter volumes (10‑21 m3) of different solutes from fluid streams for continuous monitoring of water and to separate, manipulate, and analyze minute amounts of specified molecular compounds, such as toxins and proteins, from natural water.  Nanocatalysts are being developed to mineralize potent carcinogens and toxic compounds in water. Quantumly confined photocatalysts are being developed for disinfection of pathogens by photooxidation to decrease the use of potent chemical oxidants, which themselves can create toxic disinfection byproducts.  I will close the talk with some open questions and challenges facing water purification research in the next decade, and how nanoscience and nanotechnologies can potentially transform water purification for peoples in both the developed world, and more importantly, the developing world. 
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