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[bookmark: _Toc43025777]Introduction

Water research in the United States is funded by a variety of federal agencies, including the National Institutes of Health (NIH) through the National Institute for Environmental and Health Sciences (NIEHS); the National Science Foundation (NSF), predominantly through its CBET (Chemical, Bioengineering, Environmental, and Transport) Division; the Department of Energy (DOE), through individual investigator grants; and the Department of Interior (DOI), primarily through Title XVI (“The Water Reclamation and Reuse Act”) and through the Water Desalination Act of 1996. A variety of private companies, either working in collaboration with a university or independently, also work in this area. Major players in this field in the United States are profiled below:
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A NIH-funded Superfund project at Brown University is funding researchers to study “Toxicant Exposures in Rhode Island: Past, Present, and Future,” which includes a sub-focus on water purification.[endnoteRef:1] Researchers at Brown University are partnering with state government officials to develop effective water testing techniques, with a particular focus on removing organic contaminants such as polyfluorinated and perfluorinated alkyl substances (PFAS).[endnoteRef:2] This program has received over $10 million in funding through the NIEHS.[endnoteRef:3] [1:  https://www.brown.edu/research/projects/superfund/]  [2:  https://www.brown.edu/news/2017-08-10/water]  [3:  https://news.brown.edu/articles/2015/09/superfund] 
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Significant effort at MIT is spent on water purification and desalination research. This effort includes the development of an electrochemically-driven method to remove micropollutants (via an individual research grant to T. Alan Hatton);[endnoteRef:4]  the development of xylem-based, low-cost water filters (via an individual research grant to Rohit Karnik);[endnoteRef:5] and the development of photovoltaic-powered reversal desalination (through a Department of Interior grant to John H. Lienhard V).[endnoteRef:6] MIT also has developed devices for water purification in developing countries, including in India, using technology developed by MIT professor Amos Winter and graduate student Natasha Wright.[endnoteRef:7] [4:  http://news.mit.edu/2017/electrochemical-clear-pollutants-water-0510]  [5:  https://d-lab.mit.edu/research/water-filters]  [6:  http://energy.mit.edu/news/turning-desalination-waste-into-a-useful-resource/]  [7:  http://news.mit.edu/2016/solar-powered-desalination-clean-water-india-0718] 

MIT also has an NSF-funded materials research center, which includes a focus on materials for water purification membranes, with more than $16 million in funding obtained to date.[endnoteRef:8] There is also an Energy Initiative at MIT,[endnoteRef:9] which includes research in the area of sustainability in water resources, including in purification and desalination of water. Finally, the Institute established the Abdul Latif Jameel Water & Food Systems Lab (J-WAFS), to coordinate water, energy, and food research across the institute.  [8:  https://mitmrsec.mit.edu/]  [9:  http://energy.mit.edu/] 

Companies launched by MIT faculty and students also have a substantial focus on water purification and desalination. These include: (a) SiPure, a start-up founded by MIT students to purify textile wastewater;[endnoteRef:10] (b) Infinite Cooling, a start-up that can provide a more effective way of cooling that limits water usage requirements;[endnoteRef:11] and (c) Xconomy, a company that uses MIT-based technology to split water into hydrogen and oxygen and obtain energy from that process.[endnoteRef:12]   [10:  http://news.mit.edu/2019/water-innovation-prize-methane-wastewater-0423]  [11:  http://news.mit.edu/2018/new-system-recovers-fresh-water-power-plants-0608]  [12:  https://www.technologyreview.com/s/413046/water-splitting-company-founded/] 
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The National Aeronautics and Space Administration (NASA) is a big player in the water purification industry.
This work includes the following key components: 
(a) Collaborations with local wastewater treatment companies to develop water purification technologies. For example, SageGuard Solutions (an Ohio-based company)[endnoteRef:13] bought technology from the NASA Glenn Research Center to accomplish water purification via electrochemical means, at a cost of $50,000 up front plus 4% of gross sales.[endnoteRef:14] [13:  https://sageguardsolutions.com/ http://meche.mit.edu/featured-classes/desalination-and-water-purification]  [14:  https://technology.nasa.gov/featurestory/safeguard-license] 

(b) Partnerships with non-profit organizations to bring water purification technologies to developing countries.[endnoteRef:15] For example, a non-profit group, Concern for Kids,[endnoteRef:16] worked with NASA researchers to bring water purification efforts to Iraq.[endnoteRef:17] [15:  https://www.nasa.gov/sites/default/files/atoms/files/benefits-for-humanity_third.pdf]  [16:  https://www.concern4kids.org/]  [17:  https://www.nasa.gov/centers/marshall/multimedia/photos/2006/photos06-080.html] 

(c) Grants to individual investigators to study the water cycle and water resources, which are given through the Science Mission Directorate (SMD) of NASA. Note that the NASA budget for FY2020 is $21 billion; of that, approximately 28% is budgeted for scientific research ($5.9 billion).[endnoteRef:18]  [18:  https://www.nasa.gov/sites/default/files/atoms/files/fy19_nasa_budget_estimates.pdf] 
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Research at NJIT in water research and purification includes an NSF-funded Industry-University Cooperative Research Center program for a center in “Membrane Science, Engineering and Technology (MAST), with Kamalesh Sirkar[endnoteRef:19] and Boris Khusid[endnoteRef:20] listed as co-PIs on the grant. $200,000 has been awarded to NJIT through this mechanism to date, which has resulted in numerous publications[endnoteRef:21] and patents[endnoteRef:22] based on the results of this research. An additional researcher at NJIT, Professor Linda Cummings,[endnoteRef:23] has also received NSF funding for research in membrane filters for water purification, through the NSF GOALI (Grant Opportunities for Academic Liaison with Industry)[endnoteRef:24] funding mechanism. [19:  https://chemicaleng.njit.edu/faculty/sirkar]  [20:  https://chemicaleng.njit.edu/faculty/khusid]  [21:  (a) Puranik, A. A.; Rodrigues, L. N.; Chau, J.; Li, L.; Sirkar, K. K. Porous hydrophobic-​hydrophilic composite membranes for direct contact membrane distillation. J. Membrane Sci. 2019, 591, 117225; (b) Chau, J.; Singh, D.; Sirkar, K. K. 110th Anniversary: Liquid Separation Membranes Based on Nanowire Substrates for Organic Solvent Nanofiltration and Membrane Distillation. Industrial Engineering Chem. Res. 2019, 58, 14350-14356; (c) Yao, N.; Khusid, B.; Sirkar, K. K.; Dehn, D. J. Nanoparticle filtration through microporous ECTFE membrane in an alcoholic solution. Separation Purification Technol. 2019, 210, 754-763.]  [22:  (a) Sirkar, K.; Singh, D.; Li, L.; McEvoy, T. J. Hollow fiber membrane module for direct contact membrane distillation-​based desalination. PCT Int. Appl. 2018, WO 2018195534 A1 20181025; (b) Sirkar, K.; Pfeffer, R.; Chen, D.; Singh, D. Porous hollow fiber antisolvent crystallization-​based continuous method of polymer coating on submicron and nanoparticles. U.S. Pat. Appl. Publ. 2016, US 20160166512 A1 20160616.  ]  [23:  https://math.njit.edu/faculty/lcumming]  [24:  https://www.nsf.gov/pubs/2016/nsf16099/nsf16099.jsp] 
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William Dichtel (Professor at Northwestern University)[endnoteRef:25] founded CycloPure, a company that uses cyclodextrin-based materials for water purification.[endnoteRef:26] CycloPure recently received $1 million in SBIR (Small Business Innovation Research) funding.[endnoteRef:27] To date, CycloPure has one commercial product, a PFAS testing kit called “Water Test Kit Pro.”[endnoteRef:28] Dichtel himself has received substantial NSF funding to conduct research in the development of novel membranes for water purification research (through the CBET program) in the Engineering Division.[endnoteRef:29] [25:  https://www.chemistry.northwestern.edu/people/core-faculty/profiles/william-dichtel.html]  [26:  https://cyclopure.com/]  [27:  https://www.waterworld.com/drinking-water/treatment/article/14040084/cyclopure-wins-1-million-phase-ii-sbir-grant]  [28:  https://cyclopure.com/product/water-test-kit-pro/]  [29:  https://www.scholars.northwestern.edu/en/projects/cbet-epsrc-a-game-changing-approach-for-tunable-membrane-developm-4] 




