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Abstract 
Texas has more than 2.7 billion acre-feet of brackish groundwater, which can supply enough water for the 

entire population of Texas (~3 millions) for 8,000 years.  However, the elevated concentration of total dissolved 
solids (TDS) in brackish groundwater requires a desalination process like reverse osmosis (RO) to be used.  In Texas, 
there are currently about 40 brackish groundwater desalination facilities (BGDFs) with more than 85 million gallons 
per day or 93,000-acre feet per year of freshwater production capacity.  However, the freshwater recovery by 
brackish water RO is typically limited to 75% to 80% and the remainder becomes a concentrate stream that needs 
to be properly disposed of.  Concentrate management is one of the major challenges at BGDFs due to the 
regulatory, economic, and environmental constraints.   

To overcome this problem, a new approach to treat the RO concentrate to recover more water has been 
developed using selectively cultured brackish diatoms such as Gedaniella flavovirens and Nitzschia communis and 
natural sunlight.  RO concentrate samples from 9 BGDFs in Texas, California, and New Mexico have been collected 
and successfully tested by laboratory-scale photobioreactors with brackish diatoms using light emitting diode bulbs 
and/or sunlight as a light source.  The initial concentrations of reactive silica, calcium, and TDS in the RO concentrate 



samples were up to 170, 1,600, and 17,000 mg/L, respectively.  The photobiological treatment could remove a 
majority (60% to 99%) of these constituents, as well as phosphate, ammonia/ammonium, nitrate, bicarbonate, iron, 
and manganese, with little to no addition of extra chemicals.  With this photobiological technology, the additional 
freshwater recovery using a secondary RO will become more feasible, more cost-effective, and more 
environmentally friendly.  Our study has demonstrated that BGDFs would be able to recover up to 95% of fresh 
water while reducing the volume of concentrate by more than 50% from the current operation.   
 

Dr. Ikehata is an Assistant Professor of Civil Engineering in the Ingram School of 
Engineering, Texas State University, San Marcos, Texas.  Dr. Ikehata received his 
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Dr. Ikehata’s research has been funded by the National Science Foundation, the U.S. 

Bureau of Reclamation, public utilities, and several global companies in the water industry.  His research interests 

and areas of expertise include water and wastewater treatment technologies, water reuse, desalination, stormwater 

management, environmental microbiology and biotechnology, aquatic chemistry and biology, and xenobiotics 

toxicology and risk assessment.  Dr. Ikehata has published more than 140 technical publications.  Dr. Ikehata has 
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Left: Brackish Groundwater Desalination Facility in San Antonio, TX; Right: Brackish Diatom Gedaniella flavovirens 
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