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Organic contamination of subsurface soil and groundwater is an extensive and vexing problem that stands to benefit from nanotechnology. Contamination by organic pollutants, especially chlorinated organic compounds (COC) are primary concerns at over half of the Superfund National Priorities List sites. Associated health risks have led to an extensive remediation effort for the past 30 years. Past remediation efforts have had limited success primarily because most organic pollutants are only weakly water-soluble and tend to remain as a separate non-aqueous phase liquid in the subsurface. Most COC of concern are denser than water and migrate downward in the aquifer where they collect as saturated pools and ganglia in the microporous soil.  These pools slowly leach their contents, resulting in large contaminant plumes and decades-long remediation times.  Prevailing cleanup technologies are inefficient because they address only the plumes.  New technologies that directly remediate the contaminant source zone could significantly reduce cleanup times.  A promising technology for source zone remediation is the introduction of zero valent iron nanoparticles into the contaminated groundwater.  These react with chlorinated contaminants and convert them to non-toxic products. The main obstacle against the use of such reactive nanoparticles is that they are immobile in groundwater – they tend to aggregate and be filtered out by soil grains before they reach the contaminant. This research team is developing polymer coatings for zero valent iron nanoparticles that prevent aggregation and adhesion to soil surfaces in the groundwater.  When adsorbed to nanoparticles, these polymers form highly charged “brushes” that repel other particles, including soil grains that would cause undesired particle filtration.  This allows the nanoparticles to travel the large distances required to react with chlorinated organic contaminant source zones.
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Figure 1.  Whereas unmodified iron nanoparticles aggregate and adhere to soil surfaces, nanoparticles with newly synthesized poly(methacrylic acid)-poly(methyl methacrylate)-poly(styrene sulfonate) block copolymer coatings resist aggregation and transport effectively through model soils in laboratory tests.
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