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As ethanol becomes increasing produced and utilized as an alternative fuel source and clean technology, its 
potential to interact with a previously gasoline contaminated site also increases. The interaction of these 
two contaminates must be investigated and understood, as ethanol has the ability to remobilize existing 
residual gasoline. High frequency (450 & 900 MHz) Ground Penetrating Radar (GPR) was utilized in a 
controlled field experiment to monitor the effects of an ethanol released over existing gasoline residuals. In 
September 2009, 185L of E95 (95% ethanol and 5% gasoline) was released at CFB Borden into an 
unconfined sand aquifer, directly above an area of gasoline residuals previously established by a release of 
E10 (10% ethanol). The initial GPR images following the E95 release indicated a zone of strong EM wave 
scattering which expanded laterally in all directions throughout the next 30 days. The strength of the 
electromagnetic scattering decreased with time indicating a thinning of the ethanol contaminated zone, 
consistent with spreading and ethanol dissolution into the capillary fringe. Two-way travel times to an 
underlying clay reflector show a clear velocity "pull-up" effect resulting from the ethanol, and further 
characterizing lateral and vertical extent. Beyond the initial expansion, very little change in the GPR 
signature was seen until winter and the development of frozen soil. The interpretation of the geophysical 
response has indicated that ethanol in the vadose zone inhibited the freezing of pore water in the 
contaminated zone. This effect was confirmed by direct physical measurement of the increased depth to the 
frozen zone.  
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Desorption experiments were conducted to evaluate remediation efficacy of a range of chemically unique 
surface active agents (surfactants) in removing Zn, Cu, Pb, and Cd from a Superfund soil associated with 
more than eighty years of heavy metal deposition. The rhamnopyranosyl-based biosurfactant (anionic), 
oleyl dimethyl benzyl ammonium (nonionic), and 1-dodecylpyridinium chloride (cationic) dramatically 
induced desorption of Zn, Cu, and Pb by an order of magnitude. The rhamnolipid formulation induced the 
greatest desorption, with an overall reduction of Zn, Cu, Pb, and Cd by 39, 56, 68, 43 % respectively. 
Surfactants were also prepared at varying pH levels (7.0, 5.0, 3.5), and in mixture with I- (at 0.05, 0.10, and 
0.15 M) and ethylenediaminetetraacetic acid (at 0.005, 0.010, 0.100 M) chelating agents. While results 
were metal- and surfactant-specific, acidified surfactants lead to enhanced removal of metals (>95 %). Only 
moderate increased rates of decontamination were observed using surfactant solutions containing I-. EDTA 
had the most pronounced impact on surfactant desorption efficacy, in most cases removing 90–98 % of all 
metals at the highest EDTA concentration (0.100M). However, the relationship between EDTA 
concentration and metal desorption in surfactant emulsions was not always linear. Finally, on the basis of 
toxicological impact to receptor species, assays revealed that in two species of earthworm, Eisenia fetida 
and Lumbricus terrestris, metal bioaccumulation was reduced by ~ 30 to 80 %, total biomass was enhanced 
by ~ 3 to 6-fold, and survival was increased to > 75% in surfactant-remediated soil compared to untreated 
soil. This study presents the most comprehensive examination of surfactant remediation technology, and is 
the first of its kind to link both chemical and toxicological parameters to assess the feasibility of 
implementing such technology to remove contaminants aged for nearly a century. 
	  


