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Groundwater at an active automotive parts manufacturing facility in Limeira, Sao Paulo State, 
Brazil, was contaminated with chloroethanes and chloroethenes. The facility previously used 
1,1,1-trichloroethane and trichloroethene as degreasing agents. The contamination consists of the 
parent compounds and daughter products. Historic groundwater monitoring showed the presence 
of cis-1,2-dichloroethene, 1, 1-dichloroethane, 1, 1-dichlorethene and vinyl chloride, typical 
reductive dechlorination and abiotic degradation products. 

Various treatment options have been evaluated. A treatability study showed that biostimulating 
the indigenous microorganisms (including Dehalococcoides ethenogenes) through carbon 
addition would not significantly improve the dechlorination rate. Separate field tests showed that 
air sparging was relatively ineffective due to the layered lithology. As an alternative, In Situ 
Chemical Reduction (ISCR) was considered. ISCR increases the reduced iron minerals present in 
the subsurface soils, which then abiotically react with halogenated solvents. 

Laboratory testing oflSCR was conducted in three stages. Stage 1 (feasibility) evaluated the site 
soil for iron content; chemical analyses showed soil total Iron concentrations ranging between 2 
and 6%, values that the technical literature indicates have high potential for ISCR success. Stage 
2 (reagent screening) was used to evaluate which of four reductants (dithionite, polysulfide, 
sulfide, and oxalic acid) performed best to increase the iron II content. Sodium sulfide and 
calcium polysulfide had the largest increases in reduced iron concentrations. Lastly, Stage 3 
(effectiveness testing) evaluated the efficacy of the two best reductants to treat the specific 
chlorinated volatile organic compounds (CVOC) present. Polysulfide-treated soils showed the 
best overall reduction in target CVOC concentrations. 

Field pilot studies were conducted to address key ISCR implementation issu_es such as 
achievable injection rates, treatment efficacy, and cost-effectiveness of the process. In the field, 
results showed that high liquid injection rates were achievable (an average of 1,500 L/h or 1 
ft3/minute), which would allow sufficient volumes ofISCR reagents to be successfully applied 
and distributed throughout the targeted treatment zone. 

An ISCR field pilot study was conducted using a pull-push test wherein a known volume of 
groundwater is withdrawn, amended with a polysulfide, and then reinjected. The field pilot test 
was completed in 2007. Initial results showed reduction of CVOCs in the test area Performance 
monitoring conducted in 2010 and 2011 has showed significant decrease in total CVOC within a 
48 month period of about two orders of magnitude. The longterm monitoring results show that 
stable reducing conditions have been achieved resulting in longterm improvement of the 
groundwater quality within the radius of influence of the injection wells. This is the first 
documentation oflong term changes in abiotic reactions through direct injection of a reductant. 

D4. In Situ Chemical Reduction 

Tuesday Evening Poster Session 


