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Resear ch Objective: In Stu oxidation with potassum permanganate has been widdly evauated,
as a potentia remediation method for dissolved or pure DNAPL in groundwater system. The
goals of this study are (1) to ducidate the basic mechanisms by which potassum permanganate
oxidizes common chlorinated solvents, various congtituents in aqueous solution, and porous-
medium solids, and (2) to assess the potentid for chemical oxidation by potassium permanganate
to serve asaremedia scheme involving either source zone flooding or reective barriers. The
study is organized with alaboratory component that looks generdly at the basic reaction
processes and kinetics, and atheoretical component thet is developing modeling tools
gopropriate for desgning systems under field conditions.

Resear ch Progress and Implications. This report summarizes work after 3.5 years of a4-year
project. The work mainly consigts of six parts. Part (1) is afundamenta study of kinetic reactions
between permanganate and five chlorinated ethylenes including PCE, TCE, and three isomers of
DCE. Rate parameters were estimated in arange of pH 4-8. Permanganate consumption by other
dissolved organic compounds was aso estimated for field applications to predict the TCE
degradation rate in a system involving multiple contaminants. Part (2) involves series of kinetic
experiments conducted to identify products and to parametize the oxidation kineticsin an

attempt to assessthe utility of this reaction as the bass for the in-Stu remediation of groundwater
contaminated by chlorinated ethenes. Based on our understanding of various processes involved
with TCE oxidation, akinetic mode was developed and the model parameters were estimated.
The kinetic mode proposed in this study successfully smulates observed experimentd data. Part
(3) isan effort to increase the reaction rate of permanganate oxidation by means of phase-
trandfer-catalyss. Phase transfer catalysts (PTC) work by trandferring permanganate ion into the
nonagueous phase where it initiates oxidation decomposition. Selected PTCs increased the rate
of TCE decompodtion by catalyzing permanganate oxidation in the organic phase. This study
suggests that there is Sgnificant potentid for testing this scheme under field conditions. Part (4)

of study examined the influences of pentyltriphenylphosphonium asa PTC on the rate of
permanganate oxidation of DNAPLs (TCE, PCE, TCA, and TECA) in pure phases and mixtures.
TCA and TECA gppeared to increase the permanganate consumption significantly when then
were mixed with TCE or PCE. The increase in consumption rates with the PTC was most
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Figure 2. Utilization of permanganate through oxidation of various aquifer scheme. The
materials capabilities of this code

was tested by
comparison with column, test cell, and fied experiments. The smulated results matched well
with experimental measurements. The computer modd provides a useful tool for asssting with
the design and the prediction of the oxidation processes under field conditions.

Figure 3. digital images of
permanganate flooding of a
small glass flow tank. Panel (a)
shows conditions after 2 days of
flooding. Panel (b) shows
conditions 5 hours after flooding
stopped. The TCE was
sequestered as a rind of
precipitate forms and
permanganate bypassed this
Zone.




Planned Activities: (1) Further research includes detail investigation on mechanisms of
permanganate oxidation in nonagueous phase, cosolvent asssted permanganate oxidation of
dissolved DNAPLSs, autocataytic reaction kinetics, and the limitations of permanganate- based
remediation scheme. (2) Large tank experiment isin progress to undertake proof of concept
dudies to determine the efficacy of DNAPL removd in large scale flooding schemes, to
elucidate how the efficiency of DNAPL removd isinfluences by flow by-passing due to

multi phase effects and the presence of reaction products, and to develop further promising
eectricd and opticad monitoring schemes.

Information Access: 10 papers have been prepared or submitted. The results of al these efforts
and published references are presented in a 69 page comprehensive report entitled
"Permanganate Treatment of DNAPLSs in Reactive Barriers and Source Zones', which is
available a www.geology.ohio- state.edu/~hydro or aso from the PI.
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