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— Enhanced Contaminant Desorption and DNAPL Destruction
— Stabilization of Hydrogen Peroxide

* Activated Persulfate
— Activators

e Proposed Mechanism: Base Activated Persulfate
e Evidence for Organic-Activated Persulfate



— Hydrogen Peroxide
 H-O-O-H

— Persulfate

* -SO,-0-0-SO;
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e Strong oxidant

e Moderately nonselective
e Extremely short lived



e Aliphatics
e Alkanes and Alkenes
* TCE, PCE

e ]1.4-Dioxane



* Freons
e Low Reactivity with TCA

e Keto Acids

e Oxalate
e Malate

e Pyruvate

e Sorbed Contaminants and NAPLs



*Propagation reactions are dominant

*New name: Catalyzed H,O, Propagations (CHP)

eSuperoxide:
*Weak nucleophile and reductant
*Highly reactive when dissolved in organic solvents

eMinimal reactivity in water
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—Carbon Tetrachloride

—Hexachloroethane
—1,3,5-Trinitrobenzene

—Sorbed Contaminants
—DNAPLSs



systems

Sawyer, D.T., and J.S. Sullivan. How Super 1s Superoxide? 1971. Acc.
Chem. Res. 14:393-400.



Hypothesis: Hydrogen peroxide, which 1s less polar

than water, may be present in sufficient
concentration to increase the reactivity of

superoxide.
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Enhanced Treatment of Sorbed
Contaminants and DNAPLS
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—Iron oxide minerals
e Goethite
e Ferrihydrite

—Manganese oxide minerals

eInitiators added for CHP ISCO
—Iron (II)
—Iron (IIT): Superoxide-driven reaction
—Iron chelates
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H,O, + Stabilizer
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Malate
Malonate

Oxalacetate
Oxalate
Pyruvate
Phytate
Succinate



Citrate Malonate Phytate
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Mechanisms of Persulfate Activation



e Transition Metals

e Basic Conditions



Contaminant + SO,»~ — Products



H-0-0 + "S0,-0-0-SO,; ——> SO, + SO,2* + O, + H*






Nitrobenzene: Reactive with Hydroxyl Radicals

Hexachloroethane:  Reactive with Superoxide
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measured by loss of the probe nitrobenzene under
three base:persulfate molar ratios
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oluble transition metals

e Minerals
Reactive oxygen species known
e Hydroxyl radical
e Superoxide
e Hydroperoxide

Enhanced desorption and DNAPL destruction
documented

oluble transition metals
e Base

e Some organics

Reactive oxygen species better known
* Hydroxyl radical
» Sulfate Radical
* Superoxide

e Organic radicals (?)

Enhanced desorption and DNAPL
destruction unknown



1s promoted by superoxide.

e Hydrogen peroxide stability can be enhanced by the

addition of citrate, malonate, or phytate.

e Activated persulfate 1s highly reactive and long lived in the
subsurface, but its fundamental chemistry in the subsurface

1s only now being elucidated.
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