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Introduction

• Oxidation Chemistry

• Oxidant Selection

• Applicable Contaminants and Site Conditions

• Remediation Timeframes

• Safety Considerations
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Technology Basis

• Addition of an oxidant to promote direct oxidative 

destruction of organic contaminants to acceptable 

end products (e.g., CO2, H2O, chloride)

• Various oxidants are in common use:

� Catalyzed hydrogen peroxide� Catalyzed hydrogen peroxide

� Ozone

� Permanganates

� Persulfate

� Solid phase peroxygens

Potassium Permanganate 
Delivery System



Technology Basis

• Oxidation is accomplished by the direct contact of a 
reactive chemical species with the contaminant(s) of 
concern

• Example: Hydrogen peroxide mixed with ferrous iron at 
low pH results in formation of a hydroxyl radical which 
acts as the reactive species:

1.  Fe+2 + H2O2 � Fe+3 + OH· + OH-

2.  Fe+3 + H2O2 � Fe+2 + OOH· + H+

• The radical then reacts with the contaminant, resulting in 
non-regulated by-products and CO2

• Direct oxidation also occurs

� Ozone, permanganate, peroxide and persulfate anion

Hydroxyl 

Radical

Hydroxyl Radical



ISCO History

• Permanganate discovered to be a strong oxidizer in 

1659; used for water treatment since early 1900s

• Fenton’s chemistry discovered in late 1800s

• Environmental applications of Fenton’s reagent 

began in early to mid 1990s

• Permanganate for chlorinated ethenes began in 

1989; well-established by late 1990s1989; well-established by late 1990s

• Ozone sparging for semi-volatiles began in late 1980s; 

continued development to date

• Interest in persulfate in mid to late 1990s;

commercial applications began in early 2000s

• In situ trials with other oxidants since the early 1990s; 

catalyzed hydrogen peroxide (CHP), permanganate, and 

persulfate are most widely used for in situ applications.
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Johann Rudolf Glauber –
Discovered KMnO4 in 1659



• Hydrogen peroxide - 1980s

� Fenton’s chemistry was violent, vigorous at best

� 21st Century – Catalyzed hydrogen peroxide (CHP)

• Ozone - early 1990s

• Permanganate - late 1990s 1000 
mg/L

10 
mg/L 5 mg/L

1 mg/L

100 
mg/L

Evolution of Oxidant Use

• Persulfate - 2002+

• Solid Phase Peroxygens - 2004+

• Delivery Enhancements  - 2007+

� Surfactant-enhanced ISCO

mg/L 5 mg/L
1 mg/L

0 mg/L
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Recirculation

In Situ Mixing

Direct Injection

Conceptual Design



ISCO - Pros and Cons

• Rapid treatment with mass 
destruction, in-situ

• Selection of proper oxidant 
allows of treatment of wide 
spectrum of chemicals

• Applicable in overburden 
and bedrock

• Natural oxidant demand 
(NOD) consumes oxidant

• Delivery limited by 
heterogeneity or low 
permeability

• Post-treatment rebound

Pros Cons

• Applicable in overburden 
and bedrock

• Appropriate for source 
zones or “hot spots”

• Generally innocuous end 
products

• Accepted by most 
regulatory agencies

• Post-treatment rebound

• Can mobilize certain metals 

• Health and safety concerns

• Often not cost effective for 
dispersed or dilute plumes

• Injection and storage permit 
requirements
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Oxidant Selection

Oxidant Oxidation 
Potential (V)

Target Compounds

Permanganate 1.77 Chloroethenes, cresols, 

chlorophenols, some 

nitro-aromatics

Catalyzed Hydrogen Peroxide 

(i.e., Fenton-like)

2.7 TPH, most organic 

contaminants (inc. PCBs)(i.e., Fenton-like) contaminants (inc. PCBs)

Ozone (O3 gas) 2.07 Chlorinated solvents, 

phenols, MTBE, PAHs, 

fuels and most organics

Persulfate 2.1 BTEX, MTBE, 1,4-

dioxane, chlorinated 

solvents, phenols, TCP, 

PCBs, etc.

Activated Persulfate 2.6
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Trends in ISCO Field Deployment
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Permanganate - NaMnO4 and KMnO4

• Treats specific COCs (PCE, TCE, DCE, VC, some others)

• Direct oxidation at ambient pH

� Lower power oxidant, cleaves double bonds

• Reaction rates – minutes to days

MnO4
- + 2H2O + 3e-

fifififi MnO2(s) + 4OH-

• Reaction rates – minutes to days

� Can persist for weeks to months, reduces rebound

• Residual manganese dioxide – MnO2

� Formation of rinds that can encapsulate solvents, can limit 

treatment
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Permanganate Reactions

+-

+fi KMnOKMnO
44

+-

+fi NaMnONaMnO 44

Solubility (g/L)

42

900

Sodium 

Potassium 
Permanganate 

Crystals

3C2Cl4 + 4MnO-
4 + 4H2O   6CO2 + 12Cl- + 4MnO2(s) + 

8H+

C2Cl3H + 2MnO-
4 2CO2 + 3Cl- + 2MnO2(s) + H+

PCE Oxidation: 

TCE Oxidation: 

Sodium 
Permanganate
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Permanganate Application

Permanganate in 
Groundwater
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Permanganate Application

Solid-Phase 
Permanganate Delivery
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