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Purpose 

• Identify effective chemical oxidants for 
treating:  
1. Complex and high-strength mixture of sulfa 

drugs, barbiturates, semi-volatile organic 
compounds, and chlorinated solvents 

2. Mixture of phosphorothionate pesticides 

• Further evaluate effectiveness of Fenton’s 
reagent as an oxidant, which not been 
field-demonstrated in Denmark  
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Why In Situ Chemical Oxidation?  

1. Kærgård  
� Aggressive, powerful treatment option 
� No precedence for in situ treatment of 

complex mixture of sulfa drugs, barbiturates, 
semi-volatiles, chlorinated solvents 

� Bioremediation of antibiotics - feasible?  

2. Høfde 42   
• Aggressive, powerful treatment option 
• Highly toxic material – avoid ex situ treatment 
• Low pH – makes bioremediation problematic 
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Redox Potentials and Applications of 
Common Chemical Oxidants 
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Ex-Situ  
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Kærgård Plantage    
(pharmaceutical waste disposal site) 
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Kærgård     
Plantage     
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Kærgård Plantage, Jutland, Denmark   
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Kærgård Plantage, Jutland, Denmark  

Scale of Problem:     

�7.5 million gallons of 
waste water released 
containing:    

�SVOCs    
�VOCs     
�Sulfonamides    
�Barbiturates    
�Hydrocarbons    
�Lithium    

� 60,000 metric tons of 
salts, and organic 
contaminants    

� Today, contaminant 
discharge to North Sea 
is estimated at 50 
metric tons/yr    

Waste pits    
       (grubes)    
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Chlorinated solvents     
in groundwater (µg/L)    
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Kærgård: A quick study of Sulfonamides 

• General Structure:  
 
• Some sulfonamides observed at the site: 
 
 
 
 
 
 
 

 
• Fate-and-transport characteristics:  highly soluble, not 

hydrophobic, anti-biotic 
 

Sulfanilic Acid     Sulfamethazine     Sulfadiazine     
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Kærgård: A quick study of barbiturates 

• General Structure: 
 
• Some barbiturates observed at the site: 

 
 
 
• Fate-and-transport characteristics:  highly soluble, not 

hydrophobic 

Pentobarbital     Barbital     Secobarbital     
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Kærgård: Summary of Test Approach 

Low Med High

Groundwater 0.94% 1.90% 2.80%

Soil 0.25% 1.25% 6.25%

DNAPL-
impacted Soil 3.30% 10.30% 17.70%
Groundwater 4 g/L
Soil 9 g/L

DNAPL-
impacted Soil 9 g/L

Downgradient 
Plume Groundwater

500 mg/L O3  

250 mg/L H2O2

750 mg/L O3  375 
mg/L H2O2

1000 mg/L O3  

500 mg/L H2O2

Advanced 
Oxidation 
(H2O2/O3)

Reagent Dose 

Medium
Treatment 
ZoneTreatment

Permanganate Source Area

Fenton's 
Reagent

Source Area
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Example Sterile Control – Sulfonamides 
(no treatment agents)  
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BTEX: 

•Benzene, toluene 100% 
destroyed by Fenton’s 

 

VOCs: 

•Chlorinated ethenes 
100% destroyed by 
Fenton’s 

•Chlorinated methanes 
NOT destroyed 

•Consistent with literature 

Kærgård: Fenton’s Results  
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Barbiturates: 

•100% destroyed by 
Fenton’s 

•High DL at endpoint 

 

Sulfonamides 

•100% destroyed by 
Fenton’s 

Kærgård: Fenton’s Results  
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Advanced Oxidation - Sulfonamide Results  
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Advanced Oxidation – Barbiturates Results  
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MnO4 (4 g/L) - Sulfonamide Results  
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MnO4 (4 g/L) – Barbiturates Results  
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Results Summary 
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 Toxicity Test Results:  
Pre vs. Post-Treatment 

Microtox Test: 

•Luminescent bacteria  

•LC50 value expresses 
how concentrated the 
sample can be for 50% 
survival over 5 minutes 
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Summary of Key Findings 

• Modified Fenton’s Reagent and AOP 
effectively treat Complex mixture of Sulfa 
Drugs, Barbiturates, SVOCs and 
Chlorinated Solvents 

• Permanganate also treats Sulfa Drugs, 
SVOCs, and CVOCs, but not barbiturates 

• Treatment performance confirmed via 
measurement of toxicity reduction 
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Høfde 42    
(organophosphorus pesticide  

waste disposal site) 
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Høfde 42     
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Høfde 42 

Scale of Problem:     

� 235,000 Kg of sorbed phase pesticides     

� 8000 Kg of pesticide DNAPL     

�60 Kg of mercury in DNAPL     

Other Considerations:     

�Pesticide manufacturing contaminants     

�Pesticide degradation products     

�Extremely acidic (pH 3-4)     
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Høfde 42 : Organophosphorous 
Pesticides 

• Primary pesticides observed at the site: 
 

 
 
 
 

• Others include: MCPA 

• Key toxicity issues: 
� In situ degradation/reaction products more toxic than 

parent compounds (e.g., paraoxon, malaoxon!) 
� Very toxic to aquatic invertebrates and birds 

Parathion     Methyl Parathion     Malathion     
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Høfde 42 : Organophosphorous 
(phosphorothionate) Pesticides 
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Høfde 42 : ISCO Tests Completed 
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Pesticides: 

•100% destroyed by 
Fenton’s 

 
 

Oxons: 

•100% destroyed by 
Fenton’s 

•Common oxidation 
intermediate of pesticides 

•Produced in other oxidation 
tests with Site GW 

Høfde 42: Fenton’s Results  
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Manufacturing 
Contaminants: 

•100% destroyed by 
Fenton’s 

 

Degradation Products: 

•MP-2-Syre produced with 
higher dosage 

•Ozone & Ozone+H2O2 
did not produce 

•Toxicity of MP-2-Syre not 
known 

Høfde 42 : Fenton’s Results  
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Høfde 42 : Advanced Oxidation  
Results for Pesticides  
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Høfde 42 : Advanced Oxidation  
Results for Pesticide Manufacturing 
Contaminants 

Parathion Manufacturing Contaminants
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Høfde 42 : Permanganate Results  
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Høfde 42 : Results Summary 

Exceptions to the 
trends… 

• MP2-Syre produced 
in Fenton’s tests 

• E-OOOPO produced 
in Ozone, 
Ozone+H2O2 & 
Permanganate tests 
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Høfde 42 : Toxicity Results 

    



 

engineers | scientists | innovators  

Høfde 42 Summary 
Four oxidants for ISCO evaluated in treatability 

studies: 
Ozone, Permanganate  
• Excluded by production of Oxons 
Ozone + H2O2  
• Oxidized most CoCs 
• Some reduction in toxicity 
• Technology not widely tested for ISCO 
Fenton’s Reagent  
• Oxidized most CoCs 
• Large reduction in toxicity 
• Most mature technology 
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Presentation Summary 
 
Fenton’s Reagent and AOP  
• Treatment performance confirmed for first time with 

sulfonamides, barbiturates, and organophosphorus 
pesticides 

Permanganate  
• Destroyed majority – but not all – of contaminants 
• Performed far better than expected 
Limitations of These Tests 
• Not all treatment intermediates identified  
• Did not answer the question of: how best to deliver in the 

field 
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Questions? 


