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Presentation Overview
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Chemistry/Pathways
• Target Contaminants
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• Case Studies
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Introduction

• Contaminants are transformed abiotically by reduced iron 
(Fe II) minerals formed by microbial activity

• Minerals may be present naturally as part of the site 
geology

In Situ Biogeochemical Transformation (ISBGT)
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ISBGT Reaction Chemistry
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Chlorinated Ethene Abiotic Transformation Pathways
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Target Contaminants

Contaminant Class Iron 
Sulfides Magnetite Green 

Rust ZVI

Chlorinated hydrocarbons x x x x
Pesticides x x
Munitions Constituents 
(RDX) x x

Specific Metals
(uranium, arsenic, etc.) x
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Favorable Site Conditions

Presence of reduced 
iron minerals in the soil 

matrix

Naturally available 
dissolved sulfate in 

groundwater 

Naturally available 
dissolved Fe(II) in 

groundwater or solid 
Fe(III) in soil 

Sufficient dissolved 
organic matter to 

maintain iron/sulfate 
reducing conditions 

Presence of iron and 
sulfate-reducing 

microbes

Neutral to slightly 
elevated pH increases 

reaction rates
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Typical ISBGT Amendments 

Sulfate Iron Organic carbon Buffer

Solid Amendments

Calcium Sulfate Hematite
Magnetite

Mulch
Cotton gin Limestone

Liquid Amendments
Magnesium Sulfate
Sodium Sulfate
Iron Sulfate

Iron Sulfate
Iron Chloride

Lactate
Vegetable Oil
Lecithin

Sodium 
Bicarbonate
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Monitoring Approach

Groundwater 
Geochemistry Soil Analysis Microbial Analysis

• DO
• pH
• ORP
• Dissolved/Total Iron
• Sulfate
• Sulfide
• Methane
• TOC

• Bioavailable iron
• Mineral Surface Area and Grain 

Size
• Scanning Electron Microscopy of 

Mineral Surface
• Acid Volatile Sulfides
• Chromium Reducible Sulfides
• X-Ray Diffraction
• Magnetic Susceptibility

• Iron-Reducing Bacteria
• Sulfate-Reducing 

Bacteria
• Total Bacteria
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Field Scale Applications

• PRB used to enhance the formation of iron 
sulfides to treat chlorinated solvents

Dover Air Force Base 
(AFB)

• Chlorinated solvent contamination at 80 ft bgs
• Sulfate and electron donor were recirculated.Edwards AFB

• Amendments was directly injected using DPT 
into three test cells

Joint Base Elmendorf-
Richardson

• A 144-gal-per-day treatment system installed to 
enhance ISBGT of chlorinated solvents

Nike Battery Park Site 
PR-58
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Conclusions

• Visit the ERB Web site to 
download the ISBGT 
Factsheet

• Share with your team
• Goal is to support 

innovative technology 
implementation

• ISBGT Handbook by ARTT 
will be published in 2015
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