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IntroductionIntroduction
There are various types of natural materials available that can 
sorb COCs physically or chemically.  
The sorption can be site-specific, depending on

• The aquatic chemistry of the site
• Physical and chemical properties of the sorbent materials
• The properties of the COCs

Reactive natural cap provides a sustainable solution by 
limiting the chemical flux (leaching from sediment) through a 
relatively thin layer of application.

This mineral-rich rock and sedimentary deposits from southeast U.S. 
have appropriate surface functional group to attenuate mercury (Hg).
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SummarySummary
• The antibacterial properties of quaternary ammonium compounds are known and are 

closely linked with the chemical properties of cationic surfactants. These positively 
charged functional groups are attracted to negatively charged substances (such as, 
bacterial proteins). Quaternary ammonium compounds denature these proteins 
exerting their antibacterial activity.

• Microorganisms can use the cationic surfactants in organoclay as carbon and energy 
sources.

• Organoclays may inhibit or stimulate the various microorganisms present in the 
natural (sediment-water) systems.  Thus, it is important to perform microorganism 
toxicity studies in order to identify environmental impact.

• Natural minerals can provide sustainable solution as the microorganisms may have 
acclimatized by the indigenous materials.

Intrinsic Capacity of Native Sediment to Sequester COCs (Hg)

Sediment structure showing effectiveness of natural materials 
sequestering various contaminants
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Surface Acidity and Surface 
Complexation Reactions

Amplified ribosomal DNA restriction analysis (ARDRA) and denaturing gradient 
gel electrophoresis (DGGE) conducted to evaluate the effects of the 
commercial organoclays, native and spiked sediment on bacterial community.

MT2EtOH: methyl, tallow, bis-2-hydroxyethyl, quaternary ammonium
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• Many bands indicating a high diversity were present in native sediment sample. 
• Microbial consortium showed no change after the enrichments without clay  

and with montmorillonite.
• Significant change in SRB community structure did not occur during enrichment 

with the exception of absence of Thermodesulfovibrio and Magnetobacterium
in high TOC (4600 mg/L).  These dominating bands appeared at low TOC (5 
mg/L) sediment.
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ObjectivesObjectives
Before designing any sediment cap, one should consider the physical, 
chemical, and toxicological properties of the cap materials.
A sustainable reactive cap will be

• Able to sequester chemical and biological materials to stabilize a 
broad range of contaminants in different types of sediments

• Environmentally friendly and cost effective
• Able to resist physical disturbance
• Predictable using conceptual and mathematical models to estimate

cap life (long term performance) for contaminant attenuation
• Amenable to combination and deployment of chemical and biological 

amendments for constructing reactive sediment caps
• Effective on reducing contaminant mobility, toxicity, and 

bioavailability under field conditions

ARDRA gel of bacterial community 
treated with montmorillonite (untreated)

Iron-rich natural minerals have shown no toxicity to benthic organisms, 
and significant attenuation of arsenic (As)

A site-specific sorptive cap can be a sustainable solution as it reduces 
bioavailable COCs, does not leach any other COCs, and is 
environmentally friendly to benthic organisms.

Quaternary ammonium compounds in clay can promote sorption of 
multiple contaminants.  However, their effects on benthic communities 
need to be evaluated.
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