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These remedies are useful when …These remedies are useful when …
Time is on your side Time is on your side (The Rolling Stones)(The Rolling Stones)

•• Monitored Natural Recovery (MNR) involves leaving Monitored Natural Recovery (MNR) involves leaving 
contaminated sediments in place and allowing natural contaminated sediments in place and allowing natural 

t d R d ti it d R d ti iprocesses to reduce exposure. Reductions in exposure processes to reduce exposure. Reductions in exposure 
could occur as a result of degradation, burial with clean could occur as a result of degradation, burial with clean 
sediments, and reduction in bioavailability. Can be used sediments, and reduction in bioavailability. Can be used 
in concert with other remedial measures. in concert with other remedial measures. 

•• InIn--situ remediation involves adding chemical, physical, situ remediation involves adding chemical, physical, 
or biological “treatment” agents to the sediments toor biological “treatment” agents to the sediments toor biological treatment  agents to the sediments to or biological treatment  agents to the sediments to 
reduce the exposure to contaminants. Can be thought reduce the exposure to contaminants. Can be thought 
of as enhanced MNR. Can be used in concert with other of as enhanced MNR. Can be used in concert with other 
remedial measures. remedial measures. 



2

Remedial alternatives can be compared by Remedial alternatives can be compared by 
considering risk reduction trajectories over time considering risk reduction trajectories over time 

37

(from Todd Bridges)

What is an acceptable timeframe?

Opportunities to use MNR and InOpportunities to use MNR and In--situ situ 
treatment arise, in part, from lessons treatment arise, in part, from lessons 
learned and recent guidancelearned and recent guidance
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The USEPA The USEPA guidance guidance offers insights into how to offers insights into how to 
compare alternative compare alternative remedial measuresremedial measures

Comparative approaches …Comparative approaches …
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MNR and inMNR and in--situ are attractive when natural situ are attractive when natural 
resources may be impacted by more resources may be impacted by more 
invasive methods (dredging and capping)invasive methods (dredging and capping)

Note: these same areas are often the most productive regions of a lake or river and 

can make a proportionally greater contribution to chemicals in pelagic food webs

The exposure zone concept helps The exposure zone concept helps 
guide selection of remedial approaches guide selection of remedial approaches 
including MNR and inincluding MNR and in--situsitu
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An MNR site in New England where An MNR site in New England where 
decreasing decreasing bioaccessibilitybioaccessibility is the keyis the key

InIn--situ remediessitu remedies
•• AmendmentsAmendments

•• ApproachesApproaches

•• Next stepsNext steps
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From Anna Knox

From Anna Knox
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From Anna Knox

Carbon as an amendment for PCBs, PAHs, pesticides, MeHg
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charcoal

Hunters Point Sed (63-250 μm)

coke

From Upal Ghosh
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How does the addition of activated How does the addition of activated 
carbon reduce exposure? carbon reduce exposure? 

PCB

PCB

15

Sediment particles with PCBs

Natural carbonaceous particles 

Introduced GAC particlesFrom Upal Ghosh

Reducing Reducing BioavailableBioavailable PAHsPAHs
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Reducing Reducing bioavailablebioavailable PCBsPCBs

Reducing Reducing MethylmercuryMethylmercury Formation Formation 
and Bioaccumulation and Bioaccumulation 
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PILOT DEMONSTRATION IN GRASSE RIVER
(Participants: Alcoa, EPA, UMBC, Stanford University, Anchor Env., Brennan, Tetra Tech, 

Arcadis-BB&L, QEA)

DELIVERY DEVICES USED AT GRASSE RIVER, NY
Tine injection system

Designed and built by 
Brennan with inputs from 

collaborators

20

Injection and mixing in an 
enclosed rototiller

Designed and built by Brennan 
with inputs from collaborators
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IN-SITU PCB MONITORING STUDIES

In-river deployment of field exposure cages with 
L. variegatus for baseline study using a modified 

ASTM draft method (Burton et al. 2005)
L. variegatus

MIXED TILLER AREA WORM PCB IN-SITU

In-situ PCB bioaccumulation
(includes 3 BG sites in 2008) 
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Most Most In SituIn Situ
Approaches Rely Approaches Rely 
on Mechanical on Mechanical 
MixingMixing

Limnofix Limnofix In SituIn Situ Sediment Sediment 
Treatment Technology (LIST)Treatment Technology (LIST)
(Golder Associates)

Slurry Injection SystemSlurry Injection System
(Williams Environmental Services,
Stone Mountain, GA) Hunters Point, August 31, 2004Hunters Point, August 31, 2004

SediMiteTM as a means of delivering 
in-situ treatment materials

30 lb buckets

Tens of grams/day

24
1800 lb bulk bags

Tens of grams/day 
production in the 

laboratory

2-5 Million lb/year at a 
production facility



13

SediMiteSediMiteTMTM Is Designed to Provide a Is Designed to Provide a 
LowLow--Impact Delivery SystemImpact Delivery System

TimeTime

SediMiteSediMiteTM TM Granules Break DownGranules Break Down
over Timeover Time

TimeTime
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And Are Mixed by Bioturbation, Thus And Are Mixed by Bioturbation, Thus 
Targeting the Biologically Active ZoneTargeting the Biologically Active Zone

TimeTime

Biological Mixing of SediMiteBiological Mixing of SediMiteTMTM

Treatment Materials into SedimentsTreatment Materials into Sediments

Mixing of treatment 
t i l ft 30 d

Mixing of treatment 
t i l ft 30 dmaterials after 30 daysmaterials after 30 days
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The WorkersThe Workers
(burrowing depth increases left to right)(burrowing depth increases left to right)

Effects on Benthic CommunityEffects on Benthic Community
Comparison of pre-treatment and 2-months post-treatment benthic 
community at a field demonstration site

Error bars indicate ±95% CI

Data courtesy of Dr. Upal Ghosh, UMBC
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Demonstration projectsDemonstration projects

SEDIMITESEDIMITETMTM APPLICATION IN A CONTAMINATED APPLICATION IN A CONTAMINATED 
WETLANDWETLAND

August, 2009
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Spreaders will be used at Spreaders will be used at 
APG for APG for methylmercurymethylmercury

Regulatory support at Federal levelRegulatory support at Federal level
•• USEPA Regions 2, 3, 9USEPA Regions 2, 3, 9

Letters of s pport from EPA and NOAALetters of s pport from EPA and NOAA•• Letters of support from EPA and NOAALetters of support from EPA and NOAA
•• EPA agreement to include as part of EPA agreement to include as part of 

remedy in Region 3remedy in Region 3
•• Expressions of interest by EPA Expressions of interest by EPA 

headquarters, headquarters, DoDDoD and EPA Region 5and EPA Region 5q ,q , gg
•• Support expressed by U.S. Fish and Support expressed by U.S. Fish and 

Wildlife ServiceWildlife Service
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Examining the compatibility Examining the compatibility of site conditions of site conditions 
with  sediment management alternativeswith  sediment management alternatives

MNR Capping Dredging In-Situ Reactive Caps
SitSite 
Characteristics     
Human and 
Ecological 
Environment
Hydrodynamic 
Conditions
Sediment 
Characteristics
Contaminant 
Characteristics

Compatible
Moderate
Low to Moderate
Not Compatible

MNR Capping Dredging In-Situ Reactive Caps
Sit

Examining the compatibility Examining the compatibility of site conditions of site conditions 
with  sediment management with  sediment management alternativesalternatives
at a site in Pennsylvaniaat a site in Pennsylvania

Site 
Characteristics     Compatible Uncertain Low to Moderate Compatible Uncertain

Human and 
Ecological 
Environment Compatible Not Compatible Not Compatible Compatible Not Compatible

Hydrodynamic 
Conditions Moderate Moderate Moderate Moderate Moderate

Sediment 
Characteristics Moderate Compatible Low to Moderate Moderate Compatible

Contaminant 
Characteristics Moderate Compatible Low to Moderate Moderate Compatible

Compatible
Moderate
Low to Moderate
Not Compatible
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Cost considerationsCost considerations
•• DollarsDollars

–– ShortShort--termterm
–– Long termLong term
–– InsuranceInsurance

•• Ecological and health considerationsEcological and health considerations
Short termShort term–– Short termShort term

–– Long termLong term

•• Public welfarePublic welfare

Logistical ConsiderationsLogistical Considerations
•• PermittingPermitting

U S Army Corps of EngineersU S Army Corps of Engineers–– U.S. Army Corps of EngineersU.S. Army Corps of Engineers
–– U.S. Fish and Wildlife ServiceU.S. Fish and Wildlife Service
–– State environmental agenciesState environmental agencies

•• These issues are no different than These issues are no different than 
traditional remediation activitiestraditional remediation activities
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Key challenges and possible stepsKey challenges and possible steps

•• Need to consider longer timeframes to let nature Need to consider longer timeframes to let nature 
accomplish healingaccomplish healing

•• Need to address the “do little or nothing” reactionNeed to address the “do little or nothing” reaction
–– Broaden the dimensions of the project to consider Broaden the dimensions of the project to consider 

overall goals, consequences, and benefitsoverall goals, consequences, and benefits

•• May require courage and higher level support to thinkMay require courage and higher level support to thinkMay require courage and higher level support to think May require courage and higher level support to think 
and act “out of the box”and act “out of the box”
–– Need political support and stateNeed political support and state--level regulatory level regulatory 

guidanceguidance
–– Consider stateConsider state--led or regional workgroupsled or regional workgroups


