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Thank you for signing in early

The webinar will begin promptly at 
12:00 pm ET, 9:00 am PT
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The webinar will begin promptly at 12:00 pm ET, 
9:00 am PT 

 You have two options for accessing the webinar
1. Listen to the broadcast audio if your computer is 

equipped with speakers
2. Call into the conference line: 303-248-0285

Required conference ID: 6102000

 For any question or issues, please email 
serdp-estcp@noblis.org or call 571-372-6565 
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Welcome and Introductions

Rula A. Deeb, Ph.D.
Webinar Program Coordinator
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Agenda
 Webinar Logistics (5 minutes)

Dr. Rula Deeb, Geosyntec Consultants
 Overview of SERDP and ESTCP (5 minutes)

Dr. Andrea Leeson, SERDP and ESTCP
 Practical Assessment and Optimization of Redox-

Based Groundwater Remediation Technologies
• Redox, Background and Challenges (25 minutes + Q&A)

Dr. Paul Tratnyek, Oregon Health & Science University
• Redox Applications (25 minutes + Q&A)

Dr. Richard Johnson, Oregon Health & Science University
 Final Q&A session
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How to Ask Questions

6

Type and send questions at 
any time using the Q&A panel
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In Case of Technical Difficulties
 Delays in the broadcast audio

• Click the mute/connect button
• Wait 3-5 seconds
• Click the mute/connect button again
• If delays continue, call into the conference line
− Call into the conference line: 303-248-0285
− Required conference ID: 6102000

 Submit a question using the chat box
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SERDP and ESTCP 
Overview

Andrea Leeson, Ph.D.
SERDP and ESTCP
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SERDP
 Strategic Environmental Research and 

Development Program
 Established by Congress in FY 1991

• DoD, DOE and EPA partnership
 SERDP is a requirements driven program 

which identifies high-priority environmental 
science and technology investment 
opportunities that address DoD requirements
• Advanced technology development to address 

near term needs
• Fundamental research to impact real world 

environmental management
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ESTCP 
 Environmental Security Technology 

Certification Program 
 Demonstrate innovative cost-effective 

environmental and energy technologies
• Capitalize on past investments
• Transition technology out of the lab
 Promote implementation

• Facilitate regulatory acceptance
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Program Areas
1. Energy and water
2. Environmental restoration
3. Munitions response
4. Resource conservation and 

climate change
5. Weapons systems and 

platforms
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Environmental Restoration
 Major focus areas

• Contaminated 
groundwater

• Contaminants on ranges
• Contaminated sediments
• Wastewater treatment
• Risk assessment
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SERDP and ESTCP Webinar Series
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Date Topic
September 22, 2016 Managing the Brown Treesnake 

Headache: Assessment of the 
Aerial Acetaminophen Bait Drop 
on Guam

October 6, 2016 Cyber Security Requirements and 
Impacts on Installation Energy 
Systems

October 20, 2016 DoD Decision Making and Climate 
Change
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http://serdp-estcp.org/Tools-and-
Training/Webinar-Series
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Practical Assessment and Optimization of Redox-
Based Groundwater Remediation Technologies:

Redox, Background and Challenges

Paul Tratnyek, Ph.D.
Oregon Health & Science University
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Agenda
 Background and challenges

• Limitations of traditional methods
• Advantages of “Chemical Probes” methods
• Selection of chemical probes (CRPs)
• Measuring mineral redox potentials
• Reconciling Platinum (Pt) and chemical probe results
• Explaining contaminant reduction rates

 Applications (Rick Johnson)
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Problem of Redox Characterization
 Almost all approaches to remediation of groundwater 

contaminated with chlorinated solvents involve 
oxidation-reduction (redox) reactions

 Many of the assessment criteria 
used to evaluate these 
remediation technologies 
are based on 
redox concepts
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Problem of Redox Characterization
 Existing redox-based assessment criteria 

[e.g., oxidation-reduction potential (ORP) and 
natural oxidant demand (NOD)] 
are not adequate for:
• Selecting among 

alternative technologies
• Optimizing implementation 

of selected technologies
• Assessing performance 

and diagnosing failures
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Types of Redox Criteria
 Thermodynamic: Will the desired reactions occur? 
 Kinetic: Will they be fast enough?
 Capacity: Will they go far enough?

19
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Types of Redox Criteria
 Thermodynamic criteria usually based on:

• Eh (ORP) by potentiometry with Pt electrode
• Maybe DO, other TEAPs or dissolved H2

 Eh and pH measurements 
(gray dots) correspond 
only very loosely with 
major water types

 Inconsistencies are 
common due to kinetic 
barriers to reaction 
between redox couples

20
Tratnyek et al. (2011) Ch. 1 . In: Aquatic Redox Chemistry 
ACS Symp. Ser. Vol.  1071
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Interpretation of ORP

21Lindberg (1984); Adapted in Langmuir (1997)

Walther (2005)
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Interpretation of ORP

22

Working
Electrode
(Pt, GC)

for all electrode-active
half-reactions

Shi et al. (2011). Environ. Sci. Technol. 45: 1586-1592
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Interpretation of ORP

23

• Resazurin, because it is most easily reduced
• Purple (oxidized) to Pink (reduced)
• Irreversible, convenient for push-pull
• Documented with movie on YouTube and in a SERDP blog post 

1st Pull
No reduction
By Pore water

2st Pull
Reduction
By Sediments

Before
Resazurin
Stock Solution

https://www.serdp-estcp.org/News-and-Events/Blog/Practical-Assessment-of-
Redox-Based-Groundwater-Remediation-Technologies
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Objectives of ER-2308
 Overall objective

• Develop and demonstrate a suite of diagnostic tools for 
assessment and optimization of redox-based 
remediation technologies for aquifers contaminated 
with chlorinated hydrocarbons

 Specific objectives
• (Re)evaluate traditional redox-based characterization 

methods
• Develop new in situ, redox characterization methods 

based on chemical probes and push-pull methods
• Quantitatively define the relationship between probe 

characterization methods and the actual performance 
of redox-based remedies applied to particular sites
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Approach
 Current characterization methods (e.g., ORP) do 

not represent the whole range of environmental 
reductants

 Chemical probes 
may have a 
“response curve” 
more like contaminants

 New approach based 
on chemical redox or 
reactivity probes 
(CRPs)
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CRP Selection
 Resorufin

• RSF

 Indigo-2,6-
disulfonate
• I2S

 Anthraquinone-
2,6-disulfonate
• AQDS

 Anthraquinone-
2-sulfonate
• AQS
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Tratnyek and Wolfe (1989) ET&C

Aeschbacher et al. (2011) ES&T
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CRP Selection
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Common Assay for Cell Viability

Resazurin and Resorufin Probe/Indicators (RSZ, RSF)
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CRP Selection
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Indigo Sulfonate Probe/Indicator (I2S)
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Quantitative Application
 Calculate Eh from CRP data (ECRP)

 In general

 At pH 7

 Cf. E0 for minerals, EPt (ORP), EOCP, etc.
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ECRP = E0 + RT
2F

ln H+ 
2
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Results • Minerals vs. CoCs

30

Environ. Sci. Technol. 2016, 50(4): 1868-1876  
[DOI: 10.1021/acs.est.5b05800]



SERDP and ESTCP Webinar Series (#40)

Results • Minerals vs. CoCs

31
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Results • Minerals vs. CoCs
 Methods

• ECRP by CRP with 
spectrophotometry

• EPt by Pt electrode (only)
• EPt/CRP by Pt electrode 

with CRP (10 µM)
 Results

• EPt w/o higher than ECRP

• EPt w/ CRP ≈ ECRP

• CRP mediates between 
mineral and electrode
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Results • Minerals vs. CoCs
 Methods

• ECRP by CRP with 
spectrophotometry

• kobs by batch and GC
 Results

• 4Cl-NB >> 2CAP > CT
• k’s correlate with E’s
• Intercepts vary with 

CoC
• Future QSARs?
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Results • Minerals vs. CoCs
 Extend correlations to 

include literature data
• Three classes of CoCs
• Mass normalized (kM)
• Log kM vs. mineral type

 Trends
• Nitroaromatics >> Chloro-

ethanes >> Chloroethenes
• Colored bands are not 

fitted QSARs (yet)
• Predictions consistent with 

other SERDP projects
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Key Points
 The problem of redox assessment

• Almost all remediation is redox
• Methods for characterizing in situ redox (e.g., ORP) are inadequate
• Need to cover thermodynamic, kinetic and capacity aspects

 Alternative approach
• Use chemical redox/reactivity probes (CRPs)
• Several (RSZ and I2S) meet fundamental and practical requirements
• Complementary to ORP but better penetration, equilibration, etc.

 Batch test results with iron oxides
• Calculated ECRP with CRP data and Nernst Equation
• To make ORP measurements match, add CRP as mediator
• Contaminant reduction rates correlate with ECRP

• Ranking iron oxides with ECRP predicts relative contaminant reactivity
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SERDP and ESTCP Webinar Series

Q&A Session 1
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Practical Assessment and Optimization of Redox-
Based Groundwater Remediation Technologies:

Redox Applications

Richard Johnson, Ph.D.
Oregon Health & Science University
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Presentation Outline
 Redox applications

• CRPs, ISCR, kinetics, capacity
• Example #1
○Field characterization of nZVI

• Example #2
○Sulfidation for enhanced selectivity

• Looking ahead
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Chemical Reactivity/Redox Probes
 Range of redox indicator dyes
 Key for understanding kinetics 

and capacity 
 CRP choices provide selectivity 
 Can be coupled with other 

probes
 Broadly applicable for redox 

assessment
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Types of Redox Criteria
 Thermodynamic: Will desired reactions occur? 
 Kinetic: Will they be fast enough?
 Capacity: Will they go far enough?
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In Situ Chemical Reduction (ISCR)
 Emphasis on abiotic 

processes
 Microbial activity can 

play a role
 e.g., sulfate reduction 

to sulfide

41
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ISCR Kinetics and Capacity

42

Environ. Sci. Technol. 2015, 49, 10589−10597
DOI: 10.1021/acs.est.5b02804
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Field Measurement of nZVI
 Redox-sensitive dye (indigo disulfonate, I2S)
 Reaction stoichiometry

 1.5 moles of I2S required 
to reduce 1 mole of nZVI

 Uses UV-vis 
spectrophotometry at 610 
nm to quantify reduction

43



SERDP and ESTCP Webinar Series (#40)

Measurement of nZVI in Water
 Vials contain 10 mL of O2-free140 μM I2S
 1 mL sample injected into vial
 Absorbance (610 nm) monitored over time

44

1 mL Sample

Time 
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Reduction of I2S by nZVI

45
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Estimate of Reaction Stoichiometry
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Lifetime of nZVI in Anoxic Water
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100 mg/L nZVI
pH = 7.2
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TCE Reduction by nZVI

48
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H2 from nZVI Reaction with Water
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TCE Reduction by nZVI

50



SERDP and ESTCP Webinar Series (#40)

nZVI Field Injection
 Conducted by O’Carroll 

and colleagues at UWO
 CMC-nZVI w/ Dithionite
 Gravity feed, sandy 

aquifer
 OHSU/SERDP role was 

to assess reduction 
kinetics and capacity
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nZVI Field Injection
 Vials contain 10 mL of O2-free140 μM I2S
 1 mL sample injected into vial
 Absorbance (610 nm) monitored over time

52

1 mL Sample

Time 
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Reduction of I2S by nZVI
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I2S 2Fe solid 2H → I2S 2Fe solidNo water/FeS reaction 

I2S/nZVI Theoretical Stoichiometry
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Fe(0) 
Reactions

Stoichiometry # e-
per Fe

Theor.
Stoic.

Water 2 1

I2S 3 1.5
Fe(II) 
Reactions

Water 0 0

I2S 1 .5
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Assessing Sulfidated nZVI for ISCR

55

Environ. Sci. Technol. 2016, ASAP
DOI: 10.1021/acs.est.6b02170
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I2S Reduced by Sulfidated nZVI
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H2 Evolution from Sulfidated nZVI
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TCE Degraded by Sulfidated nZVI
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Reaction Efficiencies for nZVI

 CRPs were key for understanding this
 CRPs were readily field deployable
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Key Points for Redox Assessment
1. Thermodynamic, kinetic and capacity are 

all important for assessing performance
2. CRPs provide rapid screening in field or 

lab
3. CRPs work for aqueous or solid phase 
4. CRPs used to assess natural attenuation 

rates 
5. CRPs used to assess range of 

engineered solutions (ISCR, ISCO)
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Looking ahead (ER-2621)
1. Focus will be on mineral surfaces
2. Field samples will be collected using 

cryogenic core sampling
3. CRPs will be used to estimate kinetics of 

slow contaminant reactions
4. Focus on data needed to close sites       

(e.g., slow reactions in low-K zones)
5. Budget for drilling at 2-3 sites
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Speaker Contact Information
tratnyek@ohsu.edu; 503-346-3431
johnsori@ohsu.edu; 503-346-3432

For additional information, please visit 
https://serdp-estcp.org/Program-

Areas/Environmental-Restoration/Contaminated-
Groundwater/Persistent-Contamination/ER-2308
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Q&A Session 2



SERDP and ESTCP Webinar Series (#40)

SERDP and ESTCP Webinar Series

The next webinar is on 
September 22, 2016

“Managing the Brown Treesnake Headache: 
Assessment of the Aerial Acetaminophen 

Bait Drop on Guam”
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Survey Reminder

Please take a moment to complete the 
survey that will pop up on your screen 

when the webinar ends


