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Session 1: Asbestos in Soil: Navigating a 
Complex Landscape 
 
Hidden in Plain Sight – Asbestos-in-Soil Case Studies 
Kate Dilawari, Haley & Aldrich, Inc., Boston, MA  
 
Non-Traditional Work Plans: What to Expect 
Bob Pelletier, Woodard & Curran, Inc., Andover, MA  
 
Managing Asbestos in Soil Utilizing a Hybrid Regulatory Approach – Case 
Studies from MassDEP's Western Region 
Eva V. Tor, MassDEP, Bureau of Waste Site Cleanup, Springfield, MA  
 
Analytical Issues: Measuring Asbestos in Soil 
Ed Cahill, EMSL Analytical, Inc., Cinnaminson, NJ  
 
Response Actions for Asbestos at MCP Sites: Options & Opportunities 
Paul Locke, MassDEP, Bureau of Waste Site Cleanup, Boston, MA  
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Hidden in Plain Sight: Asbestos in Soil Case Studies 

Katherine Dilawari  

Asbestos-containing material (ACM) in soil has been hiding in plain sight for decades.  As many in the 

construction industry know, finding unexpected ACM in soil can bring a brownfield redevelopment project 

to a sudden halt and can rapidly increase construction costs.  Contractors, disposal facilities, real estate 

developers and investors are becoming more aware of the possible regulatory, financial and safety risks 

of ACM in soil, driving the need for environmental consultants to have a proactive plan.  

Several case studies demonstrate when you should consider proactively evaluating for ACM in soil, 

options for addressing widespread ACM debris in soil, and practical ideas for future policy direction.  In 

the first case study, what initially appeared to be a natural glacial drumlin turned out to have been 

"enhanced" along one side slope by historic filling with building demolition debris containing ACM.  In the 

next, an unexpected frequency of building debris containing ACM was discovered in urban fill on a site 

where no buildings had ever previously existed.  In the third, past use of the site by a demolition company 

resulted in buried ACM debris.  In the final case study, widespread ACM debris was identified in historic 

fill on a site first filled a century ago.   

Katherine Dilawari, Haley & Aldrich, Inc., 465 Medford Street, Boston, MA, 02129, United States, Tel: 
6178867458, kdilawari@haleyaldrich.com 

Presenting Author: Katherine Dilawari 
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Non-Traditional Work Plans: What to Expect 

Robert Pelletier  

Asbestos is becoming a commonly identified contaminant in fill soils throughout Massachusetts. The 

Massachusetts Department of Environmental Protection (Mass DEP) requires a written asbestos non-

traditional work plan (NTWP) prior to any disturbance of fill soils that contain asbestos. The NTWP must 

be prepared by a certified asbestos abatement designer, and the NTWP must be approved by Mass DEP 

prior to any activities that involve disturbance of soils containing asbestos. The Mass DEP does not 

specify what information must be included in the NTWP.  

This presentation will review the typical requirements of NTWPs and how these requirements may vary 

depending on the Mass DEP region where the work is to be conducted. It will present suggestions on the 

NTWP preparation process as well as timing and budget considerations. 

Robert Pelletier, Woodard & Curran, 40 Shattuck Road, Suite 110, Andover, Massachusetts, 01810, 
United States, rpelletier@woodardcurran.com 

Presenting Author: Robert Pelletier 
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Managing Asbestos in Soil Utilizing a Hybrid Regulatory Approach – Case 
Studies from MassDEP's Western Region 

Evanthea Tor  

Redevelopers of Brownfields properties typically encounter and deal with a variety of oil and hazardous 

materials when cleaning up contaminated sites.  Well established local, state, and federal resources are 

utilized to help manage complexities with cleanup, funding, and redevelopment plans.  Too often, 

however, we hear horror stories of projects coming to a halt when asbestos is discovered in the 

environment.  The Massachusetts Department of Environmental Protection’s (MassDEP’s) regulations 

under the Massachusetts Contingency Plan, 310 CMR 40.0000, clearly spell out the assessment and 

cleanup of oil and hazardous materials in the environment.  The Department’s Air Pollution Control 

Regulations, 310 CMR 7.15, clearly spell out management and abatement of asbestos-containing 

building materials and waste.  Overlap of these two regulatory frameworks, however, has often led to 

project management challenges, resulting in delays.   This talk will focus on the development of a 

streamlined, efficient approach within MassDEP’s Western Regional Office on how to manage projects in 

this category.  Regional case-specific project examples will be highlighted. 

Evanthea Tor, MassDEP, 436 Dwight Street, Springfield, MA, 01103, United States, Tel: 413-755-2295, 
eva.tor@mass.gov 

Presenting Author: Evanthea Tor 
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Analytical Issues: Measuring Asbestos in Soil 

Ed Cahill  

When trying to properly assess Asbestos and other mineral fiber content, soil is a problem matrix in all 

respects. Even defining what is to be the sample to be collected is not a straightforward question. What, 

where and how many are all important qurstions in regards to sampling on potentially very large 

sites. Different approaches will be discussed along with their advantages and disadvantages. Once the 

samples are sent to the lab for analysis there are still many issues, questions and hurdles to overcome in 

order to obtain quality data in a form that is useful to the end user.  Various pre-analysis preparation steps 

including riffle splitting, Turbula mixing, sieving into fractions, particle size reduction with milling/grinding 

(via puck mills, freezer mills, plate grinders), gravimetric reduction of organic and acid soluble 

components, etc. all can increase the sensitivity and accuracy of subsequent analysis but each approach 

has its pros and cons. Each approach will be described and the pros and cons of each discussed. There 

is a multitude of analysis options including field observations, stereomicroscopy, PLM, SEM, TEM and 

XRD. All of these can provide a piece of the puzzle. Advantages and disadvantages of each will be 

discussed. TEM is considered by many to be the gold standard for many reasons including its ability to 

detect and identify single fibers. A typical PLM/TEM prep and analysis by the EPA 600 method will be 

described in detail. The sampling, preparation and analysis steps should all be chosen with an eye 

towards the final data analysis. For risk assessment, ABS (Activity Based Sampling) and now the FBAS 

(Fluidized Bed Asbestos Segregator) can give us additional insight into risk. Both of these approaches will 

be discussed. 

Ed Cahill, EMSL Analytical, 200 Route 130 North, Cinnaminson, NJ, 08077, United States, Tel: 856-303-
2565, ecahill@emsl.com 

Presenting Author: Ed Cahill 
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Response Actions for Asbestos at MCP Sites: Options & Opportunities 

Paul Locke 

Within the Massachusetts Department of Environmental Protection (MassDEP) there are three programs 

that address asbestos: Air (abatements), Solid Waste (disposal) and Waste Site Cleanup (site 

assessment & cleanup). Individual cases often result must deal with overlapping authorities such as 

abatements-gone-awry, remediation waste requiring off-site disposal, or catastrophic releases (such as 

fires at abandoned mill buildings). For many Brownfield sites where asbestos becomes an issue, 

Department staff from all three programs often meet with project representatives to identify a practical 

regulatory path forward. MassDEP has been reviewing its experience at these sites in order to better 

streamline the process, identify best management procedures and focus its staff on the cases that pose 

the greatest risk to human health. This presentation will describe some of these “lessons learned” and 

discuss potential policy and regulatory changes under consideration. 

Paul Locke, Massachusetts Department of Environmental Protection, Bureau of Waste Site Cleanup, One 
Winter Street, Boston, MA, 02108, United States, Tel: 617-556-1160, paul.locke@state.ma.us 

Presenting Author: Paul Locke 
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Session 2a: Bioremediation 
 
Evolution of a Large-Scale Bioremediation Project 
Dustin Bytautas, Matthew Panciera, Lucas Hellerich, Rory Henderson, AECOM, 
Rocky Hill, CT  
 
Post-Remediation Performance and Aquifer pH 
Ed Alperin, Brad Elkins, Robert Borden, EOS Remediation, Raleigh, NC; Bilgen 
Yuncu, Solutions-IES, Inc., Raleigh, NC 
 
Enhanced Bioremediation of DNAPL Source Zones: Evolving 
Understanding and Increasing Capabilities 
Phil Dennis, SiREM, Guelph, ON, Canada 
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Evolution of a Large-Scale Bioremediation Project 

Dustin Bytautas, Matthew Panciera, Lucas Hellerich, and Rory Henderson  

Implementation of full-scale bioremediation injections has been ongoing since 2010 at a former 

manufacturing facility in Connecticut. Bioremediation injections were designed to treat a chlorinated 

volatile organic compound (CVOC) 15 acre plume extending across a wetland located downgradient the 

former manufacturing facility. The site was contaminated with CVOCs resulting from a historic release of 

chlorinated solvents. Onsite source zone treatment included limited soil excavations followed by in-situ 

thermal treatment using electrical resistance heating (ERH). Treatment in the offsite wetland included the 

use of a bioremediation system to implement enhanced reductive dechlorination (ERD) and 

bioaugmentation to target CVOCs. 

Installation of the bioremediation system consisted of approximately 600 injection wells installed across 

multiple biobarriers located across the wetland plume. Injection wells within the barriers were installed to 

a maximum depth of 40 ft bgs. To mitigate wetland disturbance, the injection system, including chemical 

storage tanks and mixing equipment, was located at a staging area located over 500 feet away from the 

treatment barriers. Above ground infrastructure was installed to transfer the bioremediation chemical from 

the mixing trailer to injection wells.  

Since 2010, approximately 700,000 gallons of bioremediation solution containing approximately 23,500 

gallons of emulsified vegetable oil substrate (EVO) was injected throughout multiple injection events. 

Bioaugmentation using dechlorinating microbes (Dehalococcoides [DHC]) was completed across the 

wetland area in 2011. Performance monitoring data has been extensively collected and evaluated 

throughout the project leading to strategic modifications throughout the progression of injection phases. 

Treatment of the CVOC plume is progressing well despite challenges encountered.  The recently 

completed 2017 round of injections is anticipated to be the last. This presentation will focus on the 

evaluation and implementation of the injections and will highlight the basis for the design, challenges 

encountered, lessons learned, and evolution of the injection program. 

Dustin Bytautas, AECOM, 500 Enterprise Drive, Suite 1A, Rocky Hill, CT, 06067, United States, Tel: 860-
263-5771, dustin.bytautas@aecom.com 

Matthew Panciera, AECOM, 500 Enterprise Drive, Rocky Hill, CT, 06067, United States, 
matthew.panciera@aecom.com 

Lucas Hellerich, AECOM, 500 Enterprise Drive, Suite 1A, Rocky Hill, CT, 06067, United States, Tel: 860-
236-5783, lucas.hellerich@aecom.com 

Rory Henderson, AECOM, 500 Enterprise Drive, Rocky Hill, CT, 06067, United States, 
Rory.Henderson@aecom.com 

Presenting Author: Dustin Bytautas 
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Post-Remediation Performance and Aquifer pH  

Brad Elkins, Bilgen Yuncu, Robert Borden, and Ed Alperin  

Emulsified vegetable oil (EVO) was injected at the former Naval Training Center (NTC) Orlando to 

enhance reductive dechlorination (ERD). While this was effective in reducing trichloroethene (TCE) 

concentrations, substantial concentrations of 1,2-cis-dichloroethene (cDCE) and vinyl chloride (VC) 

remained. Dechlorinators are pH-sensitive and anaerobic bioremediation processes can release large 

amounts of acid.  With support from ESTCP, we have conducted detailed field investigations at two sites 

at NTC Orlando and others treated with EVO and buffer addition to stimulate ERD.  In several cases, too 

little base was added and pH remained inhibitory, leading to accumulation of cDCE and VC. 

To assist in the design of future ERD projects, we have developed an Excel-based design tool to 

calculate the amount of base required to maintain the pH within a desired range. Required design tool 

input includes site parameters such as treatment zone dimensions and groundwater flow rate, initial and 

background electron acceptor, and CVOC concentrations in soil and groundwater. Design tool output 

includes total equivalents of base required and specific quantities of common bases (i.e., NaOH, 

NaHCO3 and Mg(OH)2).  Design tool results are compared with field monitoring data from sites where pH 

adjustment was successful and where it was not as successful.  

Two key conclusions from our evaluation: 

• When the aquifer pH is less than 6.3, site characterization should include measurement of 

inorganic carbon, mineral acidity, and aquifer buffering capacity (pHBC). With this information, 

designers can generate reasonable estimates of the amount of alkaline material required to 

maintain pH within a suitable range. 

• In some cases, the amount of base required to maintain an appropriate pH can equal or exceed 

the amount of organic substrate required. 

Brad Elkins, EOS Remediation, 1101 Nowell Road, Raleigh, NC, 27607, United States, 
belkins@eosremediation.com 

Bilgen Yuncu, Solutions-IES, Inc., 1101 Nowell Road, Raleigh, NC, 27607, United States, 
byuncu@solutions-ies.com 

Robert Borden, EOS Remediation, 1101 Nowell Road, Raleigh, NC, 27607, United States, 
rcborden@eosremediation.com 

Ed Alperin, EOS Remediation, 1101 Nowell Road, Raleigh, NC, 27607, United States, 
ealperin@eosremediation.com 

Presenting Author: Ed Alperin 
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Enhanced Bioremediation of DNAPL Source Zones: Evolving Understanding and 
Increasing Capabilities 

Phil Dennis 

Enhanced in situ bioremediation (EISB) technology has been demonstrated to accelerate the depletion of 

chlorinated solvents present in aquifers as dense non-aqueous phase liquids (DNAPL). Biodegradation in 

the aqueous phase, adjacent to the DNAPL, increases concentration gradients facilitating accelerated 

mass transfer from the DNAPL into the aqueous phase. Several-fold higher rates of DNAPL dissolution 

have been reported under enhanced bioremediation compared to dissolution under natural attenuation. 

Moreover, bioremediation has been determined to be the lowest cost DNAPL remediation approach and 

is a sustainable remediation technology. Over the past decade, the work of multiple researchers, 

remediation practitioners and remediation product vendors has demonstrated our ability to deliver 

bioremediation solutions at DNAPL sites. Our evolving capability for DNAPL bioremediation has been 

enhanced due to key findings and innovations including: 

1. Advances in our understanding of how electron donors can impact reductive dechlorination to 

maximize dechlorination in source zones while minimizing secondary impacts on 

groundwater.  These include the use of lower pH impact donors, partitioning electron donors and 

emulsified zero valent iron (eZVI). 

2. A more thorough understanding of the microbiology involved in DNAPL dissolution including the 

role of Geobacter microbes that often inhabit the DNAPL water interface and appear to play a key 

role in DNAPL dissolution.   

3. An improved ability to deal with inhibitory contaminants or mixtures through bioaugmentation that 

includes options for chlorinated ethenes, chlorinated methanes, chlorinated ethanes, and 

chlorofluorocarbons.     

4. The development and deployment of buffering methods and low pH tolerant bioaugmentation 

cultures at DNAPL sites that often exhibit pH declines due to high solvent concentrations and 

high electron donor requirements.   

Case studies where the above approaches have been successfully applied will be discussed and used to 

demonstrate how sustainable and cost-effective bioremediation can provide environmental and economic 

benefits at DNAPL sites.           

Phil Dennis, SiREM, 130 Stone Road West, Guelph, ON, N1G 3Z2, Canada, Tel: 519-515-0836, 
PDennis@Siremlab.com 

Presenting Author: Phil Dennis 
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Session 2b: In-Situ Chemical Oxidation 
 
Combining Persulfate, In Situ Ferrate Generation and Enhanced 
Bioremediation for Safer, More Effective Remedial Actions 
Will Moody, Jim Mueller, Provectus Environmental Products, Freeport, IL  
 
Innovative Carbohydrate (CH) Activation of Persulfate – Comparative 
Evaluation of Multiple Food-Grade CH Activators 
Prasad Kakarla, In-Situ Oxidative Technologies, Inc., Lawrenceville, NJ; Yan 
Chin, ISOTEC Remediation Technologies, Lawrenceville, NJ 
 
Heat-Activated Sodium Persulfate Treatment of Phthalates 
Amine Dahmani, SESI Consulting Engineers, Pine Brook, NJ; Alyson Fortune, 
TerraTherm, Gardner, MA; Eliot Cooper, Cascade, Millersville, MD; Yaguang Du, 
University of Connecticut, Storrs, CT; Anthony Giannetti, Cascade, Jackson, NJ; 
David Winslow, GZA GeoEnvironmental, Inc., Fairfield, NJ 
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Combining Persulfate, In Situ Ferrate Generation and Enhanced Bioremediation 
for Safer, More Effective Remedial Actions 

Will Moody and Jim Mueller  

Ideally, in situ chemical oxidation (ISCO) will rapidly oxidize organic contaminants of concern in a safe 

and effective manner (i.e., materials easy to handle on site, no extreme activation chemistries such as 

heat or grossly elevated pH, no generation of secondary contaminants). And – importantly – remedial 

actions are completed via a one-time application event. However, with essentially all conventional ISCO 

technologies, the oxidation reactions are partially incomplete and contaminant desorption/rebound is a 

very common problem. 

When ferric oxide is used to activate persulfate the process quickly yields ferrate (tetraoxy iron or FeO4
2-

 or Fe(VI)) in addition to the sulfate radicals (SO4?; Eo = 2.60 V). Ferrate functions both as an oxidant and 

subsequent coagulant in the form of Fe(III) hydroxides that can immobilize heavy metals. Ferric iron 

activation of persulfate also enhances subsequent utilization of sulfate and iron as terminal electron 

acceptors for facultative redox reactions that sustain bioremediation of residual contaminants and partially 

oxidized compounds. This combination of chemical and biological treatment mechanisms allows for more 

cost-efficient treatment while supporting sustained, secondary bioremediation processes to manage 

residuals and prevent contaminant rebound. 

Provect-OX® is a pre-mixed, dry powder containing sodium persulfate, ferric oxide, and buffer that can be 

easily applied into a subsurface environment via direct mixing, hydraulic fracturing, pneumatic fracturing, 

and direct push injection of slurries. Ferrate and sulfate radicals will be continuously generated in situ to 

support extended oxidation of persistent compounds, provided that persulfate is maintained with iron as 

an activator. Thereafter, the residual iron and sulfate will support bioremediation processes to manage 

partially oxidized compounds and residual contaminants that continually desorb from the matrix over time 

(ca. 3 to 5 years). This presentation will outline parameters considered for calculating material 

requirements, discuss field application considerations, and summarize performance data and costs from 

example projects. 

Will Moody, Provectus Environmental Products, 2871 W. Forest Road, Suite 2, Freeport, IL, 61032, 
United States, will.moody@provectusenv.com 

Jim Mueller, Provectus Environmental Products, 2871 W. Forest Road, Suite 2, Freeport, IL, 61032, 
United States, jim.mueller@provectusenv.com 

Presenting Author: Will Moody 
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Innovative Carbohydrate (CH) Activation of Persulfate – Comparative Evaluation 
of Multiple Food-Grade CH Activators 

Prasad Kakarla and Yan Chin  

Sodium persulfate is traditionally activated using chelated iron, high pH/base, peroxide, or elevated 

heat.  Gradual loss of proper activation conditions or reaction stalling has been observed both under 

laboratory and field conditions, typically due to peroxide consumption, iron precipitation, sub-optimal pH, 

or the inability of the activator to carry the reaction towards complete persulfate 

consumption.  Consequently, persulfate tends to decompose via non-free radical producing pathways 

(e.g., hydrolysis, transition metals) that tend to limit its treatment effectiveness and can cause significant 

oxidant wastage.  Food grade carbohydrates (CH) provide an innovative method of activating sodium 

persulfate, which can be used both in the presence or absence of a pH adjustor (i.e., alkali) to ensure 

near-complete persulfate activation.  Experiments were designed to evaluate five different CH 

compounds both without alkali as well as varying concentrations of alkali with the objective to identify the 

most appropriate CH compound or mix and optimize dosage and molar ratios for field application. 

Experiments were planned in multiple phases with initial experiments focusing on persulfate activation to 

select the type of CH compounds and subsequent experiments evaluating varying conditions including 

alkali, oxidant, and/or CH concentrations.  Treatment effectiveness towards organics was also evaluated. 

The experimental data collected to date has shown that the carbohydrate method of activation is capable 

of activating sodium persulfate either alone or in the presence of basic/alkaline conditions with enhanced 

persulfate decomposition noted under alkaline conditions in both soil-slurry and groundwater 

systems.  Increasing persulfate decomposition was noted with increasing CH concentration when the 

alkali concentration is fixed relative to persulfate. Furthermore, CH activation was found to enhance 

treatment of chlorinated solvents and petroleum hydrocarbons over base activation alone. This 

presentation will also discuss using CH activation for designing in-situ applications.  

Prasad Kakarla, In-Situ Oxidative Technologies, Inc., 11 Princess Road, Suite A, Lawrenceville, NJ, 
08648, United States, Tel: 609-275-8500, pkakarla@insituoxidation.com 

Yan Chin, ISOTEC Remediation Technologies, 11 Princess Road, Suite A, Lawrenceville, NJ, 08648, 
United States, ychin@insituoxidation.com 

Presenting Author: Prasad Kakarla 
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Heat-Activated Sodium Persulfate Treatment of Phthalates 

Amine Dahmani, Alyson Fortune, Eliot Cooper, Yaguang Du, Anthony Giannetti, and 
David Winslow  

SESI Consulting Engineers (SESI) performed a bench-scale chemical oxidation study to assess the 

effectiveness of heat-activated sodium persulfate (Klozur® SP) chemical oxidation technology to clean up 

soil/groundwater contamination at a former plastic manufacturing site in New York.  The soil and 

groundwater were contaminated with light non-aqueous phase liquids (LNAPL) and phthalates including 

bis(2-ethylhexyl) phthalate (BEHP). Soil BEHP concentrations varied from 3000 to 9400 mg/kg. Site 

groundwater concentrations varied from 890 to 2300 µg/L. Following thermal treatment treatability tests 

conducted at KEMRON Environmental Services (Thermal Conductive Heating at 100 ºC, Hot Water 

Flushing at 80-90 ºC, and Steam Enhanced Extraction), post-treatment soil samples were collected from 

the thermal tests and further subjected to heat-catalyzed persulfate treatment at the GeoEnvironmental 

Engineering Laboratory of the University of Connecticut (Storrs, CT).  The soil testing results (at 50 ºC 

and 15 g/kg persulfate dosage) indicate a reduction of up to 45% of BEHP concentrations from the heat-

catalyzed persulfate oxidation process. The results also indicate that another 44% of BEHP reduction 

may have been achieved through abiotic processes such as hydrolysis during prolonged heating (4 days 

at 50 ºC). A review of the semi-volatile organic (SVOC) chromatograms and Tentatively Identified 

Compounds (TICs) showed varying concentrations and types of phthalate-related compounds in the pre- 

and post-treatment soil samples. The groundwater testing results indicate that the 50ºC was very effective 

at both 60 g/L and 15 g/L persulfate concentrations (> 90% destruction efficiency). High residual 

persulfate concentrations in the groundwater after 4 days of treatment indicate that complete destruction 

of the BEHP is expected. The tests conducted at 70°C were less effective due to faster persulfate 

decomposition kinetics at the higher temperature. Thus, using 50ºC and an average of 15 g/L or 15 g/kg 

persulfate dosage in the treatment area was recommended to achieve optimum destruction efficiency of 

BEHP. 

Amine Dahmani, SESI Consulting Engineers, 12A Maple Avenue, Pine Brook, NJ, 07058, United States, 
Tel: 973-808-9050, ad@sesi.org 

Alyson Fortune, TerraTherm, 151 Suffolk Lane, Gardner, MA, 01440, United States, Tel: 978-730-1241 , 
afortune@terratherm.com 

Eliot Cooper, Cascade, 403 Serendipity Drive, Millersville, MD, 21108, United States, ecooper@cascade-
env.com 

Yaguang Du, University of Connecticut, 261 Glenbrook Road , Storrs , CT, 06269-3037, United States, 
yaguang.du@uconn.edu 

Anthony Giannetti, Cascade, 629 Wright Debow Road, Jackson, NJ, 08527, United States, 
agiannetti@cascade-env.com 

David Winslow, GZA GeoEnvironmental, Inc., 55 Lane Road, Suite 407, Fairfield, NJ, 07004, United 
States, Tel: 973-774-3300, david.winslow@gza.com 

Presenting Author: Amine Dahmani 
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Session 3: Current Understanding of LNAPL 
Remedy Performance and Selection 
 
Smart Approaches for Investigation & Remediation of LNAPL in Bedrock 
David de Courcy-Bower, Environmental Resources Management, Milwaukee, WI  
 
Challenges in Residual Saturation Definition 
Michael Gefell, Anchor QEA, Lakewood, CO  
 
Field Implementation Challenges of LNAPL Transmissivity as a Remedial 
Performance Metric 
Kevin Wheeler, Sovereign Consulting, Inc., Robbinsville, NJ  
 
Connecting Long-Term Monitoring Regulatory Requirements to LNAPL 
Data Sets 
Benjamin McAlexander, Trihydro, Orono, ME  
 
Natural Source Zone Depletion Rates Based on Analyses of Empirical Soil 
Gas Data 
Matthew Lahvis, Shell, Spring, TX  
 
Phytoremediation Applied to LNAPL/TPH in Soil and Dissolved-Phase in 
Groundwater 
Chris Pearson, AECOM, Greenwood Village, CO; Andrew Kirkman, BP, 
Naperville, IL   
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Smart Approaches for Investigation & Remediation of LNAPL in Bedrock 

David de Courcy-Bower  

Background: Environmental regulations across the world typically require recovery of light non-aqueous 

phase liquids (LNAPLs) in soil and groundwater to the “maximum extent practicable.”  Over the past 

decade, significant progress has been made in development of guidance documents (i.e., ITRC 

2009/2018, CL:AIRE 2014) and standards (ASTM E2531, 2006) to develop LNAPL Conceptual Site 

Models (LCSMs) and improve understanding of LNAPL recoverability using improved performance 

metrics, i.e., LNAPL transmissivity (ASTM E2856, 2013). However, limited information is available for 

development of LCSMs and recoverability performance metrics for sites with LNAPL in bedrock 

formations.  Characterization of LNAPL-impacted fractured bedrock sites is challenging due to diverse 

bedrock types and characteristics and the effects of bedrock structure on flow.  The recent ITRC LNAPL 

Update Guidance included specific information and discussion of the tools and approaches available to 

adequately characterize contaminated bedrock sites using a “multiple lines of evidence” approach.  The 

presentation will provide an overview of the recent work included in the ITRC LNAPL Update Guidance. 

Approach/Activities: Multiple bedrock investigation techniques were used to develop LSCMs at 

fractured bedrock petroleum release sites located both domestically and internationally.  Data to develop 

the LCSMs were obtained using conventional bedrock characterization techniques (i.e., desktop reviews, 

geophysical surveys, and rock coring) as well more LNAPL-specific techniques (i.e., borehole dye liners, 

baildown testing, and gauging data).  

Results: The case study demonstrates the limitations of techniques developed for evaluation of LNAPL in 

unconsolidated formations, but also provides valuable insights into how multiple lines of evidence can be 

used to better understand LNAPL behavior in fractured rock formations.  It also provides insights into the 

applicability and limitations of LNAPL recoverability metrics such as LNAPL transmissivity within bedrock 

formations. 

David de Courcy-Bower, Environmental Resources Management, 700 W. Virginia Street, Suite 601, 
Milwaukee, WI, 53204, United States, Tel: 414-977-4705, david.decourcybower@erm.com 

Presenting Author: David de Courcy-Bower 
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Challenges in Residual Saturation Definition  

Michael Gefell  

Distinguishing whether a NAPL is residual (immobile) or mobile in the field is challenging. Residual 

saturation depends on many factors, including pore size, wettability, interfacial tension, NAPL saturation 

history, hydraulic gradient, mode of NAPL emplacement (advection or deposition along with sediment), 

and location (upland vadose zone, upland saturated zone, or subaqueous sediment). NAPL accumulation 

in a well remains one of the simplest and most reliable methods to identify NAPL above the residual 

saturation but is relatively expensive. Examining NAPL in sediment or soil cores in the field is less 

expensive but subjective. To provide quantitative information, laboratory NAPL mobility tests are often 

performed. These tests use centrifuge or “water-drive” methods to attempt to drive NAPL out of soil or 

sediment cores by applying hydraulic gradients significantly stronger than field conditions. If no NAPL is 

produced from the laboratory test sample, the NAPL in that sample can be considered residual (i.e., 

immobile) under field conditions. Tests that do produce NAPL movement, however, are more ambiguous. 

The post-test NAPL saturation may be significantly lower than the residual saturation under field 

conditions. Moreover, NAPL movement in the laboratory does not necessarily demonstrate that NAPL is 

migrating, or even mobile, under field conditions. Centrifuge forces of 100G and 1,000G were found to 

force NAPL movement in some samples with initial NAPL saturations as low as 3.7% and 2.5%, 

respectively – well below residual saturations typically reported in the literature. This study presents 

representative examples of NAPL mobility test results based on dozens of laboratory tests of sediment 

and soil samples. A process is proposed, whereby laboratory test results are used to interpret whether 

NAPL is immobile or mobile based on multiple lines of evidence, including NAPL effective hydraulic 

conductivity calculated from lab test results.   

Michael Gefell, Anchor QEA, LLC, 200 Union Boulevard, Suite 200, Lakewood, CO, 80228, United 
States, Tel: 303-984-6250, mgefell@anchorqea.com 

Presenting Author: Michael Gefell 
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Field Implementation Challenges of LNAPL Transmissivity as a Remedial 
Performance Metric 

Kevin Wheeler  

The use of LNAPL transmissivity to evaluate remedial performance of hydraulic oil recovery systems can 

be an effective tool for: 1) assessing continued practicability of LNAPL recovery, 2) determining the 

efficiency compared to alternate approaches, and 3) being used as a decision-making metric for 

establishing transition points to an alternate technology or natural source zone depletion (NSZD).  LNAPL 

transmissivity provides a quantitative measure of hydraulic oil recoverability and is a practical metric, or 

line of evidence, to be used in optimizing and monitoring remedy performance over time.  Ratios of 

recovered groundwater versus recovered LNAPL from a remediation system or group of wells can be 

utilized to evaluate the overall “effective” LNAPL transmissivity of the treatment area as a means of 

tracking performance and assessing efficiency of system operation.  However, use of this empirical 

LNAPL recovery metric must consider certain challenges related to: 1) changing field conditions over 

time, 2) heterogeneous performance amongst remediation wells or the LNAPL footprint, and 3) overall 

optimization of the remediation system operation.  Specific examples of the use of this performance 

metric and the factors to be considered during interpretation of the results are discussed in the context of 

two case studies of LNAPL recovery systems – including a vacuum-enhanced dual-phase (two-pump) 

recovery system and a high vacuum total phase extraction (TPE) system.  The challenges and benefits 

associated with this performance measure will be presented. 

Kevin Wheeler, Sovereign Consulting Inc., 111A North Gold Drive, Robbinsville, NJ, 08691, United 
States, kwheeler@sovcon.com 
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Connecting Long-Term Monitoring Regulatory Requirements to LNAPL Data Sets 

Benjamin McAlexander  

Establishing the framework for a long-term LNAPL and groundwater remedy for a large petroleum site is 

an initial accomplishment that must be immediately followed by development of a monitoring program that 

characterizes the multiple ways that hydrocarbons will be remediated.  This presentation will describe 

data collection and interpretation for the first five years of the remedy for a large petroleum site.  The data 

collection was set to characterize predicted hydrocarbon attenuation mechanisms for each component of 

the remedy, and to treat each of the remedy performance expectations as a testable hypothesis.  

Data analysis provided the following information on remedial effectiveness over the first five years:  1) 

vadose zone ripping increased subsurface biodegradation as evidenced by elevated CO2 effluxes in the 

treated versus outside area over a one-year timeframe, 2) a one-time smear zone excavation yielded a 

hydrocarbon removal quantity measureable with simple soil sampling analysis by TPH, 3) hydraulic 

management increased saturated zone biodegradation rates (mainly by increased sulfate utilization) but 

did not increase volatile hydrocarbon losses through lowering of the water table, and 4) substantial 

hydrocarbon biodegradation occurred in unremediated areas (as evidenced by CO2 effluxes greater than 

background over the full site footprint) and likely indicated active natural attenuation processes.  The 

implications of these findings for remedy continuation will be discussed. 

Benjamin McAlexander, Trihydro, 20 Myrtle Street, Orono, ME, 04473, United States, Tel: 714-331-1938, 
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Natural Source Zone Depletion Rates Based on Analyses of Empirical Soil Gas 
Data 

Matthew Lahvis  

Spatio-temporal and other site-specific factors that affect rates of natural source zone depletion (NSZD) 

remain uncertain.  Most measurements and assessments of NSZD spatio-temporal variability have been 

conducted at large petroleum industrial sites using carbon traps or surface-flux chambers installed over 

open ground.  In this study, rates of NSZD were estimated by calibrating a reactive transport model 

(BioVapor) to total petroleum hydrocarbon (TPH) and benzene soil gas concentration data compiled by 

the US EPA Office of Underground Storage Tanks.  The analysis included 75 analyses from 17 sites and 

45 locations.  TPH and benzene transport was simulated assuming conservative transport assumptions 

and default soil properties defined in US EPA guidance in the absence of site-specific data.  Model results 

indicate that NSZD rates increase increasing source concentration and decreasing source depth. These 

results are consistent with a rate dependent on oxygen availability.  Assessments of temporal variability 

from single locations imply that NSZD rates are generally stable or increase over time.   

Matthew Lahvis, Shell, 22 Night Rain Court, Spring, TX, 77381, United States, matthew.lahvis@shell.com 

Presenting Author: Matthew Lahvis 

27



Phytoremediation Applied to LNAPL/TPH in Soil and Dissolved-Phase in 
Groundwater 

Chris Pearson and Andrew Kirkman  

Phytoremediation involves the use of certain species of plants including trees and grasses to degrade 

organic contaminants in soils and groundwater.  Plants naturally transport groundwater and release it to 

the atmosphere in a process known as evapotranspiration. Organic contaminants are biodegraded in the 

root zone and the plant tissue.  Phytoremediation is a favorable cleanup option over in-situ remediation 

technologies because it is proven; easy to implement; not disruptive; and provides a natural, reliable, and 

safe technology for the reduction of hydrocarbons and light non-aqueous phase liquids (LNAPL) in soil 

and dissolved-phase hydrocarbons in groundwater. 

At a former Refinery, phytoremediation was utilized on-site in a former tank basin to mitigate a 

contaminated groundwater spring and off-site benzene impacts.  Phreatophytic trees’ root structure and 

enhanced aerobic conditions in the rhizosphere help biodegrade hydrocarbons in soil and 

groundwater.  A total of 470 hybrid poplar and sandbar willow trees were planted for phytoremediation in 

2007, of which 120 remain and have reached maturity with trunk diameters up to 11 inches and heights of 

up to 30 feet.  The poplar and willow trees’ rooting depth can extend up to 15 feet below ground 

surface.  Pre-planting dissolved benzene concentrations were as high as 140 ug/L, and now the 

maximum benzene concentration in the phytoremediation plot area (as of December 2017) is 8.5 ug/L.    

At a second former Refinery in Wood River, Illinois, grasses were utilized to enhance the breakdown of 

LNAPL in soil resulting in total petroleum hydrocarbon (TPH) soil exceedances.  A review of the 

reductions in TPH concentrations will be provided.  While phytoremediation has been applied historically 

to multiple dissolved-phase impacts, fewer case studies have discussed its ability to treat LNAPL itself.  A 

final discussion will be provided on the known limitations and applications of phytoremediation as applied 

to LNAPL. 

Chris Pearson, AECOM, 6200 South Quebec Street, Greenwood Village, CO, 80111, United States, 
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Summary of State Approaches to Vapor Intrusion – 2018 Update 

Richard Rago, Laurent Levy, Lila Beckley, and Bart Eklund  

Regulatory requirements for the evaluation of vapor intrusion (VI) vary significantly among states. For 

owners and responsible parties that have sites in different regulatory jurisdictions, one challenge is to 

know and understand how the requirements or expectations for VI differ from one jurisdiction to the next. 

Differences in requirements can make it difficult to manage sites in a consistent manner between 

jurisdictions.  Eklund, Folkes, Kabel, and Farnum published an overview of state guidance for VI in 2007, 

which provided a useful summary of pathway screening values and other key VI policies.  An update by 

Eklund, Beckley, Yates, and McHugh was published in 2012. Since that time, EPA has finalized its VI 

guidance, numerous states have revised their own guidance, and some states that did not have VI-

specific guidance have issued new guidance. This presentation provides an update to the 2012 study.  

The presentation will address the types of screening values for selected chemicals that commonly drive 

VI investigations, attenuation factors, and risk levels used. We will also discuss key policy decisions that 

are important for the investigation of VI including distance screening criteria, differing mitigation 

requirements, policies for evaluation of petroleum VI, and sampling and analytical guidance. 

There are still substantial differences in state approaches for addressing trichloroethylene (TCE) and 

tetrachloroethylene (PCE). For PCE, a number of states have opted for the California approach (leukemia 

endpoint) for deriving lower screening levels and view these as more health-protective than US EPA's 

approach (liver cancer endpoint). In the case of TCE, for which US EPA has yet to provide clear 

guidance, several states have developed action levels, accelerated response levels, or other guidelines to 

address concerns with short-term exposure to TCE during pregnancy. We will provide several examples 

to illustrate these points.  
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Laurent Levy, Gradient, 20 University Road, Cambridge, MA, 02138, United States, Tel: 617-395-5566, 
llevy@gradientcorp.com 
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Vapor Intrusion Sampling and Analytical Methods Comparison  

Jay Clausen, Darrell Moore, Lawrence Cain, Katherine Malinowski, and Thomas 
Gergian  

The U.S. Army Corps of Engineers, Engineer Research and Development Center has an ongoing 

trichloroethylene vapor intrusion issue at the facility in Hanover, New Hampshire. The presentation will 

compare analytical results obtained with a portable gas chromatography mass spectrometry (GC-MS) 

HAPSITE™ system and fixed-based laboratory GC-MS following standard U.S. Environmental Protection 

Agency methods. The sampling systems evaluated include 1) direct air sampling and analysis with the 

HAPSITE™, 2) Bottle-Vac™ sampling and analysis with the HAPSITE™, 3) Bottle-Vac™ sampling and 

analysis with laboratory-based GC-MS, 4) SUMMA canister sampling and analysis with laboratory-based 

GC-MS, and 5) adsorbent strip sampling and analysis with laboratory-based GCMS. Preliminary data 

analysis suggests HAPSITE™ sampling and analysis provides quantitative data quality on par with the 

standard regulatory accepted approach of SUMMA canister sampling combined with laboratory-based 

GC-MS analysis. The merits, issues, and approach of a time-weighted average as obtained with SUMMA 

and Bottle-Vac™ samplers will be compared with the near real-time data obtainable with the HAPSITE™. 

Jay Clausen, USACE ERDC-CRREL, 72 Lyme Road, Hanover, NH, 03755, United States, Tel: 603-646-
4597, jay.l.clausen@usace.army.mil 
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A Case Study of Vapor Intrusion Issues at a Large Government Facility 

Darrell Moore 

A Remedial Investigation (RI) has been conducted at the United States Army Corps of Engineers, 

Engineering Research and Development Center Cold Regions Research and Engineering Laboratory 

(CRREL) at 72 Lyme Road, Hanover, NH.  Operations at CRREL conducted in the 1960’s to mid-1980’s 

resulted in the release of trichloroethene (TCE) at two primary Areas of Concern (AOC). TCE was 

released from a leaking underground storage tank at AOC 2 at the north end of the Main Laboratory, and 

from AOC 9 near a deep Ice Well utilized for research.  The RI found that historic releases of TCE 

resulted in contamination of soil around the Main Laboratory. The TCE formed a soil vapor plume that 

migrated deeper into the subsurface and toward other CRREL buildings. The TCE vapor plume was a 

source of vapor intrusion at the facility and is the source of contaminated groundwater. 

The Army employed the use of several HAPSITE® portable gas chromatograph/mass spectral detectors 

as investigation tools to evaluate migration pathways, sleuth interior sources, and evaluate building 

materials.  The HAPSITE® is also used to monitor indoor air concentrations for protection of human 

health. Daily monitoring of indoor air assures that unacceptable exposures are located and quickly 

mitigated. TCE was measured in indoor air in excess of regulatory action levels in the Child Development 

Center and the Main Laboratory. Sub-slab depressurization systems (SSDS) were installed in these 

buildings to protect human health by preventing vapor intrusion into the buildings.  In addition to the 

SSDS, air filters have been placed within offices throughout the CRREL campus to remove TCE vapors 

from the indoor air.  Simple smoke testing of sanitary sewer and storm water infrastructure was also 

conducted to identify migration pathways.  Tideflex valves were installed in roof drains to mitigate TCE 

concentrations. Two separate soil vapor extraction pilot systems are being tested at AOCs 2 and 9 to 

evaluate their use for remediation and for further prevention of vapors entering buildings. These systems 

have successfully removed TCE from the soil and soil gas and reduced the size and concentration the 

soil vapor plume by orders of magnitude. The pilot systems have been highly effective at reducing TCE 

concentrations in soil vapor around the Main Lab and beneath properties bordering CRREL, these 

systems have cut off the vapor intrusion pathways below the buildings. Data also indicates that the SVE 

systems are reducing groundwater concentrations by preventing TCE from reaching the groundwater. 

Indoor air was also sampled at homes and businesses adjacent to CRREL as well as the Richmond 

Middle School, TCE was either not detected at all or was only present at concentrations well below action 

levels. 

Darrell Moore, US Army Corps of Engineers, 696 Virginia Road, Concord, MA, 01742, 978-318-8152, 
Darrell.A.Moore@usace.army.mil 

Presenting Author: Darrell Moore 

33



Use of Mass Loading Assessments to Characterize Vapor Intrusion Potential 

Theresa Gabris, Helen Dawson, William Wertz, Todd McAlary and Daniel Carr  

The characterization of vapor phase VOC mass loading offers a promising alternative to conventional 

indoor air and sub-slab sampling. Upper bound vapor intrusion (VI) risks can be determined rapidly (in 

one or two days) and the results exhibit sufficiently low temporal variability (generally < 3-fold) that repeat 

seasonal sampling isn’t needed. Conventional indoor air sampling results can exhibit >10-fold variability 

over time and often regulators require several sampling events to assess upper-bound VI risks. 

Three approaches to estimating VI mass loading were evaluated under ESTCP research project ER-

201503, conducted at two commercial buildings: a small health center at the former Raritan Arsenal, New 

Jersey (Building 200), and a mid-sized former dry-cleaning facility at Vandenberg Air Force Base, 

California (Building 11193), both of which overlay known chlorinated VOC plumes. 

BPC tests were conducted using conventional energy audit blower door technology to estimate the indoor 

loadings associated with sub-slab vapor entry induced during building depressurization (MLBPC). In 

Building 11193, where historic operations involved chlorinated solvent use, the building also was 

pressurized to assess the mass loading attributable to residual indoor sources of VOCs.  Cross-slab and 

cross-building differential pressure measurements were used in conjunction with the MLBPC results to 

develop building leakage and mass loading curves to estimate reasonable maximum exposure (RME) 

concentrations and calculate the building-specific magnitude of sub-slab vapor attenuation under various 

conditions.  The MLBPC results were compared with sub-slab mass loadings determined through 

temporary operation of a sub-slab ventilation system (MLSSV) and with vadose zone mass loadings 

determined by collecting groundwater, soil, and soil vapor data under or adjacent to the buildings 

(MLVadose).  

The results obtained at each building are compared to assess the effect factors such as buildings size 

and leakiness, seasonal variability in temperatures, and short-term fluctuations in wind speed and 

barometric pressure have on loading estimates. 
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Using Radon as a Surrogate for VOCs to Determine Building-Specific Attenuation 
Factors in Vapor Intrusion Assessments 

Anthony Miller and Robert Scrafford 

The migration of vapors containing volatile organic compounds (VOCs) into buildings and homes is 

increasingly becoming a focal point in the investigation and remediation of sites impacted by releases of 

petroleum compounds or chlorinated solvents.  Assessments of the vapor intrusion pathway often require 

the collection of soil vapor and indoor air samples to determine if VOCs have migrated into buildings 

through openings in the building’s foundation.  Unfortunately, many household products and building 

materials contain VOCs in concentrations high enough to be detected in indoor air samples and lead to 

the erroneous conclusion that VOCs in the soil vapor below the foundation slab are migrating into the 

building.  

Several studies indicate that building-specific attenuation factors (AF) calculated using radon 

concentrations measured in the soil vapor and indoor air provide a more accurate assessment of the risk 

of vapors migrating into the building.  Radon is a non-reactive, naturally-occurring radionuclide that is 

present in most soils and soil gas but is, with very minor exceptions, not present at significant 

concentrations in household products or building materials.  Like VOCs in soil gas, radon moves by 

advection and diffusion.  As such, radon can serve as a surrogate for VOCs when assessing the vapor 

intrusion pathway.  

The results of vapor intrusion investigations where sub-slab vapor and indoor air radon concentrations 

were used to develop building-specific AFs will be discussed in this presentation.  Additionally, the 

presentation will include a review of state regulatory agencies acceptance of using radon to develop 

building-specific AFs. 
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Combined Remedy Approach for Chlorinated Vapor Intrusion/Mitigation and 
Groundwater Remediation Under a Residential Neighborhood 

Ryan Miller and Tom Szocinski  

Background: In 2009, the Michigan Department of Environmental Quality (MDEQ) began state-funded 

activities at an industrial plating facility in southwest Michigan to determine the nature and extent of 

contamination emanating from an area of the facility where degreasing agents were used. The results of 

the investigation identified chlorinated volatile organic compound-impacted groundwater in a ¼ mile long 

shallow plume ranging from 2-5 feet in depth migrating from the site and through a residential area. 

Further investigation of the residences identified contaminated groundwater within many of the 

basements and sumps, posing a potential vapor intrusion threat as well. 

Approach: To address these concerns, a combined remedy approach was conducted. The basement 

sumps were capped and vented, and a contaminant vapor intrusion protection coating (Retro-Coat™) 

was applied to the floor and walls of the residential buildings located within the plume. For the 

groundwater plume, a multi-phase injection approach including electron donor, bioaugmentation, and 

liquid activated carbon substrates was implemented.  The design challenges of a fast-moving aquifer 

(>1ft/day) migrating through a residential neighborhood required a unique design approach consisting of 

treatment lines spaced approximately 200 feet apart between properties. A series of biobarriers were also 

emplaced at strategic locations within the residential plume areas. The biobarriers utilized a liquid 

activated carbon reagent along with an electron donor to promote sorption-enhanced ERD. 

Results: The results of the vapor mitigation/barrier indicated that the potential for vapor intrusion risk was 

addressed using Retro-Coat™ and sealing the sumps. MDEQ has analyzed indoor air samples from 

within the residential basements for confirmation of the barrier’s effectiveness, and no VOCs have been 

detected since the vapor mitigation/barrier implementation. The combined remedial insitu treatments in 

groundwater have virtually eliminated the chlorinated VOC plume.  The emplaced LAC barriers will 

provide long-term protection in the neighborhood from potential migration of any residual chlorinated 

VOCs remaining from untreated areas. 

Ryan Miller, Land Science, 1011 Calle Sombra #100, San Clemente, CA, 92673, United States, Tel: 949-
366-8000, rmiller@landsciencetech.com 
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Summary of the EPA Workshop on SOPs for Collecting Indicators, Tracers and 
Surrogates of CVI 

Henry Schuver  

Three supplemental measures of CVI-related phenomenon, referred to here as ITS, specifically 

temperature, pressure and radon, have shown some promise for being readily implementable tools for 

improving the effectiveness and efficiency of CVI assessments and long-term monitoring. These 

measurements and observations were presented earlier (slides and audio recordings available 

at https://iavi.rti.org/WorkshopsAndConferences.cfm). In summary, there is some evidence for reducing 

the number of indoor air samples needed to be statistically confident of representing the upper 95th 

percentile (e.g., Reasonable Maximum Exposure) conditions from 58 randomly-timed samples, to as few 

as three (3) ITS-guided samples. More recent analyses with lower risk-based levels of concern (e.g., 0.48 

ug/m3 TCE) showed that 95% confidence was possible with as few as two (2) temperature- and a single 

(1) radon-guided sample. To further validate these ITS associations in other buildings and settings, plans 

are to: 1) further statistically test existing data sets; and 2) collect new ITS measurements during ongoing 

VI investigations. Where there is some evidence of a ‘complete’ CVI pathway, supplemental ITS 

measures taken concurrently along with ongoing indoor CVOC sampling could provide additional 

evidence to illustrate the associations with these ITS, as well as provide an improved understanding of 

the value of the CVOC samples collected. Draft Standard Operating Procedures (SOPs) for the collection 

of temporal and spatial ITS as well as the combined/integrated use of both will be presented and 

discussed. We are seeking feedback to improve the quality of the SOPs and any voluntary ITS 

observations that may take place. We are also exploring an SOP for the use of external CVOC samples 

(e.g., in near-building soil gas) in combination with ITS metrics, which can represent the building-specific 

soil gas intrusion and retention, as a possible combined-surrogate for CVOC indoor air sampling. Finally, 

an SOP for compiling, analyzing and reporting ITS data from ongoing investigations will be presented. 

Henry Schuver, US EPA, 1200 Penn. Avenue NW, Washington, DC, 20460, United States, Tel: 703-308-
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Lessons Learned from Surfactant Enhanced Aquifer Remediation of Light and 
Dense NAPLs 

David Alden, Gary Birk, and Sangho Bang  

Background/Objectives: Surfactants, solvents, and polymers have been used as aggressive NAPL 

removal methods. Published work on thoroughly monitored projects shows that over 90% of the NAPL 

contaminant mass can be removed. How have more commercial remediation projects following these 

methods performed? 

Approach/Activities: Technology developed at the University of Oklahoma, originally focused for 

enhanced oil recovery at petroleum reservoirs and subsequently adapted to the environmental arena, can 

lower the IFT sufficiently to allow physical mobilization of residual LNAPL with the limited production of 

thermodynamically stable emulsions. Part of this talk will focus on market acceptance and lessons 

learned from the use of artfully formulated surfactant blends that reduce solubilization and simply allow 

LNAPLs in saturated soils to become mobile. Lessons learned from other Department of Defense 

surfactant flood projects addressing DNAPL will be used to highlight similarities and differences to LNAPL 

recovery projects. 

Results/Lessons Learned: The presentation will review surfactant flood design methods and highlight 

results and lessons learned from various projects. 

David Alden, Tersus Environmental, 1116 Colonial Club Road, Wake Forest, NC, 27587, United States, 
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Performance Monitoring in Clay Till Three Years After Full-Scale ZVI Treatment 
with DPT Jet Injection 

Chapman Ross, William Slack, Neal Durant, Drew Baird, Doug Knight, Dariusz 
Chlebica, and Dylan Eberle  

While the deployment of innovative technologies is often presented along with encouraging but 

preliminary treatment results, longer-term remedial performance does not receive as much attention. We 

have previously disclosed a novel, patent-pending injection technique for rapid emplacement of 

remediation amendments in unconsolidated low-permeability soil using custom direct-push technology 

(DPT) tooling and advanced jet injection methodologies. The performance of DPT jet injection was most 

recently demonstrated during full-scale treatment of a chlorinated solvent source zone at a site in 

Denmark, where 55 tons of micro-scale zero valent iron (mZVI) blended with sand was injected into a clay 

till target treatment zone. 

The project includes extensive post-injection assessment, including geologic logging and magnetic 

susceptibility of over 3,200 feet of core samples plus extensive membrane interface probe (MIP) borings. 

MIP data collected six months and 18 months after treatment have proven useful in identifying mZVI 

zones and documenting decreases in chlorinated solvents co-located with many of these reactive zones. 

In addition, conventional soil sampling comprising three years of post-injection performance monitoring 

provide a dense dataset that allows for three-dimensional modeling of the soil data, which show total 

estimated chlorinated solvent mass in soil decreased by over 68% in six months and 82% in 30 months. 

Groundwater data collected from wells transecting the dissolved contaminant plume have documented 

substantial reduction in chlorinated solvent mass flux out of the treatment zone, indicating that chlorinated 

solvent mass discharge from the source area decreased by 89% after 30 months. 
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Surfactant Use to Enhance Performance of Chemical Oxidation Remediation  

Geeta Dahal, Dan Socci, and Jennifer Holcomb  

Chemical oxidation remedial approaches deliver aqueous phase oxidant treatment fluids into the 

contaminated subsurface. These methods are limited to primarily addressing contamination present in the 

groundwater. Hydrophobic contaminants remain sorbed to soil which over time transfer to the aqueous 

phase after the chemical oxidation treatment is completed, causing groundwater contaminant 

concentrations to increase, resulting in what is referred to as “contaminant rebound.” Rebound is typically 

addressed with multiple rounds of follow-up chemical oxidation treatments.  Using a combined oxidant-

surfactant solution, liberation of the sorbed hydrophobic contaminants and emulsification into the aqueous 

phase as small particles can significantly increase surface area available for reactions with oxidants, 

thereby improving soil and groundwater remediation. This presentation will discuss independent third 

party comparative research by the University of Madrid on the performance of combined surfactant and 

activated oxidant, versus activated  oxidant alone treatment of contaminated soil.  Additionally, field case 

studies on successful implementation of S-ISCO® (Surfactant enhanced In Situ Chemical Oxidation) will 

be discussed. 
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Novel Approaches to In-Situ Injections in Bedrock 

A. Curtis Weeden, Jr., Dustin Bytautas, Michelle Snyder, and Paul Dombrowski  

In-situ injection into bedrock is one of the most challenging issues facing groundwater remediation 

practitioners.  Although there is a wide understanding that bedrock remediation is “hard” and a “good” 

conceptual model is needed, there is a gap between this understanding and generating a workable in-situ 

injection plan that will meet remedial objectives of the site. This presentation will present two 

Massachusetts bedrock sites, each with unique approaches to generating a workable injection plan. At 

both sites, bioremediation using enhanced reductive dechlorination (ERD) was implemented to reduce 

groundwater concentrations of tetrachloroethene (PCE). 

The former Industrial Site utilized traditional borehole geophysical tools, packer sampling, and fracture 

interconnectivity pump tests to revise the bedrock conceptual site model and generate a focused injection 

plan targeting fractures containing PCE. The bedrock investigation identified a bifurcated plume based on 

fracture orientation. Approximately 9,000 gallons of amendments, bioaugmentation culture, and chase 

water were injected into 17 boreholes. 

The Wooded Site contained multi-acre PCE plumes in both overburden and bedrock with PCE at 

concentrations greater than 10 mg/L in overburden and bedrock. The Record of Decision included a 

mulch-based permeable reactive barrier (PRB) in the downgradient portion of the overburden 

plume.  However, the Remedial Design Investigation identified higher PCE concentrations in weathered 

bedrock groundwater than overburden in this portion of the site.  The mulch-based PRB was replaced 

with an injection-based PRB.   Given the large area of the PCE plume in weathered bedrock, a site-wide 

approach to weathered bedrock treatment was implemented. Approximately 7,500 gallons of 

amendments, bioaugmentation culture, and chase water were injected into 51 weathered bedrock 

injection wells.   

Performing bedrock injections was greatly aided through investigation of bedrock geology, PCE 

distribution and Remedial Design incorporating those investigations. The presentation will share the 

lessons learned from bedrock investigation and characterization, remediation design, and implementation 

of injections.  
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Vapor Intrusion of 1,4-Dioxane – Regulatory Myth or Real Issue? 

Shawn Sager, Erica Kalve, Stephanie Offenberger, Norman Forsberg, and Katy Baker  

The physical and chemical properties of a constituent can be used to predict migration potential from 

subsurface soil, groundwater, or soil gas into a building via the vapor intrusion pathway. For example, 

1,4-dioxane would not be expected to volatilize from water given that its Henry’s Law constant is less than 

1 × 10-5 atm-m3/mole, readily dissolves in water, and is infinitely soluble. Most laboratories consider 1,4-

dioxane a semi-volatile in terms of analytical scans. In 2015, US EPA changed the definition of a volatile 

constituent to now include compounds with vapor pressures greater than 1 mm Hg and now considers 

1,4-dioxane to be volatile. Considering these conflicting definitions of volatility, would 1,4-dioxane be 

expected to migrate from the groundwater into a building through the vapor migration pathway? To 

address this question, the factors that influence 1,4-dioxane vapor migration such as soil type and 

building construction are evaluated through multiple case studies. 1,4-Dioxane detected in groundwater in 

a downgradient area versus soil gas near a source area were modeled to predict indoor air 

concentrations in an overlying building. Modeling these scenarios provided mixed results regarding the 

potential human health risks. While groundwater data may indicate no potential risk to receptors, soil gas 

concentrations for buildings located near a source area result in predicted risks above regulatory 

levels. Site-specific data including groundwater, soil gas, depth to water, and soil type are used to 

evaluate potential exposures and risks from 1,4-dioxane detected in the subsurface. The results of our 

analysis demonstrate how vapor intrusion of 1,4-dioxane is not expected to be an issue at most sites due 

to its limited potential for volatilization and solubility in water. However, based on its vapor pressure and 

boiling point, vapor intrusion is not an exposure pathway that can be excluded without appropriate 

considerations for site-specific characteristics. 

Shawn Sager, Arcadis, 801 Corporate Center Drive, Suite 300, Raleigh, NC, 27607, United States, Tel: 
919-415-2298, shawn.sager@arcadis.com 

Erica Kalve, Arcadis, San Rafael, CA, 94903, United States, Erica.Kalve@arcadis.com 

Stephanie Offenberger, Arcadis, 4915 Prospectus Drive, Suite G, Durham, NC, 27713, United States, 
Tel: 919-328-5587, stephanie.offenberger@arcadis.com 

Norman Forsberg, Arcadis, 855 Route 146, Suite 210, Clifton Park, NY, 12065, United States, Tel: 978-
322-4552, Norman.Forsberg@arcadis.com 

Katy Baker, Arcadis, 3rd Floor Charter House, Cambridge, CB2 1LA, United Kingdom, Tel: +44 (0)1223 
935011, katy.baker@arcadis.com 

Presenting Author: Shawn Sager 

47



Emerging Contaminant Management - Maine's Unique Case Study 

Kerri Malinowski  

Through EPA’s UCMR 3 testing requirements, a local water district discovered amounts of the 

perfluoroalkyl substances PFOA and PFOS in a public water supply production well, which led to an 

expanded search for these compounds that included monitoring wells associated with the affected 

aquifer.  The monitoring well returning the highest levels of contamination (combined PFOA and PFOS 

results of 147 ppt) is located on a dairy farm situated directly above the sand and gravel aquifer.  This 

discovery led to a series of events that would ultimately involve the Maine Department of Agriculture, 

Conservation, and Forestry, the Maine Department of Health and Human Services, and the Maine 

Department of Environmental Protection.  After finding surprisingly high levels of PFOS in cow’s milk 

produced on this farm, subsequent sample analysis would shift the team’s working hypothesis from a 

drinking water contamination source to a more significant source from bioaccumulation of PFOS through 

hay, grown on fields where industrial ash and biosolids were deposited.  As the nation’s environmental 

and health agencies work to understand the extent of PFAS contamination and its related human health 

effects, this unique site investigation highlights the potential of food source exposure to PFAS compounds 

and the cross-agency coordination that will be necessary to mitigate this risk. 
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Effectively Communicating Risk and Toxicology, from Expert Reports and 
Depositions to Trial Testimony – What Judges and Juries Hear 

Graham Ansell  

Communicating scientific and mathematically based subject matter, such as human health risk and 

environmental toxicology can be challenging. The challenges originate with the technical content of the 

subject matter under consideration, and can be exacerbated by the seemingly inherent need most 

scientists have to explain things in the minutia. The communication challenge manifests itself during 

attempts to explain the subject matter to an audience that may not be as technically astute in the specific 

subject area, such as a judge (if it is a bench trial) or, more importantly, to a jury. In this presentation I will 

highlight some of the techniques and ideas that have been successful on cases that I have been part of, 

and some of the techniques that have been less than successful. 
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Communicating Biosolids Recycling: Past & Current Challenges 

Ned Beecher  

Recycling biosolids (treated wastewater solids) to soils and agriculture naturally triggers apprehension. 

Questions abound. What about the heavy metals? Pathogens? Odors? Emerging contaminants? 

Benefits?  Risk communication has, in some cases, helped biosolids managers understand community 

concerns and advance mutual understanding. But the profession continues to struggle with public 

perception driven by an unavoidable level of uncertainty. Historic and current perceptions will be reviewed 

through case studies of biosolids communications. 
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Implications of the New PAH Toxicity Values on Site Remediation 

Amy Rosenstein  

When EPA released new toxicity values for benzo(a)pyrene, it was predicted that site cleanups based on 

PAHs would be affected.  The new cancer toxicity value could decrease the necessity for cancer-risk-

based site cleanups based on benzo(a)pyrene and other carcinogenic PAHs for which risks are evaluated 

relative to that compound.  On the other hand, EPA also published non-cancer oral and inhalation toxicity 

values for benzo(a)pyrene for the first time, which could increase the need for cleanup in some 

cases. This presentation will provide an update on the impacts of the EPA toxicity value changes on site 

remediation, based on case studies from around the U.S. 
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Assessing Risks of Using Soils in Landfills as Cover 

Stephen Zemba and David Adams  

Use of contaminated soils as daily cover material at landfills has the advantages of avoiding the need to 

use costly material for the same purpose and for saving valuable disposal capacity for other 

wastes.  Beneficial use determinations have been developed in numerous states to permit and encourage 

this activity.  But if the contamination in the soils is sufficient to trigger the need for landfill seclusion, are 

the soils a potential risk to the landfill workers charged with their application? 

This talk will explore approaches to assessing potential health risks to workers associated with the 

application of daily cover soils.  One fundamental discussion point is the applicable regulations and 

standards.  Should OSHA regulations apply?  Questions over potential health risks frequently arise from 

contaminated waste site programs that apply EPA-style risk assessment methods to find these soils 

unacceptable for general use by the public.  Assuming these methods extend to workers, numerical 

criteria such as EPA’s risk-based Regional Screening Levels, New York’s Soil Cleanup Objectives, and 

similar remediation criteria in other states serve as benchmarks for gauging potential risks.  Some of 

these soil standards/guidelines have been developed explicitly for worker exposure scenarios.  The 

appropriateness of using such criteria for landfill cover operations will be explored, both in terms of 

comparing standards/guidelines among programs and examining the underlying exposure assumptions 

and comparing with the activities involved in daily cover applications.  Through these comparisons, a 

framework for developing risk assessment assumptions tailored to landfill applications will be discussed. 
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Toxicology, Health Risk and Evaluating Appendices III and IV of the Coal 
Combustion Rule Regarding Groundwater 

Michele Garber, Christopher Teaf, Douglas Covert, and David Krause  

The 2015 U.S. Environmental Protection Agency Disposal of Coal Combustion Residuals from Electric 

Utilities Rule (“CCR”; 40 CFR Parts 257 and 261) has provisions that required the initial release of 

groundwater monitoring information and analytical data by March 2018.  Appendix III and Appendix IV of 

the CCR address a variety of substances that may be detected in groundwater under specific obligatory 

monitoring protocols.  Depending upon the CCR Rule appendix that is of interest, the specific 

groundwater trigger considerations may be exceedance of site background and/or existing health-based 

criteria in the form of Maximum Contaminant Levels (MCLs, drinking water standards).  One important 

toxicological consideration may arise when local property owners in the vicinity of a coal fired power 

generation facility may have concerns or pose questions regarding a substance which is detected above 

background in groundwater, but for which there is no primary or secondary MCL (e.g., boron, cobalt, 

molybdenum, lithium).  This presentation discusses the application of specific CCR Rule elements, 

reviews the toxicology and available guidelines for example substances that are called out in the Rule 

appendices, and provides discussion and recommendations regarding health-based points of 

comparison.  It also presents factors or techniques to be considered and applied when engaging in 

important risk communication activities that are likely to occur among representatives of industrial power 

facilities, state and federal environmental agencies, and the interested public. 
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A National Security Imperative: Analyzing the Intersection of Environmental 
Security and Violent Jihadi Propaganda 

Tara Kulkarni and Travis Morris 

National Security for every nation is at an important crossroad. The impact of climate change, 

environmental degradation, and resource depletion has had a global impact.  Environmental Security is 

now unequivocally juxtaposed against war and conflict, often in the quest of power, with depleting natural 

resources as a central issue. As populations expand, and availability and access to basic human needs of 

water, food, heat, and housing decline, vulnerabilities in social structures, and economic means, open 

pathways for violence and destructive ideologies. The national security of countries across the globe are 

challenged by environmental insecurity; in terms of threats to physical and cyber infrastructure – water 

reservoirs, wastewater treatment plants, industrial and manufacturing units, and energy grids and 

installations at critical facilities and their electronic and software based controls; as well as the 

psychological warfare of pitting people and ideologies against one another. This work traces the 

traditionally understood environmental security field, from the 1970s through the current day. It provides 

the water security, soil degradation and deforestation statistics in the context of failed states and regional 

impacts of destabilized environmental factors. 

This research analyzes how environmental issues are used as emotive triggers and tactics in terrorist 

propaganda. Rosoka, natural language processing software, and frame analysis are used to advance our 

understanding of how environmental frames function within terrorist propaganda. Violent jihadi 

demagogues use frames to suggest violent and non-violent solutions to their grievances.  These emotive 

triggers are framed in a way to leverage individual and collective attitudes in psychological warfare. A 

comparative research design is used because of the differences and similarities that exist between two 

different violent jihadi propaganda publications. Analysis is based on salience and network text analysis, 

which generates semantic networks. Results suggest that both ideologies have evolved, both in the type 

and degree of frames found in their propaganda.  Environmental frames are used create subcultural 

identities and social boundaries across languages, cultures, history, and geography. Importantly, 

semantic networks illustrate how propagandists use cyber space to frame environmental issues from a 

subcultural perspective to mobilize target audiences. In order to construct effective counter narratives in 

cyber warfare, this research advances the knowledge in this domain by offering several policy 

recommendations. 
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Protecting 2 Major Shipping Ports from Catastrophic Radiation Attack and the 
Impact to the Surrounding Environment 

John Chrisos 

Los Angeles has the 2 largest shipping ports in the United States. The port of LA and the port of Long 

Beach combined encompasses over 10,000 acres with 74 miles of prime waterfront. Located within 20 

miles of Los Angeles, these ports handle close to 500 Billion dollars in annual trade per year. As the 

premier gateway for international commerce, millions of cargo containers per year enter the US from 

countries throughout the world. Being close to approximately 13 million people in the LA area, a major 

radioactive security event would have a major impact on US trade, displace millions of residents and 

contaminate the regions shoreline, air and water quality. So how can this be prevented? A number of 

security technology companies have developed x-ray drive through portal systems that will scan cargo 

containers and identify anomalies such as radiative materials placed in lead shielding from the stated 

cargo manifest. Although effective to a point, scanning of each container is impossible and operator 

effectiveness in image analysis is not always accurate. Another safeguard is a radiation portal monitor 

placed in exit lanes leaving the port, more effective in identifying radioactive material but not fool proof. 

Even though the Department of Homeland Security through US Customs and Border Protection and the 

port owners spend millions of dollars on equipment, infrastructure and personnel, a radioactive event 

would be catastrophic to the US environment and US economy. My discussion will focus on systems and 

methology to stop such an event. 
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Preventing Environmental Disasters Through Comprehensive Nuclear Security 

Brock Bradford  

Nuclear Power has been around for decades, but is it safe? We see terrorist attacks all over the globe, 

but why don't we see attacks on nuclear plants? This speech will focus on how the US Nuclear Power 

industry utilizes security measures to keep our critical infrastructure and surrounding communities safe. 

We will look at the track record of the nuclear power industry and challenges the industry faces going 

forward. 
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Larry Groipen, Secondary Materials and Recycled Textiles Association (SMART), 
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MassDEP's Solid Waste Master Plan – A Sustainable Materials Vision for 2020-
2030 

John Fischer  

MassDEP is beginning the process of updating its current Solid Waste Master Plan to chart a new policy 

course for the next decade. The current Solid Waste Master Plan runs until 2020. This presentation will 

serve to “set the table” by bringing the audience up to speed on Massachusetts progress to date and 

identifying key challenges and opportunities as we look ahead to the next decade and beyond. This talk 

will provide the context for the rest of our session. For more information on the current Solid Waste 

Master Plan, see https://www.mass.gov/guides/solid-waste-master-plan.   
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Contending with the Impacts of the China National Sword Policy to the Local and 
Global Recycling Markets 

Greg Cooper  

China's recent National Sward Policy establishing stringent import requirements for recycled materials 

has had a dramatic impact on worldwide recycling markets. Learn how this policy and other recent market 

disruptions in the Northeast have impacted local recycling programs. What are the challenges now faced 

by communities and how is the recycling infrastructure reacting and adapting? Hear what Massachusetts 

is doing to mitigate and address these impacts to ensure continued recycling progress.   
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Organics Recycling to Renewable Energy: A Sustainable Solution for the Environment, 
Businesses, and Farms 

John Hanselman  

The United Nations Food and Agriculture Organization (UNFAO) says that 30%-40% of all food manufactured in the 

United States ends up in landfills or incinerators as waste. According to the EPA, the greenhouse gas impact of 

discarded food waste and animal manure in the United States is larger than any other class of stationary emitters.  At 

the same time, America’s family farms are under extreme stress to modernize and compete in the global marketplace. 

In Massachusetts there is an impressive system of private and public cooperation that is building a working solution to 

the issue of food waste’s GHG impact and our struggling farms. 

In response to Massachusetts issuing a food waste to landfill ban in 2013, Vanguard Renewables has built a network of 

farm-based anaerobic digesters that currently recycle over 600,000 pounds of food waste every day and over 250,000 

pounds of cow manure every day. Remarkably, the process for recycling the food waste, known as anaerobic digestion, 

removes all of the methane from the waste stream and the recovered methane is then converted into either renewable 

electricity or renewable natural gas.  This innovative process is new to most sustainability managers. Farm-based 

anaerobic digestion is an organic waste to energy solution that works 24/7/365 without dependency on the sun or the 

wind. It is a natural biological process that has been commercialized in the EU for decades, combining food waste and 

farm waste to produce renewable energy and to help the host farmers in multiple ways. Most importantly, it is now being 

done at scale, reliably and with many corporate participants. Even better, it provides businesses including Cabot 

Creamery, Whole Foods, and Polar Beverages, to name a few, with the ability to meet sustainability benchmarks via 

food waste recycling and/or the opportunity to purchase the Farm Powered renewable energy produced at one of the 

family farms.  Not only does AD provide a renewable energy source to the grid as baseload 24/7, it sequesters 

methane, which is a 25 times worse greenhouse gas than CO2. 

Vanguard Renewables Farm Powered anaerobic digestion program is the largest Massachusetts destination for food 

waste completing a Table to Farm closed loop organics to energy lifecycle. This customized, reliable, clean, and 

economically-viable organic waste collection and recycling solution enables food waste generators to comply with the 

MA Commercial Food Material Disposal Ban and meet institutional sustainability goals. By the close of 2018 Vanguard 

will be recycling more than 500 tons of Massachusetts food waste per day. 

Via case studies of actual organics recycling projects at farm-hosted anaerobic digester facilities in Massachusetts, 

attendees will learn about the table to farm food waste recycling to energy approach and its positive impacts on 

environmental health. Attendees will gain knowledge of the benefits to American farms, the environment, and business 

with the organics to energy method. Additionally, they will gain an understanding of how companies including Cabot 

Creamery/Agri-Mark Cooperative and Polar Beverages use the energy produced from the organics and farm waste to 

power their businesses; creating some of the first closed-loop energy systems in America. 
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Textile Recovery and Recycling – A Missed Opportunity 

Larry Groipen  

This program will discuss today's definition of acceptable textiles to be recovered, reused and recycled; 

why you should recycle clothing and other pre and post- consumer textiles; the beneficial impact of textile 

recovery and recycling and exactly where recycled clothing and other textiles go. We will explore how 

textiles impact the global economy and what are the social and economic misconceptions surrounding the 

clothing and textile collection and recycling industry. There will be an introduction to the Secondary 

Materials and Recycled Textiles Association (SMART) and the initiatives that SMART has undertaken to 

raise awareness about textile reuse and recycling along with the resources that are available from 

SMART. We will talk about the role of municipalities and State and Federal governments in encouraging 

textile reuse and recycling and will touch on the impact the international community can have on the 

industry. We will explore what the future holds and what you can do to expand and sustain textile 

recovery, reuse and recycling. There will be ample time for questions. This not to be missed program will 

be fun, informative, engaging and memorable. 
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Per- and Polyfluoroalkyl Substances in the Environment: Key Challenges and 
Strategies for Evaluation and Management 

Jennifer Guelfo  

Studies have concluded that millions of people in the U.S. may be exposed to drinking water containing 

per- and polyfluoroalkyl substances (PFASs) in excess of state standards and federal advisories.  As more 

impacts are discovered, stakeholders (i.e., regulators, practitioners, communities, responsible parties) face 

numerous challenges related to evaluation and management of these releases.  First, there are a large 

number of potentially relevant compounds. When polyfluoroalkyl transformation products are added to 

PFASs which are or have been on the global market, more than 3,000 PFASs may be environmentally 

relevant.  Further analytical methods for assessing which PFASs occur in the environment are 

limited.  Second, our understanding of sources and composition of PFAS releases is hindered by a lack of 

information regarding facilities associated with PFAS synthesis, use, or disposal.  Third, studies on aspects 

such as fate/transport, toxicity, and treatment have focused primarily on a limited subset of relevant 

PFASs.  Despite these challenges, strategies are being developed to address PFAS analysis, source 

identification, and prioritization of PFASs for further study.  Ideally such strategies can be used to leverage 

the current state of science and accelerate the process of reducing exposure to PFASs, even as research 

regarding this challenging class of compounds is ongoing. 

Jennifer Guelfo, Texas Tech University, 911 Boston, MS 1023, Lubbock, TX, 79409, United States, 
jennifer.guelfo@ttu.edu 
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PFAS in New York State Fish, 2010 - 2018 

Jesse Becker, Wayne Richter, and Larry Skinner  

Beginning in 2010, we undertook a screening program to look at PFAS in fish from New York’s Great 

Lakes waters. We analyzed the fillets in 80 fish, from a variety of species. We detected 7 of 13 PFAS with 

PFOS dominant in both frequency (78 of 80) and concentration. Mean concentrations for species and site 

combinations ranged from 1.6 ppb to 57 ppb. PFOA was not detected. 

Following discovery of PFOA in well and surface waters near Hoosick Falls and PFOS near Newburgh, 

we did an intensive survey for PFAS in fish. Department of Environmental Conservation (DEC) staff 

collected 2 - 6 species of fish from five potentially affected waters plus one reference site near Hoosick 

Falls, and from six potentially affected waters plus one reference site near Newburgh. We analyzed 

edible-size sportfish in three portions: (1) a standard fillet, (2) the viscera, and (3) the remaining carcass. 

We also analyzed smaller forage fish. PFAS were detected in all 485 fish and in all but two of 1175 

samples, including those from reference sites. PFOS was the dominant PFAS in both frequency (>99%) 

and concentration. Concentrations were highest in viscera with a maximum of 3570 ppb, intermediate in 

carcasses, and lowest in fillets. At the six non-reference sites in Newburgh and at a pond near the 

Hoosick Falls landfill, PFOS concentrations were high enough for NYSDOH to issue advisories against 

eating fish caught from these waters until further notice. In contrast to PFOS, PFOA was detected in 

fewer than half the samples and at low concentrations. The longer 10-, 11-, and 12-carbon acids were 

detected in 75% to 88% of the samples, typically at concentrations somewhat higher than PFOA but 

much less than PFOS. Findings support the idea that PFAS are pervasive in fish and can be found at 

high concentrations near release sites. 

Jesse Becker, New York State Department of Environmental Conservation, 625 Broadway, Albany, NY, 
12233-4756, United States, Tel: 518-402-8973, jesse.becker@dec.ny.gov 

Wayne Richter, New York State Department of Environmental Conservation, 625 Broadway, Albany, NY, 
12233-4756, United States, Tel: 518.402.8974, wayne.richter@dec.ny.gov 
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Understanding PFOA: How One College is Examining Background PFAS Soil 
Concentrations in Rural New England 

Janet Foley, Tim Schroeder, and David Bond  

Per- and Polyfluoroalkyl Substances (PFAS) contamination can impact soils and groundwater via direct 

land applications (i.e. fire-fighting foam use), direct water contamination or via deposition of airborne 

aerosols from use in manufacturing processes. Work by Rankin et al. (2016) indicates widespread global 

presence of PFAS contamination in soils presumably from air deposition. This widespread impact 

complicates assessing the magnitude and impact of PFAS contamination from a local source in any given 

location. Redesigning the science classroom to address some of these concerns, Bennington College has 

conducted a regional study of “background” soil levels at varying distances from known PFAS aerosol 

emitters in the North Bennington, VT/Hoosick Falls, NY area. This presentation will review our project and 

present some of our initial findings. Among other things, we attempted to isolate the signal of airborne 

PFAS land deposition by selecting sites with minimal human land contact.Per- and Polyfluoroalkyl 

Substances (PFAS) contamination can impact soils and groundwater via direct land applications (i.e. fire-

fighting foam use), direct water contamination or via deposition of airborne aerosols from use in 

manufacturing processes. Work by Rankin et al. (2016) indicates widespread global presence of PFAS 

contamination in soils presumably from air deposition. This widespread impact complicates assessing the 

magnitude and impact of PFAS contamination from a local source in any given location. Redesigning the 

science classroom to address some of these concerns, Bennington College has conducted a regional 

study of “background” soil levels at varying distances from known PFAS aerosol emitters in the North 

Bennington, VT/Hoosick Falls, NY area. This presentation will review our project and present some of our 

initial findings. Among other things, we attempted to isolate the signal of airborne PFAS land deposition 

by selecting sites with minimal human land contact. 
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Atmospheric Deposition as a Source of Contamination at PFAS-Impacted Sites 

Christopher Zevitas and Stephen Zemba  

Atmospheric deposition is not a typical source of localized groundwater deposition, but emissions from 

factories that synthesized or used per- and polyfluorinated alkyl substances (PFAS) in manufacturing 

processes have released sufficient quantities to the atmosphere that have deposited to the ground and 

contaminated drinking water wells.  These sites differ from typical contaminated groundwater sites 

because transport and the extent of contamination is not governed only by hydrology, but rather is spread 

in all directions from the factory (emission source) subject to prevailing winds, precipitation patterns, 

topography, and other factors that affect air dispersion and deposition.  We briefly review the occurrence 

and fate and transport of PFAS in air and focus on several aspects of PFAS deposition sites, including: 

contamination patterns observed in drinking water wells in the vicinity of significant PFAS emission 

sources; factors that affect the extent (size) of deposition impact zones; air dispersion/deposition models 

used to help understand and interpret groundwater contamination patterns; and the importance of PFAS 

accumulation in soil, which can serve as a reservoir or continuing source of  groundwater contamination. 

Christopher Zevitas, US Dept of Transportation/Volpe Center, 55 Broadway, Cambridge, MA, 02142, 
United States, Tel: 617-494-3611, chris.zevitas@dot.gov 
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The PFAS Cycle – Landfills, POTWs and Biosolids 

Ross Bennett  

Since the United States Environmental Protection Agency (USEPA) issued the 70 parts per trillion health 

advisory for perfluorooctane sulfonic acid (PFOS) and/or perfluorooctanoic acid (PFOA) in 2016, several 

states have adopted this health advisory as an enforceable standard or enacted lower standards and 

have embarked on investigations of Per- and Polyfluorinated Alkyl Substances (PFAS) at multiple 

sites.  PFOS and PFOA represent unique regulatory challenges because they are 1) widely used 2) 

highly toxic with a part per trillion drinking water criteria 3) relatively mobile in the environment 4) 

persistent and 5) now readily analyzed at part per trillion detection limits. With the release of ATSDR’s 

2018 Draft Toxicological Profile for Perfluoroalkyl Compounds; many states are considering or 

implementing lower standards and/or expanding the list of regulated compounds. 

Studies have confirmed that PFAS are present in many industrial/commercial processes and consumer 

products.  Because of their widespread use in industrial, commercial, and residential settings; PFAS have 

been detected widely in the environment including landfills, publicly owned treatment works (POTWs) 

influent/effluent, and biosolids.  This presentation will discuss recent results from PFAS investigations at 

landfills, POTWs, and facilities associated with biosolids; challenges in laboratory analysis for complicated 

matrices; and implications for management of PFAS at these facilities. 

Ross Bennett, Golder Associates Inc., 670 N. Commercial St, Manchester, NH, 03242, United States, Tel: 
603-668-0880, rbennett@golder.com 
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Avoiding the Epic Fail – PFAS Treatability Testing 

Michael Marley  

Many questions, in the fast-changing field of PFAS remediation, are in various stages of being answered, 

e.g.: 

·         Can we identify and analyze the PFAS requiring remediation?  

·         What remedial goals are appropriate? 

·         What precautions are needed to avoid cross-contaminating samples?  

·         Which remedial technologies can achieve remedial goals and for which PFAS?  

·         Is a sequence of technologies needed to remediate all the PFAS of concern? 

·         Will remedial technology application have unintended negative consequences? 

These questions factor into the remedial design process, of which appropriate treatability testing at the 

bench scale is a key component.  

This presentation will: 

·         Discuss the role of treatability studies in remedial design. 

·         Present treatability case studies illustrating the importance of appropriate testing and design. 

·         Present a few successful treatability case studies previously performed on PFAS.  

·         Present preliminary results of treatability testing research underway for PFAS sorption and 

destruction technologies.  

·         Provide approximate study costs and test durations, the types of PFAS remediation technologies 

that are amenable to treatability testing and the types of information that treatability studies can provide 

for different technologies tested.  

Treatability studies are perhaps even more important for PFAS than for other contaminants because: 

·         Target PFAS and remedial goals are changing fast.  

·         Complications posed by PFAS precursors.  

·         Part per trillion cleanup levels. 

·         Potential requirement for remediation treatment trains and associated remedial costs. 

Treatability testing allows evaluation of several different remedial approaches or treatment trains and 

optimization of a selected approach on a small scale. They can identify unintended consequences safely. 

They typically pay back the time and cost involved many times over by improving remediation efficiency 

and success.  

Michael Marley, XDD Environmental, 22 Marin Way, Stratham, NH, 03885, United States, Tel: 603-778-
1100, marley@xdd-llc.com 
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The Business Value Case for Sustainable Remediation 

Paul Favara and Betsy Collins  

Ten years ago, the term “sustainable remediation” was introduced in the remediation industry.  Since this 

time, numerous guidance documents have been released; hundreds of papers have been written; new 

tools have been developed; and thousands of presentations, webinars, and posters have been 

presented.  Yet there is still uncertainty on how to best apply sustainable remediation to achieve optimal 

value and best integrate it into all projects.  This presentation will provide an overview of sustainable 

remediation including its current state, the business value it provides today, and where the practice may 

go in the future.  

The current state portion of the presentation will cover how sustainable remediation is typically 

implemented on current projects. A survey of state and federal drivers and the most common 

sustainability tools will be presented, along with typical barriers and opportunities for implementing 

sustainable remediation as currently practiced. 

There are numerous successful sustainable remediation case studies.  Several of these will be 

highlighted and emphasize the business value of sustainable remediation along with the key project 

attributes which enabled successful sustainable outcomes. 

There are exciting new developments in field of sustainable remediation including monetization of 

impacts/benefits, streamlined footprint analyses, and integration of sustainable remediation with 

traditional remedial process optimization strategies. These developments will be highlighted along with a 

view of what the next ten years could bring to the field of sustainable remediation. 

The presentation will conclude with a road map on how to best apply sustainable remediation based on 

different project attributes. 

Paul Favara, Jacobs, 3011 SW Williston Road, Gainesville, FL, 32608, United States, 
Paul.Favara@ch2m.com 
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Superfund, Sustainability & Trump: Progress or the Emperor's New Clothes? 

Norman Dupont and Howard Cumberland  

The question of sustainable development using renewable energy and best practices for previously 

contaminated sites remains an open and vital question more than one full year into the new 

Administration. The presenters will discuss the impacts of some of the official announcements of the 

Trump Administration, particularly focused on EPA’s new Superfund reforms that emphasize early actions 

and re-use of CERCLA sites; while, on the other hand, EPA and other parts of the Administration, 

including the Department of Interior, have announced new opportunities for fossil fuel extraction on 

federal lands and offshore areas that could lead to increased risk of contamination.  Also while the 

Administration suggests and increase in sustainability by promoting reuse of brownfields, the President 

directly approved the imposition of new tariffs on solar panel manufacturers outside of the U.S., which 

implies much of the current Administration’s pro-sustainability rhetoric is at best inconsistent with 

established regulatory orders. Is the Trump Administration’s sustainability rhetoric merely the modern day 

version of the Emperor’s New Clothes?  Presenters will discuss a broad overview of Superfund proposed 

reforms and a case study of recent EPA actions at a Portland Harbor contaminated sediment mega-

Superfund site in Region 10.  Howard will comment on EPA Region 10’s reluctance to consider additional 

comprehensive pre-remediation investigations on harbor sediments and EPA Headquarters’ decision on 

that issue. He will discuss the importance of implementing the EPA’s (2017) 11 recommendations for 

Remediating Contaminated Sediment (OLEM Directive 9200.1-130) and working with Region 10 and EPA 

Headquarters to develop a comprehensive pre-design sampling and testing program designed to collect 

new data to better refine the sediment management area (SMA) footprints, refine the Conceptual Site 

Model (CSM), determine baseline conditions, and support remedial design in accordance with the Record 

of Decision (ROD).   

Norman Dupont, Ring Bender LLLP, 3150 Bristol Street, Suite 220, Costa Mesa, CA, 92626, United 
States, Tel: 949-202-5810, ndupont@ringbenderlaw.com 
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Sustainable Remediation: Whose Values Are We Sustaining? 

Sabine E. Apitz  

Whenever a decision is couched in terms of sustainability, this should be defined for the question at hand: 

What do you wish to sustain?  For how long?  Who benefits? And who pays? These are normative 

questions – not objective and science-based, but rooted in societal values – requiring engagement and a 

careful consideration of stakeholder priorities, bearing in mind that risks, benefits, and costs are not borne 

equally.   

However, how the impacts upon how values are measured is a technical issue. The assessment of 

sustainability must identify what stakeholders value, develop indicators of how alternatives impact such 

values, quantify these impacts, and weigh impacts in terms of stakeholder priorities, and, ideally, equity. 

Transparently guiding stakeholders to consider impacts to all of their values provides a balanced public 

comment process, less subject to narrow-issue lobbying, but it is essential not to conflate technical 

scoring and normative weighting. Identification of risks and benefits of most interest to stakeholders can 

support negotiation and optimization of alternatives, support collaborative design of more sustainable 

options that addresses community values, and support informed and balanced decision making that 

equitably protects services of importance to the community. 

While many frameworks address the three-pillar concept of sustainability, the ecosystem services (ES) 

concept reminds us that society and economy are embedded in and dependent upon functioning 

ecosystems. Rather than allowing unconstrained trade-offs, we compromise ecosystem sustainability at 

our peril. A single-pillar concept of sustainability places economies within societies which are wholly 

dependent on the surrounding ecological systems. Where three-pillar frameworks are used, threshold 

criteria may ensure ‘strong’ sustainability in which environmental considerations are not compromised.  

This presentation will describe frameworks using values-based sustainability assessment for remedial 

and disposal decision making, and will explore their strengths, limitations, and future developments in 

support of sustainable and equitable decision making. 

Sabine E. Apitz, SEA Environmental Decisions, Ltd., 1 South Cottages, The Ford, Little Hadham, 
Hertfordshire, SG11 2AT, United Kingdom, Tel: +441279771890, drsea@cvrl.org 

Presenting Author: Sabine E. Apitz 

79



80



Session 9b: Sustainable Remediation – The 
Proof Is in the Practice 
 
Phytoremediation – A Green, Sustainable Approach to Groundwater 
Restoration 
Erik Pearson, Carol Serlin, Ramboll, Irvine, CA; Devon Rowe, Ramboll, 
Vancouver, WA; Christopher Cohu, Phytoremediation and Phytomining 
Consultants United, Moffett Field, CA; John Freeman, Intrinsyx Technologies 
Corporation, Moffett Field, CA 
 
Sustainability Advantages of Using Institutional Controls to Achieve Site 
Closure 
Jeff Hullinger, SME, Westerville, OH  
 
Incorporating Sustainability into Remedial Decision-Making Led to Case 
Closure at a Petroleum Site 
Scott Stromberg, Michael Purchase, Orion Environmental Inc., Long Beach, CA; 
Kyle Waldron, Andeavor, Auburn, WA; Karin Holland, Haley & Aldrich, Inc., 
Boston, MA  
  

81



82



Phytoremediation – A Green, Sustainable Approach to Groundwater Restoration 

Erik Pearson, Devon Rowe, Carol Serlin, Christopher Cohu and John Freeman  

Hybrid poplar trees are phreatophytes – deep rooting plants that excel at taking up groundwater 

contaminated with volatile organic compounds (VOCs), offering a green and sustainable approach to 

groundwater remediation. At a former industrial facility in Southern California, a two-year-old plantation 

consisting of two hybrid poplar species with PDN3 endophytic enhancement is growing and remediating 

VOCs, predominantly trichloroethene (TCE) in groundwater, at concentrations up to to 20,000 

micrograms per liter. The success of Ramboll’s phytoremediation system hinges on factors including tree 

species selection, planting and irrigation techniques, and health monitoring and pest management 

strategies, each tuned to reflect site-specific conditions. This plantation reuses on-site treated water for 

irrigation, eliminating the need for potable municipal water; incorporates solar irrigation control to 

minimize electricity use; uses some natural pest control methods; and employs a patented endophyte to 

enhance tree health and TCE remediation in the rhizosphere and tree tissue, adding a “green” 

remediation factor – resulting in a highly sustainable, long-term remediation system.    

Hybrid poplars, which are in the same genus (populus) as the cottonwoods native to the site, reuse 

treated groundwater from an on-site pump and treat system for irrigation. The irrigation system operates 

solely from gravity flow utilizing a solar irrigation timer to irrigate 300+ trees, dependent on soil moisture. 

Additional benefits from the plantation include the in-place reinternment of Native American artifacts 

identified during planting, reducing social impacts, and enhancement/expansion of habitat for native 

fauna, providing a natural buffer/protection from future disturbance.       

Analytical results from groundwater and tree tissue samples support that the trees are taking up 

contaminated groundwater and enhancing natural attenuation. Furthermore, analytical data from tree 

tissue suggests that endophytes are assisting with the VOC reduction, confirming that the 

phytoremediation system is not only green and sustainable, but effective for the site. 
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Sustainability Advantages of Using Institutional Controls to Achieve Site Closure 

Jeff Hullinger  

The presentation discusses the history of remediation approaches since the advent of 

the Comprehensive Environmental Response, Compensation, and Liability Act, known also as Superfund, 

in 1980, and discusses the relatively recent use of activity and use limitations (AULs) and related 

institutional controls as a means to avoid unnecessary exposure, energy expenditure, and economic 

expenditure.  The importance of institutional controls, often accompanied by selective engineering 

controls, is discussed relative to sustainability goals such as economic viability, conservation of natural 

resources, maintaining and promoting biodiversity, and environmental justice.  Advantages are presented 

of institutional controls, where feasible and appropriate, over the following remedial approaches: 

• In-situ chemical oxidation and reduction 

• In-situ biological oxidation and reductive dechlorination 

• Electric resistance heating 

• Chemical and/or physical stabilization 

• Incineration 

• Excavation accompanied by offsite treatment and disposal 

In addition, examples are presented of failures experienced and damage caused by aggressive active 

remediation where thoughtful use of institutional controls would likely have resulted in superior 

environmental protection with reduced temporary and/or long-term negative impact. 

Jeff Hullinger, SME, 635 Park Meadow Road, Suite 108, Westerville, OH, 43081, United States, Tel: 614-
705-2250, jeff.hullinger@terracon.com 
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Incorporating Sustainability into Remedial Decision-Making Led to Case Closure 
at a Petroleum Site 

Scott Stromberg, Kyle Waldron, Karin Holland, and Michael Purchase  

Meeting regulatory requirements and accomplishing cleanup objectives can take priority over 

incorporating sustainable remediation into site management.  This presentation will discuss a site where 

the remedial approach was modified to emphasize sustainability while satisfying regulatory directives. 

Release history and hydrogeologic conditions created a unique situation at a petroleum underground 

storage tank site.  Submerged light non-aqueous phase liquid (LNAPL) was present up to 40 feet below 

the water table.  Remedial technologies implemented over time included soil vapor extraction, oxygen 

injection, and in situ chemical oxidation.  In order to continue to reduce concentrations at depth near 

former source areas, the anticipated project schedule included four additional years of remediation and 

two years of post-remedial monitoring as of 2016.  

Recently, the site management strategy was modified to incorporate sustainable remediation 

elements.  By engaging in more frequent, transparent interaction with the regulatory agency, conducting 

additional plume and LNAPL mobility investigation, and plume stability analysis using existing historical 

site data, the active remediation systems were shut down and the project lifecycle was significantly 

reduced.  Case closure approval is anticipated in 2018.  

The project team utilized sustainability evaluation tools to assess and, where possible, quantify 

environmental, economic, and social impacts associated with remediation, investigation, and monitoring 

activities at the site.  This presentation will compare sustainability evaluations for (1) the original 

anticipated project lifecycle and (2) the condensed lifecycle after actively incorporating sustainability into 

decision-making.  Prioritizing sustainability in the site management process resulted in benefits to all 

three sustainability pillars while meeting regulatory goals.  
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Developing Geochemical Mn/Ca Ratio as a Tracer for Mn Contamination 

Justin Richardson  

Manganese (Mn) is an essential element for plants and animals but may become a nuisance or toxic at 

elevated concentrations. Overexposure to Mn from drinking water and plants with exceedingly high Mn 

concentrations is a widespread and difficult to manage exposure route that affects millions of humans 

globally. Overexposure to Mn can negatively impact growth rate, skeletal development, reproductive 

function, and cognitive abilities in animals and humans. However, the source of elevated Mn in drinking 

water is unclear because of its ubiquity. Mn can be sourced from deep weathering of soils, regolith, and 

bedrock, or it can be sourced from anthropogenic emissions. Here, we aim to show that Mn/Ca can be 

indicative of Mn contamination from anthropogenic emissions rather than natural cycling by plants and 

organisms in soils. Soil Mn/Ca ratio < 0.10 mmol mol-1 and foliar Mn/Ca concentrations of < 0.2 mmol mol-

1 are common in background forests of rural Vermont and New Hampshire. Soil Mn/Ca ratios exceeding 1 

mmol mol-1 and foliar Mn/Ca ratios greater than 0.5 mmol mol-1 occur near point source emitters and in 

developed areas. Thus, we suggest Mn/Ca ratios can be used to estimate the extent of Mn contamination 

in forest ecosystems. 

Justin Richardson, University of Massachusetts, 233 Morrill Science Center, Amherst, MA, 01003, United 
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Presenting Author: Justin Richardson 

89



Effective Visual Communication of Complex Source Allocation and Statistics for 
Environmental Forensics Case Studies 

Court Sandau  

Environmental forensics cases can involve very large and complex datasets that require advanced 

statistical interpretation for litigation proceedings.  The litigation cases can involve source allocation 

determination to ascertain who is responsible for what contamination at a site and, therefore, who will pay 

for the remediation.  For Superfund sites, small differences in percentage contribution can result in 

hundreds of millions of dollars of costs and liabilities to those parties found responsible for the 

contamination. 

Visualization of the data can provide clear communication and confidence of results to those evaluating 

the source apportionment component of the litigious matter.  A cloud-based computing source 

apportionment model has been developed that allows the real-time calculation and assessment of the 

sources of contamination on a site that combines geospatial analysis interactive with principal component 

analysis (PCA), hierarchical cluster analysis (HCA), heatmap correlation analysis, and non-negative 

matrix factorization (NMF) analysis.   The resulting model can interactively walk through sample results 

and their locations, determine the fingerprints of the contaminants, allocate sources of the contamination, 

and define the error associated with the allocations.  The model has been successfully applied to oil spills 

in rivers to determine residual petroleum PAH concentrations, to PCBs in lake sediments, to volatile 

organic compounds around petroleum development, and to PAHs in air and sediment around petroleum 

development. 

Several case studies will be used to illustrate source apportionment and how to interactively walk 

stakeholders through complex data and statistical interpretations. 
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Natural Gas Condensate Forensics: A Case Study  

Patricia Tcaciuc, Jessie Kneeland, and Dallas Wait  

Fugitive LNAPL was discovered at a former natural gas plant, a facility where raw natural gas is 

separated into marketable gases (e.g., methane, ethane, propane etc.) and associated natural gas liquids 

(e.g., natural gasoline, natural gas condensate).  The objective of this project was to evaluate the 

chemistry of the recently discovered fugitive LNAPL and determine its likely period of release and 

potential connection to a historic spill that had occurred in the 1960's.  Previous environmental 

investigations performed at the site had focused on characterizing the fugitive NAPL, and limited 

information was available on the liquids produced by the natural gas plant.  The LNAPL samples all 

consisted of light petroleums dominated by C4-C9 hydrocarbons, consistent with natural gas 

liquids.  We  performed a principal component analysis of the fugitive LNAPL data in order to assess 

degree of homogeneity and investigate spatial and temporal correlations.  Our analysis suggested that 

the fugitive LNAPLs were likely coming from the same petroleum source and that the changes in 

composition were likely due to weathering or small variations in composition of plant liquids over 

time.  The variability in LNAPL composition was minor and predictable enough that new releases were 

not required to explain the data.  The simplest explanation of the samples was that LNAPL from the 

historic spill weathered during transport.  This conclusion was supported by comparison of 

chromatograms of fugitive LNAPL and recent plant liquids. 

Patricia Tcaciuc, Gradient, 20 University Rd., Cambridge, MA, 02143, United States, Tel: 6173955071, 
ptcaciuc@gradientcorp.com 

Jessie Kneeland, Gradient, 20 University Road, Cambridge, MA, 02138, United States, Tel: 6173955588, 
jkneeland@gradientcorp.com 

Dallas Wait, Gradient, 20 University Road, Cambridge, MA, 02138, United States, Tel: 617-395-5000, ext 
5527, dwait@gradientcorp.com 

Presenting Author: Patricia Tcaciuc 

91



Session 10b: Sediments 
 
Activated Carbon Update and Overview: Application for Contaminated 
Sediment Remediation 
John Collins, AquaBlok, Ltd., Toledo, OH; Tore Hjartland, AquaBlok Norge, 
Sandefjord, Norway; Joseph Jersak, SAO Environmental Consulting,  
Swanton, OH  
 
US EPA Updates to IRIS: Potential Impacts on Management of 
Contaminated Sediment Sites 
Amy Nelson, Anchor QEA, Amesbury, MA; Robert Wyatt, NW Natural, Portland, 
OR; Ryan Barth, Anchor QEA, LLC, Seattle, WA 
 
An Evaluation of Natural Resource Damage Assessment (NRDA) Cases at 
Sediment Sites: State of the Process and Issues 
Timothy Iannuzzi, Arcadis, Annapolis, MD  
 
  

93



Activated Carbon Update and Overview: Application for Contaminated Sediment 
Remediation 

John Collins, Tore Hjartland, and Joseph Jersak  

Background.  Sediments accumulated in a waterbody are known to be long-term reservoirs for 

contaminants and bio-accumulative chemicals that are transferred via the food chain to invertebrates and 

fish. Establishing effective methods to reduce the ecological and human health risks contaminated 

sediment poses has been a regulatory priority in both Norway and North America for over 20 years. 

Traditional remediation that has been considered convincing to most stakeholders involved using typical 

dredging and isolation capping (sand) approaches.  However, more recently, issues with these 

approaches have been documented (NRC 2007; Bridges et al. 2010). Although traditional approaches will 

continue to be an integral part of sediment cleanup remedies, new approaches have been developed that 

can either supplement or provide alternatives to existing methods. The successful use of Activated 

Carbon for in-situ sediment treatment via contaminant sequestration and immobilization or the 

incorporation of Activated Carbon in reactive caps has been studied and demonstrated at dozens of sites 

world-wide.   

Approach/Overview.  This presentation will cover three aspects of the use/application of activated 

carbon for sediment remediation.  First, an overview of various forms of activated carbon and 

performance data will be provided.  Second, an overview of issues regarding the use of activated carbon 

will be discussed. Finally, a summary of several detailed examples of field-scale applications in both 

Norway and the U.S. will be provided.     

Summary.  Field results demonstrate that the appropriate material selection and application of powder 

activated carbon can provide significant reductions in pore water contaminant concentrations of PCB’s 

and corresponding reductions in bioavailability as documented by contaminant up-take in target species.  

Strategies for design and application are possible that  mitigate potential negative impacts of the use of 

this material. In addition, application methods allow for the placement of active-treatment materials to the 

sediments in a manner that can be documented and provide results that support the design modeling 

assumptions.   
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US EPA Updates to IRIS: Potential Impacts on Management of Contaminated 
Sediment Sites 

Amy Nelson, Robert Wyatt, and Ryan Barth  

The U.S. Environmental Protection Agency’s (US EPA’s) Integrated Risk Information System (IRIS) 

provides toxicity information for hundreds of chemicals. IRIS values are used in human health risk 

assessments to support cleanup at contaminated sediment sites. US EPA updates IRIS through a step-

wise process based on evaluation of new toxicity data. These revisions can significantly impact the 

Superfund cleanup process, including selection of a final remedy. Two case studies will be discussed. 

Changes to IRIS values substantially impacted risk conclusions and reduced the amount of required 

sediment cleanup at the Commencement Bay Nearshore/Tideflats Superfund Site (Washington). In 1996, 

the IRIS oral cancer slope factor (CSF) used to evaluate PCB human health risks at Commencement Bay 

decreased from 7.7 per milligram per kilogram per day (mg/kg-day) to 2 per mg/kg-day after the 1989 

Record of Decision (ROD). A lower CSF yields lower risk. US EPA reevaluated residual risks and 

ultimately issued an Explanation of Significant Differences in 1997, increasing the PCB cleanup level and 

decreasing the remediation footprint. 

US EPA updated the toxicity information for benzo[a]pyrene (BaP) in January 2017, approximately two 

weeks after the Portland Harbor Superfund Site ROD was issued. The oral CSF decreased from 7.3 per 

mg/kg-day to 1 per mg/kg-day. This presentation summarizes our recalculation of human health cleanup 

levels following methods consistent with the Portland Harbor ROD and discusses potential associated 

impacts on the remedy. 

These changes affect determination of risk-based sediment cleanup levels, remedial action levels, 

principal threat waste thresholds, and associated remediation areas. At these and other sites, the extent 

of sediment cleanup required to meet human health risk-based cleanup levels for PCBs and BaP could 

be substantially reduced while achieving the same level of risk reduction. 
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An Evaluation of Natural Resource Damage Assessment (NRDA) Cases at 
Sediment Sites: State of the Process and Issues 

Timothy Iannuzzi  

The federal Superfund process is presently focused on the assessment and remediation of contaminants 

in sediments of a range of waterways, including many large waterways with a long and complex history of 

urbanization/industrialization and contamination. These sites often involve a number of government 

agencies and responsible parties, working to sort out risks, remedial options, responsibilities, and 

liabilities for the clean-up and monitoring of contaminated sediments. At many of these sites, an NRDA 

process is also implemented, which seeks to compensate the public for lost human and ecological uses 

(i.e., service losses) of the waterway due specifically to the release(s) of hazardous substances. It is not a 

punitive process, but instead seeks to provide compensatory restoration for in-kind services that have 

been lost. The NRDA process for sediment sites can be complex and difficult, as the goal is to evaluate 

the incremental contribution of specific releases to service losses, relative baseline (i.e., “but for the 

release(s)…) conditions of the site during the period under assessment. Over time, as more sediment 

sites have been assessed, the tools and techniques used to evaluate compensable damages in NRDA 

cases have been refined. In general, the goal is to apply the state-of-the-science to evaluate the extent 

and magnitude of injuries (i.e., service losses) to the ecology and human use of a waterway, and to 

evaluate restoration options to offset the compensable damages. We have substantially advanced our 

knowledge in recent years in many technical areas such as environmental chemistry, toxicology, 

ecological functions and values, modeling, statistical applications, and restoration ecology. This 

presentation will summarize the state-of-the-science in some of these areas, and provide case examples 

for select sediment sites to illustrate the application of some more recent tools and techniques, with a 

goal to describe how they continue to help improve the NRDA process. 
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Natural Resource Damage Assessment and Restoration (NRDAR) Primer and 
Federal-State Interactions 

Mark Huston 

People new to natural resource damage assessment and restoration (NRDAR) programs often ask for 

basic information that describes the NRDAR process and how it is applied to oil and hazardous 

substance spills.  In order to develop a consistent message, six state representatives and the Department 

of the Interior (DOI) formed a team to write an NRDAR primer.  Our goal was to develop a primer that 

provides a very general overview of the NRDAR process that could be used for educational purposes.  As 

a result of this effort, the team developed three products: a fact sheet that provides a very broad overview 

of NRDAR; two PowerPoint presentations which provide slightly more detail (one focused on the NRDAR 

process and the other on the differences between response/remediation and NRDAR); and lastly, a web 

site that provides further detail and is accessible by the public.  The development of this primer was just 

one step in promoting the interaction between the states and the federal government in the development 

of our partnerships and ensuring that we have a consistent message when explaining the NRDAR 

process.  In addition, DOI has developed other web-based tools, such as the Damage Assessment and 

Restoration Tracking System, to help educate NRDAR practitioners and other interested parties. 
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Data Gathering and Use for NRD and Remedial Decisions 

Todd Rettig  

The Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) authorizes 

both remedial actions and natural resource damage assessments (NRDAs) in response to hazardous 

substance contamination.  The two processes have a similar overall structure and sometimes operate in 

parallel, but their goals are remarkably different.  Remedial actions are focused on current and 

prospective risk to human health and the environment, and natural resource damage assessments are 

focused on comprehensive effort to return injured natural resources to their pre-release 

condition.  Remedial actions and NRDAs both use an iterative multi-step process to move from 

investigation and analysis to remedy and restoration.  Both processes are designed to provide detailed 

information on site conditions to allow decision-makers to reach informed decisions on how to control risk 

to human health and the environment or to restore injured natural resource resources to baseline 

condition.  Both rely on the liability provisions in Section 107 of CERCLA which make site owners, site 

operators, persons who arranged for the disposal or treatment of the hazardous substance, and 

transporters liable for response costs and damages to natural resources. Both processes often rely on 

robust and reliable modeling to guide decision-making.  If litigation becomes necessary, CERCLA 

provides similar advantages to both remedial agencies and natural resource trustees if their actions are 

conducted consistent with the federally promulgated regulations for conducting remedial actions or 

natural resource damage assessments.  They are designed to work in parallel, often using common 

sources of data and information, but using different models and methodologies answer notably different 

questions.  Notwithstanding the many statutory and regulatory provisions directing remedial agencies and 

natural resource trustees to coordinate their activities, the many shared data needs should make 

coordination between remedial actions and natural resource damage assessments more routine than is 

often the current practice. 
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Vermont's New NRD Rule 

Megan O'Toole  

In late 2017, the Vermont Agency of Natural Resources adopted a new rule governing the Natural 

Resource Damage Assessment and Restoration process in Vermont. This was in response to the 

legislature giving the Agency of Natural Resources the authority to pursue Natural Resource Damages 

(NRDs) in cases where a person is found liable for the release of a hazardous substance in Vermont. 

This authority was part of the legislature’s effort to address PFOA contamination of groundwater in North 

Bennington, Vermont, following the testing of several hundred private wells in the area. Vermont’s NRD 

rule draws from existing federal authority to create a process similar to what is carried out under the DOI 

and NOAA rules. Following adoption of the rules, Vermont is working on setting up a Trustee Advisory 

Committee to oversee and administer the NRD program, and is also considering an amendment to the 

rules that would allow for a compensation schedule type approach to NRD for spills of a certain volume 

and/or impact. 
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Massachusetts' Standard NRD Methods 

Karen Pelto  

In Massachusetts, between 2009 and 2017, there was an average of 58 small to medium volume oil spills 

per year ranging from 10 to 10,000 gallons.  In all, 517 spills over that timeframe released 97,605 gallons 

of oil into surface waters.   Initiating and completing a natural resource damage assessment (NRDA) for 

spills of this size can be labor intensive. The adoption of a standard approach for assessing natural 

resource damages resulting from such spills will allow the public to efficiently be compensated for 

damages and expedite the implementation of compensatory restoration. Consistent with current federal 

and state NRD assessment practice, MassDEP presents a method for calculating damages, including 

interim losses, based on the cost of appropriate restoration actions. The primary factors accounted for in 

the proposed standard approach include (1) the impacted area, (2) service loss, (3) baseline, (4) 

recovery, (5) habitat type, (6) discount rate, (7) restoration benefits, (8) restoration costs, (9) resources of 

special concern, (10) project management costs, and (11) inflation. The proposed method relies on 

release-specific data provided to MassDEP through the Bureau of Waste Site Cleanup transmittal forms 

as well as other publicly available data from the Massachusetts Geographic Information System 

(MassGIS). As such, the proposed standard approach does not create an additional burden by requiring 

the collection of data that would not otherwise be collected.  Historical data on small to medium volume oil 

spills was used to back-test the proposed standard approach and evaluate assumptions.  

Karen Pelto, MassDEP, One Winter Street, Boston, MA, 02108, United States, Tel: 617-292-5785, 
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Strategies and Implementation of Early Restoration 

Jefferson Reynolds  

Early restoration for natural resource damage (NRD) refers to the selection and implementation of 

restoration projects in advance of completion of a final damage assessment. While early restoration is a 

potentially attractive negotiation strategy for parties facing NRD liability, it may also be under-utilized 

based on risk associated with the lack of guidance on how to incorporate early restoration projects, and 

credits generated from those projects, into the damage assessment and subsequent settlement of NRD 

liability.  Using supportive case studies, this presentation advocates a model that carefully evaluates the 

risks and benefits of early restoration strategy to promote equitable outcomes. 
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The Discovery of Emerging Contaminants at a Site Approaching Remedial Action 
Completion 

Nigel Tindall, Rose Forbes, Mark Hilyard, and Mary O'Reilly  

The Air Force Civil Engineer Center is remediating a groundwater plume at Joint Base Cape Cod, 

Massachusetts, through operation of a pump and treat system utilizing granular activated carbon filtration. 

The sources of this plume were the historic on-base disposal of treated wastewater and residuals from 

fire training activities. The releases resulted in a chlorinated solvent plume that has migrated over four 

miles off-base below residential neighborhoods and open space which ultimately discharges to a river 

and adjacent cranberry bog network. Performance monitoring data collected since system start up in 

1999 indicated that system efficiency was declining as cleanup progressed which prompted several 

successful optimizations. By 2011, three of the four extraction wells had been shut down and the final 

operating well was expected to be shut down by 2019; aquifer restoration and remedial action completion 

was expected by 2021. 

In 2012, a nationwide interest in emerging contaminants prompted the investigation of 1,4-dioxane and 

per- and polyfluoroalkyl substances (PFAS) at this plume given the nature of the sources. The primary 

use of 1,4-dioxane was to stabilize chlorinated solvents and aqueous film-forming foam, used in fire 

training exercises, containing PFAS.  

To investigate the presence of these emerging contaminants, an initial round of sampling was completed 

in 2014. Both 1,4-dioxane and PFAS were detected above the available drinking water guidelines. In 

addition, both emerging contaminants were detected in the remedial system influent and effluent as well 

as in nearby surface water bodies. Residential wells used for drinking water located close to the plume 

were found to be impacted by the emerging contaminants. The discovery of emerging contaminants in 

this plume has led to re-evaluating remedy protectiveness, implementing exposure mitigation actions, 

supplemental site characterization, and eventual evaluation of supplemental remedial alternatives at a 

plume where closure was in sight. 
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PFAS Contamination from Firefighting Foam Applications at Rollover Sites 

Mary O'Reilly and Rose Forbes  

The Air Force Civil Engineer Center (AFCEC) has completed a site inspection (SI) at two tanker truck 

rollover sites that occurred near the southwest portion of Joint Base Cape Cod, Massachusetts.  These 

sites were investigated because of the potential for per- and polyfluoroalkyl substances (PFAS) 

contamination in this area based on the estimated volume of aqueous film-forming foam (AFFF) applied 

to the ground surface as an emergency response action to suppress the flammable vapors. 

These fuel releases occurred in 1997 and 2000, and response actions were conducted in accordance 

with the Massachusetts Contingency Plan. The fire department blocked the storm sewer inlets to prevent 

fuel migration, and fuel-contaminated soil was excavated and removed from the sites. However, PFAS 

were not part of the state mandated cleanup actions since they were not regulated during the time of 

these rollover accidents. 

PFAS contamination was confirmed through groundwater sampling completed during the SI and a 

remedial investigation (RI) is underway.   Based on the groundwater data collected to date, 

perfluorooctane sulfonic acid (PFOS) contamination at concentrations above the EPA Health Advisory 

(HA) of 0.07 micrograms per liter (µg/L) extends over 4,000 feet downgradient from the rollover sites, has 

impacted private drinking water wells in the area, and is upwelling into cranberry bogs. 

PFAS are persistent and can migrate long distances in groundwater with modest retardation and little 

degradation.  A single application of AFFF can potentially result in a PFAS groundwater plume that poses 

unacceptable risks to human health and the environment that may warrant mitigation. 
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Community Response to Multiple Per- and Polyfluoroalkyl Substance (PFAS) 
Sites and Impacted Groundwater Supply on Cape Cod 

Thomas Cambareri, Scott Michaud, and Tim Pasakarnis  

The Hyannis Water System received UCMR results in 2013 indicating two of its major water supply 

wellfields had detectable concentrations of PFAS compounds. The community response including the 

Town, County, and State would evolve over the next several years as parties evaluated the fate and 

transport, health risk, regulatory, and legal aspects of this emerging compound.  The County Fire Training 

Academy and Municipal Airport were identified as two major sources of the PFAS.  Responses included 

wellhead treatment on two wells, detailed site characterization, Notices of Responsibility from the 

MassDEP, a refurbished pump and treat system, legal suits, and source removals.  At the same time, 

EPA lowered its Health Advisory for PFOS from 200 to 70 ng/l in May 2016, and the presence of 1,4-

dioxane was confirmed in other supply wells that put a considerable constraint on the Town’s major 

wellfield.  This required treatment of a third well and an emergency above-ground main to purchase water 

from a neighboring town.  The presence of PFAS in source waters has had major impacts on the ability of 

the Hyannis Water System to meet the needs of its customers, an Environmental Justice community 

presently litigating against PFAS manufacturers.  The Town is presently treating 20% of its water supply 

and purchasing 30% at significant expense.  To better meet present and future demand, the Town is 

designing a treatment system for its major wellfield impacted by the airport, including a pilot to remove 

1,4-dioxane, and is investigating new sources of water supplies.  The presentation will describe the 

Immediate Response Actions undertaken by the Town and County at the airport and fire training 

academy and the persistence of this contaminant despite three years of an interim pump and treat system 

and treatment at three downgradient public water supply wells. 
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PFAS Cross-Contamination Study Update – Follow-up Analysis of Sampling 
Equipment and Associated Products 

James Occhialini, Elizabeth Denly, and Phillip Bassignani  

Special handling and care is always advised when collecting samples for PFAS analysis to avoid sample 

contamination.  There are a lot of sampling recommendations in the literature but little actual data.  The 

authors presented the results of an initial investigation of the potential for sampling equipment and 

associated products to leach PFAS compounds at the 33rd Annual International Conference on Soils, 

Sediments, Water, and Energy.  PFTE, LDPE, and HDPE tubing; pump bladders; and personal protective 

equipment were evaluated in this study and there were some unanticipated findings.  In this updated 

study, the authors repeat and expand upon the initial work.  Multiple product samples from different 

sources are incorporated into the leaching study as well as products typically used for well drilling, 

construction, and piping.   A series of experiments are performed utilizing a leaching model to evaluate 

the potential for cross-contamination and false positive environmental sampling results.  All data is 

presented along with experimental observations and recommendations. 
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Closing the PFAS Mass Balance: The Total Oxidizable Precursor (TOP) Assay 

Karla Buechler  

Current methodologies for the analysis of per- and polyfluoroalkyl substances (PFAS) are designed to 

measure a discrete list of ~30 compounds.  There are many additional PFAS compounds that are not 

determined as discrete compounds by existing analytical methods, including Method 537.  Hence, we 

may be underestimating the PFAS risk potential present in the environment.  There is significant pressure 

from the public, environmental agencies, and others to apply methodologies that more closely measure 

the full extent of PFAS contamination.  

TestAmerica Sacramento implemented the TOP assay as a solution to this complex problem.  The TOP 

assay rapidly converts polyfluorinated PFAA precursors into PFAAs including PFOA, using a hydroxyl 

radical-based chemical oxidation method.  The TOP assay replicates what micro-organisms in the 

environment would achieve after many years.  The TOP assay quantifies the sum of PFAS that could be 

converted to PFAAs in the environment.  The TOP methodology has revealed that for AFFF-impacted 

sites, the existing analytical LC-MS/MS methods are only detecting an estimated 30% to 50% of the total 

PFAA mass present as PFAA precursors.   

Topics the presentation will cover include: 

 A Brief PFAS introduction, including: 

• Nomenclature 

• Chemical structure 

• Formation, transport, and risk 

• Analytical methodology and current regulatory guidance 

In depth explanation of the Total Oxidizable Precursor (TOP) assay:  

• Background 

• What is the TOP assay? 

• How does it work?   

• The TOP assay chemical reaction 

• What do the results mean? 

• What are the limitations of the assay? 

Karla Buechler, TestAmerica, 880 Riverside Parkway, West Sacramento, CA, 95605, United States, Tel: 
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Considerations for Analysis of Perfluoroalkyl and Polyfluoroalkyl Substances in 
Non-Drinking Water Samples 

Stephen Zeiner, David Blye, and Meg Michell  

Analysis for perfluoroalkyl and polyfluoroalkyl substances (PFAS) in environmental samples has risen in 

importance over the last several years.  Currently, the only US EPA-approved method for PFAS analysis 

is US EPA Method 537.1.  Method 537.1 was written specifically for a drinking water matrix.  The 

Department of Defense (DOD) has included sample extraction options and analytical criteria for PFAS in 

the most recent version of its Quality Systems Manual (QSM).  However, unless your project is for 

drinking water or the DOD, there is no agency-approved extraction and analytical methodology.  

With an increase in demand for PFAS analysis, environmental laboratories have independently 

developed and implemented preparation and analytical methods for determination of PFAS.  The 

laboratories have based their methodology on their experience with extraction of semi-volatile organic 

compounds and the analytical specification in Method 537.1.  The laboratory-specific procedures for 

extraction, instrumental analysis, and acceptance criteria are based on the laboratory’s best judgment 

and instrumental capabilities. Therefore, the actual methodology performed from laboratory to laboratory 

will vary significantly.  Data comparability from laboratory to laboratory should not be expected. 

The variability in the laboratory procedures are a result of several challenges with the PFAS 

analytes.  Those challenges include: equipment/reagent contamination, extraction efficiency, purity and 

availability of reference standards, parent-daughter ionization interferences, instrument dynamic range, 

and consistency of branched and linear identification and quantitation.  As with most problems, there is 

more than one way to adequately address the issues. 

Environmental Standards has reviewed a significant amount of PFAS data for drinking water, 

groundwater, soil, and sediment samples.  One of the biggest issues with individually developed PFAS 

methods is data comparability.  This presentation will include several examples of the issues with PFAS 

data, the effort to be able to effectively understand the applicability of the analytical data, and proactive 

steps to improve data quality. 
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New Toolkit of Remediation Technologies & Sustainability for Management of 
Petroleum Hydrocarbon Sites 

Parisa Jourabchi, Ian Hers, François Beaudoin, and Matthew Lahvis 

New guidance and decision support tools for petroleum hydrocarbon sites have been developed as part 

of multi-stakeholder group in British Columbia, Canada, in the form of four toolkits: 1) Conceptual Site 

Model and Case Study Toolkit; 2) Monitoring and Prediction Toolkit (methods for evaluation of natural 

attenuation and source depletion); 3) Remediation Technology Toolkit; and 4) Sustainability Toolkit. 

Building on the first two toolkits (Golder, 2016), current efforts focus on screening approaches for 

evaluating remedial options as part of Toolkit 3. A step-wise screening approach is described, where 

suitable technology groups are identified based on the concern, the remedial target, and primary remedial 

mechanism, followed by technology specific screening based on technical feasibility and implementability. 

The framework includes identifying performance metrics and endpoints that consider the effectiveness of 

remediation and comparison of hydrocarbon mass depletion rates over the project lifecycle for active 

technologies and passive remedies such as natural source zone depletion. Toolkit 3 is structured to 

provide a practical and efficient method of short-listing applicable technologies based on site-specific 

considerations that can moved forward to Toolkit 4 for green and sustainability remediation (GSR). 

Toolkit 4 provides information on sustainability of remedial technologies, including measures and 

approaches that may be implemented to improve or optimize remediation projects, footprint analyses 

including greenhouse gas emissions and energy use, and multi-criteria analyses (MCA). The focus of this 

toolkit is to bring together an approach based on sustainability principles and triple bottom line that 

addresses environmental, social, and economic indicators and environmental footprint analyses. These 

concepts are presented as part of a roadmap that provides a practical and tiered framework for 

implementation of GSR. A new tool, the GSR Dashboard, combines a footprint analysis with example 

indicators, metrics and sources of data, and MCA analysis. The GSR Dashboard is demonstrated through 

case study examples. 
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A Survey of Decision Support Tools for Comparing Cleanup Options and 
Increasing Decision-Making Confidence 

Kristin Brickman and Paul Favara 

Traditional industry approaches to evaluate different cleanup alternatives, evaluate different optimization 

scenarios, and forecast future and present-value costs are often too simplified and may lead to 

suboptimal decision-making. Decision support tools can highlight key variables and complexities in 

decision-making that can aid decision-makers in understanding uncertainties and key trade-offs in 

decision-making criteria. When these decision-making challenges are understood, project teams can 

improve decision-making quality. This presentation will overview different tools, ranging from simple 

spreadsheet approaches to commercial software, and provide examples of how these tools have been 

used on projects to improve decision-making.  

A range of decision-making tools were surveyed for their ability to support evaluating alternatives and 

optimizing remedies. Multi-objective decision analysis (MODA) was evaluated due to its adaptability to the 

spreadsheet environment and ease of use. Other “What-If” spreadsheet tools evaluated include Solver, 

Goal Seek, and Scenarios for their use in optimizing solutions to support decision-making. The Monte 

Carlo analysis tool, @RISK, was evaluated to highlight its strength in probabilistic decision-making. 

Decision tree software was evaluated to highlight the potential cost growth associated with different 

potential future events and decisions.  

An overview of all the above decision-making tools as well as project examples will be presented to 

support the results and lessons learned.  Recommendations for different decision-making tools will be 

provided based on varying project attributes and objectives.  
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Jetting an Advanced Oxidative Foam to Remove Aqueous Film-Forming Foam 
Residuals from Soils 

William Kerfoot  

From the past use of firefighting foams, poly- and perfluoroalkyl substances (PFAS) are commonly found 

elevated in vadose zone and saturated zone soils.  The PFAS include perfluorooctane sulfonate (PFOS) 

and perfluoroalkyl acids (PFAAs).  The products of the aqueous film-forming foams (AFFFs) contain a 

complex mix of fluorinated compounds and polyfluorinated compounds, including precursors. 

Modifications of analytical procedures now document over 20 assorted compounds which are found 

adsorbed to soils or in associated groundwaters which exist within the top four meters beneath the 

surface. 

A procedure has been developed to inject an emulsion containing peroxide-coated nano-bubble ozone 

into sandy soils to decompose the adsorbed compounds.  The effectiveness is monitored by the release 

of elemental fluoride during treatment and the corresponding reduction of the PFASs and 

precursors.  The injected emulsion is foam-like and as such limits the vertical and horizontal extent of 

movement of the reactant mixture.  A parallel line of injectors, in which the injectors are rotated 360° and 

progressively moved forwards, has the capacity to treat an acre in about one month’s time.  

Case studies were performed with bench-scale examples then tested in contained pilot tests with 

firefighting soils and with PFAS-augmented conditions.  Mass balances were prepared for the primary 

compounds, including precursors and perfluoro compounds. 
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Enhancing ROI and Balancing Geochemistry at Superfund Sites – Challenges and 
Limitations 

Ravi Srirangam, Jeff Catanzarita, and Thomas Patterson 

Overview: The goal of this presentation is to focus on lessons learned during application of In Situ 

Chemical Oxidation/Reduction (ISCO/ISCR) technologies at two sites posing unique challenges not 

limited to geology, hydrogeology, and groundwater geochemistry. Comparative data analysis of in situ 

injections completed at two superfund sites under two distinct targeted pH(s) ranges and injection 

techniques (one in overburden and other in bedrock) will be discussed. 

Approach: Site 1: In-situ Chemical Oxidation (ISCO), the selected remedy, was implemented in 

overburden and fractured rock with the goal of reducing tetrachloroethene (PCE-up-to 40 ppm) 

groundwater concentrations to 50 ppb or lower at the Crown Cleaners Superfund Site in Watertown, New 

York.   Impacted bedrock is described as interbedded limestone, dolomitic limestone, and dolomitic 

sandstone to a depth of approximately 140 feet below ground surface (bgs). 

Site 2: In-situ Chemical Reduction (ISCR) was the selected remedy to supplement and eventually 

supplant a twenty-two-year-old groundwater recovery and treatment system (GWRTS) for accelerating 

the remediation of volatile organic compounds (VOCs) and metals in groundwater at a New Jersey 

Pinelands Superfund Site.  ISCR  pilot testing programs were conducted using various substrates and 

buffering materials to evaluate ISCR effectiveness in an aquifer with naturally acidic pH (4.0 to 5.5 

Standard Units [SU]), high sulfate levels (up to 140,000 micrograms per liter [µg/l]), and hydraulic 

challenges due to naturally elevated and GWRTS-induced groundwater velocities.  

Lessons Learned: CVOC destruction efficiency and reagent delivery techniques would primarily be 

addressed. Specific lessons learned from both sites include: 

• Optimal pumping rates to avoid refusal or daylighting

• Optimal pH for activation and oxidation of PCE

• Advantages of low pressure or gravity feeding vs. high pressure injections

• Challenges of injecting in fractured rock

• Optimizing pH buffering to promote ISCR effectively utilizing natural sulfate conditions

• The importance of hydrogeologic control through ISCR treatment zones

• Fate of heavy metals in acidic aquifers
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Perspectives in Water Policy: Balancing Water Conservation, Protection and 
Sustainability Needs for the Future Generation 

Kathleen Baskin  

Changes in our climate are intensifying the hydrologic cycle and altering natural streamflow regimes. With 

more droughts, more floods, and increasing temperatures, changing precipitation patterns are especially 

important and less certain for water management under climate change, potentially affecting potable 

water supplies, agriculture, and aquatic ecosystems. By 2030, the global gap between water withdrawals 

and existing accessible, reliable supply could reach 40%. 

At the same time, public awareness of safe drinking water and pollution of our rivers and streams have 

increased. Water pollution is the environmental issue that most concerns Americans.  Concern about 

water pollution among the American public water has increased to 79% of Americans in 2016 believing 

that water pollution was “extremely” or “very” dangerous to the environment, compared to 61% in 1994. In 

2017, about 63% of Americans expressed a “great deal” of worry about drinking water pollution and 57% 

of Americans were similarly concerned about pollution of rivers, lakes, and reservoirs. 

Assurance of clean and adequate water resources for water supplies and natural systems will be 

achieved, in part, through water conservation, protection, and sustainable management of our water 

resources. This presentation will consider our past accomplishments and will explore where we need to 

go to ensure that we have the water we need to ensure thriving communities, economies, and 

ecosystems. 
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Population Density, Stream Order, and Geology – Geographic Drivers in Stressed 
Watersheds 

John Kastrinos, Alexandra Jospe, and Owen Miles 

Despite ample precipitation in Massachusetts, streams in many watersheds are stressed in the summer 

and early fall due to evapotranspiration and increased demand for agriculture, lawn irrigation, and other 

seasonal uses.  Per capita consumption is a metric commonly used to measure water conservation, or 

lack thereof, in communities that draw water from their own watersheds.  Population density, however, 

reflects land use, which directly influences seasonal demand and per capita consumption.  Specifically, in 

urban watersheds with less green space (lawns and gardens) and agriculture, seasonal water demands 

are lower.  Rather than diligent conservation, differing land use translates to lower seasonal per capita 

consumption in more densely populated areas that draw water from their own watersheds.    

The State’s Sustainable Water Management Initiative (SWMI) defines stressed watershed based on 

percent reduction in August median flow that would exist in the absence of groundwater withdrawals.  The 

highest stress category watersheds – 4 (>25% to 55%) and 5 (>55%) – are commonly found in upstream 

watersheds, where limited watershed area and limited aquifer area adversely affect baseflow in streams 

draining these watersheds.  Over 75% of watersheds within the two highest stress categories are 

1st order or 2nd order (i.e., the most upstream of the sub-watersheds).  In towns and cities drawing from 

these upstream sub-watersheds, the seasonal water demands further reduce baseflow, at times to the 

point where streams cease to flow.  This study describes how population density, expressed per 

watershed area and aquifer area, is a strong predictor of watershed stress.  Water planners and policy-

makers could benefit from closely examining this metric, rather than per capita consumption, to address 

future water-supply alternatives for communities in stressed watersheds.  The problem is likely best 

addressed in the short-term by inter-basin transfer from less stressed watersheds to reduce demand on 

local water resources.    
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Unintended Impacts of Water Conservation on Residual Chlorine and Waterborne 
Pathogens in Municipal Water Supplies 

David Krause and Lydia Feng  

Water conservation mandates in California have been prompted by ongoing droughts since 2014. Trends 

in Western states and throughout the United States in general, are to reduce water usage and waste. 

Efforts to reduce water usage rates necessarily causes an increase in transit time, or “water age,” for 

treated municipal water before it reaches many building water systems. Loss of residual, or “free,” 

chlorine disinfectant from its reaction with organic matter, sediment, corrosion, and plumbing surfaces has 

been anticipated along with reduced control of waterborne bacterial pathogens such as Legionella 

and Pseudomonas. Between November 2017 and February 2018, the concentration of free chlorine was 

measured at forty-two (42) sites throughout Southern California. Water samples collected from backflow 

preventers serving commercial buildings revealed that free chlorine concentrations were frequently below 

levels capable of controlling the amplification and growth of waterborne bacterial pathogens. Sixty-seven 

percent (67%) of municipal water sample sites were at or below 0.5 mg/L (ppm) and eighty-one percent 

(81%) were less than 1.0 mg/L (ppm). Ninety-eight percent (98%) of water system samples were below 

2.0 mg/L (ppm), the lowest concentration needed to continuously control Legionella in water systems. 

This finding suggests that buildings served by these municipal water supplies are at elevated risk of 

amplifying Legionella, Pseudomonas, and other waterborne pathogens. Because these measurements 

were made during the cooler winter months and warmer temperatures tend to decay free chlorine levels 

more rapidly, summertime levels are anticipated to be even lower. Further degradation of free chlorine 

levels was observed in the premises plumbing and building water systems at each of these facilities, 

creating a greater risk of bacterial amplification. The precise cause of low disinfectant levels is still 

unknown; however, aging infrastructure, regulations limiting disinfectant byproducts, and wide-spread 

conservation efforts are believed to be contributing factors.   
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Protecting Our Sensitive Population: The Massachusetts Lead in Schools 
Drinking Water Initiative 

Yvette DePeiza  

In April 2016, Governor Charlie Baker and State Treasurer Deb Goldberg launched a cooperative 

program to help Massachusetts public schools voluntarily test for lead and copper in drinking water. The 

Massachusetts Department of Environmental Protection (MassDEP) was the agency responsible for 

developing and implementing the Program. The Program offered free lead and copper testing and 

included an educational component that provided schools with the information necessary to establish and 

implement sampling programs, and to take remedial actions to address elevated lead and copper levels. 

Through this Program, water was sampled at more than 1,000 schools to determine if the water exceeded 

the recommended “Action Level” (AL) for lead and copper, the results were promptly reported to the 

schools and posted online. The Program also provided schools with information and resources to address 

problem fixtures. 

Yvette DePeiza, MassDEP, Boston, MA, United States, Yvette.DePeiza@state.ma.us 

Presenting Author: Yvette DePeiza 

134



A Comprehensive Approach to Nitrogen Management in Coastal Estuaries: The 
Cape Cod Experience 

Brian Dudley  

Over the past several decades water and habitat quality in Cape Cod estuaries and embayments have 

severely declined due to increased nitrogen loads from overdevelopment resulting in loss of eelgrass 

(Zostera marina) and, in extreme cases, fish kills due to oxygen depletion.  In response to community 

concerns, MassDEP, in partnership with the University of Massachusetts – Dartmouth’s School for Marine 

Science and Technology (SMAST), USGS, EPA, and the Cape Cod Commission, embarked on the 

Massachusetts Estuaries Project (MEP).  Initiated in 2001, the MEP was designed to evaluate the health 

of 89 south coastal marine systems (later reduced to 70) and develop predictive modeling tools to 

optimize nitrogen mitigation strategies using traditional and non-traditional approaches.  The resulting 

MEP reports have been used to develop Total Maximum Daily Loads (TMDLs) and aided communities in 

creating Comprehensive Water Resource Management Plans (CWRMPs).  As of 2015, the Cape Cod 

Commission completed an update to the 1978 208 Plan under the federal Clean Water Act.  This plan 

expanded the universe of non-traditional strategies that communities may consider in developing their 

implementation plans. A recent development, as of August 2018, is MassDEP’s issuance of a first of its 

kind Watershed Permit for the Pleasant Bay watershed (comprising of the towns of Brewster, Chatham, 

Harwich and Orleans) that culminates a 20 year vision of watershed based, rather than just community 

based, planning to address nitrogen over enrichment. 
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The Real Cost of Anaerobic Substrate Application 

Richard Raymond, Michael Lee, and Fritz Hostrop  

In situ anaerobic bioremediation of chlorinated solvents in soil and groundwater is a technology that has 

been utilized extensively since it was first successfully demonstrated in 1992 by the DuPont Co.  During 

the past 26 years a number of different substrates, injection methods, and monitoring plans have been 

utilized for this technology.  This presentation will focus on system design requirements, the pros and 

cons of a variety of available substrates, injection methods, treatment time frames, and estimated 

costs.  The presentation will include project examples to illustrate the cost impact of changing materials 

and methods.   
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Managing Environmental Data from the Field to the Map 

Dave Rich  

The amount of data being gathered on water, groundwater, and soil investigation and monitoring projects 

is growing at ever increasing rates. Action levels are becoming more varied and stringent, leading to more 

exceedences, and the expectations for using the data are also growing rapidly. Most people recognize 

the need for efficient tools for managing laboratory and field data for water and other matrices. Tools such 

as affordable GPS receivers, field data entry devices, target levels (MCLs) available in digital form, and 

readily available base map data in a variety of formats, are making it easier to manage most or all project 

data without resorting to paper. 

This presentation follows the data through the data management process from the field to the final uses 

of the data. It covers the various steps in the process, from preparing for a field event, gathering field 

data, interaction with laboratories, data import, checking and validation, data selection, reporting, and GIS 

mapping, using both local and cloud systems. It also discusses problem areas and pitfalls in running a 

data management project, and addresses how to overcome them. We will pay particular attention to the 

specific problems of managing laboratory data, as well as to issues related to mapping groundwater and 

related data. Cost savings of 50% or more can be documented resulting from more efficient data 

management and display, and these savings can result in a high return on investment for software 

purchases, staff training, and data conversion. 
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FROG-5000: Applications, Improvements, and Remote Monitoring 

Patrick Lewis  

The FROG-5000™ is the latest generation of the world’s first MEMS (micro electro-mechanical systems) 

based portable gas chromatograph (GC). New software updates are making the FROG easier to use and 

compatible with technologies that leverage the internet of things (IoT). Defiant Technologies is working 

with partners to deploy our portable GC products for remote sensing applications like process monitoring 

and fence line monitoring. In addition, Defiant has added a software feature that enables users to split 

peaks using a proprietary technique. The resulting integrations have contributions from other interfering 

chromatographic peaks removed. This leads to concentrations that are closer to actual values. Other 

improvements include additional GC temperature ramps, the addition of a non-linear fit to the FROG’s 

ARM processor, and other updates that enhance the user experience. We will present a brief background 

on the underlying technology especially the micro preconcentrator and micro gas chromatographic 

column. We will show how the new software updates improve productivity in the field and assist in 

generating higher quality data. Finally, we will show how the FROG can be used to remotely monitor 

ambient air using a commercial cellular modem. 
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Optimizing Design of Non-Traditional Biotreatment Solutions (EVO PRBs) for 
Legacy Nitrate Contamination 

Fritz Hostrop, Michael Lee, Paul Dombrowski, and Richard Raymond  

Septic systems on Cape Cod, MA, Long Island, NY, and Florida have led to widespread nitrate 

contamination of the groundwater. The plumes of nitrate are moving into salt ponds and other marine 

environments where they contribute to the growth of algae and eutrophication. Non-traditional treatment 

alternatives including permeable reactive barriers (PRBs), floating wetlands, and shellfish beds are 

potentially viable as either temporary or permanent solutions to remediate nitrate. Emulsified vegetable oil 

(EVO) PRBs can be optimized to economically treat dissolved nitrate groundwater plumes proximal to 

source or discharge areas and in shallow or deep aquifers.  

EVO PRB design elements available for optimization to the project engineer include temporary or 

permanent injection points, injection point configuration (spacing, number of rows, and depth), EVO 

formulation, buffer or other additives, EVO dilution ratio, and pore volume loading. Each design element 

has tradeoffs relative to implementation cost and potential PRB longevity. Optimization of these design 

elements is predicated on a comprehensive understanding of the site hydrogeology and vertical and 

lateral contaminant profile and can be aided by the performance of bench and in-situ pilot studies. EVO 

formulation and effectiveness can be optimized through bench scale studies, while field pilot tests can be 

utilized to optimize EVO dilution ratio and pore volume loadings and injection point configuration. 

Summaries of EVO bench scale tests and PRB field pilot designs will be presented. 
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Case History: Large Diameter Auger Drill Rig Application for Steamed Enhanced, 
In Situ Soil Mixing Treatment of Impacted Soils and Groundwater 

Jason Marberry  

Wilson Corners was a cleanup site at the Kennedy Space Center in Florida. Site was contaminated with 

TCE (tetrachloroethylene), TCE degradation products and Freon-113.  Site contamination encompassed 

approximately 18 acres. TCE contaminant levels were as high as 300,000 ug/lit, well above groundwater 

cleanup target level of 3 ug/lit.  Vertical extent of contamination was as deep as approximately 50 feet 

below land surface. 

Contracted to clean up soil and groundwater contamination using thermal treatment followed by in-situ 

treatment with zero valent iron. Thermal treatment was carried out by drilling an 8 ft. large diameter auger 

(LDA) from land surface all the way down to 52 to 55 feet.  

Steam and hot air were injected simultaneously and continuously from land surface down to the bottom 

via jet ports on the rotating auger. The steam and hot air volatilize the contaminants forcing the 

contaminants to rise to the surface through the drilled column.  Air emissions at the surface were 

captured by a vapor shroud and then treated by an air emissions treatment system. Volatile organic 

compound (VOC) emissions were monitored continuously using flame ionization detectors (FIDs).  VOC 

emissions were also speciated continuously into TCE, TCE daughter products, and Freon 113 using gas 

chromatographs (GCs).   

Any contaminants left behind after steam and hot air injection were further treated in-situ with zero valent 

iron (ZVI).  ZVI was applied to the same column via the LDA immediately after steam/hot air injection to 

polish off any remaining contaminants. 
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Successful Completion of a Major Design-Build Upland and Sediment MGP 
Project 

Steve Laszewski 

The Ashland/NSP Superfund Site (Site), located on the shore of Lake Superior’s Chequamegon Bay, is 

the site of a former manufactured gas plant that was placed on the National Priorities List in 2002.  In 

2009 a Record of Decision (ROD) was released by United States Environmental Protection Agency 

(USEPA).  Upland site soils and groundwater were initially addressed as a source control measure. Site 

soils were excavated and thermally treated on-site then beneficially reused at the site. For contaminated 

sediments the ROD selected a hybrid approach, whereby near shore sediment would be excavated in the 

dry with construction of steel sheet piling to enclose the areas to be excavated with subsequent 

dewatering of Chequamegon Bay surface waters within those areas. The ROD then called for less 

contaminated sediment to be removed using dredging technologies. 

The ROD also presented an Alternative Remedy for sediments which allowed for the demonstration of a 

dredging Pilot Test. A Pilot Test was successfully implemented in 2016, which then allowed a full dredge 

remedy. Given the current request for flexibility in contaminated sediment Proposed Remedial Action 

Plans (PRAPs) and RODs across the United States, the execution of the Alternative Remedy and use of 

the ROD flexibility helps to further instruct contaminated sediment remedies at other sites. 

Steve Laszewski, Foth , 2121 Innocation Court, De Pere, WI, 54115, United States, 
steve.laszewski@foth.com 
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Session 16: PFAS: State Case Studies, 
Policy Developments, and Lessons Learned 
Panel 
 
AFFF and PFAS in Vermont 
Michael Nahmias, Vermont Department of Environmental Conservation, 
Montpelier, VT  
 
PFAS in New Hampshire’s Environment: New Hampshire’s Response to an 
Evolving Challenge 
Brandon Kernen, New Hampshire Department of Environmental Services, 
Hazardous Waste Remediation Bureau, Concord, NH  
 
70? 20? or 8? - 2? 5? or 14? - Today or Tomorrow? - MassDEP Tackles 
PFAS 
Paul Locke, Massachusetts Department of Environmental Protection, Bureau of 
Waste Site Cleanup, Boston, MA  
 
NYSDEC Lessons Learned: PFAS Maximum Concentrations and Water 
Quality Protection Efforts 
Jason Johnson, New York State Department of Environmental Conservation, 
Division of Environmental Remediation, Albany, NY  
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AFFF and PFAS in Vermont 

Michael Nahmias  

This talk will be focused on the recent findings from a PFAS investigation that is ongoing in the area 

around the Southern Vermont Regional Airport in Clarendon, Vermont. The Airport is an FAA Part 139 

Airport and the talk will discuss the importance of this and how it relates to the use of Aqueous Film 

Forming Foams (AFFF). As of the writing of this abstract, the State has sampled over 70 bedrock water 

supply wells and 4 springs around the Airport. The results of this sampling will be shared as well as some 

of the initial findings from a Site Investigation which was completed at the Airport over the summer. The 

talk will discuss how the State is addressing AFFF at the local fire department level. Lastly, a summary of 

Vermont DEC’s PFAS Sampling Report and Emergency Rules relating to PFAS will be covered. 

Michael Nahmias, Vermont Department of Environmental Conservation, 1 National Life Drive, Montpelier, 
VT, 05620, United States, Tel: 802-522-4595, michael.nahmias@vermont.gov 
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PFAS in New Hampshire’s Environment: New Hampshire’s Response to an 
Evolving Challenge 

Brandon Kernen  

The detection of PFAS in practically all types of media that NHDES monitors and regulates coupled with 

new, revised and sometimes conflicting health guidance has created significant challenges for the 

agency, water systems, businesses, the public, elected officials, environmental consultants and public 

health professionals. 

New Hampshire is rapidly determining the occurrence of several PFAS compounds in the environment, 

and providing alternative drinking water and implementing mitigation strategies when and where 

standards for two PFAS compounds are exceeded.  Additionally, a new state law requires NHDES to: 1) 

Initiate rulemaking to establish maximum contaminant levels (MCLs) for four PFAS compounds and 

require public water systems to test their water and demonstrate compliance with the standards; 2) 

Ensure that air emissions associated with businesses using highly fluorinated compounds are not causing 

violations of groundwater standards; and 3) Develop a report for the state legislature that provides a 

budget and a plan for establishing surface water quality standards. 

Significant work remains to more fully understand type of and extent of organic fluorine compounds in our 

environment. Many of these compounds are highly persistent, mobile, potentially toxic and 

bioaccumulative. More efforts are also needed to identify and directly address source(s) of these 

contaminants either with end-of-pipe controls or the elimination of the contaminants at its source. 

Brandon Kernen, NHDES, PO Box 95, Concord, NH, 03302-0095, United States, Tel: 603-271-0660, 
Brandon.Kernen@des.nh.gov 
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70? 20? or 8? - 2? 5? or 14? - Today or Tomorrow? - MassDEP Tackles PFAS 

Paul Locke  

Like other states and the USEPA, Massachusetts is struggling with questions resulting from PFAS 

contamination, including: 

• What are the appropriate levels for drinking water? 

• How should we regulate a FAMILY of related compounds? 

• Where are potential sources? 

• What are effective mitigation (or cleanup) strategies? 

• How can we absorb the flood of information about PFAS and still act? 

• How do you maintain consistency among state regulatory programs? and 

• Who pays for all this sampling, analyis and mitigation? 

This presentation will summarize MassDEP's work over the past year on PFAS and speculate on what 
lies ahead in the coming months, covering both Waste Site Cleanup and Water Supply approaches to this 
emerged contaminant. 

Paul Locke, Massachusetts Department of Environmental Protection, Bureau of Waste Site Cleanup, One 
Winter Street, Boston, MA, 02108, United States, Tel: 617-556-1160, paul.locke@state.ma.us 
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NYSDEC Lessons Learned: PFAS Maximum Concentrations and Water Quality 
Protection Efforts 

Jason Johnson  

In addition to PFOA and PFOS, the New York State Department of Environmental Conservation 

(NYSDEC) routinely tests for 19 other per- and polyfluoroalkyl substances (PFAS), to better understand 

the scope of PFAS contamination within environmental media at State remediation sites. Data collected 

by NYSDEC indicate substantial accumulations of many PFAS in soil, water, and fish. Maximum 

concentrations of PFOA and PFOS in water (981,000 and 480,000 parts per trillion (ppt), respectively) 

exceed USEPA's Drinking Water Health Advisory (70 ppt) by several orders of magnitude. PFOA is 

present in soils up to 3 parts per million (ppm), while PFOS is present in soils up to 11 ppm. Numerous 

other PFAS are present in water at concentrations greater than 1,000 ppt, as well as in soils at 

concentrations greater than 1 ppm. New York State's Water Quality Rapid Response Team has 

aggressively investigated threats to drinking water throughout the State. Potential users of PFOA and 

PFOS responded to surveys sent by NYSDEC with information regarding PFAS use, and the State has 

responded with actions to investigate potential sources and protect nearby water supplies. The Clean 

Water Infrastructure Act of 2017 provides resources to the NYSDEC to evaluate and prioritize more than 

2,000 inactive solid waste sites statewide, to determine potential impacts to drinking water sources from 

PFOA, PFOS, and/or other contaminants of concern. 

Jason Johnson, New York State Department of Environmental Conservation, 12th Floor - Environmental 
Remediation, Albany , NY, 12233, United States, Tel: 518-402-9691, jason.johnson@dec.ny.gov 

Presenting Author: Jason Johnson 
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Session 17: Environmental Justice 
 
Environmental Justice at the U.S. Environmental Protection Agency 
Gevon Solomon, Sharon Wells, US EPA, Boston, MA; Deneen Simpson, 
Michelle Waters-Ekanem, MassDEP, Boston, MA 
 
Environmental Justice at the Massachusetts Department of Environmental 
Protection 
Deneen Simpson, Michelle Waters-Ekanem, MassDEP, Boston, MA; Gevon 
Solomon, Sharon Wells, US EPA, Boston, MA 
 
Brownfields Urban Compliance Initiative in an EJ Community 
Juliet Swigor, MassDEP, Worcester, MA  
 
Commitment to Community: Lessons Learned from Site Assessment and 
Remediation in an Environmental Justice Community 
Carol Bois, Bois Consulting Co., Inc., Framingham, MA; Samuel Wong, Michael 
Hugo, Framingham Board of Health, Framingham, MA  
 
Diversity and Civil Rights at the Massachusetts Department of 
Environmental Protection 
Michelle Waters-Ekanem, Deneen Simpson, MassDEP, Boston, MA; Gevon 
Solomon, Sharon Wells, US EPA, Boston, MA 
 
Title VI at the U.S. Environmental Protection Agency 
Sharon Wells, Gevon Solomon, US EPA, Boston, MA; Deneen Simpson, 
Michelle Waters-Ekanem, MassDEP, Boston, MA 
 
  

151



Environmental Justice at the U.S. Environmental Protection Agency  

Deneen Simpson, Michelle Waters-Ekanem, Gevon Solomon, and Sharon Wells  

The U.S. Environmental Protection Agency (EPA) Region 1 will provide an overview of the Region’s 

environmental justice (EJ) program. 

The focus of this presentation will be: 

• How EPA defines environmental justice 

• Ways in which EPA supports environmental justice communities   

• How EPA supports state efforts in meeting the needs of EJ communities 

This information will be presented using a combination of PowerPoint and Q&A.  The goal of this 

presentation is to give an understanding of EPA’s effort in supporting states and environmental justice 

communities.   

Deneen Simpson, MassDEP, One Winter Street, Boston, MA, 02108, United States, Tel: 617-292-5906, 
deneen.simpson@state.ma.us 

Michelle Waters-Ekanem, MassDEP, One Winter Street, Boston, MA, 02108, United States, Tel: 617-292-
571, Michelle.Waters-Ekanem@state.ma.us 

Gevon Solomon, US EPA, 5 Post Office Square, Boston, MA, 02109, United States, Tel: 617-918-1513, 
Solomon.Gevon@epa.gov 

Sharon Wells, US EPA, 5 Post Office Square, Boston, MA, 02109, United States, Tel: 617-918-1007, 
Wells.Sharon@epa.gov 
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Environmental Justice at the Massachusetts Department of Environmental 
Protection 

Deneen Simpson, Michelle Waters-Ekanem, Gevon Solomon, and Sharon Wells  

The Massachusetts Department of Environmental Protection (MassDEP) will provide an overview of the 

Executive Office of Energy and Environmental Affairs (EOEEA) 2017 Environmental Justice (EJ) Policy and 

its implementation at the Secretariat and agency level.  The presentation will highlight efforts by MassDEP 

to incorporate EJ into its everyday work. 

Efforts required by the 2017 EEA EJ Policy include: 

• Directing energy and environmental agencies to consider impacts of climate change on 
Environmental Justice communities 

• Creating a secondary vulnerable health screening process for EJ populations 

• Working with EEA Secretariat wide agencies to ensure compliance with ANF Bulletin #16 

• Developing an annual Environmental Justice report 

• Convening an annual public meeting to report on the progress of the EJ Policy 

The information will be presented using a PowerPoint presentation and Q&A. This presentation will provide 

an overview of MassDEP’s EJ activities and requirements under the 2017 EEA EJ Policy. 

Deneen Simpson, MassDEP, One Winter Street, Boston, MA, 02108, United States, Tel: 617-292-5906, 

deneen.simpson@state.ma.us 

Michelle Waters-Ekanem, MassDEP, One Winter Street, Boston, MA, 02108, United States, Tel: 617-292-

571, Michelle.Waters-Ekanem@state.ma.us 

Gevon Solomon, US EPA, 5 Post Office Square, Boston, MA, 02109, United States, Tel: 617-918-1513, 

Solomon.Gevon@epa.gov 

Sharon Wells, US EPA, 5 Post Office Square, Boston, MA, 02109, United States, Tel: 617-918-1007, 

Wells.Sharon@epa.gov 
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Brownfields Urban Compliance Initiative in an EJ Community 

Juliet Swigor  

MassDEP’s Central Regional Office’s (CERO’s) Urban Initiative Brownfields Project was designed to use 

Worcester’s District 4 as a pilot project to promote outreach and technical assistance to auto body and 

repair shops and to create site-specific fact sheets for Brownfields properties which detail information 

regarding distance to roads, acreage, types of hazardous materials involved, zoning, sensitive receptors, 

and other information pertinent for development. MassDEP CERO staff confirmed locations and existence 

of approximately 200 auto repair shops in District 4 resulting in 91 compliance inspections performed in 

conjunction with the Worcester Fire Department. The shops were invited to attend free training on 

compliance and best management practices provided by the Office of Technical Assistance (OTA) in 

collaboration with MassDEP and Clark University (located in District 4). The Brownfields fact sheets 

generated by the project include parcel information (past use, property values, etc.) from the town as well 

as environmental factors such as Environmental Justice (EJ) areas, wetlands, and Zone IIs from additional 

sources. Due to the success of the pilot project, it was decided to include site-specific fact sheets for all of 

CERO’s potential Brownfields (approximately 300) and make them available online through an interactive 

map in ArcGIS Online. The fact sheets include links to detailed reports on MassDEP’s website concerning 

the release sites located on the property and a link to search for additional sites at the same address. 

Juliet Swigor, MassDEP, 8 New Bond Street, Worcester, MA, 10606, United States, Tel: 508-767-2878, 
juliet.swigor@state.ma.us 
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Commitment to Community: Lessons Learned from Site Assessment and 
Remediation in an Environmental Justice Community 

Carol Bois, Samuel Wong, and Michael Hugo  

Framingham, Massachusetts is one of many former industrial municipalities in Massachusetts struggling 

with the legacy of over a century of industrial manufacturing: hazardous waste sites requiring significant, 

long-term assessment and remediation work. Typically, these sites are also co-located with communities 

that meet the state definition of an Environmental Justice (EJ) community (income-based, minority, and/or 

limited English proficiency). Framingham is one of several cities and towns receiving attention for EJ 

matters, specifically as a result of recent high-level state government focus on EJ communities. The 

objective of the most recent EJ policy (2017) established by the Commonwealth’s Executive Office of 

Energy and Environmental Affairs (EEA) is “..to help address the disproportionate share of environmental 

burdens experienced by lower-income people and communities of color who… often lack environmental 

assets in their neighborhoods.” The intent of the policy is to help protect these communities from 

environmental pollution and promote community involvement in environmental decision-making to improve 

the environmental quality of their neighborhoods. Citizen groups have been demanding involvement at 

some of the significant Framingham sites for many years, and the Framingham Board of Health has been 

a conduit for health-related information to the public, an advocate for assessment and cleanup, as well as 

a sounding board for frustration from the community. More recently, MassDEP’s Northeast Regional Office 

has committed their resources to overseeing work at some of the major sites in the City. We will examine 

how this commitment has worked, and will describe what lessons practitioners, advocacy groups, local 

boards, and others can take from this ongoing project. Environmental consultants often view EJ 

communities and/or activists as roadblocks; our experience indicates that adding awareness of health 

issues and concerns, as well as understanding and empathizing with the community, can improve the 

practitioner’s communication as well as the public’s understanding of and involvement in the cleanup 

process. In addition, tapping on local resources can be an asset to environmental practitioners. 

Carol Bois, Bois Consulting Co., Inc., 131 Brook Street, Framingham, MA, 01701, United States, Tel: 508-
788-9988, cb@boisconsulting.com 

Samuel Wong, Framingham Board of Health, 150 Concord Street, Framingham, MA, 01702, United 
States, Tel: 508-532-5470, ssw@framinghamma.gov 

Michael Hugo, Framingham Board of Health, 150 Concord Street, Framingham, MA, 01702, United 
States, mhugoesq@gmail.com 
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Diversity and Civil Rights at the Massachusetts Department of Environmental 
Protection 

Michelle Waters-Ekanem, Deneen Simpson, Gevon Solomon, and Sharon Wells  

The Massachusetts Department of Environmental Protection’s Office of Diversity and Civil Rights will 

provide an overview of the Commonwealth of Massachusetts Executive Order 526 regarding Non-

Discrimination, Diversity, Equal Opportunity and Affirmative Action.  The presentation will provide an 

overview of the Executive Order and will highlight MassDEP’s diversity and inclusion strategies and 

recommendations that obtain equal access and opportunity for all. 

The focus of the presentation will be on the following points: 

• Increase diversity for protected group member: people of color, women, persons with disabilities, 

and veterans 

• MassDEP’s recruitment and hiring practices 

• MassDEP’s Volunteer Language Access Bank 

• MassDEP’s Intern Program = career ladder + succession planning 

• Pay equity related to protected group members 

This information will be presented using a combination of PowerPoint and Q&A.  The goal of this 

presentation is to identify the Commonwealth’s Non-Discrimination Order and identify the challenges and 

success of increasing diversity and creating a culture that is inclusive and values diversity in the workplace.   

Michelle Waters-Ekanem, MassDEP, One Winter Street, Boston, MA, 02108, United States, Tel: 617-292-
571, Michelle.Waters-Ekanem@state.ma.us 

Deneen Simpson, MassDEP, One Winter Street, Boston, MA, 02108, United States, Tel: 617-292-5906, 
deneen.simpson@state.ma.us 

Gevon Solomon, US EPA, 5 Post Office Square, Boston, MA, 02109, United States, Tel: 617-918-1513, 
Solomon.Gevon@epa.gov 

Sharon Wells, US EPA, 5 Post Office Square, Boston, MA, 02109, United States, Tel: 617-918-1007, 
Wells.Sharon@epa.gov 
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Title VI at the U.S. Environmental Protection Agency 

Deneen Simpson, Michelle Waters-Ekanem, Gevon Solomon, and Sharon Wells 

The U.S. Environmental Protection Agency (EPA) Region 1 will provide an overview of Title VI of the Civil 

Rights Act of 1964 (Title VI). 

EPA’s presentation will focus on: 

• EPA’s responsibility in enforcing Title VI

• The responsibilities of entities that receive federal funds

• How the agency provides technical assistance to states to help them meet their Title VI

responsibilities

This information will be presented using a combination of PowerPoint and Q&A.  This presentation is to 

give an understanding of the requirements of Title VI and how EPA supports states in managing Title VI 

requirements. 

Deneen Simpson, MassDEP, One Winter Street, Boston, MA, 02108, United States, Tel: 617-292-5906, 
deneen.simpson@state.ma.us 

Michelle Waters-Ekanem, MassDEP, One Winter Street, Boston, MA, 02108, United States, Tel: 617-292-
571, Michelle.Waters-Ekanem@state.ma.us 

Gevon Solomon, US EPA, 5 Post Office Square, Boston, MA, 02109, United States, Tel: 617-918-1513, 
Solomon.Gevon@epa.gov 

Sharon Wells, US EPA, 5 Post Office Square, Boston, MA, 02109, United States, Tel: 617-918-1007, 
Wells.Sharon@epa.gov 
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Session 18: Brownfields 
 
Optimizing Sustainability in Development Practice for Impacted Sites 
Applying “R’s” to Demolition, Remediation and Construction 
Brandon Fagan, GEI Consultants, Inc., Dover, MA; Greg Blessing, Multi-National 
Manufacturing Company, Shelton, CT; Frederick Johnson, GEI Consultants, Inc., 
Glastonbury, CT; Joseph Roman, GEI Consultants, Inc., Woburn, MA 
 
Integrated Remediation Transforms a Brownfield Site into a Neighborhood 
Health Clinic 
Karen Kinsella, GZA GeoEnvironmental, Glastonbury, CT; Gregory McNeal, 
John Colbert, GZA GeoEnvironmental, Norwood, MA; Frank Vetere, GZA 
GeoEnvironmental, Amesbury, MA 
 
Brownfield Redevelopment Under the Massachusetts Contingency Plan 
Using Seven Remediation and Mitigation Techniques 
Alice Blayney, Jessica Yeager, Julianna Connolly, Geosyntec Consultants, 
Brookline, MA; Chapman Ross, Douglas Larson, Geosyntec Consultants,  
Acton, MA  
 
Combined Treatment Train to Address Mixed Plume at Urban Brownfield 
Joseph Good, Anna Schmiedicke, Jason Hayes, Langan Engineering & 
Environmental Services, New York, NY; Stewart Abrams, Langan Engineering & 
Environmental Services, Lawrenceville, NJ; Maureen Dooley, Regenesis, 
Wakefield, MA  
 
NY State Brownfield Cleanup Program Case Study: Was It Destiny or Fate? 
Karen Cahill, New York State Department of Environmental Conservation, 
Syracuse, NY  
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Optimizing Sustainability in Development Practice for Impacted Sites Applying 
“R’s” to Demolition, Remediation and Construction 

Brandon J. Fagan, Greg Blessing, Frederick Johnson, and Joseph Roman  

Creating a conceptual site model around sustainable practices for property redevelopment requires 

targeting metrics for Reuse, Recycling, Repurposing, Rendering and Reconstruction requirements working 

within Regulatory Standards (R’s). To achieve a sustainable working model applying R’s to planning 

sounds intuitive, but the metrics for them can escape the value going in. Demolition contractors see the 

application of the R’s as a regulatory-driven necessity. Developers’ and engineers’ buy-in requires 

organizing a project team with a broad understanding of technical approaches to site remediation, 

infrastructure, demolition, building materials/abatement, hazards, project management, green technology, 

ecology, land use, and real estate. Using a 190,000 sf plant/55 acre property closure undergoing 

remediation and redevelopment in Hanson, Massachusetts, an example of the effectiveness of application 

of R’s from conceptual planning through closure and divestiture are quantified. Preplanning evaluated the 

business position of the property and identified present and future risks that reduced capital investment and 

cash outlay. Initial planning to identify and abate risks both above and below ground from hydrocarbons, 

chemicals, metals, structures, building contents, utilities, and material impacts leads to reductions in cost 

and energy exposure to complete the work. Conducting data gap analyses targeted site impacts, source 

treatment/control, ecological resource value, and regulatory effectiveness. Planning for development 

solutions to soil impacts from landfill products, petroleum, and metals incorporated with use of treatment 

methods for reuse of materials controlled impacts from leaching and bearing/material instability. NAPL 

mobility and contaminant risk analysis applied to future receptor conditions created the foundation for the 

site’s future. Repurposing buildings and infrastructure, rendering material for reuse, recycling, resourcing 

wetlands, restoration, disposal/shipping, and staging/sorting material were measured for energy value/cost. 

Benefits from creation of green space and sustainability with renewable energy options were considered to 

offset long-term indemnification and management costs. 

Brandon J. Fagan, GEI Consultants, Inc., 48 Glen Street, Dover, MA, 02030, United States, Tel: 781-850-
6539, bfagan@geiconsultants.com 

Greg Blessing, Multi-National Manufacturing Company, 40 Waterview Drive, Shelton, CT, 06484, United 
States, gblessing@hubbell.com 

Frederick Johnson, GEI Consultants, Inc., Winding Brook Way, Glastonbury, CT, 06033, United States, 
fjohnson@geiconsultants.com 

Joseph Roman, GEI Consultants, Inc., 400 Unicorn Park Drive, Woburn, MA, 01801, United States, 
jroman@geiconsultants.com 
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Integrated Remediation Transforms a Brownfield Site into a Neighborhood Health 
Clinic 

Karen Kinsella, Gregory McNeal, John Colbert, and Frank Vetere  

A health center whose mission is to improve the health and well-being of communities in the Boston, 

Massachusetts area obtained a low-cost 50-year lease on a brownfield site owned by a Massachusetts 

state agency. The caveat of the low-cost, long-term lease was that, in conjunction with construction of a 

new clinic, the health center would remediate the site's trichloroethene (TCE) groundwater plume and 

obtain site closure under the Massachusetts Contingency Plan (MCP). 

TCE concentrations in groundwater were initially as high as 200 mg/L. Historically, the property was used 

as a gyroscope factory, an electrical equipment factory, and a state facility for truck maintenance and road 

salt storage. The two-story brick building at the site had become rundown and the grounds overgrown. The 

remedial strategy consisted of building demolition, soil excavation with off-site disposal of hot spots above 

the water table, institutional controls in the form of an Activity and Use Limitation (AUL), new construction 

with a sub-slab membrane and ventilation system, in-situ treatment of the source area by high vacuum 

extraction (HVE), and enhanced bioremediation of residual contaminants. The bioremediation program 

included injection of a colloidal activated carbon barrier (biobarrier) downgradient of the source area to 

enhance TCE degradation. 

Following a pilot study, we operated a full-scale HVE treatment system from 2015 to 2016.  In 2017, we 

injected the biobarrier. Preliminary results indicate that rebound following HVE termination has ceased, and 

reductive dechlorination is being enhanced in the downgradient biobarrier. In 2018, organic carbon will be 

injected into the former HVE extraction wells prior to system decommissioning, to enhance ongoing 

biological reductive dechlorination. We will present results and lessons learned during rehabilitation of this 

brownfield site, including progress toward obtaining MCP site closure. 

Karen Kinsella, GZA GeoEnvironmental, 655 Winding Brook Drive, Suite 402, Glastonbury, CT, 06033, 
United States, karen.kinsella@gza.com 

Gregory McNeal, GZA GeoEnvironmental, 249 Vanderbilt Avenue, Norwood, MA, 02062, United States, 
gregory.mcneal@gza.com 

John Colbert, GZA GeoEnvironmental, 249 Vanderbilt Avenue, Norwood, MA, 02062, United States, 
john.colbert@gza.com 

Frank Vetere, GZA GeoEnvironmental, 144 Elm Street, Amesbury, MA, 01913, United States, 
frank.vetere@gza.com 
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Brownfield Redevelopment Under the Massachusetts Contingency Plan Using 
Seven Remediation and Mitigation Techniques 

Alice Blayney, Jessica Yeager, Julianna Connolly, Chapman Ross, and Douglas Larson  

Geosyntec Consultants, Inc. (Geosyntec) is supporting a confidential Brownfields redeveloper with the 

environmental cleanup of a former industrial property in the metro Boston area that is impacted with 

polychlorinated biphenyls (PCBs), chlorinated solvents, and petroleum constituents. Chlorinated solvents 

are present in groundwater and unsaturated soil beneath an on-site building, contributing to sub-slab soil 

gas concentrations of trichloroethene (TCE) and tetrachloroethene (PCE) well above vapor intrusion 

screening values. Geosyntec developed a regulatory closure approach for the site that included vapor 

mitigation, source remediation, and deed restrictions to support a risk-based closure under the 

Massachusetts Contingency Plan (MCP). 

In December 2015, emulsified vegetable oil (EVO) and KB-1® bacteria culture were injected into 

groundwater where concentrations of PCE and TCE exceeded MCP cleanup standards. In March 2017, a 

second round of remedial injections—including EVO, emulsified zero valent iron, and KB-1® bacteria 

culture—was conducted to address areas where high chlorinated solvent concentrations persisted. Lactic 

acid was also injected to address localized elevated pH that inhibits the growth of KB-1® bacteria culture. 

Redevelopment activities have included installing a large 14-well soil vapor extraction (SVE) system and a 

six-leg sub-slab depressurization (SSD) system. During the site redevelopment, Geosyntec also performed 

extensive air monitoring and soil management activities, including the removal of approximately 20 cubic 

yards of highly impacted material (24,000 parts per million TCE) from a concrete vault under the building. 

To achieve regulatory closure under the MCP, Geosyntec has employed a combination of remedial 

applications and mitigation techniques to achieve source control at this complex Site. Significant reductions 

(95%+) of TCE and PCE in groundwater have been achieved within 1.5 years of the first remedial injections. 

We expect to have seven months of operating data for the SVE and SSD systems by October 2018. 

Alice Blayney, Geosyntec Consultants, 1330 Beacon Street, Suite 317, Brookline, MA, 02446, United 
States, Tel: 617-992-9063, ablayney@geosyntec.com 

Jessica Yeager, Geosyntec Consultants, 1330 Beacon Street, Suite 317, Brookline, MA, 02446, United 
States, jyeager@geosyntec.com 

Julianna Connolly, Geosyntec Consultants, 1330 Beacon Street, Suite 317, Brookline, MA, 02446, United 
States, jconnolly@geosyntec.com 

Chapman Ross, Geosyntec Consultants, 289 Great Road, Suite 202, Acton, MA, 01720, United States, 
cross@geosyntec.com 
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Combined Treatment Train to Address Mixed Plume at Urban Brownfield 

Anna Schmiedicke, Joseph Good, Jason Hayes, Stewart Abrams, and Maureen Dooley  

Environmental investigation associated with redevelopment of an approximately 27,000 square foot 

brownfield in Brooklyn, New York, identified chlorinated volatile organic compounds (CVOCs) and 

petroleum hydrocarbons in soil, groundwater, and soil vapor attributable to historical releases associated 

with former on-site auto repair and USTs/ASTs.  Analytical data revealed concentrations of CVOCs 

exceeding regulatory standards in soil samples to about 8 feet below grade and in shallow groundwater 

samples.  Concentrations of petroleum-related compounds indicated residual impacts of shallower source 

material. 

Results of a bench-scale study, performed to select a suitable ISCO treatment, indicated base-activated 

persulfate was most effective at overall VOC reduction in site groundwater.  In order to meet remedial action 

objectives while accommodating the development timeline, a two-phase treatment program was 

devised.  The first phase, performed after removal of contaminated overburden and USTs/ASTs, consisted 

of direct-injection of base-activated persulfate in the area of commingled petroleum and CVOC 

contamination.  The second phase consisted of site-wide application of liquid-activated carbon 

(PlumeStop®), selected due to its ability to rapidly disperse and degrade CVOC contaminants.  The 

PlumeStop® was applied through an intricate network of sub-foundation injection and monitoring wells and 

through direct-injection where pre-existing buildings were to remain in place.  

ISCO injections were completed in March 2017.  Results from the first round of post-injection sampling 

showed up to two orders of magnitude reduction in total VOCs from pre-injection conditions.  PlumeStop® 

injections were performed in November and December 2017.  Results from the carbon injection will be 

available for discussion at the conference in October 2018. The combined remedial approach (ISCO and 

PlumeStop®) proved effective at degrading commingled contamination. The in-situ well network allowed 

for phased treatment, preventing major project delays and associated cost impacts, and provided 

confidence in the remedial approach should rebound be identified in the future. 
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NY State Brownfield Cleanup Program Case Study: Was It Destiny or Fate? 

Karen Cahill  

The New York State (NYS) Brownfield Cleanup Program (BCP) was enacted in 2003 with the goal to 

encourage private sector cleanups of brownfields and to promote their redevelopment as a means to 

revitalize economically blighted communities.  The NYS BCP is one of the most generous tax incentive 

programs in the country, providing tax relief for both site cleanup and redevelopment.  This presentation 

will focus on a former 23-acre Bulk Petroleum Tank Storage Farm site located in Central New York, which 

was remediated and developed under the BCP into a 209-room Embassy Suites Hotel and auxiliary parking 

lot.  Remedial technologies discussed will include grossly contaminated soil excavation, in-situ chemical 

oxidation, and soil vapor mitigation utilizing a non-conventional sub-slab pressurization system.  It will also 

cover the challenges associated with multiple stakeholders and implementation of the remedy concurrent 

with hotel construction activities. 
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Horizontal Remediation Well Technology Applications for Successful In-Situ 
Chemical Oxidation and In-Situ Anoxic Biodegradation 

Kyle Carlton and Michael Sequino  

Horizontal remediation well (HRW) technology continues to make major strides for the environmental 

industry by enabling in-situ remediation of sites previously considered unfeasible. Installation of horizontal 

injection wells with horizontal directional drilling (HDD) accesses contaminated areas beyond the reach of 

vertical drilling techniques, significantly diminishing overall remedial duration and long-term costs. Whether 

target remediation zones are beneath storage tanks, buildings, roadways, waterways, or other difficult areas 

to access, HRW/HDD technology facilitates injection beneath all types of surficial obstructions and 

activities. This presentation will detail HRW/HDD technology and the processes associated with successful 

horizontal injection implementation. Case studies for horizontal in-situ chemical oxidation (ISCO) and 

anoxic biodegradation sites will be presented describing the HRW layouts, well screen designs, and 

installations, along with remediation system operational data and contamination reduction results.   

Case Study 1: Potassium Permanganate Injection Beneath Active Redevelopment Project, Maryland 

A major redevelopment project at a former shopping mall faced significant environmental challenges due 

to a dry-cleaning facility that operated on the property for 60 years. The chlorinated solvent plume extended 

1,600 feet and caused extensive soil and groundwater contamination. An in-situ chemical oxidation system 

needed to be installed while construction activities were ongoing. Directional Technologies installed 10 

single-entry horizontal permanganate injection wells under the future building sites and 5 single-entry 

horizontal soil vapor extraction (SVE) wells under the active dry-cleaning facility. The horizontal injection 

wells delivered 1.03 million gallons of KMNO4 solution within a 26-day period. 

Case Study 2: In-Situ Anoxic Biodegradation of Perchlorate, Massachusetts  

Industrial process wastewater leaking from a drain line contributed to perchlorate concentrations in the 

groundwater ranging from 10 to 500 mg/L and the estimated mass on the order of 1,500 pounds of 

perchlorate. Two HRWs installed beneath a parking lot and building injected a soluble carbon source to 

facilitate anoxic biodegradation of the perchlorate.   
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Leveraging High-Resolution Site Characterization Methods to Optimize 
Remediation of Chlorinated Solvent Contamination in Southern France 

Bradley Green, Sam Warner, Erica Bosse, and Paula Pryor  

A former industrial facility in France with chlorinated solvent groundwater contamination underwent iterative 

assessments for over three decades using conventional investigation approaches with long-screen 

monitoring wells. A single groundwater extraction well was installed and operated for about a decade to 

manage migration of contaminated groundwater. When property boundary trichloroethene (TCE) 

concentrations increased from 10’s of µg/L to over 1,000 µg/L in a one-year period, reassessment of 

subsurface conditions and remedial options was necessary. This presentation will describe how high-

resolution site characterization tools coupled with an efficient data management approach resulted in an 

improved site conceptual model, which in turn was used to optimize the selected remedy.    

An intensive and adaptive subsurface investigation program was implemented within the sandstone aquifer, 

which consisted of detailed geologic logging, analysis of over 1,000 bedrock samples with an on-site mobile 

laboratory, analysis of other aquifer chemical and physical parameters, and utilization of multi-level 

groundwater monitoring systems. In addition, hydraulic testing of multi-level groundwater monitoring 

systems, injection/tracer testing, and conventional pump testing were performed. An adaptive field program 

and dynamic work strategy allowed for robust and real-time decisions without the need for multiple 

remobilizations to the site by leveraging data collection, management, and 3D visualization tools. 

The results of this investigation indicated that: 1) the majority of TCE was located in a relatively discrete 

zone of the aquifer at depths of around 100 ft below grade; 2) a relatively low proportion of contamination 

was sorbed to aquifer solids compared to other TCE sites in sedimentary bedrock; and 3) in-situ treatment 

agents can be effectively delivered to both the fracture zones and the aquifer matrix, which allows for 

application of an in-situ treatment approach to compliment the pump and treat system. 
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Successful Closure of a DNAPL Site – Lessons Learned 

Craig Cox  

In 1985, a catastrophic release of 500 gallons of TCE occurred inside an industrial site in Ohio. Initial 

remedial efforts reduced a small portion of the contaminant mass located in the immediate vicinity of the 

building. However, it was suspected that the majority of the mass remained trapped beneath the building 

slab and foundation. 

The site was assessed and a long-term groundwater monitoring program ensued under a consent order. A 

proposed remedy for the site would have required demolition of the facility, which was unacceptable to the 

site owner. The site owner’s objective was to successfully obtain RCRA close without the need to demolish 

the site and abandon its operations. 

The released TCE presented itself as a dense non-aqueous phase liquid (DNAPL) beneath the building 

and in perched water bodies within a glacial till setting. After completing the final two years of groundwater 

monitoring required by the consent order, a cooperative approach to site remediation was negotiated with 

Ohio EPA to complete the final investigation and remediation phase on a voluntary basis. 

Membrane interface probe (MIP) and high-resolution soil sampling techniques were used to refine the 

understanding of the DNAPL configuration. Remediation consisted of a combination of high vacuum dual 

phase extraction (HVDPE) followed by potassium permanganate flooding. Mass reduction was assessed 

using continuously monitored vapor stream concentrations, recovered fluid concentrations, and the results 

of phased three-dimensional soil sampling efforts. 

By 2007, the site was closed under RCRA and has completed the Post-Closure Care and Monitoring period. 

Using multiple lines of evidence estimates of the mass removal ranged from 89% to 96%. Pre- and post-

injection MIP evaluations demonstrated that the DNAPL was forced into new areas ahead of the injectate. 

Reducing DNAPL through the use of dual-phase SVE followed by potassium permanganate flooding proved 

to be effective. 
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Assessment of PlumeStop to Manage Back Diffusion at a Fractured Sandstone 
Site 

Michael Brown, Matthew Burns, Timothy Huff, Steve Kretschman, and Samuel 
Schoenmann  

Background/Objectives: In situ remediation options for bedrock groundwater are limited by slow diffusion 

of treatment amendments from higher to lower permeability zones. Emplacement of persistent amendments 

can address contaminant back diffusion from low permeability zones.  This study assessed application of 

an activated carbon-based amendment (PlumeStop: Regenesis, San Clemente, California) and 

bioremediation treatment of chlorinated aliphatic hydrocarbons (CAH) in a fractured sandstone aquifer. 

Methods: The plume extent and site hydrogeology were characterized by groundwater sampling, pumping, 

slug, and tracer tests; borehole geophysical logging; laboratory analysis of core samples; and microscopic 

examination.  PlumeStop, fermentable electron donor, buffer, nutrients, and organohalide-respiring 

microbes were injected into the aquifer to transfer dissolved CAHs to the solid phase and stimulate 

biodegradation of the sorbed contaminants. Degradation pathways were assessed by monitoring 

contaminant concentrations and geochemistry in aqueous and solid phases using sandstone in 

situ microcosms (ISMs) deployed in monitoring wells before amendment application. Compound Specific 

Isotope Analysis (CSIA) was employed to confirm the degradation of target compounds. Quantitative 

polymerase chain reaction (qPCR) was used to evaluate the microbial population. The combination of these 

conventional and advanced diagnostics provided an in-depth evaluation of degradation of contaminants 

sorbed to the PlumeStop activated carbon. 

Results: Contaminant concentrations rapidly decreased in the aqueous phase with total VOC 

concentrations decreasing by as much as 80 percent one month following the amendment injection and 98 

percent four months following the injection. Daughter products including ethene and ethane were detected 

in groundwater and ISM samples. Corresponding isotopic fractionation of parent compounds and moderate 

to high Dehalococcoides abundances were also measured in sandstone ISM samples. Multiple lines of 

evidence show the combined remedy of Plumestop and bioremediation to be effective in managing back 

diffusion within the treated area. Future activities will include optimizing PlumeStop dose to extend 

biostimulant application intervals. 
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Sustainable Remediation Combining Mobile Dual Phase Extraction with 
Concurrent Injection of a Carbon-Based Amendment  

Frank Barranco and Dorthea Hoyt  

The use of remedial amendments alone in the cleanup of free-phase product is not an option due to the 

requirement of continuous emplacement events (or many, regularly scheduled applications) to meet or 

exceed contaminant mass. To overcome this limitation, the physical extraction of free-phase product is 

often conducted initially, with remedial amendments injected subsequently as a polishing stage in site 

cleanup. Free-phase product removal as an initial step is, however, a lengthy and time-consuming process 

for satisfying site cleanup goals and/or performance metrics in a timely manner. The concept behind this 

study, performed at a former Air Force tank farm, was to capitalize in an accelerated fashion on combining 

aggressive petroleum mass removal (free product and dissolved phase) by mobile Dual Phase Extraction 

(mDPE) with an innovative, in situ approach for promoting attenuation of residually entrapped and 

dissolved-phase mass.  This concept involved physical removal of LNAPL and dissolved-phase mass by 

an aggressive mDPE approach for recovery of the free or mobile petroleum fraction. Following free-phase 

recovery, continued use of mDPE was simultaneously employed to further recover contaminant mass 

(dissolved-phase) and to maximize in situ emplacement of remedial amendment, an injectable carbon 

combined with chemical oxidants and oxygen-generating compounds. Over this 1-acre site, 48 extraction 

points were utilized with 167 surrounding injection points in a systematic grid fashion. Vacuum with mDPE 

was achieved at extraction points concurrently and just beyond the typical radius of influence for a given 

injection point. During extraction, amendment was injected and evenly distributed throughout the treatment 

area. The placement of injection and extraction points was designed and field adjusted to achieve hydraulic 

capture and control. Results will be provided to illustrate study performance of this combined, accelerated 

cleanup, as well as the green and sustainable metrics (calculated via Sitewise™) of this treatment versus 

alternate approaches. 
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In Situ Thermal Remediation (ISTR) of Emerging Contaminants 

Emily Crownover and Daniel Oberle  

Emerging contaminants, such as 1,4-dioxane and per- and polyfluoroalkyl substances (PFAS), resist in situ 

treatment by conventional advective flow-based technologies. Effective remediation is limited to expensive, 

ex situ treatment by advanced chemical oxidation or filtration. Recent laboratory bench testing shows 

significant concentration reductions in PFAS concentrations in source contamination soil. Additionally, 

concentrations of 1,4-dioxane in groundwater were recently observed at two ISTR projects where heating 

was used for treatment of chlorinated solvents in groundwater. 

Recent bench testing evaluated the effects of 1,4-dioxane treatment by steam stripping and PFAS treatment 

by volatilization. The tests showed that the vapor-liquid equilibrium mass fraction ratios of 1,4-dioxane to 

water increase substantially as the system approaches the boiling point of water. The mass fraction of 1,4-

dioxane in steam produced during ISTR is an order of magnitude higher than in the water being boiled. 

When the steam and 1,4-dioxane vapors are combined with sufficient air, the bulk of the 1,4-dioxane 

remains in the vapor phase where it can be readily treated using vapor phase activated carbon. 

The PFAS tests showed that the boiling point temperature of most PFAS substances is less than 200°C. 

The testing drove temperatures of the PFAS to levels where they exhibited elevated vapor pressures, which 

allowed effective removal from the soil by volatilization. A vapor collection system collected the volatilized 

PFAS and condensed the steam and PFAS vapors into a concentrated PFAS solution for disposal. A similar 

approach of heating for volatilization, vapor collection, and PFAS condensation would be utilized in a full-

scale field application of ISTR for PFAS reduction in a vadose zone or slowly recharging saturated zone 

source. 

Recent results from PFAS bench tests will be shared, with lessons learned from full-scale field applications 

using ISTR of 1,4-dioxane, and thorough analysis of ISTR with these difficult emerging contaminants. 
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ENVIRO.wiki – Tech Transfer in the 21st Century 

Ed Alperin and Robert Borden 

Background/Objectives: Extensive research over the past 30 years has greatly improved our 

understanding of groundwater remediation. While the results of this work are readily accessible to 

industry experts and academics, much of this information has not percolated down to the people that 

actually manage, regulate, and implement projects. This has significantly reduced the benefits of this 

research and increased the costs of managing environmental liabilities, especially at sites where 

contamination will persist for a significant period of time after an initial remedy is selected. New 

approaches are needed to communicate this information to users in a timely and easily accessible 

manner. 

Approach/Activities: The Environmental Restoration (ER) Wiki, developed by ESTCP, is being 

expanded and renamed (www.ENVIRO.wiki) to provide more readily accessible, current information on 

environmental restoration and other important environmental topics. The overall format is similar to 

Wikipedia with short ‘encyclopedia’-type summaries of current information, technical challenges, and 

extensive links to reports and project summaries of research funded by SERDP, ESTCP, and others. 

Each page is prepared by internationally recognized experts from academia and industry and subject to 

an extensive review for accuracy and completeness. Existing and upcoming topics include: 

A. Environmental Restoration 

1. Contaminants (hydrocarbons, CVOCs, metals, energetics, PFSs, NDMA, 14D, NAPL)

2. Subsurface transport and attenuation (physical, chemical, and biological processes)

3. Characterization and monitoring (DPT, geophysics, LTM, MBTs, CSIA)

4. Remediation (SVE, sparging, P&T, thermal, ISCO, ISCR, bio, phyto, ZVI)

5. Monitored natural attenuation (NSZD, solvents, abiotic processes)

6. Energetics (deposition, toxicology, sampling, treatment)

7. Sediments (capping, dredging, risk, sustainability, life cycle analysis)

8. Regulatory issues (alternative endpoints, mass flux, risk, modeling, sustainability)

B. Energy, Water, and Infrastructure Management (NEW!!!) 

1. Regulatory issues

2. Water supply and wastewater treatment

3. Natural resources

4. Climate change resilience
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A Historical Perspective on Use of Induced Fractures in Various Geologic 
Settings 

Drew Baird, William Slack, and Doug Knight 

Tools and methods required to create fractures vary depending on the drilling method required to reach a 

target treatment zone and characteristics of the target formation. Shallow target zones are commonly 

reached with direct push technology drilling methods and utilize hydraulic fracturing methods that have 

been field-proven over a period of nearly 30 years. Deep target zones or target zones in dense, tough 

overburden or competent bedrock require more robust tools and methods that direct greater energy to the 

formation. Three projects highlight injection methods, fracture form, and applied use of induced fractures. 

The first site, a trichloroethene source zone in glacial clay till, utilized DPT drilling and jet injection 

methods to create horizontal fractures filled with zero valent iron. Samples collected 18 months after 

injection indicated an 84% reduction in TCE mass in the source zone and 67% reduction in TCE mass 

flux in groundwater. The second site is a manufacturing facility in northeast Connecticut where sand-filled 

fractures were used to enhance recovery of TCE from fine-grained glacial till using dual-phase extraction. 

The dense till required injection through dedicated wells and more robust tools and methods than those 

created in DPT borings. Multiple lines of evidence (e.g., drawdown, vapor pressure, vapor discharge) 

highlight performance improvements in fracture-enhanced recovery wells compared to conventional wells. 

The third site illustrates creation and use of fractures in fresh granodiorite bedrock to treat TCE at a 

former manufacturing site. Open-hole bedrock wells were used to create 102 new fractures with a 

horizontal attitude that created an interconnected, lattice-like fracture network that was used to deliver 

2,860 gallons of emulsified vegetable oil to the target zone. The phased approach to the work resulted in 

28% cost savings during Phase 2 and 58% cost savings in Phase 3 compared to Phase 1.  
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Advances in Oil Spill Forensics Using Biomarkers and Isotope Ratio Technique 

Harry Behzadi 

Determination of parties liable or guilty in order to recover costs of the cleanup and remediation has 

grown dramatically in last decade, and environmental forensics has emerged as a discipline directed 

toward this goal. Traditionally, these studies have been addressed through utilization of techniques such 

as gas chromatography (GC) and gas chromatography–mass spectrometry (GC-MS). Biomarkers play a 

very important role in characterization and source identification in environmental forensic investigations of 

oil spills. Biological markers, or biomarkers, are one of the most important hydrocarbon groups in 

petroleum for chemical fingerprinting. Relative to other hydrocarbon groups in oil such as alkanes and 

most aromatic compounds, biomarkers are more degradation-resistant in the environment. 

In recent years, stable isotopes, primarily determined through the use of combined gas chromatography –

isotope ratio mass spectrometry (GC-C-IRMS), have emerged as an equally important tool in 

environmental forensics. The combined approach of using biomarkers and isotope ratio can lead to 

accuracy and confidence of the forensic conclusion of the results. As we will see in the presentation, in 

some cases the CG-C-IRMS could be the only possible technique for identification. Depending on the 

samples, GC-C-IRMS can be the only reliable technique for fingerprinting due to lack of biomarkers. 
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Safeguarding and Protecting Power Plants from Cyber Threats 

Evan Bowley 

As the global infrastructure within the energy sector is growing with more advanced technologies 

becoming the industry standard, the need for security is a significant issue at the forefront. With our 

reliance on coal and oil slowly dwindling, our advancements in renewable energy and new technology are 

having to rely on the current standard of internet and digital communications. Everything from data and 

system control centers to research and development is intertwined with the internet. However, with the 

ease of use and accessibility of the internet, numerous vulnerabilities are present. Nearly the entire global 

population is tied to electricity and power grids, yet the widespread availability can also pose threats and 

shortcomings. In the case of the 2003 Blackout in the northeast sector of the United States, the main 

cause was found to be a software bug in an alarm system. The bug itself led to numerous failures along 

the entire electrical grid and resulted in severe consequences. 

With today’s growing energy demands, the need for more facilities and more supply is becoming vital in 

day-to-day operations across the globe. In addition, the battle against cyber-crime and other related 

threats is a constant motivator to increase efforts in target hardening and cybersecurity. From what the 

world has seen in regard to attacks against individuals, corporations, hospitals, and government 

agencies, the main question remains; when will the next major cyber-attack occur and where or who will it 

hit? As power plants and energy facilities are becoming more abundant in this modern era of computing 

and technology, the possibility of another, more severe blackout is a growing concern. By ensuring the 

security of the major energy infrastructure worldwide, the security of every other connected system (i.e. 

healthcare systems, critical government facilities, etc.) can be managed efficiently and correctly. This 

paper will focus on answering the question of whether or not the current energy sector is adequately 

protected against cyber-attacks? Research included will draw from academic journals, scholarly articles, 

interviews with industry experts, and analyses of current terms and industry standards. This paper will 

highlight any issues the energy sector is facing regarding cyber security and possibly detect potential 

problems to the advancement of the sector’s defense abilities. 
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Hyperspectral Imaging of Hybrid Poplar Leaves for the Detection of 
Trichloroethylene Contamination 

Sarah K. Caltabiano and Lee Newman 

Trichloroethylene (TCE) has been used by industry and the government as an industrial solvent and 

degreaser. Because of its widespread use and indiscriminate disposal, it is a ubiquitous groundwater 

pollutant found underneath Superfund sites, dry cleaning establishments, and automotive shops. TCE 

has recently been listed as a carcinogen, and has long been known to be a nephrotoxin, and a hepatoxin. 

Determining the presence of TCE in ground water is critical for mitigating this harmful pollutant. However, 

traditional methods of detection are time consuming, destructive and expensive. Hyperspectral imaging 

has been previously used to characterize and identify plant stress in agricultural settings where the 

technology has been used to identify small changes in the wavelength of leaf reflectance under different 

environmental conditions. This project aims to refine the characterization of leaf reflectance of 

hybrid Populus trees exposed to different concentrations of TCE under low fertilizer, acute drought, and 

chronic drought treatments, to ensure the ability to accurately identify and locate TCE in the environment.  

Sarah K. Caltabiano, SUNY College Of Environmental Science and Forestry, 1 Forestry Drive, Syracuse, 
New York, 13210, United States, skcaltab@syr.edu 

Lee Newman, SUNY - College of Environmental Science and Forestry, Dept. Environmental and Forest 
Biology, Syracuse, NY, 13210, United States, Tel: 315-470-4937, lanewman@esf.edu 

Presenting Author: Sarah K. Caltabiano 

183



A Green BMP for Mitigation of Metals in Stormwater: Greenhouse Panel Study 

Chuxiao Chen, Dibyendu Sarkar, Virinder Sidhu, Tanmoy Karak, and Rupali Datta 

Stormwater runoff is a major source of metals in surface waters in urban areas. Contamination of surface 

waters by metals is a major problem due to their accumulation, non-degradability and toxicity; the 

problem is more acute in urban coastal waters. The goal of this project is to develop “green” and 

inexpensive stormwater Best Management Practice (BMP) to reduce stormwater-induced metal loads in 

surface waters. To achieve this goal, a greenhouse panel study was conducted under controlled 

environmental conditions. We utilized a locally-generated waste material (aluminum-based drinking water 

treatment residuals, or Al-WTR), a high biomass metal-accumulating, non-native grass, 

vetiver (Chrysopogon zizanioides), a non-accumulator native grass, switchgrass (Panicum virgatum), and 

a common grass to study stormwater-induced metal (Cu, Zn, Pb) retention and uptake. Soil collected from 

a field site in Toms River, NJ was amended with Al-WTR in wooden panels (4 ft long x 3ft wide x 1 ft deep 

with a 10odownward slope) at rates of 0 (control) and 10% wt/wt. The panelswere leached monthly for 5 

months with stormwater spiked with exaggerated levels of Cu (6.36 mg/L), Pb (8.16 mg/L), Zn (11.70 

mg/L). Leachates and surface runoff samples were analyzed for Cu, Pb, Zn. Surface runoff samples were 

also analyzed for turbidity and total suspended solids (TSS) as indicators for soil erosion 

control. Concentration of metals (Cu, Zn and Pb) in leachates and surface runoff decreased with Al-WTR 

amendment and vetiver as compared to control (no Al-WTR/plants). Vetiver significantly lowered soil 

erosion in surface runoff compared to control. Data obtained from the greenhouse study paved the way 

for an ongoing demonstration study under field conditions where wooden panels with Al-WTR-amended 

soils with and without vetiver cover are being used for removal of stormwater-borne metals and erosion 

control under natural, uncontrolled environmental conditions. 

Key words: Stormwater, Metals Removal, Drinking Water Treatment Residuals, Vetiver Grass, Erosion 

Control 
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Considerations When Using Rotosonic Drilling Methods to Core Bedrock 

Dariusz Chlebica, David Adilman, Joseph Jeray, Bruce Thompson, Jessie McCusker, 
Nathan Hunt, and John Hunt  

Quality rock cores can be crucial for estimating the rock quality designation, identifying changes in lithology, 

and locating water-bearing fractures to guide monitoring well screen placement. We compared rotosonic 

core results to conventional cores, optical and acoustic televiewer, and caliper logs to assess the degree 

of data loss that can be attributed to core quality. Rotosonic drilling methods can be used to core a variety 

of rock formations. Depending on the strata, the rotosonic drilling rig operator adjusts the sonic vibration 

frequency to maximize penetration rates and competent core recovery. In soft rock formations, rotosonic 

methods may not produce high-quality cores because the resonance can lead to rounding of core edges 

and shearing of fracture surfaces. In some hard rock types, rotosonic coring may produce a lower-quality 

core than conventional coring because the need for increased rotation speed and slower penetration rates 

subject the core to prolonged vibrations and grinding resulting from resonance and rotation of the sonic 

core barrel. To evaluate drilling efficiency and core quality, we compared results from two New England 

sites where rotosonic and conventional rock coring techniques were used. We found that due to the contrast 

between the brittle nature of the matrix and hardness of the clasts in Dighton Conglomerate of southeastern 

Massachusetts, rotosonic drilling in this setting produced low-quality rock cores. Rotosonic cores collected 

from the Nashoba Gneiss Formation of east-central Massachusetts frequently developed excess 

mechanical breaks resulting in artificial fragments several inches long and showed signs of grinding within 

the core barrel. The observations of the quality of rock cores obtained by sonic drilling reveal that while 

sonic methods can efficiently penetrate boulders and a variety of rock formations, high-speed conventional 

coring methods provide better-quality rock cores for evaluating rock quality designation and the in-situ 

characteristics of natural water-bearing fractures. 
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Quantifying the Effects of a Therapeutic Horticulture Program on Veterans in 
Central New York 

Daniel Collins and Lee Newman 

Therapeutic horticulture, which is the use of plants and garden-based activities to promote health and 

mental wellness, is a relatively low-cost, easy to implement form of recreation that can double as a 

therapeutic program. The practice is based in theories such as Wilson’s Biophilia Hypothesis and Kaplan 

and Kaplan’s Attention Restoration Theory. Therapeutic horticulture can also be a subset of green 

exercise, which is a field that is gaining popularity both in practice and research, and “shinrin-yoku” which 

is a term coined in Japan by the Ministry of Agriculture, Forestry and Fisheries in the 1980s which means 

“forest bathing”. The health benefits of horticulture have been recognized in the United States since the 

late 18th century, and grew in popularity after WWII with the return of veterans from the war. Since then, 

organizations like the American Horticultural Therapy Association have promoted its use as a treatment 

modality, research into the benefits to participants, and advocacy for professional registration of 

horticultural therapists. In the spring of 2013, a therapeutic horticulture program was started by faculty 

and students at the SUNY College of Environmental Science and Forestry, with sites at facilities like the 

Syracuse Veterans Affairs Medical Center, a memory-care nursing home, a non-profit community 

veterans’ organization, and a nursing home with facilities including low-income, senior housing, assisted 

living, dementia care, and adult day care. 
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Remediation of Acid Mine Drainage-Impacted Waters Using Vetiver Grass in a 
Long-Term Mesocosm Experiment 

Jeffrey Kiiskila, Rupali Datta, Dibyendu Sarkar, Saumik Panja, and Shivendra Sahi 

Mining activities can lead to acid mine drainage (AMD), a sulfuric discharge with low pH that contains a 

variety of metals, and orange-yellow particulates from metal hydroxide precipitation. AMD may 

contaminate surface and groundwater, imposing risks from metal toxicity and physical stress. Moreover, 

metals may spread through bioaccumulations and biomagnification. Treatment methods for AMD include 

chemical or passive biological treatments that are often non-sustainable, requiring continuous 

maintenance and material input. Our objective is to develop an alternative, cost efficient and sustainable 

floating treatment wetland (FTW) using vetiver grass (Chrysopogon zizanioides) for AMD treatment. 

AMD-impacted water from the Tab-Simco mining site of southern Illinois has low pH (2 to 3) with elevated 

sulfate and metals. Presented here are the results of a year-long mesocosm experiment to determine the 

effectiveness of vetiver FTWs to remediate AMD-impacted water. AMD was used directly as well as after 

filtration through a plug-filter containing recycled material, which removed the majority of metals. 

Acclimated vetiver were placed on rafts and suspended in 378.5-liter containers filled with 170 liters of 

unfiltered or filtered AMD. There was high net removal of sulfate (28%), Fe (81%) and Pb (81%) with 

lower removal of Ni (38%), Zn (35%), Mn (27%), Cr (21%), Al (11%) and Cu (8.0%). Vetiver accumulated 

17,300 µg Fe g-1, 3405 µg Al g-1, 1080 µg Mn g-1, 113 µg Zn g-1, 62.3 µg Cr g-1, 41.2 µg Ni g-1, 24.6 µg Cu 

g-1, and 5.37 µg Pb g-1. Most metals were accumulated along the root surface as iron plaques, whereas 

Mn and Zn showed greater translocation to the shoots. Despite metal accumulations, TCLP revealed that 

vetiver biomass did not qualify as hazardous waste. This experiment demonstrates that vetiver can 

effectively remediate larger volumes of AMD-impacted water over an extended period. 
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Hormetic Dose Responses Are Commonly Induced by Perflouroalkyl Acids 
(PFAAs) 

Edward Calabrese, Rachna Kapoor, and Gaurav Dhawan 

Regulatory agency risk assessment practices assume that the nature of the dose response in the low 

dose zone follows either a threshold or a linear dose response depending on the endpoint.  However, the 

hormetic dose response is widely reported in the toxicological literature, being highly generalizable and 

independent of biological model, endpoint, inducing agent, and mechanism.  The presentation represents 

the first integrated assessment of hormesis in the biological, biomedical, and toxicological literature for 

perfluoroalkyl acids (PFAs).  This analysis reveals that PFA-induced hormetic effects are very 

widespread, affecting environmental receptors (e.g., micro-organisms, plants, invertebrates, and 

vertebrates), and biological models typically used for human risk assessment as well as with human 

data.  These findings are sufficiently common that regulatory agencies can no longer ignore or dismiss 

the incorporation of such hormetic findings and its model applications into the hazard and risk 

assessment process. 
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Hormesis Findings Affect Perfluoroalkyl (PFA) Agents Risk Assessment 

Edward Calabrese, Rachna Kapoor, and Gaurav Dhawan 

Numerous toxicological studies with a very broad spectrum of perflouroalkyl (PFA) agents show the 

occurrence of hormetic dose responses.  These findings have relevance for both ecological and human 

risk assessment.  The presentation will demonstrate how the concept of hormesis may affect the hazard 

assessment process (e.g., study design, statistical power, selection of biological models, and endpoints 

measured) and the risk assessment process for both non-carcinogens and carcinogenic agents.  These 

processes will be applied to the evaluation of PFA for ecological and human risk assessment based on 

data from key publications that have the potential to drive the risk assessment process for this class of 

environmental contaminants. 
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Chemical Oxidation of PFAS: Insight into Applying Demonstrated Technology for 
a Recalcitrant Compound Class  

Paul Dombrowski, Prasad Kakarla, Yan Chin, William Caldicott, Dora Chiang, and 
Venus Sadeghi  

Per- and polyfluoroalkyl substances (PFAS) are a class of compounds used in diverse 

applications.  These emerging contaminants have unique properties due to carbon-fluorine bonds, which 

are some of the strongest bonds in chemistry. High energy is required to break these bonds, which 

results in PFAS being recalcitrant to many degradation processes. Many technologies that have shown 

effectiveness for PFAS cannot be implemented in-situ.  

Chemical oxidation is a demonstrated technology for in-situ treatment of a wide range of organic 

environmental contaminants. An overview of relevant literature was performed evaluating the use of 

single or combined reagent chemical oxidation processes to offer insight into chemistries potentially 

capable of PFAS degradation. Based on the observations and results of these studies, bench-scale 

treatability tests were designed and performed to establish optimal conditions for the formation of specific 

free radical species, including superoxide and sulfate radicals, via various combinations of oxidants, 

catalysts, pH buffers, and heat to assess PFAS treatment by chemical oxidants. 

The bench-scale tests utilized field-collected samples from a firefighter training area. Much of the 

available data related to chemical oxidation has only been reported for two commonly discussed PFAS 

(PFOA or PFOS). This treatability study evaluates oxidation of a diverse list of PFAS analytes.  

This study and published literature conclude that heat-activated persulfate is the oxidation method with 

the best degradation of PFAS.  Limited reduction of reported PFAS concentrations in this study was 

observed in many oxidation reactors; however, unknown mass of PFAS (such as precursors of 

perfluoroalkyl acids) that cannot be identified in a field-collected sample complicated quantification of how 

much oxidative destruction of PFAS occurred.  Bringing together the results from the reactors tested in 

this study with the published results, chemical oxidation for treatment of PFAS will require a careful 

balance of free radicals, reaction kinetics, and radical scavengers. 
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Integrating Undergraduate Research Across Disciplines via Trace Metal Analysis 
Projects 

John Duggan 

This paper describes a program initiated to promote interdisciplinary undergraduate research at 

Wentworth Institute of Technology through a shared interest across many areas of study, i.e., the 

measurement of trace metals in environmental and other matrices. In the context of this program, “trace 

metals” refers to levels in the part per million (and below) concentration range. The identification, 

measurement and control of trace metals in environmental and other media (including soil, water, 

electronics, pharmaceuticals, ceramics, food, art supplies, etc.) is a concern when public health and 

safety, QA/QC and/or materials performance is affected. While individual interests in trace metals vary 

widely based on the metal(s) of interest, concentration range and matrix of concern (solid, liquid or air), 

the fundamental methods of analyzing metals are frequently very similar. In this program, students and 

faculty from multiple disciplines learn principles and methods of metals analysis and work together on a 

wide range of trace metal research projects. The program is being conducted with support from a 

National Science Foundation Major Research Instrumentation grant. This paper both summarizes the 

projects conducted and describes the challenges and opportunities experienced over the course of the 

program with the intent of exchanging ideas and successful approaches to collaborative interdisciplinary 

undergraduate research. 
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Aeration as a Possible Remediation Strategy for Internal Phosphorus Release in 
Lake Carmi, Burlington, Vermont  

Mallory Dutil 

Lake Carmi is located in Franklin County, VT. It has been polluted by phosphorus for more than a 

century, causing cultural eutrophication. The lake experiences cyanobacteria outbreaks yearly and in 

2017, the lake was closed for recreation for several weeks due to the algae bloom. Aeration is a 

technique used to de-stratify the lake, mimicking an overturn, which creates a more oxygenated 

hypolimnion. A well-oxygenated hypolimnion will prevent the internal release of phosphorus by forming a 

microlayer of oxides over the sediment-water interface. Data collected by the state over the course of 

several years shows the phosphorus levels rising in late summer, which is likely a larger contributor to the 

yearly algae blooms. In 1994, there is a clear seasonal change near the end of summer in July and 

August with an increase in total phosphorus, over 100 ug/L (Agency of Natural Resources, 2017). This 

increase is expected and is due to the buildup of phosphorus in the bottom of the stratified lake over the 

summer and gives a signal for internal release. In 2006, the data shows a trend of low amounts of 

phosphorus with high dissolved oxygen suggesting internal release (Agency of Natural Resources, 2017). 

Since the data supports an internal release of phosphorus, aeration could be a viable remediation 

strategy to help reduce the algae blooms in the lake. Included on the poster will be implementation 

strategies the State of Vermont has in plan for Lake Carmi. 

Reference: 

Agency of Natural Resources, Department of Environmental Conservation: Lake Carmi: 

http://dec.vermont.gov/watershed/cwi/restoring/carmi (accessed November 2017). 
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A Sustainable Remediation Project Utilizing the New Decision-Making Software 
Guided Interactive Statistical Decision Tools (GiSdT) 

Aharon Fleury, Tom Stockton, and Paul Black 

Guided Interactive Statistical Decision Tools (GiSdT) implements a value-focused approach to structured 

decision-making with an emphasis on stakeholder involvement. GiSdT combines value-focused thinking 

with Bayesian decision analysis to provide a quantitative framework whereby all aspects of a decision 

problem can be addressed quantitatively, and hence, defensibly, transparently, and traceably. The goal of 

GiSdT is to provide access to useful or usable methods and approaches for solving complex decision 

problems. Most decision-makers do not currently have that access when presented with choices that 

have significant impacts across all three pillars of sustainability. GiSdT provides an effective and user-

friendly interface to decision methods and approaches that empower decision-makers to explicitly and 

routinely incorporate all aspects of problem solving into their decision-making. To identify and develop 

these methods and approaches, GiSdT provides the tools needed for decision-makers and stakeholders 

to understand and characterize their knowledge of their current decision-making processes, and what 

methods and approaches they need to proactively and quantitatively address all aspects of sustainability 

in their decisions. GiSdT is an open source web application that provides the tools needed to address the 

relevant components of a sustainability-based decision problem, including describing the decision 

landscape, translating that landscape into goals and objectives, valuing the measureable attributes that 

describe each objective, identifying decision options, and addressing the uncertainty in the impact of 

options (e.g., institutional controls) on  attributes (e.g., human health risk) through appropriate 

probabilistic models using Bayesian Networks. In addition to addressing these quantitative technical 

components, the GiSdT program is aimed at facilitating stakeholder involvement so that the perspectives, 

values, and objectives of all relevant stakeholders are addressed explicitly in the decision-making 

process. Here we present a recent project focusing on sustainable remediation utilizing GiSdT in the 

decision-making process. 
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A Probabilistic Approach for Determining Risk-Based Exposure Concentrations 
for Trichloroethylene (TCE) 

Norman Forsberg, Brian Magee, and Shawn Sager 

Risk-based exposure concentrations (RBECs) are indispensable tools for quantifying the safety of 

chemical exposures and informing decisions related to exposure mitigation and environmental 

remediation. Typically, RBECs are calculated using deterministic methods that rely on point estimates as 

inputs for no-effect levels, uncertainty factors (UFs) that allow extrapolation to human exposure scenarios 

and account for uncertainties in toxicological information, and predefined allowable risk levels. However, 

the point estimates used to calculate RBECs are specifically designed to be conservative estimates. 

When combined, the use of these inputs leads to a phenomenon termed “compounded conservatism.” 

The consequence of this phenomenon is RBECs that likely overestimate potential risks associated with 

human exposure to chemicals. Probabilistic risk assessment (PRA) approaches have been used in risk 

assessment successfully to evaluate exposures, but less frequently to determine RBECs. This 

presentation will demonstrate how PRA can be used to calculate RBECs, using trichloroethylene (TCE) 

as an example. The evaluation will focus specifically on TCE’s non-carcinogenic effects as they relate to 

its short-term action levels and will incorporate the variability and uncertainties associated with dose-

response modeling, physiologically-based pharmacokinetic modeling, assignment of UFs, and the choice 

of allowable risk level. 
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Modeling of Dredged Sediment Plume for a Large Sediment Remediation Project 

Matt Graham 

During Stage 2 of a large Sediment Remediation Project located on Lake Ontario, Canada, in order to 

properly monitor any sediment plumes from the dredge, it is important to know the direction of the 

dominant current based on the prevailing wind direction.  It is not a unidirectional river nor can we assume 

that generated current follows wind.  The water current patterns in the remediation area with the in-water 

construction of an Engineered Containment Facility (ECF) and other associated docks are likely 

complex.  This study will provide verified 3-dimensional flow conditions in the areas to be dredged with 

the ECF in place under real and specified wind conditions. It will also provide sediment plume traveling 

patterns under various flow conditions (created by varying winds) and provide the necessary details to 

more accurately monitor dredge plumes of suspended sediments. 
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Statistical Tools for Developing Monitored Natural Attenuation Evidence – 
Beyond Time-Series Plots 

Sunila Gupta and Arun Kammari 

For any chlorinated solvent site, it is highly likely that Monitored Natural Attenuation (MNA) will be a 

component of the path towards closure for the site, and will require review and approval of the regulatory 

agency.  As many practitioners can attest to, simple time-series plots and basic trend analyses for each 

individual well just do not provide sufficient and conclusive evidence of decreasing and/or stable trends 

for a chlorinated solvent site.  Variation in data can be related to seasonal fluctuations, asymptotic 

behavior of low dissolved concentrations, sampling and laboratory process(es), plume dynamics, impact 

related to remediation activities; all these factors complicate the evaluation of viability of MNA as path 

forward. The presentation of the data analyses and developing a robust case for MNA that includes Line 

of Evidence (LOE) evaluation in the regulatory report is another challenge which requires attention. The 

presentation will discuss case studies of MNA evaluation of chlorinated solvent sites, with varying 

degrees of residual concentrations, site setting, active remedial actions, and source control 

measures.  Robust data analyses were conducted to develop contaminant data distribution, plume 

stability, and plume dynamics for the source and the tail.  Trend analyses were strengthened by 

correcting for data variability using statistical methodologies.  Site-wide analyses to establish evidence of 

a shrinking plume while also meeting the regulatory agency’s requirement for individual monitor well 

analyses were an important part of the overall approach.  Data collection and analyses for the secondary 

and tertiary lines of evidence were conducted well in advance to support and strengthen the conclusion 

about validity of MNA as path forward for closure.  Data presentation for regulatory reporting was key to 

effectively communicate the viability of MNA including prediction for future behavior of the plume.  
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ERH Remediation of Chlorinated VOCs in Shale Bedrock at Rutgers University 
Campus 

Sunila Gupta 

Electrical resistance heating (ERH) was implemented at the Rutgers State University, New Jersey 

campus, under challenging geologic and logistic constraints.  Past bedrock remediations have combined 

treating overburden soils with the underlying bedrock matrix. Due to the lithology of this site and the depth 

of contamination, the ERH treatment interval extended as deep as 30 feet into the shale bedrock and the 

treatment volume consisted entirely of weathered shale bedrock. Tetrachloroethylene (PCE) was the 

contaminant of concern at the highest groundwater concentrations with baseline concentrations 

exceeding the water solubility limits for PCE. The remedial design and depth considered the larger 

dissolved groundwater plume to focus ERH implementation on targeted source area volume.  Active 

roadways were on three sides of the treatment area with a maintenance garage on the fourth side. Active 

utilities exist within and surrounding the ERH treatment area including sewer, electrical, natural gas, and 

multiple fiber optic lines. Utility vaults are also present within the ERH treatment area. A cooling system 

and sensors were installed to protect and monitor temperature sensitive locations including subsurface 

vaults and utilities to ensure that temperatures remained below each of the utility-specific limits. A portion 

of the treatment volume was beneath a building that remained active during the installation of the ERH 

system. Angled electrodes were installed to enable heating beneath the building and to avoid the large 

footprint of the utilities which remained active throughout operations. Due in part to the weathered nature 

of the shale bedrock at this site, subsurface heating achieved with ERH was highly effective, resulting in 

steaming conditions at the deepest bedrock treatment depths. Through continuous temperature 

monitoring and lessons learned by iterating process conditions of the protective cooling system, all 

utilities within and adjacent to the treatment volume remained active. The remediation achieved 99% 

PCE reduction. 
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Comparison of Chlorinated Solvent Dechlorination Rates Across Batch-, 
Laboratory-, and Pilot-Scales 

Jason Hnatko, Lurong Yang, Jack Elsey, Tian Tang, Masoud Arshadi, Kurt Pennell, 
John Christ, Natalie Capiro, and Linda Abriola  

Although bioremediation is a well-established remedy for groundwater contaminated with chlorinated 

solvents, using laboratory-measured dechlorination rates may result in overestimation of contaminant 

degradation and underestimation of contaminant clean-up times. To compare rates of microbial reduction 

dechlorination (MRD) in systems of increasing complexity, microcosm experiments, a 0.6m long x 0.38m 

high x 1.4m thick aquifer cell experiment, and a 1m long x 4m wide x 1m thick 

biostimulation/bioaugmentation field-scale pilot test were completed. The field test was performed at a 

trichloroethene (TCE)-contaminated Superfund site (Williston, VT) and soil and groundwater from the site 

were used in laboratory studies. Experiments were completed with the same commercially-available 

tetrachloroethene–to-ethene dechlorinating inoculum, KB-1® (SiREM), provided with lactate as electron 

donor. 

Effective dechlorination rates in the 2-D aquifer cell and 3-D pilot test were compared using a fully 

coupled flow, transport, and biodegradation numerical simulator. MRD was modeled using modified 

Monod kinetics accounting for limited election donor availability and daughter product inhibition. Modeling 

results reveal that applying microcosm-derived maximum substrate utilization rates (0.33, 0.08, and 0.21 

mmol/mg-cell-day, for the transformation of TCE to cis-1,2-dichloroethene (cis-DCE), cis-DCE to vinyl 

chloride (VC), and VC to ethene, respectively) did not yield good predictive agreement (108% relative 

error) with aquifer-cell observations of chlorinated ethene concentrations. An optimal fit was obtained 

(19% relative error) by reducing the maximum substrate utilization rate for cis-DCE to VC to 0.06 

mmol/mg-cell-day and by removing TCE and cis-DCE inhibition of VC transformation. Application of 

temperature-adjusted, aquifer-cell calibrated parameters to predict the in situ measurements of ethene 

and chlorinated ethene concentrations did not yield good agreement with field measurements due to the 

lack of a detailed knowledge of field soil heterogeneity. Coupling laboratory observations with numerical 

modeling demonstrated the importance of local heterogeneity and resultant system residence time on 

complete biotransformation of TCE to ethene 
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Modeling Oil Spills in Surface Water: New Approaches Using GNOME 

Matt Hodge and Kelly Smith 

The risk of an oil spill in surface water is present any time petroleum products are stored, transported, or 

used near a water body. Understanding the environmental impact of a potential oil spill is important in 

permitting new facilities, and oil spill trajectory modeling may be a required piece of that permitting. After 

an actual oil spill, trajectory modeling can be used to determine what natural resource damage is 

reasonably attributable to the oil spill. Access to oil spill trajectory modeling has been limited for a long 

time, the appropriate software either being extremely expensive or completely proprietary, but this is 

changing. The National Oceanic and Atmospheric Agency (NOAA) Office of Response and Restoration 

(ORR) Emergency Response Division (ERD) maintains a publicly available oil spill trajectory model called 

General NOAA Operational Modeling Environment (GNOME). The current version of GNOME does not 

include the capabilities necessary to be a useful tool in either permitting or natural resources damage 

assessments because related quantitative tools are not made available to the public, but NOAA ORR-

ERD is in the process of developing a new version of GNOME called PyGnome. PyGnome is an open-

source code package that provides access to core GNOME functionality. This access can support the 

development of additional code that can make PyGnome a useful tool in assessing both potential and 

actual oil spills and related environmental impacts.  We have worked with the development version of 

PyGnome to create a set of pre-processing and post-processing tools which allow us to conduct detailed 

assessments (e.g., trajectory, spill thickness, and shoreline oiling) and create powerful visual renderings 

of the trajectory and evolution of an oil spill. In our presentation we will discuss the technical foundations 

of oil spill trajectory modeling, common applications, regulatory relevance, and examples of our 

implementation of PyGnome. 
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A Calculation Method for Air Emissions from Large Areas of Contaminated Soil 

Katie Hoyt, Kate Graf, and Brian McNamara 

Contaminated soil storage piles and soil movement activities are potential sources of air emissions, 

particularly volatile organic compounds (VOC) and organic hazardous air pollutants (HAP).  To assess the 

potential environmental and health impacts of these sources, estimation of potential air emissions is 

needed, although not routine.  Geosyntec has developed a methodology to estimate these emissions and 

the potential impact on air quality and human exposure for several confidential projects.  This 

presentation will discuss the calculation methodology, which uses US EPA’s “EMSOFT: Exposure Model 

for Soil-Organic Fate and Transport” model (EMSOFT), and the implications of the resulting emissions.  

Organic chemicals contained in contaminated soil have the potential to volatilize from soil to air and 

become an air pollution concern.  The EMSOFT model was used to calculate the volatilization rate (or 

surface flux) of organic chemicals from the contaminated soil to the air based on parameters of the 

constituents identified in the soil and site-specific soil parameters.  The EMSOFT model was derived from 

the differential equation and boundary conditions that describe vertical transport of a chemical through a 

column of uniform soil.  Mass emission rates were calculated by applying the calculated surface flux to 

each source.  This allowed for the calculation of both site-wide and individual source emission rates.  

To establish potential pollutant concentrations at various receptor locations, the mass emission rates 

were incorporated into an AERMOD air dispersion model.  AERMOD is a steady-state Gaussian plume 

model that identifies air dispersion based on site-specific meteorological data and terrain data.  Resulting 

offsite concentrations were compared to the National Ambient Air Quality Standards and applicable state 

regulatory standards to assess the air quality impacts.  Onsite concentrations, resulting from additional 

modelling, were compared to established human exposure standards.  Mitigation measures for both 

onsite and offsite concentrations were evaluated to address potential areas of concern.  
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Evaluating the Heavy Metals Adsorption Capacity of Hemp 

Gautham Das, Katherine Asciutto, Phillip Curtsmith, Samantha DeVincentis, and 
Audrey Iodice  

Hemp (Cannabis sativa L.) was used to examine its capability as a renewable resource to decontaminate 

heavy metals. Determination of heavy metal content was carried out by means of atomic absorption 

spectroscopy (AAS). The goal of this research was to evaluate the attenuation capacity of hemp. The 

results revealed heavy metals accumulation; cadmium and chromium in hemp. The analysis consisted of 

comparing linear, Langmuir and Freundlich isotherms.  Langmuir isotherm resulted in the highest 

distribution coefficient (Kd) values of 5.6 L/g for Soil to Solution ratio of 1:10. Column testing results 

revealed that the concentrations of cadmium dropped from 1.0 to 0.3 mg/L within the first pore volume 

and by 15 pore volumes the concentration was close to zero mg/L. This indicated that hemp proved to be 

an effective adsorbent for the removal of cadmium ions in water. 
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Sea Level Rise and Flooding Impacts in Boston from the Historic “Bomb 
Cyclone” on January 4, 2018 

Anthony Julian and Owen Miles 

On January 4, 2018, Boston experienced historic flood levels, breaking its previous record for highest tide 

set during the Blizzard of 1978.  This massive winter nor’easter (referred to as a “bomb cyclone”) caused 

severe flooding damage to Boston’s waterfront districts, threatening approximately $80 billion dollars of 

commercial real estate and exemplifying how Boston will experience more frequent and intense flooding 

as climate change occurs.  Sea level rise and subsequent flooding presents one of the greatest climate 

change threats to Boston’s future.  By the year 2070, it is predicted with high probability that one-fifth of 

Boston’s land area will become inundated from the 1% annual flood event, and that Boston will 

experience economic loss of $1.39 billion dollars annually from climate change effects (these predictions 

are based on greenhouse emissions remaining at their current levels or being moderately reduced). The 

vulnerability that Boston faces to future flooding as our climate changes presents design considerations 

for today, if buildings and infrastructure are built to withstand these changes.  The presentation will focus 

on the impacts to sea level rise for Boston and show impacts from the recent bomb cyclone storm across 

Boston and how they relate to unique design considerations adopted for sea level rise. 
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Uptake of Perfluoroalkyl Substances PFOS and PFOA by Free-floating 
Hydrophytes Pistia stratiotes and Eichhornia crassipes 

Amalia Kenyon, Wenjun Cai, Jacky Wu, Jessica Masisak, Amanda Ludlow, and Lee 
Newman  

Per-and Polyfluoroalkyl substances (PFAS) are man-made industrial compounds that have emerged as 

contaminants of concern based on their ubiquitous global presence and potential risk to human health. As 

a result of their extremely strong carbon-fluorine bonds, they are persistent in the environment and very 

difficult to degrade. Due to these characteristics, PFAS have the potential to bioaccumulate in plants, 

animals, and humans and cause lasting detrimental environmental and health effects. Some PFAS were 

components in the manufacture of Aqueous Film Forming Foams used to extinguish hydrocarbon-fueled 

fires, stain-resistant textiles and carpets, non-stick cookware and many other applications. 

Perfluorooctanoic acid (PFOA) and perfluorooctanesulfunic acid (PFOS), two well-known PFAS, have 

become a focus of research after the discovery that they have contaminated private wells and public 

water supplies close to former industrial sites, oil refineries, and airports. Our research focuses on 

discovering whether or not the free-floating hydrophytes Pistia stratiotes and Eichhornia crassipes have 

the ability to take up PFOA and PFOS when they are grown in water contaminated with these 

substances. Our goal is to determine if the plants have the ability to take up and bioaccumulate these 

pollutants, and if so, where they store the substances, in the roots or shoot tissue. Plants were grown in 

spiked water for a period of seven days, with water samples taken on days 0, 1, 4, and 7. Water samples 

were analyzed to determine the concentration of PFOA and PFOS on each day, and plant tissue will be 

extracted and analyzed to determine the concentration of the substances in root and shoot tissue. Based 

on the results of our research, aquatic plants may become an important tool used in the phytoremediation 

of PFAS. 
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Soil Remediation via Thermally Enhanced Soil Vapor Extraction and 
Bioremediation at a Former Chemical Facility 

Justin King and Keith Cowan 

From 1910 to 1997, a chemical manufacturing company owned and operated a seven-acre facility (Site) 

located in New York. In 2004, all buildings and associated equipment were removed from the property. 

Due to a number of chemical spills during the facility’s operation, resulting in subsurface releases to the 

environment, the New York State Department of Environmental Conservation (NYSDEC) classified the 

Site under the State Superfund Program. The Site was split into two operable units: OU-1 (addressed 

potential migration of contamination groundwater off-site) and OU-2 (addressed contaminated Site soils). 

The focus of this presentation is OU-2.  

Through a number of subsurface investigations from 1984 to 2008 in OU-2, contaminants including a 

number of volatile organic compounds (VOCs) and semi-volatile organic compounds (SVOCs) were 

detected at depths ranging from 0 to 15 feet below ground surface (bgs). As a result of these 

investigations, in December 2010, a NYSDEC Record of Decision identified the proposed remedy for OU-

2 as thermally enhanced soil vapor extraction (TESVE). TESVE is a unique remediation technology that 

can remove high concentrations of VOCs through volatilization while using thermal conductive heating to 

maintain an average subsurface temperature of 35 degrees Celsius (°C) for the promotion of bacterial 

biodegradation of VOCs and SVOCs. 

This presentation will explore known contaminants located in OU-2 prior to system installation, describe 

how the current TESVE system is operated, outline how field data is utilized, and relate current 

contaminant mass removal results to the original 2012 pre-design estimate. The presentation will also 

focus on the effects of temperature relative to the bioremediation component of the remedy. 
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Sustainable EDTA-Based Washing of Pb and Other Toxic Metals Contaminated 
Soils 

Domen Lestan, Neza Finzgar, and Marko Gerl 

A new report from the Centers for Disease Control and Prevention has found that 535,000 children 

between one and five years old in the U.S. have a minimum of 5 micrograms of Pb/L of blood. Arguments 

are being made not only to better educate people on the issue, but to invest money into cleaning up areas 

where the soil is proven to contain high levels of Pb. Our internationally patented soil remediation 

technology (US 9108233, US 2017/0100755A1, GB 1517757.9) is the single available option which 

efficiently removes Pb and other toxic metals (up to 95%) from contaminated soils, sediments, and 

military grounds; recycles reagent and process waters; generates no liquid wastes; produces no 

emissions; and preserves remediated soil as a plant substrate and natural resource. The technology 

features a novel reaction of alkaline substitution, precipitation, and adsorption of toxic metals on 

polysaccharides and chelant acidic precipitation for EDTA and process waters recycling. No wastewaters 

and minimal (0) into the soil slurry. Addition of Fe0 serves also to efficiently immobilize As and other oxy-

anion forming co-contaminants. Vegetable gardens based on our remediation possess fully restored soil 

quality, i.e., the continued capacity of soil to provide ecosystem services and function according to its 

inherent potential including safe-food production. Technology is demonstrated at TRL 6 in plant with 

capacity 6 tons/day (https://www.youtube.com/watch?v=r50LNFog-Hc&feature=youtu.be). Internal 

remediation cost estimate for 200 t/day remediation plant is 186 US$/t (chemicals and electricity, 

maintenance, amortization, and employee costs included). Cost-efficient, effective, green, and 

sustainable soil remediation technology for soils contaminated with Pb and other toxic metals is at hand. 
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Strict Ion-Exchange Modeling for Cation Selective Adsorption on Na-
Montmorillonite 

Yayu Li and Cristian Schulthess 

Various types of ion-exchange models have been developed to simulate cation adsorption in clay minerals. 

However, many complex assumptions and parameters are involved in most models. In this study, a strict 

ion-exchange model was developed to predict alkali cation (i.e. Cs+, K+, Na+, Li+) adsorption in Na-

montmorillonite. Cation adsorption envelopes and isotherms were conducted. Then strict ion-exchange 

model was built, which involves three basic assumptions: (1) all reactions are ion-exchange reactions; (2) 

all reactions follow mass balance, and (3) charge balance. An IExfit software (http://www.alfisol.com) was 

specifically developed for the strict ion-exchange model. The strict ion-exchange model simulated the cation 

adsorption on Na-montmorillonite (NaMt) very well. Two types of cation adsorption sites (site S1 and S2) 

were predicted from the model. The cation adsorption equilibrium constant K at site S1 was much higher 

than at S2 for all the cations. The cation adsorption equilibrium constant K increased in the sequence of 

Li+ < Na+ < K+ < Cs+ at both sites. The Na+ adsorption equilibrium constant K increased in the presence 

of other co-adsorbing alkali cations at both sites, and the enhancement effect followed the sequence Li+ < 

K+ < Cs+. This increase in Na+ adsorption strength can be explained by the nano-pore inner-sphere 

enhancement effect1, 2. X-ray diffraction analysis of the clay minerals showed that NaMt with Cs+ adsorbed 

had the smallest interlayer d001 spacing compared to other cations, which was consistent with the strong 

adsorption strength of Cs+. The interlayer d001 spacing suggested that all the cations were partially 

dehydrated in the interlayer and were probably adsorbed via an inner-sphere mechanism. This study 

showed that the strict ion-exchange model provides a feasible and efficient tool to simulate alkali cation 

adsorption on montmorillonite. Moreover, Na+ is a significant competitor in ion-exchange reactions in 

montmorillonite instead of an inert background electrode. The adsorption strength of Na+ is enhanced by 

the presence of other alkali cations as is qualified by the increase in its equilibrium constant K values. 
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Measuring Lead Concentrations in Urban Soils 

John Duggan, Jamie Littlefield, Sam Knowlton, and Erin Abraham 

The objective of this study was to determine the lead concentrations at an urban residential site in 

Boston.  The site was in the Mission Hill neighborhood adjacent to an area where urban fill had been 

deposited in the past.  Samples were taken at various depths.  Samples were digested with concentrated 

nitric acid and analyzed by graphite furnace atomic absorption. Results indicated elevated levels of lead 

at all depths.  All samples exceeded Method 1 S-1 MCP cleanup standards.  Based on these results, site 

use strategies were developed to minimize potential exposures to potential nearby receptors.  This work 

was supported by a National Science Foundation Major Research Instrumentation grant. 
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Occurrence and Removal of Controlled Substances in Conventional Wastewater 
Treatment Plants 

Jiayue Luo and Sheree Pagsuyoin 

In recent years, the consumption of illicit drugs has risen at an alarming rate and now exceeds 250 million 

people worldwide. Illicit drugs are potent psychoactive compounds; their inefficient removal during 

wastewater treatment raises concern over their potential ecological and public health impacts. In this 

study, we examine the removal of illicit drugs in three wastewater treatment plants of varying capacity (2-

350 MGD). Wastewater samples were collected from different locations within the plants, and target 

analytes (drugs and their metabolites) were extracted and analyzed in an LC-MS/MS. Most analytes were 

detected in the samples; however, there were differences in the relative concentrations of each analyte 

across the three plants. Generally, the analytes were still detectable in the effluents. These results 

provide some perspective on the removal of illicit drugs in conventional wastewater treatment, as well as 

on consumption patterns for these drugs in the WWTP service areas. 
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Public Engagement Toolkit for Environmental Assessment and Remedial 
Activities in Spanish Speaking Communities Across the United States 

Raimundo Matos and David Austin 

Understanding the importance of community engagement and public participation during the 

implementation of site assessment or remedial activities at communities that may speak languages other 

than English should be an integral part of the environmental consultant’s project preparation.  Community 

engagement by environmental practitioners becomes crucial when the environmental activities are 

conducted at residential properties occupied by owners or lessees that speak primarily a language other 

than English, and the practitioners are working on behalf of a third party/client. As a project planning tool, 

additional efforts should be made to ensure that the work being conducted is clearly understood by the 

English as a second language (ESL) speakers. This typically involves the translation of fact sheets, 

reports, and results, etc. In some cases, having bilingual staff meet with the residents to explain project 

activities and serve as a liaison between the project team and the community is required. 

The purpose of this is poster is to outline a toolkit that is designed to help environmental practitioners 

recognize the necessary community engagement steps that should be followed when implementing site 

assessment or remediation activities at ESL communities. The toolkit focuses primarily on Spanish-

speaking residential properties where site activities are conducted. The toolkit was developed by 

analyzing data generated from three different site assessment and remediation projects across the New 

England and New York region. All three projects were conducted at mostly Latino communities 

throughout a period of 1 to 8 years, and each project varied from 1 property to more than 50 

properties.  The method of analysis included a content analysis of documented phone and face-to-face 

interactions between the residents and the environmental practitioners prior, during, and after the 

completion of the above projects.  
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Using Plastic Bags in Roadways 

Gautham Das, Catarina Mendes, and Gabriela Kuran 

Mass production of plastics, which began just six decades ago, has accelerated so rapidly that it has 

created 8.3 billion metric tons, which exists mostly as disposable products that end up as trash. Adding 

flexible materials to strengthen tar roads is not a new idea. Commercially made polymer-modified 

asphalts first became popular in the 1970’s in Europe. Now, North America claims 35% of the global 

market. Modified asphalts are made from virgin polymers and sometimes crumb rubber (ground tires). 

They are highly versatile: Illinois uses them to build high-traffic truck roads, Washington State uses them 

for noise reduction and in rural Ontario they are used to prevent roads from cracking after a harsh winter. 

Polymerized asphalts also tend not to buckle in extreme heat the way conventional roads do – plastic 

roads will not melt unless the temperature goes beyond 66oC (150oF), compared to 50.2oC (122.5oF) for 

ordinary roads – and are frequently used on roads in the Middle East. The objective of the investigation 

was to characterize the leaching potential of plastics by conducting an acid digestion procedure and to 

evaluate the overall strength of pavement by using 6% plastic. The elemental compositions and total 

metal contents of the samples were measured by using an ICP–OES. The acid digestion comprised of 

mixture of nitric acid and Hydrofluoric acids tube. Results demonstrated that PVC bags leached Pb 

concentrations within permissible standards (ASTM F963); i.e., Pb in black LDPE (2.01 µg/L), White 

LDPE (2.21 µg/L) and brown LDPE (2.62 µg/L). As this was within permissible limits, it justified the use of 

plastics in roadways. Further testing will be conducted to evaluate the strength characteristics of plastics 

being used in roadways.  
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Assessing and Communicating Environmental Exposures and Risks at 
Brownfield Sites 

Michael Musso 

Communicating technical information associated with a contaminated waste site to a public audience of 

diverse stakeholders can be difficult. Add in the complex concepts that surround the presence of different 

types of chemicals and impacted environmental media of interest, interpreting environmental data and 

establishing risk-based remedial clean-up objectives, evaluating potential exposure pathways and 

sensitive receptors, input from government agencies and local decision makers, and evaluating potential 

risks, and a whole new set of circumstances (including opportunities) is presented. This presentation will 

discuss unique aspects of contaminated waste sites, the exposure and risk analyses conducted, and the 

approaches for risk communication. Two to three real project examples will be presented, describing 

different types of stakeholder involvement that shaped the nature of the site investigations, data 

presentations, remedial approaches and monitoring, site reuse, and monitoring "post 

development."  Observations on risk perceptions and the roles played by the media/social media will also 

be discussed. The presentation concludes with summaries of lessons learned and provides opportunity 

for attendees to interact and share experiences. 

Key words: brownfields, risk assessment (human health), risk communication 
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Field Performance of a Low-cost, “Green” Filter Media: Metals, Sediments, and 
Hydrocarbons Removal 

Sunhawach Na Nagara and Dibyendu Sarkar 

Stormwater runoff is a cocktail of many potential pollutants, including metals, and hydrocarbons that have 

serious effects on the environment, human health, and economy. Various best management practices 

(BMPs) have been prescribed to mitigate stormwater runoff quantity issues, primarily to prevent flooding. 

However, very few of them are capable of addressing water quality issues, such as metals, sediments, 

and hydrocarbon contamination. To address this problem, a “green” and inexpensive filter media was 

developed for use in geotextile bag catch basin inserts (CBIs) in stormwater drains. The media was 

tested in laboratory conditions followed by a field study where its effectiveness in removing TPH, 

sediments (measured as turbidity) and dissolved Cu, Pb, and Zn was assessed. Aluminum-based 

drinking water treatment residuals (Al-WTRs) were utilized as the primary component of the filter media 

that also had sand and granular carbon materials for permeability improvement to prevent potential 

ponding. In addition to its easy availability (2 megatons of WTRs are generated in the US on a daily 

basis) and zero procurement cost (WTRs are currently disposed of in landfills), the potential of Al-WTRs 

as effective sorbents of metals has been widely demonstrated due to its high specific surface and 

abundant reactive sorption sites. CBIs with filter media were emplaced in a busy parking lot in Brick 

Township, NJ in the Barnegat Bay watershed. During the 4-month study, representative influent and 

effluent samples were collected for 8 storm events, and analyzed for TPH, turbidity, and dissolved Cu, 

Pb, and Zn. CBIs with filter media removed significant amount of metals, turbidity, and TPH from the 

stormwater runoff. Further development of the media is currently undergoing, aiming to generate 

granulated Al-WTR, which can increase pollutant removal performance and negate the use of additional 

materials such as sand or granular carbon for permeability improvement. 
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The Role of Free-floating Macrophytes in Sequestration of E. coli in the Scantic 
River (CT) 

Kirsten Martin and Lucy Noble 

Each summer since 2015, several sites along the Scantic River (CT) have been monitored weekly 

for Escherichia coli levels.  High levels (over 575 cfus/100ml) have been recorded throughout the river, 

leading the CT Department of Energy and Environment to list the lower portion of the Scantic River on its 

list of impaired waterways.  One location, Somersville Mill Pond (Somers, CT), has consistently low levels 

of E.coli, despite high levels being recorded immediately upriver of the sampling location.  The mill pond 

has extensive free-floating vegetation mats.  Research in terrestrial systems suggests that specific types 

of vegetation have the ability to sequester E .coli  in root systems as well as other plant tissues.  The 

purpose of this study is to investigate the ability of free-floating macrophytes to sequester E.coli. Samples 

of river water and aquatic vegetation were collected weekly from 25 July 2018 to 26 September 

2018.  Water samples were processed using the IDEXX Colilert methodology.  Samples were incubated 

for 24 hours and viewed under a UV light.  The most probably number of E. coli colony forming units were 

determined from an MPN table. 
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Using Pilot Test Data for the Design of Active Sub-Slab Vapor Mitigation Systems 

Robert Roth, Andy Safulko, and Larry Page 

Environmental investigations at a former dry cleaning facility showed tetrachloroethylene (PCE) in sub-

slab soil vapor at two locations at 732 and 5,510 ug/m3, and trichloroethylene (TCE) at 3.6 and 23 ug/m3. 

Subsequent samples showed that the indoor air was impacted by both PCE and TCE. The building owner 

retained a consultant who recommended installing a sub-slab vapor mitigation system (VMS) using a ¼ 

hp radon fan. The building owner solicited a second opinion from Terracon which recommended a pilot 

study to collect building-specific data to support the design of the system. Convinced of this logic, the 

building owner retained Terracon. To develop VMS design parameters, a pilot test was conducted at the 

location of the former dry cleaning machine. The pilot test used one suction point and six sub-slab 

vacuum monitoring points (VMPs); three VMPs 10, 20, and 30 feet on one side of the suction point, and 

three VMPs 20, 40, and 50 feet on the other side of the suction point. The pilot test vacuum blower was 

operated at several flow rates and the sub-slab vacuum data were used to determine a radius of influence 

(ROI) for the pilot test operating conditions. A vacuum blower was then sized to affect an ROI needed to 

address the area of concern. Based on the results of the pilot study, the power required for the vacuum 

blower would be 5 hp, 20x greater than that proposed by others for a radon fan. A full-scale VMS was 

then designed and installed. Monitoring data show that the VMS has extracted the VOCs from beneath 

the slab to non-detectable concentrations of PCE and TCE, which demonstrates the importance of 

conducting a pilot test for data to support the rationale for a VMS so that a system can effectively remove 

the vapors of concern.   
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Phytoremediation of RDX: Mitigation of Munitions Waste with Transgenic Plants 

Nadia Podpora and Timothy Cary 

Decades of military activity on live-fire training ranges have resulted in the contamination of land and 

groundwater by recalcitrant high explosives, in particular, TNT and RDX. TNT and its transformation 

products are highly toxic, but these tend to bind strongly to clay and organic matter in soil and are largely 

contained at the site of contamination; however, RDX is a major concern, because of its high mobility 

through soils and subsequent contamination of groundwater-ter. RDX contamination on training ranges is 

now proving to be a significant threat to drinking water sources. Currently, there are no cost-effective 

processes to contain RDX or remediate large areas of contaminated vegetated land on training ranges. In 

our previous studies, we have genetically modified military relevant plants by inserting two genes into 

them to degrade RDX in soils. The objective of this project is to demonstrate and evaluate, through field 

scale testing, the ability of XplA and XplB expressing grasses to contain and degrade RDX from 

explosives-contaminated soil in situ. 

Nadia Podpora, SUNY College of Environmental Science and Forestry, 1 Forestry Drive, Syracuse, NY, 
13210, United States, napodpor@syr.edu 

Timothy Cary, ERDC-CRREL, 72 Lyme Road, Hanover, NH, 03755, United States, Tel: 603-646-4358, 
timothy.j.cary@usace.army.mil 

Presenting Author: Nadia Podpora 

221



ISCO Treatment in Acid Sulfate Soils 

Christa Bucior, Sophia Dore, Ryan Thomas, and Alan Weston 

Acid sulfate soils are naturally occurring soils that are formed under waterlogged conditions and contain iron 

sulfide minerals.  In an undisturbed state below the water table, acid sulfate soils are benign; however, if the 

soils are exposed to air, the sulfides react with oxygen to form sulfuric acid which can in turn release heavy 

metals from the soil.  

Acid sulfate soils that contain benzene, phenol, petroleum hydrocarbons, and ammonia are present at a 

gasworks site in Australia.  ISCO using sodium persulfate activated by sodium hydroxide (NaOH) was 

recommended to treat the contaminants; however, acid generation as a result of the oxidation of the soils was 

a concern.  Laboratory testing was recommended to assess amount of acid generation and determine its 

potential impact on ISCO treatment.       

A laboratory study was performed on site soil and groundwater using microcosms treated with varying doses 

of NaOH catalyzed sodium persulfate. The microcosms were allowed to react for a period of three 

weeks.  During the incubation period, the pH of the microcosms were monitored to assess acid generation. At 

the end of the incubation period, the microcosms were sampled and analyzed for VOC, phenol, petroleum 

hydrocarbons, ammonia, nitrate, nitrite, and Total Kjeldahl Nitrogen (TKN). 

The results of the ISCO testing showed that ISCO was an effective treatment for reducing the concentrations 

of the contaminants at the site.  The generation of acid from the soils was observed. The acid tended to 

neutralize the NaOH that was added to activate the sodium persulfate. The addition of a larger amount of 

NaOH than would usually be used was required to maintain activation.  The NaOH doses were approximately 

1.5 times greater than typical NaOH doses for activation of sodium persulfate. 

The design, performance, and results of the treatability study and recommendations for full-scale application 

will be discussed in this presentation. 
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Pretreatment and Carbon Configuration to Help Optimize Removal of 
Perflouroalkyl Substances 

Benjamin Porter, Michael Quinlan, and Peter Forbes 

An existing groundwater treatment system (GWTS), originally designed to remove fuel and solvent related 

compounds, was repurposed to remove perfluoroalkyl substances (PFAS) detected in a former fire 

department training area.  The granular activated carbon (GAC) system was optimized to treat an 

average influent PFAS concentration of 70,000 Ng/L at an approximate flow rate of 15-20 gallons per 

minute (gpm).  Optimization activities included conducting a treatability study to evaluate coconut shell-

based GAC (coconut) vs. coal-based GAC Filtersorb® 400 (F400), followed by the optimization of the 

existing GAC system.   

The treatability study indicated the PFAS examined sorbed approximately 2.5 times less to the coconut 

than to F400 GAC.  Additionally, sorption of the shorter chain length PFAS (e.g., PFBA, PFPeA, PFBS) 

was on the order of 4 to 5 times higher for F400 compared to the coconut GAC.  Observed adsorption 

coefficients for the F400 were similar to those found in the literature, whereas literature values for the 

coconut were not found. 

Concurrent to this treatability study, F400 GAC was evaluated through the operation of a full-scale 

treatment system in the field.  Samples were initially collected weekly for 3 months from the influent, 

midpoint, and effluent of a two-carbon system. Sample frequency was then temporarily changed to 

monthly before reverting back to weekly when the field results indicated a quicker breakthrough of the 

carbon than was expected based on the treatability study and literature values. 

The existing GWTS initially operated with an oil water separator, bag filters, and two 1,500-lbs carbon 

filters to address the PFAS removal. The initial operations showed that water impurities and fouling 

significantly lowered the efficiency of the carbon vessels when compared to the treatability data and 

literature values. As a result, another carbon vessel was installed as the lead position in the treatment 

train, for a total of three carbon vessels running in series. This new lead vessel used inexpensive 

regenerated carbon as a sacrificial pretreatment filter, while the two other vessels in the treatment train 

were filled with a more expensive F400 carbon, which served as the primary and polishing filter for PFAS 

removal. Utilizing this configuration proved both efficient and cost-effective, since more frequent change-

outs were done with the less expensive sacrificial pretreatment GAC. The F400 was able to achieve 

removal efficiencies that were more closely aligned with those seen in the treatability study and previously 

published literature. 
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Applications of Legendre Wavelets in Environmental Modeling 

Mohsen Razzaghi 

Wavelets are special kinds of oscillatory functions with compact support that provide a basis for many 

important spaces. It has been applied to a wide range of problems in science and engineering disciplines. 

Wavelets are used in optimal control, numerical analysis, time-frequency analysis, and fast algorithms for 

easy implementation. 

In environmental modeling and remote sensing, images often have properties that vary continuously in 

some regions and discontinuously in others.  Thus, in order to properly approximate these spatially 

varying properties, it is necessary to use approximating functions that can accurately model both 

continuous and discontinuous phenomena.  Therefore, neither continuous basis functions nor piecewise 

constant basis functions taken alone can accurately model these spatially varying properties.  For these 

situations, wavelets functions will be more effective. 

The solution of radiative transfer equation (RTE) has been of considerable concern. This equation is of a 

form of an integro-differential equation and has wide applications in environmental modeling, target 

information retrieval techniques, pattern recognition, and the bidirectional reflectance model in the remote 

sensing. 

In this work we present a new approach to the solution of RTE. Our approach is based upon Legendre 

wavelets. Numerical examples are included to demonstrate the applicability and the accuracy of the 

proposed method. The numerical solutions are compared with available, exact, or approximate solutions 

in order to assess the accuracy of the proposed method. 
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Risk-Based Assessment of Remedial System Off-Gas Treatment Requirements 

Allison Roche, Lisa Campe, and Lisa McIntosh 

Regional groundwater investigations related to subsurface trichloroethylene (TCE) contamination 

included the evaluation of potential vapor intrusion pathways in over 100 buildings in a suburban, mixed-

use neighborhood. A former mill building, currently used as office space, was historically a manufacturing 

facility where chlorinated solvents were used for various degreasing and electroplating activities. Indoor 

air concentrations of TCE exceeding short-term risk thresholds (Imminent Hazard), and sub-slab soil gas 

TCE concentrations greater than 100 ppmv, were detected within former manufacturing areas. To 

mitigate vapor intrusion pathways across a 16,000-square-foot area of influence, sub-slab 

depressurization (SSD) systems were designed and retrofitted into five distinct zones, inducing vacuum 

through active operation of two radon-style fans and a regenerative blower. 

Several deeper soil vapor extraction (SVE) wells were incorporated into the larger SSD system design, no 

longer qualifying it as strictly a “mitigation” system, but as a “remedial” system, according to state 

regulators. The default requirements for remedial systems include the implementation of off-gas treatment 

technologies, frequent sample analysis, and stringent performance standards which are costly, 

burdensome, and in this case, largely infeasible to achieve. However, release from these requirements is 

obtainable by demonstrating that untreated emissions would not pose a “Significant Risk” to nearby 

sensitive receptors. Air dispersion modeling and risk assessments were conducted to evaluate potential 

exposures at proximate sensitive receptors including building tenants, residences, and recreational users 

at a nearby park. The untreated SSD/SVE system emissions, conservatively modeled assuming 

maximum design TCE emission rates and worst-case air dispersion, was found to pose No Significant 

Risk to human health, and thus, off-gas controls were not required. Performance monitoring indicates that 

not only are the exposure pathways effectively mitigated as evidenced by reduced TCE concentrations in 

indoor air, but concentrations in soil gas and system effluent have also decreased through modest mass 

removal. 
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Manufacture of Thin-Film PVDF Membranes via Soft Lithography 

Akarapan Rojjanapinun, Sheree Pagsuyoin, Hongwei Sun, Earl Ada, and Chefu Su 

Membrane-based separation currently has wide applications in multiple industries. For this reason, 

membrane development remains an active area of research, particularly in the search for low-cost and 

more robust membranes capable of separating a range of chemical compounds. In this work, we 

developed a single-step method for manufacturing symmetric isoporous thin-film polyvinylidene fluoride 

(PVDF) membrane composites using a technique based on soft lithography. Additive agents – rice husk 

(RHA), nanoclay (NC), and titanium oxide (TiO2) – were pre-blended with the polymer to enhance its 

physical and chemical properties. The polymer composites were etched in a micro plaid pattern as a 

sheet with uniform 120 mm pores. The physical properties of the polymer composites were evaluated. 

Cross-flow filtration test was also carried out to examine the performance of the polymer composites in 

removing salt in aqueous solutions. 
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A Novel and Environmentally Friendly Technique for Remediation of Acid Mine 
Drainage-Impacted Water 

Abhishek RoyChowdhury, Dibyendu Sarkar, and Rupali Datta 

Generation of acid mine drainage (AMD) undoubtedly is one of the biggest environmental concerns 

associated with mining industries. AMD is a highly acidic and metal-rich solution which can wipe out local 

biodiversity in the absence of proper post-mining management practices. Current AMD management 

practices often fail to meet the expectations in terms of cost, efficiency, and environmental friendliness. 

Hence, search for an efficient AMD remediation technology is ongoing. This study applied an innovative 

“green” technology for remediation of AMD water using the metal binding and acid-neutralizing capacity of 

an industrial by-product, namely drinking water treatment residuals (WTRs). The main objective of this 

study was to design a filter media using locally generated aluminum (Al)- and calcium (Ca)-based WTRs 

to remove metals and sulfate from AMD-impacted water collected from an abandoned coal mine, Tab-

Simco in Carbondale, Illinois. Initially, laboratory batch equilibrium studies using a series of WTR (Al and 

Ca), AMD-water ratios were performed, and metal adsorption capacity of WTRs was tested. These tests 

were followed by preparation of laboratory-scale WTR filter bed columns. After obtaining satisfactory 

results from lab-scale studies, a field-scale WTR-based filter was designed and tested. The results 

showed that the WTR filter media removed more than 99% of the initial Fe (137mg/L), Al (80 mg/L), Zn 

(11 mg/L), Pb (7 mg/L), As (4 mg/L), and Mn (33 mg/L), and 44% of the initial SO4
2- (2,481mg/L) 

concentrations from Tab-Simco AMD-water. Also, the pH of AMD-impacted water increased from 2.07 to 

7.8. This study demonstrated that this “green” (recycling of a waste product), inexpensive (raw materials 

obtained free-of-charge), and ecologically sustainable (no adverse effect on ecosystem) technology can 

effectively treat AMD-impacted water. 
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“Green” Mulch for Sustainable Management of Polluted Urban Stormwater Runoff 

Dongyoung Park, Dibyendu Sarkar, Virinder Sidhu, Rupali Datta, and Kirk Barrett 

Urban runoff flowing on roadways and parking lots is polluted by various pollutants originating mainly from 

vehicles and is recognized as a major non-point source of pollution. Heavy metals, such as lead (Pb), 

copper (Cu), and zinc (Zn) from batteries, brake pads, and tires are washed in rainwater and accumulate 

in soil or contaminate the groundwater. Nutrients in urban runoff, such as phosphorous (P) cause 

eutrophication in receiving water bodies. We developed a new “green” filter media by combining a 

recycled industrial waste, Fe-based water treatment residuals (Fe-WTRs), with wood mulch to remove 

metals (Cu, Pb and Zn) and P from stormwater runoff. The coated mulch can be used in green 

infrastructures, such as bioretention cells and bioswales to filter metals and P from the runoff. Laboratory 

batch and column studies were performed. In batch tests involving both single and mixed pollutants, the 

metals (Cu, Zn and Pb) were almost completely removed and P was about 40% removed from the 

solution by Fe-WTR coated wood mulch (10 g/L) during 24-hour period. Freundlich adsorption isotherm 

model best explained the adsorption behavior of Fe-WTR for Cu, Pb, Zn and P at varying concentrations. 

Batch sorption studies were followed by a column study to evaluate the efficiency of Fe-WTR-coated 

wood mulch (2 and 4-inch bed height) in removing Cu, Pb, Zn and P from synthetic stormwater in a 

dynamic system. 4-inch bed height of Fe-WTR-coated wood mulch showed outstanding ability in 

removing Cu and Pb from simulated stormwater over 120 bed volumes. It also removed Zn and P, but to 

a lesser extent. Although more studies are needed in field scale under natural conditions, this green 

technology has the potential to mitigate metals and nutrient pollution induced by urban runoff, thus 

providing a viable tool for stormwater quality management. 
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Comparing PFAS Removal Performance of Granular Activated Carbons from 
Water in the Presence of NOM 

Billy Barron, Robbert de Graaf, David Flannery, and John Satterfield 

In May 2016, the United States Environmental Protection Agency (EPA) established a Human Health 

Advisory exposure limit for the combined concentration of PFOA and PFOS at 70 ppt in drinking 

water.  Granular activated carbon (GAC) is currently the leading technology used to remove PFOA and 

PFOS found in drinking water from both surface and ground water sources. Selecting the right activated 

carbon to both reliably remove these PFASs from and reduce water treatment costs is important.  This 

study will provide practical guidance for selecting a GAC to effectively remove PFASs in the presence of 

naturally occurring organic matter (NOM) concentrations that typically occur in drinking water sources. 

Lignite, re-agglomerated bituminous coal and coconut granular activated carbons were investigated in 

their ability to remove PFOA and PFOS in water by GAC with NOM concentrations common to both 

surface and ground water sources. PFOA and PFOS concentrations varied from 201 ppt to 213 

ppt.  NOM was simulated by humic acid and different NOM concentrations were used to represent both 

surface and ground water.  For surface water, an approximate NOM concentration of 7.4 ppm was 

used.  For ground water, an approximate NOM concentration of 0.8 was used.  The tests were conducted 

in a rapid small-scale column test setup (RSSCT) and analyzed using a LC-MS-MS, electrospray method 

(Crittenden, et al.). Additionally, PFOA and PFOS removal performance of two different bituminous coal-

based activated carbons suppliers was compared in ground water treatment.  Finally, scale-up equations 

where used to compare relative activated carbon bed lifetime for the three types of activated carbons. 

RSSCT testing indicates NOM has a significant effect in the removal capacity of PFOA and PFOS by 

activated carbon. The data suggests lignite-based activated carbons are the best choice for the removal 

of PFASs in both surface and ground water sources.  
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Hydrophysical Testing as an Investigation Tool to Delineate Discreet Flow Zones 
in Shallow Bedrock Aquifers 

Samuel Schoenmann, Gigi Beaulieu, Timothy Huff, James Grace, and David Carstens 

HydroPhysical logging is an advancing in-situ investigation technique used to accurately delineate 

groundwater flow in fractured bedrock aquifers. Well water is replaced with deionized water and wire-line 

temperature/conductivity sensors log the ambient or stressed influx of formation water. The technique 

results in high-resolution data acquisition including hydraulic conductivity estimation and flow-zone 

identification. A case study is presented that utilizes a combination of HydroPhysical logging, geophysical 

logging, and potable water injections along with traditional site investigation methods to develop a 

conceptual site model (CSM) and focus remedial feasibility assessments for a chlorinated volatile organic 

compound (CVOC)-affected site in Kentucky. 

Previous site investigations have defined an approximately 300 square foot (ft2) soil source area, with 

concentrations of 1,1-Dichloroethene (1,1-DCE) above 100,000 parts per billion (ppb) in unconsolidated 

soil that overlies a shallow fractured shale and limestone bedrock aquifer. A resulting plume of CVOC-

affected groundwater extends approximately 700 feet (ft) downgradient, posing a potential vapor intrusion 

(VI) concern for residential properties. Initial response actions included a pump and treat recovery 

system, consisting of four recovery wells located 500 ft downgradient from the source. Despite 17 years 

of treatment, the plume continues to extend 200 ft past the recovery system, perpendicular to normal 

groundwater gradients, suggesting a complex flow regime. 

In 2017 and 2018, WSP conducted a three-phase investigation including: (1) complimenting existing site 

data with rotosonic drilling and geologic logging, (2) high-resolution HydroPhysical and geophysical 

logging in existing monitoring wells, and (3) potable water injection testing. Geologic logging results 

provide a physical analog for in-situ HydroPhyisical and geophysical results. The in-situ logging and 

injection tests identified previously unknown primary flow zones that enhance the understanding of 

groundwater movement beneath the site. The HydroPhysical results are currently being used as key 

components to WSP’s presumptive bioremediation remedy. 
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Results of VI Mitigation Using HVAC System Engineering Controls from a Multi-
Building Demonstration Project 

David Shea, Jennifer Sanborn, and Bradley Green 

For some commercial and industrial buildings, prevention or mitigation of vapor intrusion (VI) of 

subsurface volatile organic compounds (VOCs) can be accomplished using the building heating, 

ventilating, and air conditioning (HVAC) systems.  In such cases, the HVAC system serves as a VI 

engineering control. For any mechanical system employed as a VI engineering control, long-term 

effectiveness and reliability depend on the consistency of relevant system operating parameters. For 

HVAC system VI engineering controls, there is a relative scarcity of guidance, reported data, and 

experience regarding reliability and consistency over the longer-term.  To address this need, a one-year 

program of intensive monitoring and sampling was undertaken in multiple buildings at two large 

campuses of commercial/industrial buildings. At these sites, the HVAC systems are serving as 

engineering controls to protect against VI from underlying VOCs in soil and groundwater.  Various indoor 

air screening and sampling methods were employed to obtain multiple lines of evidence regarding the 

variability of indoor air data.  These data included grab samples analyzed using a portable GC-MS and/or 

GC-ECD, near-continuous monitoring using a GC-ECD, 8-hour time-weighted average samples analyzed 

by TO-15, and month-long passive samples.  The indoor air data were combined with HVAC operational 

monitoring and building configuration/use checks to assess the potential variability of indoor air data 

against changing HVAC operations and building conditions. The indoor air and HVAC operations data 

from this demonstration project support that HVAC systems can be a reliable VI engineering control when 

operations are consistent. This finding is dependent on the strength and execution of a building-specific 

HVAC system operations, maintenance, and monitoring program. Where such strength and consistency 

is demonstrated, ongoing indoor air sampling may be reduced or even eliminated, similar to long-term 

monitoring programs for many SSD systems. 
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Measuring Gasoline Weathering by GC FID/PID Analysis 

John Duggan, Jeremy Smalley, Victor Dulig, Joseph Fernicola, and Jeffrey Ung 

This study observed the weathering of gasoline over a 13-day period to determine the change in relative 

amount of Toluene and Ethylbenzene in the composition of the gasoline over time. The use of a gas 

chromatograph with FID and PID detectors also determined the amount of aliphatics and aromatics in the 

gasoline. Fresh gasoline was allowed to volatilize under atmospheric conditions.  Samples of weathered 

gasoline were then dissolved in methanol and the methanol was injected in the GC.  The injected sample 

was split into identical columns and then detected by separate FID and PID detectors. Differences in bulk 

peak areas were used to estimate amounts of aliphatic and aromatic compounds. BTEX concentrations 

were determined based on their individual retention times.  It was observed that hydrocarbon levels 

decreased over time as was expected but the prediction of which hydrocarbon would decrease the fastest 

was not determined because of time constraints.  
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Combined Surfactant and Oxidant Application for Simultaneous Contaminant 
Liberation and Destruction 

Geeta Dahal, Dan Socci, and Jennifer Holcomb 

While surfactant use in remediation is often viewed as a promising strategy for site cleanups, this 

technology is sometimes met with reluctance due to concerns of contaminant liberation and offsite 

contaminant mobilization. The use of surfactants for desorption and emulsification of tightly sorbed, 

hydrophobic contamination from soil into the aqueous phase is a crucial step toward achieving complete 

or near complete in-situ chemical remediation of these contaminants. Application of surfactant alone will 

result in increased groundwater contaminant concentrations, which in the absence of an oxidant for in-situ 

destruction, can lead to undesired contaminant mobilization. Optimized surfactants, when applied 

simultaneously with oxidants, deliver desorbed contaminants to the aqueous phase for destruction, 

limiting contaminant mobilization. Desorbed and emulsified contaminants, with exponentially increased 

surface area, are readily available for reaction with the simultaneously injected oxidant, significantly 

improving chemical oxidation efficiency. Surfactant Enhanced In-situ Chemical Oxidation (S-ISCO®) 

combines industry standard oxidants with proprietary plant-based, biodegradable surfactant blends 

designed to be compatible with oxidants to provide enhanced contaminant delivery via surfactant 

desorption and emulsification to oxidants for destruction. The combined surfactant-oxidant solution results 

in simultaneous desorption, emulsification, and oxidation of contaminants within a defined treatment area, 

avoiding undesirable mobilization.  Information will be presented based on field experience as well as 

laboratory data which addresses questions about surfactant use with oxidants in remediation. Methods 

and techniques for ensuring effective and efficient implementation of surfactants near sensitive receptors 

will be discussed. 
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Applying In-Situ Thermal Remediation in a Complex Urban Setting with Multiple 
Regulatory Agencies 

Lauren Soos 

A confidential property owner selected TRS Group, Inc. (TRS) to provide electrical resistance heating 

(ERH) remediation services at a property in a rapidly redeveloping borough of New York City (NYC). The 

property, an occupied 4-story commercial and light industrial building, is adjacent to a NYC Metropolitan 

Transportation Authority (MTA) line and train station with heavy foot and vehicle traffic. Over the past 20 

years, none of the remediation strategies, which included soil vapor extraction, air sparging, ozone 

injection, and chemical oxidation, made measurable progress in achieving the remediation goals and site 

closure. The contaminants of concern are chlorinated volatile organic compounds, primarily 

trichloroethene (TCE). The recent selection of an ERH remedy with a guarantee allowed for a quick and 

certain release from the environmental liability and the ongoing and long-term costs associated with the 

property. The ERH remedy targets the suspected source zone and shallow and intermediate 

groundwater. The 11,100 cubic yard treatment volume lies beneath the building, sidewalk, road, and MTA 

line. Initial concentrations of TCE in groundwater and soil at the property indicated a limited TCE source, 

estimated at approximately 300 pounds. TRS brought all components for the ERH system, except for the 

power control unit, into the building basement using a freight elevator. This included a drill rig, steam 

condenser, vacuum blower, vapor phase granular activated carbon, and electrical distribution 

infrastructure. Due to the limitations of the primary electrical service within the building, a diesel 

generator, staged alongside the building, provides 65 percent of the power required by the ERH system. 

TRS completed the ERH system installation and startup in September 2017. As of January, the ERH 

system has removed 30 times the original estimate of TCE mass after only 40 percent of the anticipated 

operational period.  
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An Overview of the Historic Massachusetts MGP Industry 

Thomas Speight and Allen Hatheway 

The assessment, remediation, and redevelopment of manufactured gas plant (MGP) sites pose a 

significant technical and financial challenge to successor property owners, including municipalities and 

other public entities pursuing revitalization, and to their consulting engineers. Due to the toxicity of many 

coal tar constituents, sites contaminated as a result of gasworks operations pose a threat to public health. 

The presenters are co-authors of Manufactured Gas Plant Remediation: A Case Study, which presents 

the history of the manufactured gas industry in Massachusetts in the first detailed statewide study of the 

industry and its modern environmental legacy. Using contemporary primary sources, this research 

documented the manufactured gas industry’s historical footprint in Massachusetts, and then used 

MassDEP’s database of Disposal Sites to identify relevant sites and their regulatory status.  

This book is intended to be a technical and historical guide for assessment and remediation of gasworks, 

waste dumps, and other coal tar sites that threaten public health.  There has previously been no ‘middle 

ground’ in the professional literature on this topic between individual site assessment reports and 

macroscopic historical reviews such as US EPA’s 1985 Radian Report. 

This research identified a ‘core population’ of over 190 confirmed locations in Massachusetts, including 

95 former town gasworks, one byproduct coke plant, 18 private fuel gas plants, and numerous district 

gasholder stations, off-plant dump sites, and other facilities. The authors offer general observations 

backed by our research and author Hatheway’s twenty-eight years of experience, including assessment 

approaches, alternatives for compensating for lack of access to utility archival information, potential 

remedial approaches, and modern-era cost-recovery litigation. 
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ASTM Method D8028 Determination of Dissolved Gases in Water 

Anne Jurek and Wade Stephenson 

Dissolved gases in water can originate from a number of sources.  It can stem from rock formations, stem 

from decomposition of organic material, or be produced by microbes.  No matter where the dissolved 

gases come from, they can be hazardous both to the environment and to humans. The RSK-175 SOP 

was developed to test for dissolved light gases through static headspace sampling.  

Since RSK-175 is a standard operating procedure and not a formal method, there have been many 

interpretations of the procedure.  The ASTM standard D8028 was proposed to quantitatively determine 

dissolved light gases in ground waters, waste waters, and drinking waters.  This presentation will discuss 

ASTM Method D8028 and its procedures and requirements. 
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Activated Carbon Modeling Tool for Evaluating Sediment Remediation of PCBs 
and PAHs 

Danny Reible, John Collins, David Flannery, and Chitrabala Subramanian 

Activated carbon has been identified as an important material that can be used in a range of applications 

and configurations to adsorb hydrophobic compounds such as polychlorinated biphenyls (PCBs) and 

polycyclic aromatic hydrocarbons (PAHs).  A growing number of applications and interest in this approach 

is expanding due to the demonstrated ability of activated carbon to render these contaminants non-

bioavailable in the environment.  However, the application of activated carbon can be complex. 

To determine activated carbon dose (the amount required), configuration, thickness of the layer, and other 

factors, site characterization must include information such as groundwater or pore water velocity and 

contaminant concentration.  Modeling can then be performed to provide information necessary to evaluate 

remedy design and estimate the effective life of the potential approach. 

To address these challenges (typically at the feasibility study level) when evaluating the potential use of 

activated carbon for a given site, Cabot and Aquablok, with support from Dr. Danny Reible, Department of 

Chemical Engineering, University of Texas at Austin, have developed a new activated carbon modeling 

tool.  The tool can be thought of as a simplified front-end to the CAPSIM Model* for the range of variables 

evaluated and it is highly predictive of the model (R-squared value of 0.96). 

The paper will provide an overview of the inputs/assumptions that are contained in the model and will be 

accompanied by a live demonstration of ways in which the tool may be used to evaluate and compare 

approaches and outcomes of various remedial designs for removal of PCBs and PAHs from water. The 

presentation will also include a range of applications to demonstrate how the tool can be used to provide a 

preliminary indication of expected performance. 
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Subpart Q: An Alternative Method for PCB Extraction 

Jean Gennaro and Susan Sylvester 

Absolute Resource Associates (ARA) of Portsmouth, New Hampshire, has been promoting the use of an 

alternative extraction method for TSCA PCBs that is more economical and environmentally 

friendly.  Utilizing Subpart Q in the TSCA Federal Register regulations, ARA has reduced extraction time, 

waste, field expenses, energy usage, and chemical usage with microwave extraction for PCBs. By 

performing Subpart Q studies, ARA has helped clients save a lot of time and money on their projects. 

One client in particular said using microwave extraction has saved them millions! The environmental 

impact is equally impressive in terms of reduced energy, time, chemical usage, and waste. The problem 

is that most people involved in the cleanup/disposal of PCBs don’t realize that these less expensive, 

“greener” methods are even available. And since the lab must perform a study to get an alternate method 

approved, most contractors generally ask the lab to perform the expensive and cumbersome Soxhlet 

extraction. ARA would like to get more people on board with looking at alternative methods to save time, 

energy, and cost.  
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Enhanced Attenuation of PFAS and VOCs in Groundwater Using ZVI and 
PlumeStop® Liquid Activated Carbon™ 

Jeffrey Holden, Bruce Thompson, and David Peterson 

The SRSNE facility operated between the 1950s and 1991 distilling and redistributing spent industrial 

solvents. Releases resulted in the presence of non-aqueous phase liquids (NAPL) in overburden and 

bedrock. In the 1990s, two groundwater pump-and-treat systems were installed to capture the plume 

originating from the source area. The first (NTCRA 1) captured source area groundwater with a sheet pile 

wall and 12 overburden recovery wells. The second (NTCRA 2) is downgradient of the sheet pile wall and 

uses overburden and bedrock extraction wells to hydraulically control the groundwater plume exceeding 

MCLs. 

Between 2013 and 2015, thermal remediation of the overburden source zone removed ~500,000 pounds 

of VOCs. Between 2016 and 2017, isolated areas of soil impacts were removed, and an RCRA cap was 

installed over the source area. Expecting these measures would eliminate the need for long-term NTCRA 

1 extraction, three valved penetrations were installed through the sheet pile wall, collection and 

redistribution trenches were constructed on the up- and downgradient sides of the wall, and fill was 

placed to account for predicted groundwater rise downgradient of the wall. 

Despite orders of magnitude VOC concentration reductions in source zone soil and groundwater, and 

significant ongoing MNA, groundwater within the sheet pile wall remains more impacted than 

downgradient of the wall. PFOS and PFOA were also detected in NTCRA 1 groundwater at 

concentrations higher than in NTCRA 2 groundwater. Regulators expressed concern that allowing 

groundwater flow through the penetrations would degrade the downgradient water quality.  

A pilot study was implemented to evaluate using zero-valent iron (ZVI) and PlumeStop® to treat 

groundwater within the trenches and minimize the potential for adverse downgradient water quality 

impacts. This presentation will discuss the design and implementation of the ZVI and PlumeStop® 

processes, summarize the monitoring performed to date, and evaluate the materials’ effectiveness at 

mitigating downgradient groundwater quality impacts. 
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Leveraging In-Field Data Management and Visualization Tools to Optimize High 
Resolution Site Characterization Investigations 

Sam Warner and Bradley Green 

High resolution site characterization (HRSC) has become an integral part of groundwater investigations 

resulting in improved site conceptual models and effectively implemented remedial solutions.  High 

resolution sampling typically comes at a cost, whether it’s specialized technologies, complex field events, 

or overwhelming data management.  With robust field characterization events, the site conceptual model 

evolves as the understanding of the subsurface improves, which further highlights the importance of rapid 

data review and collaboration with multiple parties.  Yet it is challenging to synthesize these large data 

sets in a manner that allows technical and non-technical decision-makers to adapt or change 

investigation approaches in a timely manner without the need for re-mobilization.  Use of simple, flexible, 

and field friendly data management and visualization tools facilitates leveraging the significant amounts of 

data generated using HRSC techniques.    

This presentation will discuss the process of developing a data management and visualization plan, and 

review the methods and techniques used to analyze field data during HRSC events at a former industrial 

site impacted by chlorinated solvents in Southern France.  Field teams used simple Excel-based 

electronic logging spreadsheets to characterize thousands of feet of bedrock core and document the 

volatile organic compound (VOC) analytical results from over 1,000 bedrock samples from an on-site 

mobile laboratory.  The field-friendly logging and sample tracking tool facilitated seamless uploads of the 

data to the project database, autogenerated chains-of-custody, and allowed real-time collaboration on 

day-to-day decisions with project staff in the United States.  Data management and quality 

assurance/control processes were established to provide real-time updates to 3D renderings of 

hydrogeologic and contaminant distribution results, which facilitated effective communication of important 

decisions with client representatives.  
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Removal of Chlorinated Volatile Organic Carbon Using Novel Zero Valent Iron 
(ZVI) Media  

Yu Yang, Hyunshik Chang, and Madan Tandukar 

Typical zero valent iron (ZVI) has several limitations for removal of chlorinated volatile organic carbon 

(CVOC) from soil and groundwater, such as low reactivity, surface passivation, and pH fluctuation. In 

order to overcome such drawbacks, innovative ZVI media Cleanit® was engineered by Höganäs 

Environment Solutions, LLC’s research team. A lab-scale kinetic experiment demonstrated accelerated 

abiotic reactivity of Cleanit® towards a mixture of CVOC composing of tetrachloroethylene (PCE), 

trichloroethylene (TCE), cis-dichloroethylene (c-DCE), and 1,1,1-trichloroethane (111TCA) in synthetic 

groundwater (each compound at 5 mg/L). Other three ZVI media (ZVI-1, ZVI-2, and ZVI-3) were also 

evaluated for comparison under identical conditions for 103 days. The solid to liquid ratio was 1:20 by 

weight. Particle size of all ZVI was ® showed a 3-7 fold higher degradation rate for all CVOC. Pseudo first 

order degradation constants for PCE removal were 0.146, 0.050, 0.021, and 0.0 day-1 for Cleanit®, ZVI-1, 

ZVI-2, and ZVI-3, respectively. During the study, pH of the Cleanit® system ranged from 6.5 to 7.0, while 

other ZVI increased the system pH from initial 6.5 to 9.0-9.5 in the end. Cleanit® media is engineered to 

keep the water pH to circumneutral, which would create a favorable pH environment for soil 

microorganism during bioremediation. Hydrogen gas was generated from ZVI and its production rate 

could be used as an indicator for reactivity. Cleanit® media generated hydrogen gas at a rate of 0.22 

mL/(g.day). On the other hand, ZVI-1, ZVI-2, and ZVI-3 media had hydrogen gas production rates of 0.12, 

0.0, 0.0 mL/(g.day), respectively. A separate study on hydrogen gas production demonstrated that 

Cleanit® media continuously produced hydrogen gas for 250 days and maintained the solution pH at 

neutral deoxygenated water. In summary, Cleanit® media demonstrated a great potential for applications 

in soil and groundwater remediation.  
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Are Ski Areas a Source of Per- and Polyfluoroalkyl Substances (PFAS)? 

Lillian Zemba, Stephen Zemba, and James Occhialini 

Elevated levels of PFAS found in the blood of ski wax applicators indicate some of the highest known 

occupational exposures to PFAS. The heated wax liberates volatile fluorotelomer alcohols, which are 

inhaled and subsequently converted to stable PFAS in the body and bioaccumulate in blood.  PFOA per 

se has been detected in ski wax at a concentration of 2,000 µg/kg, and not surprisingly PFAS have been 

found in snow at ski areas. 

Is the quantity of PFAS released at a ski area sufficient to contaminate groundwater and surface 

water?  To investigate this question, samples were collected from a small kettle lake adjacent to a ski 

area in upstate New York. The lake serves as a window on groundwater, enhancing the possibility of 

PFAS impacts.  Two samples – one from the lake, and one from an unconnected stream adjacent to the 

ski area – were collected in this screening-level evaluation designed to identify the presence (or absence) 

of PFAS.  Low part per trillion (ppt) levels of PFAS were found in both samples, with many of the 

compounds “J” qualified.  There is thus uncertainty concerning the concentration values, but PFAS do 

appear to be present.  Although no other sources of PFAS are known in the area, it also cannot be 

concluded with certainty that the PFAS were due to releases from the ski area, as “background” sources 

could be responsible. 

Results of the PFAS sampling will be presented, along with some ongoing assessment of the mix of 

PFAS detected, the similarity of the compounds detected in the samples, and comparison to PFAS 

detected in ski wax.  The limited data suggest that ski areas may be small sources of PFAS releases to 

the environment, but clearly more data are needed to confirm the importance of ski areas and site-

specific factors that affect PFAS releases. 
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Evaluating the Thresholds of Municipal Sludge for Forestry Utilization in Chinese 
Provincial Capital Cities 

Xiaoxia Zhang and Tonggang Zha  

Forestry application of municipal sludge has become one of the promising disposal methods for municipal 

sewage sludge. For promoting land application of sewage sludge in mainland China, the study calculated 

the soil environmental capacity and sewage sludge applying thresholds in forest utilization by a statewide 

survey of the concentration of Cd and Hg in urban topsoil and sewage sludge, respectively, and urban 

forest area in 31 provincial capital cities. The results were as follows: (1) The concentrations of Cd and Hg 

in southeastern soil were higher than those in northwestern soil, and the spatial distribution boundary 

aligned with the Chinese population boundaries named “Hu-line.” (2) Cd and Hg almost had reached the 

emission standard of sewage sludge; the concentration of Cd in sewage sludge in the southern region is 

higher than that in the north, and Hg was exactly opposite. (3) The average dynamic environment 

capacities were 0.35 and 0.56 kg/ha/y for Cd and Hg, respectively. (4) The total threshold of sewage 

sludge for forestry utilization was up to 2486.59 million t/ha. The thresholds were more than 100 million t/y 

sewage sludge in Chongqing, Nanning, Harbin, Fuzhou, Wuhan, and Kunming. For developed cities 

Beijing and Guangzhou, their thresholds were about 80.00 million t/y. The thresholds were the smallest in 

Yinchuan, Shanghai, Tianjin, Haikou, and Nanjing. Based on the evaluation results, the study suggests 

the Cd and Hg of the sludge will not be the limiting factors for its land use, and there is a great potential of 

municipal sludge for forestry utilization. The evaluation has certain limitations based on two kinds of 

heavy metals, but it is still of practical significance. Because of potential, persistent, and irreversible 

characteristics of heavy metals in sewage sludge, further investigation should be paid more attention to 

establish standards for additional contaminants suitable to Chinese conditions. 
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