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Conventional and Advanced Remediation Technology: An Evolutionary Review 

Stephen Koenigsberg 

The remediation industry has witnessed an explosion of new technical options in the domain of in-situ and 

onsite remediation treatment protocols. It is important that these options respect the core competencies 

integrating what is new and relevant.  A successful program must take into consideration things such as: 

What must be done that is actually necessary? If intervention is required what are best practices? How 

can we employ underutilized technologies intelligently and effectively? Is there anything technologically 

“disruptive” that can make a difference? 

In some cases, negotiation can be more powerful and less costly than active treatment. If intervention is 

required there are some definite “do’s and don’ts”. Nested in this best practices structure are things like 

making sure the site is properly characterized, choosing the right technology, giving proper oversight to 

vendor inputs and understanding where advanced processes may apply.    

There are a variety of technologies that are underutilized. Some have been around for a while and are 

just getting applied to environmental science. Some specific examples are environmental molecular 

diagnostics, flux discharge analysis and high resolution site characterization. In addition, there are a 

series of more novel technologies that are “yet to be underutilized” that we can call disruptive 

technologies. 

Some of these technologies are: a) bioaugmentation with archaeal organisms and also certain 

thermophiles that can degrade PCBs aerobically and 1,4-D co-metabolically, b) a process called 

Accelerated Remediation Catalysis (ARC) for P&T and industrial wastewater streams and c) MiProbe 

Technology, a sensor based system that measures relative aerobic metabolic activity and NAPL mass 

loss for NSZD applications. 

As remediation science has evolved the industry is much different now than 20 years ago.  There are a 

number of relevant and exciting new things to consider in managing contaminated sites and we will 

review this topic in detail. 

Stephen Koenigsberg, Civil & Environmental Consultants, Inc., 15 Cross Creek, Irvine, CA, United States, 
92604, Tel: (949) 433-5401, skirvine@cox.net 

Presenting Author: Stephen Koenigsberg 
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Using Advanced Microbiological Sequencing and Analysis for Remedial Design 
of a CVOC Contaminated Site 

Elizabeth Bishop 

A pre-remediation sampling plan was designed and implemented at a site in northern New Jersey to 

understand the potential biotic and abiotic degradation pathways prior to remedial design.  The site has 

chlorinated volatile organic compounds (CVOCs) that have shown decreasing trends with increased 

daughter product production, however source area remediation is planned for late 2016 – early 2017 and 

pre-remediation sampling was conducted to determine the best remedial path forward.  As the site is a 

combination of both overburden and bedrock contaminated with tetrachloroethene (PCE) and related 

daughter products, a more thorough understanding   A combination of qPCR for Dehalococcoides (DHC) 

and 16S ribosomal RNA (rRNA) gene sequencing was conducted at the site to determine whether the 

DHC population was present at concentrations that would not require bioaugmentation, as well as a 

provide a snapshot of present bacteria in the subsurface. 

The qPCR data indicated that DHC populations ranged from below the detection limit to 8.12 x 102 gene 

copies per milliliter.  This low concentration of DHC could potentially indicate that a robust reductive 

dechlorinating bacterial population did not exist at the site, however when coupled with the 16S rRNA 

sequencing results, many other genus of bacteria capable of hydrocarbon degradation and reductive 

dechlorination through both biotic and abiotic pathways were present at the site.  The combination of 

qPCR and 16S rRNA sampling has allowed for more accurate remedial designs, as well as providing 

evidence for long term monitored natural attenuation at the site.  By using both qPCR and gene 

sequencing, a more complete and accurate picture of the biological pathways present at the site has 

been determined and an appropriate remedial design produced for both the overburden and bedrock 

formations. 

Elizabeth Bishop, Haley & Aldrich, Inc, 1926 Lycoming Avenue, Abington, PA, United States, 19001, Tel: 
(973) 658-3900, ebishop@haleyaldrich.com 

Presenting Author: Elizabeth Bishop 
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Application of qPCR and Next-Generation Sequencing to Evaluate the Microbial 
Ecology of a BTEX Source Area Undergoing Anaerobic Bioremediation 

Eric Hince, David Fullmer, and Donald Smith 

A denitrification-based bioremediation (“DBB”) program has been implemented to treat a hydrocarbon 

source area beneath a former fuel terminal in northern NJ.   The DBB program is treating elevated levels 

of sorbed-phase hydrocarbons (primarily BTEX) that remained following ISCO / aerobic bioremediation 

using hydrogen peroxide.  Approximately nine months following the last peroxide injection, a detailed 

microbiological and geochemical baseline assessment was conducted.  Quantitative real-time PCR 

(pPCR) was used to enumerate total bacteria and denitrifyers (targeting the nirS and nirK nitrite 

reductases). Next-generation sequencing (NGS) – a metagenomic technique – was used to investigate 

the broader bacterial community profile. 

The initial (baseline) NGS analysis yielded 114 distinct bacterial 16S rDNA sequences dominated by a 

diverse assemblage of anaerobes including known and putative denitrifying, iron-reducing, sulfate-

reducing, fermentative and syntrophic bacteria.  Deltaproteobacteria comprised 36% of the total bacterial 

community.  Twelve (12) different Geobacter strains accounted for 30% of the total DNA, underscoring 

the prevalence of bacterial iron-reduction within the source-area groundwater.   Betaproteobacteria 

represented 13% of the NGS profile, including known or putative denitrifiers affiliated with the bacterial 

families Rhodocyclaceae, Oxalobacteraceae and Comamonadaceae.  Three different strains of 

Dechloromonas were detected; this genus was the first shown to couple anaerobic benzene oxidation to 

denitrification.  Surprisingly, only three sequences (Pseudomonadaceae typically found in hydrocarbon-

impacted groundwater. 

Pre- and post- treatment chemical, biogeochemical and molecular microbiological monitoring data will be 

presented.  The anticipated changes in the groundwater microbial ecology will be evaluated and 

discussed within the context of the corresponding changes in biogeochemical conditions associated with 

the DBB bioremediation treatment process. 

Eric Hince, EWMA, 100 Misty Lane, Parsippany, NJ, United States, 07054, Tel: (973) 560-1400 ext. 154, 
eric.hince@ewma.com 

David Fullmer, EWMA, 100 Misty Lane, Parsippany, NJ, United States, 07054, Tel: (973) 560-1400 ext. 
191, david.fullmer@ewma.com 

Donald Smith, EWMA, 100 Misty Lane, Parsippany, New Jersey, United States, 07054, Tel: (973) 560-
1400 ext.134, donald.smith@ewma.com 

Presenting Author: Eric Hince 
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Integrating Compound Specific Isotope Analysis (CSIA) in Forensic 
Investigations and Conceptual Site Models 

Suzana Kraus, Isabela Camargo, Ruy Silva, Lígia Carvalho, James Henderson, 
Shandra Justicia-Leon, and Silvia Mancini 

Over the past two decades, the analytical development of Compound Specific Isotope Analysis (CSIA) to 

measure naturally abundant stable isotopes of organic contaminants at environmentally-relevant levels has 

revolutionized environmental forensics and subsurface investigations, especially as it relates to 

anthropogenic contamination of soil, sediment, and groundwater.  CSIA has the ability to distinguish 

between sources of contamination and directly evaluate degradation processes of chlorinated solvents, 

petroleum hydrocarbons, chlorobenzenes, and various others.  In addition, the integration of CSIA results 

into conceptual site models (CSMs) is proving valuable in providing insight into degradation processes to 

inform remediation programs. 

This presentation will describe the application of CSIA for an isotopic forensics program and a remediation 

program at two different sites in northeastern Brazil. For the first site, CSIA is being employed to assess 

sources of chlorobenzene contamination in soil and groundwater in the context of the CSM, to evaluate 

degradation processes to inform future remedial programs, and for potential source allocation involving 

liable parties.  The site still has in existence the above-ground production units used historically and 

operated by the previous owner which still contains pure product and will allow for an isotopic evaluation of 

the historical product compared to the subsurface.  Currently, development of the analytical methods is 

underway for isotope analyses (carbon, hydrogen, and chlorine) for chlorobenzene products.  In conjunction 

with multiple lines of evidence, collected as part of an on-going site investigation and research program, 

CSIA will be used to evaluate the source/s of subsurface contamination and the fate of contamination in 

the subsurface.   For the second site, CSIA was used to evaluate bioremediation performance of a carbon 

tetrachloride and chloroform plume.  Carbon isotopes were measured pre- and post- remediation to discern 

between the effects of dilution and biodegradation and inform the remedy monitoring. 

CSIA is a tool that can provide significant added value to the understanding of the sources and events of 

contamination as well as the impact of degradation processes occurring in the groundwater system.   In 

addition, to assessing liable parties, CSIA can assist with informing the CSM, developing the remedial 

action objectives, and evaluating remedial performance reducing the risk to potential human and ecological 

receptors.   

Suzana Kraus, Isabela Camargo, Ruy Silva, Lígia Carvalho, and James Henderson, DuPont Corporate 
Remediation Group

Shandra Justicia-Leon, Arcadis Design and Consultancy 

Silvia Mancini, Geosyntec Consultants, 3250 Bloor St. West, Suite 600, Toronto, Ontario, Canada, 
smancini@geosyntec.com

Presenting Author: Silvia Mancini 
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Managing for Success: Integrating Technology & Innovation into Project 
Management 

Matthew Burns  

A survey of environmental professionals, including employees of consulting firms and their service 

providers, asked the respondents to predict truthful responses of senior management and technical staff 

to the question: “do you really want to clean up contaminated sites?” The majority of responses were a 

qualified “yes” for both groups. The predicted technical staff response was that most would like to clean 

up sites but they limit their methods to successful past experience. The predicted manager response was 

that success leads to new work but extending the project provides revenue too. These two groups are 

aligned constructively in their desire to clean sites, but the combination of risk-averse technical staff and 

profit-focused managers has inhibited the adoption of innovative technologies to clean up sites.  

Technical staff risk adversity is understandable considering the rapid evolution of technology and 

innovation within the field. The investigation and remediation practice area came into existence in the 

early 1970s with the formation of the EPA and passage of key environmental legislation. The remediation 

technologies initially developed to achieve related regulatory directives were “horse power” based. The 

first attempts to move away from the horse power technologies and toward chemical and biological 

treatments began during the 1990s and were largely proven to be clumsy and ineffective. It is only in the 

past 10 to 15 years that the knowledge of destructive pathways and analytical tools necessary to assess 

and monitor these pathways has been available. Further, academic training in the use of these new 

technologies has only widely been adopted in the past few years. As a consequence, most senior 

remediation professionals don’t have a solid knowledge basis to evaluate these new technologies. 

Practices to assist project managers in working outside of their comfort zone when implementing 

chemistry and microbiology based technologies will be presented. 

Matthew Burns, WSP | Parsons Brinckerhoff, 300 TradeCenter, Suite 4690, Woburn, MA, United States, 
01801, Tel: (781) 933-7340, matt.burns@wspgroup.com 

Presenting Author: Matthew Burns 
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Near Real Time Site Performance Assessment Through Automated Integration of 
Heterogeneous Datasets 

Roelof Versteeg and Aaron Peacock  

Contaminated site behavior is driven by a combination of active remedial efforts and natural processes 

(e.g. precipitation and vegetation growth). Regulators, remedial practitioners and site owners all need 

timely and actionable information on site performance to ensure that different regulatory and operational 

objectives are met. Using traditional approaches (in which data acquisition, analysis and reporting are 

performed manually) generating site performance information is both expensive and time consuming. 

We have developed and implemented cloud based, automated software for data acquisition and 

management, analysis and result distribution. Users interact with this software through a standard 

browser or smartphone apps. Data is organized by projects, where each project can contain one or more 

sites. Users are associated with one or more projects, with user access privileges being controllable by a 

project administrator. The software is modular and can be easily expanded dependent on user needs. 

Currently the software provides access to reactive transport modeling codes such as Modflow and 

PFLOTRAN, geostatistical analysis codes. The software can ingest heterogeneous data both custom 

automated data loggers as well as from public (e.g. USGS or EPA) data sources, as well as ingest 

geochemical data in a number of different formats. Interactive graphing and automated alerts 

provide  with rapid access to information on site performance.  Time required to deploy this software for a 

new site depends on site complexity, but for simple sites (tens of sampling points, a number of automated 

loggers and well organized geochemical data from hundreds-thousands of samples) deployment takes 

just a few hours, after which data is directly accessible to project users. As user specified performance 

metrics are automatically (re) calculated when new data arrives users always have access to the latest 

information on the site (including information on sampling efforts). 

Roelof Versteeg, Subsurface Insights, 62 Lebanon Street, Hanover, NH, United States, 03755, Tel: (603) 
443-2202, roelof.versteeg@subsurfaceinsights.com 

Aaron Peacock, Pace Analytical Energy Services, 220 William Pitt Way, Pittsburgh, PA, United States, 
15238, Tel: (412) 826-5245, aaron.peacock@pacelabs.com 

Presenting Author: Roelof Versteeg 
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Utilization of Column Studies for Design Optimization of Field Pilot and Full Scale 
Denitrifying Permeable Reactive Barriers  

Michael Lee  

In February 2016, the US Supreme Court upheld EPA’s plan for meeting the nitrate Total Maximum Daily 

Load (TMDL) for the Chesapeake Bay. Nitrate contamination of surface waters not only affects natural 

biota creating “dead zones”, but in areas like Des Moines, Iowa nitrate affects a public drinking water 

source and creates an excessive public cost for treatment. To meet the estuary nitrate TMDLs on Cape 

Cod, sustainable technologies like permeable reactive barriers (PRBs) are being evaluated as non-

traditional treatment alternatives. Terra Systems Inc. (TSI) has performed a column study to both evaluate 

the nitrate treatment capability of emulsified vegetable oil (EVO) PRBs and determine critical PRB design 

parameters using nitrate contaminated soil and groundwater from a representative site in Falmouth, MA. 

The column study allowed for comparison of biological nitrate reduction effectiveness of different EVO 

formulations, TSI’s emulsified oil product (SRS) in columns 1 and 2 and SRS-Z, SRS with zero-valent iron 

(ZVI), in column 3. The column study also enabled the performance comparison of different initial 

loadings of the same EVO product SRS, 15.4 g carbon for column 1 and 30.8 g carbon for column 2. The 

columns were operated at groundwater flow rates expected for Cape Cod. 

The column study determined time to reach complete nitrate removal, removal mass and rate of primary 

and secondary contaminants, buffer requirements, initial radius of influence of the injected emulsion, and 

emulsion migration distance and rate. Complete nitrate reduction continued even as total organic carbon 

levels in column effluents fell to between 2.3 and 3.0 mg/L by day 298. The column study shows that EVO 

effectively stimulates naturally occurring denitrifying bacteria in Cape Cod soils and groundwater for 

sustained nitrate removal while providing multiple parameters for design optimization of field pilot and full 

scale EVO PRBs.  

Michael Lee, Terra Systems, Inc., 130 Hickman Road, Suite 1, Claymont, DE, United States, 19703, Tel: 
(302) 798-9553, mlee@terrasystems.net 

Presenting Author: Michael Lee 
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Impacts of Low-Temperature Thermal Treatment on a Tetrachloroethene-to-
Ethene Dechlorinating Consortium 

Tyler Marcet, Yi Yang, Frank Löffler, Natalie Capiro, and Kurt Pennell 

Coupled implementation of thermal treatment with microbial reductive dechlorination may be an effective 

remedial approach to achieve cleanup goals at sites contaminated with chlorinated solvents. Available 

literature states that most dechlorinating bacteria are active between 10 and 35 °C, with the highest 

dechlorination rates observed near 30 °C, well above ambient groundwater temperature in most areas of 

the United States. However, few researchers have incorporated flow through a porous media when 

evaluating these temperature effects. In this study, a pair of 1-D column experiments was completed to 

determine the impacts of elevated temperatures on the growth and activity of a dechlorinating consortium 

under continuous flow conditions. Specific goals were to determine: i) the impacts of temperature on 

dechlorination activity; ii) how the microbial community changes in response to increasing system 

temperature; and iii) how system temperature affects expression of Dehalococcoides (Dhc) reductive 

dehalogenase (RDase) genes. Columns (15 cm length × 2.5 cm inner diameter; pore volume (PV) ≈ 30 

mL) were packed with Federal Fine Ottawa sand (30 – 140 mesh) under sterile conditions, and then 

saturated with a synthetic groundwater solution containing 300 µM (50 mg/L) tetrachloroethene (PCE) 

and 5 mM lactate. Columns were initially cooled or heated to 15 and 35 °C, respectively, to mimic 

groundwater temperatures under natural and low-temperature thermal treatment conditions. Each column 

was then augmented with 30 mL of the PCE-to-ethene dechlorinating KB-1 consortium. Samples were 

collected throughout the experiment and analyzed for chlorinated ethenes, ethene, organic acids, pH, and 

microbial abundance. Upon experiment completion, columns were destructively sampled and the solid 

phase was analyzed to assess the microbial community. Preliminary results indicate that elevated 

groundwater temperatures enhance the performance of reductively dechlorinating bacteria, and that this 

enhancement may be even more pronounced in dynamic porous media systems than previously 

observed in batch culture. 

Tyler Marcet, Tufts University, 200 College Avenue, Medford, MA, United States, 02155, 
tyler.marcet@gmail.com 

Yi Yang, University of Tennessee, 223 Perkins Hall, Knoxville, TN, United States, 37996, yiyang@utk.edu 

Frank Löffler, University of Tennessee, 1414 Circle Drive, Knoxville, TN, United States, 37996, 
frank.loeffler@utk.edu 

Natalie Capiro, Tufts University, 200 College Avenue, Medford, MA, United States, 02155, 
natalie.capiro@tufts.edu 

Kurt Pennell, Tufts University, 200 College Avenue, Medford, MA, United States, 02155, 
kurt.pennell@tufts.edu 

Presenting Author: Tyler Marcet 
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In-Situ Air Sparging Optimization Using Multi-Parameter Sondes 

A. Curtis Weeden, Jr.  

Tetrachloroethylene (PCE) groundwater contamination in a sandy aquifer at an industrial/commercial site 

is being treated via an in-situ air sparge system.  The in-situ air sparge system was successful in reducing 

PCE concentrations below regulatory goals at many downgradient monitoring wells; however, the system 

was not effective at reducing PCE concentrations in several far downgradient monitoring wells that were 

anticipated to be successfully treated.  Instead of simply expanding the in-situ air sparge system, an 

optimization study was conducted to assess if the operation of the in-situ air sparge system could be 

adjusted to more effectively treat these downgradient areas.   

The optimization study consisted of utilizing multi-parameter sondes to assess aquifer conditions when 

the in-situ air sparge system was run in different operating conditions, including under various 

compressor speeds and cycle times.   The multi-parameter sondes were equipped to measure water 

level, temperature, pH, conductivity, oxidation-reduction potential, and dissolved oxygen.  The objective of 

the study was to evaluate whether aquifer conditions could be altered in downgradient monitoring wells to 

enhance the likelihood of PCE treatment with the existing in-situ air sparge well configuration.    

This presentation will provide evaluation and comparison of the multi-parameter sonde results under 

various operating scenarios and will demonstrate with the support of analytical groundwater quality data 

that use of in-well sondes is an effective tool to optimize in-situ air sparge systems. In addition, the 

presentation will include review of dissolved oxygen fluctuations at a monitoring well approximately 80 

feet downgradient from the in-situ air sparge system potentially indicating aquifer stratification.   Practical 

considerations in conducting an in-situ optimization study using multi-parameter sondes will also be 

provided. 

A. Curtis Weeden, Jr., AECOM, 2 Pulpit Run, Amherst, NH, United States, 03031, 
curt.weeden@aecom.com 

Presenting Author: A. Curtis Weeden, Jr. 

13



Overcoming Key Design and Implementation Issues for In-Situ Chemical 
Oxidation 

Mike Marley and Bridget Cavanagh 

In-situ chemical oxidation (ISCO) is one commonly used remediation technology for treatment of 

hydrocarbon-impacted sites.  However, the level of success in meeting the treatment goals is highly 

variable, in large part due to the differences between the state of the practice and the state of the art in 

the design and implementation of the technology.  In this presentation we will discuss the key design and 

implementation parameters that cause the variability in the results of applying ISCO technology. 

One primary implementation issue that will be discussed in detail is the frequent preferential treatment of 

the most transmissive zones at a site, leaving residual NAPL or dissolved-phase matrix storage after 

remediation.  Untreated, these can produce long-term emissions that affect groundwater quality. 

Research to determine if high/low permeability interface treatment using chemical oxidants can result in 

sustained reduction in emission from the low permeability zones will be discussed with test results.  

Additional common errors in design and implementation will be highlighted, including the need, benefits 

and application of bench treatability studies, appropriate site characterization data collection, chemical 

dosing and injection approach and chemical distribution design. 

Mike Marley, XDD Environmental, 22 Marin Way, Stratham, NH, United States, 03885, Tel: (603) 778-
1100, marley@xdd-llc.com 

Bridget Cavanagh, XDD Environmental, 22 Marin Way, Stratham, NH, United States, 03885, Tel: (603) 
778-1100, cavanagh@xdd-llc.com 

Presenting Author: Bridget Cavanagh 
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Planned and Unplanned Strategies Using Combined Technologies to Remediate 
Petroleum Hydrocarbon Sites 

Richard McGregor 

Remedial programs that rely on one approach are often limited in their success due to unforeseen factors 

such as incomplete characterization, contaminant distribution, geologic heterogeneity, diffusive limited 

reactions, biological limitations, etc. Therefore most remedial programs require continuous evaluation, 

optimization and adjustments to ensure that the chosen program is both technical and cost effective. 

These modifications can be both planned and unplanned depending on new data that is uncovered during 

remedial activities. 

These planned and unplanned strategies are illustrated by two case studies completed in central Canada. 

The first site involved the leakage of an oil fuel tank into an unconfined aquifer. The spill threatened both 

water supply wells as well as a surface water body. The approach developed was based on limited 

excavations followed by a surfactant flush to reduce the source and mass of the fuel oil within the ground. 

The surfactant flush was then followed by two catalyzed persulphate injection events which were followed 

by an oxygen-releasing material injection event to address any residue hydrocarbon impacts. The result 

of the planned approach met the remedial objectives for the program with the groundwater and soil 

meeting the regulatory guidelines within eight months of implementation. 

At a second site, petroleum hydrocarbons, including free phase gasoline, had impacted an unconfined 

aquifer. The original remedial strategy called for the use of a multiphase extraction system to address the 

impacts. This approach had limited success and thus was re-evaluated. The revised approach called for 

the implementation of a phased strategy that used soil vapor extraction and temperature enhanced air 

sparging to reduce the hydrocarbon mass within the unsaturated and saturated zones followed by 

chemical oxidation and finally aerobic bioremediation using oxygen releasing devices. This strategy 

proved successful and allowed the site to reach the remedial goals within the budgeted time frame. 

Richard McGregor, InSitu Remediation Services Ltd, PO Box 324, St George, Ontario, Canada, N0E 
1N0, Tel: (289) 208-8832, rickm@irsl.ca 

Presenting Author: Richard McGregor 
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Reactive Transport Modeling: A New Paradigm in Design of In Situ Treatment 
Systems 

Richard Carbonaro and Robert Mutch  

Application of three-dimensional, numerical, reactive transport modeling is emerging, we believe, as a 

new paradigm in the design process of in situ treatment systems.  Its rapid emergence as a design tool is 

reminiscent of the paradigm that began to appear in the early 1980s when use of numerical groundwater 

flow modeling started to become standard practice in the design of groundwater extraction systems 

(despite the now apparent limitations in software and hardware at the time). In the last few years, reactive 

transport modeling has been applied with great success to evaluation and design of in situ chemical 

oxidation (ISCO), in situ chemical reduction (ISCR), and both aerobic and anaerobic in situ 

bioremediation (ISB) systems. Experience has shown that it can help optimize the performance of in situ 

treatment (IST) remedies, reduce the risk of outright failure, and save overall costs. A reactive transport 

model is built upon the foundation of a three-dimensional groundwater flow model and includes the ability 

to model the chemical interactions between injected substrates or chemicals and the contaminants of 

concern; between the injected chemicals and the aquifer skeleton; and other subsidiary reactions. As with 

any numerical model, best results are obtained when the model is calibrated to laboratory and field data. 

Several case studies will be described where three-dimensional, reactive transport models were 

instrumental in the evaluation and design of full-scale ISCR, ISCO, and ISB systems.  

Richard Carbonaro, Mutch Associates, LLC, 360 Darlington Avenue, Ramsey, NJ, United States, 07446, 
rcarbonaro@mutchassociates.com 

Robert Mutch, Mutch Associates, LLC, 360 Darlington Avenue, Ramsey, NJ, United States, 07446, Tel: 
(201) 669-4171, rmutch@mutchassociates.com 

Presenting Author: Richard Carbonaro 
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Groundwater Sulfate at Former Wastewater Treatment Facility Enhances 
Abiotic/Biotic Remedy 
Karen Kinsella, GZA, Glastonbury, CT; Tanya P. Justham, Christopher B. Melby, 
and James M. Wieck, GZA, Bedford, NH 
 
Sorption Coupled with Enhanced Biodegradation to Treat Petroleum and 
Chlorinated Contaminants in Groundwater 
Maureen Dooley, Regenesis, Wakefield, MA; Kristen Thoreson, Regenesis, San 
Clemente, CA 
 
Enhanced Reductive Dechlorination of Chlorinated Solvents in a Low 
Permeability Subsurface Using 3-D Microemulsion 
Frank Peduto, Spectra Environmental Group, Latham, NY 
 
Combined Treatments for Complex Multi-Component Source Area 
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Jim Fenstermacher, AECOM, Conshohocken, PA 
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Groundwater Sulfate at Former Wastewater Treatment Facility Enhances 
Abiotic/Biotic Remedy 

Karen Kinsella, Tanya P. Justham, Christopher B. Melby, and James M. Wieck  

Dense non-aqueous phase liquid (DNAPL) is present beneath a former municipal wastewater treatment 

facility in New England. The DNAPL is likely due to unauthorized discharge of solvents with septic system 

sludge prior to closure and abandonment of the facility in 1986. Site contaminants include chlorinated 

volatile organic compounds (cVOCs), principally trichloroethene (TCE) and its degradation products. TCE 

has been detected at concentrations above 1,000 mg/L, with measurable DNAPL in a groundwater 

monitoring well. Following a bench-scale study, regulators approved a field-scale abiotic/biotic pilot study 

within the upper hydrogeologic unit’s saturated alluvial deposits. A remedial additive blend of zero-valent 

iron (ZVI), guar gum, sugar, inactive yeast, and micronutrients was injected in a 300 square feet (28 m2) 

area using Geoprobe® direct push drilling methods. This abiotic/biotic remedy creates multiple 

degradation pathways, addressing both residual cVOC source mass and dissolved-phase cVOCs by 

combining microbial dehalorespiration with iron-based chemical dechlorination. Site groundwater 

contained sulfate at background concentrations ranging up to 50 mg/L. The ferrous iron produced when 

ZVI donates a pair of electrons to cVOCs can react with sulfide produced by biological sulfate reduction to 

generate reactive ferrous sulfide coatings on soil particles. This fresh, poorly crystalline ferrous sulfide 

can also donate electrons to cVOCs, and can play an important role in continued removal of TCE 

following ZVI passivation. We will present results and lessons learned from the field-scale abiotic/biotic 

study, including evidence of reactive ferrous sulfide-mediated secondary abiotic dechlorination.  

Karen Kinsella, GZA, 655 Winding Brook Drive Suite 402, Glastonbury, CT, United States, 06033, 
karen.kinsella@gza.com 
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Sorption Coupled with Enhanced Biodegradation to Treat Petroleum and 
Chlorinated Contaminants in Groundwater 

Maureen Dooley and Kristen Thoreson  

Enhanced biodegradation and monitored natural attenuation (MNA) are effective, widely-used tools for 

elimination of organic contaminants in groundwater. However, the timeframe for treatment by these 

methods can be on the order of months to years. To significantly improve remediation performance 

beyond that of traditional enhanced bioremediation, a new in situ colloidal biomatrix has been developed 

that accelerates biodegradation and drastically shortens the timeframes for reaching groundwater 

treatment goals. 

This presentation demonstrates the efficacy of a colloidal in situ remediation agent that consists of highly 

sorptive activated carbon particles (1-2 microns in size) stabilized to transport widely through an aquifer 

upon injection. The stabilized colloids deposit on soil surfaces, forming a biomatrix that traps 

contaminants and accelerates their degradation. Some advantages of this approach include a rapid drop 

in groundwater concentrations, along with the ability to stop plume migration and protect sensitive 

property boundaries or environmental receptors. It is hypothesized that the protective effects of the 

colloidal agent last many years after its application. 

The presentation will review the performance of the colloidal biomatrix material on multiple field sites with 

varying contaminants and site conditions. Data will be presented from both the source and down-gradient 

plume area at a former leaking underground storage tank near a school. The direct-push application was 

a combined remedy that coupled the colloidal biomatrix with oxygen delivery to promote aerobic 

biodegradation. The presentation will provide pre- and post-application soil cores to demonstrate zone of 

influence as well as groundwater monitoring to show >99% contaminant reductions within 3 months of 

application. A second site will discussed that shows contaminant reductions >99% for TCA and TCE. 

Overall, the presentation will focus on demonstrating field performance through evaluation of the 

distribution of the biomatrix and the corresponding contaminant reductions. 

Maureen Dooley, Regenesis, 19 Belmont Road, Wakefield, MA, United States, 01880, Tel: (781) 245-
1320, mdooley@regenesis.com 

Kristen Thoreson, Regenesis, 1011 Calle Sombra, San Clemente, CA, United States, 92673, Tel: (949) 
366-8000, kthoreson@regenesis.com 

Presenting Author: Maureen Dooley 
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Enhanced Reductive Dechlorination of Chlorinated Solvents in a Low 
Permeability Subsurface Using 3-D Microemulsion  

Frank Peduto and Joseph Krikorian  

Spectra Environmental Group was contracted to determine the horizontal and vertical extant of TCE and 

its daughter products at a manufacturing facility. The majority of the COCs were in a high density, low 

permeability layer, downgradient of a former degreaser pit. With a baseline analysis of soil and 

groundwater we determined that subsurface conditions were conducive to anaerobic reductive 

dechlorination and, in fact, some dechlorination was naturally occurring.  

In order to expedite the remediation process, an injection solution was designed to work in conjunction 

with the naturally occurring dechlorination, thereby providing multiple avenues for the degradation of TCE 

and any daughter products. The injection solution was comprised of 3-D Microemulsion (3DMe), a 

chemical reducing solution (CRS), and water.  

In July and August 2015, Spectra injected the 3DMe slurry into 86 borings in a 12,000 square foot area 

behind the main manufacturing building, downgradient of the degreaser pit. Two additional injection 

points were completed within the footprint of the former pit. 

Since injection, sampling of the groundwater monitoring wells has been quarterly. Chemical analyses 

show a general decrease in TCE with an initial increase and subsequent decrease in concentrations of 

daughter products over time. Some wells exhibit an increase of ethene, the final breakdown product. We 

expect this trend to continue over the next few months. 

The presentation will discuss the investigation techniques used to focus the injection solution directly into 

the DNAPL zone and the results achieved after 5 quarterly sampling events. 

Frank Peduto, Spectra Environmental Group, 19 British American Blvd, Latham, NY, 12110, Tel: (518) 
782-0882, fpeduto@spectraenv.com 

Joseph Krikorian, Spectra Environmental Group, 19 British American Blvd, Latham, NY, United States, 
12110, JKrikorian@spectraenv.com 
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Combined Treatments for Complex Multi-Component Source Area Remediation – 
A Bench-Scale Evaluation 

Jim Fenstermacher  

At a project site in the northeastern US, prior investigations revealed a release source area consisting of 

a complex mixture of alcohols, aromatic hydrocarbons, ethers, ketones, and chlorinated and non-

chlorinated alkanes and alkenes. This mix of compounds is not amenable to a single remediation 

technique, and a bench-scale evaluation of various combinations of treatments was conducted to 

evaluate the efficacy of multiple simultaneous remedial mechanisms towards reducing overall 

contaminant mass. Remedial additives studied included four different types of bacterial cultures, using 

three different electron donor materials, in the presence of BOS 200® and BOS 100®, for a total of twenty 

unique microcosm treatments, with two different untreated microcosms for experimental control. Sixty-five 

individual analytes were tracked over the course of five sampling events through the 60-day bench study. 

Analytes included chlorinated and non-chlorinated VOCs, volatile fatty acids, dissolved gasses, inorganic 

anions, and pH. Results showed clear differences in response of contaminant concentrations to various 

treatments. Production of methane and other dissolved gasses, accompanied by production of chloride 

was clearly evident in treatments showing substantial reductions (>80%) in chlorinated VOC degradation. 

In addition, consumption of lactate and production of volatile fatty acids also correlated well with observed 

decreases in contaminant concentrations. The most effective treatment appeared to be a mixture of 

BOS100® (ZVI and activated carbon), chitin and yeast extract (electron donors), and a multi-strain 

consortium of microorganisms to break down the chitin and yeast extract, providing degradation of 

chlorinated, aromatic and aliphatic hydrocarbons. This treatment showed clear production of 2-butanone, 

acetylene, ethane, ethylene, propane, propylene; losses of all BTEX compounds (>85% loss) and 

chlorinated aliphatics (~99%, excluding methylene chloride, at 50% loss); and some degradation of both 

acetone (15%) and isopropanol (16%). Chloride concentrations increased by over 30%, which 

corresponded reasonably well with a mass balance on chlorinated VOC degradation. 

Jim Fenstermacher, AECOM, 625 West Ridge Pike, Conshohocken, PA, United States, 19428, 
jim.fenstermacher@aecom.com 
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Substrate Utilization and Growth Kinetics of Organisms in a Constructed 
Consortium for Biodegradation  

Harrison Atagana  

The study measured the degradation of a complex mixture of hydrocarbons (creosote) and selected 

PAHs by a constructed consortium of microorganisms comprising of two bacteria, Arthrobacter sp. and 

Bacillus sp. and two fungi, Aspergillus sp. and Fusarium sp. isolated from a creosote-impacted soil. 

Kinetics studies were also used to characterised the growth and substrate utilisation of pure cultures of 

members of the consortium in mineral salts medium (MSM) spiked with 50, 100, 500, 1000 and 5000mg 

L-1 of either creosote, and selected PAHs in a 250ml Erlenmeyer flask and incubated at 30O ± 2OC for 21 

days in a rotary shaking incubator. The consortium degraded the compounds by up to 100% in some of 

the cultures. Creosote was more slowly degraded (87%) compared to the individual PAHs. Increasing 

concentrations did not inhibit growth of organisms in cultures containing PAHs. Growth in cultures 

containing creosote increased with increase in concentrations and was higher than in the PAH cultures. 

The rate of biomass increase correlated with substrate utilization in all cultures. Growth rate (0.2049 (μ)  

h-1), biomass increase and substrate utilization (0.0989 mg L-1h-1) were highest at 5000mg L-1 in all the 

cultures compared to for an example 0.0611(μ) h-1 and 0.0776 mg L-1h-1 in the 500 mg L-1 creosote 

culture. In the cultures containing PAH, substrate utilization decreased with increase molecular mass. 

Acclimation period of organisms in PAH cultures varied with concentrations, molecular mass and 

stereochemistry.  Cultivation of the members of the consortium in a biofilm showed that the two bacteria 

isolates could co-exist in a mixed culture but the fungi were only partially incorporated into the biofilm. 

The use of constructed consortia in modelling the behaviour of degraders and pollutants in the 

environment could help in providing an understanding of the processes of bioremediation of pollutants in 

the environment. 

Harrison Atagana, University of South Africa, Institute for Science and Technology Education, Pretoria, 
Gauteng, South Africa, 0003, atagahi@unisa.ac.za 
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Building Resilience to Climate Impacts: 
Local Efforts to Implement Adaptation Plans 
 
Impact of Climate Change on Public Health: A Global Perspective 
Elfatih A.B. Eltahir, Massachusetts Institute of Technology, Cambridge, MA; 
Catherine Brown, State Public Health Laboratory, Massachusetts Department of 
Public Health, Boston, MA; Marc A. Nascarella, Bureau of Environmental Health, 
Massachusetts Department of Public Health, Boston, MA 
 
NOAA’s Regional Climate Services: Supporting Climate Understanding at 
Regional Scales 
Ellen Mecray, National Oceanic and Atmospheric Administration (NOAA), 
Taunton, MA 
 
Investing in a Climate-Smart Commonwealth 
Kathleen Theoharides, Director of Climate and Global Warming Solutions, 
Massachusetts Office of Energy and Environmental Affairs, Boston, MA 
 
Community Resilience and Chemical Safety 
Tiffany Skogstrom, Policy and Outreach Coordinator, Massachusetts Office of 
Technical Assistance, Boston, MA 
 
Tools and Methods for Evaluating Climate Health Impacts on 
Transportation Projects 
Kate Adams, Margaret Round, and Marc A. Nascarella, Bureau of Environmental 
Health, Massachusetts Department of Public Health, Boston, MA 
 
Evaluating Climate-Related Waterborne Disease Using Recreational Water 
Quality Data in Massachusetts 
Michael Celona, Margaret Round, Marc A. Nascarella, Qi Luo, Michael Beattie, 
and Irena Draksic, Bureau of Environmental Health, Massachusetts Department 
of Public Health, Boston, MA 
 
Asthma and Climate Change: Building Knowledge, Communication and 
Action 
Kathleen McCabe, Director of Policy and Practice, Health Resources in Action, 
Boston, MA 
 
Using Health Impact Assessment to Promote Regional Climate Action 
Catherine Ratte, Pioneer Valley Planning Commission, Springfield, MA; Ben 
Wood, Massachusetts Department of Public Health, Northampton, MA; Margaret 
Round, Bureau of Environmental Health, Massachusetts Department of Public 
Health, Boston, MA  
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Impact of Climate Change on Public Health: A Global Perspective Applied to 
Massachusetts 

Elfatih A. B. Eltahir, Catherine Brown, and Marc Nascarella  

The Massachusetts Department of Public Health (MDPH) is developing translational tools to support local 

climate change intervention and adaptation strategies.  A key feature of this effort is the implementation of 

the CDCs Building Resilience Against Climate Effect (BRACE) framework to assist communities in 

evaluating the local health effects of climate change.  Through previous local health capacity 

assessments, MDPH has identified the development of tools to assist with mosquito control as a specific 

priority to reduce climate change related risks.  Working with state and local officials as well as the 

Parsons Laboratory for Environmental Science and Engineering at the Massachusetts Institute of 

Technology (MIT), MDPH is developing an approach to understand how local understanding of floods, 

droughts, land use, vegetation as well as global climate change may impact the spread of vector-borne 

diseases.  In this presentation we describe an approach to couple sophisticated numerical models with 

field-collected mosquito data for predicting the impacts of climate change in Massachusetts.  The MDPH-

MIT partnership will integrate theory, data analysis, laboratory and field experimentation, and numerical 

modeling to gain insight, test hypotheses and develop practical analytical tools.  We describe an 

approach to develop these models, validate them against available data on hydrologic and atmospheric 

variables, as well as data collected at field locations in Massachusetts, and translate this work into online 

interactive tools for planning at the local level. 

Elfatih A. B. Eltahir, Massachusetts Institute of Technology, Cambridge, MA, United States, Tel: (617) 
253-6596, eltahir@mit.edu 
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marc.nascarella@state.ma.us 

Presenting Author: Elfatih A. B. Eltahir 

2626



NOAA’s Regional Climate Services: Supporting Climate Understanding at 
Regional Scales 

Ellen Mecray 

As interest in the global change in temperatures and precipitation patterns grow, federal, state, and local 

agencies are turning to the delivery of ‘actionable science and information’ or ‘information for decision-

makers.’ NOAA’s Regional Climate Services program builds these bridges between the user of 

information and the producers of the information. This presentation will include examples of NOAA's 

climate services engagements at regional scales, including webinar series with stakeholders, 2-page 

quarterly summaries of NOAA information, numerous presentations at sector scales, and examples from 

2015-16 ENSO and drought events. The talk will cover the current state of the science, applications to 

different sectors, and an update on next steps and actions for 2017. 

Ellen Mecray, NOAA, 445 Myles Standish Blvd, Taunton, MA, United States, 02780, 
Ellen.L.Mecray@noaa.gov 

Presenting Author: Ellen Mecray 
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Investing in a Climate-Smart Commonwealth 

Katie Theoharides  

Climate change presents a significant threat to cities and towns, the economy, the environment, human 

health and safety, and investments made by government. In New England these impacts are expected to 

include damaging sea level rise, increased coastal and inland flooding, extreme precipitation events, 

periods of drought, extreme temperatures and significant heat waves, and changes in the timing of 

seasons. To address these significant challenges the state of Massachusetts is taking integrated action to 

prevent further climate change and to work across government to safeguard the people, communities, 

infrastructure, and natural resources of the Commonwealth from climate change impacts. A key aspect of 

this strategy will be working in partnership with local communities who are on the frontlines of climate 

change to help them prepare and to build resilience.  This talk will cover the state’s new agenda for 

climate change, discuss adaptation and mitigation strategies that utilize the power of natural resources, 

and highlight ongoing climate adaptation case studies across the state. 

Katie Theoharides, Executive Office of Energy and Environmental Affairs, 100 Cambridge Street, Boston, 
MA, United States, 02114, Tel: (617) 626-1144, kathleen.theoharides@state.ma.us 
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Community Resilience and Chemical Safety 

Tiffany Skogstrom 

Heat waves, flooding, intense storms, power outages and other climate change weather events pose a 

significant threat to communities where large toxic chemical users reside when critical infrastructure and 

services fail or are damaged.  Through a grant from the US Environmental Protection Agency (EPA), the 

Massachusetts Office of Technical Assistance (OTA) will work with Regional Planning Agencies (RPAs) 

to sponsor workshops designed to build awareness and educate city officials, community leaders, Local 

Emergency Planning Councils and businesses about the toxic chemicals stored, used and transported 

through their communities. OTA’s Community Resilience and Chemical Safety program aims to provide 

RPAs, first responders, and others with expertise in chemical safety and in identifying toxics users in 

their community while providing Massachusetts businesses with free, non-regulatory, and 

confidential assistance with toxics use reduction.  In this way, OTA will work with stakeholders to 

prevent potential climate change related chemical disasters and bolster safer communities by 

educating community leaders about their vulnerabilities to chemicals within their vicinities, and by 

building toxics use reduction into local emergency preparedness and planning frameworks.  

Tiffany Skogstrom, MA Office of Technical Assistance, 100 Cambridge Street, Suite 900, Boston, MA, 
United States, 02114, Tel: (617) 626-1086, tiffany.skogstrom@state.ma.us 

Presenting Author: Tiffany Skogstrom 
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Tools and Methods for Evaluating Climate Health Impacts on Transportation 
Projects 

Margaret Round, Marc Nascarella, and Kathryn Adams  

Health Impact Assessment (HIA) is an evidence-based tool that is well positioned to evaluate the health 

impacts and benefits of transportation projects.  In Massachusetts, the Transportation Reform Law 

requires the use of HIAs by planners, transportation administrators, public health administrators and 

developers in the existing transportation planning evaluation process.  Given that transportation planning 

occurs decades in advance and the lengthy design life of transportation projects, ongoing changes in our 

climate are also expected to change the projected impacts to public health during the duration of these 

projects.  Such climate-driven changes and mitigation measures may be incorporated as adaptation 

strategies in the existing framework of health impact assessments performed on transportation 

projects.  In this presentation we will discuss the typical execution of health impact assessments on 

transportation projects, their implications for the health and well-being of the surrounding community, and 

their role in the selection of project design alternatives.  We will explain how expected changes in climate 

hazards modify and contribute to the potential health burden of these projects during their design life.  We 

will then describe how we have previously assessed the health impacts of transportation projects and 

different project alternatives using the HIA framework, and how climate change expectations during the 

life of the project may be incorporated into these assessment methods.  

Margaret Round, Massachusetts Department of Public Health, Bureau of Environmental Health, 
Environmental Toxicology Program, 250 Washington Street, 7th floor, Boston, MA, United States, 02108, 
Tel: (617) 624-5757, margaret.round@state.ma.us 
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Evaluating Climate-Related Waterborne Disease Using Recreational Water Quality 
Data in Massachusetts 

Michael Celona, Margaret Round, Marc Nascarella, Qi Luo, Michael Beattie, and Irena 
Draksic  

Recreational water quality data in Massachusetts represents a rich resource for understanding the 

relationship between climate and health.  As a result of climate change, Massachusetts is expected to 

experience higher temperatures during the summer months, resulting in more frequently used beaches 

leading to increases in both the potential to introduce more pathogens into the water, and expose a 

greater proportion of the population.  With over 1,100 freshwater and marine beaches, Massachusetts 

has the greatest number of beaches in the Northeastern United States, and a rich resource for 

understanding regional climate effects on waterbodies.  The Massachusetts Department of Public Health 

(MDPH) has been monitoring bacterial levels at these beaches since 2001, where they have collected a 

robust dataset of over 200,000 individual water quality samples.  Analyses of these data suggest an 

increased probability of gastrointestinal illnesses when swimmers use the beaches during hot periods that 

follow rain events.  Historical observations suggest that this is likely the result of increased surface runoff 

into the recreational waterbody.  We describe the relationship between climate-related changes in rainfall, 

and the health impacts of potential increased exposure to fecal bacteria.  Understanding the probability of 

disease posed by potential increases in recreational waterborne pathogens is expected to inform more 

effective environmental monitoring and health-based intervention programs. 
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Asthma and Climate Change: Building Knowledge, Communication, and Action 

Kathleen McCabe  

The human health impacts of climate change, due to changes in ozone and particulates, are likely to be 

enormous and will disproportionately affect vulnerable and disadvantaged populations. Human health will 

be impacted by increased mortality and a range of respiratory and cardiovascular health effects. Among 

the conditions most likely to be impacted by the changing climate is asthma.  

Established in 2009, the Massachusetts Asthma Action Partnership (MAAP) is a program of Health 

Resources in Action and is funded by the Massachusetts Department of Public Health. MAAP is the only 

statewide asthma partnership that links local efforts across Massachusetts; individual members contribute 

directly to the implementation of the Strategic Plan for Asthma in Massachusetts: 2015-2020. MAAP 

brings together state agencies, local health and human service organizations, health care providers, and 

housing and education stakeholders to reduce asthma health disparities and improve the quality of life for 

all people with asthma in the Commonwealth.  

Attendees of this session will learn about the Massachusetts asthma prevention strategy and come to a 

common understanding of the connections between changing climate and the increased asthma burden. 

The presenter will introduce attendees to the work of MAAP and how it, through its learning network and 

communication channels, is beginning to integrate climate adaptation and mitigation strategies into the 

statewide plan to reduce asthma in Massachusetts.   

Kathleen McCabe, Health Resources in Action, 95 Berkeley Street, Boston, MA, United States, 02116, 
Tel: (617) 279-2240, kmccabe@hria.org 
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Using Health Impact Assessment to Promote Regional Climate Action 

Catherine Ratte, Margaret Round, and Ben Wood  

The Massachusetts Department of Public Health (DPH) has advanced the use of health impact 

assessment framework to support adaptation planning at the local and regional level.  BEH partnered with 

the MDPH Bureau of Community Health and Prevention (BCHAP), the Pioneer Valley Planning 

Commission and two municipalities to conduct a health impact assessment of climate action strategies in 

rural and urban communities in western MA.  An important outcome of this project to inform future 

planning efforts was the integration of the CDC Building Resilience Against Climate Effects (BRACE) 

framework and the Health Impact Assessment (HIA) framework.  These complementary frameworks 

contain methods for identifying the health co-benefits of proposed interventions, implementing a rigorous 

community engagement process, and identifying existing public health prevention and wellness programs 

that also strengthen community resilience to climate impacts. 

The pilot HIA builds upon the recommendations developed in the regional Climate Action Plan (CAP) for 

the Pioneer Valley by assessing the health impacts and benefits of the recommendations associated with 

energy efficiency measures in municipal buildings and providing cooling centers.   The HIA performed an 

extensive literature review, assessed linkages between health and climate intervention strategies (e.g., 

energy efficiency as a mitigation strategy and cooling centers as an adaption strategy), identified 

vulnerable populations in each community (in this case to extreme heat events), and demonstrated the 

involvement of stakeholders in each phase of the decision-making process.  The findings of the HIA link 

energy efficiency measures with reductions in respiratory and cardiovascular diseases, premature 

mortality and possible improvements in mental health.  Heat mitigation strategies were associated with 

positive health outcomes from reduced heat-related illnesses/mortality, and potential increases in physical 

activity.  Implementing the combined HIA/BRACE framework into the community-focused adaptation 

planning process supports collaborative approaches to improve climate preparedness by embedding 

health considerations into decision-making processes across a broad array of sectors. 

Catherine Ratte, Pioneer Valley Planning Commission, 60 Congress Street First Floor, Springfield, MA, 
United States, 01104, Tel: (413) 285-1174, cratte@pvpc.org 
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Environmental Forensics 
 
Composition of Fresh and Partially-Combusted Bakken Crude Oil:  
Implications for Assessing Impact Following Train Derailment and Fire 
Scott Stout, NewFields, Rockland, MA 
 
Water Quality Signatures for CCR Management Sites 
Bruce Hensel and Kenneth Ladwig, Electric Power Research Institute, New 
Berlin, WI 
 
Two-Dimensional Compound Specific Isotope Analysis (2D-CSIA) Forensic 
Approach for Low ppb Level Emerging Contaminant 1,4-Dioxane 
Yi Wang, Pace CSIA Center of Excellence, Pittsburgh, PA 
 
Application of LIBS for Environmental Forensics 
Jay Clausen, USACE ERDC-CRREL, Hanover, NH 
 
Hydraulic Fracturing Fluid Forensics: Potentials and Pitfalls 
Jessie Kneeland, Gradient, Cambridge, MA 
 
Laser-Induced Fluorescence:  The Most Reliable Tool for Petroleum NAPL 
Delineation 
Thomas Donn, EnviroSouth, Inc., Greenville, SC 
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Composition of Fresh and Partially-Combusted Bakken Crude Oil: Implications 
for Assessing Impact Following Train Derailment and Fire 

Scott Stout 

Crude oil shipments by rail have increased dramatically in the U.S. over the past five years.   In 

2014, approximately 1 million barrels of crude oil were shipped by rail each day, with 70% of 

this total comprised of Bakken crude oil from the Williston Basin in Montana and North Dakota.  Bakken 

crude oil is a very light crude oil (API 43º) in which approximately 10, 30, and 50% of the mass occurs 

below C6, C10, and C15, respectively.   The oil is extremely flammable as evidenced by the frequency 

of fires that accompany derailments of trains carrying the oil.  In this study, the chemical 

compositions of fresh, naturally-evaporated, and partially-combusted Bakken crude oils 

are characterized and compared.  Partially-combusted Bakken crude oil residues exhibit 

chemical features distinct from naturally-evaporated oils, including (1) distinct n-alkanes and UCM 

profiles inconsistent with vapor-pressure driven evaporation, (2) a relative enrichment in pyrogenic 

PAHs, particularly less stable (mostly) linear PAH isomers formed and then quenched during burning, 

and (3) a loss of petroleum biomarkers, conventionally thought of as stable, relative to their volatility.  

Although the relative concentrations of some specific Priority Pollutant PAH were increased, the 

masses of total PAH and Priority Pollutant PAH in the partially-combusted oils were significantly 

reduced compared to the fresh cargo oil.  Evaporated and partially-combusted Bakken crude exhibit 

distinct chemical fingerprints.   The fingerprints are distinct from “background” hydrocarbons typically 

found in urban soils or sediments thereby allowing for any impact to from derailments and 

accompanying oil fires to be recognized.    
Scott Stout, NewFields, 300 Ledgewood Place, Rockland, MA, United States, 02061, 
sstout@newfields.com 
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Water Quality Signatures for CCR Management Sites 

Bruce Hensel and Kenneth Ladwig  

Leachate generated by coal combustion residuals (CCRs) can contain numerous inorganic constituents, 

and regulatory programs for CCR management landfills and impoundments are often designed to monitor 

for many of these constituents. However, these constituents also occur in nature, and many have multiple 

anthropogenic sources; therefore, an exceedance in a groundwater monitoring program does not 

necessarily indicate a release from the facility. 

EPRI has developed a three-tiered forensic approach to evaluate groundwater at CCR facilities to 

determine whether or not an exceedance is due to a release or an alternative source. The tiers advance 

from evaluation of indicator constituents, to geochemical evaluations, to evaluation of isotopes in 

groundwater. 

This presentation will summarize the three-tiered forensic approach, and will include case examples, to 

provide an overview for how groundwater forensics can be used to determine whether or not an 

exceedance can be attributed to a monitored facility when there are other potential natural or 

anthropogenic sources within the flow system. This approach has applicability to other types of facilities 

where groundwater monitoring includes inorganic constituents. 

Bruce Hensel, Electric Power Research Institute, 3420 Hllview Avenue, Palo Alto, CA, United States, 
94304, bhensel@epri.com 
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Two-Dimensional Compound Specific Isotope Analysis (2D-CSIA) Forensic 
Approach for Low ppb Level Emerging Contaminant 1,4-Dioxane 

Yi Wang  

The Compound Specific Isotope Analysis (CSIA) forensic approach has been developed for many volatile 

organic contaminants, such as chlorinated solvents. Site investigation and optimized remediation are the 

focus of thousands of CSIA applications completed worldwide so far. Recently, an emerging contaminant 

1,4-Dioxane (1,4-D) calls for timely CSIA method development. Until the end of 1995, 1,4-D was used 

primarily as a stabilizer in chlorinated solvents. During the metal degreasing process, however, 1,4-D can 

become highly concentrated over distillation. 1,4-D is considered an ether by structure, but it is 

completely miscible in water, and therefore if released it can readily migrate and present at low ppb level 

in groundwater eventually. In addition, it is resistant to anaerobic degradation. A solvent plume could be 

significantly underdetermined if 1,4-D is considered. When more than one plume exist, often it is difficult 

for the site managers to identify the source of 1,4-D to the specific monitoring wells. CSIA forensic 

approach is supposed to work for 1,4-D, in a similar way it does for other contaminants, however, even 

the most commonly applied carbon CSIA has been technically challenging with low ppb level 1,4-D in 

water samples. A typical “purge and trap” setting simply won‘t extract much 1,4-D out of 

water where concentration is below 100 µg/L. Due to 1,4-D‘s unique property, CSIA reporting limit has 

been too high for effective site investigation and monitored natural attenuation to be carried out at many 

1,4-D contaminated sites. During this presentation, following an introduction on the sensitive sample 

extraction method specifically developed for low ppb level 1,4-D (down to 1 µg/L), a Two-Dimensional 

CSIA (2D-CSIA, for carbon and hydrogen isotopes) case study is used to demonstrate how the obtained 

2D-CSIA stable isotope fingerprints for 1,4-D along with other site information helped distinguish an 

additional source of release. 

Yi Wang, Pace CSIA Center of Excellence, 220 William Pitt Way, Pittsburgh, PA, United States, 15238, 
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Application of LIBS for Environmental Forensics 

Jay Clausen  

In the past several years, a portable, environmentally friendly, optically based technology has been 

introduced for analytical analysis and is referred to as laser induced breakdown spectroscopy 

(LIBS).  LIBS can be effectively used for site characterization to detect heavy metals, organic compounds, 

and other hazardous materials in water, soils, and other materials under extreme environmental 

conditions.  The benefits of LIBS include fast, real-time, minimal sample preparation, no hazardous waste 

generation, lower capital cost, and lower O&M costs.  In addition, the technology has the capability of 

stand-off analysis on remotely operated or autonomous platforms. This leap ahead technology is capable 

of multi-element (including lower atomic weight elements not feasible with XRF such as H, C, O, N), 

isotopic analysis, as well as speciation of elements in a single instrument package.  The presentation will 

cover different applications of LIBS for environmental forensic analysis. 

Jay Clausen, USACE ERDC-CRREL, 72 Lyme Road, Hanover, NH, United States, 03755, Tel: (603) 646-
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Hydraulic Fracturing Fluid Forensics: Potentials and Pitfalls 

Jessie Kneeland  

As public awareness of hydraulic fracturing has increased, so too has public concern about potential 

impacts to drinking water resources, including groundwater and surface water.  Investigators have 

recently proposed several new chemical markers of hydraulic fracturing that could help to establish or 

refute a connection between hydraulic fracturing and environmental contamination.  This presentation will 

analyze these proposed chemical markers and some new options which could potentially be used to 

either identify or rule out contributions of fracturing fluids, flowback, and produced water to groundwater 

and surface water.  We will highlight specific chemical fingerprints that could track hydraulic fracturing 

fluid and brine migration.  Many of these potential marker chemicals and isotopes also have natural 

sources, and the signatures can be altered by natural processes including biodegradation and partitioning 

in the environment.  These natural sources and processes may confound forensic signatures and 

complicate source attribution.  We will therefore summarize which chemical markers show the most 

potential to identify or rule out hydraulic fracturing sources, and which markers are subject to significant 

pitfalls.  Future environmental forensic investigators will need to rely on these new markers and 

fingerprints, while bearing in mind the limitations. 

Jessie Kneeland, Gradient, 20 University Road, Cambridge, MA, United States, 02138, Tel: (617) 395-
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Laser-Induced Fluorescence: The Most Reliable Tool for Petroleum NAPL 
Delineation 

Thomas Donn  

Application of laser-induced fluorescence (LIF) technology has been used successfully by site evaluators 

to identify and delineate the horizontal and vertical extent of petroleum-based light non-aqueous phase 

liquid (LNAPL).  The resulting high-resolution LNAPL plume geometry allows the remediation system 

designers to place extraction and/or injection points with precision with respect to screen intervals and 

horizontal location.   The real time field-generated visual data provided through a LIF assessment 

strategy provides a reliable 3-dimensional understanding of the presence of both residual (non-mobile) 

and saturated (mobile) fractions of the LNAPL within the vadose and phreatic zones in a single 

mobilization. 

In comparison to more traditional methods of LNAPL delineation, LIF prevents errors in plume delineation 

resulting from the lag time that typically occurs between the time a traditional well is installed and the 

LNAPL appears.  In fine-grained formations, this lag time can be as long as several months.  Even then, 

only the mobile fraction of the stored NAPL enters the well, leaving the investigator “blind” to the relative 

amount of residual (non-mobile) LNAPL that exists trapped in pore throats and as coatings on soil 

grains.  The residual LNAPL fraction typically continues to be a source of leaching of dissolved 

compounds to the groundwater. 

EnviroSouth’s  application of LIF has not only resulted in the reliable delineation of  LNAPL at featured 

sites in the upstate region of South Carolina, but more importantly, the LIF data has been effectively used 

to facilitate the design of remediation approaches that ensure LNAPL extraction is only occurring in the 

exact locations and depths where the target contaminants exist.  The case studies from the featured 

locations describe the rapid LNAPL removal using liquid ring pumps set up as both fixed and mobile 

vacuum systems, with no measurable return of LNAPL for a one year post-removal monitoring period. 
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Optimizing EVO Formulations for Maximum Reductive Dechlorination 

Richard Raymond and Michael Lee  

A variety of organic substrates have been used over the last 20 years for the anaerobic bioremediation of 

soil and groundwater at chlorinated solvent impacted sites. The addition of an organic substrate 

stimulates microbiological processes to create anaerobic conditions and produce molecular 

hydrogen.  The hydrogen produced is from the fermentation of the organic substrate which is then used 

as an electron donor by dechlorinating bacteria in the reduction of the chlorinated solvents such as 

tetrachlorethene and trichloroethene to ethene and ethane.  Consequently, molecular hydrogen is 

generally the most important electron donor for anaerobic dechlorination.   

There are a variety of organic substrate types, which can be categorized as 1) soluble fluids, 2) emulsified 

low viscosity fluids, 3) viscous fluids, and 4) solids.  Remediation engineers have gained significant 

experience with these organic substrates over the past 20 years and as a result have evolved and refined 

the optimization criteria for substrate selection and injection procedures. 

One of the most commonly used substrates in today’s remediation environment is food grade emulsified 

vegetable oil (EVO), which is in the low viscosity fluid category.   EVO’s popularity is due to 1) its ready 

availability (soy beans), 2) its relatively inexpensive 3) it contains all food grade materials (GRAS) and 4) 

it provides hydrogen over an extended period (up to 5 years). Properly formulated and injected, EVO 

offers one of the most cost effective sources of molecular hydrogen available.  

This presentation includes a discussion of the key substrate selection criteria such as distribution 

characteristics, longevity of the molecular hydrogen source, and costs for in situ anaerobic bioremediation 

systems and how to optimize the effectiveness of the selected substrate package. The optimization 

discussion will also focus on customizing EVO formulations to fit site conditions by altering droplet sizes, 

nutrient packages, hydrogen content, buffering alternatives, and other key ingredients. 
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Managing Data for Dynamic Site Conceptual Models 

Dave Rich, James Cummings, and Joseph Quinnan  

Some site remediation projects have been very successful, while others have not. One of the biggest 

factors in remediation project success is effective use of site conceptual models. Better use of these 

models can significantly increase the chance of a positive outcome. For many projects, the process is 

very linear: investigation, feasibility study, remedy selection, and implementation. Then, if the remedy 

doesn’t work, try another approach until something finally works. Often the investigation phase includes a 

site conceptual model. Usually the model is based on regional geology with some input from surface 

geology at the site, perhaps supplemented by well data. Many times, once the model has been created, it 

is used throughout the life of the project as it was originally defined. 

Two changes can greatly improve the use of the site conceptual model, leading to a more positive 

outcome. The first is to more thoroughly involve input from geologists in creating the original model. The 

flow of groundwater, contaminants, and reactants is very complex, involving interactions between one or 

more liquid phases, various parts of the solid matrix, other constituents like organic matter and manmade 

materials, along with contaminants and reagents. Practitioners should gather enough geologic information 

to adequately characterize all of these materials, recognizing that many interactions operate at a micro, 

rather than a macro scale. 

Secondly, the site conceptual model should be a dynamic, rather than a static document. Throughout the 

project additional information is often gathered about subsurface conditions. This additional information 

should be integrated into the model on an ongoing basis so that the best decisions can be made at all 

stages of the project. 

By integrating these two changes into accepted best industry practices and government guidance 

documents, and managing projects this way, we can greatly increase the number of successfully 

completed projects. 
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FROG-4000: Expanding the Capabilities for Field Portable Gas Chromatography 

Patrick Lewis  

The FROG-4000™ is a MEMS (micro electro-mechanical systems) based chemical analysis microsystem 

developed by Defiant Technologies. Over the past year, Defiant has been expanding the capabilities of its 

line of field portable analytical systems. Recent advances in micro-GC have shown excellent performance 

for separation of C1 to C6 hydrocarbons in a handheld sensor system. In addition, we have added a new 

polar stationary phase to aid in the separation of polar compounds like ketones and alcohols. Finally, 

Defiant has added a new 13 meter GC column with an optional thermos-electric cooler to enable sub-

ambient temperature programming. This new longer column is capable of separating large lists of volatile 

organic compounds including compounds more volatile than vinyl chloride. 

We will present a brief background on the underlying technology especially the micro preconcentrator and 

micro gas chromatographic column. We will show example chromatograms for the new longer GC column 

and each of the new stationary phases. Finally, we will show how the new technology is applied to solve 

real world analytical problems for analysis of VOCs in the field. 

Patrick Lewis, Defiant Technologies, Inc., 6814A Academy Parkway West NE, Albuquerque, NM, United 
States, 87109, prlewis@defiant-tech.com 
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Use of Direct Push HRSC in Remedial Action Design & QA/QC 

Eric Garcia 

Historically the typical use of direct push High-Resolution Site Characterization (HRSC) technologies such 

as Membrane Interface Probe (MIP), Hydraulic Profiling Tool (HPT), Ultra-Violet Optical Scanning Tool 

(UVOST) have been in the characterization of the subsurface prior to remedial action in order to enhance 

Site details and reduce uncertainties in the conceptual site model (CSM). Current use of these 

technologies can support the Quality Assurance/Quality Control (QA/QC) function of remedial actions by 

further refinining the CSM and improving the remedial action contemporaneously. Knowing the state of 

the subsurface environment before and after a remedial action are integral to an effective QA/QC 

program. These HRSC technologies can be used to verify the presence and/or absence of remedial 

compounds in-situ through changes in pore space characteristics such as permeability/hydraulic 

conductivity, and geo/electrochemistry. Additionally, in remedial actions requiring environmental fracturing 

technologies to enhance or create openings in soil with low effective porosity, HRSC technologies such 

as HPT and the Optical Image Profiling (OIP) tool can be used to identify and delineate the placement 

and extent of the subsurface fractures. 
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Combined ISCO and ISCR Approach for DNAPL Brownfield Redevelopment 

Will Moody 

This former chemical plant was demolished and the property has lain dormant for nearly three decades in 

an economically-depressed area. The site is underlain by fill deposits that range in thickness from 

approximately 5 to 12 ft bgs and consists predominantly of fine to coarse sand and gravel. Underlying the 

fill deposits are marsh deposits (locally referred to as “Meadow Mat”) consisting of brown peat and 

organic clays. Soil and groundwater in part of the site are impacted with a variety of volatile organic 

compounds and pesticides. The primary contaminants of concern (COCs) are chlorobenzene, carbon 

tetrachloride, chloroform, and pesticides (e.g., methoxychlor). Dense non-aqueous phase liquid (DNAPL) 

is also present across approximately 2.5 acres of the property. Removing the contaminated media would 

require transport of thousands of truckloads of heavily contaminated soil through urban and residential 

areas, followed by incineration and offsite disposal. In light of the cost and sustainability implications, 

alternative solutions were evaluated that could also address the contamination rapidly and cost-

effectively. 

The COCs present included compounds that can only be oxidized (e.g., chlorobenzene) and compounds 

that can only be reduced (e.g., carbon tetrachloride) as major components, thus commonly used methods 

such as in-situ chemical oxidation or bioremediation were unlikely to be effective. Based upon previous 

academic research, manganese (as Mn(IV)) is known to catalyze hydrogen peroxide at neutral pH to form 

superoxide radicals (a nucleophile and reductant capable of destroying chloromethanes). Hydrogen 

peroxide was also found to form hydroxyl radicals, presumably by reaction with native iron in soil. Bench-

scale testing confirmed that the approach effectively destroyed all of the contaminants and DNAPL in soil 

and groundwater samples from the site. 

A field pilot test was undertaken to confirm the laboratory results and develop scale-up design information 

for a full-scale treatment program. Over 600 injection wells and 150 vent wells were installed over the 2.5 

acre DNAPL impacted area. The site is now considered fully remediated and ready for redevelopment. 

Geo-Cleanse was issued a patent (U.S. Patent No. 8,556,537) for this innovative, sustainable “combined 

oxidant” technology. 

Will Moody, Geo-Cleanse International, Inc., 400 State Route 34, Matawan, NJ, United States, 07747, 
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Synergistic and Sustainable Solutions for the Built and Natural Environments 

Richard Cartwright  

The world around us has two major components: the “Built” Environment and the “Natural” Environment. 

The built environment refers to the man-made surroundings that provide the setting for our daily human 

activity. The natural environment includes all living and non-living things that are found naturally on Earth. 

It is an environment that is not directly influenced by people. Given that hazardous materials are found 

everywhere, they not only exist but also can have major impacts on both the built and natural 

environments. 

History has taught us that hazardous materials released within the built environment have adversely 

impacted the natural environment. Vice versa, hazardous materials released within the natural 

environment have negatively impacted the built environment.  Examples of these interactive impacts will 

be presented during the presentation. The benefits of incorporating natural treatment system designs and 

ecological restoration to reduce these hazardous impacts will also be presented. 

Too often our “planes, trains & automobiles” transportation and engineered infrastructure requirements 

needed to support our “perceived most desired” human life-style is overwhelmingly focused on just the 

built environment. The value of incorporating the natural environment into our built environment strategic 

development plans can lead to better long-term sustainable and greener environmental solutions. A 

Brownfields to Greenfields environmental remediation and ecological restoration construction case history 

will be presented as an example of how the integration of “greener” natural environment infrastructure into 

the built environment infrastructure has resulted in an improved value-added “sustainable” solution for the 

world that we live in. 
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Heat Enhanced Plume Attenuation 

Mark Kluger  

Electrical resistance heating (ERH) is a well-established, robust, and rapid remediation technology. 

Primarily due to cost considerations, remediation practitioners generally apply ERH in the source zone to 

volatilize and treat volatile organic compounds. ERH works just as well in tight and permeable matrices 

and in the saturated and vadose zones. As ERH can maintain fairly uniform temperatures in the 

subsurface and as elevated temperatures increase reaction rates, there has been significant interest in 

applying ERH at a reduced cost to provide a plume-wide solution.  

Significantly, moderately increasing the temperature, say 20 to 30 degrees Celsius, of the subsurface 

matrix will increase biotic and abiotic reaction rates and will increase the dissolution rates of sorbed 

contaminants and non-aqueous phase liquids, making them bio-available.  Field results, as well as 

research at Tufts University, elucidate the production of short-chain volatile fatty acids from the naturally 

occurring organic, non-soluble carbon (also known as TOC) already distributed throughout the treatment 

volume. The newly formed, dissolved organic carbon provides terminal electron donors, supporting the 

biodegradation of chlorinated volatile organic compounds. Further, elevated temperatures help create 

redox conditions appropriate for anaerobic biodegradation. Keeping temperatures below those that 

produce steam eliminates the need for vapor capture and treatment, substantially reducing costs. 

The presentation will discuss the fundamentals of electrical resistance heating and strategies to thermally 

enhance the biodegradation of chlorinated solvents. Further, the presentation will include a heat 

enhanced plume attenuation (HEPA™) case study and data from an EPA Superfund Site. 
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The Utilization of Different Graphite Cathodes for Trichloroethylene Removal from 
Aqueous Solution 

Ljiljana Rajic, Noushin Fallahpor, and Akram Alshawabkeh  

In this study, we tested the use of different graphite cathodes forms for electrochemical degradation of 

trichloroethylene (TCE) by the cathode followed by anode electrode sequence. The cathodes used in the 

experiments were graphite plate, graphite foam (45 and 100 pores per inch or PPI) and novel ‘sandwich’ 

type electrode made of graphite plate containing graphite foam with 45 PPI. We also tested the influence 

of Pd catalyst coating on the cathode on TCE removal rate. The TCE removal achieved by graphite plate, 

graphite foam cathodes with 45 and 100 PPI was 36%, 65% and 62%, respectively, and the removal 

followed pseudo-first order kinetic with the coefficients of 1.21 x 10-2 min-1, 1.23 x 10-2 min-1 and 6.7 x 10-

3 min-1, respectively. An increase in the removal due to the use of foam cathodes is related to their higher 

surface area; the interactions between TCE molecules and atomic hydrogen that form at the cathode are 

promoted due to the high surface area of the foam. However, the dense structure of graphite foam with 

100 PPIs causes the hydrogen gas bubbles entrapment within the pores, which decreases the cathode 

active area and limits TCE removal. As results imply, graphite foam with 45 PPI is a promising cathode 

material due to the inert nature and high TCE removal efficiency. The presence of Pd catalyst (0.75 mgPd 

cm-2) on the 45 PPI graphite foam significantly increased TCE removal efficiency from 65% to 86%. Since 

carbon foam is a fragile electrode material for the full-scale application we tested ‘sandwich’ type 

electrode. However, the TCE removal was 42%; lower removal was achieved as a result of bubbles 

entrapment within the sandwiched foam. The results imply that the graphite foam can be successfully 

used for TCE removal but further improvement of the material strength is necessary. 
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Dermal Absorption of PAHs from Coal Tar/Coal Tar Pitch in Target Fragments 
from Range Sites 

Norman Forsberg, Brian Magee, and Glenn Hoeger  

In order to support a site-specific risk assessment, an in vitro dermal absorption study with human skin 

was performed to determine the dermal absorption of PAHs in clay pigeon target fragments at military 

range sites. These fragments, which are mixed with native soil, contain PAHs in a site-aged coal tar/coal 

tar pitch and limestone matrix, which is expected to reduce the dermal absorption of PAHs compared to 

that seen in animal studies using pure benzo(a)pyrene (BaP) in solvents. Without this information, the risk 

assessment would have to use the U.S. EPA’s default absorption factor of 13% which was derived from 

an in vivo study in rhesus monkeys that evaluated unaged soil samples freshly spiked with 14C-BaP (by 

Wester et al., 1990). The in vitro study evaluated three site soils that contained concentrations of BaP 

ranging from 4.5 to 183 mg/kg. Tests were performed in Franz diffusion cells with split-thickness fresh-

frozen skin samples from male and female donors aged 23-65 years. Test samples were applied to skin 

for 24 hours, then washed off. Collection of receptor fluid samples continued for a total monitoring period 

of 72 hours. Skin samples were stripped five times with tape to remove the stratum corneum and any 

remaining surface soil.  PAHs were analyzed in the dermis, surfactant-containing receptor fluid, and tape 

strips using high performance liquid chromatography with fluorescence detection to a detection limit of 

100 pg/L. Dermal absorption of BaP and six potentially carcinogenic PAHs was typically less than 1%. A 

freshly spiked control sample gave 9% absorption for BaP. 
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Combined Treatment of In-Situ Solidification (ISS) and In-Situ Chemical Oxidation 
(ISCO) in a Single Application at Multi-Contaminant Sites 

Vipul Srivastava  

Background/Objectives. An innovative combined remedy that uses amendments for in-situ 

solidification/stabilization (ISS) treatment to enhance in-situ chemical oxidation (ISCO) by activating 

sodium persulfate was tested in the laboratory. The soil treated was contaminated with petroleum 

hydrocarbon dense non-aqueous phase liquids (DNAPL), such as polynuclear aromatic hydrocarbons 

(PAHs) and VOCs, including BTEX (benzene, toluene, ethylbenzene and xylenes). Contaminated soil 

samples were obtained from a manufactured gas plant (MGP) site and were treated with sodium 

persulfate, activated using various pozzolan materials commonly used for S/S as co-reagents. The overall 

goals were the reduction in contaminant mass, reduced contaminant leaching, increased soil strength, 

and reduced hydraulic conductivity. 

Approach/Activities. Bench tests were conducted with soils collected from an MGP site in Racine, WI. 

PAHs in soil samples were approximately 3,083 mg/kg while BTEX ranged between 320 mg/kg to 580 

mg/kg. The ISCO reagent used in the bench test was sodium persulfate, and the S/S reagents used as 

activation and soil enhancement agents were typical pozzolanic material such as Portland cement, Slag 

cement, fly ash, lime, etc. with and without caustic soda (NaOH) as the control. 

Results/Lessons Learned. This combined treatment approach resulted in a greater than 90% 

degradation of BTEX and PAHs with at least two of the amendments, and ranged between 32-92% for 

other amendments due to synergies between reagents. During the same period, treated soil strength 

improved as measured by unconfined compressive strength, which increased from 55 psi to over 150 psi. 

Leaching characteristics of the treated soil reduced by as much as 95% as measured by SPLP. In 

another set of soil tests, S/S amendments increased pH and temperature sufficiently to activate the 

persulfate within one week. Activation with both S/S amendments and NaOH removed between 55% and 

70% of PAHs and BTEX. 

Pilot test of this technology is already underway. 
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Contribution to MNA of Abiotic Transformation at a Complex CVOC-Impacted 
Fractured Bedrock Site in the Northeastern U.S. 

Art Taddeo, Dan Folan, Scott Olson, and Matthew Zenker  

The site is a former aerospace manufacturing facility in Massachusetts with a history of petroleum 

(Stoddard Solvent) and chlorinated volatile organic compound (CVOC) use. A tank farm was located 

within shallow crystalline bedrock. Releases generated source areas of both LNAPL and DNAPL directly 

to the fractured bedrock. The site’s bedrock surface dips steeply in the direction of groundwater flow, 

towards an adjacent buried aquifer valley and regional river. A plume over one-half mile long has been 

generated, which has affected a municipal well. In order to support a long-term attenuation approach, well 

transects at key locations on and off-site have been installed and data used to calculate the mass 

flux/discharge at these locations. Significant decreases in groundwater concentrations have been 

observed between the on-site and off-site transects.  Monitored Natural Attenuation (MNA) parameters 

are also monitored regularly however biologically-related results may not fully explain all of the 

attenuation of the plume. Abiotic processes were evaluated to provide better documentation of the nature 

of the attenuation. Groundwater from transect well clusters was analyzed for standard MNA parameters 

and abiotic dissolved gas products (acetylene and others) during a comprehensive site-wide sampling 

event to document biogeochemical processes. This information was supplemented by an evaluation of 

daughter products and compound-specific isotope fractionation analysis. Rock samples from borings in 

key locations were analyzed for iron-bearing minerals.  Lab and down-hole logging for magnetic 

susceptibility were also performed. Finally, a bench-scale abiotic microcosm degradation study of bedrock 

cores collected under anoxic conditions has been performed. The contribution and specifics of abiotic 

degradation rate to the mass discharge at this site will be described. 
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Retrospective Assessment of Environmental and Occupational Exposure to 
Asbestos Fibers in a Petrochemical Plant 

Domenico Maria Cavallo and John Cherrie  

Retrospective assessment of exposure to asbestos fibers is a very complex task but it’s always requested 

for compensation of claimed occupational disease that have to be proved also on clinical and diagnostic 

bases. The estimation of past exposures to asbestos fibers should be carried out considering two 

different and self-consistent contributes: Environmental exposure and Occupational exposure. 

The expected environmental exposure at the workplace can be estimated using a stochastic approach 

that allows you to develop a probabilistic function, using Monte Carlo simulations (20,000 iterations, with 

Latin Hypercube) sampling. Based on these historical monitoring data, for each ward has been simulated 

probability distribution; namely, environmental concentrations of asbestos available were modeled to 

obtain a log-normal distribution, that also consider the possible variability unexplained by individual data. 

The environmental data concentration of asbestos fibers (ff/cc) obtained from this simulation were then 

weighted on attendance times of the various microenvironments / systems as well as resulting from the 

assessments of organizational framework and activities performed along the working careers. It is useful 

to note that the stochastic approach allows for expressing the result not as a single value, but you can 

also consider the variability and distribution, thus helping to reduce the uncertainty associated with the 

estimates. 

The estimated occupational exposure to asbestos fibers was calculated through the use data of 

occupational exposure to asbestos fibers available in the scientific literature and specific for each Similar 

Exposure Groups (SEG - UNI EN 689: 1997). SEG specifications and description will be presented in the 

conference. For each SEG, specific search were conducted on occupational exposure data to asbestos, 

and they were specifically referred to the tasks described in the definition of SEG. A complete set of data 

will be presented during the Conference Presentation. 
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Combining In-Situ Remediation Technologies to Achieve Site-Specific Standards 

Stephanie Turkot and Will Moody  

The combination of proven remediation technologies is no longer a concept of the past for achieving low 

cleanup standards at complex sites, including properties impacted with dense or light non-aqueous phase 

liquids (NAPLs) in challenging soil matrices. The incorporation of multiple remediation technologies on the 

same site can provide many advantages, including overall improved performance, reduced costs, shorter 

timeframe to obtain goals and ultimately site closure. For the last decade, Geo-Cleanse has been 

combining in-situ remediation technologies to capitalize on these advantages to assist our clientele 

network with cost-effective site closure and site-specific goals (e.g., source reduction, long-term plume 

management, etc.). 

The presentation will provide information regarding the primary reagent systems available for in-situ 

chemical remediation and outline three case studies, which demonstrate successful implementation of 

combined in-situ remediation technologies to achieve cleanup goals. Each case study will provide 

information regarding the site background, the remedial challenges, the selected remedial designs, the 

treatment applications and post-treatment results. The first case study is a site that is impacted with 

petroleum hydrocarbons, including the presence of NAPL, where coupling in-situ chemical oxidation 

(ISCO) with catalyzed hydrogen peroxide (CHP) and enhanced product recover was utilized. The second 

case study is a former manufacturing facility where in-situ chemical oxidation and reduction were utilized 

to address chlorinated solvent contamination in bedrock for an approximately 15-acre groundwater 

plume. The final case study, which was recognized by the EPA, combines excavation and ISCO with 

CHP and sodium permanganate to address a PCE-NAPL impacted Brownfield site. Geo-Cleanse has 

been recognized on the U.S. EPA’s Contaminated Site Cleanup Information website (CLU-IN) for our 

involvement with several projects, which provide examples of combining multiple technologies/reagents to 

address contamination and remediate sites. 
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Challenges of Soil Mixing Using Catalyzed Hydrogen Peroxide with Rotating Dual 
Axis Blending Technology 

Frederick Symmes, Prasad Kakarla, Vincent DelloRusso, Erik Hall, Michael Temple, William 
Caldicott, and Andrew Hoffman  

Although known to be one of the most effective oxidants for treatment of organic contaminants, catalyzed 

hydrogen peroxide (CHP) is typically not used for soil mixing applications because of health and safety 

concerns related to vapor generation and very rapid rates of reaction in open excavations. In one of the first 

large-scale in situ soil mixing applications, CHP using modified Fenton's reagent (MFR) was performed at the 

Kearsarge Metallurgical Superfund Site in New Hampshire. An innovative rotating dual axis soil blending 

technology was used to safely mix the MFR into low-plasticity silts/clay soils in order to remediate residual 

1,1,1-trichloroethane (111TCA) and 1,1-dichloroethene (11DCE). It was expected that an aggressive treatment 

approach using relatively "greener" chemistry of hydrogen peroxide would effectively treat the contaminants at 

the Site without significant byproduct impacts to groundwater or the pond that abuts the site. The soil and 

groundwater remediation consisted of treating approximately 3,000 cubic yards of source area soil by mixing 

MFR from 7 to 15 feet bgs. The Site was divided into 109 ten-foot square treatment cells that were precisely 

located, dosed, and mixed using the dual axis blender equipped with an on-board GPS system. Use of 

stabilizing agents with hydrogen peroxide ensured vapor-free conditions in the vicinity of the soil mixing 

operation. Real-time sampling and monitoring were implemented to identify any post-treatment exceedances 

of the cleanup goals. This allowed retreatment and supplemental testing to occur without impacting the soil 

mixing/ISCO schedule. Next-day post-treatment soil samples were collected from 56 random locations after 

ensuring that the hydrogen peroxide had been completely consumed. Results have indicated that 111TCA and 

11DCE concentrations have been reduced to well below the cleanup goals of 150 µg/kg for 111TCA and 60 

µg/kg for 11DCE. Several lessons learned during soil mixing and backfilling operation will be presented. 
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Slow Release Klozur Persulfate for Enhanced Remediation Including in 
Permeable Reactive Barriers  

Brant Smith and Brianna Desjardins  

In situ chemical oxidation (ISCO) using activated Klozur Persulfate has been applied at thousands of sites 

to treat a wide assortment of environmental contaminants of concern.  Activated Klozur® persulfate is 

based upon a highly soluble environmental grade sodium persulfate.  This high solubility has enabled the 

injection of a significant amount of oxidant in reasonable injection volumes allowing Klozur persulfate to 

treat highly contaminated soils and groundwater. 

Potassium persulfate is another commercially available persulfate that, once activated, releases the same 

remediation potential as sodium persulfate but has several different key characteristics.   Two of these 

critical characteristics are a theoretical solubility that is over an order of magnitude lower than sodium 

persulfate and the use of the potassium salt which would be beneficial at a limited number of sites that 

have regulatory guidance on sodium (Na) concentrations in groundwater. 

This study was intended to evaluate and compare the performance of activated potassium persulfate and 

the potential advantageous use of its unique characteristics in several different site conditions including 

as an ISCO permeable reactive barrier (PRB), emplaced near lower permeable materials to persist as 

contaminants back diffuse, as polishing step after Klozur sodium persulfate applications with sites with 

low remedial goals, and in locations with regulatory limits on sodium. 

Tests were conducted in a series of batch and column studies.  Batch tests included comparing solubility 

under different conditions, and evaluating characteristics of several activation methods.  Column studies 

were conducted evaluating the treatment efficacy of common aqueous phase contaminants such as 1,4-

dioxane, and potential longevity under difference treatment conditions. 

The data show that persulfate derived from potassium persulfate is capable of treating a multitude of 

contaminants of concern and that potassium persulfate exhibits key characteristics that can be used by 

design engineers and implementers for a variety of site specific applications. 
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Enabling NAPL Remediation Through Surfactants 

David S. Kane, Dan Socci, and Geeta Dahal  

Non-aqueous phase liquid (NAPL) is the source of groundwater and soil contamination at many sites and 

is a technically challenging problem to address in the subsurface. Conventional In-Situ Chemical 

Oxidation (ISCO) implementations are limited to aqueous phase reactions and are unable to address bulk 

NAPL plumes cost-effectively, typically requiring very large amounts of oxidant to meet cleanup goals. 

Pump-and-treat approaches for NAPL removal produce very gradual, continuous contaminant extraction 

and are designed to be in place for years. These systems tend to exhibit diminishing yields and reduced 

effectiveness through time. This presentation will focus on use of a surfactant enhanced NAPL removal 

during a single implementation period which greatly improves the economics and performance of oxidant 

usage in the subsequent chemical oxidation phases. 

Optimized surfactant blends and low doses of hydrogen peroxide are injected simultaneously to desorb 

and emulsify NAPL into the groundwater, enabling accelerated NAPL recovery. This emulsification 

process increases contact between contaminant and oxidant for subsequent chemical oxidation and also 

significantly increases the contaminant surface area available for destruction. The enhanced exposure of 

contaminant to oxidant provides improved efficiency of oxidant usage as well as source destruction, 

which eliminates the cause of contaminant rebound. Background on the benefit of surfactants in 

remediation will be presented, along with field case studies demonstrating the significant advantages of 

surfactant use for in-situ remediation, particularly for heavy hydrocarbons and NAPL. Field results will 

cover  enhanced NAPL extraction and substantial contaminant mass reductions achieved using 

Surfactant Enhanced Product Recovery (SEPR) and Surfactant-enhanced In Situ Chemical Oxidation (S-

ISCO) technologies.  
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Remediation of Perfluoralkyl Compounds (PFCs) with OxyZone®, a Multi-Oxidant 
Blend 

Raymond Ball and Alan Moore  

Field and laboratory results of PFC remediation with a blend of chemical oxidants commercially available 

as OxyZone® from EnChem Engineering, Inc. (EnChem) will be presented. PFCs are a class of emerging 

contaminants that are among the most recalcitrant of organic compounds. 

Soil and groundwater in the Fire Fighting Area at Joint Base Langley- Eustis Site in Virginia is 

contaminated with aromatic and chlorinated VOCs, SVOCs and PFCs from releases of waste fuels and 

fire-fighting foams. Following in-situ OxyZone® treatment, EnChem observed statistically significant 

decreases in the concentration of PFCs in the groundwater, suggesting in-situ degradation had occurred 

rather than dilution of the groundwater. Monitoring of the conservative tracer chloride also indicated that 

dilution of the contaminants had not occurred. 

Bench scale treatability studies were performed to investigate to what extent OxyZone® could degrade 

and destroy PFCs, specifically PFOS and PFOA. These experiments treated distilled water and Site 

groundwater that was spiked with PFOS and PFOA with OxyZone® for up to 1 day. The results showed 

that concentrations of PFOS and PFOA in spiked DI water decreased by more than 99% to a 

concentration of less than 0.2 ppb in less than 2 hours. In spiked Site groundwater, PFOS and PFOA 

destruction was slower and less complete, requiring 23 hours to destroy 79-97% of the PFCs to 

concentrations of 0.4 to 14 ppb (depending on the specific PFC). This is presumably due to other 

contaminants exerting an oxidant demand on the oxidant mixture. The analytical results also showed 

transformation and/or destruction of PFCs other than PFOA and PFOS also took place. In the distilled 

water experiments, up to 92% of the fluoride from the degraded PFCs were detected in the solution. 

It is expected that this technology will be applicable for in-situ and/or ex-situ treatment of site 

contaminated with PFCs. 
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Alkaline Activated Persulfate to Treat Contamination Beneath Construction of 
Skyscraper 

Mike Marley, Steve Panter, and Joesph Hickey  

Background/Objectives.  

A 70 story skyscraper was being constructed in the Chelsea neighborhood in Manhattan, New 

York.  Historical site uses included a lumber yard, metal works facility, coal year, piano manufacturer, livery 

car service, and a gasoline station.  Leaking underground storage tanks observed on-site had impacted 

groundwater and soils with benzene, toluene, ethylbenzene, and xylene (BTEX), naphthalene, and diesel 

range organics (DRO) and gasoline range organics (GRO).  Average concentrations for BTEX and 

naphthalene were 3,000 milligrams per liter (mg/L) and 140 mg/L, respectively.  DRO and GRO soil 

concentrations had a combined average concentration of 1,400 mg/L.  The objective was to remediate the 

petroleum contamination to meet regulatory standards while construction for the skyscraper continued. 

Approach/Activities.  

An application of alkaline activated persulfate (AAP) was conducted as a result of nine months of planning 

that included evaluation of the chemical compatibility with the building substructure, bench testing multiple of 

situ chemical oxidation technologies, design and coordination with the contractors responsible for the tower 

construction.  The highly coordinated field event included obtaining permits to gain street access for the 

onsite storage and batching of chemicals, daily modification of the injection system to accommodate 

construction activities, and coordination with the building contractors and union workers.  The AAP treatment 

applied 72,732 pounds (lbs) of sodium persulfate, 31,242 lbs of sodium hydroxide in 35,432 gallons in 6 

injection days to accommodate the construction schedule.  The injection utilized the RemMetrik® process 

and Wavefront™ technology to focus treatment targeting and optimize the distribution of reagents. 

Results/Lessons Learned.  
The application, the largest in Manhattan at the time, successfully reduced the combined concentration of 

BTEX compounds in groundwater by 92 to 95 percent and DRO, GRO and BTEX in soil by greater than 99 

percent.  The groundwater reductions were sustained after the application, leading to the NYSDEC issuing a 

site closure letter. 
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Bridging the Gap from Environmental Permitting to Emergency Bridge Demolition 

Michele Simoneaux and Amber Vail  

The Long Island Bridge, spanning 0.75 miles of Boston Harbor from Quincy to Long Island, was closed by 

Boston City officials in October 2014 due to unsafe conditions.  The permits in place to remove the bridge 

authorized a barge-mounted “float-off” method, which did not allow for impacts to the intertidal zone and 

seafloor bed.   In late 2014, the Contractor determined this method was unsafe due to extensive structural 

deterioration, and recommended that a “surgical” detonation of the bridge structure into Boston Harbor 

with subsequent removal was a safer methodology.   

This revised approach required a total of six new or modified permits and authorizations which presented 

a challenge since permits with direct ecological impacts, especially in Boston Harbor, are more difficult to 

obtain and the project timelines and time-of-year restrictions allowed only a few months to achieve full 

project approval.  The Massachusetts DEP was contacted, a permit liaison was assigned, and a multi-

agency consultation was convened to “efficiently smooth” the permit pathway forward.  Approximately 20 

regulators and representatives from the project design team came together.  The focus was on 

demolishing the bridge in a safe and timely manner because the longer the bridge remained as-is, the 

higher the likelihood of an uncontrolled failure of the structure without controls in place to mitigate 

potential ecological impacts. This collaborative effort coupled with the six new and amended permit 

applications, resulted in the issuance of the authorizations for the controlled demolition within two and a 

half months.  Mitigative measures used during demolition activities included turbidity curtains, fish scare 

tactics, and marine mammal observers.  The successful demolition of the bridge was completed in April 

2015.  Post-demolition monitoring of the seafloor and benthic biodiversity and habitat composition was 

also required by the environmental permits and is ongoing.  

Michele Simoneaux, GZA, 249 Vanderbilt Avenue, Norwood, MA, United States, 02062, Tel: (781) 278-
5802, michele.simoneaux@gza.com 
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Combined Remedies Used to Remediate Transportation Related Spills 

Maureen Dooley  

Contaminant spills associated with trucking or rail are typically addressed very quickly and as part of 

emergency response activities. In many cases excavation and temporary groundwater extraction are 

used successfully to remediate the site.  However, there are situations where a remedial approach may 

benefit from a combined remedies approach that incorporates technologies such as in situ chemical 

oxidation (ISCO), bioremediation and/or sorption with standard practices to provide not only a more rapid 

solution but also a cost effective solution. In this paper results from several case studies will be presented 

where ISCO and bioremediation were utilized as part of the remediation program. 

At a spill site in rural North Carolina excavation during an emergency response was used to remove much 

of the contaminant mass. However, BTEX contamination remained in soil and groundwater after the 

excavation was complete. A combined ISCO/bioremediation approach that involved the injection of 

chemical reagents was used to complete the remediation and bring the site to regulatory closure without 

the need for a roadside groundwater treatment system. Data from a second site will include results from 

the combined use of excavation, ISCO and sorption/bioremediation. Specifically, liquid activated carbon 

was applied with oxygen releasing compound to create a barrier and cut off migration of petroleum 

hydrocarbons. Petroleum hydrocarbon levels were reduced to non-detect in less than 3 months and 

conditions maintained for over 6 months.  Results will be presented from the North Carolina and other 

spill sites where ISCO, bioremediation and/or application of liquid activated carbon were used as part of 

remediation program to rapidly reduce petroleum contaminant concentrations in groundwater. 
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Quieting the Impact of Transportation with Sound Acoustic Planning 

Erich Thalheimer  

Hearing is one of the five basic sensory perceptions that we as human beings use to explore, understand 

and enjoy the world around us.  As such, planning and designing for proper acoustics deserves at least 

20% of our attention and resources to ensure a quality life.  Transportation systems (highways, airports, 

railroads, transit systems), and associated construction projects, are the largest producer of 

environmental noise affecting our lives.  Fortunately, several Federal and State agencies have 

established guidelines for how to measure, predict, evaluate and control these types of ubiquitous noise 

sources.  

This paper will summarize the current state-of-the-industry with respect to transportation and construction 

noise regulations and mitigation controls.  Basic acoustical concepts will be defined; the technical 

approach used to assess and identify noise impacts will be explained; and noteworthy examples of 

Federal, State and local noise policies will be provided.  Lastly, examples of noise control mitigation 

options will be provided for each mode of transportation noise. 
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DOE’s Consent - Based Siting Initiative and Nuclear Waste Transportation 

Erica Bickford  

Under the Nuclear Waste Policy Act of 1982, as amended, the US Department of Energy (DOE) is 

responsible for managing commercial spent nuclear fuel (SNF) resulting from nuclear powered electricity 

production. The DOE’s Office of Nuclear Energy established the Nuclear Fuels Storage and 

Transportation Planning Project (NFST) to lay the groundwork for implementing interim storage for SNF, 

including associated transportation, consistent with the Administration’s 2013 Strategy for the 

Management and Disposal of Used Nuclear Fuel and High-Level Radioactive Waste. In late 2015, the 

NFST program launched a consent-based siting initiative, holding eight public meetings around the US in 

2016 to solicit public input on the development of a consent-based approach to siting SNF storage and 

disposal facilities. In the course of conducting these public meetings, the question of how SNF would be 

safely transported to future facilities was frequently raised with respect to concerns about public safety. In 

response, the Department is developing informational and communications materials to help inform the 

general public about nuclear waste and SNF transportation. This presentation will provide some 

background on nuclear waste, and talk about the research, analysis, stakeholder engagement, and policy 

work DOE is conducting to plan and prepare for future shipments of SNF. 

Erica Bickford, US Department of Energy, 1000 Independence Avenue SW, Washington, DC, United 
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How is EPA - Region 1 “Greening” Our Programs? 

Katherine Woodward  

The ASTM Standard for Greener Cleanups-E-2893 with it’s list of approximately 120 Best Management 

Practices (BMP) has provided EPA Region 1, and in some cases EPA in general, with a framework for 

making our remediation projects “greener”, thereby reducing our carbon footprint on remediation 

sites.  Where are we looking for opportunities to green our remediation?  How are we working across the 

programs to facilitate our efforts? Now that we have a framework for greener cleanups, how are we 

expanding the concepts found in the ASTM Standard and the BMP list to other programs, such as air and 

water?  

The focus of this talk will be on the following points: 

• The EPA Region 1 view of “green remediation”- How do the coordinators see the program? 

• “Greening” EPA Region 1 remediation programs- policy and programs 

• Greener options in enforcement, water, and air- the future of Green Remediation 

The information will be presented using a combination of overview presentations and facilitated 

Q&A.  This platform will help to connect state regulators, project developers, job seekers, students and 

the interested public with EPA Region 1’s “Greener Cleanup” goals and initiatives. 

Katherine Woodward, US EPA, 5 Post Office Square, Boston, MA, United States, 02109-3912, 
woodward.katherine@epa.gov 
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The State of Greener Cleanups in Massachusetts 

Thomas Potter  

In 2014, the Massachusetts Department of Environmental Protection enacted regulatory amendments to 

its oil and hazardous waste site cleanup program regulations that encouraged the overall reduction of the 

net environmental footprint of assessment and remediation activities.  As a national leader in this effort, 

Massachusetts focused on minimizing the use of energy, water, and materials as well as reducing 

emissions and protecting land and ecosystems.  Further, Massachusetts strongly recommended the use 

of ASTM’s Standard Guide for Greener Cleanups (E2893) to achieve regulatory compliance.  This talk will 

follow Massachusetts’s efforts over the past two years and share current results and lessons learned.   

The focus of this talk will be on the following points: 

• Background on Greener Cleanups 

• Massachusetts regulatory incorporation and nexus with its other regulatory programs 

• Massachusetts Guidance on Greener Cleanups and support of the ASTM Standard Guide for 

Greener Cleanups 

• The current status of implementation and lessons learned 

• An overview of select case studies 

The information will be presented using a combination of overview presentations and facilitated 

Q&A.  This platform will help to connect state regulators, environmental consultants, the regulated 

community, job seekers, students and the interested public with Massachusetts’s regulatory efforts and 

initiatives. 

Thomas Potter, MassDEP, One Winter Street, 6th Floor, Boston, MA, United States, 02108, Tel: (617) 
292-5628, thomas.potter@state.ma.us 

Presenting Author: Thomas Potter 
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The Value Proposition of Greener Cleanup of a RCRA Corrective Action Site: An 
Industry Perspective 

Russell Downey  

The Pharmacia & Upjohn Company LLC site (the Site) located in North Haven, CT is a former chemical 

manufacturing site that ceased operations in 1993. Through a business acquisition in 2003, Pfizer Inc 

became responsible for the Site. Pfizer’s goal was to develop a green, sustainable remedy that would 

achieve cleanup and facilitate beneficial reuse of the Site as a community asset by encouraging some 

redevelopment and restoring ecological habitat along the Quinnipiac River. 

The Site remedy selected in 2010 by USEPA, with concurrence from CTDEEP, incorporated green 

remediation and sustainable design elements that were implemented during remedy construction. 

Environmental footprint reduction was recognized as the responsible approach to designing and 

executing environmental cleanup. The carbon footprint was reduced by avoiding inefficiencies in non-

essential transportation of imported fill and exported waste shipments.  The remedy sought beneficial 

reuse of on-Site displaced materials generated as part of the cut and fill needs for stormwater swales, 

retention basins, and using the displaced material to create gentler slopes adjacent to the RCRA waste 

units before installing clean engineered protective covers.  A commercial byproduct was beneficially 

reused in the recipe for the groundwater hydraulic barrier wall (HBW).  The HBW, combined with low-

permeability protective covers, will reduce groundwater extraction quantities by > 50% of current pumping 

rates, greatly reducing both energy consumption and water withdrawal. Dense non-aqueous phase liquid 

(DNAPL) comprised of chlorinated organic compounds was remediated by in situ thermal remediation 

rather than by the higher carbon footprint alternative of large-scale excavation and offsite treatment and 

disposal. 

The Site remedy has been benchmarked against the ASTM Standard Guide for Greener Cleanups to 

identify the green BMP concepts implemented. The value of Greener Cleanup is measured in evaluating 

the benefits of sustainable remediation concepts thru reduced resources consumed and carbon footprint 

over the entire remedy life-cycle. 

Russell Downey, Pfizer, Inc., 100 Route 206 North, Peapack, NJ, United States, 07977, Tel: (908) 901-
6079, russell.g.downey@pfizer.com 
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Green and Sustainable Remediation in Connecticut 

Camille Fontanella  

Although not required by regulation or statute in Connecticut, the Department of Energy and 

Environmental Protection (DEEP) encourages the use of green and sustainable remediation (GSR) 

practices in conducting site investigation and cleanup.  This follows the U.S. Environmental Protection 

Agency's Greener Cleanup Standard Initiative to minimize the environmental footprint of site remediation 

by minimizing energy use and maximizing the use of renewable energy; minimizing air pollution and 

greenhouse gas emissions; minimizing water usage and impacts to water resources; reducing, reusing, 

and recycling material and waste; and protecting land and ecosystems by minimizing habitat disturbance. 

This presentation will provide insight into: 

• how GSR fits with regulatory programs in Connecticut, including Remediation, Brownfields, and 

Renewable Energy Programs; 

• available incentives for use of greener cleanup practices; 

• the social, economic, and environmental benefits to using GSR; and 

• current guidance on conducting greener cleanups in Connecticut. 

Camille Fontanella, Connecticut Department of Energy and Environmental Protection, 79 Elm Street, 
Hartford, CT, United States, 06106, Tel: (860) 424-3074, camille.fontanella@ct.gov 
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A Case Study of Green Remediation and Reuse - Elizabeth Mine 

Edward Hathaway 

The Elizabeth Mine Superfund Site in Strafford, VT is a former copper mine.   The remnant waste piles 

were causing severe ecological impacts in Copperas Brook and the West Branch of the Ompompanoosuc 

River.   EPA implemented a series of cleanup actions at the Elizabeth Mine from 2003-2012.  As part of 

the cleanup efforts, EPA, working with the US Army Corps of Engineers, State of Vermont, and its 

contractors, applied several green remediation strategies to reduce the carbon footprint and an achieve 

more natural site restoration.  The presentation will highlight some of the key green remediation strategies 

that were used during the cleanup.  The project was also design and constructed to promote re-use and 

is under consideration as a major solar development. 

Edward Hathaway, USEPA, 5 Post Office Square, Suite 100, Boston, MA, United States, 02109-3912, 
Tel: (617) 918-1372, hathaway.ed@epa.gov 
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Trends in PFAS Occurrence and Remediation 

Eric Nichols  

Per- and poly-fluorinated alkyl substances (PFAS) are an emerging class of chemicals with significant 

implications for potable water supplies, water treatment, site characterization, and remediation. PFAS 

have been the focus of increased attention in recent years because of numerous occurrence studies, an 

increased understanding of PFAS fate in the environment, extreme persistence, and potential human 

toxicity. 

Beginning with a brief overview of PFAS usage and occurrence, this presentation will describe the 

breadth and complexity of the PFAS family of chemicals, including the ubiquity and significance of PFAS 

precursors, which may continue to biotransform and generate PFAS in the environment.   The status of 

recent US and global regulatory actions and standards will be reviewed, noting the wide variation and 

gaps in PFAS regulation between jurisdictions. 

PFAS chemical properties will be reviewed to provide a foundation for a disucssion of current and 

developing treatment and remediation options. The presentation will conclude with a discussion of risk 

management challenges for problem owners and water agencies, citing examples from actual sites. 

Eric Nichols, Substrata LLC, 78 Piscasic Road, Newfields, NH, United States, 03856, Tel: (603) 770-
6577, eric@substrata.us.com 
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How Did We Get Here from There? State and Federal Regulatory Actions for PFAS 

Janet Anderson  

The slow pace of U.S. regulatory decisions for poly- and perfluoralkyl substances (PFAS), namely PFOA 

and PFOS, is often criticized.  Additionally, the regulatory timeline for these chemicals is speckled with 

seemingly inconsistent and disparate regulatory decisions and threshold “safe” guidance values that span 

orders of magnitude.  This presentation will examine the history of regulatory and public health decisions 

for PFOA and PFOS within the context of the available science, and public policy and legal 

decisions.  Uncertainty, including uncertain risk and uncertain exposure, does not fit well within the 

various U.S. regulatory frameworks.  And yet, for PFASs, decisions made notwithstanding underlying 

uncertainty are necessary for shaping our public health policies.  We will discuss the key toxicology data 

and remaining data gaps that underlie the current federal and state drinking water and groundwater 

standards for PFOA and PFOS.  

Janet Anderson, Integral Consulting Inc., 17806 IH 10, Suite 300 , San Antonio, TX, United States, 
78257, Tel: (830) 751-2434, janderson@integral-corp.com 
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Can We Generate Reliable Data on PFAS? Cross Contamination and Lab 
Reproducibility Issues 

Paul Dombrowski and Dora Chiang 

Poly- and perfluorinated alkyl substances (PFASs) are a large group of man-made fluorinated organic 

chemicals. Because of their peculiar physical and chemical characteristics, PFASs have wide application 

in several industrial processes and products such as surface treatment of textiles and paper, building 

paints, cosmetics, insecticide formulations, firefighting foams, and the production of fluoropolymer.  PFAS 

include environmental studies have mainly concentrated on perfluoroalkyl acids (PFAA) such as 

perfluorooctane sulfonate (PFOS) and perfluorooctanoic acid (PFOA, C8 carbon chain).  PFAAs are 

persistence and have been detected in various environmental samples, wildlife, and humans because the 

studies have found PFAAs’ resistance to hydrolysis, photolysis, microbial degradation and can dissolve in 

water at relatively high concentrations. Fluoropolymer manufacturers have voluntarily reducing PFOA 

emissions under a stewardship program of the US Environmental Protection Agency (EPA US, 2006). 

Site inspection and investigation are ongoing to understand the sources, presence and extent of PFASs, 

however, data accuracy and quantities have rising concerns.  There are three main categories of possible 

sampling and analytical errors and bias that can be introduced into the final PFAS datasets. Errors and 

bias of PFAS data can be introduced from sampling procedures. This category includes background 

contamination introduced from personnel and materials, in particular clothing and organic resistant 

sampling materials containing a perfluorinated component; carryover of PFASs between samples via 

reusable sampling equipment; sampling technique; the necessity and impact of sample preservatives; 

and selection of appropriate and representative field quality controls. Errors and bias resulting from 

sample preparation for analysis. This includes background contamination of laboratory water supplies, 

reagents, and lab equipment such as fluorinated tubing in LC-MS/MS systems and fluorinated pipet tips; 

cross-contamination of samples and analytical standards by inadequate separation throughout handling 

and storage; variability introduced from overly complicated or poorly designed sample preparation steps; 

selection of appropriate and representative sample preparation quality controls; and soil homogenization 

and sub-sampling techniques. Errors and bias can result from final analytical determination. This 

includes background contamination of instruments (target compounds can be present at significant levels 

in instrumental tubing and other sub-components, e.g. degasser); selection of standard reference 

materials and other analytical quality controls; impurities in standards; choice of analytical standards and 

isotopic internal standard pairings; preparation of calibration solutions; quantification of isomeric PFASs 

with a single isomeric analytical standard; and analytical performance. Precautions to be taken in the field 

and in the laboratory to reduce cross contamination will be presented. 

Paul Dombrowski, AECOM, 250 Apollo Drive, Chelmsford, MA, United States, 01824, Tel: (978) 905-
2955, Paul.Dombrowski2@aecom.com 

Dora Chiang, AECOM, 1360 Peachtree Street NE, Suite 500, Atlanta, GA, United States, 30309, 
Dora.Chiang@aecom.com 
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Empowering Citizens: Community Driven Research Around PFOA Groundwater 
Contamination in Hoosick Falls, NY and Bennington, VT 

David Bond, Janet Foley, and Tim Schroeder 

This presentation describes how Bennington College is implementing new curriculum and research 

around a difficult problem – the recent discovery of a toxin in the drinking water of nearby communities – 

and why such an engagement matters. In 2014, the chemical Perfluorooctanoic acid (C8 or PFOA) was 

discovered in the drinking water in Hoosick Falls, NY. As concern over PFOA grew, many nearby 

communities in New York and Vermont also began finding PFOA in their water. In response to these 

events and with the support of the National Science Foundation, this past semester Bennington College 

began a course and a research project that rethinks what science education and informed citizenship 

might consist of in times like these. We’ve done so, in part, by opening our classrooms to this unfolding 

incident of water contamination and by placing the analytic resources of the college in conversation with 

community concerns. Over the past few months we’ve brought faculty and students into impacted 

communities, asking them to take stock of what is known about PFOA and talk to community members to 

figure out what uncertainties remain, and then equipping students and communities to produce original 

data to address those uncertainties. This session reflects on what we’ve learned thus far, including: 1) the 

disjuncture between messy experiences of exposure and the tidy definition sometimes offered in science 

and policy; 2) the investments in maintaining uncertainty; and 3) how student-driven inquiry can be a 

surprisingly effective vehicle for producing independent data and compelling change. We will also interact 

with some of the course material we’ve developed, discuss some of our early findings and the puzzles 

we’ve encountered in the data, and talk about how colleges and universities might confront similar 

environmental problems (and what resources might be available to do so). 

David Bond, Bennington College, One College Drive, Bennington, VT, United States, 05201, Tel: (802) 
440-4324, dbond@bennington.edu 

Janet Foley, Bennington College, One College Drive, Bennington, VT, United States, 05201, 
jfoley@bennington.edu 

Tim Schroeder, Bennington College, One College Drive, Bennington, VT, United States, 05201, 
tschroeder@bennington.edu 
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Assessment and Response to Perfluorinated Compounds in Groundwater and 
Soil in the Cape Cod Aquifer 

Thomas Cambareri, Scott Michaud, and Monica Mejia 

Aqueous Fire Fighting Foams (AFFF) containing Perfluorinated Compounds (PFC) were extensively used 

since the mid- 1960s.  The Federal Unregulated Contaminant Monitoring Rule (UCMR) has found that the 

EPA Health Advisories for PFOS of 200 ng/l is exceeded in several public drinking water-supply wells on 

Cape Cod.  Sources of PFOS and other PFC compounds include high density residential development 

with septic systems, fire training activities at a municipal airport and a county fire training academy.  

In response to the reported use of AFFF used at its fire training academy, the County undertook a full 

hydrogeologic assessment of soil, surface water and groundwater.   The facility’s location up-gradient of 

municipally-owned public water-supply wells is of particular concern. The results of the assessment 

indicate PFOS concentrations of up to 4.9 mg/kg in soil and up to 220,000 ng/l in groundwater beneath 

the site.  The contamination consists of a broad area of groundwater that has PFOS concentrations of 60 

to 5,700 ng/l and a narrow plume of high concentration exceeding 48,000 ng/l emanating from the site’s 

hot spot.  

The source of PFC compounds at the site was initially thought to be the use of AFFF prior to 2009. 

Recent data suggests that the source is likely more recent.   Investigation of an up-gradient kettle-hole 

pond suggests that surface runoff has contributed PFOS to the pond’s sediment and water column that 

are now likely sources of groundwater contamination.  The area of PFOS-impacted groundwater extends 

downgradient toward public water supply wells.  A mothballed pump and treat system used to address 

earlier contamination was refurbished to intercept high PFOS concentrations in groundwater.  The Town 

has deployed carbon filtration for the seasonal downgradient public supply wells.  Work is underway to 

characterize potential pond sources, evaluate hot spot source removal in the soil, and performance of the 

groundwater recovery system. 

Thomas Cambareri, Cape Cod Commission, 3225 Main Street, Barnstable, MA, United States, 02630, 
Tel: (508) 744-1234, tcambareri@capecodcommission.org 

Scott Michaud, Cape Cod Commission, 3225 Main Street, Barnstable, MA, United States, 02630, Tel: 
(508) 744-1237, smichaud@capecodcommission.org 

Monica Mejia, Cape Cod Commission, 3225 Main Street, Barnstable, MA, United States, 02601, Tel: 
(508) 362-3828, monica.mejia@capecodcommission.org 
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Sustainable Removal of PFAS from Groundwater Using Synthetic Media 

Steve Woodard, Nathan Hagelin, Brandon Newman, and Michael Nickelsen 

Background/Objectives. Polyfluorinated and perfluorinated alkyl substances (PFAS) are emerging as high-

priority and high-profile groundwater contaminants. PFAS are highly water soluble, have low volatility, and 

are difficult to treat. Granular activated carbon (GAC) effectively adsorbs long-chain PFAS compounds from 

water, but shorter-chain and branched PFAS have been shown to quickly break through GAC. Carbon 

change-outs require either virgin media or off-site regeneration and limit the sustainability of this technology. 

Synthetic media (ion-exchange resin) technology has shown significant promise for treating a broad range of 

PFAS. 

This paper describes the design and operation of PFAS treatability tests and an on-site pilot test using 

synthetic media to treat groundwater from Site 8 at the former Pease Air Force Base in Portsmouth, New 

Hampshire. Test objectives were to: (1) demonstrate treatment performance and regeneration potential of 

various synthetic media; (2) complete a pilot test comparing GAC and synthetic media at Pease; and (3) 

develop a design and cost estimate for full-scale treatment of a PFAS groundwater plume. 

Approach/Activities. Based on preliminary isotherm and column testing, one resin was selected for further 

treatability trials and retained for pilot testing at Pease. Identical pilot systems were designed for both 

synthetic media and GAC to treat groundwater with total PFAS concentrations of approximately 100 µg/L. 

The four-month pilot test was designed to optimize the empty bed contact time and regeneration procedures 

for the synthetic media. 

Results/Lessons Learned. Pilot testing demonstrated that the resin had four-to-five times the capacity for 

PFOS and PFOA than the GAC.  The resin also had superior treatment capacity for the full suite of 

PFAS.  Regeneration using a proprietary solution completely restored the PFAS removal capacity of the 

resin. A full-scale resin system is now under design at Site 8, based on the higher treatment capacity, 

regenerability, reduced footprint and lower costs, compared to GAC. 

Steve Woodard, ECT, 75 Washington Avenue, Suite 1A, Portland, ME, United States, 04101, Tel: (207) 210-
1551, swoodard@ect2.com 
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mnickelsen@ect2.com 
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Activated Carbon - A PFAS Treatment Solution 

Stephanie Carr 

Polyfluoroalkyl substances (PFAS) and Perfluorinated Compounds (PFCs), including perfluorooctane 

sulfonate (PFOS) and perfluorooctanoic acid (PFOA), are manmade substances, present in the 

environment (especially in potable water/groundwater sources) and pose human health risks. PFCs are 

used in a variety of products such as non-stick cookware/ food paper wrappings/carpeting, and aqueous 

fire fighting foams (AFFF). 

In May 2016 the EPA established a Health Advisory Exposure limit for PFOA and PFOS at 70 ppt 

concentration. PFASs are persistent in the environment and difficult to remediate/remove. 

The safest way to treat water is to remove harmful compounds. Granular Activated Carbon (GAC) has 

been used for centuries to adsorb and remove organics from water. GAC is the leading technology today 

for removal of  PFAS substances. It has been used for over 15 years to remove PFCs from 

groundwaters. 

How to evaluate an application for GAC adsorption, selection of a GAC system and carbon type, as well 

as recent isotherm and small scale column testing of various PFASs and water sources will be reviewed. 

Stephanie Carr, Calgon Carbon Corporation, 400 Calgon Carbon Drive, Pittsburgh, PA, United States, 
15205, Tel: (732) 993-1161, scarr@calgoncarbon-us.com 

Presenting Author: Stephanie Carr 
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LNAPL Plume Stability – Beyond the Occurrence of LNAPL in Wells 

Lisa Reyenga and J. Michael Hawthorne  

Light non-aqueous phase liquid (LNAPL) migration after a release typically follows a pattern of vertical 

migration downward due to gravity along with lateral spreading. For relatively small releases, the LNAPL 

can be immobilized due to capillary forces within soil pores in the vadose zone and capillary fringe. For 

larger releases where the LNAPL head is sufficient to overcome these forces, the LNAPL continues to 

migrate down into the water table until a combination of buoyancy forces and capillary forces balance the 

LNAPL head. The LNAPL body may also continue to migrate laterally and radially (due to the head from 

LNAPL mounding above the water table) until capillary forces and/or natural losses prevent further 

spreading at the outside edges of the plume. 

Forces controlling when an LNAPL body stops expanding cannot practically be measured directly. No 

single metric has been established to determine if an LNAPL body is stable or if it is expanding in any 

direction three-dimensionally. Instead, a “lines of evidence” approach is taken to evaluate if the 

preponderance of information indicates a stable plume. Ten lines of evidence for an LNAPL plume 

stability analysis have been proposed and are currently under development in an ASTM standard 

(Hawthorne 2013). 

However, simply outlining the technical evaluation of each line of evidence does not present a cogent 

determination of LNAPL plume stability.  This presentation will review a methodology to tie the various 

lines of evidence together into a holistic argument of LNAPL plume stability. Select case studies will be 

reviewed to demonstrate the effectiveness of the approach at presenting the evidence for plume stability 

in a direct and easy to communicate manner. 

Reference 

Hawthorne, J. Michael, 2013. LNAPL Body Stability Part 1: Lines of Evidence, Applied NAPL Science 

Review (Volume 3, Issue 4), May 2013. 
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Successful Closure of a Hydrologically Challenging Chlorinated Solvent Site 
Using Electrical Resistance Heating 

Eric Boswell and Scot Kuhn  

To accomplish closure of an industrial facility in northwestern France owned by a multi-national American 

company, a team of consultants and contractors from three nations worked closely with the French 

regulatory agency to successfully remove high concentrations of chlorinated solvents and DNAPL from 

soil and groundwater in one year following completion of investigation.  Tetrachloroethylene was detected 

in soil at concentrations up to 25,000 mg/kg and in groundwater at concentrations up to 21,000 µg/l. 

Technical challenges included complex hydro-stratigraphy, three source areas creating two groundwater 

plumes, an aggressive time-frame for completion, and the regulatory requirement to demonstrate that the 

plume was stable and not migrating off the property.   

Site geology was complex -- clayey sands and clays intersected by a sandy gravel layer -- and differed 

between source areas.  The majority of the contaminant mass was observed in the finer clays and sandy 

clay layers.  The remedial goal approved by the regulatory agency was 10 mg/kg total VOCs in soil and 

demonstrated stability of the groundwater plume within property boundaries. 

Electrical Resistance Heating was selected at the primary remedial approach, coupled with development 

of a complex hydrogeologic model to demonstrate plume stability.  The remedial goals were met within 

the requisite time-frame of one year, although minor additional remediation was required in particular 

areas. 

Management challenges included an aggressive time-frame for achieving closure; a lump sum contract; 

coordinating among two consulting companies, a remediation contractor, and a regulatory agency; and 

working with a five-hour time difference and inherent language barriers.  An important component of the 

project’s success was developing a detailed framework for dealing with liability risk and decision-making 

in the early stages of the project.  This approach entailed preparing a matrix that identified potential 

liability risks, assessed the probability for occurrence, and designated the entity responsible for managing 

each of the identified risks. 

Eric Boswell, HRP Associates, Inc., 2500 South Old Hwy 94, Suite 202, St. Charles, MO, United States, 
63303, eric.boswell@hrpassociates.com 

Scot Kuhn, HRP Associates, Inc., 197 Scott Swamp Road, Farmington, CT, United States, 06032, Tel: 
(860) 674-9570, scot.kuhn@hrpassociates.com 
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Guidance for the Optimization of Air Sparging Cycling Frequency 

Daniel Cornacchiulo and Kristy Salafrio  

In-situ air sparging (AS) and soil vapor extraction (SVE) are remediation methods that have been around 

since the mid-1980s. Cycling the AS on/off on a short time scale frequency creates an environment of 

continuous groundwater mixing. For hydrocarbons, this increases mass removal (SVE recovery) due to 

volatilization, and may enhance biodegradation. The purpose of this study is to provide guidance into the 

optimization of the cycling frequency. Past studies have shown that the subsurface air pattern distribution 

evolves during the course of the air injection, from an initial parabolic shape to a steady state condition 

which is cone shaped (Lundegrad and Anderson, 1993). Three phases have been identified during the 

course of the air injection: 1) an expansion phase; 2) collapse phase; and 3) a steady state phase. It is 

observed that when the air injection stops during phase 1, the water level will fall below static conditions 

due to the absence of air occupying the pore space. The goal of this study is to determine the site specific 

cycling frequency in order to keep the air pattern distribution in phase 1, where the saturation of the pore-

space decreases (draining soil), and SVE recovery increases. A pilot test procedure has been developed 

along with cycling frequency schedules utilizing data collected from three Long Island, NY remediation 

project sites. This technique was applied to existing AS/SVE systems with no changes required to the 

system wells or piping, only the installation of a timer to turn the blower on/off was needed. 

Daniel Cornacchiulo, Environmental Assessment & Remediations, 225 Atlantic Avenue, Patchogue, NY, 
United States, 11772, Tel: (631) 447-6400, Cornacchiulo@enviro-asmnt.com 

Kristy Salafrio, NYS DEC, 50 Circle Road, Stony Brook, NY, United States, 11790, Tel: (631) 444-0334, 
kristy.salafrio@dec.ny.gov 
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In Situ Chemical Reduction of Hexavalent Chromium in Deep Vadose Zone Soil 

Matthew Burns and David Carstens  

In situ chemical reduction of vadose zone soil was performed at a site in Lewis, Kansas. At the site, 

releases from former plating line operations resulted in the presence of hexavalent chromium in sandy 

soils, up to 45 feet below ground surface, at concentrations greater than Tier 2 Risk-Based Standards for 

Kansas (RSK). The affected area at the site was beneath an active manufacturing building. 

 Field sampling focused on defining the limits of the impacted soil, and collecting sufficient volume for 

bench-scale testing. Laboratory bench studies were performed to identify an appropriate amendment and 

amendment dose, and to demonstrate that the resulting trivalent chromium was not mobile (i.e., chelated 

to a soluble ligand), stable across a wide range of geochemical conditions and that undesirable off-

gassing did not occur. A software based three-dimensional data visualization was developed from the 

field data, and used to define the treatment volume and optimize the amendment application. 

Remediation involved application of the selected amendment (calcium polysulfide) through infiltration 

galleries constructed within the footprint of abandoned subsurface plating line structures (sumps, tanks, 

etc.) to allow amendment solution to follow the same path as the chromate waste. A deep injectable 

horizontal treatment barrier was installed to prevent impact to underlying groundwater. A wind-powered 

sub-slab ventilation system was installed to protect plant workers from potentially dangerous gases. 

Confirmation soil samples from the site demonstrated over 90% treatment effectiveness following the first 

amendment application. A targeted follow-up application was conducted, with confirmations samples 

indicating regulatory compliance within the impacted area. Groundwater samples confirmed that 

hexavalent chromium did not leach to groundwater as a result of remedial activities.   

Matthew Burns, WSP | Parsons Brinckerhoff, 300 TradeCenter, Suite 4690, Woburn, MA, United States, 
01801, Tel: (781) 933-7340, matt.burns@wspgroup.com 
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Case Study of Relocation & Restoration of Asbestos-Containing Fill in Charles River 
Wetlands 

Daron Kurkjian, Frank Ricciardi, Brian McCormack, Rebecca Damberg-Mauser, and John 
O'Donnell  

Using a first-in-the-state innovative remedial approach, Weston & Sampson sustainably relocated and capped 

30,000 cubic yards of asbestos-containing demolition debris and fill material from a former wetland area of the 

Charles River. The on-site relocation approach significantly reduced the greenhouse gas emissions from the 

project in comparison to a traditional dig-and-haul cleanup approach.  The on-site relocation of asbestos-

containing material (ACM) eliminated the transport and disposal of approximately 1,200 truckloads (i.e. 2,400 

truck trips) of ACM to out-of-state landfills. Additionally, on-site concrete debris was locally crushed and used 

as part of the capping system to further limit waste streams requiring transport from the site.  This case study 

will present a carbon footprint analysis and calculated savings for this green remediation project. 

The former wetland area was restored with wetland soil and replanted with non-invasive, native plant species 

and now provides significant flood storage for this area of the Charles River floodplain. Biostabilization 

techniques were used along the bank of the Charles River to naturally enhance and protect it from erosion. 

The chemistry of the imported wetland soil was specifically designed to approximate native wetland soil 

conditions and thereby optimize the establishment and success of native plant species.  

Overall, this project, being the largest restoration project in the Charles River Watershed, restored the natural 

conditions of the Charles River, eliminated risk exposure pathways, created over 5 million gallons of floodplain 

storage, and provided wildlife habitat. The restoration also enhances public access to the Charles River by 

restoring upland open space, reconnecting and improving the Charles River Link trail, and providing a new 

canoe/kayak landing area. This case study provides details of this green remediation project. It also provides a 

summary of lessons learned from the innovative remedial approach useful to the remedial community 

considering or planning similar projects. 
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Phytoremediation of Military Munitions with Transgenic Grasses  

Timothy Cary and Nancy Parker  

Decades of military activity on live fire training ranges have resulted in severe contamination of land and 

ground water by recalcitrant high explosives, in particular, hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) 

and 2,4,6-trinitrotoluene (TNT).  TNT and its transformation products are highly toxic, but as they bind 

strongly to clay and organic matter in soil, are largely contained at the site of contamination.  However, 

RDX is a major concern because of its high mobility in soil and subsequent contamination of 

groundwater, which may move off base.  These factors mean that RDX presents an immediate and future 

health problem to society.   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. 
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Understanding and Communicating Data: PCB Concentrations in Ambient Air 
Around New Bedford Harbor, MA 

Wendy Heiger-Bernays, Sylvia Broude, Claire Miller, Komal Basra, Kathryn Tomsho, 
Andres Martinez, Richard Juang, Karen Vilandry, Kerri Hornbuckle, and Madeleine 

Scammell  

Before science can be effectively communicated, it must be understood. For residents of communities 

affected by contamination, it is important that they understand exposure data and be effective advocates 

for their individual and community health. New Bedford Harbor is an 18,000 acre PCB-contaminated 

Superfund site located on the coast of Massachusetts, in between the towns of New Bedford, Acushnet 

and Fairhaven. Cleanup plans for mitigating the contaminated sediment include dredging. Residents 

affiliated with Hands Across the River Coalition, Inc. expressed concerns about exposures to ambient air 

concentrations of PCBs before and during dredging. PCBs in Ambient Air: Responding to Community 

Concerns around New Bedford Harbor was designed to answer the question, “Do people who live near 

the NBH superfund site experience harmful exposure to PCBs as the result of dredging activity?” We 

embarked on a process of engaging multiple PCB experts and stakeholders, including residents on either 

side of the harbor. Together we selected 18 sites to deploy passive samplers and measured outdoor 

concentrations of PCBs in ambient air in during three six-week periods of Summer/Fall, 2015. Samples 

were analyzed for congener specific PCBs using GC/MS/MS. Using materials developed by Statistics for 

Action, as part of a project funded by the National Science Foundation, we shared the raw data with 

monitor hosts over two sessions. Hosts were encouraged to ask questions about the data as well as to 

use their knowledge to compare the multiple datasets for 209 congeners. Questions were noted regarding 

limits of detection, measurement units, concentrations, congeners, geographic patterns, averages, 

reporting and health risk. Evaluations measuring comfort and knowledge of PCB concentrations were 

conducted at each workshop. Understanding units in environmental data, making relevant comparisons to 

other data sources-including health risk resources- are essential for research translation, communicating 

results to decision-makers and the larger community.  
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Risk Assessment of PCBs in Fish Tissue 

Betsy Ruffle and Robert Kennedy  

Risk assessment of polychlorinated biphenyls (PCBs) in the environment is complex due to differences in 

the fate and behavior of the 209 congeners.  Twelve coplanar PCB congeners are of particular interest, 

because of their potential to preferentially bioaccumulate and presumed toxicological similarity to dioxin 

(Van den Berg et al. 2006; EPA 2010).  There is concern that EPA’s range of cancer toxicity values for 

total PCBs may not be adequately protective of exposures to environmental PCBs that have been 

enriched due to selective bioaccumulation and retention, such as in the foodchain (Cogliano 1998).  To 

address this concern, EPA identified a supplemental approach whereby the cancer risks posed by the 

dioxin-like and non-dioxin-like fractions are summed to estimate cumulative PCB risk (EPA 1996).  It is 

important to recognize the Aroclor mixtures upon which EPA’s PCB cancer toxicity factors are based 

included dioxin-like PCBs (Mayes et al. 1998).  Therefore, the study results represent the summed 

toxicities of all of the congeners in each mixture, including dioxin-like and non-dioxin-like activities.  In this 

paper, the PCB-TEQ content of the cancer bioassay material is compared with the PCB-TEQ content in 

fish from a variety of water bodies using current WHO toxicity equivalency factors.  The results of this 

analysis suggest that EPA’s high-end PCB cancer slope factor listed in IRIS is adequately protective for 

the evaluation of fish consumption risk.  Further, the supplemental analysis identified in EPA’s 1996 

guidance of summing dioxin-like and non-dioxin-like risks overestimates PCB cancer risks. 
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Amines in the Environment: Sources, Chemistry, Behavior, and Toxicological 
Risk Considerations 

Christopher Teaf, Douglas Covert, Bruce Tuovila, and Michele Garber  

The amines are a very diverse family of environmentally and physiologically important aromatic and 

aliphatic nitrogen-containing compounds which include ammonia, ethylamines, ethanolamines, 

methylamines, piperidine, aniline, amino acids, and catecholamines (e.g., epinephrine, norepinephrine, 

dopamine).  From an environmental and an industrial perspective, ammonia, aniline, ethanolamines, and 

the ethylated or methylated amines (e.g., monomethyl-, dimethyl-, and trimethyl-) represent the most 

commonly encountered and chemically important members of the chemical class.  Amines are of 

toxicological interest primarily based upon their irritant and sensitization properties, potential organ 

toxicity for some representatives, and what often are very low odor thresholds in air.  Tumorigenic 

capacity is typically limited to the nitrosamines.  This paper describes the important sources of 

environmental amines, as well as their relevant physical and chemical properties.  Also described is the 

range of toxicological properties for individual substances or groups of amines, and how those properties 

typically are addressed in a risk assessment context related to potential industrial or environmental 

exposure circumstances.  A summary of health-based cleanup goals and recommended exposure limits 

for various applicable exposure scenarios is presented as well.  
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A Novel Approach for Estimating Soil Exposure Point Concentrations in 
Ecological Risk Assessment 

Bonner Anthony and William Stiteler  

One of the primary uncertainties with exposure modeling in Ecological Risk Assessment is estimating the 

appropriate spatial scale for developing exposure point concentrations (EPCs) for the identified 

receptors.  Terrestrial exposure areas within a given site can be estimated based on receptor foraging 

ranges by assuming that ranges are adjacent and do not overlap.  However, this is often not consistent 

with receptor behavior and the specific location of any given foraging range within a larger site is 

unknown. An alternative approach is to calculate an average EPC for the total site area, even when it is 

larger than the estimated foraging range for an individual, as a means to address potential population-

level risks.  Both approaches are subject to considerable uncertainty with respect to individual receptor 

exposure and population-level risks.  To address these uncertainties, a “moving window” method can be 

used in conjunction with spatially interpolated surface soil concentrations.  Spatial-interpolation provides a 

means to estimate continuous surface concentrations and to incorporate a large number of biased 

sample points together with unbiased samples as needed.  Based on the receptors evaluated in a risk 

assessment, foraging-range sized moving windows are evaluated on a specified (e.g., one foot) grid over 

the spatially interpolated surface. This results in the EPC surface being represented by an exposure value 

at 1-foot grid points across the entire site, supporting expression of hazard quotient results as a percent 

of foraging ranges potentially affected.  This type of output may allow for better-informed risk 

management decisions for protection of local populations of receptors. 

Bonner Anthony, Arcadis, 801 Corporate Center Drive, Raleigh, NC, United States, 27607, Tel: (919) 
415-2262, bonner.anthony@arcadis.com 

William Stiteler, Arcadis, 6723 Towpath Road, Syracuse, NY, United States, 13214, Tel: (315) 671-9337, 
william.stiteler@arcadis.com 

Presenting Author: Bonner Anthony 

102102



Incremental Sampling Methodology and Metals Bioavailability 

Jay Clausen, Brandon Swope, Anthony Bednar, and Thomas Georgian  

Assessment of the incremental sampling methodology (ISM) impact on metals bioavailability was 

assessed through a series of digestion and in vivo experiments using Eisenia fetida and Lolium rigidum 

for a milled and unmilled loam and sand soil containing antimony, copper, lead, and zinc obtained from 

Donnelly Training Area, Alaska. No significant differences in metal levels were evident between milled 

and unmilled soil for E. fetida. Uptake of lead by L. rigidum in sand yielded lead recoveries comparable 

with USEPA Method 3050 analysis of soil. In contrast, L. rigidum grown in loam had much lower 

recoverable lead. Milling of the soil as part of the ISM process had no significant impact on the lead 

species distribution. In comparison with Method 3050, the alternative digestion tests involving the use of 

glycine, oxalate, Ethylenediaminetetraacetic acid (EDTA) or alternative digestion procedures such as 

Synthetic Precipitation Leaching Procedure (SPLP), and Toxicity characteristic leaching procedure 

(TCLP) yielded lower recoveries of lead for all soil particle sizes and soil types. Diffusive gradient in thin 

films experiments yielded metal concentrations positively correlated with E. fetida concentrations. 

Physiologically based extraction techniques (PBET) positively correlated with bulk soil concentrations 

and E. fetida tissue concentrations for all soils evaluated. 
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Assessing Wetlands: Stumbling Through the Woods… Professionally! 

Conor Veeneman and Michael Miller 

Wetlands serve a multitude of ecological and hydrological functions and are protected under federal, 

state, and municipal laws.  Their importance to natural ecosystems and human activities are well 

understood, but few know what it is really like to assess wetlands.  Join presenter and CDM Smith junior 

environmental scientist Conor Veeneman as he recounts experiences, challenges, and lessons learned 

from his first year of performing wetland assessments and delineation in an informal and easily 

approachable format. 

Translating wetland regulations and official guidance from the U.S. Army Corps of Engineers, Conor will 

present in common parlance the basics of determining where wetlands begin and uplands end using 

common vegetative, hydrologic, and hydrogeologic indicators.  But, beyond the basics, Conor will also 

present his techniques and philosophy of field effectiveness and safety while maintaining an air of levity 

demanded by physically and mentally challenging work in the wilderness. 

This presentation is perfect for the lab rats and desk jockeys that yearn for the carefree days of being 

bombarded by the elements during extended grueling hours in the field.  Hear the thought-provoking 

answers to such questions as: Who would leave a boat this deep into the woods?; What do I do if this 

mud has intentions to swallow me whole?; When is the right time to admit I’m hopelessly lost in the 

woods?; Where on Earth did I leave all of my field gear?; Why do hunters keep shooting at me?; and, 

How many ticks does it take to completely cover the human body? 

Bitten, scraped, impaled, struck, twisted, and beset by countless assaults of nature, Conor aims to offer 

the untold side of assessing wetlands.  Fun and informative, this presentation will take an unconventional 

approach to discussing science in action, and will be sure to leave you glad you don’t have to do this type 

of work yourself. 
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Interaction Between Low Asbestos Levels and Inherited Genetic Susceptibility in 
Mesothelioma Risk 

Tommaso Dragani  

Mesothelioma is a rare neoplastic disease that is caused by exposure to asbestos. Although asbestos 

use has been banned in many European countries for about 20 years, and since the 1980’s asbestos use 

and exposure declined in most Western countries, estimates indicate that the incidence of mesothelioma 

will peak within the next few years in Europe and in other industrialized countries, because of the long 

latency period of this disease. Mesothelioma may also occur following domestic or neighborhood 

exposures to asbestos, and current estimations indicate that non-occupational asbestos exposures 

contribute to an increasing proportion of disease. Asbestos fibers show a long biopersistence in lung and 

pleural tissues, and the fibers that cause the disease are still detectable in the lung tissue of the subject 

who developed a mesothelioma although exposed to asbestos several decades earlier. Such a long fiber 

biopersistence causes a persistent pleural inflammation, which, in turn, represents a mechanism of 

mesothelioma causation. The observation of familial clustering of mesothelioma cases and the recently 

identified germ-line mutations at the BAP1 gene indicate that genetic susceptibility may play a role in the 

pathogenesis of this malignancy. Accordingly, studies in mouse models indicate that BAP1 deficient mice 

exposed to low-dose asbestos fibers had a significantly higher inflammatory response and higher 

incidence of mesothelioma as compared to wild-type mice, which do not develop mesothelioma at such 

very low doses of asbestos. Thus, mesothelioma may occur as a result of the interaction between 

exposure to low asbestos levels and inherited genetic predisposition. 
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Sediments 
 
Forensic Sediment Evaluation - Differentiating Basin Derived Media from 
Anthropogenic Sources Using Multivariate Statistics 
Eric Cherry and Gina Groom, Hexagon Environmental Solutions LLC, 
Westerville, OH  
 
Evaluation of CSO and Stormwater Discharge Impacts on Sediment Sites – 
A Case Study 
Tarek Saba, Paul Boehm, and Jaana Pietari, Exponent, Maynard, MA 
 
Sediments as Sinks of Antimicrobials in Rivers 
Sheree Pagsuyoin, UMass Lowell, Lowell, MA 
 
Assessing Measurable Adverse Changes to Benthic Invertebrate 
Communities Based on Site-Specific Sediment Toxicity Testing and 
Community Data at the Anniston, Alabama PCB Site 
Timothy Iannuzzi and Jacqueline Iannuzzi, Arcadis, Annapolis, MD; Bonner 
Anthony, Arcadis, Raleigh, NC; Alan Fowler and Derek Pelletier, Ramboll 
Environ, Portland, ME 
 
Sediment Toxicity Testing in Oily Sediments:  Strategies from the Newtown 
Creek Case Study 
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Risk-Based Sediment Corrective Action and Restoration of a Fresh Water 
Pond 
David Heislein, Amec Foster Wheeler Environment & Infrastructure, Inc., 
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Forensic Sediment Evaluation - Differentiating Basin Derived Media from 
Anthropogenic Sources Using Multivariate Statistics 

Eric Cherry and Gina Groom 

Harbor sediments are derived from a combination of natural and anthropogenic sources that may 

originate within watershed as well as the harbor itself.  Sediments may be considered as “contaminated” if 

they exceed one or more sediment screening criteria, such as the Lowest Effects Level (LEL) Severe 

Effects Level (SEL) for freshwater settings or the Effects Range Low (ERL) or Effects Range Medium 

(ERM) for marine settings.         

The present research provides a stepwise approach for the holistic forensic evaluation of a large open 

source sediment assessment.  This approach uses multivariate statistics to classify sediments based on 

assemblages of metals, rather than on the distribution of concentrations of individual metals.  Statistical 

methods include hierarchical cluster analysis, principal component analysis, and outlier analysis.  Data 

mining techniques are utilized to identify subsets of samples that can be differentiated from basin-derived 

natural sediments based on unique profiles.  These profiles can subsequently be evaluated forensically to 

identify possible anthropogenic sources, as well as to more accurately delineate zones of potential 

impact. 

Forensic evaluation of the current data set indicates that heavy metal assemblage for 93.5% of the data 

set is considered to be naturally derived material from the watershed. The remaining samples can be 

categorized into five distinct groups based on their heavy metal profiles.  These profiles can be further 

evaluated do identify potential industrial or anthropogenic sources. It is noted that more than 40% of the 

basin-derived samples exceed one or more conservative sediment screening criteria, even though they 

do not appear to actually be significantly impacted by anthropogenic sources.  This forensics evaluation 

methodology should be employed when assessing remedial options for sediments to focus on zones that 

have actually been impacted by anthropogenic activities. 
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Evaluation of CSO and Stormwater Discharge Impacts on Sediment Sites – A 
Case Study 

Tarek Saba, Paul Boehm, and Jaana Pietari 

Since its creation in the late 1800s, the Gowanus Canal, an industrial waterway in Brooklyn NY, has been 

receiving solids from sewer discharges.  These discharges resulted in Canal pollution that was 

documented in historical reports, newspaper articles, and public health reports since the early 1900s.  In 

2013, in an attempt to quantify the contamination associated with the CSO discharges, whole water 

samples from Combined Sewer Outfall (CSOs) discharges were collected and analyzed for PAHs, PCBs, 

and metals.  However, these water samples were not representative of the contamination adsorbed to the 

CSO solids, or capture episodic upland leaks and spills that contaminate the Canal during wet and dry 

weather CSO discharges.  

Associated with the CSO outfalls are mounds that accumulated in the Canal, at locations below and 

adjacent to CSO discharge points.  These mounds represented true integrations of all the CSO solid 

discharges into the Canal, and not a snapshot in time.  In this work, CSO solids and mound sediment 

samples were collected and analyzed for VOCs, SVOCs, TPH, metals, PCBs, pharmaceuticals and 

personal care products (PPCPs), pesticides, and herbicides.  For the CSO solids, chemical analyses of 

organic extracts by GC and GC/MS showed the dominant presence of diesel and waste oils consistent 

with typical urban runoff.  In the Canal, the CSO mounds contained PAHs in the hundreds to thousands of 

mg/kg, with patterns resembling weathered petrogenic and pyrogenic sources.  PCBs (>90 mg/kg), 

metals (e.g., lead > 1,000 mg/kg), and pathogens were all present in the sediment mounds.  These 

results were consistent with documented and ongoing releases of waste oils, petroleum spills, and 

sewage discharges that were converted by the CSOs to the Canal.  The results conclude that CSO 

sediment mounds are better representations of long term discharges from CSOs than instantaneous CSO 

solid or water samples. 

Tarek Saba, Exponent, 1 Clock Tower Place, Suite 150, Maynard, MA, United States, 01754, 
tsaba@exponent.com 

Paul Boehm, Exponent, 1 Clock Tower Place, Suite 150, Maynard, MA, 01754, Tel: (978) 461-4601, 
pbohem@exponent.com 

Jaana Pietari, Exponent, 1 Clock Tower Place, Suite 150, Maynard, MA, 01754, Tel: (978) 461-4624, 
Jpietari@exponent.com 

Presenting Author: Tarek Saba 

109



Sediments as Sinks of Antimicrobials in Rivers 

Sheree Pagsuyoin 

This research examines the occurrence of five human and veterinary antimicrobials (diuron, irgarol, 

sulfamethoxazole, sulfamethazine, and terbutryn) in river sediments from three contrasting watersheds 

that discharge to Lake Ontario and Lake Erie.  Sediments samples were collected from a total of 32 

locations within a highly urban watershed, a largely agricultural river network, and a small creek and lake 

in a relatively pristine watershed. The antimicrobials in the sediments were recovered via repeated 

extraction with acetonitrile-citrate acid solutions, followed by solid phase extraction clean-up using 

tandem SAX and HLB cartridges. The extracted antimicrobials were quantified in a liquid chromatograph-

mass spectrometer with multi-reaction monitoring under positive electrospray ionization.  The measured 

antimicrobial concentrations ranged from below limits of quantification to 1200 ng/kg (terbutryn). 

Antimicrobials were detected more frequently in the urban and agricultural watersheds, especially 

downstream of wastewater treatment plants discharge points and highly agricultural tributaries. In the 

pristine watershed, only two antimicrobials (sulfamethoxazole and terbutryn) were detected in a few 

samples at relatively small concentrations. Of the five antimicrobials, terbutryn was the most frequently 

detected (94%), followed by irgarol, and sulfamethazine.  Sulfamethazine concentrations were higher in 

the agricultural watershed while irgarol and terbutryn levels were higher in the urban watershed. The 

findings of this study highlight the probable role of livestock farming, farming practices, and wastewater 

discharges as likely sources of antimicrobials in the environment. Further, these findings suggest that 

sediments may act as important sinks for residual antimicrobials, and therefore need to be monitored 

together with receiving waters. 
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Assessing Measurable Adverse Changes to Benthic Invertebrate Communities 
Based on Site-Specific Sediment Toxicity Testing and Community Data at the 

Anniston, Alabama PCB Site 

Timothy Iannuzzi, Bonner Anthony, Alan Fowler, Derek Pelletier, and Jacqueline Iannuzzi 

Laboratory toxicity testing was conducted for PCB-containing sediment from a 39 mile stretch of 

Choccolocco Creek in Anniston, Alabama. The test program included sediment with a wide range of total 

PCBs (tPCBs) and organic carbon (OC) concentrations, and two test organisms, a freshwater amphipod 

(Hyalella azteca; 42-day tests) and a midge (Chironomus dilutus; up to 54-day tests). Reference site results 

were used to determine background toxicity, and develop background-adjusted 10% and 20% effect 

concentrations (EC10s and EC20s, relative to the “bottom” of the reference envelope). Threshold effects 

concentrations were developed for a large range of endpoints (11 or 12 depending on the test organism) 

under the broader testing endpoints of survival, growth, and reproduction. The sediment toxicity testing 

results can also be used to establish a range of Site-specific PCB concentrations that may result in 

measurable adverse change to local benthic communities. The calculated EC20 values from the test 

program were selected as appropriate thresholds to initially evaluate the potential for measurable adverse 

change to local populations of sediment-dwelling invertebrates.  These values ranged from 4.4 to 14 mg 

tPCB (as Aroclors)/kg sediment (dry weight) for reproductive endpoints, 28 to 58 mg tPCB/kg sediment for 

growth, and 123 to 152 mg tPCB/kg sediment for survival. Surface sediment PCB data from the site rarely 

exceed even the lowest of these thresholds, irrespective of endpoint. Given the experimental design and 

dataset that was used to develop these thresholds, a high level of confidence exits that an impact to the 

benthic communities is not expected. This finding is supported by observed field conditions and direct 

measures of the benthic community over different years and seasons.  The independent lines of evidence 

provided by the laboratory toxicity tests and actual field community measurements demonstrate benthic 

communities in Choccolocco Creek are functioning normally under present conditions. 
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Sediment Toxicity Testing in Oily Sediments: Strategies from the Newtown Creek 
Case Study 

Jerome Cura and Ted Wickwire 

Sediment toxicity tests provide risk assessors with a well-tested, standardized approach for describing 

and managing sediment impairments.  Newtown Creek, on the border of the Boroughs of Brooklyn and 

Queens in New York City, is a Comprehensive Environmental Response, Compensation, and Liability Act 

(CERCLA) program Site.  We employed 10-day and 28-day Leptocheirus plumulosus sediment toxicity 

tests in combination with sediment and pore water chemical analyses and benthic community 

analyses.  Toxicity was found in many locations within Newtown Creek.  Upon consideration of additional 

data from the sediment collection efforts, observations of ‘oily’ sediment tracked closely with the low 

survivals observed at many stations.  Non-aqueous phase liquids, in this case oil, are well documented 

for smothering benthic invertebrates.  Oils also cause toxic effects in the benthic community.  Using this 

case study, we demonstrate the challenges faced in parsing the cause of toxicity in oily sediments and 

the value of applying a defensible approach to deriving sediment criteria, such as the State of 

Massachusetts (MADEP, 2007) EPH/VPH Guidance in determining the cause of and managing sediment 

toxicity.  
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Risk-Based Sediment Corrective Action and Restoration of a Fresh Water Pond 

David Heislein, Michael Murphy, and Melinda Ferullo 

A sediment removal project was recently completed at a brownfields site in Rhode Island.  This was one 

of the first large, fresh water sediment remediation projects conducted in coordination with the Rhode 

Island Department of Environmental Management (RIDEM) and U.S. Army Corps of Engineers 

(USACE).  The 30-acre Site was used for over 100 years as a metals manufacturing facility and was 

remediated to provide recreational land for the local community and an abutting high school.  The 

sediment remediation was an ecological risked-based corrective action within the 3-acre cove (part of a 

70-acre pond).  Added benefits were the mitigation of the ongoing eutrophication of the cove while 

stimulating the growth of native plants and adjacent wetlands.  

Site investigations and risk assessments documented that polynuclear aromatic hydrocarbons (PAHs), 

metals and dioxin in the organic silt required remediation to address ecological risks. Sediment/soil 

borings throughout the cove confirmed organic material ranging in depths of 1 to 8 feet.  In coordination 

with RIDEM and USACE, and using the ecological risk assessment and background concentrations 

collected throughout the 70-acre pond, the vertical and horizontal extent of impacted sediments to be 

removed and replaced with clean organic material was identified.    A port-a-dam and turbidity curtain 

were installed and the cove was pumped dry.  Construction dewatering and infiltration on the upland near 

the pond supported the sediment removal work.  Excavated material was stabilized and capped onsite 

within an isolated upland area of the Site.  The cove and wetland capping and restoration (e.g. plantings) 

were designed and constructed to resemble the pre-existing ecological habitats.  Designs are being 

prepared for the 10-acres of restored upland areas to be used as ball fields, raised bed community 

gardens and walking paths along the cove/pond for the local community and high school to enjoy. 

David Heislein, Amec Foster Wheeler Environment & Infrastructure, Inc., 135 First Street, Melrose, MA, 
United States, 02176, Tel: (978) 392-5327, david.heislein@amecfw.com 

Michael Murphy, Amec Foster Wheeler Environment & Infrastructure, Inc., 271 Mill Road, Chelmsford, 
MA, United States, 01824, Tel: (978) 392-5313, michael.j.murphy@amecfw.com 

Melinda Ferullo, Amec Foster Wheeler Environment & Infrastructure, Inc., 271 Mill Road, Chelmsford, 
MA, United States, 01824, Tel: (978) 392-5331, melinda.ferullo@amecfw.com 

Presenting Author: David Heislein 

113



Sustainability and Sustainable Remediation 
 
Greener Cleanup Remedy Optimization Leads to Novel In-Situ Perchlorate 
Treatment 
J. Andrew Irwin, IRWIN Engineers, Inc., Natick, MA 
 
Quantitative Carbon Footprint and Sustainability Analysis of an ISS 
Remedy at a Former MGP Site 
Geoffrey Schwartz, GZA, Norwood, MA; Jason Naiden, National Grid, Waltham, 
MA; Joseph Higgins, Innovative Engineering Solutions, Inc., Walpole, MA 
 
Developing a Sustainable Remediation Approach for Portland, Oregon 
Sediment Site 
Amanda McNally, AECOM, Pittsburgh, PA; Anne Fitzpatrick, AECOM, Seattle, 
WA; Deborah Edwards, ExxonMobil, Houston, TX 
 
The Implementation of “Green” Technology for Treating Chlorinated 
Contamination 
Jay Romano, Redox Tech, Attleboro, MA 
 
Renewable Energy to Offset Greenhouse Gas Emissions at Petroleum 
Release Sites 
Benjamin McAlexander, Trihydro, Orono, ME 
 
Imagining the Next 25 Years…Opportunities to Enhance Benefits and 
Reduce Costs of Waste Management 
Paul Hauck, CDM Smith, Tampa, FL 
  

114114



Greener Cleanup Remedy Optimization Leads to Novel In-Situ Perchlorate 
Treatment  

J. Andrew Irwin  

In the context of remedy optimization with an active site, Irwin Engineers and CL Solutions collaborated 

on the novel idea of using facultative CL-Out® cultures to treat high concentration perchlorate in soil and 

groundwater. Full scale implementation under anoxic conditions has reduced concentrations in soil by 

99.9% and groundwater by greater than 95% across the 2.2 acre site to meet cleanup goals in less than 3 

years. 

Perchlorate concentrations up to 500 ppm were measured in groundwater. Based on site constraints and 

the need for immediate action, groundwater extraction and offsite treatment was initially used to contain 

the plume. With pump and treat in place, alternative treatment approaches were considered for remedy 

optimization, including ex-situ bioremediation, evaporative concentration, and ion exchange, to reduce 

high costs and environmental impacts associated with shipping large volumes of groundwater. In-situ 

bioremediation was also identified, but documented attempts using anaerobes had shown limited 

success.  Irwin undertook bench-scale microcosm testing and pilot scale treatment for proof of concept 

and showed that in-situ treatment with facultative CL-Out® cultures can achieve high percentage 

perchlorate and nitrate reductions within months even in the presence of 1-4 mg/L of dissolved oxygen. 

When planning implementation of the new approach, Greener Cleanup BMPs were applied including 

reuse of existing extraction wells as injection points, use of horizontal wells for injection under buildings 

and use of gravity flow. Greener Cleanup BMPs were also used in reducing the environmental footprint of 

ongoing assessment and system operations and maintenance. 

We will present this case study where each of the five core elements of Greener Cleanups were 

addressed and how implementation of a novel anoxic in-situ biological treatment for perchlorate 

accelerated the cleanup and generated project cost savings on the order of $3-5 million compared to 

extraction and off-site treatment. 
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Quantitative Carbon Footprint and Sustainability Analysis of an ISS Remedy at a 
Former MGP Site 

Geoffrey Schwartz, Jason Naiden, and Joseph Higgins  

One cannot understand what remains un-measured.  This session will discuss unexpected findings, 

challenges, opportunities and numerical results of a carbon footprint analysis quantifying direct and 

indirect emissions associated with an In-situ Solidification and Stabilization (ISS) remedy completed at 

the former Athol, Massachusetts MGP site.  Utilizing Green and Sustainable (GSR) practices holds great 

potential for the de-carbonization of the environmental remediation sector. Increasing interest in GSR and 

more frequent life-cycle analysis of construction, waste, materials, transport and manufacturing 

operations has created a vast database of emissions results, modifying factors, and presumed best 

management practices (BMPs).  Agencies such as ASTM International, ITRC, SURF and individual state 

environmental departments have created GSR guidance to organize and standardize these practices. 

Standardization supports creation of reliable carbon equivalency calculators such as USEPA’s SEFA or 

Battelle Sitewise™ tools. Carbon calculator output is limited by available databases of emissions factors, 

footprint boundaries, lifecycle heterogeneity and other factors. Transparency and consistency of research, 

testing, reporting, and sensitivity analysis is important to standardize these emissions factors, and reliably 

drive carbon from our construction and remediation processes. 

Certain low carbon GSR BMPs used during remedy implementation and contained within the ASTM 

standard guide were quantified, ranked and compared against typical higher carbon options. The carbon 

footprint of the ISS remedy was compared to that of a standard “dig and haul” response action, a 

remedial alternative offering equivalent risk reduction under the Massachusetts Contingency Plan (MCP). 

This session concludes with sustainable practice takeaways for future remediation project decision 

making based on the quantitative carbon footprint data generated on this project, including a discussion 

of which BMPs resulted in the most significant carbon footprint reductions.    
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Developing a Sustainable Remediation Approach for Portland, Oregon Sediment 
Site 

Amanda McNally, Anne Fitzpatrick, and Deborah Edwards  

Sustainable remediation strategies should be informed not only by considerations of regulatory 

compliance but also by future river system visions based upon stakeholder goals, values and 

expectations. Portland Harbor Superfund Site in Oregon is complex, with significant volumes of 

sediments above risk-based concentrations, water-dependent businesses requiring safe navigational 

access, tribal treaty rights, and substantial projected cleanup costs. USEPA Region 10 Feasibility Study 

and Conceptual Plan for Portland Harbor, released in August and September 2015, respectively, are 

include elements that could pose potentially tremendous technical challenges and years or decades to 

implement. ExxonMobil, as one of several sponsoring parties, has developed a sustainability framework 

to evaluate the proposed remedial alternatives and identify cost-effective, sustainable and equitable 

remedies for the Site.  

A sustainability assessment considers environmental, economic and social risks and benefits; social 

metrics are often less well-developed than are the others. To rectify this issue, the project team has 

developed a framework under which the social aspects of sustainability will drive how the other pillars are 

integrated and communicated. To achieve this, stakeholder values and priorities are elicited via reviews, 

surveys, discussions, interviews and meetings; these are “mapped” onto all sustainability metrics. This 

approach goes well beyond the CERCLA 9 criteria for evaluating remedial options and allows for 

communication not only of traditional sustainability “scores” for remedial options, but also addresses how 

options might be ranked given the values and priorities, as well as exposure or access to various risks 

and benefits, of different stakeholder and demographic groups. This approach facilitates discussions of 

trade-offs and helps resolve points of contention. 

This presentation will present the sustainability framework (currently in progress), highlighting the 

stakeholder engagement process, quantitative assessment of sustainability indicators and metrics, 

incorporation of probabilistic risk assessment, economic analysis, and recommendations for developing a 

sustainable remedial alternative for Portland Harbor. 
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The Implementation of “Green” Technology for Treating Chlorinated 
Contamination 

Jay Romano  

Background:  The push to use “green” technology to treat contamination is a popular subject when 

discussing remediation with regulators, conservation commissions and site owners.  In situ soil blending 

is a much greener approach than conventional dig-and-haul because it doesn’t involve transport of 

significant volumes of soil. It also provides treatment rather than relocation of the soil.  Since soil blending 

is a very aggressive approach to treat elevated chlorinated contamination, the general rule was to use an 

oxidizer to reduce the elevated chlorinated contamination/dense non- aqueous liquid (DNAPL) and then 

to follow with injecting a more environmentally friendly anaerobic biological /chemical reducing 

amendment.  This discussion will highlight the benefit of soil blending a carbon amendment and zero 

valent iron (ZVI) to treat the source area and to kick start the downgradient microbial activity to treat the 

dissolved plume.    

Approach/Activities:  Carbon and ZVI has been used in many sites that have a reducing condition in the 

groundwater.  The key factors for proper DHC growth is pH and ORP.  In addition, the groundwater 

contamination cannot be too elevated so that the groundwater is toxic for the DHC to be effective.  The 

approach that will be discussed is to combine carbon with ZVI at different ratios to allow chemical 

reduction to reduce the elevated concentrations quickly and to allow for the microbial activity to proposer 

down gradient with the carbon amendment.    

Results/Lessons Learned.  We will present excerpts from case studies where we have used soil 

blending and Anaerobic BioChem/ZVI to treat the chlorinated alkenes and dichloroethane (DCA) in the 

source area while also seeing downgradient reduction in contamination. 
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Renewable Energy to Offset Greenhouse Gas Emissions at Petroleum Release 
Sites 

Benjamin McAlexander  

Recent advances in petroleum site characterization have identified natural source zone depletion (NSZD) 

as an ongoing process that can assist in achieving risk reduction for human and ecological 

receptors.  This source depletion tends to occur as some combination of subsurface hydrocarbon 

volatilization, methanogenesis, and oxidation to carbon dioxide.  The resulting carbon dioxide (and in 

some cases, methane) emissions at ground surface serve as one indicator of remedial 

progress.  However, they are also an indication of greenhouse gas (GHG) emissions to the atmosphere. 

A “green cleanup” is defined in part as one that minimizes GHG emissions.  While it is possible for 

remediation to decrease contaminant-related GHG emissions, in most cases there will still be residual 

hydrocarbons left in place that will continue to biodegrade and act as a continuing source to the 

atmosphere.  Thus, project teams may be compelled to compare the benefit of hydrocarbon attenuation 

against the cost of GHG emissions associated with this attenuation.  One approach to push this 

comparison more in favor of hydrocarbon attenuation is to employ renewable energy generation at a 

petroleum site.  The renewable energy can then provide an “offset” to GHG emissions resulting from 

contaminant respiration. This presentation will introduce an example renewable energy offset for a 

photovoltaic system at a hypothetical petroleum release site with specified contaminant dimensions and 

loading to the atmosphere.  The presentation will quantify an offset where LNAPL recovery is first 

conducted as an interim measure and then the photovoltaic system is employed during the NSZD portion 

of the remedy.  Dimensions of the renewable energy system versus that of the contaminant area will be 

presented as one measure of the practicability of the approach.  In addition, the approach will be 

considered more broadly in the context of recent guidance on conventional versus post-conventional 

LNAPL recovery.       
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Imagining the Next 25 Years...Opportunities to Enhance Benefits and Reduce 
Costs of Waste Management  

Paul Hauck  

Massburn municipal waste combustion facilities are currently the workhorse of the US Waste-to-Energy 

(WTE) industry. Over the past 25 years, the WTE industry has learned many lessons and in response, 

has made significant improvements in reaching new levels of efficiency and sustainability. Innovative 

technologies and process improvements have resulted in a significant reduction of air emissions, greater 

efficiency in the net electrical energy production, reduced consumption of water and reagents, and 

recovery of both ferrous and non-ferrous metals. The recycling of metals recovered from WTE ash 

residue will soon include advancements demonstrated in Europe to include fine ferrous and non-ferrous 

metals less than 3/8” in size. Removal of smaller sized metals improves the opportunity for beneficial 

reuse of WTE ash residue, and advancing the goal for greater landfill diversion. The beneficial reuse of 

WTE bottom ash has recently been approved by the FDEP for a Florida municipally owned WTE facility 

for use as a construction aggregate and road base. 

This presentation will investigate numerous innovative concepts and processes currently in use by many 

existing WTE facility owners to maximize the performance of their integrated solid waste management 

systems, while helping to reduce the cost of the services. Examples include: internal use of renewable 

electricity for water treatment utilities and other public work operations, co-combustion of wastewater 

treatment plant (WWTP) biosolids, used tires, Construction and Demolition (C&D) wastes, biomass, and 

local supplemental wastes in need of assured destruction. 

This presentation will also explore the synergies that can be realized by the integration of recycling and 

alternate waste conversion technologies with modern WTE facilities. Many of these processes can be 

located integrally on the solid waste management campus, or adjacent to the WTE facility, to take 

advantage of the synergies that can be provided by the modern WTE facility. 
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Clean Energy Policy and Markets in Massachusetts 

Dwayne Breger 

Massachusetts has a long history of energy and environmental policy, but over the past 10 years 

progressive energy and climate policies have accelerated the growth of energy efficiency and renewable 

energy markets leading to job and business creation.  In 2008, the Commonwealth became the first state 

to adopt legally binding commitments to reduce greenhouse gas emissions – 25% by 2020 and 80% by 

2050 compared to a 1990 baseline.  These commitments have propelled policies to adopt all cost 

effective energy efficiency, establish a vibrant solar market, and seek large scale renewables from hydro 

and offshore wind.  Additional programs are emerging to support alternative transportation, renewable 

heating, and energy storage.  

This presentation will discuss the motivation, structure, and challenges of Massachusetts clean energy 

policies, including its utility-run energy efficiency programs, renewable portfolio standards and solar 

carve-out, participation in the cap-and-trade Northeast Regional Greenhouse Gas Initiative, and recent 

adoption of a law to bring large-scale hydro, offshore wind, and energy storage to market.  The 

presentation will put these efforts in the context of the state’s Clean Energy and Climate Plan which 

provides a roadmap and milestones for its 2020 greenhouse gas reduction commitment and with the 

trajectory to a largely decarbonized energy system by 2050.  The impact of these policies on clean 

energy job and business growth which is subject to an annual survey will be summarized. 
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The Triple Bottom Line of Renewable Energy Development on Contaminated Land 
in Massachusetts 

Thomas Potter 

In November 2011, the Massachusetts Executive Office of Energy and Environmental Affairs announced 

the launch of the Massachusetts Department of Environmental Protection (MassDEP), Massachusetts 

Department of Energy Resources (DOER), and Massachusetts Clean Energy Center (MassCEC) Clean 

Energy Results Program (CERP), an initiative designed to develop new sources of renewable energy. 

Through the CERP program, MassDEP sought to redevelop contaminated land in the state as renewable 

energy resources with specific emphasis on solar photovoltaic installations.  This reuse and 

redevelopment of otherwise abandoned or underutilized properties as renewable energy resources 

provides for environmental protection, economic growth, and societal benefits to communities and 

organizations for the foreseeable future. 

The Focus of this talk will be on the following points: 

• Background and Massachusetts renewable energy development goals.

• The technical and financial feasibility of siting a renewable energy projects in Massachusetts.

• The realized environmental, economic and societal benefits of renewable energy projects.

• Massachusetts case studies.

The information will be presented using a combination of overview presentations and facilitated 

discussion. This platform will help to connect state regulators, project developers, job seekers, students 

and the interested public with the Administrations clean energy goals and initiatives. 
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Impacts of Alternative Energy Production on Forests 

Ellen Moyer 

The world’s forests are hugely important to the climate. They remove carbon dioxide from the atmosphere 

and store it in trees and soil, reducing climate change. However, when we cut them down, the stored 

carbon is released back into the atmosphere, worsening climate change. The Earth has lost half its trees 

since human civilization began, and we have rapidly deforested both rain forests and temperate forests in 

recent decades. 

Since a primary goal of alternative energy projects is to reduce climate change, decision-makers must 

consider project impacts on forests. Furthermore, other forest ecosystem services than those related to 

the climate should be considered. Yet current policies and practices often expedite alternative energy 

projects at the expense of appropriate technology and site selection, resulting in forest damage that will 

take decades to undo—if that is even possible. 

Some energy sources, such as wood biomass, are intrinsically devastating to forests. Others, such as 

solar, can be sited appropriately (for example, on a roof) or inappropriately (for example, where pristine 

forest formerly stood). Example alternative energy projects and their impacts on forests are described: 

clear-cutting forests in the southeastern U.S. to fuel biomass power stations in Europe; clear-cutting 

forests for liquid biofuels production; opening up and submerging forests to develop hydropower in 

Quebec; clear-cutting rare pine barrens forests in Massachusetts to make way for solar farms; and 

accessing and clear-cutting mountaintops in road-less areas in Vermont for wind farms. 

Instead of green-lighting alternative energy projects without adequate review, policies need to require 

comprehensive evaluation, and coordination with other projects, in order to create outcomes that work 

environmentally as well as financially. We need to rapidly replace fossil fuel technologies with cleaner 

technologies—but carefully. 
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Opportunities for Sustainable Energy in Processing, Consumption, and Disposal 
of Food Using Anaerobic Digestion 

Tom Drake 

Anaerobic digestion applied in production, consumption, and disposal of food offers sustainable energy 

options through each stage or the process.  Analyzing each stage offers insight into how better resource 

management can create energy, jobs, and lessen the impact on the environment.  

During the production process both the growing and manufacturing of food offer opportunities for 

anaerobic digestion.  In each sector we will look at market potential, successes and potential barriers.  

Analyzing the agricultural market, we will look at on farm anaerobic digestion and how the expansion of 

an existing anaerobic digester in Chili, WI allowed for better herd health, better milk production and 

energy sold back onto the grid.  In a brewery we will review how anaerobic digestion allowed for better 

water treatment and supplied renewable energy to offset natural gas purchases from the grid. 

Post-consumer organic waste offers potential for a circular economy, we will analyze the amount of food 

waste produced in the USA on an annual basis and the potential energy the waste contains.  Reviewing 

efforts in California through state legislation to divert waste from landfills and a private enterprise in Ohio 

that has contracted with the Cleveland Browns to collect waste on game days. 

Lastly, reviewing potential for anaerobic digesters in wastewater treatment plants.  Anaerobic digesters 

installed at 100 of the largest facilities in the USA would reduce energy usage across the WWTP industry 

by 17%.  We will analyze the DC Water project in Washington, DC and how the installation of an 

anaerobic digester created green energy, destroyed methane, and created nutrient rich bio solids for local 

use. 

Studies will show that there are opportunities at each stage of the food production process for renewable 

energy through anaerobic digestion if the barriers are properly understood and potential markets mature. 
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Happy Together: Enhancing Anaerobic Digestion with a New DIET 

Derek Lovley  

The anaerobic conversion of organic wastes to methane is one of the few proven large-scale bioenergy 

processes.  Perceived limitations to anaerobic digestion are that it is relatively slow; subject to disruptions 

from sudden increases in organic loading; and it is not very effective in treating solid wastes.  Methane-

producing microorganisms can only utilize a limited range of substrates, converting acetate to methane 

and reducing carbon dioxide to methane.  Until recently it was thought that hydrogen and formate were 

the only electron donors for carbon dioxide reduction.   These electron donors are produced from the 

metabolism of bacteria in the digesters.  However, our laboratory discovered that some methanogens can 

establish electrical connections with bacteria to support carbon dioxide reduction via direct interspecies 

electron transfer (DIET). DIET naturally proceeds through microbially produced electrical connections 

comprised of proteins, such as microbial nanowires.  However, inexpensive and durable conductive 

carbon materials such as biochar, carbon cloth, and granular activated carbon can enhance DIET 

between bacteria and methanogens.  Studies with a diversity of organic wastes ranging from dilute simple 

wastes to complex solid wastes demonstrated that promoting DIET with conductive carbon materials 

protected digesters against upsets due to high organic loading rates and facilitated anaerobic digestion of 

solid waste.  These results suggest that new strategies for digester operation and design that will 

enhance DIET will improve anaerobic digestion practices. 
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Overview of Probabilistic Risk Assessment and Decision Analysis Tools for 
Evaluating Environmental Issues 

Russell Keenan and Avram Frankel 

Probabilistic evaluations have evolved considerably over the last 30 years, not only for assessing 

potential risks to human health and ecological receptors, but also, for other purposes including 

remediation decision making, portfolio prioritization, restoration planning, property redevelopment, 

insurance underwriting, reserve setting, and lifecycle cost estimation.  

This paper will introduce the topic of probabilistic evaluations, including probabilistic risk assessment and 

its application in Decision Analysis.  An overview of simple, one-dimensional Monte Carlo analysis will be 

illustrated as a means for estimating the variability of exposure within a population.  Increasingly more 

complex tiers of probabilistic analysis will be outlined for quantifying uncertainty, as well as variability, 

through the use of two-dimensional probabilistic methods. In addition, this overview will outline an EPA-

approved method for quantifying individual time-dependent exposures and risks known as microexposure 

event modeling.    

Russell Keenan, Integral Consulting, Inc., 45 Exchange Street, Suite 200, Portland, ME, United States, 
04101, rkeenan@integral-corp.com 

Avram Frankel, Integral Consulting, Inc., 115 Sansome Street, Suite 200, San Francisco, CA, United 
States, 94044, afrankel@integral-corp.com 
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Use of Probabilistic Modeling in Exposure and Dose-Response Portions of 
Chemical Risk Assessments – New Developments at EPA 

Paul Price 

New statutory and regulatory requirements have mandated that EPA conduct risk assessments of many 

more chemicals than currently evaluated on the EPA Integrated Risk Information System (IRIS). There is 

also a need to address issues such as subpopulations with elevated exposure, as well as aggregate and 

cumulative chemical exposures. Probabilistic models of variation and uncertainty provide a basis for 

addressing such issues and are currently being used to assess exposure.  Probabilistic models of 

response allow the characterization of the impacts of variation in physiology and metabolism on the 

response to chemicals across exposed populations. Such models are beginning to be used in setting 

permitted doses. This paper will present examples of EPA research activities that use probabilistic models 

and agency guidance on the use of such techniques.   

Paul Price, US EPA, 109 TW Alexandar Drive, RTP, NC, United States, 27711, price.pauls@epa.gov 

Presenting Author: Paul Price 
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Application of Probabilistic Risk Assessment Techniques at the State Regulatory 
Level: Principles and Practical Examples 

Christopher Teaf and Douglas Covert  

Probabilistic approaches have been discussed in the public health field for at least 25 years (e.g., 

Burmaster et al., 1991), and have been applied in other fields (e.g., nuclear risks) for much longer.  Only 

recently has the process become more common in environmental contexts.  With the 2001 release by 

EPA of formal guidance via Process for Conducting Probabilistic Risk Assessment (PRA; RAGS Volume 

III Part A), PRA became better defined and a more commonly accepted, even recommended, approach 

to risk assessment, especially within the federal Superfund Program.  Over intervening years, state 

regulatory agencies increasingly have discussed and/or accommodated submittal and review of 

ecological and public health PRA approaches (e.g., AK, ID, OR, PA, WA), if not wholeheartedly 

advocating the practice.  As long ago as 1998, Oregon published state guidance for health-based 

PRA.  In July 2016, the Florida Environmental Regulation Commission (ERC) approved health-based 

water quality criteria as developed by the state Department of Environmental Protection (DEP) using PRA 

techniques, including Florida-specific considerations.  The ERC decision met with considerable 

opposition, primarily due to mistrust and misunderstanding of the criteria development process.  Florida 

also takes a leading role in application of PRA in their regulations governing contaminated site cleanup 

criteria by explicitly identifying PRA as an acceptable method for conducting risk assessment 

studies.  Although the default soil cleanup target levels (SCTLs) for Florida remain deterministic in their 

development paradigm (input assumptions based on point values), the Florida DEP has approved site-

specific alternative SCTLs for dioxin and arsenic based on PRA for an unrestricted use (e.g., residential) 

scenario.  These Florida-specific applications and considerations of PRA, as well as regulatory guidance 

and the present outlook from other state agencies are reviewed and discussed.  On balance, education of 

stakeholder groups concerning the basis for and applicability of PRA would be a benefit.  

Christopher Teaf, Florida State University, Center for Biomedical & Toxicological Research and Waste 
Management, Tallahassee, FL, 32310-3700, Tel: (850) 681-6894, (850) 644-3453, cteaf@fsu.edu 

Douglas Covert, HSWMR, 2976 Wellington Circle W, Tallahassee, FL, United States, 32309, 
dcovert@hswmr.com 
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Multi-Criteria Decision Analysis for Environmental Projects – Increasing 
Acceptance and Application 

 
Jeffrey Cegan 

 
The increasing availability of geospatial data in online sources is giving rise to new opportunities for 

development of geospatially explicit risk-informed decision tools. The US Army Corps of Engineers has 

developed a user friendly Geographical Information Systems (GIS)-based multi-criteria decision analysis 

(MCDA) tool called Geocentric Environment for Analysis and Reasoning (GEAR). GEAR allows users to 

integrate geospatial data, link to real-time sources, interact with visualization and geoprocessing 

functions, build custom GIS-MCDA models, and collaboratively share frameworks with risk managers and 

stakeholders.  

This presentation provides an overview of GEAR and its applications to military and civil works projects. It 

also reviews the increasing acceptance of MCDA techniques across the environmental field based on a 

literature review of recent publications. The presentation notes the modest increase in MCDA utilization 

normalized by the total number of environmental publications over a relevant time period. 

Jeffrey Cegan, USACE, 676 Virginia Road, Concord, MA, United States, 01742, 
jeffrey.c.cegan@usace.army.mil 

Presenting Author: Jeffrey Cegan 
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Increasing Use of MCDA and Probabilistic Analysis: Opportunities and 
Challenges 

Kate Martin  

The use of decision analysis (DA) and probabilistic analysis is mature in its application to project-related 

decision making, and its value is proven. Probabilistic analysis has also contributed greatly to the success 

of the process safety field and its ability to identify, communicate and motivate action for risk mitigation in 

chemical processing industries. The application of DA and probabilistic analysis to help manage 

environmental risks is less mature. Even when probabilistic analysis is used as a tool in environmental 

risk assessments, the analysis often focuses on technical variables that are not easily integrated into 

business decision making. This talk will explore two questions. How can we better map the results of 

environmental risk assessments to common DA practices? How can multi-criteria decision analysis and 

learnings from process safety help? 

Kate Martin, Chevron Energy Technology Company, 6001 Bollinger Canyon Road, San Ramon, CA, 
United States, 94583, Tel: (925) 842-9683, martink@chevron.com 

Presenting Author: Kate Martin 
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Practical Methods for Applying Multi-Criteria Decision Analysis on Environmental 
Projects to Improve Stakeholder Communications 

Timothy Havranek  

Multi-Criteria Decision Analysis (MCDA) has long been a tool used in industry to evaluate complex and 

high risk business decisions. It has also been used extensively by federal agencies to address complex 

public projects involving issues such as water resources and the closure of military bases. Although there 

is an increasing trend in applying MCDA to environmental issues, the application of MCDA to remediation 

/ restoration projects, especially those involved in the CERCLA process, has been limited.  

This presentation provides a practitioner’s perspective on the reasons for limited application of MCDA to 

remediation and offers suggestions for incorporating elements of MCDA that could be beneficial to the 

remediation process. It also offers suggestions on using MCDA techniques to communicate the totality of 

consequences associated with implementing competing remedial alternatives and making explicit the full 

scope of tradeoffs that occur between alternatives. 

Timothy Havranek, Integral Consulting, Inc., 322 North Shore Drive, Pittsburgh, PA, United States, 
15212, Tel: (724) 598-3927, thavranek@integral-corp.com 
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Predicted Effects of Indoor Pressure Variation and Controlled Pressure Methods 
on Indoor Air Contaminant Vapor Concentrations in Vapor Intrusion 

Rui Shen and Eric Suuberg 

Vapor intrusion from the subsurface of volatile organic compounds, such as chlorinated solvents, into 

homes and other buildings is a problem that has recently received increased attention. Many such 

substances are potentially hazardous to human health even at low concentrations. The US EPA has 

noted that both short and long term exposures may represent significant health risks. Therefore, it is 

desirable to assess and mitigate vapor intrusion as expeditiously as possible. However, as shown in 

many results from the field, large variations may be seen in these contaminant concentrations over time. 

The difficulty in properly characterizing the relevant transport processes has thus been recognized. One 

approach that has been suggested for performing what has been characterized as a conservative 

assessment of the problem involves deliberate depressurization of the structure beyond what might 

normally be expected in ordinary operation of a building (the controlled pressure method). 

In order to quantify the effects of indoor-outdoor pressure differences and their variations, we studied the 

steady state vapor intrusion phenomenon using a finite element computer modeling method. In this study, 

we have explored and extended this modeling to transient conditions and considered the implications of 

the results for real world situations involving variations in indoor-outdoor pressure differences. 

Specifically, we have also simulated what might happen during a controlled pressure sampling event.  

Rui Shen, Brown University, 182 Hope Street, Providence, RI, United States, 02912, Tel: (401) 451-1353, 
shenrui.ray@gmail.com 

Eric Suuberg, Brown University, 182 Hope street, Providence, RI, United States, 02912, 
eric_suuberg@brown.edu 
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High-Volume Sampling: Characterizing Two Large Buildings in One Week 

Chris Martin, Jessica Yeager, and Julianna Connolly  

High-Volume Sampling (HVS) is a new method for sub-slab soil gas sampling which allows assessment 

of spatially averaged concentrations of volatile organic compounds (VOCs) in soil gas beneath a large 

area of a building slab and facilitates delineation of localized source areas.  As part of a Brownfields 

redevelopment at a former industrial facility, Geosyntec Consultants (Geosyntec) utilized HVS to 

characterize sub-surface conditions for sub-slab depressurization (SSD) system design.  Soil gas 

surveying using a photoionization detector (PID) was also used to rapidly delineate chlorinated solvent 

source areas beneath the slab in real time.  Soil gas under the building exhibits concentrations of 

trichloroethene (TCE) and tetrachloroethene (PCE) well above vapor intrusion screening values.  The 

short-term objective for the site is to design a vapor intrusion mitigation system that would allow the 

former industrial building to be re-occupied for office use. 

HVS requires fewer samples than conventional sub-slab sampling to characterize the potential for 

subsurface vapor intrusion to indoor air and minimizes the likelihood of failing to identify VOC source 

areas located between discrete sample locations.  Vacuum and flow rate measurements collected during 

the test provide information about the distance of potential VOC sources from the extraction point and can 

also be used to calculate the leakage of the floor slab and the permeability of the fill materials beneath the 

floor.  These advantages increase the efficiency of vapor intrusion assessment and mitigation system 

design, especially for large buildings. 

By using these innovative techniques, Geosyntec was able to characterize a total area of approximately 

150,000 square feet in less than one week. Use of HVS resulted in lower costs and reduced the impacts 

of spatial and temporal variability on soil gas samples. Use of real-time PID surveying resulted in 

significantly lower costs and faster turnaround time than laboratory analysis. 

Chris Martin, Geosyntec Consultants, 289 Great Road, Acton, MA, United States, 01720, 
cmartin@geosyntec.com 

Jessica Yeager, Geosyntec Consultants, 1330 Beacon Street, Brookline, MA, United States, 02446, 
jyeager@geosyntec.com 

Julianna Connolly, Geosyntec Consultants, 1330 Beacon Street, Brookline, MA, United States, 02446, 
jconnolly@geosyntec.com 
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Active Vapor Intrusion Mitigation at Pharmaceutical Manufacturer with Horizontal 
Directional Drilling (HDD) Technology 

Michael Sequino and Glenn Iosue  

Background/Objectives.  Regulators mandated groundwater and soil sampling beneath a 

pharmaceutical manufacturer’s building to address vapor intrusion (VI). Installation of vertical borings and 

wells was not feasible without disrupting manufacturing. Subsurface conditions beneath the building slab 

were unknown. Subslab soil and groundwater monitoring along with soil vapor extraction (SVE) for sub-

slab depressurization (SSD) was completed with horizontal directional drilling (HDD) technology. 

Approach/Activities.  HDD technology was used to advance 2-inch PVC monitoring wells horizontally to 

a target depth of 20 feet below the building slab and 120 feet inside of the building wall. The horizontal 

wells served as compliance monitoring wells and were deployed outside the building with continuous well 

bores. Steering capabilities avoided rock fragments beneath the building to reach the target depth and 

length. As part of the vapor intrusion management program, horizontal SVE wells were strategically 

installed in the vadose zone and thin gravel layer beneath the building slab to actively mitigate vapors. 

Results/Lessons Learned.  The horizontal SVE and monitoring wells were advanced through a 6-inch 

concrete footer and through underlying rock beneath the building slab.  To facilitate regulatory approval 

and acceptance, horizontal monitoring wells were drilled blind with no exit point to maintain similarities 

with vertical monitoring wells.  The horizontal SVE well screens were designed to accommodate low 

vacuum requirements of typical vapor intrusion mitigation systems. Disruptions to the pharmaceutical 

manufacturer’s operations were avoided. Advancing the horizontal wells beneath the building effectively 

monitored and actively mitigated the source area to eliminate the VI pathway. The site obtained 

regulatory closure and no further action. 

Michael Sequino, Directional Technologies, Inc., 77 North Plains Industrial Road, Wallingford, CT, United 
States, 06492, msequino@directionaltech.com 

Glenn Iosue, Directional Technologies, Inc., 77 North Plains Industrial Road, Wallingford, CT, United 
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Assessing the Age, Location, and Vapor Intrusion Potential of VOC Sources 
Beneath Buildings 

Craig Cox  

The ability of the environmental professional to accurately assess the age, location, and vapor intrusion 

potential of VOC sources beneath large buildings is constrained by the time and cost of installing 

standard sub-slab vapor points, collecting and analyzing soil-gas samples by standard methods, and 

obtaining a site’s history of VOC use from site personnel having first-hand knowledge.  Recent 

advancements in the vapor intrusion field have significantly streamlined and improved the assessment 

process.  By using these new advances, the environmental professional can complete a thorough and 

accurate assessment of sub-slab vapor conditions in less time and at a lower cost.    Information 

generated by an accurate assessment can then be leveraged using GIS applications to increase the 

understanding of a VOC source’s age and the potential release mechanism. 

This presentation is a case study of a 60,000 square foot manufacturing facility in the Midwest that has 

been active since the 1930s, and has a long history of chlorinated solvent use.  The presentation will 

discuss: the historical production and use of chlorinated solvents in the United States; reasons why 

interviews with site personnel may cause the environmental professional to focus on the wrong areas; 

reasons why streamlined methods are cost effective means to improving data quality, data density, and 

the understanding of vapor intrusion potential; and how GIS methods can help the environmental 

professional develop a more accurate understanding of the age, location, and release mechanisms of 

VOC sources.     

Field activities associated with the assessments, which were completed in a week, resulted in the 

collection of 160 sub-slab soil gas samples that were analyzed for a broad list of VOCs.  Plotting the 

results on georeferenced aerial photography and historical maps determined that the releases occurred in 

the 1950s, before the adoption of strict environmental regulations.    

Craig Cox, Cox-Colvin & Associates, Inc., 7750 Corporate Blvd., Plain City, OH, United States, 43064, 
Tel: (614) 526-2040, Craig_Cox@CoxColvin.com 
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Trichloroethylene in Indoor Air: TO-15 Summa Data vs HAPSITE Data 

Amy Quintin, Michael Murphy, Darrell Murphy, and Lawrence Cain  

How do Human Health Risk Assessment (HHRA) calculations based on validated 8 hour time-weighted 

summa canister data differ from HHRA calculations based on chemist-reviewed HAPSITE grab samples? 

Collection of time-weighted indoor air samples using summa canisters has been considered by many as a 

“gold standard” approach, and is currently the most commonly used technique for identifying indoor air 

impacts and informing associated HHRAs.  The availability of canisters and the cost of the sampling and 

laboratory analysis often limit sampling frequency. Consequently, there are concerns about the 

representative nature of samples collected on monthly, quarterly, or even a semi-annual basis, given the 

potential temporal variability (per day and day to day) in vapor intrusion impacted indoor air. 

We compare and contrast air monitoring data collected over a one-year time period in multiple 

commercial buildings at a single site in the United States sampled with infrequent summa canisters 

against daily grab samples. Indoor air quality is characterized for trichloroethylene (TCE) for both types of 

data: 1) semi-annual 8 hour summa canister samples with Method TO-15 or equivalent laboratory 

analysis; and 2) daily 2 minute grab samples collected and analyzed with HAPSITE portable gas 

chromatograph with mass spectral detector (GC/MS). We outline the approaches taken and rationale 

behind collection of both datasets, the methods employed, and the interpretation of the results. 

Will the variability of the analytical data for two simultaneous monitoring efforts show a similar story?   The 

characteristics of the two data sets (range, central tendency, and 95% Upper Confidence Limit on the 

mean) are compared, and the variability of TCE concentrations and the associated implications for risk 

characterization, particularly for sensitive receptors, are analyzed and discussed.  The utility of HAPSITE 

data for vapor intrusion investigation and risk assessment is discussed. 

Amy Quintin, Amec Foster Wheeler, 271 Mill Road, Chelmsford, MA, United States, 01824, 
amy.quintin@amecfw.com 
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Use of Mass Flux Characterization to Reduce Uncertainty in Vapor Intrusion 
Assessments 

William Wertz, Helen Dawson, Todd McAlary, Daniel Carr, Paul Nicholson, and Darius Mali  

Regulatory agencies are currently asking for multiple rounds of sampling and analysis to reduce possibility of 

failing to identify unacceptable risks associated with vapor intrusion.   This stems from research at two sites that 

showed temporal variability that may or may not be typical.  Collecting large numbers of conventional samples 

using  Summa canisters (8 or 24-hour) becomes expensive and may still miss infrequent, short-duration 

episodes that may contribute significantly to total occupant exposures.  Mass flux (MF) characterization is a 

promising alternative to conventional indoor air and sub-slab sampling.  The mass of a volatile organic 

compound (VOC) migrating toward or into a building can be estimated in at least three ways: 

1) Measuring the compound’s vertical concentration gradient in soil or soil gas (ΔC/Δz) and multiplying by the 

effective diffusion coefficient (Deff) and the building footprint area (AB):  MF1 = Deff (AB) (ΔC/Δz) 

2) Controlling and measuring the flow of air through the building (QB) and multiplying by the resulting measured 

indoor air concentration (CIA) of the compound:  MF2 = (CIA)(QB), and, 

3) Extracting sub-slab vapors from below the building footprint using an existing or temporary sub-slab venting 

system and multiplying the measured vapor concentration of the compound by the exhaust flow rate  (CSSV x 

QSSV) :  MF3= (CSSV)(QSSV).  

These mass flux estimation techniques were employed as part of an ongoing ESTCP SERDP VI research 

project (ER-201503) to assess the VI potential at a non-residential building located at the former Raritan Arsenal 

in Edison, New Jersey and to compare and contrast the results and implementability of each method. The 

results from each approach are presented and compared with historical VI characterization data.  They suggest 

that a mass flux characterization approach may be a more effective and less expensive approach to VI site 

characterization than multiple conventional sampling events. 

William Wertz, Geosyntec Consultants, Inc., 2739 Doelner Circle, Castleton, NY, United States, 12033, Tel: 
(518) 477-5499, wwertz@geosyntec.com 
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Successful Injection Projects Utilizing the Kinetically Adjustable Pore Space 
Dilation Injection Delivery System (KAPSDIDS) 

Jaime Allen  

Environmental Assessment & Remediations and Badger Injection Solutions, LLC have collaborated to 

successfully employ the KAPSDIDS at many petroleum and hazardous waste sites. The Kinetically 

Adjustable Pore Space Dilation Injection Delivery System is a highly configurable injection delivery 

system that exceed other injection technologies by targeting emplacement of in-situ remediation 

amendments farther from the point of injection. KAPSDIDS technology has shown evidence of increased 

remedial effectiveness by enhanced distribution and achieving physical contact between treatment 

solution and areas of impact. 

Comparison of In-Situ Chemical Delivery Methods 

Injections were conducted at a site using three different injection methods. The KAPSDIDS method 

shows a higher performance level: the amendment was detected at least three times further, injection 

rates were 96% higher and daily injection volumes were 95% higher. Higher flow rates and efficient 

chemical distribution reduce the number of injection locations resulting in increased remedial 

effectiveness. 

Pilot Test with KAPSDIDS 

A study was conducted to evaluate in-situ chemical oxidant distribution with KAPSDIDS. In total, 1,500 

gallons were injected at an average flow rate of 36 gpm in a single day. H2O2 concentrations in 

groundwater were measured in monitoring wells greater than 20 feet from the injection point. Estimated 

total VOC mass was reduced from 28 lbs to 8 lbs. 

KAPSDIDS Application in a Shallow Water Table 

KAPSDIDS was used to overcome typical injection challenges presented when treating a shallow water 

table environment. Application of 1,250 gallons of treatment chemical at a rate of 29 gpm was completed 

in 6.5 hours to address an area of 4,000 square feet via five temporary boreholes. Various directional 

nozzles were used to cover areas of 360° at some locations, and restrict to 270° at others to avoid onsite 

building foundation. Monitoring of site wells indicate a treatment radius of over 20 feet. 

Jaime Allen, Environmental Assessment & Remediations/Badger Injection Solutions, 225 Atlantic 
Avenue, Patchogue, NY, United States, 11772, Tel: (631) 447-6400 ext. 153, allen@enviro-asmnt.com 
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Abiotic and Biotic Treatment Using ZVI and Organic Substrates  

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

Laboratory studies suggest that nano-scale ZVI (nZVI) and micro-scale ZVI (mZVI) can be very effective 

for in situ treatment of chlorinated solvents (CVOC) and other oxidized contaminants. Material costs for 

both nZVI and mZVI are significantly higher than other electron donors, so practioners often try to use the 

minimum amount of material required.  This can be problematic since much of the ZVI is often consumed 

in side reactions with background electron acceptors. 

Effectively distributing nZVI and mZVI is also a major challenge. In many cases, thin layers of ZVI are 

transported away from the injection well through high permeability zones or fractures, leaving much of the 

formation untreated.  This can dramatically reduce treatment performance since CVOC reduction by ZVI 

is a surface mediated process where the contaminant must come into direct contact with the ZVI surfaces 

to be degraded.  

EOS Remediation has developed a cost-effective and reliable technology for in situ treatment of 

contaminated aquifers with ZVI by coating mZVI with oil droplets (EOS ZVI).  The vegetable oil droplets 

have a negative surface charge which prevents agglomeration of the ZVI particles and also reduces 

attachment to sediment surfaces.  The small particle size of the product allows effective transport through 

most aquifers.  Once emplaced, the oil droplets provide a low cost electron donor to consume competing 

electron acceptors, extending the ZVI life.  

The benefits of using a combination of vegetable oil and ZVI are illustrated in the results of a treatability 

study for an industrial site contaminated with both sulfuric acid and over 100 mg/L of chlorinated 

solvents.  The vegetable oil serves as a low cost electron donor to reduce the high sulfate 

concentrations.  The ZVI reduced chlorinated solvent levels to a level where they do not inhibit biological 

activity.  

Brad Elkins, EOS Remediation, 1101 Nowell Road, Raleigh, NC, United States, 27607, 
belkins@eosremediation.com 
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Environmental Restoration Wiki - Tech Transfer in the 21st Century 

Ed Alperin, Robert Borden, Allison Stenger, Charles Newell, and Rula Deeb  

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 fashion. 

Approach/Activities. With support from ESTCP, we are developing an Environmental Restoration (ER) Wiki to 

provide a readily accessible, easily updated platform for communicating research results to users. 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 

other organizations. Each page is being prepared by internationally recognized experts from academia and 

industry and will undergo an extensive review for accuracy and completeness. Major sections of the ER Wiki 

focus on common and emerging contaminants, fluid flow and transport, characterization methods, degradation 

processes, remediation technologies, performance evaluation, environmental impacts and risks, and 

management approaches. 

Results/Lessons Learned. Portions of the ER Wiki are already online at 

http://www.environmentalrestoration.wiki with new content being added every week. 

Please go to the ER Wiki, review the content, and provide us with your input. Suggestions for new topics, 

website improvements and general impressions are all welcome. You can send your suggestions to 

estcp.erwiki@solutions-ies.com. Through the same email, you can also sign up to receive monthly updates on 

the addition of new content to the website.  

Ed Alperin, Solutions-IES, Inc., 1101 Nowell Road, Raleigh, NC, United States, 27607, Tel: (919) 873-1060, 
ealperin@solutions-ies.com 
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Relationship Between Urbanization and Baseflow in Southern New England 

Samantha Corrado, Theodore Lyons, and Kirk Barrett  

While conceptually simple, the expected relationship between urbanization and decreasing baseflow in 

streams is subject to several confounders.  This paper empirically investigated this relationship in the 

three USA states in southern New England (Connecticut, Massachusetts and Rhode Island).  Historical 

streamflow records were obtained for 47 U.S. Geological Survey (USGS) gauging stations within the New 

England physiographic province.  Baseflow was separated from streamflow on a daily time step and both 

were summed to compute the ratio of baseflow to streamflow (i.e., baseflow index or BFI) for each year of 

record.  Concurrent imperviousness was estimated for each gauge’s watershed for each year using a 

regression equation between imperviousness and population density.  Regarding statistically significant 

(at alpha =.05) linear relationships, only one watersheds showed the expected relationship (decreasing 

BFI with increasing imperviousness), while eleven showed the opposite relationship.  Furthermore, when 

all watersheds combined for analysis, no relationship was apparent.  The conceptually simple relationship 

between increasing imperviousness and decreasing BFI was generally not observed in this study, 

underscoring how this relationship can be confounded by other hydrologic processes associated with 

urbanization. 
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Comparison of Infiltration Capacity as Measured by the Cornell Sprinkle 
Infiltrometer and a Double-Ring Infiltrometer 

Kirk Barrett and Danielle Rodgers  

The Cornell Sprinkle Infiltrometer (CSI) and a double-ring infiltrometer (DRI) were used multiple times to 

measure infiltration capacity of three different, homogenized sands in a laboratory.  Agreement between 

measurements by the different instruments was good for one sand (4% difference in the means) but 

larger for the other two sands (32% and 48% difference in means), with the CSI giving the larger value in 

both of these cases. That the measurements differed significantly for two of three sands, even for these 

simplified soils under laboratory conditions, indicates that the choice of instrument can significantly affect 

measurement of infiltration capacity.  The reproducibility of each instrument was also assessed. The 

reproducibility of the CSI was much better than that of the DRI for one sand (relative standard deviations 

of 7% vs 26% respectively), but slightly worse for the other two sands (relative standard deviations of 

23% vs. 18% and 22% vs 19%, respectively).  With relative standard deviations of ~20% in 5 out of 6 

idealized cases indicates that field measurements of infiltration capacity by infiltrometers will likely vary 

significantly, above and beyond variability attributable to temporal and spatial variability in soil properties. 
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Prevalence and Magnitude of Trends on Flows of Different Return Periods in the 
Northeastern United States 

Kirk Barrett and Wesley Salis  

This study assessed trends in flows of return periods of 5, 10, and 20 years, as well as in the peak annual 

flow (PAF).  U.S. Geological Survey (USGS) stream gauging stations in Northeastern United States 

(n=93) were analyzed, including 34 gauges in the USGS's Hydroclimatic Data Network 2009 (HCDN), 

which are mostly unaffected by land use change.  For each gauge, flood flows were determined for a 

series of sequential blocks each 10 years long.   About 26% of HCDN gauges and about 17% of non-

HCDN gauges showed a statistically significant (alpha = .05) increasing trend for at least one return 

period, based on the Mann-Kendall test; No gauge showed a decreasing trend.   The percentage of 

gauges with increasing trends was about the same regardless of return period. Regarding magnitude of 

these statistically significant trends assessed via Sen slope, average rates of increase for gauges was 

~1.8% per year, again regardless of return period, which are larger than the average rate for PAF (0.9%).  

Rates were about equal for HCDN and non-HCDN gauges.  The difference in trend magnitude between 

PAF and flood flows indicates that a study of trends in PAF may not produce results that correspond to 

flows of higher return periods. 

Kirk Barrett, Manhattan College, Dept. of Civil and Environmental Engineering, 4513 Manhattan College 
Parkway, Riverdale, NY, United States, 10471, Tel: (718) 862-7517, kirkrbarrett@yahoo.com 

Wesley Salis, Manhattan College, 4135 Manhattan College Parkway, Riverdale, NY, United States, 
10471, wsalis.student@manhattan.edu 

Presenting Author: Kirk Barrett 

152152



Getting a Lay of the Land: Fishing Activity, Signage and Advisory Awareness at a 
Marine Superfund Site 

Komal Basra, Madeleine Scammell, and M. Patricia Fabian  

New Bedford Harbor (NBH) in Massachusetts was listed as a Superfund Site in 1983 due to 

contamination of polychlorinated biphenyls (PCBs) and heavy metals from industrial pollution. In 2014, 

EPA and a local newspaper determined people are catching and eating seafood from NBH in spite of 

state regulations that were promulgated in 1979 prohibiting taking and/or consumption of certain fish and 

shellfish from three closure areas of NBH. Since 1999, EPA erects and maintains signage and fencing 

along NBH. EPA also issues, updates and distributes consumption advisories locally. This exploratory 

study was undertaken to characterize fishing activity as well as advisory signage and awareness of the 

consumption advisories and PCB contamination among fishermen in Closure Area 2 of New Bedford 

during the spring and summer of 2015. We found that NBH fishermen include men, women, and children, 

and participants provided a variety of reasons they fished: enjoyment, peaceful, to get away, family time, 

for food, hobby, relaxing, cultural identity, and bonding with significant other. Although some people are 

catching and consuming or sharing fish, none of the study participants reported catching shellfish/lobster. 

Participant knowledge of chemical contamination and seafood advisory awareness is low: 5 of the 13 

fishermen interviewed reported having seen consumption advisories about New Bedford Harbor and only 

4 of the fishermen had knowledge of PCB contamination. With respect to signage, we found that it is 

maintained by 5 different authorities (MA Division of Marine Fisheries, Environmental Police, EPA, New 

Bedford Shellfish Division, and New Bedford Parks Recreation & Beach Department) for different 

reasons: fishing ban, consumption advisories, bacterial contamination from combined sewer overflows 

(CSOs), chemical contamination (PCBs) and beach use. A total of 53 signs related to fishing were 

observed, of which 33 signs were related to the fishing ban and 14 signs had consumption related 

messaging. 
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Recycling of Fly Ash in Construction Projects Using Modifiers for Trace Metal 
Attenuation 

John Duggan, Matthew Bernacki, Cody Barnes, Brandon Goold, and Kevin Fitzgerald  

Heavy metal leaching from improperly disposed fly ash remains a concern to human health and the 

environment as a result of their toxicity. The objective of this experiment is to evaluate the performance of 

calcium stearate to encapsulate heavy metals in fly ash to prevent chemical leaching. To assess the 

ability of the additive to solidify heavy metals, batch leaching tests and column leaching tests were 

performed. The methodology involved testing fly ash with various amounts of additive. The fly ash with 

the additive was evaluated by measuring the concentration of heavy metals such as Chromium, Lead and 

Cadmium that leached from the fly ash. Batch leaching results indicated that the concentration of 

chromium was 65 for fly ash alone. However, with 1% calcium stearate the concentration dropped to 

45.5.  Column leaching results revealed that the concentration of cadmium was 166 for 3% calcium 

sterate. On the other hand, with 1% calcium sterate the concentration fell to 93.4.  Further testing 

revealed that 1% calcium stearate reduced the amount of heavy metal leaching from fly ash. It is 

hypothesized that the calcium stearate attacks the transition metals rendering the metal essentially 

inactive due to the free lime hydration.  
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Use of Monte-Carlo Analysis to Estimate Cost to Closure 

Jim Berndt and Christopher Abel  

One of the first questions often asked by parties responsible for environmental clean-up costs is “how 

much will it cost to bring this site to closure?”  The second question usually asked is “how long will it 

take?”  These are important questions for property owners, developers, their consultants, and legal 

counsel working with the various parties.  An understanding of remedial costs and timeframes are needed 

when trying to estimate the value of environmental liabilities, for insurance companies setting reserves for 

environmental claims, and for site owners and legal counsel looking at the impact of environmental costs 

to a business. 

There are a number of approaches to estimating cost-to-closure, from simplistic “best guesses” to more 

sophisticated cost modeling techniques using Monte Carlo simulations.  The challenge for accurately 

determining cost for closure comes down to the client risk tolerance, regulatory acceptance, available 

reserves, timeframes, and other variables.  Cost modeling provides a more statistically rigorous analysis 

of all the potential costs and their likelihood of being incurred as the site proceeds to closure.  The 

interpretation of the results provides a mathematically defensible estimate of the cost-to-closure.  

However, like with all models, it is only as good as the data used to build it.  The more that is known 

about a site, the more confidence can be placed on the model results.  
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The Electrochemically-Induced Reduction of Nitrates and Trichloroethylene in 
Aqueous Solution 

David Berroa and Sarah Elbakri  

In this study we evaluated the feasibility of electrochemical treatment to remove nitrates from 

groundwater as well as to simultaneously transform nitrates and trichloroethylene (TCE). In this study we 

used an electrolytic flow-through column with apalladized Fe foam cathode followed by an inert, mixed 

metal oxide anode to treat contaminated synthetic groundwater. The materials and electrode 

arrangement used in this study support formation of atomic hydrogen at the cathode. Atomic hydrogen 

interacts with reducible species like nitrates and TCE, leading to formation of harmful products such as 

nitrogen gas and ethane, respectively. With an initial concentration of 100 mg L-1, nitrates removal was 

39% under a current of 120 mA and constant flow of 3 mL min-1, but the removal significantly increased 

when the system operated under circulation of 3 mL min-1 during 3 h treatment. Under these conditions 

the nitrates concentration decreased below the Environmental Protection Agency’s maximum 

contaminant level for nitrates in groundwater (45 mg L-1 nitrates). The results of bioluminescence 

inhibition assay showed that the inhibition rate after the treatment decreased from 45% to about 10%, 

indicating that the toxicity of the sample decreased during the treatment. Further, we tested the 

simultaneous removal of nitrates and TCE under a current of 120 mA. In the presence of 5 mg L-1TCE, 

nitrates removal decreased to 20%. In addition, compared to 99% TCE removal in the absence of 

nitrates, 41.2% of TCE was removed in presence of 100 mg L-1 nitrates.  
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Risk-Based Approach for Brownfield Redevelopment Using Targeted Remedial 
Strategies 

Alice Blayney, Julianna Connolly, and Jessica Yeager  

A confidential Brownfields redeveloper contracted Geosyntec Consultants (Geosyntec) to perform due 

diligence on a former industrial property that has sat vacant for many years in the metro Boston area.  A 

previous consultant had suggested remedial strategies that would have project life cycles of 4-10 or up to 

30 years.   The Site has a long history of assessment and limited remediation, including a previous Toxic 

Substance Control Act (TSCA) Self-Implementing Cleanup for polychlorinated biphenyl (PCB) 

contamination on a portion of the Site. In addition to the PCB contamination, the property is impacted with 

chlorinated solvents and petroleum constituents, including measurable light non-aqueous phase liquid 

(LNAPL) in a monitoring well on Site. Chlorinated solvent impacts are present both in groundwater and in 

unsaturated soil beneath an on-Site building.  The soil gas under the building exhibits concentrations of 

trichloroethene (TCE) and tetrachloroethene (PCE) well above vapor intrusion screening values. 

As part of the due diligence, Geosyntec has developed a risk-based closure approach by implementing 

sustainable/green remediation practices.  Groundwater remediation has consisted of enhanced in situ 

biodegradation (ESIB) using direct injections which were completed in December 2015.  Soil Vapor 

Extraction (SVE) will be implemented to remove chlorinated solvent mass from the saturated zone under 

the building in Spring/Summer 2016.  Vapor mitigation will be achieved by employing a sub-slab 

depressurization (SSD) system, installed concurrent to the SVE.  LNAPL mobility will be assessed to 

evaluate if focused remediation is needed in this area of the Site. 

By understanding Massachusetts brownfield cleanup regulations and how to effectively and efficiently 

achieve a risk-based closure, Geosyntec will be able to close the Site with a Permanent Solution within 3 

to 5 years with a significant cost savings compared to a conventional pump and treat system.      

Alice Blayney, Geosyntec Consultants, 1330 Beacon Street, Brookline, MA, United States, 02446, Tel: 
(617) 992-9063, ablayney@geosyntec.com 

Julianna Connolly, Geosyntec Consultants, 1330 Beacon Street, Brookline, MA, United States, 02446, 
jconnolly@geosyntec.com 

Jessica Yeager, Geosyntec Consultants, 1330 Beacon Street, Brookline, MA, United States, 02446, 
jyeager@geosyntec.com 

Presenting Author: Alice Blayney 

157



Investigations into the Possible Use of Ground Steel Slag as a Partial 
Replacement of Cement 

Felix Boafo, Seth Doe-Puplampu, and Emmanuel Amankwa  

Current trend in cement production is to introduce inorganic admixtures to improve the technical 

properties such as workability and reduced cracks in concrete. In addition, replacement of clinker or 

cement greatly reduces environmental pollution due to release of greenhouse gas emissions such as 

carbon dioxide, carbon monoxide, Nitrogen oxides (NOx) and Sulphur dioxide (SO2) during cement 

production. Cement replacement also reduces the high energy cost associated with clinker production 

and this leads to reduced price of cement. 

The objective of this study was to determine the effect and suitability of steel slag obtained in Ghana as 

mineral admixtures in cement for construction purposes. 

The present research study investigates the setting time and mechanical properties of blended cements 

with steelmaking slag, a by-product of the conversion process of iron to steel. For this purpose, a 

reference sample and four cements containing up to 40% w/w steel slag were tested.  Initial and final 

setting time, standard consistency and compressive strength at 3, 7 and 28 days were measured. The 

chemical composition of the steel slag and cement was analyzed with an XRF machine. 

It is concluded that the slag cements demand less water than the reference pure cement. The initial and 

final setting times obtained for all cement blends satisfied the standards set EN 197-1 (2000) and GS:22 

(2004). 

Slag cements develop lower strength, at all ages, compared to the pure cement and the strength 

decrease is higher, the higher the slag content. 
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Treatment of TCE Using a Permeable Reactive Barrier 

Christa Bucior, Donald Pope, Alan Weston, Sophia Dore, and Ryan Thomas  

Sites with a history of contamination often consist of a source area and downgradient plume.  Aggressive 

treatments such as chemical oxidation can be applied to the source area but it is not effective to apply these 

technologies to a large dilute plume.  For these more dilute plumes, passive technology such as a PRB can 

be effective. 

A PRB is a passive treatment that relies on the flow of groundwater to bring contaminants to the reactive 

media.  The barrier is a reactive zone which intercepts and treats contaminated groundwater.   When the 

contaminants make contact with the reactive media, reactions take place to degrade or alter the 

contaminants and allow treated groundwater to pass through.  Commonly used trench reactive media include 

zero valent iron (ZVI).  A PRB has low operation and maintenance requirements. ZVI PRB have been shown 

to have a life of at least 20 years 

A large site in Michigan was impacted with trichloroethene (TCE).  The site consisted of a plume that 

extended approximately one half mile downgradient from the source area and was located within a 2-4 foot 

thick interval of a sandy aquifer. 

A laboratory treatability study was performed to assess the effectiveness of treatment media, including 

granular activated carbon (GAC) and ZVI, for treatment of the TCE containing groundwater plume.  The 

study was also performed to identify the optimum matrix for the barrier and to determine the minimum 

hydraulic retention time in the barrier to treat the groundwater to criteria.  Based on this study, a ZVI barrier 

was recommended to treat the plume. 

The ZVI barrier was installed and is currently in operation. The performance and results of the treatability will 

be discussed.  Also discussed will be the installation of the ZVI barrier at the site.  
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Thinking Outside the Boxcar: Effective & Sustainable Combined Remedies Using 
Single Application of Multi-Functional Amendments 

Matthew Burns  

The combined remedy approach to groundwater remediation optimizes contaminated site cleanup as 

measured by technical efficacy and sustainability. Regardless of the potential for improving site cleanups, 

there are several obstacles limiting the implementation of combined remedies. The obstacles primarily 

stem from an inability of liability owners to easily determine if economic costs are synergistic or additive, 

and from regulatory hesitancy to codify needed timing and technology sequencing flexibility within design 

documents. These obstacles can often be circumvented by employing multi-component and multi-

functional remedial amendment formulations delivered with a single application. 

Case studies are presented that demonstrate efficacy of this combined remedies approach. The 

sustainability of the approach is also assessed by evaluation of economic viability, social productivity, and 

environmental protection. The case studies include; combined abiotic and biotic degradation of 

chlorinated ethenes and ethanes compounds, combined reductive and microaerophilic treatment of 

chlorinated benzenes, and combined chemical oxidation and biodegradation of petroleum compounds. 

Case studies are supported with conventional concentration trends and advanced diagnostics including 

compound specific isotope analysis (CSIA) and genetic-based molecular biological tools (MBTs).  
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Evaluating the Efficiency of Low Cost Ultrafiltration for Potable Water in Remote 
Settings 

John Duggan, Maggie Cameron, Ryan Ferriter, and Connor Murphy  

Ultrafiltration methods has been incorporated into various water purification systems to effectively 

distribute potable drinking water. The objective of this paper is to evaluate the efficiency of a low cost 

ultrafiltration product using various water quality testing. Water quality testing such as BOD, turbidity, 

coliforms, and testing of heavy metals such as As, Fe, Mn, & Se was conducted. Results show that after 

filtration, the water was significantly reduced of contaminants in all areas of testing. The low cost 

ultrafiltration method tested was determined to be an efficient way of providing potable drinking water.  

For this study water retrieved from Boston's Muddy River was used as the water source. 
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Case Study: A Harmonized Approach to Investigation and Remediation of a CVOC Spill 

David Carstens, David Bouchard, Jim Sobieraj, Jessica Hinchliffe, and Ademola Bakenne  

Investigations at a former manufacturing site in Nebraska revealed a soil source area containing chlorinated 

volatile organic compounds (CVOCs), primarily tetrachloroethene (PCE), in soil at concentrations exceeding 

5,000,000 parts per billion. CVOC-affected soil was detected from the ground surface to the top of groundwater 

(approximately 15 feet below grade), indicating a surface release of CVOCs that migrated vertically into 

groundwater. A dissolved-phase plume of CVOC-affected groundwater extends from beneath the source area to 

more than 1,000 feet downgradient. The plume contains PCE, along with its degradation products 

trichloroethene (TCE), the isomers of 1,2-dichloroethene, and vinyl chloride. 

Site investigations incorporated a suite of traditional techniques and emerging technologies to provide a robust 

picture of subsurface conditions and aid in the development of a low-cost/high-impact remedial strategy. The 

initial characterization included traditional soil sampling, the installation and sampling of permanent monitoring 

wells, groundwater profiling, an electron donor and receptor study, an isotopic analysis, and molecular biologic 

tools. Follow-up investigations included the use of in situ microcosm samplers to evaluate the efficacy of 

potential groundwater amendments. 

A four-part remedial approach developed for the site  includes: (1) mass removal in the source area via an 

approximately 4,000 cubic-yard excavation, onsite treatment using  low-temperature thermal desorption  and 

offsite disposal; (2) groundwater treatment directly beneath the soil source area using a bio-chemical reductant 

to stimulate in situ biotic and abiotic degradation of the CVOC; (3) a bio-geochemical and biostimulation 

application to treat the core of the plume, and; (4) monitored natural attenuation in the diffuse downgradient 

portions of the  plume. CVOC mass removal in soil was completed and the results of groundwater sampling 

directly beneath the source indicate substantial reductions in the dissolved chlorinated mass with the near 

elimination of PCE and TCE. Preliminary results for the remaining treatment, which is in progress, are presented 

below. 
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The Use of Three-Dimensional Conceptual Site Modeling to Improve Data Gap 
Analysis and Focus Remedial Investigation and Feasibility Studies  

David Carstens, Colleen Myers, and Eric Johnson  

Software-based, three-dimensional visualization of environmental data enhances the ability to quantify 

data gaps and helps to focus remedial investigation (RI) and feasibility study (FS) evaluations. A case 

study is presented that demonstrates the data gap analysis process for a Site impacted with chlorinated 

volatile organic compounds (CVOCs). 

A conceptual site model (CSM) was developed using CTech Development Corporation’s Environmental 

Visualization Software (EVS). The CSM incorporates more than ten years of investigation data, including; 

surface features, a geologic model based on 200 soil borings, groundwater potentiometric surface data, 

and CVOC data for both vadose zone and saturated material. 

The CVOC data was visualized using the EVS’s Min-Max Plume module, which incorporates three-

dimensional statistical kriging at a user-defined confidence interval. With the Min-Max Plume function, the 

CSM was used to generate three-dimensional volumetric plumes for the minimum and maximum 

calculated distributions. The volumetric plumes were subdivided along horizontal slices, which allowed a 

visual comparison of the minimum and maximum distributions. The horizontal slices were used to select 

locations where additional sampling would improve the RI. Additional samples were collected, 

incorporated into the CSM, and used to focus the Site’s FS. 
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Successfully Integrating Surfactants into ChemOx Technologies 

Geeta Dahal  

Use of surfactants in remediation can significantly improve chemical oxidation results when applied 

optimally based on site conditions. The idea of surfactant use in remediation however is often met with 

questions and uncertainty due to concerns regarding contaminant liberation and offsite contaminant 

mobilization. 

Drawing from experience developing and implementing surfactant enhanced in situ technologies including 

Surfactant-enhanced In Situ Chemical Oxidation (S-ISCO®) and Surfactant Enhanced Product Recovery 

(SEPR™), with data points from a successful coal tar clean up in the New York City area as well as 

laboratory data, this presentation provides guidance on surfactant application, and addresses the most 

common concerns regarding this remedial option. Information will be presented based on site experience 

as well as laboratory data which addresses frequently asked questions about surfactant use with oxidants 

in remediation. Case studies will be presented, demonstrating S-ISCO remedies can achieve complete or 

near complete contamination removal, eliminating rebound and the need for follow-up treatments. 
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Biotic and Abiotic Natural Attenuation of VOCs After Large-Scale ISCO 

Paul Dombrowski, Barb Weir, William Abrahams-Dematte, Richard Purdy, and James 
Brown  

In-situ chemical oxidation (ISCO) is a remediation process effective for treating a wide range of 

contaminant types and achieving rapid reduction in organic contaminants in groundwater.  Due to 

economic feasibility and treatment challenges in attaining low cleanup standards (e.g., MCLs), monitored 

natural attenuation is an important phase to many ISCO applications.  Three rounds of full scale ISCO 

were applied for treatment of volatile organic compounds (VOCs), including tetrachloroethene (PCE), 

trichloroethene (TCE), BTEX, and 1,4-dioxane.  The first round of full-scale ISCO in 2008 was the largest 

single-site injection of sodium persulfate completed at that time.  Two additional ISCO injections were 

completed in 2009 and 2010, with each approximately half the scope of the previous year.  

Significant reductions in contaminant concentrations and plume size were observed following each ISCO 

injection.  Groundwater monitoring one year following the last injection showed that VOCs, notably 

chlorinated VOCs, exceeded the low cleanup levels for the site.  Additional post-ISCO groundwater 

monitoring was conducted two and five years following the last ISCO injection to assess natural 

attenuation and contaminant temporal trends.  As groundwater conditions returned to baseline reducing 

conditions one to two years post-ISCO, evidence of biotic reductive dechlorination was observed through 

increases in of daughter products cis-1,2-dichloroethene (cis-1,2-DCE) and vinyl chloride and elevated 

cell counts of Dehalococcoides.  High baseline iron concentrations in groundwater (greater than 20 mg/L) 

at the Site and the large mass of sulfur, as persulfate, added to the subsurface provided for formation of 

iron sulfide precipitates as groundwater conditions return to reducing conditions, which can enable abiotic 

dechlorination.  Reductions in chlorinated VOCs between 2012 and 2015 are strongly suggestive of 

abiotic reactions based on the decreases in PCE, TCE, and cis-1,2-DCE without generation of vinyl 

chloride and that the pH in many site wells has been measured to be greater than 8.5.  
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Burden of Disease from Lead Exposure at Toxic Waste Sites in Argentina, Mexico 
and Uruguay 

Russell Dowling and Jack Caravanos  

Though lead contaminated waste sites have been widely researched in many high-income countries, their 

prevalence and associated health outcomes have not been well documented in low- and middle-income 

countries. Using the well-established health metric disability-adjusted life year (DALY) and an exposure 

assessment method developed by Chatham-Stephens et al., we estimated the burden of disease 

resulting from exposure to lead at toxic waste sites in three Latin American countries in 2012: Argentina, 

Mexico and Uruguay. In these three countries toxic waste sites identified through Pure Earth’s Toxic Sites 

Identification Program (TSIP) were screened for lead in both biological and environmental sample media, 

with the majority of data coming from soil samples. Estimates of cardiovascular disease incidence and 

other outcomes resulting from exposure to lead were utilized to estimate DALYs for each population at 

risk. We found that approximately 316,700 persons throughout the three countries were at risk of 

exposure to pollutants at 129 unique sites identified through the TSIP database. Exposure to pollution 

was estimated to result in between 46,329 and 103,624 DALYs, depending on the weighting factor used. 

The estimated burden of disease caused by exposure to lead in this analysis is comparable to that 

estimated for Parkinson’s disease and bladder cancer in these countries. We can see that Lead continues 

to pose a significant public health risk in Argentina, Mexico, and Uruguay. The burden of disease in these 

three countries is comparable with numerous high profile public health threats. Knowledge of the 

relatively high number of DALYs associated with lead exposure may be used to generate support and 

funding for the remediation of toxic waste sites in these countries and others. 
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Synergistic Effects of Utilizing Abiotic and Biotic Degradation Pathways 
Simultaneously for Chlorinated Solvents Remediation 

Samuel Gaeth and Natalie Capiro  

Despite being used for over 20 years, in situ bioremediation of chlorinated solvents is still not fully 

understood, which has potentially limited harnessing the full capabilities of this remediation technique. 

Knowledge gaps often stem from the lack of comprehension for the importance of biotic interactions with 

abiotic processes. While the majority of completed work to-date has assessed both the biotic and abiotic 

degradation of chlorinated solvents in isolation via dechlorinating microbes and reactive iron sulfide 

minerals, respectively, limited research investigates the combination of abiotic and biotic degradation 

processes. In this study, the conditions used to create an environment for both degradation mechanisms 

to ensue include sulfate concentrations up to 5 mM, ferric iron coated sand (1.5% iron by weight), 

oxidation reduction potential (ORP) below -150 mV, circumneutral pH, 5 mM acetate and lactate as 

electron donors for microbial processes, and 50 mg PCE/L. By allowing both degradation pathways to 

occur simultaneously, this work seeks to determine if faster rates and more complete dechlorination (i.e., 

to ethene) can be obtained over using either degradation pathway individually. To do this, as a first step, 

batch reactors are being used to validate if iron reducing bacteria, sulfate reducing bacteria, and 

dechlorinating bacteria cultures can reduce their respective compounds under the given conditions. To 

extend the realism to a dynamic system with flow, three up-scaled 1-D column experiments are be used 

to measure rates of dechlorination due to 1) a dechlorinating microbial consortia; 2) biotically formed 

reactive iron sulfide minerals; 3) a combination of the two degradation methods. This research could lead 

to an enhanced understanding of dechlorinating processes. Results from these experiments will indicate if 

environments exist where both methods of dechlorination should be considered for remediation 

purposes.  
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Multiphase Flow Modelling of DNAPL Pumping: Case Study of 
Hexachlorobutadiene in a Shallow Alluvial Aquifer 

Quentin Giraud, Benoît Paris, Julio Gonçalvès, David Cazaux, Antoine Joubert, Stéfan 
Colombano, Pierre-Yves Klein, Aurélien Triger, Nicolas Fatin-Rouge, and Julien Maire  

In France, organo-chlorinated compounds (VOHC) are responsible of about 15% of contamination of soils 

and groundwater. In this context, the SILPHES project combines innovative characterisation tools and 

emerging remediation technologies applied on VOHC-contaminated groundwater. 

For this project, four square impermeable concrete compartments of 9.5 m long and 10 m deep were dug 

at the location of a free-phase source zone of VOHC, mainly composed by hexachlorobutadiene (HCBD). 

The aquifer is made of superficial alluvial materials, from fine sand to gravel, reversely graded. 

A 3D field-scale numerical model of the VOHC pumping, in one of the compartments, was elaborated with 

the multiphase flow simulator TMVOC. Two scenarios were experimented on site: an on/off pumping 

during 50 days; an up-welling technique. 

Interpolation of geological layers was done with LeapFrog, from drilling survey data. Chemical data of 8 

VOHC was computed to fit TMVOC parametric requirements. Soil and hydrogeological parameters were 

obtained either from literature or experiments (i.e. water/VOHC retention curves). Numerical model grid 

consisted of 16 layers for a total of 11232 3-D grid blocks, modelling both the interior volume and the 

walls of one concrete compartment. 

Numerical modelling results show an excellent match between simulated and field data of VOHC and 

water volumes pumped during the two scenarios. 

Partitioning tracer tests will be conducted in the compartments to assess the efficiency of the pumping 

scenarios and evaluate volumes of residual VOHC. 

This study is, at the best of the knowledge of the authors, the first multiphase flow modelling of a VOHC 

source composed mainly by HCBD, a chemical which has a poor occurrence data in the environmental 

literature. It offers a new perspective in remediation, by using multiphase flow numerical tools to predict 

immiscible pollutants behaviour in groundwater, in natural of forced flow. 
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Pilot-Scale Solar-Powered Remediation 

Noushin Fallahpour, Akram Alshawabkeh, Ljiljana Rajic, and Savannah Gregor  

Solar-powered electrochemical technologies for groundwater treatment use solar panels to generate a 

low-level direct current (DC) through electrodes in wells, which enables manipulation of groundwater 

chemistry. Redox manipulation is usually achieved by injection of oxidizing or reducing additives like 

ferrous sulfate through electrolysis to create conditions favorable for either reduction or oxidation of the 

contaminants. There are several advantages to this approach: 1) it is sustainable and driven by a 

renewable energy source, 2) it does not require the addition of solutions or chemicals into groundwater, 

making them environmentally friendly, and 3) the rates of redox reactions can be controlled by adjusting 

electric current intensity. Two transformation mechanisms are evaluated within this approach depending 

of electrode materials used: electrochemical reduction of contaminants using iron anodes and foam 

cathodes, and electrochemical oxidation of contaminants by generation of Reactive Oxygen Species 

(ROS) using inert electrodes coated with palladium. The first step in implementation of solar-driven 

electrochemical technologies is the development of an electrolytic reactor within the aquifer for the 

sustained, solar-powered electrolysis. Solar driven electrolysis can be implemented in the field as: ex situ 

treatment which involve groundwater pumping and treatment using electrolytic reactors and in situ which 

involve electrolytic redox reactive barrier where electrolytic reactors are implemented as a reactive barrier 

within the aquifer and injection and/or well circulation where electrolysis in wells generate in situ reducing 

or oxidizing conditions so that rates of release of reactive species are sustainable and can be controlled. 

The effect of both the concentration of added ferrous ions and salts and various operational conditions 

such as flow rates and current density have been considered to optimize the remedial system conditions. 

It is hoped that the results from the pilot test may offer an alternative remediation technique that could 

treat a contaminated site. 
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Evaluation of Pb (II) Removal from Aqueous Matrix Using Muscovite 

Raquel Húngaro Costa  

Environmental pollution has been reported as a risk factor for the development of diseases and 

decreasing of human life quality and biotic. Thus, is essential its prevention and control. The emission of 

toxic metals to the environment grew driven by increase of anthropogenic activity. The sediments of 

rivers, lakes and seas are natural concentrators of toxic metals due to the transport and destination in the 

water biogeochemical cycle. Therefore, sediments that are contaminated with heavy metal are required to 

have an appropriate treatment then, minimizing the risks of contamination in humans and the biota. The 

environmental remediation of contaminated sediments with toxic metals, especially Hg, Pb, Cd; it includes 

the immobilization from adsorption or less reactive phases formation. In this context, this work previously 

evaluated the muscovite adsorption capacity of Pb (II) ions from aqueous matrix. The aim behind this 

study is to use muscovite as insulating material in in-situ capping technology to sediment remediation. For 

a better evaluation, it was performed physical and chemical characterization of muscovite, enabling the 

knowledge on the Pb (II) adsorption capacity. The adsorption study of Pb (II) by muscovite was done, 

being evaluated the effect of the Pb (II) initial concentration solution, temperature, pH, time of contact, 

and muscovite load. The preliminary results demonstrate the potential of mica muscovite as adsorbent 

material for the removal of Pb (II) in an aqueous medium, indicating its potential to be used in sediment 

remediation technology. 
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The Potential of Using an Electrokinetic Barrier to Control Saltwater Intrusion 

Shadi Hamdan, Akram Alshawabkeh, and Bart Van der Bruggen  

Groundwater is frequently used as drinking water source but in the coastal aquifers saltwater intrusion 

increases groundwater salinity and, therefore, compromise its quality. An electrokinetic barrier placed 

along the coast is an innovative approach to control the saltwater intrusion. This technique is based on 

using direct current (DC) to control migration of ions via processes such as electro-migration and pH 

changes due to water electrolysis. Since coastal areas usually have a beneficial climate for harvesting 

wind and solar energy, using these alternative DC sources makes this approach costeffective and 

environmentally friendly. Observations of a series of laboratory tests under the influence of electrical DC 

field (0.5 and 1 V/cm) using artificially salinized pore water (3.5% NaCl) in silica sand, have shown 

a significant reduction of electrical conductivity (70%) after 24 hour treatment. 

The highest ions removal efficiency in the range of 60 - 70% for sodium and to more than 80-90% for 

chloride ions was achieved when DI-water used at the electrodes. However, further investigation is 

needed to improve the efficiency of the technique for in-situ application. 
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Environmental Sample Holding Time Studies: Chemical Preservation of Volatile and 
Semivolatile Compounds at Ambient Temperature 

Jeff Hardenstine, Gregg Douglas, Deyuan Kong, Raymond Arnold, and William Gala  

When samples are removed from the environment, concentrations of chemical such as benzene, toluene, 

ethylbenzene and xylenes (BTEX) and polycyclic aromatic hydrocarbons (PAHs) begin to change due to 

physical and chemical processes. Preservation techniques are used to minimize these changes, the most 

common being refrigeration, freezing (solid samples), and acidification (water samples).  Regulatory agencies 

have developed holding time requirements of 14-days for BTEX in acid preserved water samples and 14-days 

for PAH in soil/sediment samples both stored at < 6°C.  The technical basis for these requirements is not well 

defined yet failing these criteria can be severe.       

This study examined the effectiveness of using preservatives for water BTEX and sediment PAH samples to 

extend the holding time requirements. Water samples preserved with acid were analyzed for BTEX at ambient 

temperature (20?C) for 21 days with no discernable degradation of data quality.  Sediment samples collected at 

three (3) separate sites impacted with petrogenic and pyrogenic PAHs were analyzed as preserved (sodium 

azide) and unpreserved samples for 60 days.  Statistical analysis of the data for all three sites showed that there 

was no significant degradation of PAHs in the sediment samples preserved with sodium azide for up to 60 days 

at ambient or at 4°C and for 21 days with no preservative at 4°C. Unpreserved samples at ambient temperature 

showed significant losses of PAHs within the first 7 days. 

This study has demonstrated that USEPA holding time criteria for BTEX water samples (14 days) is reasonable 

but may be defensible for up to 21 days even at ambient temperatures.   For PAH compounds in sediment 

samples, USEPA holding time criteria is reasonable for unpreserved sediment samples (e.g., 14 days), 

however, when preserved, sediments can be stored up to 60 days at ambient temperature without measurable 

degradation. 
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Heavy Metal Contamination of Bottom Sediments from Mining Operations at 
Cooks Pond, Madison, New Hampshire 

Emma Harnisch and Robert Newton  

Heavy metals (Pb, Zn) from operations associated with the former Madison Lead Mine have 

contaminated sediments in Cooks Pond (14.3 ha) and potentially caused bioaccumulation of lead (Pb) in 

piscivorous fish. The mine opened in 1826 and closed in 1923, with the most intensive mining occurring 

from 1901 to 1923. Lead, Ag and Zn were extracted from galena and sphalerite associated with a highly 

fractured hydrothermal deposit of Jurassic age. Tailings (0.6 ha) from an ore processing facility on the 

pond shore entered the water and contaminated pond bottom sediments. 

Six cores were collected from Cooks Pond using a Uwitec gravity corer with secondary hammer action. 

Sample sites were determined based on distance from the tailings fan and pond bathymetry. Cores 

(90mm diameter) were collected in water depths ranging from 4.5m to 7.5m and were 60-100cm in 

length. Two cores were split and scanned using an ITRAX core scanner for total chemistry. Sediment 

from a subset of the cores was sampled from the core barrel at 1cm intervals. Metals were extracted from 

these samples, as well as fish samples collected by seine net and hand line, using EPA method 3050A 

and analyzed by Inductively Coupled Plasma (ICP-OES). 

Samples show a sharp increase in Zn and Pb within a high density layer in the top third of the cores 

reaching concentrations as high as: 12,000 ppm Zn and 7,600 ppm Pb. Metal concentrations also 

decrease with distance away from the processing plant. Washing of mine tailings into the pond explains 

the increase in Zn and Pb in the sediment and the added high density mineral matter to the normally low 

density organic rich sediment. This material flooded the ecosystem with heavy metals and could model 

happenings at other lead-zinc mines in New England.  
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The Development of a Risk Communication Assessment Tool to Assist with 
Community Health Outreach  

Marina Hogan, Emily Wanzer, Marc Nascarella, and Andrea DiPerna  

Communicating the human health risks of exposure to environmental chemicals is a technical and 

complicated task. When engaging the general public on these issues it is important to articulate complex 

technical concepts in a manner that is appropriate for the largest segment of the intended population.  We 

have developed a Risk Communication Assessment Tool (RCAT) that utilizes a semi-quantitative 

methodology to evaluate environmental health messaging intended for the general public, targeted “high-

risk” populations, and specific individuals. Briefly, the RCAT employs a semi-quantitative rubric to 

evaluate and score each communication instrument (e.g., sign, document, pamphlet, etc.) based on 

features such as: readability, content, appearance, and effectiveness.  The methodology also 

incorporates a consideration of the quality of technical content by evaluating how effectively messaging 

on physio-chemical features, exposure, health hazards, and exposure reduction are presented.  The 

overall quality of each document is represented by a single score.  This methodology represents a useful 

tool in approximating a quantitative scale of “expert judgement”.  This presentation will describe the 

development of the RCAT, as well as some of best practices that have emerged when evaluating 

technical content that had been developed to communicate the human health risk of exposure to 

polychlorinated biphenyls.  
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Fractionation Effects on C, H and Cl Stable Isotopes of Chlorinated Solvents 
During Dissolution, Adsorption and Evaporation 

I-Hsing Chen, Zih-Sin Wang, Chia-Pei Li, and Hsin-Lan Hsu  

Environmental forensics of contaminated sites is a critical issue over the recent decades in order to 
resolve the liability. For the sites contaminated by chlorinated solvents, compound specific isotope 
analysis is an emerging and useful tool for investigators to trace the original sources of contaminants. 
When interpreting the isotopic signatures, it is essential to understand what could cause changes in these 
signatures, especially the mass transfer processes that contaminants often experience in the 
environment. Previous studies indicated that mass transfer processes could cause isotope fractionation 
effects on the stable isotope ratios of some contaminants of environmental concern. However, most 
studies were focused on the carbon stable isotope and some certain compounds such as 
trichloroethylene. Impacts on many other contaminants and other stable isotopes still remained unknown. 

The purpose of this work was to systematically investigate the fractionation effects on carbon, hydrogen 
and chlorine stable isotopic compositions of the chlorinated organic compounds during adsorption, 
dissolution and evaporation. The studied chlorinated organic compounds included tetrachloroethylene, 
trichloroethylene, 1,1-dichloroethene, vinyl chloride, 1,2-dichloroethane and dichloromethane, all of which 
were among the target chlorinated contaminants in Taiwan and other countries such as the United States. 
Results of this research were also compared with other studies and implications on environmental 
forensics were discussed. 
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Horizontal Electrical Resistance Heating for DNAPL Remediation Beneath a 
Manufacturing Facility 

Glenn Iosue and Michael Sequino  

Background/Objectives.  Electrical Resistance Heating (ERH) was the selected remedial approach to 

address a DNAPL plume of tetrachloroethylene (PCE) and trichloroethylene (TCE) originating from former 

dry cleaning operations. Chlorinated solvents extended onto an adjacent property beneath an active 

manufacturing facility. Horizontal ERH electrodes were installed to minimize disruptions to facility 

operations while effectively remediating impacts beneath the facility. 

Approach/Activities.  In addition to disrupting facility operations, vertical ERH electrodes posed 

challenges to implementation within an active manufacturing facility. Dust generation during proposed 

vertical drilling activities within the facility would affect the manufacturing process. Limited access within 

the facility generated gaps in coverage with the proposed vertical ERH electrodes. A horizontal ERH 

electrode was designed and installed beneath the facility. Vertical ERH electrodes were installed in the 

source area where access and disruption did not pose issues. The ERH process extracted chlorinated 

solvents by heating the subsurface and capturing the resulting vapors with a vapor recovery system. Both 

the horizontal and vertical electrodes were designed to operate as a single system while covering the 

treatment area. 

Results/Lessons Learned.  Real-time, three-dimensional monitoring and analysis was used to confirm 

the design bore path for the horizontal ERH electrode. Unknown building features, bedrock irregularities 

and historic fill were encountered. Advancement of the horizontal ERH electrode was achieved with 

horizontal directional drilling (HDD) technology. Stresses on the electrode material including drilling 

pressures and bend radius were monitored real-time to ensure no adverse effects. The ERH system was 

started and monitoring data included energy use, temperature and contaminant concentration reductions. 

The horizontal ERH electrode resulted in higher efficiencies and chlorinated solvent reductions in 

comparison to the vertical ERH electrodes. 
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Enhanced Bioremediation via Direct Injection at Brownfields Redevelopment Site 

David Jensen, Jessica Yeager, and Julianna Connolly  

Geosyntec Consultants (Geosyntec) was contracted by a confidential Brownfields redeveloper to address 

high concentrations of tetrachloroethene and associated daughter products in the groundwater at a 

former industrial property. The chlorinated solvents are found within a clay/silt layer beneath a portion of 

the property. The baseline groundwater monitoring event indicated natural biodegradation was occurring 

with the presence of daughter products, including ethene; however, the total organic carbon (TOC) 

concentrations are generally too low to support robust dechlorination. 

In December 2015, Geosyntec injected approximately 5,500 gallons of a 25% emulsified vegetable oil 

(EVO) and 75% municipal water mixture into over 20 direct-push locations in the target area. The 

EVO/water mixture was also supplemented with 135 liters of KB-1®, a naturally occurring microbial 

culture that promotes the dechlorination of chlorinated solvents to non-toxic ethene. 

EVO and water were mixed on-site, in 240-gallon batches, using totes staged on a flatbed truck, and then 

driven to the drill rig. Injections in the clay/silt layer were alternately conducted between 40 to 32 feet 

below ground surface (ft bgs) and 32 to 25 ft bgs. By decreasing the injection depth range from the 

designed 15 ft to 7-8 ft at each location, Geosyntec avoided the need to remove a drill rod during the 

injection and, thus, eliminated the downtime required to wait for backpressure from the clay/silt formation 

to decrease. 

Three rounds of post-injection data will be collected by October 2016. We expect the samples collected 

during the post-injection groundwater monitoring events to exhibit high concentrations of 

Dehalococcoides and TOC from the injections. We expect the concentrations of chlorinated solvents in 

the groundwater samples to exhibit the characteristics of dechlorination. 
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Using GPR and EM Technologies for Environmental Assessment Surveys 

Brian Jones  

Geophysical surveys can be the bedrock — pardon the pun — of today’s environmental projects, from 

locating abandoned underground storage tanks (USTs) and utilities, to complex mapping of geology in 

remedial investigations, to finding landfill boundaries and other buried unknown problems. 

In the past few decades, a variety of non-destructive testing methods are gaining in popularity over 

expensive and time consuming drilling and digging for environmental projects. Among these, the method 

of pairing ground penetrating radar (GPR) with electromagnetic (EM) induction instruments is one that 

shows great promise in significantly reducing survey time and costs. 

In the past, most environmental scientists and geologists relied on destructive technologies, including 

drilling and excavating test pits. Depending on the site (and project budget), a survey may require drilling 

or digging one or two holes for a small site, or as many as 20- to 30-plus holes for large sites. On 

average, each borehole into the ground on an environmental site costs about $5,000 to $10,000, so costs 

for drilling or soil sampling can be very high. And not only are these methods slow and costly, they merely 

produce point measurements, rather than a continuous profile. 

In response to the expense and safety of destructive surveys and concern about the accuracy of relying 

on point measurements, companies have more recently come to rely on a variety of other non-destructive 

survey methods - mainly GPR and EM. 
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Evaluating Lead Concentrations in Water Bubblers 

John Duggan, Patrick Journeay, Tim Magalhaest, Nick Ottomaniello, and Dan Alix  

 The study studied levels of lead in water from point sources typically used for ingestion on a college 

campus in Boston, MA.  Point sources included water bubblers and sinks.  Sampes were collected at 

each sample location over time to evavulate temporaral variations.  Analysis was performed by graphite 

furnace atomic absorption.  Results were compared to the National Drinking Water Standard (15ppb).  

Although no levels exceeding the drinking water standard were measured, recommendations for lowering 

exposure potential were made. 
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Precision Dredging of Heavy Metals Without Resuspension: A Case Study on the 
Yi River, China 

Thomas Kryzak  

The Yi River in Shandong Province China pilot project site is contaminated with 10 hazardous elements 

with mercury and zink leading the list of concerns.  The project criteria included 1) accuracy dredging with 

an error of < 5cm, 2) a diffusion radius of < 5m and 3) meeting after dredge heavy metal values listed in 

China's criteria GB15618-1995.  The project was completed in the dry season in the fall of 2014 with the 

river water depth ranged between 3-6 meters. 

Air & Earth LLC was selected to perform the dredging using their patented Environmental Lunch Box 

(ELB) equipped with Dredgepack's GPS system.  The ELB Unit provided a specialty form of hydraulic 

dredging available with a multiple of remediation service attachments for this project. The ELB “unit” is 

capable of providing sampling, viewing, GPS, sonar locating, monitoring, separating, testing, in-situ 

treatments, injecting, removing or replacing silt, sediment and materials from a containment unit 

positioned on water bottoms. The ELB unit was equipped with an internal ring with16 water injecting 

heads operating at various pressures and moved up or down based upon the sediment profile.           

The Shandong Academy of Environmental Sciences project completion acceptance report of 9-12-

2015 reviewed by 5 academic and science agencies showed the ELB made marked advances over a 

competing dredgehead unit used in the project as a comparison dredge. The ELB results included 

improved sediment volume removal rates, precision of sediment removal cuts while reducing or 

eliminating over dredging, slumping or erosion of material back into the cut and was nominally 100% 

effective at suppressing sediment re-suspension of sediments.  Through out the project there were 

no releases of dissolved contaminants throughout the water column or plume transport and volatilization 

of contaminates into the air.  
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Generator Compliance at Your Facility 

Timothy Kucab  

Many facilities and the supporting operations typically operate reciprocating internal combustion engines 

(RICE) for times of electric power loss or as primary means of electricity generation for remote system 

locations. The United States Environemntal Protection Agency (EPA) and State Agencies often have 

conflicting regulations that must be considered when installing and operating internal combustion 

engines. 

The USEPA has promulgated National Emissions Standards for Haardous Air Pollutants (NESHAP) and 

New Source Performance Standards (NSPS) that apply to stationary spark ingnition and compression 

ignition RICE. These engines are commonly used to generate electricity and to power pumps and 

compressors, and also in emergencies to produce electricity and pump water for flood and fire control. All 

sizes of stationary engines are covered by the rule.  Furthermore, state agencies often have permit-by-

rule, environmental results programs or regulatory permitting requiremnts that can have varying 

operational, recordkeeping and installation requiermnts than mandated by the USEPA. 

This session will review the different types of RICE and the regulatory applicability throughout the New 

England states.  Atendees will review the operational restrictions, recordkeeping requiments, emission 

standards and pollution control options associated with the USEPA and State regualtions.  Additionally, 

many facilities may refer to their RICE as “emergency generators.” However, this definition will be 

explored in depth during this training session as the USEPA has determined that many RICE at pump 

stations and production facilities do not meet the emergency generator definiation and are therefor 

subject to much stricter regulatory requirements. 

The presentation will provide simple to follow suggestions to maintain and/or improve generator 

compliance and overall site air compliance.  Attendees will be shown examples of compliance 

deficiencies and provided with suggested solutions to identified deficiencies.  Don’t be caught off guard.  
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Neurotoxicity of Perfluorohexanesulfonate (PFHxS) in Neuronal Cells 

Jae-Ho Yang and Youn-Ju Lee  

Perfluorochemicals (PFCs) are pervasive and persistent environmental contaminants with uncertain 

public health implications.They have been widely used in industrial and many consumer products. Due to 

their extreme stability, PFCs accumulate in humans via food web and drinking water. Since the discovery 

of PFC contamination in public and private drinking water supplies, public concern over health risks has 

continuously risen. Perfluorohexanesulfonate (PFHxS), one of the major PFCs, has been detected in 

serum from general population as well as in umbilical cord and breast milk. It is reported that a single 

neonatal exposure to PFHxS caused behavioral and cognitive disturbance in adult mice and prenatal 

exposure to PFC is associated with neurodevelopmental disorder in humans. While PFHxS is associated 

with potential neurotoxic effects in humans, its neurotoxic mechanism remains unclear. PFHxS induced 

significant increases in [Ca2+]i via the NMDA receptor and the L-type voltage-gated calcium channel. The 

inhibition of [Ca2+]i loading by MK801 and the L-VGCC blockers reduced PFHxS-induced apoptosis. 

PFHxS induced sustained activation of AMPK and the inhibition of AMPK activation by compound C and 

AMPK siRNA significantly reduced PFHxS-induced caspase-3 activity. Experiments with NMDA or ERK 

blockers revealed that the activation of AMPK and ERK is regulated by [Ca2+]i loading in distinct 

pathways. PFHxS-induced neuronal apoptosis is mediated by AMPK and ERK pathways, which are 

distinctly regulated by increased intracellular Ca2+ via the NMDA receptor and L-VGCC. Our findings 

provide mechanistic aspects of the PFHxS-induced neuronal damage, which may contribute to identifying 

target molecules required for risk assessment of PFC-related neurotoxicity. 

Jae-Ho Yang, Catholic University of Daegu, 33, 17-gil, Duryugongwon-ro, Namgu, Daegu, Republic of 
Korea, 42472, yangjh@cu.ac.kr 

Youn-Ju Lee, Catholic University of Daegu, 33, 17gi, Duryugowon-ro, Namgu, Daegu, Republic of Korea, 
42472, Tel: 82536504337, whrytn4337@cu.ac.kr 

Presenting Author: Youn-Ju Lee 

183



Chemical Evidence for Exposure of Red Crabs (Chaceon quinquedens) to 
Macondo Oil After the Deep Water Horizon Oil Spill 

Eric Litman and Jeff Hardenstine  

The Deepwater Horizon (DWH) oil spill is unique because unlike most oil spills, a substantial fraction of 

the released oil was deposited on deep benthic sediments in the form of particulate, dispersed and floc 

related oil. From 2010 to 2014 benthic macrofauna (e.g., red crabs) were collected from the deep seafloor 

to determine if there was forensic evidence to indicate exposure to the spilled Macondo oil. Polycyclic 

aromatic hydrocarbons (PAH) and biomarkers (triterpane and steranes) were measured in whole body 

and dissected tissue samples from red crabs, in order to identify the chemical fingerprint of any oil 

present within the tissue. Results show that red crabs were exposed to Macondo oil from the DWH oil 

spill. Specific results include: 

(1)The red crab hepatopancreas samples provided the most sensitive and diagnostic chemical 

fingerprints by which to assess exposure of these animals. 

(2) The highest exposures of red crabs to Macondo oil occurred closest to the well although exposures up 

to 14 km southwest of the well were recognized 

(3)The absolute total concentrations of PAH (TPAH) measured in red crab hepatopancreas samples 

decreased by almost two orders of magnitude between 2010/2011 and 2014, which is consistent with 

benthic exposures to Macondo oil-derived PAHs that have declined since the DWH oil spill - and are 

inconsistent with on-going exposure to oil from natural seeps in the area. 
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Identification of Source Relevance Using Isotopic Signatures of Multiple 
Contaminants 

Shih-Lin Lo, Ying-Ming Weng, Hsin-Lan Hsu, and Yu-Chin Chen  

Chlorinated organic solvents were widely used in the industrial area in Taiwan. Due to clustering of many 

factories which are potential polluters, identification of the source and the source relevance is a critical 

issue in order to resolve liability and conduct the remediation efficiently. 

The studied case is a polluted area of about 250 acres located across two towns at the central Taiwan. 

Multiple plumes containing more than ten chlorinated organic compounds were detected above the 

regulated levels in the groundwater. One chemical manufacturer has been identified as one source, but it 

was not clear whether there exist other sources. 

To resolve the source relevance issue, compound-specific isotope ratios of carbon and chlorine were 

analyzed for several contaminants. Interpretation of the isotopic signatures was based on the degradation 

potential of the compound. For the pollutants which are less likely degraded under the associated aquatic 

environment, their isotopic ratios were compared; for those likely degraded, the variation trend of their 

isotopic ratios was used instead to signal the existence of other sources. Long term monitoring of the 

water table and the geological strata were also studied to provide insight of the pollution migration. The 

multiple lines of evidence showed that in a certain downstream area the pollution might have come from 

the chemical manufacturer while there shall exist other pollution sources responsible for the further 

downstream pollution. 
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Implications of EPA’s Proposed Dermal Slope Factor on Risks Posed by Dermal 
Contact with Grilled Meats 

Norman Forsberg and Brian Magee  

USEPA’s revised Toxicological Review of Benzo(a)pyrene (BaP) (U.S. EPA 2014) proposed a Dermal 

Slope Factor (DSF) of 0.006 (µg/day)-1. The DSF was checked for biological relevance by estimating the 

skin cancer risks posed by dermal contact with PAHs from char-broiled meats. It is well known that 

cooked meats contain PAHs, but no studies were found in the literature on the levels of PAHs on the 

surfaces of the cooked meats which would be contacted by the hands, lips, and oral cavity. Chicken 

breasts, hamburgers, and salmon burgers were char-broiled at a local café and the surfaces of the meats 

(representing < 2.5% of the mass from each piece of cooked-meat) were removed and analyzed for an 

extended list of PAHs. Meats were grilled until considered ‘well-done’ by the café’s griller. Average BaP 

toxic equivalent concentrations (BaP-TE) were calculated using USEPA’s proposed Relative Potency 

Factors (2010). BaP-TE concentrations ranged from 149 (± 14) to 874 (± 171) µg/kg of surface material. 

Using standard USEPA risk assessment methods and low end exposure assumptions, the DSF predicts 

that PAHs on the surfaces of cooked meats explain a large fraction of the total hand cancer burden in the 

US white population and more than 100% of hand cancer in the black population. For instance, when it is 

assumed that black Americans touch char-broiled hamburgers with three fingers only three times a year, 

PAHs predict over 100% of the observed skin cancer on the hands. Given that people are dermally 

exposed to PAHs from many other sources, these values are minimum over estimates of the role of PAHs 

if the DSF were true. These results in combination with the fact that dermatologists overwhelmingly agree 

that exposure to sunlight is the primary cause of human skin cancer, call into question the biological 

relevance of USEPA’s DSF.  
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Current Remediation Options for 1, 4 -Dioxane  

Mike Marley  

This presentation will discuss 1,4-dioxane as a Contaminant of Emerging Concern (CEC) that is 

increasingly being detected in groundwater, surface water, and drinking water. 1,4-dioxane is primarily 

associated with chlorinated solvents sites where it was used as a stabilizer primarily for trichloroethane; 

however, there are many other uses of it resulting in impacts outside of chlorinated solvent spill sites.  

The presentation will outline the properties of 1,4 -dioxane as it impacts remediation. Case studies will be 

used to illustrate both ex-situ and in-situ remedial options to treat 1,4 -dioxane. Remedial options to be 

discussed will include reliable, proven technologies such as advanced oxidation and sorption, but also will 

discuss evolving technologies such as thermally enhanced removal, bioremediation and 

phytoremediation. 
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The Revised LNAPL Conceptual Site Model - A Case Study of How to Do It 

Rangaramanujam Muthu and J. Michael Hawthorne  

A robust light non-aqueous phase liquid (LNAPL) conceptual site model (LCSM) directly drives business 

management decisions associated with environmental management of any site.  The ASTM Guidance 

ASTM E2531 - 06: Standard Guide for Development of Conceptual Site Models and Remediation 

Strategies for Light Non-aqueous Phase Liquids Released to the Subsurface is currently being revised to 

improve upon the lessons learnt.  The primary objective is a more simplified approach in the development 

of the LCSM.  Although in the development stage, key aspects of the revised document are similar to the 

existing guidance.  The step-by-step processes in identifying and characterizing various parameters that 

collectively form the LCSM are presented with a case study of a petroleum terminal in Colorado.  The Site 

had been under an Agreed Order to address on-site and off-site petroleum (LNAPL of concern) impacts 

and subsequently initiated LNAPL recovery operations.  The agency requested a more aggressive 

recovery approach to prevent off-site migration.  Consequently, the LCSM was updated to better 

understand the site conditions and the evaluation indicated that LNAPL along the boundary areas of the 

Site had historically migrated from off-site sources.  Since then, the agency had agreed to terminate 

recovery and monitoring operations.  
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Sono-electro-Fenton Degradation of 4-Chlorophenol in Aqueous Media 

Roya Nazari, Ljiljana Rajic, and Akram Alshawabkeh  

Advanced oxidation processes (AOPs) have shown great potential in degrading bio refractory organic 

compounds. Sono-electro-Fenton process (SEF), an AOP process, developed about a decade ago has 

drawn great interests for chloro-organics treatment in water in the recent years. In this study, degradation 

of 4-chlorophenol (4-CP) was investigated by SEF technique. Because 4-CP has hydrophilic properties 

and its treatment with sonolysis alone can be delayed or inhibited in the presence of more hydrophobic 

compounds, it is an ideal chemical to work with for SEF process. Batch experiments are conducted to 

investigate interfering variables in 4-CP removal at room temperature. Main objective was to understand 

different pathways of 4-CP degradation and studying the effects of different parameters on removal 

efficiency. Critical parameters (including, current, ferrous iron concentration and Pd/Al catalyst presence) 

for electro-Fenton (EF) treatment of 4-CP were first optimized in a two electrode (Ti/MMO) batch system, 

then the optimum conditions were used along with a pulsing 20KHz, ultrasound wave to degrade 4-CP 

and to optimize pulsing frequency and sonifiers amplitude. Preliminary EF tests with a 200 ppm 4-Cp 

initial concentration, a 10 mM Na2SO4 as background electrolyte and varying ferrous ion concentration 

(19,40,80, and 160 ppm) and Pd/Al2O3 catalyst (0, 1, 2 gr), current intensities (control, 60, 120, 200 mA) 

have been conducted.  In the presence of 80 ppm ferrous ion concentration, 1 gr Pd/Al2O3 and 200 mA 

was the optimum current intensity. Increased 4-CP degradation is expected to occur in the presence of 

ultrasound wave. Results of optimum parameters for EF and SEF processes along with the degradation 

efficiencies and energy consumptions will be presented. 

Roya Nazari, Northeastern University, 227 Heath Street Apt. 1, Boston, MA, United States, 02130, 
roza.nazari@gmail.com 

Ljiljana Rajic, Northeastern University, 360 Huntington Avenue, Boston, MA, United States, 02115, 
l.rajic@neu.edu 

Akram Alshawabkeh, Northeastern University, 360 Huntington Avenue, Boston, MA, United States, 
02115, aalsha@coe.neu.edu 

Presenting Author: Roya Nazari 

189



Challenges and Options for the Analysis of 1,4-Dioxane 

Charles Neslund  

Until relatively recently, 1,4-dioxane had received little attention from regulating authorities throughout the 

U.S. The investigations into 1,4-dioxane contamination at legacy sites has drawn the label of 1,4-dioxane 

as an "emerging contaminant". Primarily due to the use of 1,4-dioxane as a solvent stabilizer for solvents 

such as trichloroethane (TCA), previously closed TCA sites are being re-opened and investigated for this 

volatile, water miscible contaminant. Although 1,4-dioxane is listed as a volatile compound under SW-846 

8260, the performance of 1,4-dioxane under standard 8260 conditions often can not meet site or state 

specific data quality objectives (DQOs). Therefore, the environmental laboratory community has been 

pushed to modify methods to achieve DQOs. SW-846 methods 8260 and 8270 can be modified to meet 

or exceed a health based advisory level of 3 ug/l. This presentation will discuss the details of these 

analytical method modifications as well as the advantages and pitfalls of each. 
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Performance Based Equivalency of Extract Clean-Ups for Dioxin and PCB 
Cogener Analysis 

Charles Neslund  

Silica has been modified to discriminate molecules on the basis of polarity, acidity, hydrophobicity, 

capacity to form hydrogen bonds  and degree of unsaturation.  Molecules that are co-extracted with target 

analytes during extraction with organic solvents, often compromise the quality of instrumental analysis via 

High Resolution Gas Chromatography coupled with High Resolution Mass Spectrometry (HRGC/HRMS), 

if not removed prior to analysis. 

Existing extract clean-up procedures contained in EPA Methods for Dioxins/Furans and PCB Congeners 

are labor intensive and time consuming.  An extract clean-up technique has been evaluated as a method 

equivalent alternative to acid/base back extraction, Gel Permeation Chromatography (GPC) and 

cocnetrated acid digestion, all of which are prescridbed in EPA Methods 1613 and 1668.  These clean-

ups apply to multiple sample matrices including tissues, sediments and soils. 

When a weak anion exchanger is incorporated into a multi-bed, functionalized silica gel column clean-up, 

the removel of fatty acids, organic acids, sugars and some polar pigment compounds is facilitated.  

Significant gains can be realized over a broad range of difficult matrix types, improving ultimately the 

quality of the analysis and the analytical results. 
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The Analysis of Perfluorinated Compounds - Beyond UCMR3 

Charles Neslund  

Environmental laboratories that participated in UCMR3 analyzed thousands of samples for perfluorinated 

compounds (PFCs) in drinking water using EPA Method 537. The Method 537 lists 14 perfluorinated 

compounds as a part of the analysis suite. UCMR3 required analysis of only 6 of those compounds. 

As the interest in PFCs as emerging contaminants continues to grow, the compounds that are typically 

tracked as initial indicators are PFOA and PFOS. However, the list of compounds of potential concern is 

growing beyond PFOA and PFOS and well beyond the UCMR3 list. In addition, the range of matrices of 

concern is well beyond the drinking water matrix that Method 537 was designed for. Laboratories are 

being required to handle wastewater, soil/solids and tissues, matrices for which there isn't a published 

EPA method. What are the options available to laboratories and what are the kinds of modifications that 

they need to employ to generate data for these broader applications? 
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1, 4- Dioxane – A Review and Evaluation of the Available Analytical 
Methodologies Used in Support of the Latest State and Federal Standards 

James Occhialini  

A widely used chemical compound, 1,4-dioxane has a multitude of industrial uses and may be present in 

a variety of commercial products.  Historically, 1,4-dioxane has not been included on most laboratory or 

regulatory target compound lists. When it was included on VOC target lists, many of the physical and 

chemical properties that make it such a useful industrial chemical also made it very difficult to determine 

using conventional analytical methods. 

Due to the relatively recent classification of 1,4-dioxane as “likely to be carcinogenic to humans” ,  many 

regulatory standards and guidelines have been lowered.  This presentation will review the three most 

commonly used analytical methods for low level 1,4-dioxane analysis – Method 8260 SIM, Method 8270 

SIM and Method 522.  Each method will be evaluated and the data generated in a method comparison 

study will be presented.  
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A Multi Criteria Evaluation Approach to Landfill Site Selection in the Western 
Region of Ghana 

Theresa Oteng Apreku  

Waste generation is among the most significant problem threatening the global environmental health. Its 

effective management is arguably the most crucial environmental challenge facing all African states and 

therefore the need for sustainable waste management cannot be overemphasized. The use of GIS has 

become an important tool which aids in the search for an appropriate landfill site. The Western Region of 

Ghana has become a hot spot for job seekers and subsequently an increase in waste generation and 

proper disposal has become a problem. This has rendered it necessary to select well engineered landfill 

sites. GIS combined with Multi Criteria evaluation method especially weighted linear combination (WLC) 

was used for the site selection analysis. Areas were grouped under 3 classes; suitable, not suitable and 

intermediate. The criteria employed included slope gradient, land cover use, population density, soil type 

and the geology. Weights were assigned through the WLC method from 1-5. Ilwis and Diva Software 

were used in the map generation and analysis. A suitability map was generated from the results of the 

linear combination of the criteria. Most of the suitable areas were found to be in Northwestern part of the 

region whiles areas close to the major city centers were found to be intermediate 
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Advantages of Field Laboratory Analysis for Characterizing Mercury 
Contaminated Soils at a Historic Chlor-Alkali Facility 

Regina Rancatti, Christopher Greene, and Rhiannon Scott  

Historical activities at a former chlor-alkali facility have led to mercury contamination of site soils.  Mercury 

was used in the production of chlorine gas in the mercury half-cell chlor-alkali process, leading to 

mercury-contaminated waste in on-site landfills and elevated mercury concentrations of soils near the 

historic production buildings.  In 2014, Geosyntec Consultants was hired to define the lateral and vertical 

extent of soils above the media protection standard, and design the remediation for areas of concern 

across the site.  The remediation activities include the excavation and off-site disposal of soils with 

mercury greater than 2.2 mg/kg.  The accelerated project schedule for both the investigation and 

remediation support the use of a triad approach with the use of field analysis as opposed to typical 

laboratory analysis.  Geosyntec established a certified on-site field laboratory using an X-ray fluorescence 

spectrometer and direct mercury analyzer (DMA) to analyze soil mercury concentrations for pre-design 

field activities and post-excavation confirmation samples.  Minimal sample preparation is required for 

DMA analysis, making it cost-efficient and ideal for a field laboratory.  Over an 8-month period, the field 

laboratory analyzed approximately 7,000 soil samples with a 1-2 day turnaround time which provided 

timely and valuable data during investigation activities at a lower cost than off-site analysis.  Preliminary 

data for post-excavation confirmation samples taken during excavation were provided same-day to 

confirm the complete removal of contaminated soils.  Expedited turnaround times allowed field personnel 

to make almost real-time decisions to direct investigation and excavation activities.  

The data provided daily by the laboratory has been instrumental in making decisions during a dynamic 

field operation and adjusting activities as they progress, maximizing efficiency of the field team and 

reducing project costs.  The objective of this presentation is to discuss the operation of the field laboratory 

and demonstrate the opportunities afforded by such on-site services. 
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Measurement of Lead in Sediment at the Northern Avenue Bridge, Boston, MA 

John Duggan, Chris Frechette, Michelle Marcotte, Ryan Matheson, and Darian Rivas  

Sediment samples from the vicinity of the Northern Avenue Bridge in Boston's Seaport disctrict were 

analyzed for lead by graphite furnace atomic absorption.  Results indicated the presence of lead at 

concentrations suggesting management of sediments disturbed by potential replacement of the existing 

bridge would be necessary to protect both the Fort Point Channel's ecosystem and construction wokers.  

Suggestions on a follow-up sampling plan to obtain a more comprehensive description of lead 

contamination in the area was developed. 
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Kinetics of Dechlorination of Hexachlorobutadiene and Hexachloroethane by 
Using Iron-Based Polymetallic Particles 

Romain Rodrigues  

Chlorinated organic compounds (COCs) are a common contaminant of soil and groundwater and are 

often referred to Dense Non-Aqueous Phase Liquids (DNAPLs) pollution. COCs were industrially 

produced for different applications, in particular dry cleaning, degreasing or pesticides. The presence of 

COCs in the environment is a major concern because of their toxicity and persistence. 

In situ chemical processes have been largely developed in order to destroy or remove residual 

contaminant saturation in source zones. Chemical remediation of COCs can be achieved by oxidative or 

reductive processes. If oxidation processes have been widely developed first, reductive processes 

represent a better choice for COCs treatment. Some studies have concluded that zero-valent iron 

particles can effectively reduce chlorinated methanes, ethanes and ethenes [1]. However, for more 

recalcitrant chlorinated compounds, such as hexachlorobutadiene, efficiency is more limited. Instead of 

using nanoscale or microscale zero-valent iron monometallic particles, iron-based bi- or tri-metallic 

particles are an excellent alternative. Metals like palladium or silver can improve the reactivity of iron 

particles by a catalytic effect [2]–[4]. 

In this study, microscale particles with different Fe/Pd/Ag ratios have been studied for the dechlorination 

of hexachlorobutadiene (HCBD) and hexachloroethane (HCA). Particles were formulated and stabilized in 

water soluble or water insoluble polyacid matrixes to improve the surface contact between iron and 

pollutant, to limit particles aggregation and to provide H+ ions needed for the chemical reduction. 

Preliminary tests on a mixture of chlorinated compounds, mainly composed of HCBD and HCA, have 

shown that dechlorination rates with bi- or tri-metallic particles are 2 to 3 times higher than aqueous 

suspension of iron nanoparticles. 

In the next months, it is expected to determine the kinetic laws of reductive dechlorination of HCBD and 

HCA at different temperatures, and to establish the mechanism of degradation in order to quantify the 

preferential pathways. 
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Rapid Risk Evaluation and Ranking of Environmental Liabilities 

Jonathan Waddell, Thomas Silverman, and Patz Andrew  

Understanding and ranking environmental risk is a challenge for companies with multiple sites with 

environmental liabilities.  Sites across multiple regulatory jurisdictions complicate the ability to understand 

and rank total and relative risk.  A process to quickly evaluate, quantify, and rank environmental risk across 

multiple sites was developed to help set priorities, determine need for immediate assessment and/or 

corrective action, and develop environmental reserves. 

The initial evaluation consists of the development of a conceptual site model, which focuses on: 

• Summarizing historical and current site operations and owners; 

• Identification of documented and potential releases to the environment; 

• Understanding the degree and extent of impacted media; 

• Assessment of the mechanisms controlling fate and transport of the impacts in site media; 

• Evaluation of potential receptors; and 

• Understanding data gaps limiting complete understanding of potential risks. 

Based on this evaluation, a range of cost estimates is developed to provide reasonable best-case, likely, and 

worst-case scenarios to manage the environmental liabilities.  Using probabilistic methods, the total liability 

costs for managing one or multiple sites can be estimated based on confidence level, with the selection of 

the confidence level determined by the risk-tolerance of the owner.  

Additionally, using the cost estimates, a semi-quantitative ranking can be developed that considers: 

• Magnitude of cost estimates; 

• Ratio of worst-case to likely cost estimate (as an indication of “uncertainty” within the cost estimate); 

and 

• Regulatory drivers and other subjective factors. 

The resulting risk ranking is used to make decisions as to the priority of management actions based on the 

total and relative risk.  The information and resulting cost estimates can be used as part of the development 

of environmental reserves.  An example of this process will be demonstrated.  
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Optimizing Delivery of Contaminants to Oxidants 

Geeta Dahal and Dan Socci  

In situ chemical oxidation (ISCO) relies upon oxidant solutions delivered into the subsurface for 

contaminant destruction. Contaminants available to the oxidants, however, are limited by the mass 

transfer of hydrophobic contaminants into the aqueous phase. ISCO treatments therefore often leave 

sites with temporarily clean groundwater which is subject to contaminant rebound when sorbed and free 

phase contaminants leach into the aqueous phase post treatment.  

Using a combined oxidant-surfactant solution, contaminant delivery to the oxidants can be optimized via 

desorption and emulsification of the contaminants by surfactants. The combined oxidant-surfactant 

solution reduces the interfacial tension between the contaminant and groundwater. Organics which are 

immiscible with water are brought into the aqueous phase where they are delivered to the oxidant for 

efficient oxidation. Emulsification of contaminants significantly increases the volume and surface area of 

contaminant available to the oxidant and thereby reduces the amount of oxidant wasted on undesirable 

reactions, such as with soil minerals. Delivering this combined surfactant-oxidant solution provides a 

substantial advantage in oxidant efficiency for sites with heavy hydrocarbon soil contamination or NAPL 

(non-aqueous phase liquids). These advantages have been experienced at many sites treated with 

surfactant enhanced chemical oxidation. This presentation will draw upon data from a former roofing 

material manufacturer in the New York City area impacted by coal tar contamination. 
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Iron/Iron-Sulfide-Based MetaFix Reagents for the Treatment of Heavy Metals in 
Soil and Groundwater 

Fayaz Lakhwala, Ravi Srirangam, and Alan Seech  

At very high concentrations, heavy metals are known to create toxicity to microorganisms. Treatment 

approaches that rely on microbial process may not function well in an acutely toxic matrix because 

important processes such as carbon fermentation, oxygen consumption, and biological sulfate reduction 

can be significantly slowed or completely inhibited. Consequently, treatment reagents that do not depend 

entirely on microbial activity but rather combine reduction with adsorption and precipitation of heavy 

metals are advantageous. MetaFixTM reagents represent a new family of products that combine these 

features. Treatment mechanisms based on iron, iron sulfides, and other iron-bearing minerals have 

significant advantages due to lower solubility and greater stability of iron-bearing mineral precipitates 

formed with heavy metals. The new reagents enrich the aquifer with a mixture of reducing agents (ZVI, 

iron sulfides) and processed reactive minerals (iron oxides and iron oxyhydroxides). This new approach is 

insensitive to toxicity and can perform well even in environments that have high metals concentrations, 

high concentrations of organic contaminants such as solvents, high salt content, or pH levels (high or low) 

that would inhibit carbon fermentation and sulfate reduction. The approach used is to create an effective 

blend of reducing agents, reactive minerals, mineral activators, catalysts, pH modifiers, and adsorbents 

for either ex-situ or in-situ applications. Data from laboratory studies and field applications showing 

reductions in TCLP/SPLP will be discussed. 

Fayaz Lakhwala, PeroxyChem, 2005 Market Street, Philadelphia, PA, United States, 19103, Tel: (908) 
230-9567, fayaz.lakhwala@peroxychem.com 

Ravi Srirangam, PeroxyChem, 2005 Market Street, Philadelphia, PA, United States, 19103, Tel: (312) 
480-5250, ravi.srirangam@peroxychem.com 

Alan Seech, PeroxyChem Environmental Solutions, 3334 E. Coast Highway, Corona Del Mar, CA, United 
States, 92625, Tel: (949) 514-1068, Alan.Seech@peroxychem.com 

Presenting Author: Ravi Srirangam 

200200



Successful Application of Iron Activated Persulfate to Address a Large Dissolved 
Phase Ethanol Plume 

Ravi Srirangam, Robert Wilkinson, and Brant Smith  

Background/Objectives. The site is an abandoned Facility in the Midwest where groundwater was by 

 ethanol concentrations  ranging between 100-5000 mg/L.  The source of contamination is suspected to 

be a spill about 10-15 years ago.  The contamination is expected to migrate from the source (spill) area 

into the downgradient neighborhood properties and source area remediation is of primary interest. The 

site geology comprises primarily of sand with intermittent layers of silt. The saturated zone impacts are 

shallow between 15-30 ft bgs. 

Approach/Activities. In situ chemical Oxidation (ISCO) using Klozur persulfate has widely been used to 

address a variety of recalcitrant compounds in groundwater.   A bench scale treatability study was 

conducted in summer 2014 which showed positive results for treatment of ethanol using Iron activated 

persulfate.  The field scale optimization was to conduct the remediation in multiple applications to address 

both the source and the downgradient plume area. The first application was conducted in June 2015 

followed by 4-6 months of monitoring and the next application is planned for spring 2016. 

Results/Lessons Learned. Bench scale results and design strategies involved in developing a full scale 

remediation application involving multiple applications of ISCO to treat high concentrations of ethanol will 

be presented. The presentation will focus on key findings and lessons learned from bench and full scale 

application (s) followed by long term remediation goals. 
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Controlled Release Environmental Reactants - Green and Sustainable Approach 
to In Situ Remediation 

Lindsay Swearingen  

The environmental science community has a collective interest in identifying viable and sustainable 

remedial solutions for groundwater contaminant plumes which reduce carbon footprint, minimize waste 

generation, and limit energy inputs required for remediation implementation, operations, and ongoing 

maintenance.   

Sustained Oxidation and Controlled Oxidant Release Encapsulant (SOCORE) technology involves 

coating or encapsulating environmental reactant materials to facilitate more efficient and user-friendly in 

situ remediation implementation.  The result is a passive approach to ground water remediation.  

Common problems encountered with traditional liquid injection applications which lead to contaminant 

rebound and the need for multiple mobilizations is addressed with this new approach.  Sustained Release 

reactant technology harnesses the energy of concentration gradient driven diffusion as well as natural 

groundwater movement to deliver oxidants in the subsurface over long periods of time (years).  These 

materials can be applied to the subsurface in a number of forms and methods.   

Sustained and Controlled Release reactants can be coupled with solar technologies to control 

remediation implementation costs, increase efficacy, and reduce ongoing O&M requirements.  A project 

will be featured where solar powered pumps and programmed controls were used in conjunction with 

SOCORE encapsulated potassium permanganate materials to enhance sub-surface mixing and 

distribution of oxidant.  The result was the construction of an effective, low-cost, low-maintenance, and 

sustained reactive zone to intercept a dissolved phase CVOC contaminant plume migrating from an up-

gradient source area at the site.  The system was installed in June 2013 at a cost of less than $75,000.  

The first SOCORE material re-charge event was recently performed after 3 years of continuous system 

operation. 
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Detection of Water-Borne 4-Methylcyclohexanemethanol (MCHM) via Purge & 
Trap and Transportable, On-Site GC/MS 

Philip Tackett  

On-site detection of environmental contamination is of critical importance for the public health sector 

within governmental agencies and regulatory bodies.  On-site analysis can save resources, preserve 

valuable chemical information, and provide immediate, actionable information in critical situations.  An 

example of such an application involves the detection of 4-methylcyclohexanemethanol (MCHM) in 

water.  According to governmental accounts, roughly 7,500 gallons of MCHM, a compound used in the 

coal mining industry, leaked from a storage tank and into the Elk River in western West Virginia.  This 

compound has potential human health effects at concentrations greater than 1 ppm, making the analytical 

detection of this material extremely important for surrounding municipalities. 

The purge and trap accessory was interfaced to a transportable, ruggedized Griffin 460 mobile GC/MS 

system, which allows for seamless integration of a suite of accessories to the Air Sampling Module built 

into the instrument.  A 5-mL water sample was placed into the purge vial for analysis.  Method 

parameters, including purge flow and time, transfer temperature, and GC ramp rates and temperatures 

were optimized for the detection of MCHM, resulting in an analysis time of less than ten minutes. 

Analysis of MCHM in water was performed using the Purge & Trap sampling accessory over a 

concentration range of 50 ppb to 2 ppm – a range that falls within a threshold concentration established 

by the Centers for Disease Control and Prevention.  Results demonstrate reasonable detection of both 

isomers of the compound, including a linear response over the tested concentration range.  Various 

parameters of the purge and trap and GC method were investigated to optimize system response, and 

the effects of this work will be reported.  Total analysis time of the detection of MCHM in water is shown to 

be less than ten minutes, including both sample purging and GC/MS analysis. 
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Laboratory Experiments to Improve the Management of Back Diffusion 
Phenomena from Law Permeability Layers 

Fabio Tatti, Paolo Viotti, and Marco Petrangeli Papini  

The presence of contaminants in low permeability zones today can represents a real limitation for a 

complete and effective groundwater restoration. Low permeability zones become saturated of 

contaminant during plume flowing bringing therefore to a slow re-distribution (Back Diffusion -BD) in 

groundwater with a process based on molecular diffusion. These zones become therefore a 

contamination source even when the primary one is removed. This process is the primary cause of long-

term plume tailing. Experiments were carried at the lab scale to study the BD process and to improve 

possible way of its management (Tatti et al.,1,2). The process was simulated using a Plexiglas tank and 

Fluorescein as tracer. In the tank a high permeability layer with three different low permeability lenses 

was used as aquifer. To simulate a flowing contaminant plume in the groundwater the tank was saturated 

with a solution of Fluorescein. Observation on the tracer advance in the low permeability zones by 

molecular diffusion where carried out, when the intrusion process reached a steady state, clean water 

was used by flushing fluorescein concentration. An Image Analysis procedure based on the intensity of 

emitted light by the tracer is used to evaluate the concentration and the mass of Fluorescein released 

from low permeability zones. By this procedure different relations to estimate the duration of the 

phenomenon and the amount of mass release from the lenses are obtained.  The same experiment is 

repeated flushing water at different velocities to investigate the effects of pumping water on the low 

permeability lenses rate of release. The results show a not-significant decrease of the time affected by 

BD process and a slight increase of contaminants removal from low permeability lenses. The collected 

data demonstrate the need to manage the BD phenomenon using alternative remediation technologies, 

such as groundwater circulation wells or thermal treatments. 
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Treatment of Metals Using Limestone 

Christa Bucior, Ryan Thomas, Sophia Dore, Alan Weston, and Donald Pope  

Metals are naturally occurring elements that have multiple applications.  When in their solid form, metals are 

generally not toxic and do not present a risk to human health or the environment.  However, metals in their 

soluble forms can be highly toxic.  Choices for remediation of metals in groundwater include groundwater 

pumping followed by treatment by precipitation or adsorption on a solid matrix that can be removed from the 

site or in situ immobilization such that toxicity is no longer a concern. 

Different technologies can be used to cause metals to precipitate out of groundwater.  pH and redox 

conditions often determine the solubility of metals.  Manipulation of these factors can lower the solubility of 

the metals to the point where they precipitate.  

The solubility of metals in water varies with pH.  Limestone increases the pH of water, lowering the solubility 

of metals and causing metals to precipitate from the water.  Limestone dissolves slowly; therefore, it can 

neutralize low pH/increase pH over extended periods of time. 

Laboratory treatability studies were performed to establish design parameters for the use of limestone to 

remove metals from groundwater at several different sites.  At three of the Sites, limestone was incorporated 

into the design of an engineered wetland in order to promote the removal of metals from the water entering 

the wetland.  Metals treated by this technology included copper, nickel, zinc and iron.  Design considerations 

explored in the studies included the length of contact time required in order for adequate precipitation of 

metals to occur, the amount of clogging of limestone structures that could be anticipated due to accumulation 

of particulate over time, and strategies for regeneration of limestone that has become armored with metals 

precipitates.  This presentation will include the laboratory studies design, performance, and results.  
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Examining PCB Concentrations in New Bedford Harbor Quahogs for Human Risk 
Implications 

Kathryn Tomsho, Wendy Heiger-Bernays, and Paul Craffey  

The New Bedford Harbor (NBH) Superfund Site is an 18,000 acre PCB-contaminated site located on the 

south coast of Massachusetts, in the communities New Bedford, Fairhaven, Acushnet, and Dartmouth.  

The primary sources of the pollution were the Aerovox and the Cornell Dubilier Facilities (now closed), 

which released PCBs into the upper harbor and Buzzards Bay until the late1970s.  One of the major 

human health site risks is the ingestion of PCB contaminated seafood from the harbor and bay.  U.S. EPA 

has been performing a remedial action using dredging since 2003.  In order to measure the effects of the 

remedial action on the local seafood, the Massachusetts Division of Marine Fisheries has collected and 

the Department of Environmental Protection (MassDEP) as managed the analysis of the various types of 

fish and shellfish from the harbor to monitor the levels of PCB in biota.  The seafood monitoring started 

before the dredging began and has been collected annually.  The results are presented on EPA’s web 

page and is used to inform the public of which species may (or may not) be safe to consume.  Because of 

the size of the database, only Quahog monitoring data from 2003-2015 are being analyzed for spatial and 

temporal trends in this presentation. Quahogs are filter feeders and have limited mobility.  This makes 

them an ideal species to indicate the effect of the remedy on the water column and sediment migration.  

To date the quahogs collected were in non-dredged areas.  The data has shown a significant reduction in 

PCB concentration in Quahog tissue since the start of dredging.  Once the remedy is completed the data 

will be used to revisit the local bans on seafood consumption and the risks posed to human health. The 

seafood monitoring was performed thanks to funding from the U.S.EPA Superfund and MassDEP 

Cleanup programs. 

Kathryn Tomsho, Boston University, School of Public Health, 72 E. Concord St. R 410, Boston, MA, 
United States, 02118, tomshok@bu.edu 

Wendy Heiger-Bernays, Boston University, School of Public Health, 715 Albany St. T4W, Boston, MA, 
United States, 02118, WHB@bu.edu 

Paul Craffey, Massachusetts Department of Environmental Protection, 1 Winter Street, Boston, MA, 
United States, 02118, paul.craffey@state.ma.us 

Presenting Author: Kathryn Tomsho 

206206



Chemical Characteristics of Anthropogenic Fill in Cambridge, Massachusetts 

Kevin Trainer, Robert Reynolds, and James Blackwell  

A former manmade ice pond in Cambridge, Massachusetts that was originally excavated in 1850 provides 

an excellent opportunity to characterize the chemical constituents present in anthropogenic urban fill.  

After the pond was filled in 1928, the neighborhood around this former five- to six-acre pond was 

subdivided and used for industrial and commercial purposes from the 1930s to the 1990s.  This 

neighborhood is now undergoing rapid redevelopment into mixed use residential and commercial 

purposes. 

Independent development activities occurred at multiple properties within the boundaries of the former 

pond, and soil testing was conducted at each property in response to the requirements of the 

Massachusetts Contingency Plan (MCP; 310 CMR 40.0000).  This study compiles the results of analytical 

testing completed at these properties to characterize the constituents present in this fill material.  

Samples were collected for laboratory analysis of polynuclear aromatic hydrocarbons (PAH), extractable 

petroleum hydrocarbons (EPH) fractions, the Resource Conservation and Recovery Act (RCRA) 8 metals, 

and polychlorinated biphenyl (PCB) Aroclors.  Many of the samples were also collected for leachable lead 

as measured by toxicity characteristic leaching procedure (TCLP) testing.  The size of the analytical data 

set ranges from approximately 100 samples (for PCB analysis) up to 487 samples (for lead analysis). 

These data are compared to the background concentrations in soil associated with fill material published 

by the Massachusetts Department of Environmental Protection (MADEP), which is based primarily on soil 

samples collected during the Central Artery Tunnel excavation in Boston.  The data for PAH and most 

metals in this dataset are generally consistent with the MADEP-published background concentrations in 

fill materials, but concentrations of some analytes, particularly lead and barium, are substantially higher 

than the MADEP values.  This study also provides information on concentrations of PCB Aroclors, EPH 

fractions, and TCLP lead, which are not included in the MADEP dataset. 

Kevin Trainer, GeoInsight, Inc., One Monarch Drive, Littleton, MA, United States, 01460, Tel: (978) 679-
1600, kdtrainer@geoinc.com 

Robert Reynolds, GeoInsight, Inc., One Monarch Drive, Littleton, MA, United States, 01460, Tel: (978) 
679-1600, rcreynolds@geoinc.com 

James Blackwell, GeoInsight, Inc., 186 Granite Street, Manchester, NH, United States, 03101, Tel: (603) 
314-0820, jeblackwell@geoinc.com 

Presenting Author: Kevin Trainer 

207



Adsorption of Chromium from Water Using Innovative Low Cost Organic 
Materials 

John Duggan, Katie Vilardi, Astrid Alibrandi, Eric Buzzi, and Jen Bergeron  

The sorption attenuation of chromium using low cost organic materials such has orange and banana 

peels, peanut shells, buckwheat, and potting soil was evaluated. The adsorption capacity of these low 

cost additives for Chromium was evaluated under comparable conditions using Linear and Freundlich 

Isotherms. Results indicated that the orange peel had a linear Kd value of .01 and a freundlich Kd value of 

.77 while buckwheat had a linear Kd of .003 and a freundlich Kd value of 1.48. Banana peels had a linear 

Kd value of .01 and a freundlich Kd value of .05. Peanut shells had a linear Kd value of .01 and an 

inconclusive freundlich Kd value. Potting soil had a linear Kd value of .24 and a freundlich Kd value of 

2.48. The application of the materials used have promising results for the attenuation of chromium. 
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Two-Dimensional Compound Specific Isotope Analysis (2D-CSIA) Forensic 
Approach for Low ppb Level Emerging Contaminant 1,4-Dioxane 

Yi Wang  

The Compound Specific Isotope Analysis (CSIA) forensic approach has been developed for many volatile 

organic contaminants, such as chlorinated solvents. Site investigation and optimized remediation are the 

focus of thousands of CSIA applications completed worldwide so far. Recently, an emerging contaminant 

1,4-Dioxane (1,4-D) calls for timely CSIA method development. Until the end of 1995, 1,4-D was used 

primarily as a stabilizer in chlorinated solvents. During the metal degreasing process, however, 1,4-D can 

become highly concentrated over distillation. 1,4-D is considered an ether by structure, but it is 

completely miscible in water, and therefore if released it can readily migrate and present at low ppb level 

in groundwater eventually. In addition, it is resistant to anaerobic degradation. A solvent plume could be 

significantly underdetermined if 1,4-D is considered. When more than one plume exist, often it is difficult 

for the site managers to identify the source of 1,4-D to the specific monitoring wells. CSIA forensic 

approach is supposed to work for 1,4-D, in a similar way it does for other contaminants, however, even 

the most commonly applied carbon CSIA has been technically challenging with low ppb level 1,4-D in 

water samples. A typical “purge and trap” setting simply won‘t extract much 1,4-D out of 

water where concentration is below 100 µg/L. Due to 1,4-D‘s unique property, CSIA reporting limit has 

been too high for effective site investigation and monitored natural attenuation to be carried out at many 

1,4-D contaminated sites. During this presentation, following an introduction on the sensitive sample 

extraction method specifically developed for low ppb level 1,4-D (down to 1 µg/L), a Two-Dimensional 

CSIA (2D-CSIA, for carbon and hydrogen isotopes) case study is used to demonstrate how the obtained 

2D-CSIA stable isotope fingerprints for 1,4-D along with other site information helped distinguish an 

additional source of release. 
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Evaluating and Communicating the Health Impacts of Climate-Related Changes to 
Heat and Air Quality 

Leslie Wilson, Kathryn Adams, Cara Sardone, Margaret Round, and Marc Nascarella  

Climate change is expected to increase the concentration of greenhouse gases leading to an increase in 

temperature and level of outdoor air pollutants.  The health effects from excessive heat include heat 

stroke, heat exhaustion, cramps, edema, and, premature mortality.  Extreme temperatures can also 

worsen chronic conditions such as respiratory, cardiovascular and kidney diseases, as well as diabetes-

related conditions. Poor air quality can adversely impact the cardiovascular system leading to an increase 

in asthma and heart attacks.  We have evaluated these impacts in Massachusetts where climate models 

estimate that there will be as many as 40 days per year over 90 degrees by 2030, and as many as 90 

days by 2070.  This is compared to approximately 11 days per year for the past 40 years.  These models 

also predict an increase of up to 7 ppb in daily 8-hour maximum ozone levels by 2050 if there are no 

substantial reductions in GHG over the next decade.  In evaluating these impacts we have developed a 

“heat-map” approach of ranking geographic areas of concern based on an evaluation of downscaled data 

on vulnerability to climate hazards, exposure to poor air quality, and a calculation of relative health risks.  

This approach integrates meteorological data, physiological factors (e.g. preexisting disease), and 

socioeconomic conditions (e.g., poverty).  Examples of adaptive approaches that communities, 

institutions or individuals may implement to prepare for climate change will be presented.  Our approach 

is to provide local, regional and state planners with technical information in an accurate and user friendly 

format.     
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A Comparison of Three Life Cycle Assessment Tools for Evaluating Sediment Remediation 
Sites 

Frank Messina, Lindsay Burton, Anne Fitzpatrick, Amanda McNally, Maureen McBride, Matthew 
Salmon, and Gerlinde Wolf  

A comparative analysis of remedial alternatives was conducted at contaminated sediment sites using three green & 

sustainable remediation (GSR) evaluation models. The objective was to determine if quantifying environmental metrics is 

beneficial in identifying a more sustainable remedy for contaminated sediment sites. This project included quantitative and 

semi-quantitative models to evaluate remedial alternatives for sites where a remedy was previously selected using criteria 

and metrics within the CERCLA framework to evaluate how incorporating sustainability metrics may have influenced the 

remedy selection process. The results could then be applied to future projects where sustainability is expected to have a 

significant impact. 

The sites selected for evaluation are representative of large contaminated marine or coastal sediment sites where a 

sustainability evaluation is expected to have added value in the remedy selection process. Each site had a relatively large 

dredge removal volume as the selected remedy. However, the team hypothesized that incorporating environmental 

metrics into the remedy selection process could have led to a more sustainable remedy that minimizes environmental 

impacts while achieving equivalent risk reduction. 

The models used in this comparative analysis include: 

• SiteWiseTM, a series of Microsoft Excel spreadsheets used to calculate the environmental footprint of remediation 

activities in terms of sustainability metrics. 

• AECOM Sustainability Tool (AST), a proprietary tool developed by AECOM. This tool consists of a single Excel 

workbook and calculates various environmental and health and safety metrics. 

• AECOM Quantitative Sustainable Remediation Tool (AqSRT), a propriety tool that assigns rankings and weights 

to various environmental, social, and economic metrics for each remedial alternative.  This tool allows evaluation 

of impacts that are less easily quantified than those in SiteWiseTM or AST. 

This presentation will discuss the results of the comparative analysis and how the tools could be used in future 

evaluations of large sediment sites to identify sustainable, cost-effective remedies. 
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