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Assessment of TPH Risk 
 
Update on ITRC's TPH Risk Evaluation at Petroleum-Contaminated Sites 
Guidance 
Thomas Booze, Department of Toxic Substances Control, Cal/EPA, 
Sacramento, CA; Mike Kwiecinski, Department of Labor and Employment, Oil 
and Public Safety, Denver, CO; Roy Thun, Bridge Environmental, Santa  
Clarita, CA  
 
Are Crude Oil Metabolites Emerging Contaminants? 
Barbara Bekins, U.S. Geological Survey, Menlo Park, CA; Isabelle Cozzarelli, 
U.S. Geological Survey, Reston, VA; Melinda Erickson, U.S. Geological Survey, 
Mounds View, MN; Kevin Thorn, U.S. Geological Survey, Lakewood, CO; Ross 
Steenson, San Francisco Bay Regional Water Board, Oakland, CA  
 
Accounting for Metabolites at Petroleum Release Sites: The San 
Francisco Bay Regional Water Board Approach 
Ross Steenson, David Elias, and Kevin Brown, San Francisco Bay Water 
Board, Oakland, CA; Uta Hellmann-Blumberg, Department of Toxic Substances 
Control, Cal/EPA, Sacramento, CA 
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Update on ITRC's TPH Risk Evaluation at Petroleum-Contaminated Sites 
Guidance 

Thomas Booze, Mike Kwiecinski, and Roy Thun  

This presentation will be a progress report on the Interstate Technology & Regulatory Council's (ITRC) 

TPH Risk Evaluation at Petroleum-Contaminated Sites team guidance document.  In 2016 an ITRC 

project team began its work of compiling and reviewing information for developing new, internet-

based,TPH risk guidance that will summarize the current state of knowledge, methods and procedures for 

evaluating TPH risk at petroleum contaminated sites. The new guidance document will highlight both 

human and ecological risk. Other sections planned include:  chemical properties/TPH fundamentals; 

conceptual site models; sampling, analysis and investigative strategies; special considerations/ 

implementation; and stakeholders. 

The purpose of this presentation is to provide an update on the team’s work, as well as to solicit opinions 

and information regarding what potential users would like to see in the guidance. 

Thomas Booze, Department of Toxic Substances Control, Cal/EPA, 8800 Cal Center Drive, Sacramento, 
CA, United States, 95826-3200, Tel: 916-255-6628, thomas.booze@dtsc.ca.gov 

Mike Kwiecinski, Department of Labor and Employment, Oil and Public Safety, Petroleum Program, 633 
17th Street, Denver, CO, United States, 80202-3660, Tel: 303-318-8512, mike.kwiecinski@state.co.us 

Roy Thun, Bridge Environmental, Santa Clarita, CA, United States, roy.thun@bridgeenviro.com 

Presenting Author: Thomas Booze 
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Are Crude Oil Metabolites Emerging Contaminants? 

Barbara Bekins, Isabelle Cozzarelli, Melinda Erickson, Ross Steenson, and Kevin Thorn  

Risk assessments at oil and fuel spill sites are based mainly on concentrations of benzene and Diesel 

Range Organics (DRO) or Total Petroleum Hydrocarbons (TPH), but data from a 30-year study of a 

Minnesota crude oil spill site show that concentrations of metabolites of the crude oil are 10-20 times 

concentrations of benzene and three times higher than DRO. Thus, the required DRO and benzene 

concentration data do not reflect many of the organic compounds migrating in groundwater from residual 

petroleum hydrocarbon source zones. The study site, located near Bemidji, Minnesota, was contaminated 

in 1979 when a pipeline rupture spilled ~1.7 million liters of light crude oil of which ~25% infiltrated the 

subsurface.  Although the 50 ppb contour of benzene is stable, the plume of metabolites, measured as 

nonvolatile dissolved organic carbon (NVDOC), extends well beyond the benzene plume.  Modeling 

indicates that concentrations of NVDOC decrease under anaerobic conditions at a first-order rate of 

0.13% per day, but the position of the 5 mg/L (as carbon) contour has expanded from 125 m 

downgradient in 1988 to over 200 m in 2010. The NVDOC is a mixture of potentially thousands of partially 

oxidized hydrocarbons. They are more polar and soluble than their parent hydrocarbons with an overall 

average molecular formula of C19H24O6. Efforts to identify individual metabolites at other hydrocarbon-

contaminated sites have identified hundreds of compounds but these represent a small proportion of the 

compounds present. Few studies have addressed the toxicity of mixtures of polar metabolites, but 

published results indicate they pose a risk to both aquatic and mammalian species. Thus, hydrocarbon 

metabolite mixtures meet the Minnesota definition of emerging contaminants because they have been 

found in groundwater, do not have human health-based guidance, and have new or changing health or 

exposure information. 

Barbara Bekins, U.S. Geological Survey, 345 Middlefield Road, Menlo Park, CA, United States, 94025, 
Tel: 650-329-4691, babekins@usgs.gov 

Isabelle Cozzarelli, U.S. Geological Survey, 12201 Sunrise Valley Drive, Reston, VA, United States, 
20192, icozzare@usgs.gov 

Melinda Erickson, U.S. Geological Survey, 2270 Woodale Drive, Mounds View, MN, United States, 
55112, merickso@usgs.gov 

Ross Steenson, San Francisco Bay Regional Water Board, 1515 Clay Street, Suite 1400, Oakland, CA, 
United States, 94612, Tel: 510-622-2445, ross.steenson@waterboards.ca.gov 

Kevin Thorn, U.S. Geological Survey, Denver Federal Center, Lakewood, CO, United States, 80225, 
kathorn@usgs.gov 

Presenting Author: Barbara Bekins 
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Accounting for Metabolites at Petroleum Release Sites: The San Francisco Bay 
Regional Water Board Approach 

Ross Steenson, David Elias, Kevin Brown, and Uta Hellmann-Blumberg  

Risk concerns at petroleum release sites arise from both parent hydrocarbons and intermediate 

breakdown products, also called “metabolites” or “degradates.” Biodegradation is a complex process that 

requires different types of microorganisms and large quantities of oxygen or other electron acceptors, and 

often does not lead to complete mineralization of petroleum releases in a reasonable time frame. Partial 

degradation creates polar compounds (“metabolites”) that are highly soluble in groundwater. Largely 

because of biodegradation, groundwater plumes at weathered petroleum sites consist largely of 

metabolites. Concentrations of these polar compounds in groundwater can be substantial, and there is 

ample evidence that some of these chemicals can adversely affect humans and environmental receptors. 

The San Francisco Bay Regional Water Board’s approach to evaluating the petroleum metabolites was 

first spelled out in the 2013 Environmental Screening Levels (ESLs). In 2016, the Regional Board 

completed a literature review and developed a more comprehensive assessment framework. Multiple 

studies support the conclusion that chemical mixtures containing petroleum metabolites pose risks to 

humans and ecological receptors. Thus, they should be considered as part of a site-specific, petroleum-

related risk assessment and included in cumulative risk evaluations. While our increased knowledge of 

the risks associated with petroleum metabolites has not changed our overall approach to petroleum site 

investigation and cleanup, the evaluation of metabolites at petroleum release sites is specifically required 

where: 1) significant contamination is detected; and 2) human or ecological receptors are present. In 

respect to silica gel cleanup (SGC) of soil and groundwater samples prior to analysis of total petroleum 

hydrocarbons (TPH), the Regional Board will accept SGC for comparison purposes only, that is duplicate 

samples processed with and without SGC to assess the degree of biodegradation. Routine samples used 

for determining the full extent of petroleum contamination and evaluating potential risks should be 

analyzed without SGC. 

Ross Steenson, San Francisco Bay Regional Water Board, 1515 Clay Street, Suite 1400, Oakland, CA, 
United States, 94612, Tel: 510-622-2445, ross.steenson@waterboards.ca.gov 

David Elias, San Francisco Bay Regional Water Board, 1515 Clay Street, Suite 1400, Oakland, CA, 
United States, 94612, david.elias@waterboards.ca.gov 

Kevin Brown, San Francisco Bay Regional Water Board, 1515 Clay Street, Suite 1400, Oakland, CA, 
United States, 94612, kevin.brown@waterboards.ca.gov 

Uta Hellmann-Blumberg, Department of Toxic Substances Control, Cal/EPA, 8800 Cal Center Drive, 
Sacramento, CA, United States, 95826, Uta.Hellmann-Blumberg@dtsc.ca.gov 

Presenting Author: Ross Steenson 
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Chlorinated Compounds 
 
Source Area and Plume Characterization and Remediation: A Long-Term 
Bioremediation Case Study 
Ryan Wymore, Nathan Smith, Neil Smith, Dung Nguyen, and Kent Sorenson, 
CDM Smith, Denver, CO; Sam Garcia, US EPA, Denver, CO 
 
Protecting Human Health and the Environment - A Case Study of 
Chlorinated Solvent Groundwater Plume Remediation 
David Harn, Michigan Department of Environmental Quality, Kalamazoo, MI; 
Doug Davis, Regenesis, Columbus, OH; Barry Poling, Regenesis,  
Georgetown, IN  
 
Trichloramine Reactivity with Amino Acids Under Wastewater Treatment 
Conditions 
Landon Watts, Jamie Gleason, and Stephen P. Mezyk, California State 
University, Long Beach, CA; Kenneth Ishida, Orange County Water District, 
Fountain Valley, CA  
 
A Multi-Site Performance Review of Slow Release Electron Donor and 
Bioaugmentation Co-Application Strategy 
Steven Sittler, Patriot Engineering, Inc., Indianapolis, IN; Doug Davis, 
Regenesis, Columbus, OH; Barry Poling, Regenesis, Georgetown, IN  
 
Confirmation of a Conceptual Site Model Using Multimedia Compound 
Specific Isotope Analysis 
Seema Turner, Ramboll Environ, Los Angeles, CA; Devon Rowe, Ramboll 
Environ, Vancouver, WA; Carol Serlin and Farshad Razmdjoo, Ramboll 
Environ, Irvine, CA  
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Source Area and Plume Characterization and Remediation: A Long-Term 
Bioremediation Case Study 

Ryan Wymore, Nathan Smith, Neil Smith, Dung Nguyen, Kent Sorenson, and Sam Garcia  

The US EPA is completing a full-scale remedial action for a 1.5 acre trichloroethene (TCE) source area and 

diffuse plume using bioremediation at the Bountiful/Woods Cross Operable Unit 1 Site in Utah. The Site 

includes a high-concentration source area, with solvent concentrations approaching 100 mg/L and a diffuse 

plume that stretches one-half mile downgradient. The contamination is present within the shallow aquifer, 

consisting of interbedded sands, silts, clays, and gravels.  The selected remedy features emulsified oil 

injections in the source area using a grid pattern of wells and injections in the downgradient plume using 

three biobarriers. 

Extensive pre-design characterization using membrane interface probe and direct push soil and groundwater 

sampling was conducted to refine placement of injection wells and screened intervals.  The findings from 

these activities were invaluable, as it was determined that contamination extended to greater than 60 ft 

below ground surface in much of the plume, more than 30 ft deeper than expected based on the original 

conceptual site model (CSM). Furthermore, whereas the highest concentrations were thought to be 2 to 3 

mg/L, the deeper zone had concentrations up to 80 mg/L, and concentrations of 2 to 3 mg/L extended a 

significant distance downgradient. As remedy implementation progressed, optimization activities continued 

via DNA testing to determine where bioaugmentation was required and a mobile laboratory for nearly real-

time analysis to refine injection well placement. 

This large-scale bioremediation remedy has involved multiple injections of various substrates into hundreds 

of source area and biobarrier wells. Contaminant concentrations were reduced to below standards in the 

shallow portion of the source zone in 2.5 years, and significant reductions in the extent of the plume have 

been observed due to biobarrier injections. This talk will summarize the characterization, remediation, and 

optimization activities that have been performed at this site over the past decade. 

Ryan Wymore, CDM Smith, 555 17th Street, Suite 500, Denver, CO, United States, 80202, 
wymorera@cdmsmith.com 

Nathan Smith, CDM Smith, 555 17th Street, Suite 1100, Denver, CO, United States, 80202, 
smithnt@cdmsmith.com 

Neil Smith, CDM Smith, 555 17th Street, Suite 1100, Denver, CO, United States, 80202, 
smithnl@cdmsmith.com 

Dung Nguyen, CDM Smith, 555 17th Street, Suite 1100, Denver, CO, United States, 80202, 
nguyendd@cdmsmith.com 

Kent Sorenson, CDM Smith, 555 17th Street, Suite 1100, Denver, CO, United States, 80202, 
SorensonKS@cdmsmith.com 

Sam Garcia, US EPA, 1595 Wynkoop Street, Denver, CO, United States, 80202, garcia.sam@epa.gov 

Presenting Author: Ryan Wymore 
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Protecting Human Health and the Environment - A Case Study of Chlorinated 
Solvent Groundwater Plume Remediation 

David Harn, Doug Davis, and Barry Poling  

In the late 1980s, chlorinated volatile organic compounds (CVOCs) were discovered in a municipal water 

well in the village of Paw Paw, Michigan.  Subsequent investigations in the area identified CVOC 

contamination emanating from three nearby industrial properties (Paw Paw Plating, Production Rubber 

Products, and Duo-Tang) that used CVOCs to degrease parts. The contamination was determined to 

have been caused by improper storage and disposal of solvents.  In 2009, the Michigan Department of 

Environmental Quality (MDEQ) began state-funded activities at the Paw Paw Plating (PPP) Site to 

determine the nature and extent of contamination, due to the unwillingness of the potentially responsible 

party to complete any work.  The results of the investigation identified CVOC-impacted groundwater 

emanating from the site and moving through a residential area to the north.  Further investigation of the 

residences identified infiltrating groundwater within many of the basements and contaminated 

groundwater within basement sumps.  Additionally, assessment of the nearby storm water system 

indicated infiltration of contaminated groundwater and eventual discharge into the East Branch of the Paw 

Paw River.  In order to address the various human health and environmental risks at the site, the MDEQ 

instituted a multi-faceted response that included capping and venting of the basement sumps; application 

of a vapor intrusion protection coating to the basements; and sequential in situ injections of electron 

donor, bioaugmentation and liquid activated carbon substrates to eliminate CVOCs in 

groundwater.   Groundwater monitoring results have shown significant reduction of CVOCs on the former 

PPP Site, as well as throughout the residential area.  While historic data had shown the classic cis-1,2-

dichlorethene-stall, more recent data suggests complete dechlorination to ethane/ethene is 

occurring.  Given the apparent success of the groundwater treatment program employed, additional 

injections in areas not previously treated are planned. 

David Harn, Michigan Department of Environmental Quality, 7953 Adobe Road, Kalamazoo, MI, United 
States, 49006, Tel: 269-567-3526, harnd@michigan.gov 

Doug Davis, Regenesis, 4263 Fair Oaks Drive, Columbus, OH, United States, 43214, Tel: 614-447-0492, 
ddavis@regenesis.com 

Barry Poling, Regenesis, 1512 Northfield Drive, Georgetown, IN, United States, 47122, Tel: 812-923-
7999, bpoling@regenesis.com 

Presenting Author: David Harn 
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Trichloramine Reactivity with Amino Acids Under Wastewater Treatment 
Conditions 

Landon Watts, Jamie Gleason, Stephen P. Mezyk, and Kenneth Ishida  

The Orange County Water District uses an Advanced Oxidation process (AOP) as the final step in their 

extended treatment of wastewater. In this process, hydrogen peroxide (H2O2) is photolyzed by UV light, 

yielding hydroxyl radicals (ƔOH) that destroy any chemical contaminants that remain after their primary, 

secondary, microfiltration and reverse osmosis processes. The optimal use of a UV/H2O2 AOP depends 

on having minimal loss of the ƔOH radicals to other wastewater chemicals. One particular problematic 

group of species in the AOP are the chloramines, NH2Cl, NHCl2, and NCl3, which are deliberately 

generated in the wastewater train to prevent biofouling of the RO membranes. These chloramines 

significantly interfere with the wastewater remediation chemistry by directly absorbing UV light, which 

decreases the ƔOH radicals produced. In addition, chloramines thermally react with organic chemicals to 

potentially produce toxic halogenated byproducts. The focus of this study was to establish the importance 

of the latter pathway; to determine NCl3 thermal reactivity with a suite of amino acids.  Absolute rate 

constants for these reactions were determined from the decrease of NCl3 absorbance at 336 nm using a 

stopped-flow spectrophotometer. Correlations between amino acid structure and NCl3 reactivity were also 

attempted in order to gain insight into their importance under AOP wastewater treatment conditions. 

Landon Watts, California State University, 1250 N Bellflower Blvd, Long Beach, CA, United States, 
90840, Tel: 310 502 5028, Landowatts56@gmail.com 

Jamie Gleason, California State University, 1250 Bellflower Blvd, Long Beach, CA, United States, 90840, 
j.marie.gleason@gmail.com  

Stephen P. Mezyk, California State University, Long Beach, 1250 Bellflower Blvd, Long Beach, CA, 
United States, 90840, stephen.mezyk@csulb.edu 

Kenneth Ishida, Orange County Water District, 18700 Ward Street, Fountain Valley, CA, United States, 
92708, KIshida@ocwd.com 

Presenting Author: Landon Watts 
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A Multi-Site Performance Review of Slow Release Electron Donor and 
Bioaugmentation Co-Application Strategy 

Steven Sittler, Barry Poling, and Doug Davis  

Background/Objectives.  This presentation will include performance data and cost analysis from 

multiple sites at which an electron donor/bioaugmentation co-application strategy was successfully 

implemented.  A discussion on the consistent strategy for success at these sites will be shared, and site 

challenges, conceptual site model development, baseline analysis and design and implementation of this 

electron donor/bioaugmentation co-application strategy will be discussed in detail.  Site specific 

comparisons between the co-application strategy and separate injections will be presented. 

Approach/Activities.  Recent technological advancements have faciliated a transition towards co-

application of controlled-release electron donors and bioaugmentation cultures of Dehalococcoides 

(DHC).  These advancements, including pH neutral electron donors and improved understanding of the 

viability of DHC have allowed changes to the old way of thinking of waiting to bioagument. The result is a 

more aggressive approach with a significant increase in enhanced reductive dechlorination (ERD) 

rates.  Data confirms that this co-application approach can rapidly reduce PCE/TCE concentrations in 

groundwater followed by short-term increases in daughter products (cis-1, 2-dichloroethene, trans-1, 2-

dichloroethene, and vinyl chloride).  Sustained reductive dechlorination due to the slow release electron 

donor along with the increased degradation rates afforded by direct injection of a microbial culture lead to 

complete degradation of the target constituents, facilitating accelerated closure following post-injection 

monitoring. 

Results/Lessons Learned. The rapid success of this strategy will be highlighted in multiple data sets 

showing complete PCE/TCE reduction within 3 to 12 months with daughter products persisting for 

approximately 3 to 6 months.  Long term performance data showing sustained reduction of daughter 

products will also be presented.  A lessons learned section will be presented documenting small focused, 

supplemental injections was implemented quickly to minimize the the time to cleanup goal attainment and 

avoid unnecessary monitoring.  In conclusion, a comprehensive cost analysis with comparison to other 

traditional remediation technologies will be presented. 

Steven Sittler, Patriot Engineering, Inc., Indianapolis, IN, United States, ssittler@patrioteng.com 

Barry Poling, Regenesis, 1512 Northfield Drive, Georgetown, IN, United States, 47122, Tel: 812-923-
7999, bpoling@regenesis.com 

Doug Davis, Regenesis, 4263 Fair Oaks Drive, Columbus, OH, United States, 43214, Tel: 614-447-0492, 
ddavis@regenesis.com 

Presenting Author: Steven Sittler 
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Confirmation of a Conceptual Site Model Using Multimedia Compound Specific 
Isotope Analysis 

Seema Turner, Devon Rowe, Carol Serlin, and Farshad Razmdjoo  

Several subsurface investigations conducted to evaluate impacts at a former manufacturing facility in 

California have identified volatile organic compounds (VOCs) in underlying shallow soil and soil vapor. 

The detected VOCs in the vadose zone are different than those observed in first encountered regional 

groundwater at a depth of approximately 200 feet. Shallow VOCs are predominantly comprised of 

tetrachloroethene (PCE), with low trichloroethene (TCE) concentrations. Conversely, the regional 

groundwater is characterized by predominantly TCE with low PCE concentrations. Site data suggested 

PCE from historic impacts at the site had not migrated significantly and TCE in groundwater may have 

migrated from upgradient sources. Additional lines of evidence were needed to confirm this conceptual 

site model (CSM), support traditional site assessment data, and to direct the path of future efforts. 

Ramboll Environ conducted further investigation to evaluate the vertical distribution of VOCs in soil vapor 

where elevated PCE concentrations had been identified in previous shallow testing, including installing 

nested soil vapor probes to depths of approximately 160 feet. Soil vapor samples and groundwater from 

existing wells screened in the regional groundwater were analyzed for VOCs, including PCE and TCE. 

Compound specific isotope analysis (CSIA; carbon, chlorine) was performed on soil vapor and 

groundwater samples. CSIA can often provide insight into subsurface behaviors that are masked by 

traditional techniques, particularly with respect to understanding the sources of potential contributors. 

CSIA data suggested that shallow PCE had not significantly impacted regional groundwater and TCE in 

regional groundwater was not derived from reductive dechlorination of shallow PCE, but rather was 

derived from upgradient sources. VOCs in regional groundwater are similar in both upgradient and 

downgradient monitoring wells, indicative that impacts in groundwater are coming from upgradient, off-

site sources. CSIA results provided the evidence to differentiate between the potential subsurface 

sources of PCE and TCE. 

Seema Turner, Ramboll Environ US Corporation, 350 South Grand, Los Angeles, CA, United States, 
90071, sturner@ramboll.com 

Devon Rowe, Ramboll Environ US Corporation, 400 East Evergreen Blvd, Vancouver, WA, United States, 
98660, drowe@ramboll.com 

Carol Serlin, Ramboll Environ US Corporation, 18100 Von Karman Avenue, Irvine, CA, United States, 
92612, cserlin@ramboll.com 

Farshad Razmdjoo, Ramboll Environ US Corporation, 18100 Von Karman Avenue, Irvine, CA, United 
States, 92612, frazmdjoo@ramboll.com 

Presenting Author: Seema Turner 
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Emerging Contaminants: Current State of 
Assessment and Treatment 
 
Practical Site Closure Objectives for TCE, 1,1,1-TCA and 1,4-Dioxane: 
Reduce Risk and Cost While Increasing Public Benefit - Case Study 
Robert Ruscitto, Arcadis, Irvine, CA  
 
Quantitative Removal of Contaminant Alkyl Nitrates Using Oxidizing 
Radicals in Advanced Oxidative Processes 
Stephanie Arciva, Brittany Daws, Michael Schramm, and Stephen P. Mezyk, 
California State University, Long Beach, CA  
 
Isotopic Fractionation in Emerging Contaminant 1,4-Dioxane While Being 
Degraded 
Yi Wang, Pace CSIA Center of Excellence, Pittsburgh, PA  
 
Evaluation of 1,4-Dioxane Cometabolism Using Advanced Tools 
Venus Sadeghi, AECOM, Sacramento, CA; Dora Chiang, AECOM, Atlanta, GA; 
Rebecca Mora, AECOM, Orange, CA  
 
New CA Maximum Contaminant Level (MCL) for 1,2,3-Trichloropropane 
(1,2,3-TCP) 
Zachary Rounds, State Water Resources Control Board, Sacramento, CA  
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Practical Site Closure Objectives for TCE, 1,1,1-TCA and 1,4-Dioxane: Reduce 
Risk and Cost While Increasing Public Benefit - Case Study 

Robert Ruscitto  

At many sites, reductions in primary constituents of concern can be achieved initially, but focus is often 

lost during the project lifecycle on a coherent strategy or path to reach site closure in a “reasonable 

timeframe” for sites with remaining concentrations that may still exceed cleanup levels in the mid- to long-

term.  A case study of a site in southern California under the oversight of the California Regional Water 

Quality Control Board as part of a Corrective Action Order offers an example of a groundwater remedy to 

treat chlorinated volatile organic compounds (VOCs, primarily 1,1,1-TCA, TCE and daughter products, 

and 1,4-dioxane) which integrated multiple lines of evidence to demonstrate that meeting project Risk-

Based Cleanup Levels (RBCLs) in a reasonable timeframe is achievable without the need for continued 

costly active remediation and/or monitoring and therefore reduces project lifecycle costs.  Showing that 

site closure was appropriate included merging familiar low threat closure requirements (e.g., adequate 

site characterization and development of RBCLs, source and downgradient plume reduction, acceptable 

human health risk demonstrated by an extensive soil vapor and groundwater data set) with results of a 

detailed Economic Feasibility Analysis based on State Board Resolution 92-49 which showed that 

continued active groundwater remedy would provide no additional or incremental benefit to achieving 

closure. Key points of the case study: 

x Well-developed conceptual site model (CSM) led to well designed and implemented enhanced 

reductive dechlorination (ERD) of chlorinated VOCs 

x To address vinyl chloride concentrations, extensive soil vapor and groundwater sampling 

demonstrated clearly the lack of source-receptor pathway which allowed for a change to increase 

the RBCL 

x Technical and economic feasibility of addressing the remaining  

x The people of the state of California benefitted by appropriately balancing the incremental benefit 

of further active groundwater cleanup. 

Robert Ruscitto, Arcadis, 320 Commerce, Suite 200, Irvine, CA, United States, 92602, 
robert.ruscitto@arcadis.com 

Presenting Author: Robert Ruscitto 
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Quantitative Removal of Contaminant Alkyl Nitrates Using Oxidizing Radicals in 
Advanced Oxidative Processes 

Stephanie Arciva, Brittany Daws, Michael Schramm, and Stephen P. Mezyk  

Alkyl nitrates (RONO2) are well-known chemical compounds produced from the burning of fossil fuels, 

and used in the synthesis of drugs and perfumes and as propellants and explosives. While extensive 

research has been done on the atmospheric chemistry of alkyl nitrates, little is known about their 

chemistry in aqueous systems. Their extensive usage has resulted in alkyl nitrates being found not only to 

our atmosphere but also in our water and soil systems. Additionally, a significant increase in methyl 

nitrate concentrations as disinfection byproducts after advanced oxidation process (AOP) treatment of 

wastewater has recently been reported.  As such, the active removal of these compounds from our water 

systems may become necessary.  In this study we have investigated the kinetic reactions of the AOP 

generated hydroxyl radical (•OH) plus secondary AOP radicals such as sulfate (SO4
•-), and chlorine (Cl•) 

atoms with a small library of low-molecular-weight alkyl nitrates. The second-order rate constants for 

these powerful oxidizing species were determined to establish reactivity trends and mechanisms for these 

contaminants.  These data can be applied to the large-scale wastewater treatment facility AOP systems 

in order to assess the efficiency of using these technologies for the quantitative removal of alkyl nitrates 

from wastewaters. 

Stephanie Arciva, California State University, 1250 Bellflower Blvd, Long Beach, CA, United States, 
90840, stepharciva@gmail.com 

Brittany Daws, California State University, 1250 Bellflower Blvd, Long Beach, CA, United States, 90840, 
Tel: 5629854649, brittany.daws@yahoo.com 

Michael Schramm, California State University, 1250 Bellflower Blvd, Long Beach, CA, United States, 
90840, Michael.Schramm@csulb.edu 

Stephen P. Mezyk, California State University, Long Beach, 1250 Bellflower Blvd, Long Beach, CA, 
United States, 90840, stephen.mezyk@csulb.edu 

Presenting Author: Stephanie Arciva 
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Isotopic Fractionation in Emerging Contaminant 1,4-Dioxane While Being 
Degraded 

Yi Wang  

Certain bacteria have been identified to be able to degrade emerging contaminant 1,4-dioxane metabolic 

or co-metabolic in recent years, although generally it is believed that intrinsic biodegradation of 1,4-

dioxane in the environment is insignificant. Some field studies have been carried out to evaluate 

biological degradation of 1,4-dioxane. Being recognized as an advanced site diagnostic tool at many 

solvent contaminated sites, Two Dimensional - Compound Specific Isotope Analysis (2D-CSIA) has been 

long demanded by 1,4-dioxane site managers. Due to 1,4-dioxane’s water miscible property, however, 

even carbon CSIA alone for ppb level of 1,4-dioxane in groundwater was quite challenging. In addition, 

both monitored natural attenuation (MNA) and active bioremediation would require a better understanding 

of isotopic fractionation in 1,4-dioxane under various degradation conditions, which could not be 

established due to the lack of 2D-CSIA technology. Not until recently, in our laboratory, 1,4-dioxane’s 

reporting limit for carbon CSIA has been tremendously reduced from >100 µg/L to 1 µg/L; and for 

hydrogen CSIA, from >1000 µg/L to 10 µg/L. With the advancement in 2D-CSIA technology, carbon and 

hydrogen isotope ratios can now be readily obtained for 1,4-dioxane in groundwater at most 1,4-dioxane 

contaminated sites, not only for site characterizations, but also for optimized bioremediation aiming at 

earlier site closure. This study presents recent results of stable isotopic fractionation in 1,4-dioxane while 

being degraded, followed by field sampling works to demonstrate how the obtained 2D-CSIA results help 

identify degradation mechanism. 

Yi Wang, Pace CSIA Center of Excellence, 220 William Pitt Way, Pittsburgh, PA, United States, 15238, 
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Evaluation of 1,4-Dioxane Cometabolism Using Advanced Tools  

Venus Sadeghi, Dora Chiang, and Rebecca Mora  

This study presents the results of an evaluation of aerobic cometabolic bioremediation of 1,4-dioxane in 

groundwater at Air Force Plant 44 (AFP44; Tucson, Arizona), using qPCR and CSIA. Aerobic 

cometabolic bioremediation was implemeted by alternating air and methane injections using In Situ 

Submerged Oxygen Curtain technology.  However, methane is also detected in monitoring wells located 

in a nearby area where emulsified vegetable oil and bioaugmentation were used to reduce chlorinated 

solvent (and co-occurring hexavalent chromium) concentrations.  

The effectiveness of methane in aerobic cometabolic biodegradation of 1,4-dioxane has been 

demonstrated in previous microcosm studies but not in the field.  Methane oxidizing bacteria (MOB) and 

methane monooxygenase (MMO) enzymes are ubiquitous in most site soils under both micro-aerobic and 

anaerobic conditions.  Additionally, methane can be biologically generated during anaerobic reduction of 

chlorinated solvents.  Therefore, the focus of the present study was to evaluate the role of dissolved 

oxygen, methane, MOB, and MMO in 1,4-dioxane biodegradation. This evaluation was performed using 

environmental molecular diagnostic tools, including compound specific isotope analysis, which is a more 

recent tool for evaluation of 1,4-dioxane biodegradation. 

Venus Sadeghi, AECOM, 2020 L Street, Suite 400, Sacramento, CA, United States, 95811, Tel: 916-414-
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New CA Maximum Contaminant Level (MCL) for 1,2,3-Trichloropropane (1,2,3-
TCP)  

Zachary Rounds  

1,2,3-Trichloropropane (1,2,3-TCP) was historically used as an industrial solvent for degreasing and as a 

component in some soil fumigants.  Monitoring in California since 2001 has indicated the presence of 

1,2,3-TCP in some drinking water supplies, largely in groundwater in the Central Valley and parts of 

Southern California.  The Office of Environmental Health Hazard Assessment (OEHHA) adopted a public 

health goal (PHG) of 0.7 parts per trillion (ppt) for 1,2,3-TCP in 2009 based on carcinogenic effects.  The 

State Water Resources Control Board has recently promulgated for public comment a regulation package 

for 1,2,3-TCP, including a maximum contaminant level (MCL) of 5 ppt.  This talk will provide an overview 

of the regulation package, details of health effects for 1,2,3-TCP, identified areas of contamination, and 

an estimated timeline for the adoption of the regulations. 
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Developing Metal/Nitrogen-Functionalized Nanostructured Materials for Energy 
Conversion 

Sadia Kabir  

With increasing societal demands for energy production, storage, and conversion, as well the long-term 

environmental effects arising due to our dependence and overconsumption of fossil fuels, it has become 

imperative to explore and develop sustainable energy technologies such as solar cells, Li-ion batteries, 

fuel cells, and super capacitors, which can provide cost-effective and environmentally clean sources of 

power essential for economic growth in the 21st century. Among these emerging alternatives, Polymer 

Electrolyte Membrane Fuel Cells (PEMFCs) are considered to be one of the most promising energy 

conversion technologies for various residential, transportation, and industrial applications due to their 

ability to cogenerate both heat and power with high electrical efficiencies, low operating temperatures, 

and zero emissions. 

As of now, the overall efficiency of PEMFCs is largely determined by the kinetics of the oxygen reduction 

reactions (ORR) taking place in the cathode compartment. As a result, our research focuses on designing 

metal/nitrogen-functionalized graphitized nanomaterials with enhanced electrocatalytic performances by 

elucidating the oxygen reduction reaction (ORR) mechanistic pathways in various electrolytes, gaining 

molecular level insights of the active sites, and establishing structure-to-property relationships using 

various spectroscopic and surface analysis techniques. 

These metal/nitrogen-functionalized carbonaceous nanostructured materials developed by our group 

using a synergistic combination and computational and experimental techniques gives rise to 

hierarchically structured nano materials with: a) controlled surface to volume ratios for enhancing the 

solid-liquid-gas phase boundaries; b) modified chemical properties for improving nanoparticle dispersion; 

and c) functionalized dopants for tuning the materials electronic structure in order to enhance various 

electrochemical reactions in acidic, neutral, and basic electrolytes. The rational design of nanostructured 

catalytic materials, underpinned by knowledge of fundamental structure-property-function, will open the 

doors towards the development of other eco-friendly energy-conversion devices. 
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Microbial Photo-Assisted Energy Conversion for Hydrogen Generation and Waste 
Water Cleaning 

Jing Gu  

Sunlight offers an inexhaustible and sustainable source of renewable energy to meet our increasing 

energy demand. However, direct harvesting of solar energy is still challenging due to the variation of 

natural sunlight and its intermittent nature. To meet the Terawatt Challenge and harness a large quantity 

of energy, the current artificial photosynthesis system is showing great promise for its capability of 

imitating natural photosynthesis. Unfortunately, the direct water splitting by artificial photosynthesis 

requires large energy input. As an alternative, the microbial electrochemical oxidation process could save 

a lot of energy by recovering electrons and energy from organic matters. In this process, electroactive 

bacteria capable of extracellular electron transfer are able to oxidize organics and transfer electrons to an 

electrode, and the electrons can be harvested as direct current or used to reduce protons to H2 or CO2 to 

organic chemicals, respectively. Here we demonstrate GaInP2-TiO2-MoSx photocathode could couple 

with the microbial electrochemical oxidation process, which used to treat wastewater and recover the 

chemical energy embedded in organics into electricity, to covert water into hydrogen. The self-sustaining 

system could generate a current of 0.4 mA/cm2 without any external bias and ~10 mA/cm2 (with 5% solar 

to hydrogen conversion efficiency) at slightly applied bias condition.  

Jing Gu, San Diego State University, Dept. of Chemistry and Biochemistry, San Diego, CA, United States, 
92182, jgu@sdsu.edu 

Presenting Author: Jing Gu 

28



Septa-Stranded Benthic Microbial Fuel Cell System for Detection 

Meriah Arias-Thode, Jerome Babauta, Lewis Hsu, Bart Chadwick, Maxwell Kerber, Alex 
Phipps, and Greg Anderson  

Benthic microbial fuel cells (BMFCs) are a class of bioelectrochemical systems that are an emerging 

technology under development for Naval applications. BMFCs function by using anaerobic bacteria to 

metabolize organic matter in sediment that provides electrons to buried anodes. These anodes are 

electrically connected via an external circuit to an aerobic cathode positioned in the water column. The Navy 

has been focused on understanding how to increase current production by BMFCs to obtain sufficient energy 

for relevant sensor packages. Part of the barriers to powering sensors is that most sensors of current interest 

for maritime operations operate at voltages of 3 -12V. However, most BMFCs produce current at 0.4V. The 

means to efficiently capture the 0.4V energy and step up the voltage to 12V at high efficiencies have been 

challenging to develop.  

Space and Naval Warfare Systems Center Pacific has developed a BMFC energy harvesting circuit capable 

of both monitoring BMFC health and efficiently boosting the BMFC voltage (Ș = 75%). The overall BMFC 

form factor was a septa-stranded linear array (7 strands, each 30m, diameter of wire ~0.6cm + carbon fabric, 

~1.5cm) that were arranged in parallel on a boat-towed deployment sled. The sled was designed so that the 

cables would be buried about 10cm below the sediment-water interface during deployment. Each 30m cable 

was divided into 5m sections that were surrounded by 4 carbon cloth flaps (8cm x 5m) that served as the 

BMFC anode and a 1m x 15cm carbon cloth that served as the BMFC cathode. A water-proofed energy 

harvesting unit was positioned at each 5m section. The purpose of the septa-stranded BMFC is to power a 

0.2W magnetometer to detect ships passing nearby. This system was deployed on June 2016 in Pearl 

Harbor, Hawaii.  This demonstration serves as a large-scale demonstration to actively power a sensor for 

Navy purposes. 
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Hydraulic Fracturing and Its Implications from both the Environmental and Energy 
Perspectives 

Paul Philp  

Hydraulic fracturing, or fracking as it is more commonly known, has become a despised term in many 

quarters, but most people do not look at both sides of the process but simply see it as a blessing or a curse. 

In my opinion it can be both, but there is a need for better communication on both sides and not the general 

mass hysteria that accompanies such discussion. In this presentation I will try to outline some of the issues 

on both sides of the argument. These are simply my opinions backed up as far as possible by published 

data. 

First a little history: not many people realize that the first patent for fracking was issued back in the 1850s 

during the Civil War and applied to water wells to improve supply of fresh water for the soldiers. There were 

various attempts at fracking oil and gas wells during the 1920s and 30s with limited success. After that, in the 

50s and 60s, many vertical wells were successfully fracked with little attention from people outside the 

industry. However, it was in the 1990s and the first decade of this century that fracking started to gain 

attention. The first big shale gas development was in the Fort Worth Basin, Texas. Mitchell Energy desperate 

to find gas in the basin finally successfully developed the technique of horizontal drilling around 2000 after 

many failed and expensive attempts. The real breakthrough came with the combination of horizontal drilling 

and fracking leading to significant gas production from the Barnett and later many oil source rocks long 

thought to be past prime. 

So what are the major environmental problems? The first is the water issue – fracking a well requires large 

amounts of fresh water, a precious resource in states such as Texas, Oklahoma and California where there 

are steady droughts and water could be used for other purposes. This issue is being addressed and 

alternative techniques are being developed. Second is the concern that gas will get in water wells. This has 

been happening in oil and gas producing regions for years and has not been shown to cause health issues. 

Numerous papers were published a few years back suggesting fracking was responsible for this, and these 

papers were later found to be false and some were retracted. Third, chemicals from the fracking operation 

will get into the aquifers and water wells. This is indeed a concern but many studies have shown a limited 

number of occurrences and few health related incidents. Fourth is damage to the environment in rural areas. 

That is a problem as huge storage pits have to be dug for water storage and new roads for rig transport. 

Fifth, earthquakes are another big problem but not directly related to the fracking. The earthquakes are 

caused by disposal wells where salty formation water is reinjected into very deep formations, subsequently 

causing the earthquakes. 

Finally, I think one has to ask the question: Why would the oil companies want to intentionally fracture the 

groundwater aquifers? By doing so they would only produce water and that is not their goal. 
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Corporate Action Guided by Climate Science: Setting Science-Based GHG 
Reduction Targets 

Anna Stephens  

There has been significant interest in setting science-based targets (SBT), or GHG reduction goals that 

are aligned with climate science, as a means to demonstrate climate leadership in the corporate sector. 

Based on this growing interest, the Science Based Targets Initiative (SBTI) was developed as a 

partnership among the Carbon Disclosure Project (CDP), the United Nations Global Compact, World 

Resources Institute, and World Wildlife Fund to help companies determine appropriate long-term 

emissions reductions.  Targets are considered 'science-based' if they are in line with the level of 

decarbonization required to keep the global temperature increase below two degrees Celsius compared 

to pre-industrial temperatures, as described in the Fifth Assessment Report of the Intergovernmental 

Panel on Climate Change.  SBTI also serves as a gatekeeper, having established a SBTI Manual that is 

used to assess proposed SBTs and certify they are consistent with this level of decarbonization. 

We will present an example of guiding a large corporation through the process of setting science-based 

targets as part of its larger sustainability strategy. We will introduce issues to consider when embarking 

on GHG reduction goal setting including goal boundary, base year, goal period, and available data, and 

how WSP leveraged this information to determine the scope and focus appropriate to the company's 

circumstances.  We will provide an introduction to the various tools and methodologies approved by the 

SBTI and the results of applying several SBT methodology calculation tools to yield a variety of GHG 

reduction goals. We will also highlight which companies have committed to SBT and provide information 

about companies who have had their goals approved by SBTI. 
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Energy Program and the Water Energy Nexus 

Kelly Rodgers  

The San Diego County Water Authority, a water wholesale agency, was created by a legislative act in 

1944 and tasked with the mission of providing a safe and reliable water supply to our 24 retail member 

agencies serving the San Diego region. Energy is a significant cost in treating and delivering water. The 

Water Authority established an Energy Program to pursue opportunities to reduce energy demands and 

costs, stabilize water rates, and reduce greenhouse gas emissions. The Energy Program’s work falls into 

three main areas: maximizing the value and operations of existing energy facilities, exploring new energy 

initiatives, and engaging in energy regulatory and legislative affairs. 

The Water Authority’s energy generation facilities include the 4.5 megawatt Rancho Peñasquitos 

Hydroelectric Facility which both regulates the flow of water and produces clean, green energy from 

residual pressure. The 40 megawatt Lake Hodges Pumped Storage Facility regulates the water level in 

Lake Hodges, integrates renewables, and produces energy. A combined capacity of 1.5 megawatts of 

solar panels is installed at three agency facilities. 

New energy initiatives include the partnership with the City of San Diego on a study of a potential 500 

megawatt energy storage facility at San Vicente Reservoir. Other Water Authority initiatives underway 

include installation of 1 megawatts of battery systems at key Water Authority facilities, 6 megawatts of 

floating solar on Olivenhain Reservoir, and up to 2.7 megawatts of hydroelectric generation at flow control 

facilities along the Water Authority’s aqueduct system. These initiatives present potential additional 

revenue generation, cost savings, and clean, green energy production. 

Finally, the Water Authority continues to engage in regulatory and legislative processes to maintain a 

voice in rulemaking on how energy is priced and used locally. 
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Remediation Test Panel: Collecting and Interpreting Contaminant, Geochemical 
Isotopic and Molecular Biology Data 

Patrick McLoughlin and Aaron Peacock  

Successful site remediation requires complex analyses of the groundwater to learn about the degradation 

mechanisms active at a site and the dynamics that support that degradation. The increased availability of 

powerful tools like compound specific isotope analysis (CSIA) and molecular biology assays adds 

significantly to the already heavy burden of being able to interpret contaminant and geochemical data. 

Often the data that is collected is incomplete, and in some instances it is not even interpreted. If it is 

interpreted, that interpretation often lacks the holistic overview which ties it all together. 

To address this our lab has developed the Remediation Test Panel (RTP). The test panel is tailored to the 

contaminants present. It includes four lines of evidence: contaminant, geochemical, isotopic and 

molecular biology. The role of the compounds or microbes being measured is discussed and the specific 

results from the site in question are graphed and compared to ideal “textbook cases”. A detailed case 

study has been done at a site where chlorobenzenes were the main contaminants of concern and this will 

be supported by case studies from sites where trichloroethene (TCE) and it degradation products were 

the main contaminants of concern. 

There are two goals to this report. The first to document information that helps reveal the active 

mechanism(s) of degradation. The second goal is to compile information to support the  interpretation of 

the observed attenuation rates as degradation rates. Increasingly it is being found that there are multiple 

active degradation mechanisms at a site. This is especially true at monitored natural attenuation (MNA) 

sites where there is no active effort to favor one degradation mechanism over another (for example 

biostimulation favors reductive dechlorination over direct oxidation). Because of this the RTP is ideal for 

MNA sites or for transitioning from an active remedy to MNA. 
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Legal Liability Issues Relating to Acid Mine Drainage at Abandoned Mine Sites  

Noah Perch-Ahern  

There are thousands of abandoned mines in the United States, many of which are hazardous waste 

sites.  There are many challenges concerning such sites, including the containment of mine waste 

materials that generate acid mine drainage (“AMD”).  Many hazardous waste sites – even ones that are 

subject to response actions – continue to discharge AMD into the environment.  

The continued release of AMD creates a legal liability risk for many different parties currently or formerly 

affiliated with abandoned mines, including current and past owners and operators of the mines (including 

environmental contractors), as well as others who may have contracted with the original mining 

companies (including the government).  This presentation will cover the types of legal issues that confront 

both plaintiffs and defendants in connection with abandoned mines that pose AMD concerns. 

For example, this presentation will identify the common types of plaintiffs that bring claims related to 

abandoned mines and will also identify the types of parties that should be concerned about liability for 

environmental damages caused by the mines.  The presentation will also discuss some of the specific 

legal liabilities raised by AMD at abandoned mine sites, including liability for continuing torts, such as 

trespass and nuisance; liability under CERCLA and similar state statutes; and particular defenses 

commonly applied with respect to abandoned mines.  The presentation will also discuss certain technical 

aspects of AMD, which must be understood in order to evaluate the common liability risks and defenses 

associated with abandoned mines. 
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Distributed Hydrologic Modeling for Assessment of Metal Sources in the Spring 
River Watershed 

Kazi Rahman, Mohamed M. Hantush, and Alexander Hall  

The inactive Tri-State Mining District (TSMD), covering parts of Kansas, Oklahoma and Missouri, had 

historical mining activity for over 100 years and contributed ongoing sources of metals (e.g., lead and 

zinc) to the environment. The resultant contamination adversely affected biota and caused human health 

problems and risks. As a prerequisite for the remediation of areas affected by mining activity, an 

understanding of the magnitude and extent of contamination and fate and transport of mining-

contaminated sediment and soil is required. The objective of this study is to understand metal fate and 

transport using distributed model application and identify the source areas of contamination for potential 

remediation. The Soil and Water Assessment Tool (SWAT) is implemented to simulate watershed 

hydrology and will be adapted in a separate effort to simulate sediment and metals fate and transport in 

the watershed. In this part, the watershed hydrologic model is developed and validated. In order to avoid 

over-parameterization and minimize modeling errors, we analyze various input data and their interactions 

on model performance. We assessed both raster and vector data to compute the streamflow and 

compare with observations.  We compared the soil data of STATSGO and SSURGO, which is an 

essential part of the Hydrological Response Unit of SWAT model. As for climatic input, we compare 

NCEP daily observations and NOAA based ground data. We contrast these two traditional climate inputs 

to PRISM, a satellite based rainfall and temperature estimate reanalysis for model performance. 

Preliminary results suggest that high resolution climatic and geospatial data significantly improves model 

performance. 

Keywords: Watershed, Model, Hydrology, Spring River, SWAT, spatial resolution, STATSGO, SURRGO, 

PRISM 
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Effects of Changes of Indoor Air Pressure in Vapor Intrusion  

Rui Shen and Eric Suuberg  

There has in recent years been increasing interest in understanding the transport processes of relevance 

in vapor intrusion of volatile organic compounds (VOCs) into buildings on contaminated sites. These 

studies have included fate and transport modeling. Most such models predicted the indoor air 

contaminant vapor concentrations based on very simple scenarios, but this often results in difficulties in 

reconciling the modeling results with field measurements. Our previous modeling results showed that the 

variations of indoor air pressure can contribute to significant variations in indoor air contaminant vapor 

concentrations. This paper focuses on the indoor-outdoor pressure difference as a major factor subject to 

significant temporal variation and even actual control in vapor intrusion situations. A three-dimensional 

finite element model was employed with consideration of various real factors, such as building foundation 

crack locations, soil types, surrounding surface coverage, and their role was quantified. Reported field 

measurements were used to compare with the modeling results.  
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Transport in Soils of Iron-Based Nanoparticles: Column Simulation Studies 

Mauricio Escudey, Carmen Pizarro, and Camila Bravo  

Natural and engineered nanoparticles becoming considered more and more to be applied to polluted 

natural systems as environmental remediators. Soils are usually the final receptor of nanoparticles either 

used in water systems or directly on soils. The study of nanoparticles transport in soils is hard to follow, 

even when laboratory simulated conditions are carried out.  Five different soils at field water content were 

considered. A synthetic ferrihydrite and a commercial Fe2O3 (Aldrich) were used, and both nanoparticles 

were kept in suspension. The simulation column studies were carried out in 2.5 x 5 cm (inner diameter x 

length), Bio-Rad Econo-Column, filled with wet soil equivalent of 15g of dry soil. The nanoparticle size 

distribution was carried out in a Malvern Zetasizer system. 

In this study, a new method based on turbidimetry was developed to follow the breakthrough in real 

time of nanoparticles in soil columns. A system involving a water reservoir, a peristhaltic pump, the soil 

column, a 100 µL flow cell and a UV-Visible spectrophotometer was used. An input of 35.5 mg of 

ferrihydrite or 40.0 mg of Fe2O3 was considered. Measurements of light scattered at 500 nm were 

collected every 5 seconds. A relationship, similar to the Beer´s law to relate nanoparticles concentration 

in leachates with the reduction of intensity of transmitted beam through the flow cell, was used to 

determine the concentration of leached nanoparticles. 

A mean particle size diameter of 80.3 nm (Ferrihydrite) and 83.3 (Fe2O3) was determined. The transport 

of ferrihydrite ranges from 7.2 to 63.3% of the total input and from 9.4 to 89.0% for Fe2O3. For successive 

inputs on the same soil column, a significant increase of nanoparticles breakthrough is observed. The 

global system design involving from sample input to quantification of leached nanoparticles is shown 

highly reproducible and useful for column studies.    
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County Airport Source of Uncontrolled Lead Aerosol Emissions Using Forensic 
Analysis of Field Collected Samples  

Stephen Wall, Zhong-Min Wang, Paul Wong, and Braden Ho  

Unlike gasoline powered road vehicles, many small piston aircraft engines still require tetra ethyl lead 

(TEL) fuel for proper engine function.  The most commonly marketed aviation gasoline is labeled 100LL 

(100 Octane, Low Lead), and contains up to 2 grams of TEL per US gallon, equivalent to the highest TEL 

gasoline level in automobile fuel reached in 1970, before levels began to be reduced. Recent concern 

about the effects of lead emissions from planes especially for children has motivated the U.S. 

Environmental Protection to consider regulating leaded Avgas. A recent investigation determined that 

children living within 1000 m of an airport with small aircraft using Avgas had statistically significant 

elevated blood lead levels relative to other children. 

In this study, size segregated field sampling for airborne lead associated with small piston aircraft 

emissions was conducted adjacent to a county-owned public-use airport in Concord California with 

93,874 aircraft operations yearly, averaging 257 per day with 97% general aviation piston engine aircraft 

using Avgas. Samples of the airport aviation gasoline Avgas 100LL were verified by x-ray florescence 

(XRF) spectroscopy to contain 2 g TEL per fuel gallon.  Aerosol samples for particles, which deposit in 

the deep lung (< 2.5 um) and the upper respiratory tract (2.5 – 10 um), during a several consecutive 

periods totaling 38 days, were analyzed for multi-metals directly on the Teflon filters by XRF and 

subsequently by  ICP/MS for validation. The results indicated the projected lead levels would exceed the 

USEPA standard 0.15 ȝg/m3 averaged over three consecutive months, when prorated for wind direction 

from the runway source locations. Multi-metals filter analysis, as well as passive sampler collection of 

aerosols analyzed for elemental profile and morphology by SEM/EDS was consistent with emissions from 

Avgas 100LL fueled aircraft. 
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Defective Product Liability and Drinking Water: Public Agency Lawsuits Against 
Manufacturers of Chemicals  

Victor Sher  

Traditional legal remedies for drinking water contamination focus on “potentially responsible parties” who 

actually released pollution, for example, operators of gas stations or dry cleaning operations. When 

contamination affects public water supply wells, however, these remedies frequently fail because (1) 

there is a disparity in culpability between the large corporations marketed their products, and the small 

businesses that accidentally released them to the environment; (2) the costs of treating public wells are 

large and beyond the financial resources of many local businesses. Public agencies may have an 

overwhelming liability case in these situations but ultimately run the risk of a pyrrhic victory when the 

“responsible” party cannot pay even a small portion of the damages awarded. 

Recent lawsuits by water suppliers have pursued an innovative legal strategy, emphasizing that product 

manufacturers bear responsibility because they knew that their products would poison drinking water but 

failed to warn anyone of this danger, and that the risk was avoidable or at least capable of mitigation. This 

legal strategy has resulted in recoveries of hundreds of millions of dollars by water suppliers. For 

example, in 2009 a federal jury awarded more than $105 million to the City of New York against Exxon for 

MTBE contamination in Queens; and in 2013 a New Hampshire jury awarded more than $236 million to 

the State of New Hampshire, also against Exxon, also for MTBE contamination.  Cases involving other 

chemicals have also recovered hundreds of millions of dollars for communities around the country. 

This approach to contamination litigation has important implications for lawyers, regulators, and 

environmental consultants. This presentation will discuss the legal theories underlying these landmark 

cases, the role of science and consultants in the courtroom, the status of lawsuits currently pending in 

California and elsewhere, and the significance of public agencies as environmental enforcers.  
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Use of Fingerprinting Techniques to Identify Sources of “Mystery” Oil Spills and 
to Determine Contamination Claim Validity 

Robert Crowder and Ioana Petrisor  

Chemical fingerprinting techniques are a well-established environmental forensics tool often used to 

determine the sources of unidentified or “mystery” oil spills and contamination claim validity.  Source 

identification is important to all affected parties, including those suffering from adverse spill 

consequences, enforcement agencies, and industry players confronting claims, negative publicity and 

potential liability.  A review of chemical fingerprinting techniques and methodology will be followed by a 

discussion of the United States Coast Guard’s use of these techniques to further its own primary mission 

and to support federal, state and local agency investigations.  Actual case studies involving mystery spill 

source identification and petroleum contamination claim validity will be presented.  

This discussion will rely significantly on information developed by and with the United States Coast 

Guard. 
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Combining Ionic Chemistry and Stable Isotope Composition to Differentiate 
Between Multiple Water Sources  

Michael Foster  

The aquifer downgradient of the Stringfellow Superfund Site has an unusual number of potential sources 

of groundwater recharge including; infiltration from the former hazardous waste disposal ponds, recharge 

from rainfall within the immediate area, infiltration of previous excess irrigation from the Riverside Basin 

via irrigation canals, leakage from current water supply systems. In addition, the area has multiple 

potential sources of perchlorate including: the former disposal ponds of the Stringfellow Superfund Site, 

explosives residue from quarrying operations within thesame catchment area, historical application of 

Chilean nitrate fertilizers to agricultural land, canalized irrigation water and storm runoff from the Riverside 

and Chino Groundwater Basins. General ionic chemistry and stable isotope composition of surface water 

and groundwater samples in the vicinity of the Site are being used to distinguish between multiple 

groundwater types and to strengthen the overall site conceptual model. 

The stable isotope results indicate that current groundwater is predominantly recharged from infiltrating 

surface water and direct recharge from precipitation with limited mixing of waters imported from adjacent 

groundwater basins. General ionic chemistry shows relatively consistent ionic composition for a large part 

of the study area with data outliers and population distribution end-members providing helpful insight and 

supporting data to distinguish between water types and sources. 
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Current Limitations and Outlook of Environmental Forensics for PFOS, PFOA and 
Related Perfluoroalkyl and Polyfluoroalkyl Substances 

Adam Love and Lydia Dorrance  

Perfluoroalkyl and polyfluoroalkyl substances (PFAS) are man-made contaminants that are detected 

throughout the environment, including in surface waters and groundwater. PFAS can enter the 

environment through diverse release pathways, including industrial point-sources, waste water treatment 

plant effluent, landfill leachate, former fire training areas and diffuse, non-point sources as well as through 

in-situ precursor compound degradation. Increasing concern for the human and ecological health effects 

of these compounds has resulted an industry-wide phase-out of certain PFAS and the formulation of 

regulatory thresholds and advisory levels, including the recently (May 2016) enacted U.S EPA Health 

Advisory Level of 0.07 mg/l for the total concentration of perfluorooctane sulfonate (PFOS) and 

perfluorooctanoic acid (PFOA). While site investigation and characterization techniques of PFAS-

contaminated surface water and groundwater are maturing, environmental forensic techniques to 

distinguish source, timing and pathways are only now emerging. As with other chemicals of concern, 

structural fingerprinting, chemical ratio comparison and isotopic methods have a potential role towards 

PFAS forensics; however, challenges associated with PFAS site characterization and analysis may pose 

site-specific limitations that prevent the use of these tools. 
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Environmental Impact of Nanotechnology: Technological Advantages 

John Freim and James Harvey  

Nanomaterials are broadly defined as products with one or more dimension less than 1 ȝm.  When used 

for environmental applications nanomaterials can provide several unique advantages over larger size 

materials.  These include high surface area and the ability of the small particles to be applied and 

uniformly distributed within soil matrices via injection methods.  These beneficial properties can be 

exploited in diverse environmental applications including reactants, catalysts, and adsorbents. The 

advantageous properties are sometimes offset by inherent problems so tradeoffs are often required when 

nanomaterials are incorporated into environmental remedies.  Included is an overview of nanomaterials 

presently used in environmental remediation.   A prominent example is nanocrystalline zero valent iron 

(NZVI), capable of the rapid electrochemical reduction many chlorinated compounds. Despite extensive 

R&D efforts, NZVI commercialization has been limited by high cost, agglomeration issues, and limited 

persistence.  Recently, modifications have resulted in improved colloidal suspensions and extended 

reactive lifetime; thereby increasing the prospects for successful commercialization. Another recently 

commercialized product is colloidal activated carbon.  This material contains an internal network of pores 

resulting in high surface areas (typically >800 m2) capable of rapidly adsorbing many contaminants from 

aqueous solution. Once the contaminants partition into the pores of the colloidal activated carbon, the 

small particles provide a surface to promote microbial colonization and degradation.  Stable colloidal 

suspensions also alleviate problems associated with the high pressure emplacement of granular carbon 

products.  Another recently developed material is nano emulsified vegetable oil (EVO) with 

nanocrystalline micelles.  EVO is a mature technology providing a long term source of molecular 

hydrogen to support the metabolism of anaerobic microbes used in bioremediation. The sub 100 nm 

droplet size of nano EVO allows for better distribution into low permeability formations and a more 

homogeneous emplacement.   
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Use of Cerium Oxide Nanoparticle (nCe) as a Diesel Fuel Additive and the 
Possible Health Impacts from Its Wide Application in Diesel Fuel 

Carla Kinslow, Annette Santamaria, and Allison Stock  

Vehicle exhaust is a major contributor to ambient particulate matter (PM) concentrations in an urban 

environment, contributing to at least 50% of to the total particulates. Countries such as India are 

struggling with rapid development and uncontrolled vehicle emissions in their urban centers, which has 

resulted in some of the worst ambient air pollution those areas have ever seen. Cerium oxide 

nanoparticle (nCe) is one of many new fuel additives that are being developed to decrease the 

contribution of PM from vehicle exhaust. Studies indicate that nCe can increase combustion efficiency 

and reduce carbon monoxide (CO) and nitrogen oxide compounds (NOx) in vehicle exhaust. Considering 

the continued use of conventional fuel in the transportation industry, such an additive has great promise. 

However, there is not very much information regarding any possible environmental and/or human health 

impacts of this additive, although exposure and toxicological studies are currently being conducted.  Dr. 

Carla Kinslow will discuss the state of the science of this compound with regard to the exposure studies 

and what is currently known about possible environmental and human health impacts from the novel 

application of this nanoparticle. 
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Nanoparticles and the Heart 

Michael Kleinman, Andrew Keebaugh, Lisa Wingen, and David Herman  

Manufactured nanoparticles (NPs) are being studied with respect to heart disease because while some 

may have the potential to be used in therapeutic applications, nanoparticles, both manufactured and non-

manufactured, may also precipitate cardiovascular disease processes.  NPs that are manufactured from a 

large range of materials for industrial use can be released accidentally.  In the environment, combustions 

sources are an important producer of ambient NPs.  Epidemiological, controlled human chamber studies 

and studies with laboratory animals have demonstrated that exposure to such NPs is associated with 

multiple adverse cardiovascular effects and that adverse effects are exacerbated in individuals with pre-

existing cardiovascular diseases. Because NPs have a large surface area to mass ratio, they can serve 

as ‘delivery vehicles’ for either therapeutic or toxic agents.  How inhaled NPs can exert effects beyond the 

respiratory tract is the subject of major research efforts and has implications for both beneficial and 

detrimental effects of NPs in future applications. This paper will examine effects of inhaled ambient NPs 

on the heart with a view to increasing our understanding of mechanisms by which inhaled substances can 

elicit effects in organs downstream of the respiratory tract. 
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Nanotechnology: Emerging Liability Issues 

Kevin Mayer  

The emergence of nanotechnology across a plethora of industrial uses and products poses new and 

unique challenges for the regulatory and manufacturing communities, and the plaintiff and defense 

bars.  In this presentation, a long-time product liability and toxic tort defense trial lawyer will examine 

these issues and provide insights into how the legal system will be compelled to react to anticipated 

litigation and regulatory proceedings addressing the human and environmental health consequences of 

this dynamic situation.  Practical tips for industry will be offered in terms of how to deal with the as-yet 

unresolved long-term consequences associated with these materials. 
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Automated Continuous Monitoring and Response for Cost-Effective 
Environmental, Resource� and Liability Management 

Mark Kram, Blayne Hartman, Scott Burge, Hugo Loaiciga, and Cliff Frescura 

Environmental conditions can be dynamic. As such, traditional groundwater, vadose zone and air quality 

monitoring and data starved modeling approaches can result in erroneous conclusions. For instance, 

vapor intrusion risks are typically characterized using point-in-time and time-weighted vapor sampling 

methods. Using continuous high-frequency monitoring techniques, practitioners have demonstrated that 

traditional vapor intrusion assessment methods can yield false negative and false positive conclusions 

because they lack sufficient temporal resolution. Furthermore, when concerns about short term 

Trichloroethylene (TCE) exposures arise, traditional methods do not enable practitioners to respond in 

time to prevent risks, as they require more time to implement than the exposure duration of concern. 

Since regulatory policies advocating for rapid response to acute TCE exposures are not yet in alignment 

with currently accepted vapor intrusion assessment methodologies, erroneous and delayed risk 

conclusions are currently exposing lenders, property owners, building inhabitants, insurance companies 

and government agencies to significant avoidable risks and liabilities. Continuous monitoring and 

automated response for a number of volatile organic constituents, including TCE, is now possible and 

capable of eliminating the problems described above. Similarly, continuous monitoring with newly 

developed microbial sensors can be employed to confirm natural source zone depletion, to determine 

depletion rates and time requirements for remediation, and to track geospatial changes in oxidation-

reduction potential via natural and induced processes. Likewise, continuous automated monitoring, data 

processing and response systems can be used to determine when unsustainable groundwater extraction 

conditions are pending, and to trigger immediate responses. This presentation will cover cases where 

automated liability and sustainability management platforms provide documented support for appropriate 

assessment, management decisions, and related water supply and environmental legal challenges. 

Furthermore, a vision for future applications will be introduced. 
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Microbial and Source Zone Reduction Sensors for Managing Contaminated Sites 

Scott Burge, Russell Burge, David Hoffman, and Stephen Koenigsberg  

A microbial sensor was developed for the characterization of contaminated sites focusing on microbial 

activity and source zone reduction. The primary objective is to support natural source zone depletion 

(NSZD) strategies by examining carbon dioxide and methane evolution in relation to mass loss. Other 

collateral measurements such as redox potential, with unique sensitivities, are integrated into the system. 

Some derivative applications include the use of the sensors as sentinels for plume expansion 

management and the evaluation of bioavailability in sediments as part of monitored natural recovery 

(MNR). 

The design of the sensor allows for deployment in many types of natural environments including soils, 

sediments, aquifers and natural waters. The sensor and associated electronic board allows for three data 

collection modalities, each having a distinct and, in some cases, complementary applications. They are 

as follows. 

x Microbial Amperometric Sensor (MAS) 

x Microbial Potentiometric Sensor (MPS) 

x Microbial Kinetic Sensor (MKS) 

The sensor, and the accompanying electronics, is actually a single unit.   

In the MAS mode, the sensor measures electrical current as the metric to determine substrate 

concentration and/or the turn-over rate.  In the MKS mode, one can measure substrate/turnover rates 

less than 10-6M. Since the sensor is sensitive to microbial activity it can detect an uptick in electron flow 

as a function of a change in substrate availability. This would manifest when a dissolved phase 

hydrocarbon plume impacts the sensor making it a sentinel. This then relates to the MNR application 

whereby if a contaminant is unavailable, a case can be made for limited, if any, impact on human health 

and the environment. 
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Sensors for Continuous Monitoring of Organic Chemicals in Water 

Kenneth Reardon, Brian Heinze, Lucas Johnson, Bryce Schroder, and Devon Osbourne  

The measurement of environmental water quality parameters is still largely done by sampling and off-site 

analysis, often with multi-day lag times before data are received.  Although laboratory-based methods 

relying on chromatography can yield very accurate measurements, they are also complex, time 

consuming, and require sample pre-treatment.  Off-line measurements cannot be used for real-time 

control of treatment processes, so those processes are not operated in a cost-effective manner.  Since 

the costs of sampling and analysis are relatively high, the minimum number of samples are analyzed, and 

data sets are sparse.  Also, each sample represents only a single time point, and no information on the 

fluctuations in concentration is obtained.  All of these factors motivate the development of technologies for 

continuous measurements of water contaminants in natural and engineered systems.  

We have developed a sensor system for the continuous, direct, quantitative measurement of organic 

chemicals in aqueous streams.  The sensor system has three parts:  a replaceable sensor tip, an opto-

electronic hardware unit, and an optical fiber with a length appropriate for the application.  The sensor tip 

is coated with a detection enzyme that is co-immobilized with a fluorophore.  The change in fluorescence 

characteristics depends on the analyte concentration, and these sensors can be designed to provide 

quantitative output over different concentration ranges. There is no sampling required, and no pre-

treatment step.  
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Applying Scanning Technologies to Determine Contaminant Impacts and 
Preferential Groundwater Flow Pathways 

Mark Kluger and John Sankey  

A significant number of contaminated sites simply do not clean-up. Many sites have experienced a range 

of spills that occurred over a period of time at various locations. Impacts to nearby receptors, including 

municipal and residential water supply wells and surface water, via seeps or sheens, often occur years 

after operations have ceased, even after some form of remediation has occurred. The expression of 

NAPL to wells and water bodies in the form of sheens can cause significant public and regulatory 

concerns.  

Determining the pathway and source are difficult, as there are often a series of possible sources and 

pathways to the receptors. In the vast majority of cases, there is insufficient data density to understand 

the preferential pathways and impacts. Using ultra-high resolution characterization approach, which 

typically generate tens or hundreds of thousands of data points, we can now generate a conceptual site 

model (CSM) for pathway and source identification at these types of sites. 

As sites vary in geology, hydraulic properties and contaminant composition, selecting the correct 

scanning tools is essential. The talk will focus on two methodologies: electrical resistivity imaging for 

contaminant delineation and delineating preferential groundwater flow pathways by measuring the 

magnetic field from a completed subsurface electrical circuit. Both methods involve targeted confirmation 

drilling and sampling data and the preparation of 2-D and into a 3-D visualization models.  
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Geophysical Approaches for Quantifying Watershed Structure and Function 

Susan Hubbard, Baptiste Dafflon, Haruko Wainwright, and Emmanuel Leger  

Quantifying how watersheds respond to climate change, extreme events and other perturbations is 

challenging due to the complexity of associated processes that occur from bedrock-to-canopy and over a 

wide range of spatial and temporal scales. This presentation will describe the development of new 

geophysical approaches that are helping to bridge across compartments and scales to gain insights about 

hydrological and associated biogeochemical processes within watersheds.  Application of the new 

geophysical approaches within two vulnerable terrestrial systems will then be described. We first describe 

insights gained about soil respiration within a Arctic tundra ecosystem, where increasing temperatures 

are thawing the permafrost and altering the carbon cycle. We then describe how geophysical methods 

are being used to quantify the structure and function of a mountainous watershed in the Upper Colorado 

River Basin, where droughts and early snowmelt are influencing downgradient water and biogeochemical 

cycles. 
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The Use of Unmanned Aerial Vehicles (UAVs) and Satellite Imagery in 
Environmental Science   

Travis Kegel and Pen Herring 

Traditionally, our projects are staffed by field biologists and cultural resource professionals.  A day in the 

life of a field professional consists of many hours of walking specific transects in order to capture 

information on sensitive and protected species, cultural resources, and/or delineating riparian areas.  

While this process continues to remain the same, the introduction of Unmanned Ariel Vehicles (UAVs) or 

drones has allowed staff to be much more efficient, comprehensive, and safe.  

The ability to use a drone on a project allows our company to quickly acquire data and compare it to other 

information that has been collected on-site in real time.  Drones and specialized software have allowed 

us, as well as other firms, to collect a lot of data that can be useful in better characterizing a site.  A better 

characterized site allows for better efficiencies in staffing and production and can keep a project on 

schedule and under budget. 

The introduction of satellite imagery has been a game changer in our industry as large areas of land can 

be viewed and analyzed from an office instead of from field data.  While this data is beneficial for desktop 

analysis, it is often dated and lacks the detail necessary for comprehensive analysis.  The use of UAVs 

provides a level of detail that can differentiate between species, soil/rock types, minor changes in grade, 

and hydrologic functions that are not readily identifiable in satellite imagery. 

UAVs bring a plethora of benefits to characterizing and analyzing projects.  While efficiencies of scale are 

a huge benefit, the largest and most important benefit has been to safety.  The ability to use a UAV to 

reach difficult and dangerous areas cannot be understated.  In our industry, the use of UAVs can be a 

much safer alternative to inspect high voltage power lines, power production facilities, and unstable or 

steep terrain, as well as to conduct structural inspections. 

UAVs have added a new tool to our arsenal of services that we can provide to our clients.  UAVs offer a 

unique ability to gather and analyze large amounts of data in a short amount of time, allowing for more 

detailed characterization of a project.  Examples will be presented. 
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Innovative Remedial Technologies 
 
Reactive Interceptor Zones – Green and Sustainable Approach to In Situ 
Remediation 
Lindsay Swearingen, Specialty Earth Sciences, New Albany, IN  
 
A Technology for Selective Removal of Toxic/Precious Metals from 
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Reactive Interceptor Zones – 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 are 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.  

A project located in San Diego, CA will be featured where long-term reactive zones were created in situ 

using encapsulated potassium permanganate materials to treat and intercept a migrating CVOC 

contaminant plume.  In March 2015, encapsulated permanganate materials were deployed in over fifty 

(50) 2” screened PVC piezometer remediation wells.  Encapsulated permanganate materials are 

replenished as needed to maintain the integrity of reactive interceptor zone.  Installation design, 

implementation costs, and 2 years of post-implementation monitoring data will be presented. 
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A Technology for Selective Removal of Toxic/Precious Metals from Solvents 

Roger Acey, Gwen Jordaan, Hieu Nguyen, and Phuc Ba Huu Nguyen  

The technology described here for removal and recovery of toxic/precious metals is based on a unique 

metal binding protein known as metallothionein (MT). MT has the ability to selective bind heavy metals, 

e.g.,lead, arsenic, methyl mercury, and uranium. We have cloned the gene for MT from the brine 

shrimp Artemia. In order to enhance  expression levels of the protein, we generated a SUMO-MT 

chimeric. The SUMO-MT is isolated from cell homogenates using Ni-NTA.The chimeric protein shows the 

same metal binding capability as  the monomeric MT. Both are active at extreme pH  (4 to 10) and 

temperature (4 oC to 100 oC). In addition, SUMO-MT is capable of efficiently extracting water insoluble 

metal complexes from organic solvents. This includes removal of palladium and gold nanoparticles and 

chloro [1,3 bis(2,6-diisopropylphenyl)imidazole-2-ylidene]copper(I) from chloroform. The metal or metal 

complexes can be released from the SUMO-MT-metal  by addition of acid. In addition, the complex is 

able to recover uranium from 30%(v/v) tributyl phosphate in terpentine. In order to simplify the removal 

and recovery of metal from a solution, we placed the SUMO-MT on a solid support. In one case, the 

SUMO-MT was adsorbed onto a Nylon membrane and used to remove cadmium from sea water. Passing 

seawater through the SUMO-MT membrane resulted in removal of cadmium at concentrations of ppt 

(parts per trillion). We also have covalently coupled SUMO-MT to agarose beads where the protein 

retains its biological activity. We refer to the material as a "heavy metal sponge". Passing a solution of 

copper sulfate through a column of the  material results in metal binding to the SUMO-MT.  Subsequently, 

the copper can be recovered by washing the column with acid. The column can be regenerated up to four 

times without loss of metal binding efficiency.  
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Field Performance of Dispersive Colloidal Activated Carbon – Lessons Learned 
from Multiple Geological Settings 

Dan Nunez and Jeremy Birnsting  

Background/Objectives.  There is growing interest in the use of carbon injectables to expedite 

groundwater clean-up through coupling contaminant destruction with sorption.  While an appreciation of 

the theoretical benefits of this approach is widespread, so is a natural caution among experienced 

remediation practitioners, as is understandable with any new technology.  Among questions related to 

effective practical application of the technology are concerns regarding the ability to secure adequate 

subsurface distribution in the field, applicability in low-permeability or heterogeneous formations, efficacy 

against NAPL and limits of treatable contaminant mass.  Further important questions include long-term 

efficacy, and the related validation of post-sorption field degradation.  

Approach/Activities. This presentation will examine evidence from the field exploring these and other 

concerns.   Data will be drawn from over 20 field applications, variously addressing chlorinated solvent 

and hydrocarbon impacted sites and encompassing a variety of geological settings within both the United 

States and Europe.  Contaminants investigated range from chlorinated ethenes and ethanes to aromatic 

and aliphatic hydrocarbons and PAHs.  Sites considered include legacy MNA sites, dry-cleaners, 

industrial sites, post-industrial development sites and filling stations.   Field data will be presented 

describing performance against remediation goals, performance validation and also lessons learned with 

regard to material placement, site characterization and the importance of application-feasibility pre-

testing.   

Results/Lessons Learned.  Results include multiple achievements of ‘three nines’ contaminant 

reductions over short timeframes (<3 months) and lines of evidence of post-sorption degradation using 

microbial diagnostic techniques coupled with geochemical analysis.  Such data provide a valuable means 

of mechanism validation underpinning sustained contaminant capture beyond the point of predicted 

sorptive equilibrium.  Further lessons learned relate to divergence of encountered field conditions from 

documented characterization, and the potential to avoid unforeseen project failure (false positive) or 

unnecessary project abandonment (false negative) through use of appropriate pre-testing methodologies.   

Examples are given of each.   
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Pilot Testing a Sorptive Biomatrix as an MTBE Barrier 

Jack Sheldon, Dan Nunez, Dacre Bush, and Craig Sandefur  

This presentation describes the use of a new sorptive biomatrix coupled with enhanced aerobic 

bioremediation at a service station site impacted with methyl tertiary- butyl ether (MTBE) and tertiary butyl 

alcohol (TBA).  More specifically, the amendments, PlumeStop® Liquid Activated Carbon and Oxygen 

Release Compound Advanced (ORC Advanced®) were applied to address off-site migration of 

MTBE/TBA in groundwater.  The site is located in Daly City, California, and historically the on-site area 

had an active Air Sparge/Soil Vapor Extraction (AS/SVE) system that induced significant reduction in 

gasoline constituents.  Bioremediation of those constituents was significant mechanism and was further 

supported by follow-up microbial profiling and in-well microcosm testing.  The migration of MTBE off-site 

in a limited sandy vertical interval created perceived risk to a downgradient municipal well.  Control of 

plume migration became the focus of this project with a long duration pump and treat system looming as 

the traditional remedy.      

The following aspects of the project will be discussed in this presentation: 

x the results of microbial profiling including the variability of MTBE-degrading bacteria and gene 

functions coding for MTBE/TBA biodegradation; 

x the results of in-well microcosms evaluating oxygen release compound and sulfate at individual 

locations plus site geochemistry, contaminant concentration changes, and stable isotope probing 

using radio-labelled MTBE to differentiate incorporation of 13C into biomass and dissolved 

inorganic carbon as evidence of biodegradation of MTBE; 

x the results of bench testing of the sorptive biomatrix to develop isotherms for MTBE under two 

different order of magnitude concentrations; 

x the development of the pilot test approach including injection layout, sorptive biomatrix loading, 

and monitoring program, and the results of the pilot test including MTBE/TBA reductions and 

changes in microbial profile and geochemistry/field parameters. 
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DPT Jet Injection for Rapid ZVI Delivery in Low-Permeability Zones: Key Results 
Two Years After Full-Scale Injection 

Drew Baird, Chapman Ross, William Slack, Neal Durant, and Dylan Eberle  

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

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

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

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

(DPT) tooling and advanced, high pressure, jet injection methodologies.  The performance of DPT jet 

injection was most recently demonstrated during full-scale treatment of a chlorinated solvent source zone 

at a site in Denmark, where 49 tons of micro-scale zero valent iron (mZVI) blended with sand was injected 

into a clay till target treatment zone. 

This project includes extensive post-injection characterization and up to 60 months of performance 

monitoring.  Post-injection distribution of mZVI was documented with detailed geologic logging and 

magnetic susceptibility measurements of 79 soil borings comprising 3,300 feet of core.  The resulting 

dense dataset supports the conclusion that DPT jet injection can consistently create subhorizontal mZVI 

zones with a radius of injection of at least 10 feet, representing a substantial improvement in performance 

over conventional injection methods.  

Performance monitoring has focused on contaminant destruction within and mass flux out of the 

treatment zone.  Groundwater data indicate that trichloroethene mass discharge from the source area 

decreased post-injection by 41% after 12 months and 61% after 18 months.  The in situ destruction of 

VOCs and ongoing reactivity of the mZVI has been documented with membrane interface probe (MIP) 

methods and conventional soil sampling during two post-injection monitoring events.  Electrical 

conductivity measured by MIP have proven useful in identifying mZVI zones.  Decreases in chlorinated 

solvents are co-located with many of these reactive zones, and the total estimated chlorinated solvent 

mass in soil decreased by over 50% in 6 months.  Additional will be presented, including soil and 

groundwater data from 18 and 24 months post-injection, respectively.   
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A Rigorous Demonstration of Permeability Enhancement Technology for In Situ 
Remediation of Low Permeability Media 

Ryan Wymore, Nathan Smith, Dung Nguyen, and Kent Sorenson  

At sites with low hydraulic conductivity (about 10-5 cm/sec or lower), specialized injection techniques are 

required to distribute amendments effectively. The three most prevalent methods in use today are 

pressurized direct-push injection (DPI), hydraulic fracturing, and pneumatic fracturing. Pressurized DPI is 

commonly used because of its low initial cost. However, distribution of amendments using this technique 

is often uncontrolled and unverified. Unfortunately, the high life-cycle cost of poor amendment distribution 

is seldom considered when selecting an injection strategy, and rapid diagnostic tools for assessing 

amendment distribution to facilitate real-time optimization of that strategy have not yet been well 

documented. In recent years, a number of technologies have been developed in an attempt to address 

the challenge of achieving an effective amendment distribution in low permeability and fractured media. 

These advances include permeability enhancement technologies (hydraulic and pneumatic fracturing), 

both of which are able to emplace amendments into low permeability media. In addition, significant 

advances have been made in technologies that can provide high resolution mapping of the subsurface 

distribution of amendments. Despite these advances, a rigorous comparison of amendment distribution 

using such methods in different low hydraulic conductivity geologies has never been made. 

This project attempts to address these challenges by providing a rigorous demonstration of costs and 

benefits of permeability enhancement technology for amendment distribution in low permeability media in 

different geologic settings at three Department of Defense sites. Based on state-of-the-art tiltmeter 

monitoring (as well as conventional borehole logging and/or trenching), the results of amendment delivery 

using different approaches will be used to develop guidance that outlines the pros and cons, as well as 

the costs, of each of the technologies. This talk will present preliminary results from all three field sites 

and will offer initial conclusions regarding the effectiveness of each injection approach.  
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ITRC LNAPL Update  

Randy Chapman and Erik Gessert  

The presence of light, nonaqueous-phase liquid (LNAPL) can present challenges during the assessment 

and remediation of petroleum contaminated sites.  These challenges could hinder site closure or any 

planned redevelopment or reuse of the site.  Over the past few decades, LNAPL assessment and 

remedial technologies have evolved along with our understanding of the concerns and risks created by 

the presence of LNAPL.  Technical publications and guidance documents published over the years have 

helped practitioners address and manage LNAPL but these resources had limited and varied success in 

moving sites to closure.  In 2009, the Interstate Technology & Regulatory Council (ITRC), a state-led 

organization that promotes innovative solutions for a variety of environmental issues, released a 

technical/regulatory guidance document that provides a framework to systematically set appropriate 

LNAPL remedial objectives based on composition and saturation concerns.  The guidance discusses 

regulatory practices with regard to LNAPL, development of a LNAPL conceptual site model, selection of 

appropriate LNAPL remedial technologies, and steps to enhance communication between stakeholders 

and regulatory officials in order to facilitate eventual closure of LNAPL remediation projects.  The 

issuance of the guidance was followed by on-line and classroom training conducted by State and Industry 

experts.  Over the past few years, multiple States have issued specific guidance or altered their practices 

with regard to LNAPL as a result of the ITRC guidance and training.  In early 2016, in order to recognize 

recent changes and to make the 2009 guidance consistent with the information covered in the on-line and 

classroom training, the ITRC LNAPL Update Team was formed.  This presentation will briefly cover the 

proposed changes, including additional information on Natural Source Zone Depletion (NSZD), 

Transmissivity, Sheens, and Fractured Rock.  The presentation will also include a showing of the new 

LNAPL Update promotional video. 
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API Guidance Document on Petroleum Natural Source Zone Depletion (NSZD) 

Eric Nichols, Tom Palaia, and Julio Zimbron  

There is growing recognition that natural source zone depletion (NSZD) often contributes significant loss 

of light non-aqueous phase liquid (LNAPL) mass, and has become an important consideration for 

petroleum remediation. NSZD is a term used to describe the collective, naturally occurring processes of 

dissolution, volatilization, and biodegradation that result in loss of LNAPL mass from the subsurface. 

In order to provide site owners, regulators, and practitioners with a basic understanding of NSZD 

processes and measurement methods, the American Petroleum Institute (API) led an initiative to develop 

a practical guidance for Quantification of Vapor Transport-Related NSZD Processes. The primary 

objective of the document is to improve NSZD data quality by providing a consensus-driven, consistent 

methodology that represents current state of knowledge and practice. 

This presentation will describe the guidance, including theory, application, measurement methods, and 

data interpretation. Three methods are described in detail: i) the gradient method, ii) passive flux traps, 

and iii) the dynamic closed chamber (DCC). The gradient method is the most mature, and has been 

described in a 2009 ITRC NSZD technology overview. Two new methods have emerged in recent years: 

passive flux traps and the DCC method. Both of these methods focus on directly measuring fluxes of 

biodegradation by-product gases from the ground surface (i.e., soil gas efflux); one instantaneously, the 

other time-integrated.  

In addition to a detailed description of methodologies, the guidance provides key elements of monitoring 

program design, implementation procedures, data evaluation considerations, a case study, and a 

statement of method limitations. It identifies areas of emerging research related to NSZD, such as 

methodologies based on soil temperature measurements and soil thermal flux. 

This presentation will represent a concise compilation of the current literature, describe site applicability, 

provide practical guidance, and state caveats, potentially useful information for those responsible for 

designing and interpreting NSZD evaluations. 
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Enhanced NSZD Outcompetes LNAPL Recovery 

Andrew Kirkman, Steve Gaito, Brad Koons, and Jonathon Smith  

Background/Objectives: Research on Natural Source Zone Depletion (NSZD) rates at petroleum-

affected sites has demonstrated that the rate of natural LNAPL depletion is typically significant; on the 

order of hundreds to thousands of gallons of LNAPL per acre, per year.  Both academic and industry 

research studies and measurements made by practitioners have shown that the rate of LNAPL mass 

depletion by NSZD is often greater than what can be or has been achieved through active LNAPL 

recovery efforts. These findings suggest that enhancing NSZD may be more effective than hydraulic 

LNAPL recovery, even at sites where LNAPL transmissivity measurements indicate that LNAPL 

hydraulically recoverable. 

Conceptual models of NSZD that are reinforced by empirical data collected at LNAPL sites show that the 

soil gas above the LNAPL/air interface is rich in methane and depleted of oxygen.  These observations 

indicate that there is anaerobic zone in the vadose zone that typically coincides with a portion of the 

LNAPL smear zone.  Inducing oxygen flow into these methane-rich zones through bioventing is a viable 

approach to accelerate NSZD.  

Bioventing is not a novel technology; bioventing and bioventing rate testing have existed since the 1990's, 

when EPA published a two volume guidance document on implementation.  While the remediation 

science has not changed, the conceptual model for LNAPL biological depletion and the petroleum 

hydrocarbon biodegradation signal observed in biovent field tests and full-scale operation have changed 

markedly since the 1990’s. 

Approach/Activities: Three case study sites where bioventing was implemented are presented. Mass 

depletion rates were found to exceed hydraulic recovery rates, even in areas with relatively high LNAPL 

transmissivity values.  Petroleum removal rates via bioventing are compared to hydraulic recovery 

performance and baseline NSZD rates. The mechanisms responsible for the performance of bioventing, 

NSZD, and hydraulic recovery under various site conditions are discussed. 
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Evaluating Source Zone Depletion at Petroleum Hydrocarbon Sites: Toolkit 
Applications to Case Studies 

Parisa Jourabchi, Ian Hers, and John Wilson  

The progress of monitored natural attenuation (MNA) through natural source zone depletion (NSZD) 

processes or other remedial technologies leading to enhanced attenuation at petroleum hydrocarbon 

impacted sites depends on three key questions: 1) Is the hydrocarbon groundwater plume stable or 

shrinking and what natural attenuation processes are occurring? 2) Approximately how far is the 

hydrocarbon groundwater plume expected to migrate? 3) Approximately how long will it take for source 

depletion under natural and enhanced attenuation? In order to answer these questions, a toolkit of 

methods has been developed and demonstrated with applications to case studies that brings together a 

range of screening to more complex methods for monitoring and prediction.  Long-term monitoring data 

from multiple case study sites ranging from small gasoline and diesel releases to large refineries are used 

to estimate concentration attenuation rates and remediation timeframes.  The dissolved plumes in the 

case studies are stable and shrinking with relatively short plume lengths (less than 100 m). The estimated 

geometric mean of the concentration attenuation rates for benzene at source zone wells is 0.55/year. The 

application of tools is demonstrated initially through the screening step where source attenuation rates 

are estimated using trend analysis of groundwater data and hydrocarbon depletion rates are estimated 

using the the NSZD Nomograph Tools, or Vadose Zone Biological Loss (VZBL), a new model that 

incorporates hydrocarbon loss through biodegradation in unsaturated and saturated zones.  In select 

cases, the O2 gradient and the CO2 efflux methods are used and compared for the estimation of 

depletion rates from biodegradation in the vadose zone. For one case study, the use of the multi-process 

models is illustrated in addition to the screening tools and monitoring data for comparison of predicted 

plume lengths and source longevity. 
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ITRC Integrated DNAPL Site Characterization Strategy and Tools Selection 
Framework 

Michael Smith, Naji Akladiss, and Ryan Wymore  

Sites contaminated with DNAPLs present significant environmental challenges. Despite decades spent 

characterizing and remediating DNAPL sites, substantial risk remains. Inadequate characterization of 

geology as well as the distribution, characteristics, and behavior of contaminants—by relying on 

traditional monitoring well methods—have limited the success of many remediation efforts.  These 

experiences and applied research have, however, resulted in better understanding of subsurface science 

and the impact of system heterogeneity on contaminant distribution and remediation efficacy. 

The Interstate Technology Regulatory Council (ITRC) Integrated Site Characterization (ISC) Team has 

synthesized the knowledge about DNAPL site characterization and remediation acquired over the past 

decades, and integrated this information into the 2015 Integrated DNAPL Site Characterization 

document.  

As understanding complex geology and the contaminants is paramount in improving site characterization, 

this document reviews how geology and contaminant characteristics control fate and transport. The ISC 

approach uses data of adequate resolution to fully characterize sites.  ISC recommends aligning data on 

contaminant distribution with site geology and groundwater flow conditions at resolutions appropriate to 

site-specific remedial objectives. Thus, ISC describes how, with understanding of flow and transport, 

existing and new tools and techniques can be used to measure subsurface parameters to better 

characterize sites. 

This guidance introduces a Tools Selection Framework for the interactive assessment of over 100 tools 

based on geologic, hydrologic, and chemical data needs. The Tool Selection Worksheet is linked to 

detailed descriptions of each tool, including applicability, data quality, and limitations or challenges.  Case 

studies are presented to illustrate the application of ISC principles at sites with differing scales of 

heterogeneity and complexity.  Methods and models for managing, evaluating, and visualizing data are 

discussed. Evaluating data against characterization objectives and updating CSMs reduces uncertainty 

and supports decision making. This evaluation will also identify any further data gaps and assess the 

value of additional site characterization. 
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Shallow DNAPL Remedial Investigation and Feasibility Study in Sedimentary 
Bedrock, Los Angeles County, CA 

Jim Finegan  

A sedimentary-bedrock aquifer beneath a site used since the 1920s as a maintenance facility has been 

impacted by tetrachloroethene (PCE).  The site contains buildings, paved parking areas, fuel dispensers, 

and associated USTs containing diesel, gasoline, and waste oil.  A nearby former dry cleaners is the 

likely source of PCE, which was potentially disposed in a sewer lateral and then migrated to a break in 

the sewer near the site.  Two areas of PCE-impacted soil are located on the site with concentrations up to 

2,634 µg/kg.  Shallow groundwater (15-20 feet deep) has contained PCE at concentrations up to 95,000 

µg/L.  Concentrations approaching 50 percent of solubility suggest the presence of DNAPL. 

The presence of DNAPL in this aquifer system presents a significant challenge for characterization and 

remediation.  Furthermore, while rapid lateral attenuation of PCE concentrations is apparent in shallow 

groundwater, there is no evidence of reductive dechlorination.  A recent investigation also indicated that 

dissolved-phase impacts have not migrated downward.  Chemical oxidation with sodium permanganate 

has been evaluated to treat impacted groundwater using a bench-scale treatability test and an in-situ field 

pilot test.  Pilot test results indicated poor injectability due to low permeability, resulting in little reduction 

of PCE concentrations. 

The DNAPL source zone will be further characterized using a membrane interface probe (MIP) and 

hydraulic profiling tool (HPT).  An injectability test using potable water at a new location within the source 

area will be performed.  In addition, biotraps will be deployed to assess chemical, geochemical, and 

microbiological lines of evidence of groundwater conditions conducive to bioremediation of PCE in 

groundwater.  Review of site conditions, recent investigations, and potential costs suggest that 

remediation should focus on the small source area; excavation of hot spots followed by construction of an 

in-situ bioreactor with reagent amendment and recirculation may be effective. 
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DNAPL Baildown Testing and Analysis 

Trika Nelson  

Background/Objectives: The presence of dense non-aqueous phase liquid (DNAPL) in a monitoring 

well often results in a regulatory mandate that DNAPL must be remediated, leading to the installation and 

operation of DNAPL recovery systems that are often ineffective and costly. New techniques are available 

to evaluate the mobility, risk, and recoverability of DNAPLs. DNAPL transmissivity is a summary 

parameter used to estimate DNAPL recoverability and assist in developing a DNAPL conceptual site 

model and an appropriate DNAPL management strategy. 

Approach/Activities: Although DNAPL transmissivity is a reliable metric used to predict the feasibility of 

DNAPL recovery, the appropriate procedures, analyses, and assumptions must be met to apply the 

metric properly. The project team for the presented case study used DNAPL transmissivity from baildown 

tests to evaluate the practicability of DNAPL recovery at existing recovery wells with DNAPL recovery 

systems. Short-duration DNAPL baildown tests completed at recovery wells over several days at the site 

indicated that DNAPL recovery could be practicable at certain locations. Baildown tests were analyzed 

using a modified version of the American Petroleum Institute (API) Light Nonaqeous Phase Liquid 

(LNAPL) Transmissivity Workbook. 

Results/Lessons Learned: The presentation will discuss how the results from the DNAPL baildown 

testing were used to develop a DNAPL management strategy for the site. The results identified a range of 

DNAPL transmissivity across the site, allowing the team to revisit assumptions and validate or revoke 

historical perception of DNAPL recoverability. Through the use of historical data and DNAPL 

transmissivity testing; the project team determined the potential effectiveness of continued hydraulic 

DNAPL remedial actions at key recovery wells. Additionally, the results of the baildown tests provided 

insight into hydrostratigraphic conditions. 
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Petroleum Hydrocarbon Vapor Intrusion 
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Vertical Screening Distances for Assessing Total Petroleum Hydrocarbon Vapor 
Intrusion Risk at Underground Storage Tank Sites 

Matthew Lahvis  

Vertical screening distances for application in petroleum vapor intrusion (PVI) risk assessments have not 

been explicitly derived for hydrocarbon mixtures, such as bulk Total Petroleum Hydrocarbon (TPH), TPH 

fractions, nor the common TPH fraction indicator compounds, n-hexane and naphthalene.  This study 

helps address this gap through a statistical analysis of empirical soil-gas concentration data collected at 

numerous petroleum underground storage tank (UST) sites.  This study addresses this gap through a 

statistical analysis of 100s of soil-gas samples collected above LNAPL sources at more than 30 

petroleum UST release sites.  Resulting vertical screening distances for the various TPH fractions range 

between 0 and 8 ft (2.4 m) depending primarily on the soil-gas RBSL used in the analysis, which can vary 

by over 4 orders of magnitude.  Vertical screening distances for naphthalene are generally < 3 ft (0.91 m), 

unless a very conservative soil-gas RBSL (2.45 ȝJ/m3) is invoked.  Vertical screening distances for n-

hexane are approximately 15 ft (4.6 m) and vary little over a one-order of magnitude range in soil-gas 

RBSLs.  Vertical screening distances for bulk TPH generally exceed 15 ft (4.6 m).  PVI risk assessments 

involving bulk TPH are not recommended, however, because of the uncertainty in quantifying soil-gas 

concentrations and defining soil-gas RBSLs for fuel mixtures with variable source composition, fate and 

transport in the unsaturated zone, and toxicity.  Overall, the findings help validate the 15-ft screening 

distance recommended by ITRC and US EPA for application at petroleum sites with LNAPL sources. 
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Profiling Important Atypical Vapor Intrusion Preferential Pathways – A Database Analysis 

Christopher Lutes, Jessica Kastanek, Chase Holton, Margaret Radford, Quin Bingham, and 
Andrew Madsen  

All vapor intrusion (VI) investigations now require evaluation of the role of utilities (such as sewer pipes or backfill 

around water pipes) serving as potential preferential pathways for the transport of VOCs from the subsurface to 

indoor air.  While there are several well-documented case studies of this occurring, existing regulatory agency 

guidance provides little specific technical information on how to evaluate this potential risk.  Thus, since almost all 

buildings are served by utilities, this analysis is often uninformative or inconclusive.  It has recently been suggested 

that atypical preferential pathways most “important” for vapor intrusion will have certain common characteristics, 

such as lack of resistance to advective flow and connectivity to a strong source of volatile organics.  Through the 

analysis of a set of 15 or more documented VI cases involving atypical preferential pathways, we aim to validate 

and further detail this “profile”.   While controversial in its application to criminal justice, the ability to recognize 

typical profiles has had substantial scientific utility in fields as diverse as oncology and geology. 

Preliminary results of this database analysis suggest: 

x Sanitary sewers are the single most common, but not the only type of important atypical preferential 

pathway 

x Cases have been documented involving a variety of pipe construction materials: PVC, concrete and vitrified 

clay 

x The depth of the preferential pathway at the building is generally shallow – less than 8 ft bgs, but the depth 

of intersection between the preferential pathway and the presumed source is often substantially deeper. 

x There are multiple cases attributable to soil gas sources as well as multiple cases attributable to 

groundwater sources. 

The development of this profile is informing our analysis of the numerous technologies currently available to locate 

and characterize utilities in the construction and pipeline maintenance fields to select those of greatest promise for 

vapor intrusion applications. 
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Vapor Intrusion Conceptual Site Model Development for the Sewer Gas to Indoor 
Air Pathway 

Aaron Friedrich and Andrew Wallace  

The evaluation of atypical preferential pathways, such as subsurface sewers, presents a significant 

challenge when developing the vapor intrusion (VI) conceptual site model (CSM).  While most preferential 

pathway assessments involve vapor or groundwater migrating preferentially in higher permeability strata 

around the outside of a sewer, there is very limited understanding on the methods necessary to evaluate 

potential exposure risks resulting from volatile organic compounds (VOCs) migrating inside a sewer.  The 

sewer gas to indoor air migration pathway is an emerging preferential pathway for VI.  At sites where 

VOC contamination is intersecting or near sewers, there should be increased attention on completing an 

adequate sewer gas to indoor air pathway assessment for potential contaminant migration. 

Current VI and CSM guidance documents present concepts to consider when evaluating preferential 

pathways.  However, there is limited descriptive guidance on the appropriate screening, sampling, 

evaluation, and mitigation methods associated with the sewer gas to indoor air migration 

pathway.  Preliminary VI screening mechanisms, such as those based on the proximity to the source or 

attenuation factors, only comprise a small set of the multiple lines of evidence (MLE) that must be 

considered.  These VI CSMs must consider groundwater, sewer water, sewer gas, and soil gas and their 

corresponding interrelationship.  

The objective of this presentation is to present i) a sampling approach for the sewer gas to indoor air 

pathway, ii) the screening data and criteria at locations where VOC-impacted groundwater is infiltrating a 

sewer, iii) CSM development tools to evaluate whether VI in structures is associated with subsurface 

sewers, and iv) techniques to mitigate the sewer gas to indoor air migration pathway.  
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Use of New Models to Support Vapor Intrusion Mitigation Design 

Ian Hers and Parisa Jourabchi  

Generic models, for prediction of soil vapor intrusion of subsurface volatile chemicals into buildings that 

are typically based on simplifying assumptions, are routinely applied for screening of sites. Current 

approaches in the application of generic models often default to a single family residential building, which 

is overly conservative for high density residential buildings with below-grade parking garages.  In addition, 

risk management measures (RMM), such as vapor mitigation systems, are increasingly being 

implemented for new buildings, where screening assessment has indicated potentially unacceptable risk, 

but there is little knowledge on the performance of mitigation systems and appropriate monitoring 

strategies.  

To address these gaps, a new model, the Modified Johnson and Ettinger (J&E) model was developed to 

enable prediction of vapor intrusion for multiple sub-building compartments, including a parking garage, 

venting layer and/or geomembrane barrier.  This model can be used to better understand factors affecting 

the performance of RMM including passive and active venting and barriers. We also demonstrate how 

RMM predictions can be coupled with civil engineering design tools to design subslab depressurization or 

venting systems including sizing of blowers or wind turbines.  A comprehensive review of empirical data 

was also completed to support estimation of model input parameters such as ventilation rate and barrier 

properties. 

Model predictions and sensitivity analysis for high density residential and commercial building scenarios 

are presented.  Significantly lower attenuation factors are predicted for a high density residential building 

compared to a single family residence. With respect to RMM, the model applications show that the soil 

gas advection rate and ventilation rate are more important parameters for reduction in vapor intrusion 

than barrier properties for the scenarios considered. The modeling and empirical data support the 

development of more robust RMM guidance, streamlined regulatory approach and effective monitoring 

strategies. 
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What Is the Influence of Equilibration Time on Soil Gas Results? 

Steve Jones and Angela Haar  

The current Active Soil Gas Investigation (ASGI) advisory requires an equilibration time of at least two 

hours for probes set by direct push installation; however, experience tells us that this may not be 

sufficiently long to provide representative data.  On multiple occasions we have had the opportunity to 

resample probes which we initially sampled after the two hour equilibration window and we found that 

analyte concentrations were higher at the second (or third) sampling.  Even more significantly, for many 

locations values went from being below screening levels to being above upon resampling.  Furthermore, 

these change appear to have large variability between borings, meaning that data from sampling closely 

following the two hour equilibration period may not be a reliable representation of the spatial distribution 

of contaminants. 

The two hour equilibration times as well as other requiremets established in section 4.1 of the ASGI on 

equlibration times appear to be arbitrary.  There is little data in the literature concerning optimum 

equilibration times for soil gas sampling.  We are currently engaged in a controlled investigation of the 

influence of equilibration tie on measured soil gas concentrations.  In this study we will be able to control 

for more parameters and analyze samples at different time intervals, locations and lithologies in order to 

hone in on an ideal probe equilibration period for soil gas investigations.  We will present here detailed 

results from both the historical analyses and the dedicated equilibration study. 
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Why Wait? – Soil Vapor Sampling Methods and Equilibration Times  

Kevin Green, Louise Adams, Suzie Nawikas, and Justin Rauzon  

Soil gas data is critical in assessing the sources and significance of contamination by volatile organic 

compounds (VOCs) for a variety of purposes. The California Department of Toxic Substances Control 

developed an Advisory to provide technically defensible and consistent approaches for collecting soil gas 

samples. The Advisory is not regulation; rather, it provides a technical framework and reference for soil 

gas sampling. Recent updates to the Advisory state that sampling should not be conducted for at least 

two hours after installation of sampling probes using direct-push methods, which is an additional 90 

minutes of equilibration time over the historic guidance of 30 minutes equilibration. Does the additional 90 

minutes of equilibration result in better quality data (i.e., higher VOC concentrations), and is that extra 

time worth the potentially slower pace of investigation and additional time and costs?  

At a Riverside County, California site affected with a historical release of the perchloroethene (PCE), a 

study evaluated equilibration times of 30, 60 and 120 minutes and the use of two direct-push sampling 

methods. The study demonstrated that the differences between the drive point methods and equilibration 

periods are not significant. When the PCE results for each method and time period are compared, PCE 

concentrations are within a 25% Relative Percent Difference (RPD) or better. This RPD lies within the 

Advisory’s suggested allowance of 50% RPD. This study shows that a two-hour equilibration time does 

not appear to result in significantly higher PCE concentrations or higher quality data than a 30-minute 

equilibration period. The results provided by any of the sampling methods and equilibration times were 

sufficient for the data quality objectives, and resulted in essentially the same outcome for this project. 

Why wait? 
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PFAS (Poly & Perfluoroalkyl Substances): 
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Perfluoralkyl and Polyfluoroalkyl Substances at California Hazardous Waste Sites 

Kimberly Gettmann, Lynn Nakayama-Wong, and Michael Wade  

Perfluoroalkyl and polyfluoroalkyl substances (PFASs) are man-made chemicals that are chemically inert, 

persistent, and resistant to environmental degradation. PFASs are a large class of fluorinated organic 

chemicals containing at least one fully fluorinated carbon atom, an emerging contaminant of concern and 

threat to human health and the environment. PFASs are found in all media. Long-chain PFASs, 

perfluorooctane sulfonate (PFOS) and perfluorooctanoic acid (PFOA), are of primary concern due to 

persistence and bioaccumulation. PFOS and PFOA are high production volume chemicals used in 

consumer and industrial products like stain removers and early aqueous film forming foam formulations. 

Recently, PFASs have been detected at California hazardous waste sites at former firefighting training 

areas. At Site A, PFOS was detected in influent and effluent samples from a groundwater treatment 

system at 0.235 µg/L and 0.233 µg/L, respectively, and in groundwater at 0.649 µg/L. At Site B, PFOS 

was detected in groundwater at 1.69 µg/L and PFOA at 5.21 µg/L. We developed PFOS/PFOA tapwater 

DTSC-screening level (SL) (0.4 µg/L) using DTSC recommended exposure parameters. At Site A, the 

PFOS noncancer hazard quotient (HQ) for influent and effluent detections is 0.58 and 1.6 for 

groundwater. At Site B, the HQ for PFOS is 4 and 13 for PFOA. Other short and long chain PFASs have 

been detected in groundwater. There are limited toxicity criteria and SLs for PFASs. Recently, USEPA 

issued lifetime drinking water health advisory level for PFOS and PFOA of 0.07 µg/L, individually or 

combined. Given PFASs functional use as water-, oil-, and stain repellent, DTSC’s Safer Consumer 

Products Priority Product Work Plan currently lists them as potential candidate chemicals in products 

related to buildings, clothing, furniture and furnishings. The lack of toxicity criteria and limited SLs make 

conducting human health and ecological risk assessments challenging at cleanup sites and evaluating 

consumer products. 
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What’s the Latest? An Overview of the State and Federal Regulatory Status of 
PFAS 

Bridgette DeShields and Janet Anderson  

The slow pace of U.S. regulatory decisions for perfluoroalkyl 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.  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.  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, as well as summarize the current regulatory status. In 

addition, the presentation will touch on discussing the key toxicology data and remaining data gaps that 

underlie the current federal and state drinking water and groundwater standards for PFOA and PFOS.   
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Drinking Water Guidelines for PFOS and PFOA – Toxicological Basis and 
Decision-Making Implications 

Usha Vedagiri, Julie Kabel, and Betsy Ruffle  

There is increasing concern, in the US and world-wide, about the potential health effects of perfluoroalkyl 

substances (including perfluorooctane sulfonate [PFOS] and perfluorooctanooic acid [PFOA]). PFOS and 

PFOA have been detected in numerous groundwater and drinking water systems.  In response, several 

countries and agencies have published health advisories and screening levels for drinking water that 

would be protective of human health. However, there are wide variations in the recommended advisory 

levels.  For example, USEPA (2016) recommends 0.07 ug/l for both PFOS and PFOA as drinking water 

health advisories.  In contrast, interim Drinking Water Guidance from New South Wales, Australia (2016), 

recommends 0.5 ug/l for PFOA and 5 ug/l for PFOA.  The state of New Jersey currently recommends 

0.04 ug/l for PFOA. The variations are a result of differences in interpretation of and level of confidence in 

toxicity data, exposure assumptions and agency priorities. The expected response actions associated 

with exceedances of these guidelines are also variable and are of particular interest to institutions and 

responsible parties that have a multi-state or multi-county presence. This presentation examines the 

toxicological basis of drinking water guidelines from several states and countries, the association between 

water concentration and serum concentrations and the implications of using these guidelines in the 

context of decision-making about water supply and for contaminated sites. Project examples of 

investigation and decision-making are also presented and discussed. 
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Understanding Fate and Transport of PFAS to Develop Good Conceptual Site 
Models of AFFF Impacted Facilities 

Erika Houtz, Ian Ross, Jeff Burdick, Jeff McDonough, Jonathan Miles, and Jake Hurst  

Background/Objectives: Poly- and Perfluoroalkyl substances (PFAS) are used in a wide range of industrial 

applications and commercial products due to their unique surface tension and levelling properties. PFAS are 

also major components of firefighting foams known as Aqueous Film Forming Foam (AFFF). The PFAS 

group of compounds consists of both perfluorinated compounds, where all carbons are saturated with F 

atoms, and polyfluorinated compounds, where both fluorine saturated carbons and carbons with hydrogen 

bonds are present. The understanding of the fate and transport of these compounds in the environment is 

complex and challenging and will be discussed. 

Approach/Activities: Polyfluorinated compounds are often referred to as precursors to the perfluorinated 

sulfonic acids (PFSAs) and perfluorinated carboxylic acids (PFCAs), collectively referred to as perfluoroalkyl 

acids (PFAAs). PFAA precursors are so named because they transform slowly over time through abiotic and 

biological processes to the PFAAs. There is a natural “biological funneling” in which a whole host of PFAA 

precursor compounds containing a range of perfluorinated alkyl chain lengths and functional groups, 

aerobically biotransform to persistent PFAA products. AFFF formulations are composed of many PFAS that 

are PFAA precursors. Unlike the PFAAs, these species are not strictly anionic, as some contain multiple 

charges (zwitterionic) and some are positively charged (cationic). These zwitterionic and cationic PFAA 

precursors are currently undetected by conventional analytical tools and are thus termed “Dark Matter”. A 

significant mass of PFAA precursors in addition to the PFAAs have been detected in both AFFF-impacted 

soil and groundwater. A conceptual site model describing PFAS fate and transport at a firefighter training 

area is hypothesized and will be presented, as described below. 

Cationic PFAA precursors (and some zwitterions) will be retained in the soils at the source zone via strongly 

binding ion exchange processes. The source zones will be anaerobic as a result of the presence of residual 

hydrocarbons used in firefighter training, so these strongly sorbing cationic precursors will biotransform very 

slowly to simpler, anionic PFAA precursors and PFAAs under these redox conditions.  Anionic PFAAs and 

PFAA precursors will migrate away from the source as they enter the redox recharge zone where conditions 

become increasingly aerobic thus promoting in situ generation of detectable PFAAs from the hidden anionic 

PFAA precursors. PFAAs will not break down further, and will continue to migrate as a plume with shorter 

chain PFAAs generally migrating further. 

Results/Lessons Learned: The concepts of “biological funneling” and “dark matter” show that PFAS 

behave significantly differently to other contaminants and existing conceptual site models (CSM) need to be 

adapted to adequately understand the fate and transport of these contaminants. Examples of CSMs from 

AFFF impacted sites will be presented. 
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Radiolytic Degradation of Selected Perfluorinated Surfactants by Gamma and 
Electron Beam Irradiation for Environmental Protection 

Marek Trojanowicz, Anna Bojanowska-Czajka, Gabriel Kciuk, Krzysztof Kulisa, and 
Iwona Bartosiewicz  

Wide interest in the environmental role of perfluorinated surfactants (PFSs) since the beginning of the 

2000's resulted from discovery of a common global presence of those anthropogenic compounds, mostly 

perfluorinated sulfonates and carboxylates, in human and animal organisms, and in the environment, 

even in the most remote places. It resulted in the wide development of analytical methods of their 

determination, as well as toxicological and environmental studies. 

The extraordinary chemical stability of PFSs results in insufficient efficiency of their removal from waters 

and wastewaters by conventional treatment processes. This implies increasing interest in search of new 

treatment technologies. They include both methods based on reductive dehalogenation (employing, e.g., 

sub-critical elemental iron reduction or UV-iodide photolysis), as well as Advanced Oxidation Processes 

(AOPs). The pulse radiolysis measurements indicated that reactions of perfluorinated octanoic acid 

(PFOA) or perfluorinated octanesulfonic acid (PFOS) with •OH radical and hydrated electron eaq- exhibit 

similar kinetics. This then implies a possibility of favorable application for this purpose of an ionizing 

radiation: gamma from radioactive isotope sources or accelerated electron beam. As result of water 

radiolysis strong reactants, oxidizing •OH radicals and reducing hydrated electrons are formed in similar 

amounts. 

The identification of degradation products of PFOA and PFOS was carried out using LC/MS, while the 

yield of defluorination was determined using ion-chromatography with conductivity detection. Studies on 

radiolytic decomposition of PFCs were carried out in aqueous solutions with initial concentrations of 1 

mg/L by gamma and EB irradiation, under different chemical conditions which produce different 

proportions of water radiolysis products. The yield of radiolytic decomposition was compared with 

modeling based on the use of known reaction rate-constants. The kind of products formed and their 

concentration levels from radiolytic decomposition significantly depend on chemical conditions of 

irradiation, absorbed doses of irradiation, and dose-rate of employed radiation.  

Marek Trojanowicz, Institue of Nuclear Chemistry and Technology, Dorodna 16, Warsaw, Mazovia, 
Poland, 03-195, Tel: +48-22-504 1030, trojan@chem.uw.edu.pl 

Anna Bojanowska-Czajka, Institue of Nuclear Chemistry and Technology, Dorodna 16, Warsaw, Mazovia, 
Poland, 03-195, a.bojanowska@ichtj.waw.pl 

Gabriel Kciuk, Institue of Nuclear Chemistry and Technology, Dorodna 16, Warsaw, Mazovia, Poland, 03-
195, g.kciuk@ichtj.waw.pl 

Krzysztof Kulisa, Institue of Nuclear Chemistry and Technology, Dorodna 16, Warsaw, Mazovia, Poland, 
03-195, k.kulisa@ichtj.waw.pl 

Iwona Bartosiewicz, Institue of Nuclear Chemistry and Technology, Dorodna 16, Warsaw, Mazovia, 
Poland, 03-195, i.bartosiewicz@chem.uw.edu.pl 

Presenting Author: Marek Trojanowicz 96



Remediation 
 
Case Studies for Remediation Management of Complex Sites 
John Price, State of Washington, Richland, VA; Carl Spreng, Colorado 
Department of Public Health and the Environment, Thornton, CO; Rula Deeb, 
Geosyntec Consultants, Oakland, CA  
 
Benefits of Extended Release of Low Solubility Potassium Persulfate 
Brant Smith, PeroxyChem, Philadelphia, PA; Stacey Telesz, PeroxyChem, 
Newport Beach, CA; Brianna Desjardins, PeroxyChem, Tonawanda, NY  
 
Mine Tailing Drainage: A Bottoms-up Approach Using HDD Drilling and 
Installation Methods 
David Bardsley, Dan Ombalski, and Jason Yablonski, Directed Technologies 
Drilling, Bellefonte, PA  
 
Remediation of Chlorinated Solvents in Low Permeability Formations 
Using Thermal Conductive Heating 
Darren Croteau, Terraphase Engineering, Carlsbad, CA; Chris Voci, 
Terraphase Engineering, Conshohocken, PA; Amber Koster, Terraphase 
Engineering, Oakland, CA; Grant Geckeler, GEO Environmental Remediation 
Company, Corona, CA  
 
Combining Technologies for Source Zone and Plume Remediation 
John Sankey, True Blue Technologies, Inc., Richmond, BC, Canada; Emily 
Crownover, TRS Group, Inc., Longiew, WA 
 
Strategies for Long-Term Legacy Site Management 
Steve Luis and Safaa Dergham, Ramboll Environ, Irvine, CA; Elizabeth 
Miesner, Ramboll Environ, San Francisco, CA  
 
  

97



Case Studies for Remediation Management of Complex Sites 

John Price, Carl Spreng, and Rula Deeb  

The Interstate Technical & Regulatory Council (ITRC) authorized a team to prepare ITRC guidance on 

“Remediation Management of Complex Sites.” Despite nearly 40 years of remediation efforts in the US 

and other industrialized countries, remediation of groundwater to a condition allowing for unlimited 

use/unrestricted exposure (UU/UE) remains a significant challenge. A substantial portion of the remaining 

challenges is owned by DoD and DOE, which represent two of the largest soil and groundwater cleanup 

programs in the world. Conventional remedies and approaches are difficult to apply successfully at 

complex sites (from a hydrogeological and contaminant perspective). A 2012 National Research Council 

(NRC) committee recently examined cleanup efforts nationally and reported that at least 126,000 sites 

across the country have residual contamination at levels inhibiting site closure with an estimated “cost to 

complete” of $127 billion. Of these sites, roughly 10% are “complex”. 

The team followed the standard ITRC process and is in the process of finalizing a technical and 

regulatory guidance (TechReg) document which will compile and synthesize existing guidance, compile 

case studies and provide a consensus on strategies to meet cleanup goals at complex sites. This 

presentation, to be delivered by the team leaders, will focus on key TechReg findings and 

recommendations for the remediation management of complex sites as informed by the team’s collective 

knowledge as well as case studies from North America and Australia. 
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Benefits of Extended Release of Low Solubility Potassium Persulfate  

Brant Smith, Stacey Telesz, 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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Mine Tailing Drainage: A Bottoms-up Approach Using HDD Drilling and 
Installation Methods 

David Bardsley, Dan Ombalski, and Jason Yablonski  

Mine tailing impoundments present a significant hazard to surface/subsurface water quality. Tailings 

ponds often hold a combination of solids and liquids in sludge or slurry form. These materials are typically 

high in heavy metals and/or have pH values at the extremes. The site provided several challenges. One, 

the remote location and rugged terrain limited equipment access. Two, the impoundment’s embankments 

were constructed of mine waste including boulders and cobbles. Three, little data was available as to 

composition and water content of the sludge at the bottom of the pond. To treat the tailings drainage, a 

gravity-fed bio-reactor was to be constructed down gradient of the impoundment. The future site of the 

bio-reactor and the improved roads leading to it provided the location for drilling activities. By setting up in 

this location and drilling under the rock embankments, the first two challenges could be overcome. The 

third challenge required a unique solution. By drilling under the embankment and then up through the 

floor of the pond, a potentially uncontrollable drain may develop. Depending on the water content of the 

tailings, this could lead to a catastrophic release. During the design phase of this project, this became 

poignantly clear with the Gold King Mine release into the Animas River, Colorado. To avoid a similar 

release, controls were implemented at the site. Casing was driven under the embankment with the drilling 

going through the length of casing. The casing provided support to the overlying embankment and also 

focused any potential discharge through this one control point. A gravity-fed dewatering drain was 

successfully installed via horizontal directional drilling. When taking this approach thorough planning and 

preparations are necessary to avoid an uncontrollable release of tailings liquids. Lessons from this 

project show that with proper planning mine tailings can effectively be drained using horizontal wells.  
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Remediation of Chlorinated Solvents in Low Permeability Formations Using 
Thermal Conductive Heating 

Darren Croteau, Chris Voci, Amber Koster, and Grant Geckeler  

The challenges associated with the remediation of chlorinated solvents in low permeability settings are 

widespread and well documented. We present a case study of Thermal Conductive Heating (THC) 

remediation applied at a tetrachloroethene (PCE) source area in a low permeability formation. 

PCE was released at a commercial site resulting in concentrations detected in shallow soil (up to 11 ppm) 

and groundwater (up to 10,000 ppb) to approximately 35 feet. Elevated sub-slab vapor and indoor air 

concentrations were also detected above commercial/industrial screening levels. A remediation feasibility 

study was conducted and several techniques, including excavation, soil vapor extraction (SVE), in-situ 

injection, and in-situ thermal remediation (ISTR), were evaluated. The remediation objective was to treat 

the entire source area and eliminate the vapor intrusion risk. ISTR using TCH and multi-phase extraction 

was selected as the preferred remediation technique for the site. ISTR was determined to have the best 

chance of success in the low permeability formation as compared to the other techniques evaluated. At 

this site, an interior 800 square foot source area was treated with ISTR. 

ISTR using TCH relies on heater wells to generate subsurface heat, which propagates into the 

surrounding formation by thermal conduction. Volatilization of contaminants of concern (COCs) is the 

primary driver for contaminant mobilization. The volatilized contaminants are then removed by multi-

phase extraction. The key to the success of this technique, especially at sites with low permeability 

formations, is that the heating and extraction of in situ steam increases the heated formation permeability, 

thus allowing for more efficient extraction of COCs. The efficacy of SVE and in-situ injection are often 

limited in low permeability settings due to contaminant removal challenges and limited contact of the 

contaminants with the injected material, respectively. ISTR using TCH was a superior remedial 

technology relative to SVE or in-situ injection at this site. 
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Combining Technologies for Source Zone and Plume Remediation 

John Sankey and Emily Crownover  

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. 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.  

By moderately increasing temperature, 20 - 30 degrees Celsius, 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 published research, elucidate the 

production of short-chain, volatile fatty acids from the naturally occurring organic, non-soluble carbon 

already distributed throughout the treatment volume. The newly formed, dissolved organic 

carbon provides 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. 

This strategy is currently being applied at an EPA Superfund site, and data will be presented along with 

the principals of heat enhanced plume attenuation. 
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Strategies for Long-Term Legacy Site Management 

Steve Luis, Elizabeth Miesner, and Safaa Dergham  

As the National Research Council reported in Alternatives for Managing the Nation’s Complex 

Contaminated Groundwater Sites (2013), there are thousands of legacy sites in the United States under 

regulatory oversight that are characterized by recalcitrant chemical impacts and geologic complexity. 

These “complex” sites are not anticipated to receive regulatory closure in the near term and instead 

require long-term management and regulatory oversight. In addition to technical complexities, many 

legacy sites are also complex due to concerns arising from potential exposures to property occupants, 

evolving regulations, changes in site ownership, uncertainties in site use history and responsibility, 

potential impacts due to off-site sources and comingled groundwater plumes, redevelopment efforts, and 

related issues. These non-technical complexities are particularly prominent in California with its industrial 

history, evolving regulatory framework (e.g., vapor intrusion and related toxicity concerns), and active 

redevelopment market. Such non-technical complexities often exacerbate disagreements and disputes 

among stakeholders. Efforts to resolve such disputes, particularly by means of litigation, can significantly 

increase the costs associated with managing such sites. Thus, for complex sites for which regulatory 

closure is not likely in the short term, there is a growing need for the development and implementation of 

far-sighted, cost-effective strategies to manage long-term legacies and achieve the multiple objectives of 

protecting current and future site occupants, complying with regulatory oversight requirements, limiting 

potential liabilities, and facilitating redevelopment. In this presentation, the authors will discuss these 

issues, present illustrative case studies, and offer lessons learned. 
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Managing the Non-Cancer Risks at Hazardous Waste Sites: Trichloroethylene 
(TCE) as a Case Study 

Michael Dourson and Rod Thompson  

The 2011 revision of the U.S. Environmental Protection Agency’s reference concentration (RfC) for 

trichloroethylene (TCE) presents risk managers evaluating vapor intrusion at contamination sites with the 

twin challenge of (1) discerning TCE concentrations that are attributable to subsurface contamination, and 

(2) selecting an appropriate remedial objective that results in acceptable indoor air levels of TCE.  While 

the RfC determination for non-cancer risks exhibits several precautionary adjustments that contribute to 

an “uncertainty spanning perhaps an order of magnitude” or more, RfCs and their oral counterpart, 

reference doses (RfDs), are not presented as risk ranges as is routinely done for cancer risks (i.e., 10-4 to 

10-6).  Consequently, risk managers do not generally consider the non-cancer risk range when making 

decisions related to potential non-cancer hazards. 

A method for determining the safety range for noncancer hazard  was developed that is comparable to 

the cancer risk range and consistent with the uncertainty inherent in the RfC and RfD calculation.  The 

multi-endpoint safety range was judged for the TCE RfC to be 3 to 30 micrograms per cubic meter 

(µg/m3), with an intermediate value of 9 µg/m3, based on the three candidate RfC values identified by 

USEPA, including the value derived from the controversial study by Johnson et al (2003) that reported 

fetal cardiac effects in rats. 

The science and USEPA policy basis for the safety range of non-cancer risk will be presented, as well as, 

the practical application and general use of the TCE safety range.  For TCE  the safety range t can be 

applied to both long- and short-term exposures with appropriate consideration of exposure averaging 

times and potential cardiac effects.   
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Assessment and Mitigation of Polychlorinated Biphenyls in School Buildings 

Kathy Phillips, Ruth Custance, Robert Ettinger, and Kevin Coffman  

Polychlorinated biphenyls (PCBs) are mixtures of up to 209 individual chlorinated biphenyl compounds, 

often referred to by their industrial trade name, Aroclor.  Due to their chemical characteristics, PCBs were 

widely used in building materials, including as plasticizing agents in caulking and sealants, in paints and 

floor finishes, and as an insulator in fluorescent light ballasts (FLBs) and other electrical 

equipment.  PCBs remain present in many school buildings that were constructed or renovated from 

around the 1950s until the manufacture and distribution of PCBs was banned in the late 1970s.  PCBs 

are associated with a variety of health concerns including cancer, reproductive effects, and neurological 

effects.  As a result of public concerns over the presence of PCBs in schools, the United States 

Environmental Protection Agency (USEPA) has been evaluating potential sources of PCBs in schools in 

order to better understand exposures.  The USEPA’s findings indicate that PCBs can be emitted into the 

surrounding air from caulking and paint, and that exposures may also occur through rupture of PCB-

containing FLBs. The USEPA is also investigating methods to mitigate PCB exposures in 

schools.  Considering public concerns and the USEPA’s findings and recommendations, Geosyntec is 

working with a school district to support their efforts to identify, monitor, and mitigate PCBs present in 

their school buildings.  This presentation will describe activities completed to date, including the 

development of guidelines and procedures for FLB inspection and replacement, cleaning, testing for 

PCBs in the air and on surfaces, and management of PCB-containing materials.  PCB assessments have 

been conducted in several school buildings in conjunction with FLB replacements, and activities are 

ongoing.  Potential exposures to PCBs in school buildings and mitigation thereof are active areas of 

investigation.  Guidelines and corresponding activities will continue to be updated as more information 

becomes available from regulatory agencies and field studies. 
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California Arsenic Bioaccessibility Method: New Recommended Method to 
Predict Relative Bioavailability in Contaminated Soils 

Valerie Hanley, Shane Whitacre, Perry Myers, Claudio Sorrentino, and Nicholas Basta  

In August 2016, the California Department of Toxic Substances Control (DTSC) released guidance on 

evaluating arsenic bioavailability in contaminated soils.  This Human Health Risk Assessment (HHRA) 

Note recommends the newly developed California Arsenic Bioaccessibility (CAB) in vitro method to 

predict in vivo relative bioavailability (RBA).  CAB was developed to evaluate arsenic bioaccessibility in 

mining soils high in iron oxides because existing methods often under-predicted arsenic RBAs in those 

soils. Traditional HHRAs assume that arsenic in soils is 100% bioavailable. However, it is well known that 

this is not typically the case; US EPA recommends a default RBA of 60% in the absence of site-specific 

data.  We evaluated 18 mining soils collected throughout California with total arsenic ranging from 200 to 

12,000 mg/kg  and RBAs ranging from 1 to 38% (average RBA: 15%) in a juvenile swine model.  These in 

vivo feeding studies, while widely accepted, are both very expensive and time consuming.  CAB is a quick 

and inexpensive method, which allows for a more efficient use of the resources available for the cleanup 

while maintaining a high level of health protectiveness. We used an in vitro in vivo correlation (IVIVC) to 

evaluate the ability of the CAB method to predict the RBAs from in vivo studies in a juvenile swine model 

using soils from various sources including mining and pesticide applications.  The regression equation for 

the CAB method is RBA= 0.82*(CAB)+2.92 with an r2 of 0.91.  The results of the IVIVC demonstrate that 

CAB is highly predictive of arsenic RBAs for a wide variety of soil types when the total arsenic 

concentrations are less than 1,500 mg/kg, but tends to over-predict in soils with higher levels of 

arsenic.  Consequently, DTSC is recommending the use of CAB to predict site-specific RBAs of arsenic in 

soil at most sites under its jurisdiction. 
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Developing a Thorough Conceptual Site Model for an Industrial Site with Release 
of Perchlorate in Soil and Groundwater – A Regulatory Perspective 

Mona Behrooz and Nick Amini  

A thorough Conceptual Site Model (CSM) needs to be developed for the environmental remediation of 

contaminated sites and in order to establish the appropriate data quality objectives. The fate and 

transport of contaminants in vadose and saturated zones are complex and depend on the physical and 

chemical properties of the contaminant(s) and sediments, and the hydrostratigraphy of the site and its 

surrounding areas. Therefore, a CSM needs to be not only both detailed and complete, but also dynamic. 

The subject site was historically operated for recycling of polytetrafluoroethylene (PTFE) using perchloric 

acid. Rinse water contained residual perchloric acid that flowed onto the pavement and a nearby concrete 

drainage swale. In time the acid deteriorated the pavement and percolated into the 

subsurface.  Concentrations of perchlorate greater than 100,000 micrograms per kilogram (ȝJ/kg) were 

detected in vadose zone soil near the location of the former PTFE processing area. Lower concentrations 

of perchlorate (between 10,000 and 30,900 ȝJ/kg) were detected in vadose zone soil beneath the 

drainage swale. In addition, concentrations of perchlorate greater than 1,000,000 micrograms per liter 

(ȝJ/L) were detected in groundwater samples collected from the first water-bearing zone (WBZ) beneath 

and hydraulically down-gradient of the former PTFE processing area.  Lower concentrations of 

perchlorate have been detected in the second WBZ down-gradient of the site. A relatively higher 

conductivity zone of sediments has allowed transport of perchlorate in groundwater as far as about one 

mile down-gradient of the source area.  This presentation will focus on the highly collaborative work 

between the consultants and the regulators on the development of this CSM for the site throughout the 

past 12 years and also the ways that the CSM helped shape the foundation of the remedial design 

strategies at the on- and off-site locations. 
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Environmental Screening Methods and Human Health Inference: Evaluating the 
Mathematical and Statistical Basis 

Eric Cherry and James Hogan  

Field screening instruments have been used for decades to provide real-time measurements that 

scientists and engineers rely upon to make safety decisions, investigation determinations and waste 

stream characterizations. These decisions have health and safety, regulatory, legal and monetary 

implications. Improperly identifying potential human exposure to physical and chemical hazards, 

misrepresenting environmental exposure to constituents released to the environment and misinterpreting 

hazardous waste as nonhazardous are a few examples. Given these legal and financial ramifications, 

there may be consequences for misinterpreting field screening data for responsible parties, governing 

authorities, attorneys, consultants and contractors. While investigations rely on field screen methods as 

the first step in site characterization, the underlying mathematical principals and statistical validation 

techniques are poorly documented in the environmental literature. This presentation provides an overview 

of the theory and application of screening methods that is designed to more accurately and objectively 

characterize field screening data, thereby making these methods more reliable and removing the 

decision-making responsibility from the instrument operator. 

This paper presents case studies illustrating both the application and potential pitfalls statistical 

techniques for developing screening methods based on X-Ray Fluorescence (XRF) techniques.  A 

combination of data transformation, regression analysis, and 2x2 contingency table analysis are used to 

quantify the reliability of inferences for waste characterization and compliance with health-based 

standards.  In addition, the practical aspects of screening are discussed in regard to estimating laboratory 

concentrations and setting “pass:fail” limits that can account for noisy data and potential confounding 

factors.  A proper understanding of the statistical validation of screening is important to effectively 

translate field data for a wide range of stakeholders including regulators, clients and the public. 

Eric Cherry, Hexagon Environmental Solutions LLC, 256 Huber Village Blvd, Westerville, OH, United 
States, 43081, Tel: 614-504-3926, eric.cherry@hexagonenv.com 
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ITRC Characterization and Remediation of Fractured Bedrock  

Michael Smith, Naji Akladiss, and Ryan Wymore  

Decades of addressing contaminated sites have increased our understanding of subsurface 

contamination and successful remedial approaches. With this understanding, many sites are reaching 

remedial objectives. Many more challenging sites remain, however; many of these with contaminated 

bedrock.  

This ITRC will publish a Fractured Bedrock Technical and Regulatory Guidance document to provide 

guidance for these sites in spring of 2017.   

The document is formatted in 11 chapters: 1) An introduction to the issues and problems addressing 

contamination in bedrock. 2) A detailed discussion of Geologic Terranes, and the effect of Terranes on 

fracture types and contaminant fate and transport. 3) Hydraulic flow in rock matrix and fractures, including 

the role of back diffusion in sedimentary and igneous/metamorphic rocks. 4) Fate and Transport of 

Contaminants in Fractured Rock including how contaminant characteristics affect fate, transport, and 

distribution in fractured rock. 5) Characterization Planning and Design basics in bedrock. 6) Tools 

Selection: includes an interactive table of characterization tools with information about each tool, how 

they can be used, and links to further information. 7) Data Interpretation: a discussion of data types and 

how to manage and interpret these in bedrock environments. 8) Remedy Selection and Evaluation: a 

primer on how to apply the characterization data to select and evaluate remedial technologies. 9) 

Monitoring; how to monitor bedrock aquifers. 10) Modeling: an introduction to modeling groundwater and 

contamination in bedrock including a discussion of the significant limitations to modeling in bedrock. 11) A 

presentation of appropriate case studies. 

The document incorporates the 2015 ITRC Integrated Site Characterization process and how this is 

implemented in bedrock. The approach in this document fits into the ITRC 2011 Integrated DNAPL Site 

Strategy. This will allow the reader to develop a fully integrated site strategy and apply S.M.A.R.T. 

decision making and improve characterization and remedy selection. 
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United States, 05620-3704, Tel: 802-249-5826, michael.b.smith@vermont.gov 

Naji Akladiss, Maine DEP, 17 State House Station, Augusta, ME, United States, 04333, Tel: 207-287-
7709, Naji.N.Akladiss@maine.gov 

Ryan Wymore, CDM Smith, 555 17th Street, Suite 500, Denver, CO, United States, 80202, 
wymorera@cdmsmith.com 

Presenting Author: Michael Smith 

115



Use of NAPL Flute Liners to Delineate Gasoline LNAPL Within a Glacial 
Lodgement Till 

Rob Danckert  

Accurately characterizing non aqueous phase liquid (NAPL) in dense New England lodgement till is 

difficult to accomplish.  Split spoon refusal in till typically occurs with use of either conventional augers or 

mud rotary methods resulting in little useful data.  If till is known to be present at or above target depths, 

direct push methods are not considered.  Air rotary methods yield only cuttings for 

characterization.  Sonic drilling, by contrast, has proven to be the most successful method to obtain 

continuous subsurface cores of glacial till.  Field verification of LNAPL can be accomplished by the “jar-

shake test” which can be time-consuming when soil cores are obtained quickly with sonic drilling 

methods.  The extrusion of soil cores into NAPL Flute liners proved to be fast, effective method for 

verifying the vertical presence of LNAPL at a historical gasoline LUST site in rural New Hampshire.  The 

site is characterized as having a shallow layer of sand and gravel above a lodgement glacial till.  The 

potentiometric surface is within the till.   Sonic drilling and the extrusion of cores into NAPL Flutes allowed 

the continuous characterization of subsurface soils as well as a dynamic field screening tool for vertically 

delineating LNAPL.  These field screening data permitted the proper placement of well screens to 

straddle the LNAPL, determine of the next boring location, as well as to aid in selection of remedial 

design plans for targeted LNAPL treatment.  This presentation will focus on the results of the use of NAPL 

Flute liners at the site, a comparison of laboratory analytical and PID data relative to where LNAPL stains 

were observed on the Flutes at each boring, and how these data were used in the remedial design 

process. 

Rob Danckert, Cascade Drilling, LP, 34 Talbot Road, Northborough, MA, United States, 01532, Tel: 978-
495-6808, rdanckert@cascade-env.com 
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Use of the Simulprobe® Sampling Tool for Preliminary Site Characterization at a 
Complex DNAPL Site 

Alan Kuoch  

The study site is a former manufacturing facility in Ontario, CA, with extensive subsurface contamination 

including constituents such as: tetrachloroethene (PCE), trichloroethene (TCE), chromium, and 

hexavalent chromium.  The groundwater beneath the site can be found at approximately 375 feet below 

ground surface (bgs) with a contaminant plume that is over 1.5 miles in length and over 0.5 miles 

wide.  Groundwater pump and treat is currently being used to minimize further contaminant migration, but 

onsite sources have not been removed due to access difficulties.  Onsite remediation is limited to soil 

vapor extraction (SVE) in the upper 70 feet of the vadose zone, and supplemental remediation or 

modification of the existing remedy is necessary.  The current onsite efforts have focused on 

characterization of the onsite contamination to address the many existing data gaps.  Multiple phases of 

investigation were conducted at the targeted areas using the Simulprobe® sampling tool to collect soil 

matrix samples, depth-discrete soil vapor samples along the borehole, and depth-discrete groundwater 

samples below the water table.  This study presents the results of the Simulprobe® investigation and its 

usefulness for identification of specific zones for investigation using traditional methods (e.g., soil vapor 

wells and groundwater monitoring wells at the site).   

Alan Kuoch, Regional Water Quality Control Board, 3737 Main Street, Suite 500, Riverside, CA, United 
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Vapor Intrusion (Wednesday PM) 
 
Summary of Survey Results for Technical and Practical Research Needed 
to Address the VI Pathway 
David Gillay, Barnes & Thornburg, LLP, Indianapolis, IN; Rod Thompson, Risk 
Options, LLC, Indianapolis, IN  
 
Passive Soil Gas Monitoring for Stewardship of Vapor Intrusion Risk 
Ben Martich, Geosyntec Consultants, Anchorage, AK; Todd McAlary, 
Geosyntec Consultants, Toronto, ON, Canada; Andrew Weller, Ahtna, 
Fairbanks, AK; Heidi Hayes, Eurofins Air Toxics, Inc., Folsom, CA  
 
Use of High-Resolution Passive and Large Volume Active Sampling to 
Characterize Subslab Vapor Plumes 
Roger Brewer and Lynn Bailey, Hawaii Department of Health, Honolulu, HI; Eric 
Jensen, Tetra Tech, Honolulu, HI; Greg Swanson, Tetra Tech, San Diego, CA  
 
Understanding Building Materials' Contribution to Indoor Air Quality 
Catherine Regan and Joe Fiacco, ERM, Boston, MA  
 
Rapid, Real-Time TCE Measurements Indoors, in Crawlspace, and in Soil 
Gas, Using an AROMA Analyzer 
Bruce A. Richman, C. Ricardo Viteri, Michael A. Armen, Artyom Vitouchkine, 
and Anthony E. Miller, Entanglement Technologies, Inc., Burlingame, CA  
 
Continuous Monitoring of VOC Remediation & Mitigation Systems: Case 
Histories from Several Commercial/Industrial Buildings 
Blayne Hartman, Hartman Environmental Geoscience, Solana Beach, CA; Mark 
Kram, Groundswell Technologies, Santa Barbara, CA  
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Summary of Survey Results for Technical and Practical Research Needed to 
Address the VI Pathway 

David Gillay and Rod Thompson  

Additional technical and practical research is needed to assist site managers in making decisions on 

Vapor Intrusion exposures.  A great deal of research has been done to date, but supplemental and 

practical research is needed for investigation, remediation and risk-based decision making.  In particular, 

more information is needed on the vapor flux out of the soil column under the structure, preferential 

pathways, understanding of the off-gas into the soil from groundwater and real-time data on the variability 

of indoor air for both long and short term exposure.  A technical review of the literature and the results of 

a random survey of VI consultants, State project managers and risk assessors was undertaken in order to 

determine what practical research is needed. Recommendations for future research are presented and 

discussed.  The concept of a standing panel of States and consultants to assist with research needs and 

to serve as an information clearing house is also presented.  
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Passive Soil Gas Monitoring for Stewardship of Vapor Intrusion Risk 

Ben Martich, Andrew Weller, Heidi Hayes, and Todd McAlary  

In the evolving practice of vapor intrusion, increasing attention is being given to long-term stewardship of 

the pathway. This concept is analogous to long-term stewardship of the groundwater pathway for which 

USEPA and States have mature policy and guidance to ensure that response actions collect sufficient 

data through time and at appropriate locations to evaluate contaminant migration, changes in 

contaminant patterns and ratios, rates of degradation, and progress toward remedial action objectives. In 

contrast, evaluation of vapor intrusion is usually limited to one-time, or minimal, assessment activities in 

which individual buildings are either screened or sampled. For buildings that are not retained for remedial 

actions, there is often no additional evaluation of the receptor over time. 

Our project involved a technology demonstration to validate a cost effective and practicable long-term 

monitoring strategy to be implemented after initial baseline assessments are completed. We used a 

commercially available passive diffusion sampler (Waterloo Membrane Sampler) to compare analytical 

results from passive soil gas samples to the conventional, active sampling method with stainless steel 

sample canisters and USEPA TO-15 analysis.  Using eight soil gas monitoring wells installed at a former 

drycleaners site in Fairbanks, Alaska, concurrent active and passive soil gas samples were collected over 

durations ranging from 24 hours to 7 days for four consecutive quarters for a total of 64 paired active and 

passive soil gas samples. 

The presentation will cover the impetus for the project, methods employed, review of findings, 

shortcomings, and recommendations for implementation as a standard tool for long-term stewardship of 

the vapor intrusion pathway. 
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Use of High-Resolution Passive and Large Volume Active Sampling to 
Characterize Subslab Vapor Plumes 

Greg Swanson, Roger Brewer, Lynn Bailey, and Eric Jensen  

Representative subslab vapor data are important to tie VOCs identified in indoor air to subsurface 

contamination. However, the use of traditional, small-volume, “discrete” vapor samples to characterize 

vapor plumes and assess vapor intrusion risk is unreliable. In this study, a combination of passive sample 

data and Large Volume (LV) active sample data were used to characterize and assess a PCE vapor 

plume beneath the slab of a former dry cleaner. The slab was divided into twenty-five 400 ft2 cells. Four 

passive samplers were installed in each cell and combined for analysis in order to better capture and 

represent random, small-scale variability of VOCs with a cell. Triplicate sets of samplers were collected in 

three cells in order to test the field precision of the data (average RSD 14%). The resulting data indicate a 

much larger plume than previously identified. Concentration trends between a subset of samples that 

were individually tested were random and non-linear. This implies that concentration patterns generated 

around individual data points by isoconcentration mapping programs could be artificial. A 7,000 liter LV 

sample was then collected from the center of the slab over the period of about an hour. The sample 

volume represents USEPA’s default “Decision Unit” volume of vapors assumed to intrude into a building 

in a single day (vapor entry rate 5 L/minute). A series of 5 representative aliquots of the LV sample was 

collected by continuously drawing vapors from the purge stream into six-liter summa canisters. The 

concentration of PCE in the aliquots increased over time. This suggests that outlying, isolated “hot spot” 

areas of the plume were progressively captured and incorporated into the sample. The results provide a 

much better resolution of the subslab vapor plume and more reliable data for assessment of vapor 

intrusion risk. 

Greg Swanson, Tetra Tech, 1230 Columbia Street, San Diego, CA, United States, 92101, Tel: 619-321-
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Understanding Building Materials' Contribution to Indoor Air Quality 

Catherine Regan and Joe Fiacco  

In USEPA’s June 2015 OSWER Technical Guide for Assessing and Mitigating the Vapor Intrusion 

Pathway, USEPA documents the applicability of the OSWER guidance over OSHA regulations for 

commercial buildings. USEPA’s VI screening levels will apply at commercial buildings in place of OSHA’s 

permissible exposure levels (PELs) if a compound is not currently being used. Facilities that are either in 

the process of shutting down or are switching chemicals will need to consider the large difference (i.e., 

several orders of magnitude) between USEPA screening levels and OSHA PELs. A commonly asked 

question is, “If we stop using a chemical in our manufacturing process, how long will it remain in indoor air 

from off-gassing building materials and how will that effect evaluation of the VI pathway?” 

This paper provides methodologies that can be used to answer the above question by following a case 

study at a facility where trichloroethene (TCE) use was discontinued. Preliminary sub-slab and indoor air 

samples in the recently vacant building indicated concentrations of TCE in soil vapor and in indoor air 

above the regulatory screening levels. In accordance with state requests, the VI pathway needed to be 

evaluated, but additional lines of evidence were needed to understand if initial observed indoor air 

impacts were due to VI, to off-gassing building materials, or both.  

Tools used during the site investigation to evaluate the building materials and the potential for VI included 

static flux chambers, concrete floor core samples, preferential pathway evaluation and sub-slab soil gas 

and indoor air sampling. Many of the samples were analyzed in the field using a mobile GC/MS 

(HAPSITE ®). 

The contribution to indoor air quality from off-gassing building materials was determined to still be 

occurring over one year after facility shut down but the contribution was small compared to the impacts to 

indoor air via vapor intrusion. 

Catherine Regan, ERM, 1 Beacon Street, Boston, MA, United States, 02106, catherine.regan@erm.com 
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Rapid, Real-Time TCE Measurements Indoors, in Crawlspace, and in Soil Gas, 
Using an AROMA Analyzer 

Bruce A. Richman, C. Ricardo Viteri, Michael A. Armen, Artyom Vitouchkine, and 
Anthony E. Miller  

We report the performance of the Autonomous Rugged Optical Multigas Analyzer (AROMA) measuring 

TCE at contaminated sites.  AROMA is a new optical approach to TCE detection and analysis.  A TCE 

limit of detection of 0.1 µm/m3 is reported in a total measurement duration of 15 minutes.  Measurement 

repeatability of sampling crawlspace air samples with a mean concentration of 36.1 µg/m3 was 0.7 µg/m3 

[1.8%].  Soil-gas concentrations ranging from < 100 µg/m3 to 50,000 µg/m3 are reported as are indoor air 

concentrations ranging from < 0.5 µg/m3 to > 50 µg/m3. 

We report measurements performed at mixed-use contaminated sites with significant TCE contamination, 

variable soil gas contamination, and vapor intrusion. Sampling was performed using both direct sampling 

(through PTFE tubing) and indirect sampling with Tedlar bags.  AROMA measurements are validated 

against laboratory analysis of Summa canisters using a split sampling inlet.  We demonstrate variable 

inlet sampling volumes to allow in-field selectable measurement ranges from 0.1 µg/m3 to 50,000 µg/m3. 

The AROMA technology combines cavity ring-down spectroscopy (CRDS) with proprietary separation 

techniques to provide rapid, real-time multi-species analysis.  We will present instrument performance, 

capabilities, and method of operation to highlight AROMA’s stability, simplicity of operation, and use with 

minimal expertise.  Operational scenarios include vapor concentration mapping, plume mapping, site 

screening, construction monitoring, mitigation system evaluation, and background concentration 

monitoring. 
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Continuous Monitoring of VOC Remediation & Mitigation Systems: Case Histories 
from Several Commercial/Industrial Buildings  

Blayne Hartman and Mark Kram  

Increased attention on the vapor intrusion pathway has led to an increase in pre-emptive source 

remediation and building mitigation systems.  A question routinely asked by regulators and consultants is 

how to determine the effectiveness of the system.  Traditional approaches are to measure the target 

compound in indoor air or in the soil gas.  However, how many sampling events are necessary?  What 

level of spatial resolution is needed? What time-intervals are appropriate? Over what durations of time 

should practitioners measure to reach correct system performance conclusions?  Typically, only a few 

contaminant concentration measurements are made and then the effectiveness of the system is based 

upon a brief observation of vacuum or pressure or air flow measurements.  This approach does not 

enable spatial or temporal variations in contaminant concentrations to be recognized. 

Continuous monitoring enables the collection of a large volume of contaminant concentration data over 

time and allows for instant recognition of concentration variations and rapid response to risk threshold 

exceedances.  The continuous monitoring system consists of a gas chromatograph equipped with both a 

photoionization detector (PID) and an electron capture detector (ECD), and an automated gas sampling 

valve connected to vapor sample collection inputs from 16 different locations.  The system is integrated 

with telemetry, geographical information systems and geospatial mapping algorithms which automatically 

generate contour images of contaminant concentrations, moving mean concentrations, and risk 

exceedance alerts through a Cloud-based visualization and response platform.  

Data collected from a number of sites prior to and following system start-up will be presented.  The data 

include a site undergoing remediation using thermal resistance heating, a site with a soil vapor extraction 

remediation system and a site with a sub-slab depressurization system.  Observations from these data 

with respect to monitoring system design and recommended concentration monitoring durations will be 

discussed. 
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Vapor Intrusion (Thursday AM) 
 
Use of Climate Zones to Improve Assessment of Vapor Intrusion Risk in 
California 
Roger Brewer, Hawaii Department of Health, Honolulu, HI; Ross Steenson and 
Nicole Fry, San Francisco Bay Regional Water Board, Oakland, CA; Mark 
Rigby, Parsons Corporation and University of California, South Jordan, UT; 
Peter Scaramella, Haley & Aldrich, Inc., Oakland, CA  
 
Minimizing the Number of ‘Costly’ Indoor Air Samples Needed for Reliable 
CVI Decisions 
Henry Schuver, USEPA, Washington, DC  
 
Indoor Air VOC Distribution During Building Depressurization Test at a 
Chlorinated Solvent Impacted Study House 
Yuanming Guo and Paul Dahlen, Arizona State University, Tempe, AZ; Paul 
Johnson, Colorado School of Mines, Golden, CO  
 
Soil Gas: Are Targets Being Missed? 
Lee Marotta, PerkinElmer, North Bergen, NJ; Julia Casagrande and Tom 
Kwoka, PerkinElmer, Shelton, CT  
 
A Review of Current TCE Short-Term Indoor Air Standards 
Laura Trozzolo, TRC Solutions, Fort Collins, CO  
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Use of Climate Zones to Improve Assessment of Vapor Intrusion Risk in 
California 

Roger Brewer, Ross Steenson, Nicole Fry, Mark Rigby, and Peter Scaramella  

Efficient tools to rapidly screen out low-risk vapor intrusion sites and identify truly high-risk sites are 

critical but remain largely “one-size-fits-all” and overly simplistic. Consideration of regional differences in 

climate and associated building characteristics allows for refinement of current approaches. Building 

engineers divide the US into multiple “climate zones” based on regional differences in heating and cooling 

needs. Empirical data for “building leakage” (including floor gaps), air exchange and related factors 

compiled for tens of thousands of homes are used to develop and calibrate models for optimization of 

HVAC system design and energy usage. Song et al (2011) integrated the building leakage data and 

models with the USEPA (“J&E”) vapor intrusion model to demonstrate seasonal variability in vapor 

intrusion risk within a single climate zone. Brewer et al (2014) expanded on this approach to divide the 

US into four, climate-based, “Vapor Intrusion Risk (VIR)” regions: “Cold,” “Warm,” Mediterranean” and 

“Tropical,” each characterized by differences in anticipated mean annual vapor entry and indoor air 

exchange rates. California includes three of the four designated VIR regions, excluding only “Tropical,” 

“Heating Degree Day” and “Cooling Degree Day” data compiled by building engineers allow for high-

resolution, county-specific assignment to a VIR region. The resulting map offers a more scientifically 

robust assessment of relative vapor intrusion risk across the state. Separate, vapor attenuation factors 

can be developed for each VIR region and used to develop region-specific groundwater, soil and soil 

vapor screening levels. Relative vapor intrusion risk is estimated to be 50% greater in the colder, western 

areas of the state than warmer, central and southern areas of the state, and four-times greater than the 

coastal, Mediterranean areas, where reduced heating and more frequently open doors and windows 

serve to significantly reduce average vapor entry rates and increase indoor air exchange rates. 
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Minimizing the Number of ‘Costly’ Indoor Air Samples Needed for Reliable CVI 
Decisions 

Henry Schuver  

Two major questions remain as barriers to reliable assessment decisions for chlorinated Chemical Vapor 

Intrusion (CVI). They are key to minimizing expensive and disruptive indoor air samples, i.e.: 1) Where to 

sample indoor air (which buildings can host Reasonable Maximum Exposures; and 2) When to sample 

indoor air (to represent RME, in selected buildings).  Only indoor air concentrations integrate all of the 

factors influencing CVI; at a specific building and time.  However, our Conceptual Site Model of CVI 

shows both spatial variability (between buildings) and temporal variability (across time within an individual 

building) can be influenced by all four of the major categories-of-variables influencing CVI: Source, Deep-

migration/attenuation, Building-specific-factors, and VI-driving forces. Faced with similarly difficult-to-

predict multi-factorial challenges, the EPA has often turned to physical measurements of low-cost 

surrogates to focus more ‘costly’ sampling.  Components of soil gas that are generally distributed similarly 

within the ‘capture zone’ of a building as chemical vapor (CV) could be used as surrogates reflecting the 

influence of the two most important categories-of-variables; i.e., Building-specific-factors and VI-Driving 

forces. Radon (Rn) is one component that is widespread in soil gas and often easily-measured in indoor 

air, even ‘continuously.’  Detailed simultaneous study of CV and Rn has shown a visually-apparent and 

statistically-significant (>95% confident) correlation between changes, e.g., increasing, indoor Rn and CV 

concentrations.  While Rn concentrations cannot reflect variability in the CV Source or Deep-

migration/attenuation, changes in indoor Rn concentrations have been found, in some data sets, to 

‘explain’ between ~40 to 60% of the variability in the magnitude of CV concentrations (more than any 

other of the ~80 predictor variables studied).  This evidence suggests the most meaningful chemical 

indoor air samples would be from buildings having: CV in nearby soil gas; elevated indoor Rn; and be 

collected at times that were documented RME for Rn. 
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Indoor Air VOC Distribution During Building Depressurization Test at a 
Chlorinated Solvent Impacted Study House 

Yuanming Guo, Paul Johnson, and Paul Dahlen  

In recent years, the controlled pressure method (CPM) has been gaining recognition as a promising vapor 

intrusion (VI) pathway assessment tool.  Results from a long-term study suggested that CPM testing can 

quickly and confidently identify maximum VI impacts; however, standard CPM test procedures need to be 

developed and validated. This study examined the spatial distribution of contaminants in a well-

instrumented house under differing blower door placements, and air mixing strategies.  Indoor 

concentrations of the subsurface-source chemical (Trichloroethylene, TCE) and a tracer (Sulfur 

Hexafluoride, SF6) were quantified at multiple locations under the following conditions:  1) blower fan 

installation in a doorway with the HVAC system off; 2) blower fan installation in a doorway with the HVAC 

system on; 3) blower fan installation in a window with the HVAC system off; and 4) blower fan installation 

in a window with the HVAC system on.  Results indicated that blower fan placement was not a significant 

factor.  Samples closer to the blower door provided more consistent results, with less than 25% difference 

in TCE concentrations regardless of HVAC system operation. HVAC operation led to less spatial 

concentration variation, while up to 10X variation in TCE concentration occurred at lower level locations 

when the HVAC system was not in use. In addition, the use of lower level samples in conjunction with 

near blower door samples might help identify indoor air sources; in this case, indoor air SF6 

concentrations were significantly greater at near-blower locations than lower levels when the HVAC 

system was off, indicating  an indoor source for that contaminant. 
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Soil Gas: Are Targets Being Missed? 

Lee Marotta, Julia Casagrande, and Tom Kwoka  

This research provides results from a new TO-17 sorbent tube with an analyte range from 1,3-butadiene 

to benzo(g,h,i)perylene for a Volatile Organic Compound (VOC) and Semi-Volatile Organic 

Compound  (SVOC), including all 16  EPA regulated polynuclear aromatic hydrocarbons (PAHs), in one 

air sample and one instrument analysis … a one sample solution. 

The experiments provide “side-by-side” comparisons at soil gas investigational sites, using traditional SVI 

tubes and the new XRO-444 tube to determine if analytes above the boiling point of pyrene are not being 

recovered in soil gas by the SVI tube.  In addition, TO-15 results, recovering only to naphthalene, will be 

compared to TO-17 using the new tube which recovers the entire range demonstrating what is being 

missed using TO-15. Three soil vapor intrusion sites will be discussed.  

Method parameters, sampling procedures, analytical parameters, reporting limits and comparison of the 

results from the site studies will be discussed. 
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A Review of Current TCE Short-Term Indoor Air Standards 

Laura Trozzolo  

Confusion and misinterpretation is the state of the 2016 regulatory environment as it pertains to short-

term trichloroethylene (TCE) action levels for indoor air.  Despite the uncertainty surrounding the 2003 

Johnson et al. study, it is apparent that the study is used as either the ultimate goal (in the case of the two 

2013 ATSDR studies) or the basis of the inhalation reference concentration (RfC) of 2 ug/m3. Different 

Regions of EPA have developed short-term action levels, which have been adopted by several states: 

California, Colorado, Michigan, New Hampshire, New Jersey, New York and Ohio.  Others have 

established their own TCE indoor air action levels, such as Massachusetts, Minnesota, Connecticut, and 

Indiana.  A comparison of the Federal and State values will be presented and discussed. 

Meanwhile, in 2014, ATSDR identified 2 µg/m3 as an intermediate (52-week) and chronic minimal risk 

level (MRL).  ATSDR has not developed an acute MRL, which would be protective of an exposure lasting 

from 1 – 14 days.  The presentation will conclude with recommended short-term TCE action levels 

protective of an indoor worker are similar  (21 and 26.4 ug/m3),  which lends confidence in using this 

concentration range for short-term indoor air action levels for TCE, instead of relying on risk-based 

concentrations protective of chronic, long-term inhalation exposure. 
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Influences and Implications of Indoor Air Background Concentrations on Health 
Risks in Residences, Schools, and Commercial Buildings 

Richard Rago, Gina Plantz, and Jay Peters  

The presence of volatile organic compounds (VOCs) as a background condition in residential and non-

residential indoor air has been well documented.  Although consumer product formulations and building 

materials have changed, recent studies confirm that monoaromatic hydrocarbons (e.g., benzene), 

polycyclic aromatic hydrocarbons (e.g., naphthalene), aliphatic hydrocarbons (e.g., pentane), Freons, 

ketones and chlorinated solvents such as chloroform, carbon tetrachloride, 1,2-dichloroethane, 

trichloroethylene (TCE), and tetrachloroethylene (PCE) are still commonly encountered in indoor air 

background.  

While the identification of consumer products containing these ubiquitous VOCs are typically considered 

as a line of evidence in evaluating vapor intrusion from subsurface VOC sources to indoor air, the health 

risks that may be associated with indoor air background concentrations are often not examined.; yet risks 

associated with indoor air background conditions may substantially contribute toward, or even exceed, 

risk management thresholds used by various states and the EPA.  Consequently, the implications of 

indoor air background on health risks should be recognized and accounted for in risk management 

decision-making. 

This presentation will provide a characterization of health risks associated with residential and non-

residential indoor air background VOC concentrations.  Risks will be presented for a range of statistically-

based background concentrations obtained from over one thousand samples collected as part of previous 

and recent indoor air background studies conducted across the United States.  Our findings support that 

background indoor air concentrations of several VOCs are above risk-based screening levels and are 

associated with health risks above risk management thresholds commonly used by regulatory 

agencies.  Furthermore, our results imply that groundwater, soil vapor, and indoor air vapor intrusion 

screening levels for several commonly detected VOCs are correlated with indoor air concentrations that 

are in the range of typical background levels.  The implications of these findings on vapor intrusion 

investigations and response action decisions will be discussed. 
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Strategies for Environmental Restoration and Occupational Health Programs to 
Collaborate When Assessing and Managing VI Exposures in the Workplace 

Loren Lund and John Lowe  

Vapor intrusion (VI) represents a pathway of volatile organic compound (VOC) exposure which can affect 

diverse populations (e.g., residents, workers, military personnel).  Vapor intrusion that occurs in 

workplaces presents special challenges.  Both environmental restoration (e.g., CERCLA/RCRA/UST) and 

Occupational Safety and Health Administration (OSHA) programs are required to assess and manage 

worker exposures and risks.  Per EPA’s (2015) Final VI Guidance, “The EPA and the Occupational Safety 

and Health Administration (OSHA) of the Department of Labor each have a distinct statutory responsibility 

to ensure the safety and health of America's workforce through the timely and effective implementation of 

a number of federal laws and implementing regulations.”  EPA’s approach for evaluating VI into the 

workplace is based on existing CERLCA risk assessment guidance (Hazard Identification, Exposure and 

Toxicity Assessments, Risk Characterization, and Risk Management). 

Using the Department of Defense (DoD) Safety and Occupational Health (SOH) program as an example, 

this program is required to “Establish procedures for assessing each hazard and assigning a level of risk 

based on the estimated probability and severity of the impact of the hazard (DoD Instruction 

6055.01).”  The DoD SOH procedures involve identifying hazards, determining the significance of risk, 

determining and implementing appropriate control measures, and communicating risk information. 

Although there are select key differences that can lead to contradictory and confusing situations in 

workplace VI risk management and communication, there is more in common than different in the 

methods and criteria used by environmental restoration and OSHA programs.  This presentation will (1) 

briefly summarize the select differences in methods, (2) discuss in more detail the commonalities in the 

methods, and (3) present options for more effective collaboration between environmental restoration and 

occupational health programs when assessing and managing VI exposures in the workplace.  For 

example, CERCLA-based VI risk/hazard estimates would be normalized to risk assessment category 

(RAC) weights for comparison and prioritization with all worker risks and hazards (e.g., chemical, 

physical, biological, ergonomic, etc.) evaluated under the SOH program.  The CERCLA-based risk 

estimates could continue to be used by regulators when making decisions about subsurface 

contamination. CERLCA and OSHA programs will need to continue working towards harmonizing 

methods to assess worker exposure and toxicity, similar, for example, to ongoing efforts to develop 

consensus short-term toxicity values (e.g., TCE). 
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State-of-the-Science Update on the Use of Building Pressure Cycling Methods 

Chase Holton, Christopher Lutes, Loren Lund, Keri Hallberg, and Robert Truesdale  

Building Pressure Cycling (BPC) testing methods have been proposed as an alternative assessment approach 

for vapor intrusion (VI). BPC methods have been applied to temporarily promote and/or inhibit VI to: (1) 

distinguish between indoor, ambient, and sub-slab sources; (2) identify atypical preferential pathways and other 

vapor entry points; and (3) determine near-worst case mass discharge into a structure. Distinguishing sources 

typically involves collection of differential pressure (dP) and indoor air volatile organic compound (VOC) 

concentration data during pressurization and depressurization test periods (i.e., pressure cycling) to separate 

and estimate source contributions. For identifying vapor pathways and entry points with pressure cycling, the 

approach often includes monitoring of VOC concentrations and/or other indicators/surrogates in indoor air 

and/or at suspected entry points during test periods. 

Currently, there is a lack of consensus on BPC test protocols and data interpretation methods. This presentation 

provides a comparison of BPC protocols and outcomes from multiple published applications, including long-term 

research studies and short-term applications at occupied sites and buildings. Key design questions and lessons 

learned will be identified and discussed, including the need for longer-duration baseline sub-slab and/or outdoor-

to-indoor differential pressure data and the uncertainties associated with concentration-based data 

interpretation. Of the proposed uses of BPC, identifying vapor entry points and distinguishing between potential 

sources have proven to be the most reliable. Although BPC has been shown to produce reasonable estimates 

of near-worst case mass discharge at research sites where long-term indoor air data are available (i.e., Sun 

Devil Manor and the Indianapolis Research House), it is unknown whether these conditions can be produced in 

other building types. Based on the current understanding of BPC, it is clear that further research is needed to 

improve our understanding of the applicability of BPC for different building types. In addition, reaching a 

consensus on operating conditions, such as the level(s) of pressurization/depressurization, fan placement, and 

sampling location(s)1 is necessary before BPC is more widely accepted by stakeholders. Case studies will be 

presented to highlight the range of applications for BPC testing, including a site where BPC was used to identify 

an atypical preferential pathway and assess the robustness of mitigation design. 

1 For example, samples collected at fan outlets are often lower in concentration than samples collected closer to 

building slab and potential entry points 
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Building Pressure Cycling Methods for Mass Flux Characterization 

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

Background & Objectives:  The impact of vapor intrusion (VI) on indoor air is challenging to assess 

using conventional discrete indoor air sampling because of spatial and temporal variability in volatile 

organic compound (VOC) concentrations, which lead to uncertainty in identifying a reasonable maximum 

exposure (RME) for the occupants of a building. Regulatory agencies are responding to this uncertainty 

by asking for multiple rounds of sampling and analysis to ensure the VI pathway is adequately assessed 

and reduce possibility of failing to identify unacceptable risks. The characterization and monitoring of 

VOC mass flux (mass per unit time per unit area) offers a promising alternative to conventional methods 

of VI assessment because mass flux measurements have been found to exhibit considerably less 

temporal variability than indoor air measurements. Additionally, mass flux characterization techniques can 

be implemented in a short time frame (for example, over a weekend), yet provide data that can more 

effectively characterize the potential impacts that may arise from VI under natural conditions. This paper 

presents the results of mass flux characterization via building pressure cycling (BPC) tests conducted at a 

commercial building being studied as part of an ongoing ESTCP SERDP research project (ER 201503). 

Approach: The test building is a small commercial building overlying subsurface TCE contamination at 

the former Raritan Arsenal in Edison, New Jersey. The total mass flow or loading (i.e., mass flux times 

building footprint area) below and through the building has been characterized in three ways: 

x Estimating the potential diffusive mass flux through the vadose zone from measurements of soil 

properties and TCE’s vertical concentration profile in soil and soil gas; 

x Measuring the TCE mass loading captured by the existing sub-slab depressurization system; 

x Measuring the TCE mass loading that actually enters the building under different levels of 

building depressurization induced by a MinneapolisTM Blower Door System, which induces VI into 

the building. 

Results/Lessons Learned: This presentation describes the results of BPC tests conducted at the 

demonstration building in two one-day events conducted in the summer and fall and evaluates the 

consistency of the building’s responses at ambient conditions (without pressure manipulation) as well as 

at varying levels of depressurization. The mass loadings under depressurized conditions varied less than 

30% between the two events, whereas the mass loadings estimated for the ambient conditions in each 

event differed by more than a factor of five.  The data obtained from the BPC tests provide a means of 

estimating RME indoor air concentrations under long term average building pressure conditions as well 

as during short term upper bound natural building depressurization periods. The mass loadings estimated 

from the BPC tests were approximately an order of magnitude lower than the mass loadings captured by 

the SSD system or estimated from the vadose zone characterization, a condition believed to reflect the 
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role the foundation plays in restricting sub-slab vapor entry.  Efforts to place these findings within in a risk 

management framework are ongoing. 
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Estimation of VI Potential from Subsurface Data: Importance of Soil Data in VI 
Investigations 

Daniel Carr, Helen Dawson, and William Wertz  

Federal and many state vapor intrusion (VI) guidance and policies generally do not favor soil 

characterization as a tool in VI investigations, but project experience at multiple sites demonstrate the 

value of soil characterization in estimating VI potential and bringing clarity to conceptual site models 

(CSMs).  Advances in soil sampling and analytical extraction and analysis techniques allay some of the 

past concerns about sampling bias and analytical sensitivity as well as potential for losses during 

sampling and sample handling. 

Recent work at the former Raritan Arsenal in Edison, New Jersey, under an ESCTP demonstration 

project (“Mass Flux Characterization for Vapor Intrusion Assessment” ([ESTCP ER-201503]) included 

estimating VI potential in terms of mass loading that can be measured three different ways.  One of the 

ways estimates diffusive mass transport based on measured concentration gradients in soil, subsurface 

gas, and groundwater data. The soil characterization included high resolution logging of continuous, 

minimally disturbed soil cores followed by laboratory analysis of select samples for VOCs and soil 

properties relevant to VOC fate and transport.  Samples for VOC analysis were collected using sampling 

devices and field preservation in methanol to limit volatilization and degradation losses. The samples 

were then analyzed using a microwave extraction and analysis technique (G?recki & Pawliszyn, 1997) 

adapted for soil and rock cores (Parker et al., 2007) to achieve good recovery of VOCs from the soil and 

methanol matrix. Soil vapor samples were collected from permanent probes installed at depths consistent 

with soil samples to allow for repeat sampling of subsurface gasses in subsequent seasons. Groundwater 

grab samples were collected using bailers. The analysis of data from this assessment indicates that: 

x The primary source of TCE mass driving VI is in the near-surface soil fill near the building 

foundation rather than the groundwater located about 20 feet below ground, originally the suspect 

source. 

x Most of the TCE mass in the soil fill and underlying native vadose zone soil is sorbed to the soil 

solids and in soil pore moisture.In this case, the vapor phase measurements in the shallow soil 

directly beneath the building appear to under-represent the total mass to drive VI potential. 

x Estimates of upward diffusive flux from the shallow soil fill based on the soil concentration data 

provide sufficient mass transport to support the measured TCE mass captured by the building 

sub-slab depressurization system (SSD) as well as the mass loading measured during building 

pressure cycling (BPC) tests. 

x The mass loadings estimated based on subsurface vapor and groundwater data alone are one to 

two orders of magnitude lower than the mass loadings observed in SSD and BPC testing, and 

therefore underestimate the observed VI impacts to the building. 
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The findings from the Raritan Arsenal demonstration project are consistent with the findings of similar 

efforts at other sites and support the importance of characterizing total VOC mass in the subsurface, 

inclusive of vapor, aqueous, and sorbed phases, to improve understanding of potential VI sources and 

transport into buildings. Groundwater and vapor sampling alone may lead to mischaracterization of VI 

potential and a misleading CSM to support remedy selection. 
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Understanding the Role of Sewer Preferential Pathways in Vapor Intrusion 

Thomas McHugh and Lila Beckley  

Although the potential importance of preferential pathways is highlighted in many vapor intrusion 

regulatory guidance documents, there is little useful guidance on i) how to identify sites with preferential 

pathways and ii) how to test for the presence or absence of VOCs in such pathways. As a result, there 

are no consistent procedures for evaluation of these pathways during vapor intrusion investigations.  

Through a research project funded by the Department of Defense ESTCP program, we have developed a 

protocol for evaluation of sewer preferential pathways at vapor intrusion sites. This protocol includes i) 

preliminary screening to eliminate sites where sewers are unlikely to act as preferential pathways, ii) 

procedures for initial testing of sewers at locations most likely to be impacted by VOCs, and iii) 

delineation and building testing. We have tested and refined this protocol through sampling at several 

sites where VOCs were known to be present in sewer lines. 

In this presentation, we will share results from our research project to date, along with an updated 

conceptual model for sewer preferential pathway vapor intrusion. VOCs can enter sewer lines through 

infiltration of contaminated groundwater, direct discharge of contaminated water into the sewer line, or, in 

some cases, infiltration of soil gas. The spatial and temporal variability within the sewer line depends on a 

variety of factors, including the type of sewer (storm, sanitary, combined), the source of vapors 

(discharge, groundwater, soil gas), season, and rainfall events. As a result, the number of samples 

required to accurately characterize the presence or absence of VOCs within a sewer line can vary from 

site to site. However, at many sites with chlorinated VOCs in groundwater, vapor concentrations within 

sewer lines can be above typical soil gas screening levels. Tracer testing conducted as part of our 

research program showed that measurable gas exchange commonly occurs between sewer lines and 

connected buildings. As a result, when VOCs are present at elevated concentrations within sewer lines, 

there is likely to be some risk to connected buildings. 
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New Insights into Exposure Through Preferential Pathway Vapor Migration 

Megan Hamilton and Casey McFall  

It is well understood throughout the scientific community that contaminant vapor migration can occur 

through preferential pathways, potentially leading to adverse human health exposures. What is not well 

understood is which preferential pathways are most likely to allow contaminated vapors to reach the 

indoor air of a structure and adversely affect human health, and how to identify and investigate these 

pathways. Most regulatory vapor intrusion guidance documents mandate some sort of preferential 

pathway investigation. The typical preferential pathways addressed in these regulatory guidance 

documents include, but are not limited to, sewer and utility corridors, cracks and holes in building 

foundations, sump pits, and naturally occurring preferential pathways such as karst geology. A trend has 

developed among regulators and vapor intrusion professionals of placing emphasis on the subsurface 

utility corridor backfill material as the main indicator of preferential pathways. Empirical data assessed 

from a study set of structures located at or near contaminated drycleaner sites may not support utility 

corridor backfill as a reliable vapor intrusion screening device. 

Additionally, very few state guidance documents emphasize investigation techniques for atypical 

preferential pathways, such as floor drains, improperly constructed plumbing fixtures, or building 

construction conditions. If more subtle pathways are overlooked, it could lead to overconfidence in 

conclusions that vapor intrusion is not occurring, and that unidentified background sources must be 

responsible for indoor air detections. This can provide a potential threat of overlooking atypical 

preferential pathways. 

This study evaluates a portfolio of sites contaminated by subsurface releases of chlorinated solvents 

where utility corridor backfill has been documented as a vapor migration pathway. The evaluation 

includes twenty-six (26) individual structures from fourteen (14) different sites located throughout Indiana. 

The study set is comprised mostly of residential and small commercial buildings, along with a couple of 

larger commercial buildings and mixed-use structures. Sub-slab and indoor air analytical data are 

analyzed alongside soil gas samples collected from the identified utility corridors to determine whether a 

completed vapor intrusion pathway exists through the utility corridor. Examples of atypical preferential 

pathways leading to inhalation exposure are also highlighted in this presentation in order to gain a better 

understanding of how vapor phase contaminant can travel and how exposures can be mitigated. 
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Long-Term Performance Monitoring for HVAC Engineering Controls for VI 
Mitigation of Large Buildings 

David Shea  

For some large commercial and industrial buildings potentially affected by vapor intrusion (VI) of volatile 

organic compounds (VOCs), the use of heating, ventilating, and air conditioning (HVAC) systems to 

maintain acceptable indoor air quality may be preferable to typical VI mitigation methods, such as sub-

slab depressurization (SSD). Such preference could arise when indoor air quality is acceptable under 

normal HVAC operations despite sub-slab VOC presence, or if HVAC adjustments are more feasible or 

cost-effective than SSD, even considering long-term operational costs.  For SSD systems, it is noted in 

several regulatory VI guidance documents (e.g., New Jersey, New York) that once SSD effectiveness has 

been demonstrated through initial verification sampling, then long-term effectiveness can be assured by 

periodic verification of system operating parameters (e.g., fan run status, sub-slab vacuum field) without 

the need for on-going sampling.  Similar to SSD systems, HVAC systems are active mechanical systems, 

albeit typically more complex than SSD systems, and the relevant operating parameters may be more 

building-specific and system-specific.  Typically, HVAC systems can control VI by pressurizing the 

building to keep VI out and/or by providing sufficient outdoor air exchange to dilute VI effects.  Thus, 

relevant HVAC operating parameters include air handler run status, cross-slab or indoor-outdoor pressure 

differential, and outdoor airflow.  There are numerous ways to control and monitor these and other 

parameters such that HVAC may be as reliable as SSD, potentially obviating the need for periodic, on-

going sampling.  Recognizing the relative scarcity of guidance, reported data, and experience with regard 

to HVAC VI engineering controls compared to SSD, a demonstration project is being initiated at two large 

campuses of commercial/industrial buildings. The purpose is to collect data and information to evaluate 

the long-term effectiveness of HVAC systems to maintain acceptable indoor air quality in buildings that 

might otherwise be affected by VI.  Operational monitoring and observational checks will be coupled with 

various indoor air screening and sampling methods to evaluate the consistency of HVAC system 

performance and to assess the outlook for routine operational monitoring to assure long-term 

protectiveness against VI. 
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Sub-Slab Pneumatic and Tracer Testing and Mass Flux Monitoring for Optimizing 
VI Mitigation System Design 

Todd McAlary, William Wertz, and Darius Mali  

Most mitigation systems for volatile organic compound (VOC) vapor intrusion are based on the sub-slab 

depressurization (SSD) method (a.k.a. active soil depressurization [ASD]) and are mostly designed 

according to standards of practice developed by radon researchers (e.g., ASTM E2121), which are 

essentially unchanged since they were initially published a few decades ago.  The primary metric for 

performance is usually a minimum measurable vacuum below the floor slab (e.g., 6 to 9 pascals).  This 

approach faces several challenges: 

1. The baseline pressure differential across a floor slab is variable over time and space because of 

wind gusts, barometric pressure changes, engineered fans, and temperature gradients.A single 

target vacuum level may not be appropriate at all times and locations, and may not be easily 

measured considering the signal/noise ratio unless it is set at an excessive level. 

2. Some buildings are very leaky and show little or no internal pressure or vacuum; others are 

relatively air-tight and any significant inflow or outflow will cause a change in pressure or 

vacuum.Heating, ventilating, and air conditioning (HVAC) systems often dominate the building 

pressure and can cause fluctuations much greater than the typical target vacuum level. 

3. The permeability of the material below the floor spans a potentially very wide range.Construction 

aggregate is usually specified below concrete floors, which typically has a gas permeability on the 

order of 1E-10 m2 or higher.Native soil could have gas permeability as low as about 1E-17 m2. 

Permeability and flow are related to the vacuum gradient through Darcy’s Law, so vacuum alone 

is less useful if the permeability is not characterized.Where granular fill is present below floor 

slabs, a vacuum less than 1 pascal can correspond to appreciable flow velocities, but the 

protectiveness in this scenario requires alternative methods of measurement. 

4. The mass distribution of VOCs below a slab can vary by three or more orders of magnitude in a 

large building. The optimal mitigation system design may vary spatially within a building. 

AARST recognizes the mitigation standards are dated and is developing new “Soil Gas Mitigation 

Standards for Existing Homes”; however, this is a work in progress. 

ESTCP funded a research project to develop alternatives to the conventional design protocols for 

SSD/ASD systems, including: 

1. Pneumatic testing (vacuum vs time and vacuum vs distance) and analysis using the Hantush-

Jacob Leaky Aquifer Model (1951) to characterize the transmissivity of the materials below the 

floor slab and leakance of air across the floor slab; 
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2. Tracer testing (helium inter-well tests and helium floods below the floor to measure gas velocity 

and travel time and SF6 or other tracers to measure indoor air flow across the floor slab); 

3. Mass Flux Monitoring (measurement of the flow rate and concentration of VOCs in the vent-pipes 

as a way to assess the mass captured by the SSD/ASD system). 

These assessment techniques have been applied at three buildings to date:  Building 205 (64,000 ft2) and 

Building 200 (1,700 ft2) at the former Raritan Arsenal in New Jersey and Sun Devil Manor (2-floor 

residence in Utah) as part of the Demonstration/Validation Program. This presentation will focus on 

presenting the data collected and identifying the line(s) of evidence that provided the most useful 

information for optimizing the mitigation system design.  The level of agreement between the pneumatic, 

tracer, and mass flux data will be discussed.  For Sun Devil Manor, all tests were performed with the 

valve on the land drain (a preferential pathway for vapor intrusion), in both the open and closed positions, 

to demonstrate the optimal system configuration for both conditions, which provided insights that may be 

useful for assessing preferential pathways at other buildings in the future. 

Todd McAlary, Geosyntec Consultants, Inc., 3250 Bloor Street W, Toronto, Ontario, Canada, M8X 2X9, 
Tel: 416-637-8747, tmcalary@geosyntec.com 

William Wertz, Geosyntec Consultants, Inc., 2739 Doelner Circle, Castleton, NY, United States, 12033, 
Tel: 518-477-5499, wwertz@geosyntec.com 

Darius Mali, Geosyntec Consultants, Inc., 130 Stone Road West, Guelph, Ontario, Canada, N1G 3Z2, 
Tel: 519-515-0886, dmali@geosyntec.com 

Presenting Author: Todd McAlary 

148



Case Studies of Innovative Use of Tracers, Pressure Testing and Field GC/MS for 
Assessing VI Pathway Completeness 

Ian Hers, Parisa Jourabchi, and Paul Hurst  

There is increasing interest in emerging methods for assessing vapor intrusion (VI) pathway 

completeness as well as for improving data interpretation and understanding factors affecting 

VI.   Examples include the US EPA 2015 VI guidance, which recommends the use of pressure 

measurements, tracers, and other innovative tools.  However, there are few detailed assessments and 

case studies describing the use and effectiveness of such tools for improved decision-making.  The 

conceptual site model describing the range of building types, potential pathways, and intrusion 

mechanisms, and the role of building pressure and heating, ventilation, and air conditioning (HVAC) 

conditions is summarized.  Available data from the literature on the use of tracers including radon 

monitoring at intensively monitored sites is described.  Pressure data from multiple sites is presented to 

enable a better diagnostic understanding of building pressure behavior. Three case studies are presented 

demonstrating innovative methods for evaluating VI pathway completeness.  

The first case study was an expedited assessment of trichloroethylene (TCE) concentrations in indoor air 

of a multi-unit commercial complex using a field Hapsite Gas Chromatograph/Mass Spectrometer 

(GC/MS). Use of the Hapsite instrument allowed cost effective on-site analysis of TCE of exposure 

(breathing height) and pathway (cracks, drain) samples.   The results of the sampling, pressure testing, 

and a HVAC assessment helped inform and focus the mitigation of vapor intrusion (crack sealing and 

sub-slab depressurization), which was rapidly completed because of the concern over potential short-

term toxicity with trichloroethylene.  Building depressurization because of the HVAC system operation 

was determined to be an important contributing cause for vapor intrusion.  

The second case study involved the use of a Hapsite GC/MS to facilitate intensive monitoring of VI at a 

multi-tenant commercial building by analyzing over 80 PCE and TCE of exposure and pathway samples 

over the course of four days.  The testing clearly indicated that vapor intrusion was preferentially 

occurring through utilities, sink drains, and slab cracks, knowledge that would not have been gained 

through a conventional sampling program.  

The third case study involved using radon as a tracer and pressure measurements at two sites to better 

understand vapor intrusion processes and to enable comparison between radon and chlorinated solvent 

sub-slab-to-indoor air attenuation factors.  Radon was measured using two methods, a RAD7 field meter 

and using scintillation counters on gasbag samples collected at the Site. Higher and lower radon 

attenuation factors were obtained compared to chlorinated solvent attenuation factors, interpreted to be 

potentially caused by indoor background sources and VI pathway complexity.  There were varying HVAC 

configurations (cross-building versus individual room HVAC systems), a poor quality foundation, multiple 
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basement renovations over time, and possible preferential pathways, which contributed to variability in VI 

and indoor air concentrations.  A good comparison, however, was obtained between field and laboratory 

radon measurements. The lessons learned from the literature review and case studies are summarized 

with respect to best practices for VI assessments. 
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Better Decision-Making Through Multi-Criteria Decision Analysis 

Jennifer Archuleta  

Multi-criteria decision analysis (MCDA) is a tool that creates a framework to evaluate alternatives against 

prioritized objectives, and through an analytical model, choose the alternative that achieves the best 

available balance of multiple priorities. As such, MCDA can be used to focus decisions on what is most 

important.  With the implementation of California’s Sustainable Groundwater Management Act of 2014 

(SGMA), stakeholders dependent on medium and high priority groundwater basins face difficult decisions 

with complex tradeoffs as they determine how to comply with the requirements of sustainable 

groundwater management. The newly forming Groundwater Sustainability Agencies (GSAs) will need to 

consider what methods best meet both the required environmental criteria, as well as social and 

economic criteria that balance the needs of current and future users in the most efficient manner 

possible.  As supply and demand side actions are evaluated, GSAs face a complex landscape of 

competing objectives, stakeholder preferences (both those voiced loudly and the underrepresented), 

complex and non-discrete alternatives, and multiple layers of consequences for each choice.   

This presentation provides an example of how MCDA facilitates stakeholder buy-in through the 

structuring of the decision problem, which leads to clarity for the participating parties and ultimately 

improves the likelihood that a diverse group is able to reach an agreement on the best possible 

alternative.  MCDA is often used for complex multi-party environmental remediation decisions, and the 

lessons learned from these applications translate directly to groundwater management decisions.  The 

success of SGMA, and similar programs with complex decision criteria and significant financial and long-

term management implications, largely depends on stakeholder participation and consensus.  MCDA is a 

tool that can facilitate the collaboration that will lead to local decision-maker success in achieving 

sustainable groundwater management. 
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Golf Courses and Water 

Frederick Blickle  

There are 25 million golfers in the US and 916 golf courses in California according to the National Golf 

Foundation.  The California golf industry was estimated at $6.34 billion in 2011 with a total economic 

impact of $13.13 billion to the State (SRI International).  For comparison purposes this is on par with the 

combined professional sports industry in California.  One thing golf courses need is water, something that 

is at the front of thought for most in the State currently.  Although golf courses consumed just 0.9% of the 

water consumed in California in 2005 (EIFG, 2009, US Geological Survey 2009) as compared to 

agriculture which consumed 73.5% of California's water in that year, courses have watering restrictions 

placed on them in time of drought like everyone else, particularly those who use potable water for 

irrigation provided by municipal water plants.  In some cases the restrictions can severely damage a 

course and threaten its long-term viability.  This has caused golf courses to review water usage and 

consider other supply options, including groundwater, surface water, stormwater, and recycled 

water.  This paper presents a study conducted at a northern California course to evaluate stormwater 

runoff amounts, and stormwater gain from surrounding watersheds.  It was found that approximately 80% 

of the annual average water usage could be addressed with stormwater harvesting, in an average 

year.  This option presents a strong opportunity for the course to address long-term water needs and 

decrease dependance on potable water supply for irrigation purposes.  
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Kinetics and Thermodynamics of Hydroxyl Radical Reaction with Chloramines 
Under Advanced Oxidation Process Conditions 

Stephen P. Mezyk, Jamie Gleason, and Kenneth Ishida  

The Orange County Water District (OCWD) in Fountain Valley, CA, utilizes a final Advanced Oxidation 

Process (AOP) after their primary, secondary, microfiltration (MF) and reverse osmosis (RO) processes in 

their treatment of wastewaters.  This AOP utilizes a combination of UV light and hydrogen peroxide to 

generate the powerful oxidizing hydroxyl radical (ƔOH) which can mineralize any remaining chemical 

contaminants. However, during the treatment, chloramines (NH2Cl, NHCl2, and NCl3) are deliberately 

generated in the wastewater stream as an anti-biofouling agent for the RO membranes. The chloramines 

are produced by adding a 12.5% basic hypochlorite solution into the wastewater stream through a single-

point feeder pipe. The reaction of hypochlorite with the natural ammonia in the water forms all three 

chloramines, initially favors trichloramine due to the high pH at the point of addition, but as the 

chloramines move through the system the pH shifts to 5.5 while the equilibrium becomes equal parts 

monochloramine and dichloramine with only trace amounts of trichloramine remaining. However, all three 

chloramines continue on into the AOP, which can significantly decrease the efficiency for the production 

and reactivity of ƔOH with desired chemical contaminants. Understanding the impact of the chloramines in 

the AOP is essential for its optimal operation.  In this study, the absolute second-order kinetics of these 

three chloramines with the ƔOH radical have been quantified.  Decreasing ƔOH radical reactivity with 

increasing chlorine substitution was observed; however, all three chloramines reacted quickly (k = 1-5 x 

108 M-1 s-1). Additionally, the temperature dependence of these reactions has been studied to determine 

their Arrhenius activation energies. These data willl be combined with other performance factors to study 

the overall effects these chloramines have on the efficiency of the AOP. 
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Innovative Groundwater Recharge by Urban Stormwater - Experiences from a 
Case Study 

Philip Mulvey  

A 7Ha residential development required the stormwater from this and the surrounding 34ha residential 

development be used to recharge groundwater.  The system had to be capable of handling an injection 

rate of 0.1mL per minute from a 1 in 100 year storm. Extensive investigation and modelling were 

undertaken prior to designing a network of some 558 injection wicks. The aquifer was in sand, below a 3 

metre coffee rock aquitard, 12 -20 mbgl over which 135 townhouses were built. New techniques for 

design and installation of wicks, drilling and design of reactive barriers were needed to make the project 

viable. As drilling was undertaken by drilling one metre wide holes at 1.5 metres node spacing in rows of 

three into free flowing sand, traditional drilling techniques were either inadequate or too expensive. A new 

technique was developed involving vibrating into position an outer casing and then augering out the outer 

sand before installing the injection wicks. The HDPE box wicks were tested to insure the capacity to bear 

up 40 tonnes of overburden pressure as well as a shear pressure. The assembled HDPE boxes of the 

drains were used as the distributor network as well as the injection wicks.  The boxes had over 95% 

internally porosity and 70% porosity in contact with the formation. A PRB  designed to remove 

sediments,  oil and grease, heavy metals, phosphate and nitrogen species was installed after the inlet but 

before injection.  The system has been successfully operating for a decade, and during this time has 

handled runoff from several storms greater than 1 in 10 years ARI and one 1 in a 100 year ARI storm 

without flooding or significantly altering the groundwater quality. Lessons learnt and its wider application 

to urban stormwater and groundwater recharge will be presented. 
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Sustainability of Ecoroofs: An Evaluation of Runoff Water Quality from Ecoroofs 
in the Portland Area 

Jarrett Okita and Cara Poor  

Ecoroofs have become increasingly common in many cities to help address combined sewer overflows 

during significant rain events. Ecoroofs reduce the burden of aging sewer systems by retaining rainfall 

and slowing runoff to sewer systems. However, nutrients and metals can leach from ecoroof soils and 

contribute to the degradation of sensitive receiving waters. It is unclear whether this leaching decreases 

over time. This study measured concentrations of total phosphorus(TP), phosphate (PO4
3-), copper, and 

zinc in stormwater runoff from a regular roof, a new ecoroof, and an older ecoroof in Portland, OR. The 

runoff from the new ecoroof initially contained higher concentrations of TP, PO4
3-, and Cu than the older 

ecoroof during the wet season, but switched trends during the dry season. Both ecoroofs produced 

similar concentrations of Zn. The regular roof had the lowest concentrations of TP and PO4
3-, but the 

highest concentrations of Cu and Zn. Methods for TP and PO4
3- removal are needed before ecoroof 

runoff is discharged, particularly for new ecoroof installations and where receiving waters are sensitive or 

impaired. 
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Release of Naturally Occurring Arsenic via Reductive Dissolution at Petroleum 
Contaminated Sites 

Richard Richter, John Griffin, Paul Turnham, and Edmund Lau  

Arsenic occurs naturally in soils, usually bound to surface coatings of ferric hydroxides that are relatively 

insoluble in most groundwater systems that are under oxidizing conditions.   However, if natural or 

anthropogenic organics enter the groundwater, degradation can occur which will consume oxygen, 

resulting in reducing conditions.  Under such conditions, the ferric ion (+III) will be reduced to ferrous iron 

(+II), which is much more soluble.  When this occurs, the ferric hydroxide surface coatings will dissolve 

and arsenic will be released as soluble ions that can migrate in the groundwater.  This process is known 

as reductive dissolution.  After finding high levels of soluble arsenic in groundwater significantly above the 

primary drinking water standard of 10 ppb at several sites contaminated with petroleum hydrocarbons, we 

wondered how prevalent this situation was.  We then accessed California’s “Geotracker” database and 

evaluated those sites in California which had been sampled for petroleum products.  Of the 9923 sites 

tested for petroleum hydrocarbons, 8767 had detectable levels.  Of these sites, only 892 sites were tested 

for arsenic, with 694 (78%) having detectable arsenic levels and 631 (71%) having levels above the 

drinking water standard of 10 ppb.  As part of our effort we also evaluated groundwater parameters that 

are often indicative of reductive dissolution of arsenic, such as dissolved oxygen, redox potential, and 

ferrous iron.  The results showed more of a qualitative correlation for arsenic, rather than a quantitative 

one.  Based on our analysis, it appears that the presence of arsenic in groundwater may be under 

reported in areas with petroleum contamination. 
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Implementation of the State Water Resources Control Board's Ocean Plan 
Desalination Amendment 

Kimberly Tenggardjaja  

The State Water Resources Control Board (State Water Board) is a state agency with regulatory 

responsibility for protecting water quality in California.  Wastewater discharges to surface water and to 

groundwater are among the activities regulated by the agency.  The State Water Board’s Water Quality 

Control Plan for the Ocean Waters of California (California Ocean Plan) includes regulations to control 

discharge of waste to ocean waters and to protect ocean water quality.  On May 6, 2015, the State Water 

Board adopted an amendment to the California Ocean Plan to address effects associated with the 

construction and operation of seawater desalination facilities (Desalination Amendment).  

The Desalination Amendment sets criteria for the use of ocean water as a supplement to traditional water 

supplies while protecting marine life and water quality.  The desalination process involves removing 

dissolved minerals from brackish water or seawater to produce freshwater.  While desalination offers 

potential benefits for the state, desalination facilities may have harmful impacts on marine life through 

their seawater intakes and brine discharges.  The Desalination Amendment requires new or expanded 

seawater desalination facilities to use the best available site, design, technology, and mitigation measures 

feasible to minimize intake and mortality of all forms of marine life.  The amendment identifies preferred 

technologies for seawater intakes and brine discharges, which were determined based on the best 

available science. 

The Desalination Amendment establishes a uniform statewide approach for protecting beneficial uses of 

ocean waters from degradation due to desalination facilities.  Regional water boards review and approve 

permits for desalination facilities.  The amendment provides direction to regional water boards on how to 

evaluate seawater desalination facilities, and it also provides specific implementation, monitoring, and 

reporting objectives and requirements.  To better coordinate agency review and permitting processes, 

Water Board staff is collaborating with other agencies involved in the permitting of desalination facilities. 

Kimberly Tenggardjaja, State Water Resources Control Board, 1001 10th Street, Sacramento, CA, United 
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Antibiotic Concentration and Antibiotic-Resistant Bacteria in Two Shallow Urban 
Lakes After Stormwater Event 

Kwaku Anim-Larbi, Songhe Zhang, PeiFang Wang  

Stormwater runoff is generally characterized as non-point source pollution. In the present study, antibiotic 

concentration and antibiotic susceptibilities of cultivable heterotrophic bacteria were investigated in two 

small shallow urban lakes before and after strong storm event. Several antibiotics, lactose-fermenting 

bacteria and cultivable heterotrophic bacteria concentrations increased in surface water and/or surface 

sediment of two small urban lakes (Lake Xuanwu and Wulongtan) after strong storm event. In general, 

the frequencies of bacteria showing resistance to nine antibiotics increased after the storm event. Based 

on the 16S rRNA genes of 50 randomly selected isolates from each water sample of the two lakes, 

Aeromonas and Bacillus were dominant genera in samples, while genera Proteus and Lysinibacillus were 

the third abundant genera in Lake Xuanwu and Wulongtu, respectively. Presences of nine antibiotic 

resistance genes (ARGs) in the 100 isolates were detected and most of these isolates harbored at least 

two ARGs with different functions. The detection frequency of ARGs in Gram-negative isolates was higher 

than that in Gram-positive isolates. 

The most prevalent integron in 100 isolates was int(II) (n=28), followed by int(I) (n= 17) and int(III) (n=17). 

Our results indicate that strong storm events potentially contribute to the transfer of ARGs and antibiotic-

resistant bacteria from land-sewer systems to the urban Lakes. 

Keywords: antibiotics, antibiotic-resistant bacteria, integron, storm, urban lake 
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Quantitative Removal of Contaminant Alkyl Nitrates Using Oxidizing Radicals in 
Advanced Oxidative Processes 

Stephen P. Mezyk, Stephanie Arciva, Brittany Daws, and Michael Schramm  

Alkyl nitrates (RONO2) are well-known chemical compounds produced from the burning of fossil fuels, 

and used in the synthesis of drugs and perfumes and as propellants and explosives. While extensive 

research has been done on the atmospheric chemistry of alkyl nitrates, little is known about their 

chemistry in aqueous systems. Their extensive usage has resulted in alkyl nitrates being found not only to 

our atmosphere but also in our water and soil systems. Additionally, a significant increase in methyl 

nitrate concentrations as disinfection byproducts after advanced oxidation process (AOP) treatment of 

wastewater has recently been reported.  As such, the active removal of these compounds from our water 

systems may become necessary.  In this study we have investigated the kinetic reactions of the AOP 

generated hydroxyl radical (•OH) plus secondary AOP radicals such as sulfate (SO4
•-), and chlorine (Cl•) 

atoms with a small library of low-molecular-weight alkyl nitrates. The second-order rate constants for 

these powerful oxidizing species were determined to establish reactivity trends and mechanisms for these 

contaminants.  These data can be applied to the large-scale wastewater treatment facility AOP systems 

in order to assess the efficiency of using these technologies for the quantitative removal of alkyl nitrates 

from wastewaters. 
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Successful Treatability Study Evaluating Feasibility of Biostimulation to Enhance 
1,3,5-Trimethylbenzene Degradation Under Anaerobic Conditions 

Kent Armstrong and Cindy Cason  

The Site is a former bulk fuel oil storage facility since the 1960s where past use resulted in petroleum 

hydrocarbon (PHC) products adversely impacting groundwater. The Contaminant-of-Concern (COC) is 

1,3,5-Trimethylbenzene [1,3,5-TMB] with concentrations recorded above allowable 70.0 ȝJ/L RBSLs. 

Pre-evaluation the 1,3,5-TMB plume extended §270ft downgradient (NNE) from the source area (MW5), 

off-site, at location (MW7). Impacted saturated matrix consists of red-brown med-coarse sand with fine-

med gravel; loose, damp 0-30ft below ground surface (bgs), wet with staining and odor observed §20-30ft 

bgs. 

Colorado Division Oil Public Safety (OPS) approved an on-site evaluation in September 2015 to 1) 

determine feasibility of non-assimilatory 1,3,5-TMB degradation, 2) evaluate efficacy/sustainability of 

macro-micro nutrient formulation (TPHenhanced™) to provide respiratory pathways for native microbials 

while maintaining low DO/ORP conditions. 

The evaluation included three injection nodes, both developed and amended with a 3.82% additive slurry 

using a GeoProbe DT7822. Baseline groundwater [1,3,5-TMB] ranged from 474 micrograms per Liter 

(ȝJ/L) at MW5 to 168 ȝJ/L MW-4 (center) and 195 ȝJ/L (off-site location) MW7. Geochemically, within the 

COC plume concentrations dissolved oxygen [DO] ranged from 0.72 mg/L to 1.98 mg/L, had a neutral pH, 

and oxygen reduction potential (ORP) levels < 0.00 mV. Outside the plume [1,3,5-TMB] were recorded 

ND, [DO] ranged >3.6 mg/L to 100 mV. 

Four performance sampling/monitoring events were completed over 9-month evaluation period with 

[1,3,5-TMB] decreasing from peak bioavailability at MW5 by 83.5%Ļ; 89.9%Ļ� (MW4), 99.5%Ļ� (MW7). 

Geochemically, concentrations dissolved Iron [diss.Fe], dissolved Manganese [diss.Mn] and Sulphate 

[SO4], increased during peak periods of contaminant destruction then were exhausted, indicative of 

enhanced microbial respiration. Additionally, [TOC] increased during PHC solubilization then decreased 

during contaminant destruction; within the plume, [DO] decreased to ND, ORP remained <100mV and pH 

remained 7.2-7.7s.u. Additive supply too was exhausted indicating TPHenhanced™ safe, sustainable, 

and effective. 
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Successful On-Site ERD Pilot Using Simple Delivery Approach Leads to Full-
Scale cVOC Remediation Program 

Kent Armstrong and Geoff Bell  

The Site is a former dry cleaner with site characterization investigations documenting chlorinated volatile 

organic compound (cVOC) impacts to soil/groundwater. The Contaminant-of-Concern (COC), 

Tetrachloroethylene (PCE), is in concentrations above Ministry of Environmental & Climate Change 

(MOECC) Table 3 Site Condition Standards (SCS). Daughter products Trichloroethylene (TCE), 

Dichloroethylene (DCE) and Vinyl chloride (VC) are not present and Parent:Parent Daughter (P:PD) 

molar ratios §100%. 

A MOECC approved Pilot-Study using Passive Release Sock (PRS) deployment units was initiated in 

March 2011 to determine efficacy of biostimulation and enhanced reductive dechlorination by native 

dehalorespiring populations. PRS units are 5-foot long fabric tubes filled with the carbon, carbohydrate 

and macro-micro nutrient containing formulation ERDenhanced™. PRS units are suspended in screened 

interval of 2-inch monitoring well (MW-2) and passively amends a limited treatment zone. Units were 

replaced 3-times, at §8-week intervals, with monitoring/sampling performed concurrently. Including 

baseline, four monitoring events were completed. 

Over the 26-month evaluation period, ORP decreased, expedited terminal electron scavenging and 

residual source mass solubilization was observed (additive enhanced co-solvent effect). Enhanced 

reductive dechlorination of parent/daughter cVOCs was documented with [PCE] decreasing 89.6%, total 

[cVOCs] decreasing 77.4% and P:PD ratio decreasing §70.9% to 29.1%. 

Full scale additive deployment was performed July 2013 using a gravity feed subslab infiltration gallery to 

deploy a 9% slurry of 2,112 pounds additive. In October 2015 additive influence was observed 15-20 

meters downgradient at four locations MW-2, MW-209, MW-3 and MW-6. Two-and-a-half years post full-

scale deployment, significant reductions in [cVOCs] and P:PD Ratios were observed. Specifically, [PCE] 

decreased 99.4%, and [TCE], [DCE], and [VC] decreased >99.9% at MW-2; while, [cVOCTOTAL] 

decreased 99.5% (MW-2), 86.4% (MW-3) and 98.8% MW-6. Additionally, geochemical metrics supported 

enhanced reducing conditions due to biostimulation with ERDenhanced™ at each location with, reduced 

ORP values, increased methanogenic conditions, and [Total Organic Carbon] remaining >100 mg/L. 
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Hydrogeochemical Analysis and Evaluation of Groundwater Quality Around 
Pandur Area, Andhra Pradesh, South India 

Nagaraju Arveti  

Groundwater quality is the physical and chemical characterization of groundwater, which measures its 

suitability for human and animal consumption, irrigation and other purposes. The quality of groundwater 

reflects inputs from the atmosphere, from soil and water-rock weathering, as well as from pollutant 

sources such as mining, land clearance, agriculture, acid precipitation, domestic and industrial wastes. As 

a source of irrigation water, it influences crops yield, physical and chemical properties of soil, 

development of the best management practices. Groundwater plays a leading role in Indian agriculture 

development. The physical, chemical and bacterial characteristics of groundwater determine its 

usefulness for domestic, industrial, municipal and agricultural applications. The study area is located 

about 118 km towards the East of District head quarters of Chittoor. Pandur area lies between 13° 31' 30'' 

and 13° 42' N latitudes, and 79° 51' and 80° 4' 30'' E longitudes covering an area of 165 Sq. km. The 

maximum temperature ranges from 24°C to 40°C and the minimum temperature ranges from 13°C to 

28°C. 

This study was initiated to assess the suitability of groundwater for irrigation and drinking in the Pandur 

area where the agriculture is the main livelihood of rural people and the groundwater is the main source 

for irrigation. Physical and chemical parameters of groundwater namely electrical conductivity, pH, total 

dissolved solids, Na+, K+, Ca2+, Mg2+, Cl-, HCO3 -, CO3
2-, SO4

2-and F- were determined. Chemical indices 

like percentage of sodium, EC, sodium adsorption ratio (SAR), Adjusted Sodium  adsorption  ratio (Adj. 

SAR), residual sodium carbonate (RSC), permeability index (PI), Kelly’s ratio, Mg Hazards were 

calculated. The chemical relationships in Chadhas diagram and Gibb’s diagram suggest that the 

groundwater is mainly controlled by rock dominance. US salinity Laboratory and percent sodium used for 

evaluating the water quality for irrigation 
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Innovative Tool for Estimating Radius of Influence as a Function of Soil Gas Pore 
Velocity 

Sam Bailey  

The ROI achievable for a SVE well may be calculated by evaluating the maximum radial extent of 

induced sub-surface vacuum to a specified vacuum pressure (typically 0.1 inch of water column vacuum) 

in a single-well SVE test.  The implicit assumption of these types of ROI-based estimations is that the 

observation of sub-surface vacuum of at least 0.1 inch of water column is sufficient to induce soil gas flow 

in impacted soil for timely remediation.  The soil in the unsaturated zone that is contained in the vertical 

cylinder, with radius equal to the ROI, that extends from the ground surface to the groundwater table is 

assumed to be influenced. However, measurement of vacuum at best only achieves containment of 

impacted soil vapors and the thickness of area affected may only extend a few feet vertically from the top 

and bottom of the screened interval. 

A more meaningful measure of effective soil gas removal potential is the pore velocity of soil gas from a 

radial distance to the extraction well during SVE activities.  Unfortunately, there is no method for directly 

measuring soil gas pore velocity in the soil. However, soil gas pore velocity may be estimated/simulated 

by a step-wise procedure that starts with estimating a pressure field produced by soil vapor extraction. 

This presentation will introduce a methodology and the in-house developed software used to estimate the 

soil gas pore velocity.   The software performs the following tasks: 

x Estimate a pressure distribution field around the extraction well; 

x Using geotechnical soil information, calculate a soil gas pore velocity distribution around the 

extraction well; and 

x Create figures to visualize the pressure and soil gas pore velocity fields. 

Based on this information, soil vapor extraction well spacing can be estimated. 
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Reuse of Treated Wastewater for Irrigation: A Comprehensive Evaluation by 
Integrating Solute Transport and Water Flow Model for Unsaturated and Saturated 

Soil Zone 

Sahila Beegum, K P Sudheer, and Indumathi M Nambi  

The reuse of treated waste water for agriculture is one of the potential solutions for the scarcity of water 

for irrigation in various parts of the world. In order to protect the quality of ground water resources, it is 

necessary to understand and model the movement of water and contaminants in the unsaturated zone 

and saturated zone. Based on this, the level of treatment required for any waste water before applying on 

the land surface can be determined. As there are efficient models to simulate the transport in unsaturated 

zone and saturated zone independently, a possible approach to comprehensively evaluate the movement 

of water and contaminants through soil (saturated and unsaturated soil zones), is to link models that 

simulate the movement of water through unsaturated zone and saturated zone to solute transport models 

in the respective zone, considering appropriate temporal and spatial discretization. 

The focus of the study is to understand the movement of water and solute through saturated and 

unsaturated soil zones in an integrated framework for determining the permissible solute concentration 

from various surface contaminant sources that will have minimum impact on the ground water. In addition, 

the integrated model should be useful to determine the extent and rate of spreading of contaminants in 

soil and groundwater, which will help in making decisions regarding preventive measures to reduce 

further spreading of contaminants. The objective of the study is to integrate solute transport model to 

existing coupled flow model and to experimentally validate the developed model using physical model 

study. 
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Value of Integrating Air Regulatory Compliance and Air Pollution Control with 
Business Strategies 

Ravi K. Bhatia  

Air regulations are becoming ever more complex and contradictory, varying on an interstate and intrastate 

basis. For example, in California alone there are thirty-five different air jurisdictions with just as many 

different requirements. Regional, national and global corporations, through their acquisition of successful, 

multigenerational “mom and pop” commercial operations, or through acquisition of regional and/or 

multinational businesses or brands, may unknowingly adopt operations in various stages of design or 

implementation of emission control technologies, or adopt operations in need of major upgrades in air 

pollution control capabilities. Often, environmental due diligence is closely focused on “past practice” 

environmental liability, but does not properly forecast the cost of “forward-moving” operational compliance 

uncertainties associated with operations in multiple air jurisdictions or pending changes in regional air 

quality regulations necessitating significant additional investment. Antea Group has developed an air 

regulatory assessment and compliance framework that helps its clients, on a site and portfolio basis, 

manage the conflicting myriad of air regulatory, operational and corporate environmental compliance 

requirements and the tension with operational or contractual requirements of a production facility. These 

solutions typically involve facility operational, regulatory and technical synergies that are especially 

complex when “retrofitted” into an existing production environment. This presentation will highlight 

successes that are possible through early and close coordination with plant operations, corporate 

business unit(s) and environmental consultants. Such success may result in an increase of production 

throughput, reduction in plant-side utility/resource consumption, elimination of non-compliance issues and 

the financial risks thereto. 
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Reactivity of Nitrogen-Containing Radical Species Under Advanced Oxidation 
Process Conditions 

Jennifer Castillo, Stephen P. Mezyk, and Kenneth Ishida  

The direct reuse of recycled water is becoming an important focus in the world as freshwater resources 

are becoming more limited.  However, recycled wastewaters contain disinfection byproducts (DBPs) 

which are unintended consequences of killing harmful pathogens in drinking water through the addition of 

oxidants such as chlorine. These DBPs that remain in the water after traditional primary and secondary 

treatment require additional and more advanced action. Advanced Oxidation Processes (AOPs) are 

efficient wastewater treatment techniques that generate free radicals as the primary active species used 

to mineralize organic contaminants. Typical AOPs utilize the highly oxidative hydroxyl radical, however, 

other radicals such as the sulfate and chlorine radicals can also be employed. Typically in wastewater 

treatment processes chloramines (NH2Cl, NHCl2, and NCl3) are added as an anti-biofouling agent before 

the AOP step. These species can react with the oxidizing radicals which would interfere with the overall 

remediation process.  It has been shown that the dichloramino radical, ƔNCl2, formed as the product of 

the rapid reaction of the hydroxyl radical with trichloramine (NCl3) or through UV photolysis, is also 

reactive, and thus could assist in the AOP chemistry.  Analogously, the photolysis of monochloramine 

(NH2Cl) can produce the amidogen radical (ƔNH2). In order to elucidate the impact of these two product 

radicals on the overall chemistry occurring in the AOP, we have investigated their reactivity with various 

wastewater contaminants, particularly species that are DBPs formed in the disinfection process such as 

nitrosamines.  We report here our initial findings for the absolute second-order rate constants measured 

for both the ƔNCl2 and ƔNH2 radicals with a library of low-molecular-weight nitrosamines. 
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Harnessing the Exothermic Fenton’s Reaction During Injection of Stabilized 
Hydrogen Peroxide 

Gary Cronk  

A critical safety provision for all hydrogen peroxide injections is the ability to control the exothermic 

Fenton’s reaction. Hydrogen peroxide possesses tremendous exothermic potential, with a heat of 

decomposition that is equivalent to a temperature increase of 124 degrees Fahrenheit (F) per gallon of 

10% peroxide (in a static situation). Of course, the temperature increase during a subsurface injection is 

normally less than this, as it is affected by a continual injection inflow of peroxide, the effects of dilution, 

and by the availability of iron as a catalyst. Nonetheless, the Fenton’s reaction, if left unattended, can 

cause subsurface temperatures to increase rapidly to unsafe levels over 180 degrees F and can cause 

chemical daylighting and possible damage to underground utilities and pavement. By the addition of a 

stabilizer compound (which acts as an iron chelating agent), the exothermic catalyzation of peroxide can 

be slowed down, and the subsurface temperatures can be controlled to limit the temperature increase to 

no more than 130 degrees F. The effective use of SHP also minimizes the occurrence of chemical 

daylighting. The use of SHP to safely control the subsurface build-up of temperature and pressure is a 

patented process of JAG Consulting Group known as Temperature Controlled Peroxide™.  

The net effects of injecting stabilized hydrogen peroxide (SHP) was compared and contrasted for three 

ISCO (In-Situ Chemical Oxidation) sites performed in 2016. During each of the injection projects, the 

peroxide injection rate was kept low (typically less than one gallon per minute), and the subsurface 

temperatures and pressures were continually monitored to ensure these parameters stayed within safe 

limits. The maximum temperatures recorded during the SHP injections at three sites were: New Jersey 

(max = 120o F); Menlo Park, California (max = 131o F); and Lomita, California (max = 122o F).     
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Understanding Subsurface Processes and Contaminant Chemistry: Steps 
Towards Developing Smarter Heating Strategies 

Robert D'Anjou and Michael Dodson  

Sites of increasing complexity and difficulty are now, with the onset of improved technology and 

understanding, coming into the realm of possibility as potential remediation sites. However, these 

increasingly complex sites require smarter, more informed remediation and heating strategies. This 

presentation will discuss a wide variety of recalcitrant/complex contaminant sites, and the ways we can 

generate increasingly informed heating strategies using ISTR and ERH technologies. 

Within this presentation we will discuss both real and theoretical remediation sites covering a wide variety 

of site characteristics and contaminant categories such as PAHs (with a special focus on naphthalene), 

Creosotes, and complex co-solvated DNAPL plumes. Each theoretical site model will be discussed at 

length, including how we can manipulate each singular contaminant source's chemical and physical 

properties through customized heating and extraction techniques in order to maximize removal rates. 

In addition to MGP and Creosote sites, sites with previously unproven complex contamination are coming 

up as potential ERH Sites. Many of these sites may in fact be prime candidates for ERH remediation. 

However, they necessitate in depth Bench Scale Feasibility testing in order to: understand the basic 

chemical composition of contaminated groundwater and soil at the site; generate critical information 

pertaining to the site groundwater and soil’s reaction to thermal activities, including contaminant removal 

rates and the effects of site specific lithology on the chemical composition and properties of the 

groundwater solution; and to test the feasibility of contaminant removal through thermal activities as it 

applies to full scale thermal remediation of the site. This presentation will discuss utilizing Bench Scale 

Testing to inform heating/remediation strategies and ERH system designs.  

Robert D'Anjou, Global Remediation Solutions LLC, 1121 Columbia Blvd, Longview , WA, United States, 
98632, Tel: 360-423-2245, robertda@pnecorp.com 

Michael Dodson, Global Remediation Solutions LLC, 1121 Columbia Blvd, Longview, WA, United States, 
98632, Tel: 360-423-2245, michaeld@pnecorp.com 

Presenting Author: Robert D'Anjou 

177



Detection of Cyanide in Water by Environmentally Friendly Colorimetry with 
Digital Image Analysis  

Seth Doe-Puplampu, Worawit Wongniramaiku, and Aree Choodum  

An expeditious digital image colorimetry was applied to detect cyanide anions in water. The 

environmentally friendly colorimetric species was synthesized by adding borontriflouride to the carbonyl 

group of curcumin, an extract from turmeric. Its reaction mechanism relied on the deprotonation of the 

hydroxyl group of BF2-curcumin. The orange-red color of BF2-curcumin solution changed to blue to 

indicate the presence of cyanide anion. A free-of-charge application program installed on a mobile phone 

was successfully employed for the colorimetric analysis to obtain analytical data in the form of Red Green 

Blue (RGB) values. Parameters affecting the reaction, i.e. the sample pH, curcumin concentration and 

reaction time, were optimized to obtain the highest concentration of product. The relationship between 

cyanide ion concentration and RGB intensities (IR, IG, IB) was calibrated to quantify CN- concentration. 

The obtained RGB intensity was inversely proportional to the concentration of cyanide. The optimum 

reaction was 1mM BF2-curcumin concentration, pH 9 of sample and 3 minutes reaction time. A wide 

linear range (0.2-7mgL-1) was achieved and the method validation point out good intra- and inter-day 

precision (1.41-2.0%RSD and 0.73-2.2%RSD respectively).  

Keywords: cyanide ion, mobile phone, RGB color system, curcumin, colorimetry 
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Combined Remediation Using Carbon Based Electron Donor and ZVI 

Brad Elkins, Bilgen Yuncu, and Ed Alperin  

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.  
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Environmental Restoration Wiki - Tech Transfer in the 21st Century 

Allison Stenger, Robert Borden, and Brad Elkins  

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 (Remediapedia) 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. Remediapediais already online at www.ERWiki.org with new content being 

added every week. 

To generate the most accurate and useful resource, we need YOUR help! 

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 

updates@environmentalresoration.wiki. Through the same email, you can also sign up to receive monthly 

updates on the addition of new content to the website.  
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Assessing the Adaptation Strategies of the Impact of Climate Change: A Case 
Study of Pungu-Upper East Region 

Evans Frimpong Boateng, Ing. Boateng Ampadu, and Miriam Abasa Adjei  

The study was undertaken at Pungu in the Kassena Nankana Municipal Assembly in the Upper East 

Region of Ghana, in order to access the adaptation strategies of the impacts of climate change by 

indigenes with respect to the unpredictable changed impact on health, water resources, agriculture and 

socio-economic statuses. Questionnaires and interviews were the methodologies used to achieve the 

stated objectives. 

The results from the assessment showed that indigenes sleep either outside or inside, which is 

dependent on prevailing atmospheric temperature, to prevent heat related diseases such as 

cerebrospinal meningitis. Unpredictable climate change and detrimental impact on water resources and 

agriculture are inevitably effects that affect their socio-economics statuses.  So, adaptation strategies 

such as hand-dug wells, boreholes and water from aquifers are resorted to in order to cope with the 

impacts climate change has on the aforementioned statuses. 

Frequent seminars and public education on the awareness of climate change, impacts and adaptation 

strategies are recommended. 
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Kinetics and Thermodynamics of Hydroxyl Radical Reaction with Chloramines 
Under Advanced Oxidation Process Conditions 

Stephen P. Mezyk, Jamie Gleason, and Kenneth Ishida  

The Orange County Water District (OCWD) in Fountain Valley, CA, utilizes a final Advanced Oxidation 

Process (AOP) after their primary, secondary, microfiltration (MF) and reverse osmosis (RO) processes in 

their treatment of wastewaters.  This AOP utilizes a combination of UV light and hydrogen peroxide to 

generate the powerful oxidizing hydroxyl radical (ƔOH) which can mineralize any remaining chemical 

contaminants. However, during the treatment, chloramines (NH2Cl, NHCl2, and NCl3) are deliberately 

generated in the wastewater stream as an anti-biofouling agent for the RO membranes. The chloramines 

are produced by adding a 12.5% basic hypochlorite solution into the wastewater stream through a single-

point feeder pipe. The reaction of hypochlorite with the natural ammonia in the water forms all three 

chloramines, initially favors trichloramine due to the high pH at the point of addition, but as the 

chloramines move through the system the pH shifts to 5.5 while the equilibrium becomes equal parts 

monochloramine and dichloramine with only trace amounts of trichloramine remaining. However, all three 

chloramines continue on into the AOP, which can significantly decrease the efficiency for the production 

and reactivity of ƔOH with desired chemical contaminants. Understanding the impact of the chloramines in 

the AOP is essential for its optimal operation.  In this study, the absolute second-order kinetics of these 

three chloramines with the ƔOH radical have been quantified.  Decreasing ƔOH radical reactivity with 

increasing chlorine substitution was observed; however, all three chloramines reacted quickly (k = 1-5 x 

108 M-1 s-1). Additionally, the temperature dependence of these reactions has been studied to determine 

their Arrhenius activation energies. These data willl be combined with other performance factors to study 

the overall effects these chloramines have on the efficiency of the AOP. 
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Alternative Water Sources for Construction: Evaluation Processes and Logistical 
Considerations 

Ryan Gray  

California’s rising population and persisting drought conditions are resulting in state, local, and/or project 

specific mandates to minimize potable water use for non-potable purposes, and to maximize the use 

of alternative water resources (including recycled water, raw water, and groundwater). Since 2009 

Geosyntec has been working with its utility and industrial sector clients to evaluate, permit, and implement 

programs to use alternative water resources in Southern and Central California for traditional and linear 

construction projects, hydrostatic testing applications, and proposed solar facilities. The feasibility of 

utilizing alternative water sources depends upon numerous factors including the project location with 

respect to available alternate water resources, project duration, water demand, and water quality 

requirements. 

This presentation will provide case studies, an overview of the current regulatory/permitting processes for 

use of alternative water sources for construction purposes with a focus on use of disinfected tertiary 

treated recycled water, and a discussion of logistical considerations that may affect permitting times or 

restrict project uses. 
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Using EPA Method 8260 to Identify Perfluorinated Compounds in Soil and Soil 
Gas During Site Assessment Activities 

Angela Haar and Steve Jones  

Due to the risks they pose to human health and their environmental persistence, the last decade has 

seen increased interest in identifying, monitoring and removing perfluorinated compounds (PFCs) in the 

environment. Currently, PFCs are measured using solid phase extraction and liquid chromatography – 

tandem mass spectrometry (SPE + LC/MS/MS) per EPA method 537. However, we have evidence that 

PFCs might also be detectable and quantifiable using EPA method 8260 (Volatile Organic Compound 

analysis by Gas Chromatography/Mass Spectrometry), a method is in much wider use and also lends 

itself to onsite investigations. 

Using EPA 8260 we have identified a number of different PFCs, including perfluorooctanoic acid (PFOA), 

at multiple sites, already demonstrating the qualitative capabilities of this method. However, further 

investigation is needed to determine a threshold for qualitative PFC analysis using EPA 8260 (i.e. 

minimum levels of detection) and to understand its applicability as a quantitative measure at levels 

relevant to site characterization and remediation. Here we will discuss the overall utility of using EPA 

8260 to identify and quantify PFCs, including a list of compounds identifiable using this method and their 

quantitation limits.  
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Successful Rapid Response Mitigation of High Strength Vapor Plume Underneath 
a Large, Active Navy Building 

Lisa Smith, Neal Durant, Brian Hitchens, Pamela Chang, Vitthal Hosangadi, and 
Michael Pound  

Results from a base-wide vapor intrusion (VI) investigation at Naval Air Station North Island demonstrated 

that Building 379 had a complete VI pathway and that indoor air concentrations of trichloroethene (TCE) 

exceeded the EPA Region 9’s urgent response action limit of 24 micrograms per cubic meter.  Building 

379 has a footprint of 172,000 square feet and overlies a light non-aqueous phase liquid (LNAPL) plume 

comprised of jet fuel and Stoddard solvent with a minor fraction of TCE (~ 7%) and other chlorinated 

volatile organic compounds (cVOCs). The depth to the top of LNAPL is approximately 23 feet below 

ground surface.  Volatilization of cVOCs from the LNAPL is believed to contribute to the cVOC vapor 

plume underneath the building.  

Several rapid response actions were taken to address noncancer TCE risk: communicating with 

stakeholders and the public, relocating sensitive receptors, modifying the operation of building’s heating 

and ventilation (HV) system, operating portable air filtration units in closed rooms with lower ventilation, 

and conducting bi-weekly indoor air monitoring.  In addition, a time-critical removal action (TCRA) is being 

implemented to mitigate VI risk.  The TCRA consists of sealing VI pathways and installing and operating a 

horizontal well soil vapor extraction (SVE) system.  Over 15,000 linear feet of expansion joint and floor 

cracks in the concrete slab were sealed, pipe penetrations in the bathrooms were sealed, a wall void 

space was filled, and the lunchroom floor tile was replaced with Land Science Technologies 

RetroCoat.  Two horizontal wells were installed with extracted vapor treatment by cooling, compression, 

and condensation.  The initial performance of the SVE system has exceeded expectations.  Within 35 

days of operation, 500 gallons (1.5 tons) of condensed soil vapor was collected, sub-slab 

depressurization 120 feet from the wells was greater than target levels, and indoor air concentrations 

were reduced to below action limits. 
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Designing Porous 3D-Graphene Nanosheets for Palladium Nanoparticles: 
Electrocatalysts for Anion Exchange Membrane Fuel Cells 

Sadia Kabir, Alexey Serov, and Plamen Atanassov  

Fuel cells are one of the most promising sustainable energy technologies for energy conversion. 

However, current fuel cells rely on expensive platinum (Pt) nanoparticles, which lack long term stability. 

Alternatively, palladium (Pd) nanoparticles have attracted growing interest due to their superior activity 

towards catalyzing oxidation/reduction reactions in both acidic and alkaline fuel cell electrolytes. However, 

current Pt/Pd nanoparticles are usually supported on amorphous carbon supports, which are prone to 

degradation under aggressive fuel cell operating conditions. Hence, the aim of this research was to 

develop stable and corrosion resistant support materials with high surface areas and conductivities to 

disperse the nanoparticles and facilitate charge transfer, respectively. In the present work, highly porous 

and corrosion resistant three-dimensional graphene nanosheet (3D-GNS) supports were synthesized with 

controlled yet varying levels of tunable micro- and macro-porosities by templating, acid etching, and 

thermal pyrolysis. The 3D-GNS materials were then utilized as supports for Pd nanoparticles and 

comprehensively characterized for their physicochemical properties and electrochemical performance 

towards oxygen reduction reaction (ORR) in alkaline media using various surface analysis and 

potentiometric techniques. Nitrogen adsorption experiments showed the 3D-GNS supports had a high 

degree of macro (>50 nm) and micro (<3 nm) porosities. Electrochemical results also demonstrated that 

the 3D-GNS supports significantly improved ORR kinetics by increasing the dispersion of Pd 

nanoparticles, in comparison Pd nanoparticles deposited on commercial carbon, Vulcan XC-72R. The 

synthesized Pd/3D-graphene catalysts in this study also mitigated the production of hydrogen peroxide to 

1-4% and reducing oxygen the 4 electron reduction mechanism – possibly by facilitating the mass-

transport kinetics in its templated macroporous structure – making them promising cathode materials for 

Anion Exchange Membrane Fuel Cells. This study highlights the importance of rationally designing 

electrocatalysts and provides a promising strategy to develop materials for high-performance energy 

storage/conversion devices. 
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Characteristics of Road Deposited Sediments on Expressway and the Reduction 
of Non-Point Source Pollution by Sweeping 

Seok-Oh Ko, Chae-Young Lee, Seoktae Kang, and Byung-Uk Bae  

The road deposited sediments (RDS) swept from highways in South Korea were characterized for a 

quantitative evaluation of non-point source pollutants reduction by sweeping. The swept RDS consists 

SULPDULO\�RI�VDQG�VL]HG�����ȝP�- 2 mm) particles (80.34±8.33% of total weight) and highly contaminated 

by organics, nutrients and heavy metals. The average concentration of TOC, BOD, VS, T-N, and T-P was 

20.17±9.13, 1.04±0.62, 39.92±16.55, 1.99±0.96, and 0.54±0.19 g kg-1 (± one standard deviation), 

respectively, foU����ȝP�- ��PP�5'6��7KH�FRQFHQWUDWLRQV�RI�WKH�SROOXWDQWV�ZHUH�KLJK�IRU�����ȝP�5'6��EXW�

PRVW�RI� WKH�PDVV�ZDV�DVVRFLDWHG�ZLWK����ȝP� - 2 mm RDS. The results suggest that the pollutants are 

associated with the RDS swept in highways are originated mainly from engine wear, exhaust emission, 

and tire wear, differently from the RDS on the roads in residential and commercial areas, where natural 

particles and brake wear contribute significantly to RDS. In addition, the reduction of TOC, BOD, VS, T-N, 

T-P, Cu, Pb, Zn, Fe, and As was calculated to be 3,355.3, 175.1, 6,621.4, 323.0, 88.3, 30.3, 13.7, 1.0, 

303.4, 11,198.7, and 0.4 g km-1, respectively, based on the characteristics of the swept RDS. 
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Bromine Atom Kinetics with Pharmaceutical Contaminants Under Advanced 
Oxidation Process Treatment of Wastewater 

Amiruddin Lechner, Stephen P. Mezyk, and Kenneth Ishida  

The use of advanced oxidation processes (AOPs) as an ultimate treatment step in remediating 

wastewaters is becoming an increasing topic of interest. These processes can quantitatively remove all 

residual levels of pharmaceutical contaminants through the generation and reactions of highly oxidizing 

radicals such as the hydroxyl radical (ƔOH). Generation is typically through the UV photolysis of hydrogen 

peroxide.  However, these processes are costly, and thus highly dependent on optimal operation. Since 

the ƔOH radical is a powerful oxidant, it will non-selectively react with and destroy all organic contaminant 

species in the water. As such, the overall AOP efficiency will be hindered by the presence of other 

chemicals, notably wastewater matrix components, and intentionally added chemicals such as 

chloramines (NHxCly).  While recent studies on chloramine-initiated reactions with some species 

(dissolved organic matter, bicarbonate/carbonate, nitrite) have recently been performed, a potential 

wastewater contaminant that has received much less attention is bromide. The presence of bromide ions 

in wastewater may result in brominated disinfection byproducts (DBPs) through the production of bromine 

atoms (Br?) through the oxidizing reactions of hydroxyl radicals or chlorine radical species. Alternatively, 

bromine atom formation may result from radical reactions of bromamines (NHxBry) that are also formed 

under advanced oxidation conditions. These bromamines can form through bromide reactions with 

chloramines. The resulting BrƔ atom formation could potentially react with contaminant chemicals, 

assisting in their removal. Here we report our preliminary kinetic data obtained for the reactivity of 

bromamines (NH2Br) and BrƔ with a variety of chemical contaminants including antibiotics and 

carcinogenic species. 
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Effects of Various Operating Conditions on Biodegradation of Swine Carcasses in 
Simulated Lysimeters 

Jae-Min Choi, Chae-Young Lee, and Jung-Kwang Kim  

This study was to investigate the biodegradation characteristics of swine carcasses with various operating 

conditions of lysimeters. Three lysimeters were simulated with different operating conditions: no 

microorganism addition for lysimeter A (control), anaerobic microorganism addition for lysimeter B, and 

aerobic microorganism addition and aeration for lysimeter C. The lysimeter C showed higher leachate 

production (6.4 m3/ton VS) and leachate production rate (0.041 m3/ton VS.d) compared to lysimeter A by 

54.6% and 48.8%, and to lysimeter B by 18.8% and 9.8%, respectively. The degradation efficiency of 

lysimeter B (36.6%) was higher than that (19.6%) of lysimeter A due to anaerobic microorganism addition. 

And the degradation efficiency of lysimeter C that added aerobic microorganism was higher than of 

lysimeter A and B. Total organic carbon (TOC) removed in lysimeter B was converted to leachate (29.6%) 

and gas (7.0%), and in lysimeter C was converted to leachate (37.6%) and gas (13.4%). The 

pyrosequencing (454) analysis of microorganism revealed in lysimeter A and B that Bacillus subtilis 

accounted for 47.1% and 76.9%, and in lysimeter C, Pseudomonas putida accounted for 39.6%.  

 

This research was supported by the Korea Ministry of Environmental as ‘The 2016 GAIA project (No. 

G116-00056-0203-1)’. 
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Reducing the Risk of Inaccurate Results When Quantifying Trace Elements in 
Seawaters Using ICP-QQQ-MS 

Elizabeth Madonick, Tamas Ugrai, Hakan Gürleyük, Geoff Leadbeater, Russ Gerads, 
and Michelle Briscoe  

Determination of low-level trace metals and rare earth elements in seawaters by ICP-MS is usually 

complicated by significant matrix effects and polyatomic interferences. To overcome these issues, 

multiple off-line and on-line techniques can be employed. However, certain methods to reduce or 

overcome the complex matrix will be more appropriate depending on the analyte of interest, oxidation 

state of the analyte, and specific matrix parameters. This presentation shares lessons learned from 

multiple years of analyzing thousands of seawater samples, supported by data that shows potential 

biases that can arise when incorrect methods are employed. 

While technology and analytical automation move forward at a fast pace, it is still important to focus on 

the chemistries involved with the analysis of seawaters to avoid significant biases in the data. Results 

from the analysis of real world samples and corresponding quality control data will be presented on the 

accuracy, specificity, and reproducibility of the methods described, highlighting potentially disastrous 

issues that can be encountered in a fast-paced laboratory environment. For each challenge, this 

presentation will present solutions for overcoming the issues and provide the audience with critical 

information needed to make educated decisions about which analytical methods are appropriate to meet 

their data quality goals. 
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The Role of Mycelium in Bioretention Systems: Evaluation of Nutrient Retention 
in Mycelium-Inoculated Mesocosms 

Ashley Martinez, Cara Poor, and Casey Balmes  

Bioretention systems have become an increasingly common method for treating stormwater in urban 

areas. Benefits of bioretention systems include a decrease in peak flows to receiving waters and removal 

of contaminants from stormwater. However, nutrients can leach out of the bioretention soil mix, which can 

contribute to degradation of receiving waters if the bioretention system has an underdrain. These 

nutrients are likely from the compost added to promote plant growth and water retention. Mycelium may 

increase nutrient uptake in bioretention systems, and reduce the magnitude of leaching. To evaluate the 

impact of mycelium on nutrient leaching from bioretention systems, mycelium was added to the soil mix in 

the form of ectomycorrhizae and endomycorrhizae. Six vegetated mesocosms were used, three with 

mycelium and three without. Mesocosms were planted with Carex Stipata, a native sedge with 

endomycorrhizal associations. A saturated zone was created with a standpipe to encourage 

denitrification. Runoff from a parking lot was collected and applied to each column. Five tests were 

conducted, with at least one week between tests to allow for a drying period. Influent and effluent was 

tested for total phosphorus (TP), phosphate (PO43-), total nitrogen (TN), ammonium (NH4+), nitrate 

(NO3-), copper and zinc. Preliminary results indicate that mycelium may reduce leaching of TP and 

PO43- from bioretention systems. 
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Closing Hydrologic Gaps: Merging Data Streams for Agro-Ecological Research 

Randy S. Mentz, Dennis L. Busch, Thomas B. Moorman, and Andrew D. Cartmill 

Quantifying and understanding the hydrologic cycle in agro-ecosystems requires a long-term systems 

approach. The University of Wisconsin-Platteville Pioneer Farm Research program has been investing in 

hydrologic monitoring infrastructure for nearly 20 years. Edge-of-field runoff monitoring stations were 

installed in 2001, later joined by a meteorological station in 2003, and groundwater monitoring wells in 

2006. In recent years, plant water use efficiency measurements, soil moisture sensors, and lysimeters 

have been added to close the monitoring gaps and build capacity to participate in the nationwide USDA-

ARS Long-Term Agro-Ecology Research network. Here we will present some of the data being collected 

and how it is being used to close the hydrologic gaps at the field scale. 
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Assessing the Effects of Fuel Based Lighting: The Case of Kerosene Disasters in 
Nigeria  

Edmund Merem, Joan Wesley, Peter Isokpehi, Mercy Shenge, Siddig Fageir, Gloria Hirse, 
and Marshand Crisler  

Fuel based lighting made up of kerosene continues to find essential use in West Africa. In Nigeria where tens of 

millions of people regularly use kerosene at homes to their own peril, adverse environmental health effects 

haunt citizens much of the time. These include rising mortality and morbidity often associated with fire hazards 

from kerosene explosions, the destruction of properties, burns, compromised vision, indoor air pollution, asthma 

and the disproportionate exposure of infants and women to the recurrent risks. With hospital emergency cases 

involving complications from kerosene hazards on the rise, adulterated products in the face of loose regulations 

and mass poverty have surged over the years in Nigeria. In all these, very little research has been done to 

assess the risks from fuel lighting incidents and their impacts from a mix scale perspective using Geographic 

Information System (GIS) technique. Accordingly, this paper analyzes the growing risks from kerosene disasters 

in Nigeria. Emphasis is on the issues, trends, factors and impacts using mix scale techniques of GIS and 

descriptive statistics to map and track the trends spatially. Preliminary results using descriptive statistics 

revealed occurrence of kerosene hazards in the form of fatalities through household explosions as well as 

health and environmental risks.  Just as impact analysis identified pollution threats, GIS mapping pinpointed 

spatial dispersion of the risks and elements associated with kerosene hazards. With all these attributed to 

several elements from ineffective policy to economic conditions, the paper offered several remedies consisting 

of the need for education and enlightenment campaign, coupled with rapid emergency response to fire hazards 

and effective policy. Considering the extent of kerosene hazards over the years, resource managers can build 

from current research  and design proactive measures to mitigate future disasters for the sake of public health 

and safety of citizens in their decision making process.  
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Follow-up on the Discharge of Industrial Effluents, Municipal Wastewater and 
Agricultural Drainages in Lake Burrulus, Egypt 

Ibrahim Mousa and Eslam Emara  

Pollution of Lake Burullus water has increased due to the discharge of industrial effluents, municipal 

wastes, aquaculture wastewater and agricultural drainage. The present study measured the effects of 

these pollution sources on Lake Burullus water by monitoring the physical, chemical and microbiological 

characteristics. The Lake Burullus environment was investigated during four seasons from 2013-2014. 

Three locations represented the aquaculture farms drainage; Lake Burullus water (un-manipulated site) 

and agricultural wastewater were selected for this study. The main results of the study were: NH3 levels 

decreased in summer and spring, while NO2 increased in the same seasons; total and fecal coliform 

count increased in summer and autumn in agricultural wastewater drainage; conductivity showed high 

levels in winter and autumn in aquaculture wastewater; total hardness levels increased in winter in 

aquaculture wastewater; heavy metals levels in this study showed that Cu and Pb increased in winter and 

spring; Zn and Fe showed high levels in agricultural wastewater in summer and spring; As and Co were 

under detectable limits; and Chloroform, dichlorobromomethane and trihalomethane levels recorded high 

values in summer and autumn in agricultural wastewater drains. According to the previous results, it's 

advisable that all effluent drainage heading the Lake Burullus must be treated before release, otherwise 

environmental pollution supervenes. 
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Chemical Form Matters - When PAHs Are Not Hazardous 

Philip Mulvey  

BC consists of chars and soots.  Chars are considered important for carbon sequestration.  Soots are a 

significant atmospheric toxicant. Both involve PAHs in their formation and chars create PAHs during 

weathering, however, both when oxidatized render PAHs harmless.  Chars are highly variable in 

composition but typically have aromatised zones, linked by functional groups. Soots are condensed from 

PAHs and contain minimal other functional groups.  Chars are mostly amorphous and soots mostly 

crystalline.  Soot grows via hydrogen abstraction and acetylene addition resulting in intermediates being 

stabilised radicals. The cessation of combustion (e.g. truck exhaust) results in stabilised radicals within 

the solid particle and condensation of the gases onto the surface as a liquid.  These liquids contain 

saturated PAHs and radical alkylated PAHs as well as MAHs and aliphatics and also occur in poorly 

ventilated combustion chamber char and as a byproduct from pyrolysis of coal. Liquid PAHs and 

stabilised radicals result in soot, smoke (and fumes) and liquid condensate (tar/creosote) being 

carcinogenic.  Fresh soot and liquid PAHs are available, toxic and odorous. Weathering of BC has three 

stages: destruction of the liquid condensate and N, P and S heterocyclic linkages; activation of the 

surface and destruction of the aliphatic linkages; and activation of the aromatic core.  Chars almost 

completely weather; soots hardly at all. Once activated (carboxylated) the BC sorbs the PAHs released 

as a result of the removal of the linkages.  Ongoing activation results in BC, particularly soot, becoming 

the loci for ped formation gathering DOM, soluble metals and humin. Ash from coal fired boilers, the most 

common component of fill in 19thC cities, is rich in BC. This BC is activated and the sorbed PAHs are 

harmless. Weathered  BC, without odour, may have PAHs but are difficult to extract, not available and not 

hazardous.    
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Sustainability of Ecoroofs: An Evaluation of Runoff Water Quality from Ecoroofs 
in the Portland Area 

Jarrett Okita and Cara Poor  

Ecoroofs have become increasingly common in many cities to help address combined sewer overflows 

during significant rain events. Ecoroofs reduce the burden of aging sewer systems by retaining rainfall 

and slowing runoff to sewer systems. However, nutrients and metals can leach from ecoroof soils and 

contribute to the degradation of sensitive receiving waters. It is unclear whether this leaching decreases 

over time. This study measured concentrations of total phosphorus(TP), phosphate (PO4
3-), copper, and 

zinc in stormwater runoff from a regular roof, a new ecoroof, and an older ecoroof in Portland, OR. The 

runoff from the new ecoroof initially contained higher concentrations of TP, PO4
3-, and Cu than the older 

ecoroof during the wet season, but switched trends during the dry season. Both ecoroofs produced 

similar concentrations of Zn. The regular roof had the lowest concentrations of TP and PO4
3-, but the 

highest concentrations of Cu and Zn. Methods for TP and PO4
3- removal are needed before ecoroof 

runoff is discharged, particularly for new ecoroof installations and where receiving waters are sensitive or 

impaired. 
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Testing of a Permeable Reactive Barrier for Arsenic Removal in Australia 

Christa Bucior, Sophia Dore, Donald Pope, Ryan Thomas, and Alan Weston  

A permeable reactive barrier (PRB) is a passive treatment that intercepts and treats contaminated 

groundwater or surface water prior to discharge.  PRB can use physical, chemical and biological 

mechanisms to remove pollutants from water.  Passive treatments such as PRB, once designed and 

implemented, require little further input of energy or labor.  Beyond routine inspections and maintenance, 

these systems can be left alone and can provide long term, low cost treatment for water.  They are also 

suitable for implementation in remote locations since they do not require an energy source or human 

operator. 

Removal of arsenic from groundwater can be difficult due to the different forms of arsenic that can 

exist.  Arsenic (As) can be present in the environment in several oxidation states: arsine (-3), As metal 

(0), arsenite (+3), and arsenate (+5).  In addition to inorganic species, As can be present in organic 

compounds.  The mobility of As in the environment depends strongly on the groundwater pH and redox 

conditions.  As can be mobilized over the entire pH range under suitable physical and chemical 

conditions. 

A site in Australia is an abandoned, collapsed vertical gold mine shaft.  Arsenic is associated with gold 

mineralization, and elevated arsenic concentrations in soil occur in the region where mining has taken 

place and where tailings are present.  Water discharging from the site would enter a creek which flows 

into two other creeks and a swamp.  A PRB has been proposed that would intercept the water and 

remove arsenic and sulfate before it reaches the wetland.  A treatability study was performed to 

determine the design parameters for the PRB to treat water discharging from the site. 

This presentation will include the design and results of the treatability study. 
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Zero Valent Iron Reactivity Testing and Project Design 

Patrick Randall and Cindy Schreier  

Zero Valent Iron (ZVI) is being used for remediation of chlorinated ethenes on many projects.  Laboratory 

reactivity testing and data interpretation is an important part of designing a successful remediation 

project.  In addition to an introduction of ZVI, its properties and applications, this paper will provide 

detailed information on the design and implementation of laboratory reactivity testing and how to utilize 

the laboratory results in project design. 

Laboratory tests are used to determine site specific and iron-specific reactivity constants for Zero Valent 

Iron (ZVI).  Proper planning, design, and implementation of the tests are critical to obtaining meaningful 

results that can be used in design of remedial systems.  Reactivity constants can be determined via batch 

or column tests.  The preferred method depends upon the intended application method of the ZVI.  Each 

test type will be examined in detail to provide project managers with a better understanding of their 

options and enable them to communicate with their laboratories to develop and conduct a successful test. 

Laboratory generated reactivity data has been used to aid design of permeable reactive 

barriers.  Innovative ZVI applications now involve injection into the plume, source area and application in 

the bottom of excavations.  Combining reactivity data with simple groundwater flow models can help 

determine design parameters such as the required reactivity of the ZVI, mass loading, and how 

geochemistry with effect ZVI performance. 

Combining simple groundwater models with laboratory generated reactivity data can help remedial 

managers design applications which are cost effective and meet remedial goals. 
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ZVI Mitigation of Methane in Soil Gas 

Patrick Randall and William Guite  

Recently, the issue of methane generated during remediation projects has come under scrutiny; 

specifically, when a carbon substrate is applied to create anaerobic dechlorination, the process may be 

accompanied by methanogenesis.  Methane released from the subsurface may contribute to the emission 

of greenhouse gasses, significantly reduce the amount of applied remediation substrate available for 

dechlorination, and may trigger regulatory requirements for monitoring and/or mitigation. 

Application of Zero Valent Iron (ZVI) degrades TCE through abiotic beta elimination bypassing the 

production of intermediate daughter products.  However, ZVI also reduces the ORP in the aquifer which 

can stimulate the biological degradation process as well. This study focuses on DCE and VC degradation 

at a site previously treated with bio augmentation.  A baseline methane concentration of 9,100 mg/L and 

elevated levels of DCE and VC show that the biological process stalled and most of the carbon source 

was being converted to methane.  One month after ZVI emplacement, the methane is reduced to 

zero.  The abiotic reactions with ZVI are able to sustain the low methane environment until 10 

months following injection.  

The study shows that placement of ZVI subsequent to application of organic substrates such as 

emulsified vegetable oil can speed the remediation processes without creation of intermediate daughter 

products and reduce methane soil vapor concentrations. 
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Emission Controls on Sub-Slab Depressurization Systems – A State Review of 
Allowable VOC Emissions. 

Catherine Regan, Stacey Braga, and Nadein Weinberg  

The concern regarding vapor intrusion has become an increasingly large part of contaminated site 

investigations and cleanups as well as property transactions, brownfields redevelopment and general new 

building construction. Active vapor intrusion mitigation, in particular sub-slab depressurization (SSD) 

systems, continue to be the standard to either mitigate known vapor intrusion concerns or to pre-

emptively mitigate the potential for a completed vapor intrusion pathway. 

It is commonly assumed that SSD systems are exempt from emission control due to their low flow rates 

and presumed insignificant mass removal. Although exemption from emission controls is often 

appropriate in residential settings, it may be required in commercial settings. Our research indicates that 

state regulations on air emission controls for SSD systems vary significantly and in some cases state 

regulations have not considered or made accommodations for a system such as an SSD system in their 

policies. In some states this means that SSD systems stay unregulated but in other states this means that 

SSD systems are included under regulations meant for larger emitters, which may or may not be 

appropriate.  

This study reviews the emission requirements for a cross section of states and how those emission 

requirements will apply to the operation of SSD systems including cost implications for installation and 

operation of the SSD systems.  Similar to the variability from state to state in adopted vapor intrusion 

screening values, this study highlights the variability in emission control requirements and the importance 

of knowing the local guidance and regulation. The study tabulates the researched data and provides 

source information from the selected states for future reference.          
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Using Sulfate Radicals to Remediate Pharmaceuticals in Wastewater: Interaction 
of Organic Matter with Wastewater Constituents 

Trevor Reutershan and Stephen P. Mezyk  

Quantitative removal of pharmaceutical compounds from wastewaters is a current problem facing utility 

management today. The current insufficient remediation of these compounds is leading to antibiotic 

resistant bacteria, feminization of fish, and increased health concerns in the public. Radical-based 

advanced oxidation and reduction processes (AO/RPs) have been shown to be a promising method to 

effectively mineralize these compounds. This study investigates the applicability of sulfate radical based 

oxidation of antibiotics towards their quantitative removal from wastewaters. Specifically, the influence of 

dissolved organic matter (DOM) as a scavenger of oxidative species was investigated as pharmaceuticals 

may interact with DOM macromolecules and retard the remediation abilities of radical-based AOPs. 

Kinetic competition studies were performed between the sulfate radical, and mixtures of small organic 

pharmaceuticals and DOM. A mathematical model was developed to analyze the equilibrium constant of 

association between various pharmaceutical compounds and DOM from kinetic traces. The average 

equilibrium constant between a library of samples of organic matter and beta-lactam antibiotics was found 

to be 128.1 ± 13.8. Association constants for estrogenic steroids were observed to be an order of 

magnitude larger, and the association of carcinogenic nitrosamines to DOM was correlated to the 

hydrophobic nature of the functional groups. The association of these small organic compounds must be 

taken into consideration when designing remediation processes and several cost-effective procedures 

can be implemented. Additionally, the estrogenic activity of oxidatively modified estrogens were 

determined using fluorescence polarization to probe the efficiency of such procedures. 
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Chlorine Atom Reactions in Advanced Oxidation Remediation Systems 

Trevor Reutershan and Stephen P. Mezyk  

Effective removal of chemical contaminants from wastewaters is an area of interest to water treatment 

facilities today. Among the most efficient of these methods are Advanced Oxidation and Reduction 

Processes (AO/RP). However, before streams enter the AOP, hypochlorite salts and chloramines 

(NRxCly) are introduced to the system in order to prevent membrane biofouling. These chloramines enter 

the downstream AOP and act as absorbers of UV radiation as well as scavengers of hydroxyl radicals. 

Such interactions in the AOP can lead to the production of aqueous Cl atoms. In this study, the 

mechanism of chlorine atom kinetics in such systems is investigated. By monitoring the kinetics of the 

dichlorine radical ion, the reactivity of chlorine atoms in the presence of wastewater matrix constituents 

such as carbonate species, organic matter, and pharmaceutical contaminants were determined. The 

results of this study provide insight to the chemical actions of wastewater treatment systems. In general, it 

was found that the chlorine atoms react by hydrogen atom abstraction, similar to hydroxyl radicals, but 

much more slowly than hydroxyl radicals with pharmaceuticals, but leaves open the possibility of 

augmentation of the HO-based remediation of wastewater contaminants. 
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Groundwater Characterization for Deep Oil, Gas and Mine Developments 

John Sankey  

Background/Objectives. Unconventional oil and gas developments bring the petroleum industry into 

interaction with shallower fresh water. Traditional groundwater characterization and instrumentation 

approaches have proven inadequate to the task of providing a sound, defensible basis for assessment of 

environmental risk. Recently, stakeholders and state regulators have asked for more detail before 

providing permits for production wells 

Two case studies with deep high resolution characterization will be presented; 

1. Hydraulic Testing of Reservoir to Improve Design of SAGD Steam Injection/Oil Recovery. 

2. Characterization Activities of Unexpected Groundwater Mine Flood from Devonian Aquifer. 

Approach/Activities. An integrated approach has been developed to characterize baseline groundwater 

conditions in shallow fresh water aquifers in the vicinity of drill pads and surface water impoundments for 

shale gas operations and for monitoring the groundwater conditions before, during, and after site 

operations. This approach provides defensible data to mitigate risk related to potential groundwater 

impacts during drilling, fracturing and production activities at shale gas sites. 

Results/Lessons Learned. To efficiently produce reserves in situ, detailed hydrogeological 

characterization of the complex stratified reservoir was needed to optimize the design and operation of 

injector and producer wells. Deep multilevel groundwater monitoring allowed the user to measure 

formation pressures, obtain water chemistry samples and perform hydraulic conductivity testing from any 

number of monitoring zones in a single borehole. This allowed stakeholders and state regulators to give 

acceptance to production wells. 
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Underground HVAC Piping: Re-Purposed for SSD and Monitored with Open-
Source Telemetry 

Brad Schwie, Kevin Eisen, Ben Meemken, Adam Janzen, and Doug Connell  

Sub-slab soil gas investigations identified areas with elevated VOC concentrations in soil gas beneath 

three buildings comprising a former maintenance facility. The facility buildings are separated by a quarter-

mile and range in size from 4,000 to 35,000 square feet. Facility construction drawings are not available. 

The largest building was observed to have underground concrete and vitrified clay piping for distributing 

heated air. Multiple foundation walls and concrete floor elevations were present due to building additions 

and modifications over time. This paper summarizes the evaluation and implementation of a sub-slab 

depressurization (SSD) system that re-purposes the existing underground piping and the use of open-

source software and hardware for long-term, remote monitoring. 

Installation of SSD systems in the facility buildings created pressure field extension that was remotely 

monitored at the fan locations. Remotely monitored fan pressures and manually-measured sub-slab 

differential pressures were monitored and a correlation was documented during the first year of operation. 

Development of the open-source hardware and software demonstrated that differential pressures in the 

facility building SSD systems could be monitored feasibly over a large area and logged remotely. We 

expect these results to be helpful with other remote pressure sensing applications associated with VI 

mitigation systems. 
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Interaction of Synthetic Organic Micropollutants with Manganese Oxides  

Nabil Shaikh, José M. Cerrato, and H. Zhang  

Water reuse has been projected to become a necessary practice in regions suffering from extended 

droughts and increasing water scarcity. Presence of endocrine disrupting compounds such as synthetic 

organic micropollutants have been increasingly detected in anthropogenic influenced water sources, and 

the negative effects have been demonstrated especially on aquatic life. Hence, synthetic organic 

micropollutants have become an emerging topic of concern in the field of direct potable water reuse. The 

abundance of redox active compounds such as manganese oxides (MnOx) in soils and rocks provides an 

opportunity to use solid MnOx to react with the synthetic organic micropollutants. However, the changes 

in surface chemistry during the reaction have not been well understood. Thus, this study aims to 

determine the changes in chemical composition occurring on the solid manganese oxides surface after 

reaction with synthetic organic micropollutants such as phenol, triclosan, bisphenol A, and aniline using 

spectroscopic techniques such as X-ray photoelectron spectroscopy (XPS) and Raman spectroscopy. 

Additionally, aqueous chemistry analyses are used to complement spectroscopy and gain mechanistic 

insights into the interfacial interactions between solid MnOx and organic micropollutants. The results 

indicate that phenol, triclosan, bisphenol A, aniline, and related byproducts are associated with the 

surface of solid MnOx-reacted samples and increase in reduced Mn in the surface of solid MnOx, and the 

dissolution of Mn into solution was influenced by physio-chemical properties of the organic 

micropollutants and impurities present. The results from this study contribute to improving the 

understanding of solid MnOx-micropollutant geochemical processes and development of water treatment 

technologies that use MnOx to remove organic micropollutants. 
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Development of New Model Biogas Plant for Household Organic Waste 
Management 

Jeeban Shrestha  

Production of bio-gas as a renewable source of energy from organic fraction of kitchen waste was 

investigated in this study. A new model of bio-reactor of 1.2 cubic meter size, constructed using mild steel 

sheet of 12 gauge thickness and insulated with glass wool, was successfully tested. The reactor was 

loaded with input of 400kgs of cow dung and was diluted with 400 liters water. Gas production was noted 

after 8 days. Kitchen wastes were then used as feeding material. The initial pH of substrate was recorded 

at 5.1. The bio-reactor produced 53.30 liters (at normal temperature and pressure) of bio-gas from 1 kg 

kitchen waste under insulated condition. The gas pressure was recorded to be 9.6kPa. The maximum 

pressure was recorded at 10.7kPa. The digested slurry coming out from slurry outlet contained 1.16% 

Nitrogen, 0.32% Phosphorous, 1.8 % Potassium, and the pH was found to be 7.2. 

The main feature of this model is that the inlet contains a pre-digestion unit and is equipped with easy 

cleaning and feeding system. Similarly the module is easy to transport, light weight, well insulated, and 

does not produce a bad smell in the immediate vicinity. The present model opens ways and possibilities 

for waste management at source level and decreases expense in cooking fuel cost by 35 % to 40%, as 

well as helps in organic farming and decrease of greenhouse gas emission. It also assists in cutting the 

cost of transportation of waste to the dumping site and decreases the volume of carbon dioxide from the 

previously used vehicles for waste transportation. 
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Analysis of Wastewater from Industries and the Essence of Pre-Treatment for 
Environmental Sustainability 

Erasmus Tetteh-Bator and David Ewusi-Mensah  

Industrial activities play an important role in modern environmental sustainability. Industrial waste has 

been a problem since the industrial revolution. This consists of any waste that can trace its immediate 

source from industrial practice. 

Though lots of research had been done about various pre-treatment methods and about available 

methods that industries can potentially apply and adapt to support the assessment of their environmental 

sustainability, they describe these methods to be a significant task, whose efficiency needs to be 

increased. In this regard, this study sought to reveal the challenges industries face in pretreating their 

waste for discharge, the big weakness in research and applications on the essence of pre-treatment of 

industrial wastewater, as well as adaptable methods which are efficient, cost effective and 

environmentally sustainable. 

Using Struvite recovery, Membrane technology, the technology of Venturi scrubbers, and an 

argumentative approach model for decision making which also includes the ProCLAIM model and 

Argument graph, the study presents various efficient pre-treatment methods as it: (i) makes a clear 

distinction between pre-treatment of industrial discharge and treatment of wastewater in a plant to prove 

the essence of pre-treatment of industrial discharge; (ii) evaluates major contaminants in water discharge 

and impacts on the environment (water); (iii) efficient pretreatment methods applied depending on the 

content of the industrial discharge which needs to be removed before discharge. 

The study’s adaptable methods say: (i) attention should be given to more sustainable reuse methods of 

treated effluent to reduce cost in pre-treatment; (ii) effective policies should be made to regulate the 

activities of industries, whether small or big, in view of effluent content; (iii) studies should focus more on 

alternative material for production in different sectors of industries to reduce toxicity and pollutants in 

wastewater (discharge). 
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Discovering the Future: The Role of the Arts in Addressing Temporally Distant 
Environmental Risks 

Diane Thiel and Constantine Hadjilambrinos  

Risk perception research conducted over the past twenty years has revealed that risk perception is 

characterized by a dual process in which rational-analytic thinking is preceded by and, ultimately, shaped 

by experiential-affective response.  Neuroscience research has further shown that all decision-making 

processes are based on an integration of affective and analytic responses.  Perceiving and, more 

importantly, acting to mitigate risks is based on an individual’s visualization of the consequences of his or 

her action.  The perception of immediate risks tends to be dominated by visceral factors, as these have a 

powerful effect on creating strong feelings in the present moment.  In contrast, such factors play little role 

in reacting to future consequences of decisions.  People react to temporally distant risks only on the basis 

of their current experience, which allows them to visualize these risks.  When it comes, however, to risks 

with which there is no experience, such as the risks from global climate change, repositories for high-level 

radioactive waste, and combined and cumulative effects from exposure to toxic substances (to name a 

few), there is little to generate affective response and, as a result, risk perception is typically 

inadequate.  A solution to the problem of perception of temporally distant environmental risks emerges 

when we understand that risk perception requires engagement of the experiential response system and 

that this system translates reality into images, metaphors, and, ultimately, narratives.  The arts, including 

literature, the performing arts, visual arts, etc. are, in fact, humanity’s primary means for creating affective 

meaning in both the present and future.  This paper describes the ways in which the arts can explore and, 

therefore, discover the future, driving a process of effective risk perception and response to temporally 

distant environmental risks. 
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Chloramine Chemistry and Radical Kinetics in Wastewater 

Liam Twight, Stephen P. Mezyk, and Kenneth Ishida  

Traditionally, wastewater is initially disinfected by the addition of chlorine. The reaction of chlorine with 

residual ammonia produces chloramines; a mixture of monochloramine (NH2Cl), dichloramine (NHCl2), 

and trichloramine (NCl3), whose ratios are dependent upon the initial reactant concentrations and mixing 

conditions. The in situ formation of chloramines has become an increasingly popular strategy for 

wastewater disinfection over free chlorine alone because of their longer residual lifetime and less 

disinfection byproduct formation.  Chloramines are also effective in reducing membrane biofouling in the 

treatment train. However, with UV/H2O2 based Advanced Oxidation Processes (AOPs) being increasingly 

considered for the final polishing treatment of wastewater for recycling options, it is important to 

understand the downstream chemistry of chloramines under all anticipated large-scale treatment 

conditions. All three chloramines absorb UV light strongly, resulting in decreased efficiency of the 

AOP ƔOH radical production.  In this study we have determined the quantum yields for the photolysis of 

each chloramine species over a range of pH. Additionally, the radical chemistry of the photolysis products 

of chloramines (ƔNHCl, ƔNCl2 and ClƔ) were studied. Chlorine radicals were found to be significantly 

reactive, and here we report preliminary data on the kinetics of this product radical with typical 

wastewater constituents and important contaminants. The measured kinetics for ClƔ demonstrates that 

the overall AOP efficiency could be augmented by this radical under AOP process conditions.  
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Trichloramine Reactivity with Amino Acids Under Wastewater Treatment 
Conditions 

Stephen P. Mezyk, Landon Watts, Jamie Gleason, and Kenneth Ishida  

The Orange County Water District uses an Advanced Oxidation process (AOP) as the final step in their 

extended treatment of wastewater. In this process, hydrogen peroxide (H2O2) is photolyzed by UV light, 

yielding hydroxyl radicals (ƔOH) that destroy any chemical contaminants that remain after their primary, 

secondary, microfiltration and reverse osmosis processes. The optimal use of a UV/H2O2 AOP depends 

on having minimal loss of the ƔOH radicals to other wastewater chemicals. One particular problematic 

group of species in the AOP are the chloramines, NH2Cl, NHCl2, and NCl3, which are deliberately 

generated in the wastewater train to prevent biofouling of the RO membranes. These chloramines 

significantly interfere with the wastewater remediation chemistry by directly absorbing UV light, which 

decreases the ƔOH radicals produced. In addition, chloramines thermally react with organic chemicals to 

potentially produce toxic halogenated byproducts. The focus of this study was to establish the importance 

of the latter pathway; to determine NCl3 thermal reactivity with a suite of amino acids.  Absolute rate 

constants for these reactions were determined from the decrease of NCl3 absorbance at 336 nm using a 

stopped-flow spectrophotometer. Correlations between amino acid structure and NCl3 reactivity were also 

attempted in order to gain insight into their importance under AOP wastewater treatment conditions. 
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