
AEHS
Foundation¤ ABSTRACT BOOK

presented by The Association for Environmental Health & Sciences Foundation

Conference Directors: Paul Kostecki, Ph.D. and Edward J. Calabrese, Ph.D.,  
University of Massachusetts, Amherst, MA

March 21-24, 2016
Mission Valley Marriott 
San Diego, California

SPONSORS/SUPPORTERS

26th A
nnual International C

onference on S
oil, W

ater, Energy, and A
ir 

M
arch 21–24, 2016

The 26th Annual International Conference on

Soil, Water,
Energy, and Air

www.AEHSFoundation.org



 
Table of Contents 

 
Platform Presentations (arranged by session) 

 

ADDRESSING SOIL, WATER, ENERGY, AND AIR IMPACTS OF 
DROUGHT AND WATER SHORTAGE ............................................ 1 

BEYOND SCREENING LEVELS: TOOLS TO REFINE RISK 
EVALUATIONS ..................................................................................... 9 

BIOREMEDIATION ................................................................................. 17 

CHLORINATED COMPOUNDS ............................................................. 25 

CONSTITUENTS OF EMERGING CONCERN ..................................... 33 

ENERGY ................................................................................................. 41 

ENVIRONMENTAL FATE AND TRANSPORT ...................................... 47 

ENVIRONMENTAL FORENSICS .......................................................... 53 

ENVIRONMENTAL IMPACT OF NANOTECHNOLOGY ...................... 61 

GREENER CLEANUPS ......................................................................... 67 

INNOVATIVE REMEDIAL TECHNOLOGIES ........................................ 75 

NSZD AND NAPL MANAGEMENT ........................................................ 83 

PETROLEUM HYDROCARBON RISK .................................................. 91 

PETROLEUM HYDROCARBON VAPOR INTRUSION I ....................... 99 

PETROLEUM HYDROCARBON VAPOR INTRUSION II .................... 107 

SITE ASSESSMENT/FIELD SAMPLING ............................................. 115 

VAPOR INTRUSION ........................................................................ 123 

 
Poster Presentations (alphabetical order by last name) ........... 131 

 
Presenter Contact Information (platform and poster 
presenters) ................................................................................................ 185 

Note: biographies may be viewed online at www.aehsfoundation.org or from our 
conference App 



 
 

DISCLAIMER 
 
 

Every effort was made to ensure that this 
book is complete and accurate at the time of 
production. Due to circumstances beyond 
our control, some sections may be 
incomplete or may have changed. Please 
contact the presenters directly to obtain 
additional information.   



Addressing Soil, Water, Energy, and Air Impacts 
of Drought and Water Shortage 
 
California WaterFix: Updating California’s Aging Water Delivery System 
Karla Nemeth, California Natural Resources Agency, Sacramento, CA  
 
How Solar Energy Generation Can Address Changes in Energy Use 
Caused by the Drought 
Kevin Ross, Terra Verde Renewable Partners, San Clemente, CA 
 
Land Subsidence and Water Use in the Central Valley: Past, Present, 
and Future 
Claudia Faunt, U.S. Geological Survey, San Diego, CA; Michelle Sneed, U.S. 
Geological Survey, Sacramento, CA  
 
Drought and Dust: Innovative Control Measures in Owens Valley 
Belynda Reck, Reed Smith LLP, Los Angeles, CA  
 
Tapping “New” Water: How Recycled Water Can Help Quench the 
State’s Thirst 
Wes Miliband, Stoel Rives LLP, Sacramento, CA  
 
Study of Reclaimed Produced Water for Use in Agricultural Irrigation 
Mark Jones, Mark Bowland, and Sandra Mulhearn, ERM, Sacramento, CA; 
Luis Navarro, ERM, Pasadena, CA  
 

1





California WaterFix: Updating California’s Aging Water Delivery System 

Karla Nemeth 

California depends upon capturing and safely moving water when it’s available. Between January 5 and 

February 25th, we missed the opportunity to capture 481,000 acre-feet of water – enough to supply 3.5 

million people for a year.  This is because the pumping system in the Delta for California’s major water 

projects is outdated. It poses a risk to native fish and frequently must be restricted, even in the winter 

when flows are high. The federal and state pumping plants, built more than half a century ago, are in the 

south Delta. They pull water through channels in unnatural directions. These “reverse flows” pull fish into 

dead-end zones in the Delta, where they must be trucked out to safer habitat to survive. Without the 

modernization as proposed by the Brown and Obama administrations, we cannot maximize the storage of 

extra water in wet years. In these wet years, when environmental needs are fully met, some of the high 

flows could be taken for water supply and routed through screened intakes that minimize harm to Delta 

smelt, salmon, sturgeon and other native species. We can improve how we move water from the Delta. 

New intakes in the northern Delta on the Sacramento River would provide a physical fix to the “reverse 

flows” problem by not drawing fish to places they otherwise wouldn’t be. The status quo in the Delta is 

unsustainable. It involves continued risk to species already at their lowest recorded population levels and 

increasingly erratic water deliveries. Any proposal to improve the current situation must allow us to 

capture high flows in the rainiest of years. We need to continue our heavy investment in the conservation, 

water recycling, groundwater recharge, stormwater capture and desalination that will help make each 

region of California as self-reliant as possible. 

Karla Nemeth, California Natural Resources Agency, 1416 Ninth Street, Suite 1311, Sacramento, CA 
95814, karla.nemeth@resources.ca.gov 

Presenting Author: Karla Nemeth 
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How Solar Energy Generation Can Address Changes in Energy Use 
Caused by the Drought 

 
Kevin Ross 

The implementation of State mandated water conservation programs and reductions in water allocations 

from the State Water Project in 2015 have impacted the operations of public agencies and private 

companies that teat, distribute, and store water.  In many cases electricity use profiles have shifted, 

triggering higher cost time-of-use rate structures.  When combined with annual rate increases (in the form 

of increased base rates, or increased demand charges, or both), the result is increased operations 

budgets, which are ultimately passed onto customers. 

Solar Photovoltaic (PV) systems can be used effectively to offset energy consumption, mitigate rate 

increases, and optimize rate selection strategies.  In addition, Energy Storage systems can help reduce 

peak demand and expensive TOU demand charges.   

This presentation will review the inter-relationships of time-of-use rate structures and energy use profiles, 

and show how solar PV and energy storage systems can help control energy costs for water agencies 

during periods of shifting demand.    

Kevin Ross, Terra Verde Renewable Partners, 520 E. Avenida Pico, #3793, San Clemente, CA 92674-
9998, kevin.ross@tvrpllc.com 

Presenting Author: Kevin Ross 
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Land Subsidence and Water Use in the Central Valley: Past, Present, and Future 

Claudia Faunt and Michelle Sneed 

The Central Valley is one of the most productive agricultural regions in California. Because the valley is 

semi-arid and the availability of surface water varies substantially from year to year and season to 

season, the agricultural industry developed a reliance on local groundwater for irrigation. Groundwater 

pumpage has caused severe groundwater-level declines in portions of the valley, resulting in land 

subsidence. The completion of state and federal water distribution systems by the early 1970s eased the 

reliance on local groundwater as dependence shifted to diverted surface water. As a result, groundwater 

levels recovered and subsidence virtually ceased. In the last 20 years, however, land-use changes and 

an assortment of limitations to surface-water availability—including droughts and environmental flows—

have resulted in increased pumping and renewed land subsidence. The spatially variable subsidence has 

changed the land-surface slope in some places and caused changes to drainage and infrastructure, 

including surface-water delivery canals. Planning for the effects of subsidence is important for water 

managers. As land use and surface-water availability continue to vary, long-term groundwater-level and 

subsidence monitoring, analysis, and modeling are critical to understanding the dynamics of historical and 

continued groundwater use resulting in groundwater-storage changes and associated subsidence. 

Modeling tools, such as the USGS Central Valley Hydrologic Model, can be used in the evaluation of 

management strategies to mitigate adverse impacts due to subsidence while also optimizing water 

availability. This knowledge will be critical for successful implementation of recent legislation aimed 

toward sustainable groundwater use. 

Claudia Faunt, US Geological Survey, California Water Science Center, 4165 Spruance Road, Suite 200, 
San Diego, CA, United States, 92101, Tel: (619) 225-6142, ccfaunt@usgs.gov 

Michelle Sneed, US Geological Survey, California Water Science Center, 6000 J Street, Placer Hall, 
Sacramento, CA, United States, 95819, micsneed@usgs.gov 

Presenting Author: Claudia Faunt 
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Drought and Dust:  Innovative Control Measures in Owens Valley 

Belynda Reck 
 
Owens Valley, situated between the 14,000-foot Sierra Nevada on the West and 11,000-foot Inyo 

Mountains on the East, became the center of a water war in the early 1900s, when Los Angeles built an 

aqueduct that carried water from Inyo County to the San Fernando Valley.  The result was a giant dust 

bowl that threatened public health. After decades of disputes, Los Angeles Department of Water and 

Power and the Great Basin Unified Air Pollution Control District settled a lawsuit in November 2014 by 

agreeing to employ a relatively new, organic method of suppressing airborne dust from the dry bed of 

Owens Lake.  At that time, LADWP had already spent approximately 1.3 billion attempting to combat dust 

– an effort that succeeded in reducing particle air pollution in the region by approximately 90%. The new 

solution was touted in late 2014 as relatively inexpensive and as estimated to save billions of gallons of 

water per year.  City officials claimed that “by 2017, the area around the [Owens Valley] lakebed will have 

among the best air quality in the nation.” In January 2016, LADWP awarded a contract worth over 200 

million dollars for the next phase of dust control measures, scheduled to be completed by December 

2017.  When completed, it is estimated that 48 square miles of playa will have been mitigated, and that 

PM10 dust emissions will have been reduced by 99 percent.  The total price tag for LA (not including 

litigation costs)?  2 billion dollars.  This discussion will trace the lessons learned about dust control from 

Owens Valley, lessons all the more important in California’s historic drought.           

Belynda Reck, Reed Smith LLP, 355 S. Grand Avenue, Suite 2900, Los Angeles, CA, United States, 
90071-1514, breck@reedsmith.com 

Presenting Author: Belynda Reck 
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Tapping “New” Water: How Recycled Water Can Help Quench the State’s Thirst 

Wes Miliband  

California endures its fourth consecutive year of drought without the end in sight.  Given its history and 

current conditions, varying geology, land use patterns, and being among the most complex legal and 

regulatory frameworks in the nation, California makes for an interesting study.  Contributing to the 

challenges is a relatively limited set of precipitation data illustrating the hydrologic cycle may be shifting in 

what already is an arid/semi-arid climate, with the extent of this shift unknown.  

These various components produce “rough waters,” challenging individuals and entities in public and 

private sectors, whether a corporation, landowner or water supplier, particularly as the population 

continues to grow.  Laws and regulations come into play when sorting out water allocations.  Historically, 

while the first half or so of the twentieth century in California focused on identifying water supplies and the 

latter half focused on managing environmental issues, today’s focus seeks to strike an elusive balance for 

long-term sustainability between environmental interests and consumptive needs of individuals and 

corporations. 

Part of achieving long-term sustainability requires recognition of specific challenges of today and 

tomorrow that arise from California’s legal and regulatory challenges such as: a hybrid water rights 

regime; the state regulating surface/subterranean stream water for the past 100 years while now 

implementing a statewide regulatory program for groundwater; and use limitations arising from water 

quality.  Other challenges include “technical” conditions to maintain a groundwater basin’s sustainable 

yield, and most of the state’s surface water supply being in northern California with approximately two-

thirds of the state’s population located hundreds of miles away in southern California.  

With the challenges known and the natural resource limited, stakeholders must engage in proper planning 

and cooperative efforts for long-term sustainability; good options exist. The alternative is too often seen 

with contentious litigation where a zero-sum game mentality exists. 

Wes Miliband, Stoel Rives LLP, 500 Capitol Mall, Suite 1600, Sacramento, CA, United States, 95814, Tel: 
(916) 319-4676, wes.miliband@stoel.com 

Presenting Author: Wes Miliband 
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Study of Reclaimed Produced Water for Use in Agricultural Irrigation 

Mark Jones, Mark Bowland, Sandra Mulhearn, and Luis Navarro  

Water has always been a precious resource in California and finding additional water sources for 

beneficial uses is a long-time priority of the state, heightened by years of drought.  Water sources have 

been segmented for years to meet different needs, such as domestic use and irrigation.  Given the large 

volumes of produced water generated from oil and natural gas production in the western United States 

and the growing need for new water supplies, reclaimed produced water serves as an important water 

source for augmenting surface and ground water supplies. 

The use of reclaimed produced water for agricultural irrigation has been an ongoing practice in Kern 

County since the early 1980s under state permitting, monitoring and oversight. Produced water contains 

natural substances from the oil and gas formation, including trace elements, salts and residual petroleum. 

State permits set specific limits on constituents in both the reclaimed produced water and the resulting 

blended irrigation water.  In light of the drought, state agencies have commenced a review of irrigation 

water sources, including reclaimed produced water. To support this effort, a study was performed using 

U.S. EPA and state risk assessment methods and thresholds to establish health-based comparison levels 

for irrigation water containing reclaimed produced water. These health-based comparison levels are 

intended for use as benchmarks for assessing the quality of reclaimed water for long-term use in 

agricultural irrigation of crops for human consumption. Health-based comparison levels were developed 

specifically for blended irrigation water for six crops grown in the water districts that receive reclaimed 

water: almonds, pistachios, citrus, grapes, potatoes and carrots.  The study found that measured 

concentrations of constituents in reclaimed produced water and blended irrigation water were within 

health-based comparison levels, validating the safety of the state’s permitting of the use of this reclaimed 

produced water for agricultural irrigation. 

Mark Jones, ERM, 2525 Natomas Park Drive, Sacramento, CA, United States, 95833, Tel: (916) 924-
9378, mark.jones@erm.com 

Mark Bowland, ERM, 2525 Natomas Park Drive, Sacramento, CA, 95833, Tel: (916) 924-9378, 
mark.bowland@erm.com 

Sandra Mulhearn, ERM, 2525 Natomas Park Drive, Sacramento, CA, United States, 95833, 
sandra.mulhearn@erm.com 

Luis Navarro, ERM, 70 South Lake Avenue, Pasadena, CA, United States, 91101, luis.navarro@erm.com 

Presenting Author: Mark Jones 
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Use of Conceptual Site Models and Data Quality Objective to Inform Screening 
Level Risk Assessments 

Bridgette DeShields and Mala Pattanayek  

Screening values, intended to be protective of human health and/or the environment, are designed to be 

conservative and often address the most sensitive exposure scenarios and pathways.  In a site 

assessment process, comparison of site data to screening values is commonly the first step. If 

concentrations in site media are below screening values, no further action is usually warranted; if the 

screening values are exceeded, guidance documents recommend additional investigation or evaluation. 

Although guidance specifically warns the user not to utilize screening values for cleanup, they often are 

viewed as “bright line” values. The data quality objectives (DQOs) process, which if properly applied, 

includes an understanding of the conceptual site model (CSM) and  key site decisions, critical steps that 

are often skipped. The importance of these steps and examples of how to use DQOs and the CSM to 

guide the assessment and cleanup process will be presented long with case studies to illustrate 

approaches to refining screening levels assessments, from simple modifications to more complicated site-

specific assessments. Practical considerations for risk-based approaches will also be discussed. 

Bridgette DeShields, Integral Consulting, Inc., 14 Keller Street, Petaluma, CA, United States, 94952, Tel: 
(707) 775-2488, bdeshields@integral-corp.com 

Mala Pattanayek, Integral Consulting, Inc., 115 Sansome Street, San Francisco, CA, United States, 
94101, Tel: (415) 392-4750, mpattanayek@integral-corp.com 

Presenting Author: Bridgette DeShields 
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Human Health or Ecological Risk? Decision-making for Petroleum Hydrocarbon 
Contamination in Surface Waters.  

Usha Vedagiri and Heather Loso  

If there has been a release of TPH into a freshwater or saltwater environment, how is a risk management 

strategy developed? This presentation will examine the current state of evaluating and managing TPH 

contamination in surface water when both human health and ecological risk need to be considered.  The 

methodology for assessment of TPH impacts has evolved along separate lines for human health and 

ecological risks.  While human health risk assessment has moved towards the aliphatic and aromatic 

fractionated approach, ecological risk assessment still uses a variety of methods ranging from product or 

constituent-based toxicity testing to hybrid approaches that combine elements of equilibrium partitioning, 

fractionation, acute and chronic toxicity data interpretation, species sensitivity distributions and variations 

in the desired level of ecological protectiveness.  Examples of the types of data needed and results and 

outcomes of risk evaluation for human health and ecological concerns in surface water will be 

presented.  Recommendations for and the costs and benefits of integrated approaches will be 

presented.    

Usha Vedagiri, AECOM, 1333 Broadway, Oakland, CA, United States, 94612, Tel: (510) 873-3123, 
usha.vedagiri@aecom.com 

Heather Loso, AECOM, 1333 Broadway, Oakland, CA, United States, 94612, heather.loso@aecom.com 

Presenting Author: Usha Vedagiri 
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Decision-making at Contaminated Sites: Issues and Options in Human Health Risk 
Assessment 

Claudio Sorrentino, Diana Marquez, Vivek Mathrani, Emily Strake, Clay Messer, John McVey, 
and Barrie Selcoe  

The Interstate Technology and Regulatory Council (ITRC) Decision Making at Contaminated Sites:  Issues and 

Options in Human Health Risk Assessment (RISK-3) (2015) is a web-based guidance developed to help project 

managers and decision makers, risk assessors, and other stakeholders make sound decisions based on site-

specific risk assessment.  As an integral component of many local and state regulations and policies governing the 

cleanup of contaminated sites, risk assessment provides a scientifically sound and legally defensible support to 

cleanup decisions. Regulations, guidance, and policies often define default parameters and processes as a starting 

point for risk assessment, but rely on the professional judgment of the project team to address site-specific 

modifications to these parameters and processes. Consequently, the project team and decision makers face the 

challenge of having sufficient background, knowledge, and resources to evaluate these site-specific modifications 

and make informed decisions concerning the risk assessment. 

The ITRC web-based guidance focuses on some of the key issues related to planning, data evaluation, toxicity 

assessment, exposure assessment, risk characterization, and risk communication that are commonly encountered 

by project teams when preparing or reviewing a site-specific risk assessment.  The document discusses options 

and approaches for addressing these issues and provides links to resources and tools for more detailed information 

where available.  The document’s organization around specific topic areas makes it a convenient, easy-to-use 

resource for project managers, community members, and other stakeholders to increase confidence in 

understanding and using risk assessment information to make better environmental decisions. 

The ITRC offers a 2.25-hour web-based training session on the new Decision Making at Contaminated 

Sites:  Issues and Options in Human Health Risk Assessment (RISK-3) guidance document. Information about the 

ITRC and their documents and training programs can be found at www.itrcweb.org. 

Claudio Sorrentino, Department of Toxic Substances Control, 8810 Cal Center Drive, Sacramento, CA, United 
States, 95826, Claudio.Sorrentino@dtsc.ca.gov 

Diana Marquez, Burns & McDonnell Engineering Company, Inc., 9400 Ward Parkway, Kansas City, MO, United 
States, 64114, Tel: (816) 822-3453, dmarque@burnsmcd.com 

Vivek Mathrani, Department of Toxic Substances Control, Cal/EPA, 700 Heinz Avenue, Berkeley, CA, United 
States, 94710, Vivek.Mathrani@dtsc.ca.gov 

Emily Strake, Langan Engineering and Environmental Services, Inc., 2700 Kelly Road, Warrington, PA, United 
States, 18976, estrake@langan.com 

Clay Messer, Alabama Department of Environmental Management, PO Box 301463, Montgomery, AL, United 
States, 36130, rcmesser@adem.state.al.us 

John McVey, South Dakota Department of Environment and Natural Resources, 523 E Capitol Avenue, Pierre, SD, 
United States, 57501, John.McVey@state.sd.us 

Barrie Selcoe, CH2M, 14701 St. Mary’s Lane, Houston, TX, United States, 77079, Barrie.Selcoe@CH2M.com 

Presenting Author: Claudio Sorrentino 
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Hybrid Approach to Groundwater Screening Levels for Vapor Intrusion 
Investigations 

Ross Steenson, Roger Brewer, Uta Hellmann-Blumberg, and Cheryl Prowell  

In the course of vapor intrusion investigations the evaluation of groundwater data for many sites 

contaminated with chlorinated volatile organic compounds is completed before moving to indoor air 

sampling.  Indoor air investigations typically are resource intensive (e.g., multiple rounds of sampling, 

resolution of confounding factors), intrusive to occupants, and they may be difficult to explain to the 

public. Most groundwater to indoor air screening levels are based on empirical attenuation factors derived 

from the USEPA Vapor Intrusion Database or rely on the same attenuation factor as deep soil gas by 

converting between deep soil gas and groundwater concentrations using Henry’s Law. Both of these 

approaches have been criticized as being overly conservative. Groundwater to indoor air empirical 

attenuation factors suffer from the same temporal and spatial variability uncertainties that are inherent to 

indoor air samples. Equilibrium groundwater concentrations do not take into account the function of the 

capillary fringe that acts to retard contaminant vapor transport from groundwater to soil gas.  Instead, we 

advocate a hybrid approach that couples: 1) an empirical component based on co-located groundwater 

and soil gas data collected away from source areas and 2) generic subslab soil gas to indoor air 

screening levels developed using a model with empirical inputs.  Such an approach yields reasonable, 

fairly conservative groundwater to indoor screening levels for vapor intrusion investigations that can be 

used to help prioritize high-threat sites and screen out low-threat sites, as part of a multiple lines of 

evidence approach. 

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

Roger Brewer, Hawaii Department of Health, 919 Ala Moana Boulevard, Room 206, Honolulu, HI, United 
States, 96814, roger.brewer@doh.hawaii.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 

Cheryl Prowell, San Francisco Bay Water Board, 1515 Clay Street, Suite 1400, Oakland, CA, United 
States, 94612, Cheryl.Prowell@waterboards.ca.gov 

Presenting Author: Ross Steenson 
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Implications and Consequences of Screening Levels 

Gwendoline Caviness and Lila Beckley  

Generic risk-based screening levels (SLs) are an important tool in environmental site evaluations.  

Because SLs are usually very conservative, they are best used for initial screening to determine if 

additional study is needed.  Unfortunately, these SLs can be used out of context, for example, through 

default application as “target” levels or remediation goals.  This can lead to unintended consequences.  

For example, there is a perception that cleaning up sites to generic SLs will create a “safe harbor” and 

that people will feel safe, agencies will expedite approval of investigation and remediation, and future 

liabilities will be limited.  However, when default SLs are used as cleanup goals, chemical concentrations 

above these levels may be perceived as “unsafe” even where a site-specific risk assessment could 

indicate the site does not pose a significant health risk.  Further, inappropriate use of SLs, rather than 

considering site-specific conditions and risk, can lead to incorrect “source identification,” inappropriate risk 

management decisions, as well as ineffective and unnecessary remediation, mitigation, and/or monitoring 

efforts.  Thus, it is important to apply SLs correctly and to understand the implications and consequences 

of their use relative to site conditions. 

In addition, recent heightened focus on the vapor intrusion pathway and introduction of short-term (1-day) 

response action levels (RALs) and associated accelerated response requirements for TCE have 

increased the need to apply the SLs correctly and understand how the assumptions used in developing 

the screening levels compare to site conditions.  

This presentation will describe a strategic approach that considers the implications and consequences of 

generic SLs.  The strategic approach combines use of generic SLs for their intended purpose (i.e., initial 

screening), site-specific risk analysis, and advanced sampling methods to support site decision-making.  

Case studies involving vapor intrusion will also be used to demonstrate application of investigation and 

risk evaluation tools. 

Gwendoline Caviness, GSI Environmental Inc., 155 Grand Avenue, Suite 704, Oakland, CA, United 
States, 94612, Tel: (510) 463-8480, gacaviness@gsi-net.com 

Lila Beckley, GSI Environmental Inc., 9600 Great Hills Trail, Suite 350 E, Austin, TX, United States, 
78759, Tel: (512) 346-4474, lmbeckley@gsi-net.com 

Presenting Author: Gwendoline Caviness 
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Bioremediation 
 
Use of Bioremediation Natural Attenuation Processes for Cleanup of a 
TCE Groundwater Plume 
Gary Cronk, JAG Consulting Group, Inc., Santa Ana, CA  
 
Degradation Pathways and Mechanisms for Metal Assisted In-Situ 
Anaerobic Bioremediation: A Performance Review for Completed 
Projects 
John Freim, OnMaterials, Escondido, CA  
 
Advance Remediation - Field Installation of Iron Bioreactors to Degrade 
Explosives in Surface Waters 
Heather Knotek-Smith, David Smith, and Bryton Hixson, US Army Corps of 
Engineers, Vicksburg, MS  
 
A Technology Platform to Harness Speed and Certainty in Groundwater 
Remediation 
Dan Nunez, Regenesis, La Mirada, CA; Jeremy Birnstingl, Regenesis, 
Somerset, United Kingdom 
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Database and Percentile Rankings of qPCR Results Improve Evaluation 
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Insights, Inc., Knoxville, TN  
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Jack Sheldon, Antea Group, West Des Moines, IA  
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Use of Bioremediation Natural Attenuation Processes for Cleanup of a TCE 
Groundwater Plume 

Gary Cronk  

Following active remediation of an extensive TCE and 1,1-DCE plume in La Mirada (Los Angeles 

County), CA using pump and treat for 10 years, then followed by several chemical oxidation injection 

events, a final remedial strategy was sought to complete the remaining groundwater cleanup process. In 

pursuit of this final remedial strategy, evaluation of monitored natural attenuation (MNA) was implemented 

by collection and analysis of microbial populations and physical water quality parameters at the site. 

 

The site groundwater exhibits a wide microbial diversity, with many types of aerobic and anaerobic 

bacteria, including the presence of low numbers of Dehalococcoides bacteria, which indicates the 

potential for complete reductive dechlorination of TCE and 1,1-DCE to occur at the site.  In addition, key 

functional genes (such as TCE reductase and VC reductase) were identified at the site. 

An unexpected discovery was the confirmation of a robust population of methane oxidizing bacteria 

(methanotrophs) which are causing the co-metabolism of TCE. Under aerobic conditions, methane 

oxidizing bacteria can co-metabolize or co-oxidize TCE, DCE and vinyl chloride. The presence of 

moderate amounts of soluble methane mono-oxygenase enzymes indicates that an increased rate of co-

metabolism can be supported at this site. Based on the relative populations of methane oxidizing bacteria 

in comparison to DHC bacteria (up to 600 times greater), it is estimated that the co-oxidation degradation 

rates at the site are far greater than the reductive dechlorination rates. 

Over the last five years (since 2010) of groundwater monitoring, the TCE and 1,1-DCE levels (up to 150 

µg/ml) in 11 key monitoring wells have attenuated by 50% or more due to natural attenuation processes. 

Currently, we are in negotiation with the Los Angeles Water Quality Control Board to use natural 

attenuation as a 3-year strategy to obtain groundwater cleanup goals and obtain final site closure.    

Gary Cronk, JAG Consulting Group, Inc., 3340 S. Crawford Glen, Santa Ana, CA, United States, 92704, 
Tel: (714) 465-7767, gary@jagconsultinggroup.com 

Presenting Author: Gary Cronk 
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Degradation Pathways and Mechanisms for Metal Assisted In-Situ Anaerobic 
Bioremediation: A Performance Review for Completed Projects 

John Freim  

Metal-assisted bioremediation can accomplish the rapid and sustained in-situ remediation of groundwater 

containing halogenated hydrocarbons and other toxic contaminants.  TCE and other chlorinated ethenes 

can degrade through either abiotic or biotic mechanisms.  The degradation pathway is dependent on 

variables that include amendment dosing, groundwater chemistry, and bioaugmentation. OnMaterials has 

successfully used metal-assisted in-situ bioremediation at several locations where low pressure injections 

of small particle size products were used to ensure the uniform distribution of amendments within the 

groundwater. We will examine and summarize the remediation results for these programs that employed 

different combinations of remediation amendments. The results indicate that groundwater conditions 

favorable for rapid and completed in-situ anaerobic bioremediation are best achieved by applying a 

mixture of metal, organic amendments, and pH modifiers with bioaugmentation at sites with insufficient 

concentration of dechlorinating microbes. The combined approach has been employed successfully in 

diverse environments including locations with initial contaminant concentrations in excess of 100 mg/L.   

John Freim, OnMaterials, 1533 Simpson Way, Escondido, CA, United States, 92029, Tel: (760) 445-
9934, john.freim@onmaterials.com 
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Advance Remediation - Field Installation of Iron Bioreactors to Degrade 
Explosives in Surface Waters 

Heather Knotek-Smith, David Smith, and Bryton Hixson  

 

The US training lands are finite and their continued operation requires proactive protection.  There is a 

constant accumulation of explosive residues building up in these areas.  If levels of explosives exceed 

regulatory limits in the surrounding ecosystem, ranges could be shut down or training activities could be 

limited.  Most of the training ranges have limited access – the solution must be self-sustainable with 

minimal management. 

This presentation will outline the development of an Iron-Bioreactor utilizing iron and indigenous microbial 

populations and the installation of this bioreactor at a new 40mm grenade range at Iowa Army 

Ammunition Plant. Experiments began with bench scale serum vials utilizing electron acceptors known to 

encourage RDX degradation in laboratory experiments.  It was found that none were able to directly 

reduce the RDX from soil inoculums at ground water temperatures.  The Iron Bioreactor was developed 

that utilized iron filings and an iron reducing microbial population which reduced the iron and the iron in 

turn reduced the RDX.  The system was incrementally scaled up to a final field scale version.    

A small field-scale prototype of this design was installed at the Iowa Army Ammunition Plant (IAAAP) 40-

mm test range on 30 November 2012.   The packing substrate of this system consisted of iron, rock, and 

mulch.  The system is fed sodium acetate (ice melt) which specifically encourages the growth of iron 

reducing microbial populations.  The system performed as intended, degrading influent RDX (15 ppb) to 

below analytical detection, (5 ppb).  An updated version of this Iron Bioreactor is being proposed through 

SERDP FY16-FY19.  Patent Pending. 
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A Technology Platform to Harness Speed and Certainty in Groundwater 
Remediation  

Dan Nunez and Jeremy Birnstingl  

This presentation will focus on utilizing a technology platform based on combined remedial approaches to 

maximize speed and certainty to achieve groundwater remediation objectives.  The platform has a dual 

function; it sorbs contaminants quickly removing them from the mobile phase and provides a high surface 

area matrix favorable for microbial colonization and growth.  Contaminant availability within a risk pathway 

is therefore reduced, while at the same time contaminant destruction is accelerated.  A discussion 

regarding the use of conventional technologies like groundwater extraction, soil excavation and in situ 

bioremediation will show how combined technologies can significantly improve remediation efficiency. 

Data from full-scale field applications with long-term performance monitoring (>18 months) on mixed 

plumes with chlorinated solvents and petroleum hydrocarbons will be highlighted.  Site examples will 

include an urban site scheduled for redevelopment and future use as a convention center and sports 

arena and representative data from legacy sites in in support of the in situ bio process.  The legacy sites 

to be discussed had been held in a monitoring-only phase for several years, but transitioned to a 

combined approach with in situ bio and sorption to rapidly reduce contaminant concentrations below 

regulatory standards.   Performance data and results will be presented.   

Dan Nunez, Regenesis, 15314 La Barca Drive, La Mirada, CA, United States, 90638, Tel: (949) 910-
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“Is That a Low, Medium or High Concentration?” How the Microbial Database and 
Percentile Rankings of qPCR Results Improve Evaluation of Remediation 

Strategies at Sites 

Dora Ogles, Brett Baldwin, Anita Biernacki, and Casey Brown  

Effective biodegradation depends not only on the presence but the actual concentrations of key 

contaminant degrading microorganisms and functional genes. Intuitively, qPCR and QuantArray results 

demonstrating high concentrations of target microorganisms suggest in situ selection and growth of 

contaminant degraders and thus a greater probability that bioremediation will be successful. However, the 

question has always been “What is a low, medium, or high concentration?”. With extensive use of qPCR 

and the advent of QuantArray, the data are available to establish the overall range and typical 

concentrations of key microorganisms and functional genes responsible for biodegradation of 

groundwater contaminants. More specifically, qPCR and QuantArray results can be put into perspective 

by retrieving estimated percentile ranks from the Microbial Database – over 20 years of qPCR results for 

more than 32,000 field samples worldwide. Database analysis has already provided guidelines 

for Dehalococcoides concentrations, electron donor levels, and sulfate concentrations while dispelling 

preconceived beliefs regarding vinyl chloride reductase genes. In the current studies, percentiles from the 

microbial database aided in evaluation of MNA at a petroleum impacted site and biostimulation at a 

chlorinated solvent site. At a PAH site, not only were target populations greater in impacted wells, but 

concentrations of naphthalene carboxylase and methylnaphthylsuccinate synthase were above than the 

90th percentile strongly suggesting growth of anaerobic naphthalene and methylnaphthalene degraders 

within the plume. At the chlorinated solvent site, post injection concentrations 

of Dehalobacter, Dehalogenimonas, and Desulfitobacterium were high (>90th percentile) but initial growth 

of Dehalococcides was modest (10th to 60th percentiles) potentially due to competition with other 

halorespiring bacteria and sulfate reducing bacteria which also increased substantially (>80th percentile) 

after injection. Overall, the studies demonstrate that percentile rankings for microbiological results greatly 

aids in assessment of biodegradation by providing perspective and answering the question “Is that a low, 

medium or high concentration?” 
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Polishing Multiple California Sites to Achieve Low Threat Closure 

Jack Sheldon  

A portfolio of California service station sites was remediated to Low Threat Closure criteria using aerobic 

bioremediation and in situ chemical oxidation as polishing technologies, often in combination.  After years 

of investigation and front end remediation work, these sites had minimal residual sorbed impacts and 

were defined by low groundwater concentrations of benzene, toluene, ethylbenzene, xylene (BTEX) and 

methyl tertiary butyl ether (MTBE) and its breakdown product, Tertiary Butyl Alcohol (TBA).  Injection of 

oxygen release compounds and percarbonate/persulfate oxidants were employed to progress sites to the 

point where closure status could be petitioned coupled with meeting other closure criteria.    

To develop conceptual models for each site, various field investigation tools (membrane interface probes, 

hydraulic profile tool, soil coring, water injection tests and cone penetrometer) were used, along with 

groundwater field parameters, geochemical analysis, and microbial profiling.  Monitoring was conducted 

on a bi-monthly basis through the life of each project to demonstrate an effective aerobic environment 

was created and maintained. This monitoring program was developed to identify reductions in 

contaminant mass coupled with geochemical and microbiological conditions ensuring an optimized 

remediation environment was established. These data were also used for initial design of an injection 

approach, then to document performance, and finally to modify systems. 

Each site presented its own challenge, whether the issue was distribution of oxygen amendment, 

establishment of an aerobic environment, or unique microbiological conditions.  When a challenge was 

encountered, a remedy was put in place that resulted in a lesson learned that could be applied to each 

site.  Three of the sites will be described along with remediation methods, data interpretation and lessons 

learned. 

For closure to be achieved, good characterization, well planned injection, and robust monitoring must 
occur. 
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New Thinking on the Environmental Impact of PCBs in Building Materials 

John Martinelli and Michelle Rosales  

Buildings constructed, renovated and/or repaired between 1950 and 1978 are likely to contain a variety of 

building materials containing polychlorinated biphenyl’s (PCBs). The environmental health risks 

associated with PCBs in dielectric oil spills, fires and waste sites where PCBs spills have been well 

documented.  Recent studies show that the impact of PCBs in building materials such as exterior caulks 

and sealants is not as well defined.  Enforcement actions for by US EPA 40CFR761 as it relates to PCBs 

in building materials has evolved and has come to the forefront with recent events like those in Malibu 

High School that had high profile Hollywood headliners such as Cindy Crawford and Ed Begley Jr. 

demanding increased testing of building materials for PCBs.  Local regulatory actions are also in play 

including the San Francisco Bay Regional Water Quality Control Board’s PCB Total Maximum Daily Load 

limit that calls for a tenfold reduction in the amount of PCBs released during cleanups.  Identifying 

locations of PCB containing building materials,  their impact to the substrates with which they contact, 

impact to the soils onsite and to storm drains and water ways nearby can be a complex and controversial 

process.  The need to manage these materials safely until they are removed is often in conflict with the 

onerous regulatory requirements that come in to play once the materials have been tested and found to 

contain PCBs.  

This session will discuss the current best management practices for PCBs in building materials, sampling 

and laboratory analysis methods, notification requirements, cost implications and ongoing operational 

concerns associated with renovation and demolition projects where PCBs are present in building 

materials. 
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The Impact of Short-Term PCE and TCE Exposure Guidelines on Intermittent and 
Chronic Exposures at Vapor Intrusion Sites 

Rod B. Thompson and David Gillay  

Short term or intermittent vapor intrusion exposure above the USEPA Inhalation Reference Concentration 

(RfC) for TCE, PCE and other volatiles is common.  Currently, there is little information on how to assess 

the risk of non-cancer exposures above the RfC for either chronic or intermittent exposures.  This is 

particularly challenging given that ATSDR, USEPA (Regions) and others have proposed action  levels for 

many volatiles (PCE, TCE) across time periods ranging from 24 hours up to 30 days.  Consider ATSDR’s 

draft PCE acute (1-14 day) Minimum Risk Level (MRL) is set at the USEPA RfC, and that the draft TCE 

Intermediate (15-365 day) MRL is also set at the USEPA RfC.  Commonly, the USEPA non-cancer 

Regional Screening Level Equations assess exposure on an annualized basis and this may not be 

appropriate for vapor intrusion short term or intermittent exposure durations.  USEPA and literature 

supported screening level methods, along with other critical factors, are used to demonstrate a process 

which will aid in understanding risk from various exposures conditions.  Using these techniques, 

screening levels and supporting sampling methods can be developed for varying exposure durations and 

types.  This is particularly useful for understanding and determining intermittent exposure in schools and 

hospitals with sensitive subpopulations and for communicating risk of exposure above the RfC in other 

exposures.    
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Kinetics of Thermal Chloramine Reactions in Treated Wastewaters 

Jamie Gleason, Stephen P. Mezyk, Jennifer Castillo, and Kenneth Ishida  

In the Orange County Water District (OCWD) Advanced Oxidation Process (AOP) UV illumination of 

hydrogen peroxide (H2O2) is used to create the powerful oxidizing hydroxyl radical (·OH) which non-

selectively destroy any chemical contaminants remaining after their primary, secondary, microfiltration 

(MF) and reverse osmosis (RO) treatments.  However, they also add chloramines (NH2Cl, NHCl2, NCl3) 

to prevent membrane fouling.  These chloramines also pass into the AOP, where they significantly impact 

the AOP efficiency by lowering the efficiency of ·OH production and scavenging of the  ·OH radicals. The 

mode of chloramine production is through adding a concentrated (12.5%) basic hypochlorite solution 

through a single-point feeder pipe into the wastewater stream.  The reaction of hypochlorite with the 

ammonia in the waste stream is slow (half-life on the order of seconds due to the low levels of ammonia 

present), allowing unwanted side-reactions of hypochlorite/chloramine species to occur; notably with the 

major treated wastewater constituents of dissolved organic matter (DOM).  It has been shown that the 

organic chloramines produced have practically zero disinfection potential, but these halogenated by-

products are of concern. In this work, we are studying the extent of organic chloramine production 

through chloramine reaction with organic constituents and quantifying the kinetics of all three chloramine 

species reactions with a range of organic species, particularly nitrogen-containing compounds.  The 

measured reactivity was correlated with different classes of studied chemicals.  These data can be used 

to estimate the extent of organic chloramine formation under real-world treatment conditions. 
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Review and Recommendations for TCE Short-Term Action Levels in Indoor Air 

Laura Trozzolo and Darby Litz  

Confusion and misinterpretation is the state of the 2015 regulatory environment as it pertains to short-

term trichloroethylene (TCE) action levels for indoor air. The issue starts with comprehension of the 

USEPA’s TCE toxicity profile, released in September 2011 (EPA, 2011), lowering the noncancer 

inhalation reference concentration (RfC) from 10 ug/m3 to 2 ug/m3. This decrease is equivalent to a 5-fold 

increase in noncancer risk. 

The basis of the 2 ug/m3 is a controversial study (Johnson et al., 2003), where fetal heart malformations 

were observed during the 21-day gestational period of the Sprague-Dawley rat based on drinking water 

(oral) exposure. The concern of this study is that the critical effect occurred from in utero exposure 

(Johnson et al, 2003), which could translate to human cardiac development. 

There are several weaknesses with the Johnson 2003 study. Most notably, fetal heart malformation 

results couldn’t be replicated in other studies, including one study where TCE was administered via 

inhalation (Carney et al., 2006), and another study that Johnson collaborated on where TCE was 

administered via oral dosing (Fisher et al., 2001).  

The inability of either study to replicate fetal heart malformation effects, specifically the Carney et al, 2006 

inhalation study, introduces significant uncertainty with the Johnson et al., 2003 findings. The 

questionable toxicity study lends to low confidence in determination of short-term action levels for use in 

industrial settings. This presentation provides a wider literature review and suggests alternate short-term 

action levels. 
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Materials of Construction for Application of Activated Carbon to Address PCB 
Contamination in a Wetland and/or Sediment Setting 

John Collins and John Hull  

Background/Problem:  Polychlorinated biphenyls (PCBs) comprise a group of man-made chlorinated 

compounds that were used in a wide range of applications, such as electrical equipment, but were 

banned in the 1970s due to persistent toxic effects. PCBs in sediments, either in a wetland or sub-

aqueous setting, present particular challenges due to increased bioavailability (dissolved phase in pore 

water), the presence of bio-accumulators (macro and micro invertebrates) in sediments and the relative 

difficulty/disadvantages and high cost of remediation (dredging).  Significant progress has been made in 

both research and full-scale application of activated carbon (AC) to address the issues associated with 

PCB contamination in wetland and sub-aqueous sediment settings. Materials of construction have been 

demonstrated to be effective and acceptance by the regulatory has increased dramatically. 

Approach/Objectives/Lessons Learned:  This presentation will provide an overview of materials and 

applications where activated carbon has been used in a wetland or sediment remediation 

setting.  Strategies that employ AquaBlok products to either provide a low-permeability ‘seal’ (i.e. bedding 

material) or approaches for the use amendments to sequester, perform in-situ treatment or limit the 

potential spread of contaminants will be provided.  Laboratory and field case studies will be presented 

which illustrate materials of construction and methods which demonstrate that activated carbon can 

sequester hydrophobic organic compounds (HOC) such as polychlorinated biphenyls (PCB) and 

polycyclic aromatic hydrocarbons (PAH) in the subsurface and reduce pore water concentrations, 

bioavailability and associated risks in sediments. An overview of activated carbon related material 

characteristics and issues (i.e. toxicity) will be provided, including a discussion of regulatory 

considerations. 
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Constituents of Emerging Concern 
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Saving Our Bees – Removing Neonicotinoids from Waters using Oxidizing 
Radicals 

Brittany Daws, Stephen P. Mezyk, and James Kiddle  

Colony collapse disorder (CCD) describes a recent phenomenon in which a European worker honey bee 

colony will abruptly and completely disappear. This disorder is economically significant as numerous 

agricultural crops worldwide are pollinated by these bees. One of the most frequently proposed reasons 

for CCD’s increasing prevalence is the extensive use of neonicotinoids pesticides. These pesticides affect 

a wide variety of wildlife species, but specifically target insects. Unfortunately, neonicotinoid exposure 

attacks the bees’ central nervous system, causing acute and sub-lethal reductions in their fitness 

(reproduction and metabolic regulation) and even death. These findings, amongst others, have led 

Europe (but not the US) to ban the large-scale use of the neonicotinoids pesticides. Neonicotinoids are 

usually applied by directly coating crop seeds, however rain and crop watering inevitably moves these 

pesticides into our groundwater systems. Treatment of crop run-off waters may thus be necessary in 

order to minimize the chemical contaminant risk to bees and other wildlife. One promising approach is the 

use of Advanced Oxidation Processes (AOPs) which generate highly reactive radical species (typically 

hydroxyl radicals, ?OH) within the water itself. Hydroxyl radicals then react with dissolved neonicotinoids 

to destroy them. However, the economical use of AOPs depends upon how fast the neonicotinoids react 

with these hydroxyl radicals. The quantification of these kinetics is the focus of our research. Ultimately 

these results will help assess whether the use of AOPs will be a feasible approach in destroying these 

toxic pesticides. 
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Kinetics and Mechanisms for Chlorine Atom Reactions with Antibiotics in 
Wastewaters 

Christopher Rice and Stephen P. Mezyk  

To remediate wastewater sufficiently to allow for its direct potable reuse many water utilities are now 

considering the use of advanced oxidation processes (AOPs). Typically AOPs use strongly oxidizing 

hydroxyl radicals (·OH) created by UV photolysis of hydrogen peroxide and/or ozone to non-selectively 

destroy all pharmaceutical chemical contaminants remaining after their standard treatments. 

Unfortunately, added matrix chemicals such as free chlorine (HOCl) or chloramines (NHxCly) used to 

minimize biofouling of membranes significantly complicates the chemistry occurring within the AOP. The 

normal AOP hydroxyl radical production efficiency decreases due to this radicals’ scavenging by these 

chlorine species, plus their strong UV absorption prevents hydrogen peroxide photolysis from occurring. 

However when UV light is absorbed by chloramines chlorine radicals (Cl·) can be produced, and this 

radical species can also react with chemical contaminants. To assess the efficiency of this latter process, 

chlorine atom reactivity with multiple families of common antibiotics, a primary wastewater contaminant, 

was conducted.  It was found that Cl· reaction kinetics were much slower than those of the hydroxyl 

radical but that they could still augment the OH-based remediation in removal of these pharmaceuticals 

which would help mitigate the formation of dangerous antibiotic-resistant bacteria. 
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Sulfate Radical Remediation of Pharmaceutical Contaminant in Wastewater: 
Chemical-DOM Association Constant Measurements 

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. Kinetic traces were analyzed to obtain the equilibrium constant of association 

between various pharmaceutical compounds and DOM. The average equilibrium constant between a 

library of samples of organic matter and beta-lactam antibiotics was found to be 128.1 ± 13.8 using a 

Langmuir adsorption model. Similar 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. 
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Perfluorocompound Treatment by Peroxide-Coated Nanobubble Ozone 
Emulsions 

William Kerfoot  

Perfluorinated compounds (PFCs) have come under increasing environmental and public health concern 

because of persistence and bioaccumulation, particularly in fish.  Perfluorooctanoic sulfonate (PFOS) and 

perfluorooctanoic acid (PFOA) are synthetic, stable fluorosurfactants which have been manufactured 

since 1940.  Both PFOS and PFOA and related compounds have found broad use in fire-fighting foams, 

as a water and oil repellent in fabrics, and in the production of floor waxes.  PFOA is a toxicant and 

carcinogen in animals. 

Treatment of the compounds have been difficult because of the physicochemical properties of the strong 

carbon-fluorine (C-F) bond which creates a thermally stable compound requiring an oxidation potential 

above 2.9 volts for successful attack.  Hydroxyl radical (OH•), which is usually effective in oxidizing 

saturated and unsaturated carbon bonds in organic pollutants, is ineffective for degrading PFOS and 

PFOA (KOH• + PFOA ? 105L – mol-1S-1).  To overcome this limitation, laboratory and bench-scale tests 

were performed. 

Kerfoot has found that nanobubble ozone coated with hydrogen peroxide produces a structural 

(supramolecular) form which readily attacks and decomposes the perfluorooctanates.  The Nanozox™ 

solution with ozone concentration over 2,400 ppmV creates a moderate exothermic reaction which results 

in removal of over 99% PFOS, 97% PFOA, and related compounds including PFHxS (98.1%), PFHxA 

(86.2%), and PFPeA (89.8%) within 60 minutes.  Kinetics of the reaction will be discussed, including 

production of fluorides.  With soil slurries being treated, certain metallics, like native iron, boost the rate of 

reaction.  

Both aqueous and soil reactions will be discussed during the presentation for treatment of groundwater 

and soils.  The reactions bear some similarities to CHP formulations because of hydroperoxide, 

superoxide production from the ozone/hydroperoxide strong nucleophilic attack.  Application means for 

treating contaminated soil at fire training areas will be discussed.  If saturated soil concentrations of PFCs 

are sufficiently elevated, the reaction is self-propagating significantly beyond the region of nanobubble 

solution injection and contact. 
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Sustainable Removal of Poly- and Perfluorinated Alkyl Substances (PFASs) from 
Groundwater using Synthetic Media 

Steve Woodard, Nathan Hagelin, and Michael Nickelsen  

Polyfluorinated and perfluorinated alkyl substances (PFAS) are emerging as high-priority and high-profile 

contaminants. However, PFAS are highly water soluble, have low volatility, and are difficult to treat. Granular 

activated carbon (GAC) effectively adsorbs long-chain PFAS compounds from water, but shorter-chain and 

branched PFAS have been shown to quickly break through GAC. Carbon change-outs require either virgin 

media or off-site regeneration and limit the sustainability of this technology. Synthetic media (resin) 

technology has shown significant promise for treating a broad suite of PFAS. Synthetic media can be 

regenerated on-site and reused, showing potential for a more sustainable adsorption technology. 

This paper describes the design and operation of PFAS treatability tests and an on-site pilot test using 

synthetic media to treat groundwater from the former Pease Air Force Base (Pease) in Portsmouth, New 

Hampshire. Test objectives were to: (1) demonstrate treatment performance and regeneration potential of 

various synthetic media; (2) complete a pilot test comparing GAC and synthetic media at Pease; and (3) 

develop a design and cost estimate for full-scale treatment of a PFAS groundwater plume. 

PFAS isotherm testing of seven resins, including polymeric, carbonaceous and ion exchange resins, was 

performed on a synthetic water to screen them for PFAS removal capability. Subsequent bench-scale 

column testing of the top three resins was conducted using groundwater from Pease. One resin was selected 

for further treatability trials and retained for pilot testing at Pease. Identical systems were designed for both 

synthetic media and GAC to treat groundwater with total PFAS concentrations of approximately 100 µg/L. 

At bench scale, two of the three resins removed all 12 of the analyzed PFAS compounds from groundwater 

to non-detect for the entire 14-day loading cycle.  Regeneration effectively restored PFAS removal capacity 

for one of the resins.  The two-month pilot test is underway and results will be available in January 2016. 
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Pharmaceuticals and Personal Care Products in San Diego Region Streams 

Xueyuan (Helen) Yu, Carey Nagoda, Chad Loflen, Deborah Woodward, and Lilian 
Busse  

Pharmaceuticals and personal care products (PPCPs) have emerged as environmental contaminants 

with potential adverse effects on human and environmental health. PPCPs include a diverse array of 

chemical compounds found in, for example, prescription and over-the-counter drugs, veterinary and 

livestock drugs, cosmetics, fragrances, sunscreens, and a host of other commonly-used substances. 

A pilot study was conducted in 2010 and 2011 to investigate the presence of PPCPs at stream sites in the 

San Diego Region. The study used a targeted design, with grab water samples collected from 12 sites of 

four types: sites potentially affected by untreated human wastes, wastewater treatment plant effluents, or 

septic tank effluents, and sites of no obvious human impacts.  Statistical evaluations were performed to 

assess the associations among different PPCP compounds, and differences in PPCP detections with 

seasons and weather conditions (i.e., rain events vs. dry weather). 

The pilot study provided four main results. First, PPCP compounds were detected at 11 of the 12 sites, 

with caffeine (11 sites) and trimethoprim (6 sites) the most widespread. Second, no PPCP compounds 

were detected at levels exceeding their respective water quality benchmarks (toxicity-based criteria). 

Third, the presence of PPCPs was clearly affected by storm events. Caffeine was detected year round, 

but most other PPCP compounds were detected more frequently in wet weather than in dry weather. 

Fourth, the maximum concentrations of most PPCP compounds were detected following winter rain 

events at the two sites potentially impacted by untreated human wastes. 

Results of the pilot study have been used to identify “hot spots” and develop strategies for monitoring 

PPCPs in the San Diego Region. Monitoring activities at target areas are underway to better understand 

the different inputs of PPCPs from cross-border flows, septic tank effluents, storm water, and 

groundwater. 
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Decision Making Framework for Beneficial Use of Produced Water 

Mala Pattanayeka and Bridgette DeShields  

Produced water is generated during conventional oil and gas production and with less conventional 

sources such as gas shale, coal bed methane and tight sands. Produced water is a byproduct of oil and 

gas production and commonly treated as waste for disposal. Approximately 21 billion barrels of produced 

waters are generated annually in the U.S. Some of the most common disposal practices include land 

application or discharge, subsurface injection, and offsite trucking. With increasing population and land 

use changes, combined with changes in weather patterns and climate, the demand for fresh water supply 

has also increased.  As a result, treated wastewater, including produced water, should be considered a 

sustainable resource. To meet demands for fresh water, regulations and discharge limits have paved the 

way for improved treatment technologies, providing for limited reuse of produced water. Additional 

applications can and should be considered and regulations should ultimately support a wide variety of 

beneficial uses for produced water. A decision making framework to identify potential beneficial use of 

produced water from onshore exploration and production facilities in the U.S. was developed to assist in 

selecting cost-effective alternatives for the reuse of produced water. Benefits of produced water reuse 

include meeting nonpotable water demands, recharging groundwater aquifers, and augmenting surface 

waters. Beneficial use of produced water not only supplements water supply, especially important in times 

of drought, but also supports ecological services. Besides addressing concerns from the public about the 

use of an industrial-type wastewater such as produced water, regulatory requirements must be met 

before a beneficial use can be selected. Multiple factors can influence the selection of beneficial use, 

including location of the operation, state and local regulations, water quality treatment alternatives, and 

other site-specific information. The decision framework helps to manage key information, criteria, 

guidelines, and regulatory and other constraints.  
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Energy Conversion using Electrochemically Active Bacteria 
 

Jerome T. Babauta and Haluk Beyenal 

Electrochemically active bacteria are present in the environment and can exist in both oxygenated and 

oxygen-free locations. Often, these bacteria are involved in metal transformation in the subsurface 

environment. Electrochemically active bacteria have a unique ability to form biofilms that respire directly 

on metal surfaces such as electrodes. When formed on electrodes, the biofilms can convert small carbon 

molecules to an electrical current. These biofilms can also convert an electrical current to small carbon 

molecules. The unique energy conversion driven by electrochemically active biofilms is relatively new and 

the mechanisms of electron transfer are an active research area. In the presented work, we provide an 

overview of select electron transfer mechanisms in biofilms. These include anodic biofilms that output an 

electrical current and cathodic biofilms that receive an electrical current. We used a combination of 

custom-made microsensors to measure pH, dissolved oxygen, hydrogen peroxide, and redox potential 

within the biofilms. These measurements quantified the microscale gradients in the biofilm and near the 

electrode surface that differed from the bulk. Dissolved oxygen and pH measurements allowed us to 

differentiate two different cathodic reaction mechanisms operating within cathodic biofilms. Understanding 

these microscale gradients and relating them to energy conversion is critical for guiding future 

applications of this technology. We also utilized a quartz crystal microbalance (QCM) coupled to 

electrochemical impedance spectroscopy (EIS) to simultaneously monitor biofilm growth and the rate of 

energy conversion. The QCM monitored the frequency shift from the background resonant frequency in 

real time while the current increased because of biofilm growth. Impedance spectra taken across biofilm 

growth revealed a reproducible electrochemical signal that correlated to the QCM response.  
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New Photovoltaics System for Both Electrical and Thermal Energy Production 

Randall Olsen  

Solar concentrating systems have long sought to lower the cost of renewable electricity by using lenses 

or mirrors to focus light onto expensive solar cells. 

In spite of hundreds of millions of dollars of investments and decades of development in concentrators, no 

prior approach succeeded in making a competitively low-cost optical system.  Furthermore, most prior 

efforts chose to forgo active cooling of the solar cells (and thereby wasted the opportunity to harvest the 

heat). 

This talk will review recent efforts by the Navy to finally provide a cost competitive solar concentration 

system. 
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Securing Critical Infrastructures 

Jose Romero-Mariona  

In today’s highly connected environments, energy is much more than just flipping an on switch; rather, 

there is a whole network of systems and controls behind energy. Industrial Control Systems (ICS) are 

computer systems consisting of hardware, software, and communication components that enable 

monitoring and control of various infrastructures and systems. Supervisory Control and Data Acquisition 

(SCADA) networks are one type of ICS, designed to monitor and control critical infrastructures in 

electrical, water, oil, gas, and data industries. SCADA networks often times have a pressing need to not 

only gather data from remote locations (often separated geographically) but also control how the systems 

in these remote locations adjust to changing conditions.  

The nature of SCADA networks makes them extremely vulnerable to security risks, and more importantly 

cyber attacks. In the past, SCADA networks operated in isolated environments with very limited 

interaction with other networks. Today, with the aid of various enabling technologies, this paradigm has 

shifted to more interconnected SCADA networks across global infrastructures. Furthermore, the need to 

access SCADA networks data and control them globally has opened them up to interact with the outside 

world through various channels that are often times unreliable and insecure. As a direct consequence, 

this interconnection and global access has made SCADA networks a prime target for cyber attacks, and 

adversaries have identified these networks as extremely valuable assets.  

This talk will present new technologies and concepts developed by US Navy scientists to properly secure 

critical infrastructures. Background on the different issues, current results, and future of these 

technologies will also be discussed. 
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Evolution and Innovation of Hydraulic Capture Analysis Methodology, 
Stringfellow Superfund Site, Riverside County, CA 

Jim Finegan, Sam Bailey, and Biniam Zerai  

The Stringfellow Superfund Site in Riverside, California, overlies a complex aquifer system of alluvium 

and bedrock.  Groundwater elevations are interpolated separately in each aquifer to develop 

potentiometric contours.  In addition, particle capture analysis is performed as part of a Remedy 

Effectiveness Evaluations at this site with well over 100 groundwater extraction wells.  Previously, particle 

capture analysis has been performed using various methodologies including simple analytical solutions, 

analytical solutions that incorporate superposition of multiple drawdown cones, and numerical 

models.  However, these methods were either too simplified for accurate representation or were too time-

consuming to efficiently provide basic particle-tracking analysis. 

Due to the complex groundwater flow system, the many groundwater extraction wells, and transport 

generally constrained within a narrow paleochannel, evaluating contaminant capture with particles on a 

uniform or simulated groundwater surface is unlikely to accurately represent groundwater conditions or 

contaminant capture.  Therefore, a methodology that uses exact interpolated groundwater potentiometric 

surfaces on which capture analysis can be performed was identified as appropriate for the site.  While an 

inexpensive commercial (or open-source) software package capable of doing just this did not seem to be 

available, programs to perform this function do exist (e.g., GIS); however, they generally appear to be 

either minimally functional or require purchase of expensive software that may not be within the typical 

hydrogeologist’s toolbox. 

A computational program, called CapZone FileBuilder, was created to quickly and easily pre-process 

interpreted groundwater potentiometric head data in Surfer® 7 binary grid format into pseudo MODFLOW 

2005 files for use with the program Groundwater Vistas®; this process takes just a few minutes, and, 

crucially, permits the use of MODFLOW without the need to develop a calibrated model.  Using the 

MODPATH version 5 module in Groundwater Vistas®, particle tracking and capture zone analysis can 

now be performed directly on (or within) interpolated potentiometric surfaces. 
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Metal Accumulation Distribution of Aquatic Organisms, Water, and Sediments in 
the Aquaculture Pond 

Megan Hung, Cheng-Di Dong, Chiu-Wen Chen, Yun-Ru Ju, Chih-Feng Chen, and 
Xiang-Ying Chuang  

Aquatic organisms can easily accumulate heavy metals via water and sediment. Heavy metal containing 

seafoods are detrimental to human health. This research was to assess the distribution of heavy metals, 

mainly As, Cd, Cr, Cu, Pb, Ni, Zn, and Hg, in fish and clam tissues, surrounding water body, and 

sediments in the Southwest coast of Taiwan. The concentration of heavy metals was analyzed using 

Atomic Absorption Spectrophotometer. Bioconcentration factor (BCF) and biota-sediment accumulation 

factor (BSAF) were used to assess the metal accumulation ability of biotas. Results indicated higher 

mercury and zinc BCF values in fish, with an average of 702 and 1359, respectively. The heavy metal 

concentration found in fish and clam tissues were lower than the Sanitation Standard for Aquatic Animal 

of Taiwan. The BSAF value for mercury was significantly higher than the rest of the metals, with an 

average of 2.96 and 9.24 in both fish and shellfish, respectively. Therefore, fishes and clams from the 

aquaculture pond located in the southwest coast of Taiwan may not be harmful to consumers. The level 

of heavy metals in the water, sediments, and the organism tissues were below that of the permissible 

limits issued by the government. The results can assist the government in determining seafood safety and 

its implementation in Taiwan. 
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Subsurface One-Dimensional Transport of Dioxin Beneath an Uncontrolled Dump 
Site – A Case Study 

Mark Gemperline and Kehsun Lin  

Data collected during the recent the Krejci Dump Site remediation provides an uncommon glimpse at 

one-dimensional subsurface transport of several dioxin congeners through native clay. The Krejci Dump 

Site is a former municipal and industrial dump located in the Cuyahoga Valley National Park. 

Approximately 80 measurements of 17 dioxin and furan congener concentrations were made as 

successive 6 inch to 24 inch layers of native clay soil were excavated to depths of about 2 meters. The 

measurements demonstrate separation of 1,2,3,4,6,7,8-HpCDD, 2,3,7,8-TCDD and OCDD with depth. 

Congeners other than 1,2,3,4,6,7,8-HpCDD, 2,3,7,8-TCDD, and OCDD were not commonly detected in 

the subsurface at reportable concentrations.  Application of the advective-dispersive one-dimensional 

transport equation for a reactive solute resulted in a reasonably good fit to subsurface measurements. All 

equation variables were treated as constants except the retardation factor, Rd, and initial concentration, 

Co, which were changed for each congener modeled.  A good fit between plots of  measured and 

calculated concentration with depth occurred when the ratio of Rd’s was 6:1:3.5 for  1,2,3,4,6,7,8-HpCDD, 

2,3,7,8-TCDD and OCDD respectively. These results indicate greater subsurface transport rates for both 

OCDD and 1,2,3,4,6,7,8 HpCDD relative to that of 2,3,7,8-TCDD considering Rd  was expected to vary in 

approximate proportion to reported octanol-water partitioning coefficients, Kow.  Furthermore, 2,3,7,8 

TCDD penetrated the native glacial clay till at the site to a significantly greater depth than anticipated. 

This paper discusses expected dioxin subsurface transport and possible reasons for deviation from the 

expected transport rates. 
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Reduction, Adsorption, and Precipitation of Heavy Metals by ZVI, Sulfides, and 
Related Reactive Minerals 

Alan Seech and Daniel Leigh  

In situ chemical reduction (ISCR) has increasingly been applied to treatment of soil and 

groundwater impacted by chlorinated compounds. The mechanisms involved in such applications are 

now fairly well understood and widely recognized in the environmental remediation community. ISCR can 

be broadly defined as a category of in situ soil and groundwater remediation technologies in which 

treatment occurs primarily by chemical reduction of contaminants, mediated mainly by abiotic processes. 

It is also recognized that ISCR mechanisms of contaminant reduction can be stimulated by microbial 

activity (e.g., carbon fermentation), and promoted by the activity of microorganisms (e.g., biogenic 

reactive minerals). The major groups of reductants operative in ISCR treatment of soil and groundwater 

can be broken into four segments, including (a) elemental iron -- such as ZVI powder, (b) minerals that 

derive their reducing power from Fe+2 -- such as magnetite and ferruginous clays, (c) minerals that derive 

their reducing power from reduced S- or S-2 either alone or in combination with Fe+2 -- such as pyrite, and 

(d) organic matter containing redox-active functional groups -- such as quinones. The mechanims 

involved in ISCR degradation of chlorinated organics are now understood to be related to the transfer of 

electrons from a reducing agent (the electron donor) to an oxidized species (the electron acceptor). 

The understanding and application of ISCR to treatment of heavy metals are growing. 

The authors will present a survey of ISCR materials and mechanisms as applied to treatment of a range 

of common heavy metal impacts in soil and groundwater. Content will be focused on the chemistry 

of metals removal through 2 years of bench-scale testing, field piloting, and full-scale application results in 

diverse geographies, including China and North America. 
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The Importance of Forensics in Site Resolution and Allocation from a Legal and 
Insurance Company Nexus 

Tim Agajanian  

An impressive array of forensic tools have gradually evolved over the last several decades. Traditional 

methods and the ones most generally recognized use various forms of chromatography, commonly 

referenced as “fingerprinting”, and are largely applied to petroleum hydrocarbon releases. Objectives are 

typically the identification of contributors to and age dating of releases.  In addition to this recognized and 

prominent science there are a variety of other methods that draw from statistical treatments, geochemical 

analyses and even many forms of advanced microscopy to sort out fact from fiction in legal positions and 

objectives. 

Supplementing this core competency which has a longer history and moving rapidly into prominence are 

methods such as Compound Specific Isotope Analysis (CSIA).  CSIA  works on a different set of 

principles and has the ability to identify individual contributors to mixed plume scenarios with an emphasis 

on chlorinated hydrocarbons and oxyanions by looking at isotopic ratios. While technically not new 

science it has been making significant inroads to the pantheon of forensic options and is a very powerful 

tool.  That said, one unique feature of this science is that CSIA has met challenges in court as some 

parties seek to avoid having this kind of compelling data work against their case objectives.  Citing 

various technical arguments attempts have been made to label CSIA as, for lack of a better descriptor, 

“junk science” arguing around the commonly applied Daubert standard. Fortunately these arguments are 

weakening in light of the value and veracity of this methodology as reflected in recent significant court 

decisions.     

With this as background this presentation will review a broader spectrum of legal theory and practical 

outcomes as various parties enter the fray in any given site resolution scenario.  These perspectives will 

also factor in the role of insurance companies and address strategic and evidentiary features that 

underpin the entire resolution process taking into account the spectrum of forensic options.  Clearly 

different parties have different objectives in a given case involving site resolution in which all forms of 

forensic science are potentially introduced to effect outcomes.  In this particular treatment we will 

illuminate key issues from an insurance company perspective as they pertain not only to allocation 

matters, but also to the issues where there is no ambiguity as to who the responsible party is. 

Tim Agajanian, Ropers Majeski Kohn & Bentley PC, 445 South Figueroa Street, Suite 3000, Los Angeles, 
CA, United States, 90071-1608, tim.agajanian@rmkb.com 

Presenting Author: Tim Agajanian 

55



Use of Stable Isotopes to Differentiate Various Sources of Perchlorate at the 
Stringfellow Superfund Site 

Michael Foster  

Surface water and groundwater samples in the vicinity of the Stringfellow Superfund site are being 

sampled analyzed for stable isotopes of oxygen and hydrogen to provide one line of evidence in 

differentiating sources of perchlorate in groundwater.  The aquifer downgradient of Stringfellow 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 the 

same catchment area, historical application of Chilean nitrate fertilizers to agricultural land, canalized 

irrigation water and storm runoff from the Riverside and Chino Groundwater Basins.  The results indicate 

that while modern surface water samples show clear evaporative signals, precipitation runoff shows a 

larger range of isotope composition.  Groundwater samples show little evaporative effect indicating that, 

on a volume basis, groundwater chemistry reflects modern direct infiltration of precipitation.  The 

evaporative signal that was likely present in recharge from the former disposal ponds or infiltration of 

irrigation water in the past, has either flushed downgradient and/or been significantly diluted by more 

recent rainfall recharge.  The stable isotope data will be compared with stable isotope concentrations of 

chlorine and oxygen present in dissolved perchlorate (awaiting analysis). 
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Lessons in Applying Forensic Techniques to Sediment Sites Throughout the US 

Adam Love and Lydia Dorrance  

According to the EPA, there are currently more than 50 sediment Superfund sites where the selected 

remedy must address at least 10,000 cubic yards or five acres of contaminated sediment.  Many of these 

are sediment mega-sites with anticipated remedies that expect to exceed one billion dollars. The 

sediments at these sites are often impacted by multiple generations of direct and indirect industrial and 

municipal discharges into proximate water bodies. Therefore, forensic analyses have a key role in 

developing a technical basis for allocating remedy costs among responsible parties affiliated with the 

historic discharges. While there are numerous environmental forensic tools available to create divisibility 

within the contaminated sediment, geochemical and isotopic techniques - including isotopic sediment age 

dating, TPH, PAH and PCB chemical fingerprinting and hydrocarbon and trace metal isotopic 

measurement- can be among the most diagnostic.  Applying the right forensics tools requires not only 

knowing how to implement the analytics of the forensic techniques, but also how the specific histories and 

characteristics of the sediment system create the best opportunities to successfully apply them.  Case 

studies from large-scale sediment cleanup sites demonstrate the importance of matching the appropriate 

forensics technique with knowledge of site specifics and provide a real world basis for planning future 

forensic assessments at sediment sites.   
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Principal Component Analysis of Metals in Soil and Dust to Distinguish 
Background and Anthropogenic Sources in an Urban Area 

Ann Verwiel, Deborah Proctor, and Andrew Tachovsky  

Principal Component Analysis (PCA) is a multivariate statistical technique used to reduce the dimensions 

of a data set so that trends in the data can be visualized more easily.  In an effort to differentiate potential 

sources of key metals of interest in an urban area with multiple industrial facilities, PCA was conducted 

using metals concentrations measured in surface soil and sidewalk/street dust. The objective of this 

analysis is to identify key metals or combinations of metals that can be used to distinguish patterns of 

metals that are descriptive of natural and anthropogenic sources, and to distinguish among anthropogenic 

sources. Following data reduction, 15 metals were retained for analysis.  Both Classical and Robust PCA 

were evaluated in this study and executed in the R open source statistical package (version 3.1.2).   

As metals concentrations were consistently higher in dust than in soil, PCA analyses for dust and soil 

were run separately.  Results were plotted on maps to allow for geospatial evaluation of results.  The first 

PC, describing the greatest variance (ranging from 40-63%), distinguished anthropogenic from natural 

background.  The second and third PCs were also able to differentiate among non-natural sources, 

describing 16-28% of variance. The signature associated with one source (primarily influenced by Cr, Co, 

Mo, and Ni) was consistent with air emissions tests from the facility and could be clearly identified. The 

extent of metals consistent with this signature was limited to a small area of approximately 1.5 blocks in 

the immediate vicinity of the facility.  In this study, PCA was used to effectively differentiate natural and 

anthropogenic sources of metal emissions in an urban area with historical and current sources, and made 

it possible to delineate the spatial area of impact from a specific individual source.  
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Identification of Non-Petroleum San Francisco Bay Contaminant Related to 
Extensive Water Fowl Mortality using Microspectroscopy  

Stephen Wall, Jeff Wagner, Sutapa Ghosal, and Zhong-Min Wang  

Incidents of wide scale mortality in wildlife have been known to be leading indicators of environmental 

disease due to toxic exposures that maybe of concern to the human population. A large scale die off of 

water fowl in the San Francisco Bay during several weeks in January 2015 prompted an investigation by 

a number of Agencies including California Department of Fish and Wildlife (CDFW), California 

Department of Public Health (CDPH), U.S. Environmental Protection Agency U.S. EPA, and National 

Oceanic Atmospheric Administration (NOAA). Initial field observations indicated the majority of the 

deceased ocean-going water fowl were in the shoreline marsh area of the southeast bay near Hayward 

California. Collected waterfowl were determined to be coated with a tacky substance that was not 

petroleum based and was difficult to remove with the standard detergent washing treatment employed to 

prevent hypothermia. 

As a participating laboratory in the multi-agency task force investigating the tacky substance, the CDPH 

forensics laboratory at the Richmond Marina Bay Campus employed advanced microspectroscopy 

techniques to analyze water fowl feather samples. Unlike most analytical methods that required solvent 

extraction of the feather samples, individual droplets of the gummy material were isolated to apply 

advanced forensic techniques using Raman and Fourier Transform Infrared (FTIR) microspectrosocpy, as 

well as, scanning electron microscopy (SEM) with energy dispersive spectroscopy (EDS).  Consistent 

with the homogenous carbon and oxygen fingerprint by SEM/EDS, both FTIR and Raman 

microspectroscopy determined the mystery substance to be a triglyceride with a low degree of C18 fatty 

acid unsaturation, which is characteristic of polymerized vegetable oil rather than animal fats. Distinct fatty 

acid methyl ester (FAME) peaks for biodiesel were not detected; however a spectral match by both 

microspectroscopy methods identified the substance as heat polymerized vegetable fry oil often collected 

from commercial operations for the local production of biodiesel fuels. 
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Site Investigation for Emerging Contaminant 1,4-Dioxane with CSIA Tool 

Yi Wang  

The emerging contaminant 1,4-Dioxane (1,4-D) may cause damage to the central nervous system, liver 

and kidneys. The U.S. EPA classifies 1,4-D as a probable human carcinogen. Until the end of 1995, 1,4-

D was used primarily as a stabilizer in chlorinated solvents, often 1,1,1-trichloroethane (TCA) and 

sometimes trichloroethene (TCE). 

1,4-D is completely miscible in water, and therefore if released it can readily migrate in groundwater. A 

TCA/TCE plume could be underdetermined if 1,4-D is considered. When more than one plume exist, 

often it is difficult for the site managers to identify the source of 1,4-D to the specific monitoring wells. 

The Compound Specific Isotope Analysis (CSIA) tool has been developed for many volatile organic 

compounds including chlorinated solvents, and there have been thousands of CSIA applications 

worldwide so far. CSIA was supposed to work for 1,4-D as well, because stable isotope fingerprints of the 

released 1,4-D are also controlled by (1) the source material being used during the commercial 

production; (2) the operating conditions: temperature and pressure; and (3) any weathering effects like 

degradation. 

However, CSIA for 1,4-D has been technically challenging. A typical “purge and trap” method for 1,4-D 

does not work as well as it does for those volatile organic compounds. High reporting limit for 1,4-D using 

a conventional method does not meet the demand for 1,4-D forensics in most cases. 

During this presentation, following an introduction on the unique CSIA method recently developed for 1,4-

D, a case study is used to demonstrate how the obtained CSIA fingerprints for dioxane along with CSIA 

fingerprints for other compounds helped distinguish an additional source of chlorinated solvent release. 
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Nanotechnologies and Society: Innovation, Implications, and Risk Governance 

Christian Beaudrie  

Nanotechnologies promise many benefits for society, from sustainable energy and environmental 

remediation to enhanced pharmaceuticals and medical devices.   However, these novel technologies are 

not without controversy. Relatively little is known about the health and environmental implications of 

nanomaterials, and traditional risk assessment tools are not well suited for grappling with this 

uncertainty.  In order for society to benefit fully, innovation in nanotechnologies must be matched by 

innovation in risk governance. This talk will explore the features that make nanotechnologies so 

promising, how these same features make their health and environmental implications difficult to 

understand, what is being done to manage risks under high uncertainty, and how stakeholders can 

engage in the collective risk governance of emerging nanomaterials. 

Christian Beaudrie, University of British Columbia, 2202 Main Mall, Vancouver, BC, Canada, V6T 1Z4, 
cbeaudrie@compassrm.com 

Presenting Author: Christian Beaudrie 

63



Release and Detection of Nanosized Copper from a Commercial Antifouling Paint 

Adeyemi Adeleye and Arturo Keller 

Over US$ 5.7 billion is spent annually to prevent and control marine biofouling, mainly with the use of 

antifouling paints. Antifouling paints typically contain copper compounds, which are toxic to a wide range 

of organisms. While many studies have quantified release of copper from antifouling paints, very little is 

known about the physicochemical state of released copper. For proper risk assessment of antifouling 

paints, characterization of copper released into water is necessary because the physicochemical state 

determines the metal’s environmental fate and effects. In this study, we monitored release of different 

fractions of copper (dissolved, nano, and bulk) from a commercial copper-based antifouling paint. 

Release from painted wood and aluminum mini-bars that were submerged in natural waters was 

monitored for 180 days. Leachates contained both dissolved and particulate copper species. X-ray 

diffraction and X-ray photoelectron spectroscopy were used to determine the chemical phase of particles 

in the leachate. The amount of copper released was strongly dependent on water salinity, painted 

surface, and paint drying time. The presence of nanosized Cu2O particles was confirmed in paint and its 

leachate using electron microscopy. Toxicity of paint leachate to a marine phytoplankton was also 

evaluated. 
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High Throughput Screening and Predictive Toxicological Approach for Hazard 
Ranking of Nanomaterials 

Tian Xia  

The rapid development of nanotechnology increases the risk of human and environmental exposure to 

nanomaterials. The exact physicochemical properties of nanomaterials that make their usage appealing 

have the potential to induce adverse effects to human and environmental health. Indeed, some 

nanomaterials have been shown to be hazardous in vitro and in vivo, so there is an urgent need to rapidly 

screen for the safety profiles of nanomaterials and provide hazard ranking for regulatory purposes. The 

multidisciplinary research team at UCLA engaged in acquisition, synthesis, and characterization of 

compositional and combinatorial ENM libraries to perform high throughupt/content in vitro cellular and in 

vivo zebrafish embryo screening to develop a number of predictive toxicological scenarios that connect 

cellular injury responses to the pathophysiology in mice or zebrafish. This predictive toxicological 

modeling allowed us to elucidate key structure-activity relationships for over 200 nanomaterials 

including metal and metal oxides (MOx), silica nanoparticles, nano-Ag, rare earth materials, 

carboneceous nanomaterials including carbon nanotubes (CNTs), graphene, graphene oxide, etc., 

and demonstrated the role of physicochemical properties such as bandgap, dissolution, material shape, 

aspect ratio, surface functionalization and reconstruction, in the generation of injury. The approaches of 

using high throughput screenging and predictive toxicological will speed up the hazard identification and 

ranking for nanomaterials and facilitate the risk assessment of nanomateials and sustainable 

development of nanotechnology. 
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California’s Safer Consumer Products Regulations: A Regulatory Framework That 
Includes Nanomaterials 

 
Jeffrey Wong 

 

The Safer Consumer Products Regulations (SCPR) provides a four-step continuous, science-based, 

iterative process to identify safer consumer product alternatives:  

Nanomaterials can be subject to these regulations either as chemicals or products. There are various 

features of the SCPR that allow a more precautionary and less restrictive approach to the regulation of 

new or emerging products and chemicals than that found in past regulatory efforts.  

Chemicals – The SCPR established an immediate list of Candidate Chemicals (approximately 1,200) 

based on the work already done by other authoritative organizations, and specify a process for DTSC to 

identify additional chemicals as Candidate Chemicals (CCs).  

Products – DTSC will evaluate and prioritize product/Candidate Chemical combinations to develop a list 

of “Priority Products” for which Alternatives Analyses must be conducted.  

Alternatives Analysis – The SCPR require responsible entities (manufacturers, importers, assemblers, 

and retailers) must perform an Alternatives Analysis (AA) for the product and the COCs in the product to 

determine how best to limit exposures to, or the level of adverse public health and environmental impacts 

posed by, the COCs in the product.  

Regulatory Responses –DTSC will identify and require implementation of regulatory responses designed 

to protect public health and/or the environment, and maximize the use of acceptable and feasible 

alternatives of least concern. 
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Greener Cleanup: Remediation with a Smaller Environmental Footprint 

Deborah Goldblum and Carlos Pachon  

While EPA’s mission is to remediate contaminated sites, cleanup activities use energy, water, and 

materials resources, creating their own environmental footprints. In light of this, EPA’s Office of Solid 

Waste and Emergency Response issued the Principles for Greener Cleanups  (Principles) to serve as the 

foundation for EPA’s greener cleanup policy. The Principles established a policy goal to evaluate cleanup 

actions comprehensively for the purpose of ensuring protection of human health and the environment and 

reducing the environmental footprint of cleanup activities, to the maximum extent possible. This session 

will provide an overview greener cleanups and share some of the tools, resources, and strategic 

documents to support greener cleanup practices.  
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The Industry Standard for Greener Cleanups  

Deborah Goldblum  

ASTM International’s Standard Guide for Greener Cleanups, provides a systematic protocol to identify, 

prioritize, select, implement, and document the use of best management practices (BMPs) to reduce the 

environmental footprint of cleanup activities. The standard, created by representatives from industry, 

consulting firms, states and EPA, complements regulatory and voluntary cleanup programs and can be 

applied at any time during the cleanup process, from site investigation to long term monitoring. Along with 

the protocol, the standard includes a list of over a 120 greener cleanup BMPs, guidelines to quantify the 

environmental footprint of cleanup activities, and a reporting template. Learn about this industry standard 

which can be used as a reference in contracts, policy or legal documents. 
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Quantitative Analysis in Greener Cleanups  

Karen Scheuermann  

ASTM International’s Standard Guide for Greener Cleanups provides a protocol for quantifying the 

environmental footprint of cleanup activities. This protocol is outlined in seven steps, and includes options 

for footprint analyses or Life Cycle Assessment. Quantifying the environmental footprint can be an 

important step for greener cleanups at large and complex sites. Quantification can help site managers 

discover hidden contributors to the footprint, can highlight key opportunities for footprint reduction, and 

can identify tradeoffs among the core elements of greener cleanups. The Standard Guide’s quantification 

protocol will be described in this session, along with practical considerations for applying the protocol and 

interpreting the results. This session will help users of the Standard Guide to determine whether 

quantitative evaluation would be beneficial at their sites, and will provide the foundation for conducting the 

evaluation. 
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Greener Cleanups at Ports 

Glenn Burks  

Greener Cleanups at Port of Los Angeles Cleanup – The Port of Los Angeles is the number one port by 

container volume and cargo value in the United States as well as one of the greenest. The Port is about 

to embark on one of the largest soil remediation projects in a US Port that could serve as a case study for 

other ports to emulate and demonstrate the impact green remediation has on a project’s carbon footprint. 

To reduce the carbon footprint of remediation activities, ASTM International’s Standard Guide for Greener 

Cleanups was used as a guide to validate to port officials the potential reduction in carbon footprint via 

application of an on-site thermal evaporative desorption technology. On-site cleanup of contaminated 

soils also allows the port to reuse those soils at other port locations thereby reducing the carbon footprint 

of other port projects. 
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Green Remediation: Application of ASTM’s Greener Cleanup Guide during 
Alternatives Analysis 

Derek Wintle, Michael Miller, and Melissa Harclerode 

Contaminated site remediation can consume significant amounts of natural resources and create 

secondary negative impacts, such as greenhouse gas emissions. As we investigate and remediate 

contaminated sources, it is important to consider green remediation principles to reduce attendant 

environmental impacts. Green remediation can be implemented throughout a project’s life cycle, and the 

alternatives analysis is a logical stage to begin. Here, the process begins by identifying the components 

of the remedial alternatives that could contribute the greatest environmental impacts (both positive and 

negative). These results can then be used further during the design phase to optimize the selected 

remedy and reduce its overall environmental footprint. 

ASTM’s Standard Guide for Greener Cleanups provides a process for incorporating project-relevant best 

management practices (BMPs), and if appropriate, also performing calculations aimed at reducing the 

project environmental footprint. Such footprint calculations could be accomplished with USEPA’s 

Spreadsheets for Environmental Footprint Analysis (SEFA), the Navy and Army Corps tool SiteWise™, or 

other similar methods. 

We present two case studies that implemented the ASTM Greener Cleanup guide starting at the 

feasibility study (FS) stage. The first case study made use of a BMP evaluation. The main contaminant 

was asbestos in soils, and potential remedial technologies included containment, stabilization, chemical 

and thermal decomposition, and excavation. Relevant BMPs included use of fuel efficient equipment, 

water conservation practices, and environmentally preferable purchasing (e.g., to encourage recycled 

material use). The second case study employed a footprint analysis via SEFA. Evaluated remedial 

technologies included monitored natural attenuation, groundwater extraction and treatment, air sparging, 

and engineering controls to address tetrachloroethene (PCE). The results of both case studies clearly 

demonstrated the power of a green evaluation to both assist in selection of the best remedial alternative, 

and optimization of that alternative during remedial design. 
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James Studer, InfraSUR LLC, Albuquerque, NM  
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Standard Heats of Permanganate and Persulfate Oxidation for Characterized Soils 

Nicole Moulton, Stephen P. Mezyk, and Matt Becker  

A common limitation when treating chemically-contaminated groundwater by In-Situ Chemical Oxidization 

(ISCO) processes is knowledge of an efficient delivery of the oxidant to all the contaminant.  Efficient 

ISCO sweeping of the impacted zones is impeded by high permeability thief zones, low permeability 

diffusion sinks, or mineral precipitation during treatment.  Currently, there is no real-time method for 

assuring that the added oxidant reaches the contamination.  Thus we are creating a real-time continuous 

monitoring tool for ISCO treatment in heterogeneous groundwater.  The technology utilizes the heats of 

reaction generated from oxidation of natural organic material and chemical contaminants to locate ISCO 

delivery.  Temperature changes are measured continuously using in-situ fiber optic distributed sensing, 

which provides a 0.02°C resolution.  However, the viability of this approach at large-scale depends on 

being able to differentiate heat changes occurring for the ISCO oxidation of soils. Here we report 

measured standard heats of oxidation for a variety of soil standards, and the correlation of these values to 

standard soil characterizations.  
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Full Scale In-Situ Gaseous Reduction of Hexavalent Chromium in Vadose Zone 
Soils with H2S Gas 

Brian Hitchens, Kirk Craig, and Chad Bird  

Remedial solutions for vadose zone hexavalent chromium (Cr6+) have typically been limited to dig and 

haul or soil flushing with liquid phase reductants in various forms.  However, excavation is not always 

feasible and liquid phase amendments may pose significant concerns for mobilization of impacts to 

groundwater.  In-situ gaseous reduction (ISGR) addresses these issues by reducing the Cr6+ impacts 

through the controlled injection of hydrogen sulfide (H2S) gas.  This presentation will detail the design, 

field-scale implementation, and results of one of the first applications of an ISGR remedy for treatment of 

vadose zone Cr6+. 

The project objective involved remediation of Cr6+ impacts in vadose zone soils beneath a former plating 

shop to residential screening levels such that the property could be sold without use restrictions.  Initial 

characterization demonstrated that Cr6+ had penetrated to 45 feet below grade.  Although well above 

groundwater (at 95 feet below grade), treatment of the Cr6+ through standard approaches were either 

infeasible due to the overlying structure, or not advisable due to the potential to mobilize Cr6+ to 

groundwater.  After direct excavation of the accessible impacted soil in the upper 10-feet, an ISGR 

treatment area was established around the limited area with deeper impacts. 

Bench scale treatability testing was performed with shallow site soil to determine the mass of H2S 

required to reduce the residual Cr6+ within the treatment area to Cr3+.  An H2S injection/extraction skid 

was designed and built to inject an inline stream of H2S gas into a nested injection well at a concentration 

of approximately 500 ppmv, while simultaneously extracting from a ring of extraction wells to control and 

treat excess H2S gas.  Post-remediation sampling of the soil within the treatment area after approximately 

eight weeks of treatment showed excellent Cr6+ reduction and a no further action determination was 

granted in September 2015. 
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Status of Commercialization - Biogeochemical Reductive Dehalogenation (BiRD) 
Groundwater Treatment Process: Bench, Pilot, and Full Scale 

James Studer  

Interest in biogeochemical groundwater treatment, a new in-situ treatment category combining biological 

and abiotic processes, has accelerated with the commercialization of the patented BiRD engineering 

process. BiRD (Biogeochemical Reductive Dehalogenation) is aimed at generating, in-situ, amorphous 

and crystalline forms of iron sulfide (referred to here as FexSy).  FexSy can dehalogenate compounds 

such as PCE, TCE, and other chlorinated aliphatics at significant rates. The FexSy reactive zone is 

created rapidly and can treat passing groundwater over a relatively long period of time. The process can 

be applied by use of direct injection or trenching techniques using inexpensive non-toxic reactants that 

are readily available in either liquid or solid form. Both permeable reactive barrier and area-wide 

treatment can be pursued. 

Benefits of BiRD include: 1) rapid degradation of a wide range of halogenated compounds; 2) little or no 

accumulation of undesirable transformation products such as cis-1, 2 DCE and vinyl chloride from PCE 

and TCE; 3) reduced requirement for labile organic and less conversion of that which is applied to 

methane; 4) implemented using low-cost treatment materials with trench-based or direct injection 

construction techniques; and 5) compatible with enhanced bioremediation and ZVI. This biogeochemical 

technology is currently being tested and implemented at commercial scale as an economically effective 

alternative to other methods of groundwater treatment. For fractured bedrock or relatively low permeability 

unconsolidated porous media sites the option to use soluble reactants to create the FexSy reactive zone 

is attractive in the face of large subsurface coverage requirements and back diffusion potential. 

Results from several bench scale treatability studies and several field pilot tests will be presented. A high 

percentage of the BiRD projects at bench or pilot level are proceeding to full scale and an update on 

those projects will also be presented. 
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Unique Injection Well Design and Implementation for ISCO at an Active Shopping 
Center 

Hao Zhang and Carl Lenker  

This presentation will highlight the design and installation of permanent horizontal and vertical injection 

wells for use in injecting persulfate and oxygen release compounds to remediate gasoline impacts at an 

active shopping center in San Diego, California. By the presenting date, two rounds of chemical injections 

and the related performance groundwater monitoring will have been completed and the results will be 

discussed during the presentation. Additionally, the implementation of a vapor mitigation plan to monitor 

and mitigate the potential for vapor intrusion will be discussed. 

Six USTs from a former gasoline station operation were removed in June 1984 and environmental 

assessments conducted since 1993 revealed impacts to groundwater including the presence of free 

product and gasoline-related compounds along with fuel oxygenates, DIPE, MTBE, and TBA. Previous 

remedial strategies of bioslurping and dual phase extraction were expensive and largely ineffective due to 

the shallow depth of groundwater and large groundwater recharge rate. 

To cost-effectively remediate the impacts while allow tenant operations to continue, largely uninterrupted, 

Tetra Tech designed and implemented a unique injection well design. Three trenches within the primary 

source area were excavated and both horizontal and vertical wells were installed to allow horizontal and 

vertical distribution of the oxidants. The horizontal pipe will also serve to capture mobile free product. 

PersulfOx™ was injected in the general vicinity of the UST locations and oxygen release compound was 

injected in periphery area. Performance groundwater monitoring was performed one month and three 

months after the injections to monitor for reduction in contaminant concentrations and changes in general 

groundwater parameters. Due to the limited presence of free product in the on-site wells, free product 

cost-effectively removed with absorbent socks.  
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Novel Method for Activating Klozur Persulfate: Fundamental Science and Key 
Characteristics 

Stacey Telesz and Brant Smith  

Background: Activated Klozur® persulfate has been implemented for over 10 years to successfully 

remediating sites with a wide assortment of contaminants of concern ranging from petroleum 

hydrocarbons; such as BTEX and DRO, oxidizable chlorinated solvents such as tetrachloroethene and 

trichloroethene, and reducible organics such as carbon tetrachloride and 1,1,1-trichloroethane.  The 

ability to treat different contaminants has been attributed to the activation method and the formation of the 

sulfate, hydroxyl, and superoxide radicals.  Conventional methods of activating persulfate include iron 

chelates, alkalinity, heat, and hydrogen peroxide. 

Objectives: The use of organic substrates* to activate pesulfate is based on recent research and has the 

potential of being a low cost alternative with the benefits of ease of implementation, greater degree of 

control over the rate of activation, and the ability to produce both oxidative and reductive radicals.  

Activities: A series of bench and pilot scale tests have been conducted assessing this novel activation 

method.  These tests were conducted in a series of batch reactors evaluating the rate of reaction with 

different contaminants of concern, persistence of persulfate, effect on geochemical parameters, and 

potential degradation pathways. Organic activated persulfate was applied in a field application to treat 

residual TPH at a gas station site. 

Summary: This presentation will discuss the existing methods of activating persulfate and introduce data 

collected on the science behind and key characteristics of the organic activation of persulfate.  Critical 

parameters include the type and concentrations of organic compounds, conditions that favor the 

formation of reductive radicals, and treatment of selected contaminants of concern.  Finally, the field 

implementation of this new organic activator will be discussed. 
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In-Situ Microbial Activity Sensing using Microbial Fuels Cell Technology 

Scott Burge  

The fate and transport of organic carbon through the aquifer are important components in understanding 

the hydrogeobiochemical structure and functioning of complex subsurface systems over relevant spatial 

and temporal scales.  Most methodologies estimating microbial activity require the collection of soil/water 

samples followed by the incubation of the samples, or other analytical techniques performed at the 

surface.  The research presented allows for direct, real-time measurements of in-situ microbial activity 

using a sensing system based on microbial fuel cell technology. 

Microbial fuel cells are primarily developed for energy production.  Sensor development has been largely 

limited to applications with high concentrations of substrates (mM) such as biological oxygen demand of 

sewage treatment plants.  Considerably less development has been performed using the technology as a 

sensing system for low levels of substrate (uM) and/or contaminants concentrations encountered in 

natural and /or induced anaerobic environments. 

This presentation documents the laboratory and field trials of a microbial fuel cell monitoring system using 

amperometric and potentiometric measurements as metrics for understanding microbial activity in the 

subsurface.  The electrical measurements are supplemented with real-time measurements of carbon 

dioxide as a method of calibration.  The presentation will document the first known use of a multiple 

anode potentiometric technique to determine the chemical environment by the direct measurement of 

microbial activity.  It is projected that the technique can be used in several applications including 

measurement of natural attenuation, leak detection (landfills, pipelines) and a method to optimize 

remedial actions. 

Scott Burge, Burge Environmental Inc., 6100 South Maple, Tempe, AZ, United States, 85283, Tel: (480) 
968-5141, burge@burgenv.com 

Presenting Author: Scott Burge 

82



NSZD and NAPL Management 
 
Incorporating NSZD into the NAPL Management Strategy 
Rick Ahlers, Arcadis, Irvine, CA  
 
Yardsticks to Integrate Risk Assessment, Risk Management, and 
Groundwater Remediation 
Deepa Gandhi, EKI, Burlingame, CA; Paul Hadley, Retired, Davis, CA; Ravi 
Arulanantham, Geosyntec Consultants, Oakland, CA 
 
Modeling Petroleum Hydrocarbon Degradation, Part I: Gasoline 
Statistics and Pattern Assemblage 
Michael Wade, Wade Research, Inc., Marshfield, MA  
 
Toolkits for Monitored Natural and Enhanced Attenuation of Petroleum 
Hydrocarbons 
Ian Hers, Golder Associates, Richmond, BC, Canada 
 
Natural Source Zone Depletion Rates from Subsurface Temperature 
Data: A Quantitative Analysis 
Jonathon Smith, Arcadis, Novi, MI; Steven Gaito, Arcadis, Braintree, MA  
 
The 2015 Refugio Oil Spill - A Local Agency's Perspective 
Thomas Rejzek, Paul McCaw, Jason Johnston, and Steve Nailor, Santa 
Barbara County, Santa Maria, CA  
 
 

83





Incorporating NSZD into the NAPL Management Strategy 

Rick Ahlers  

Mobile light nonaqueous-phase liquids (LNAPLs) associated with historical fuel releases are present in 

the subsurface and flow into wells at a number of environmental remediation sites. At many of these sites, 

some form of LNAPL recovery is implemented in accordance with regulatory guidance and direction. 

Recent guidelines from ASTM and Interstate Technology & Regulatory Council (ITRC) have changed how 

LNAPL measured in monitoring wells is perceived, and regulatory policy at both the federal and state 

level has begun to shift towards establishing standards that are based on LNAPL mobility, recoverability, 

and the risk posed by LNAPLs to human health and the environment. This paradigm shift increases the 

importance of development of a technically sound LNAPL conceptual site model (LCSM) to inform 

selection of an appropriate site management strategy.  For sites where risks to receptors have been 

mitigated and LNAPL recovery is no longer practical, characterization of natural source zone depletion 

NSZD rates represents a key component of the LCSM. 

NSZD reduces the mass of LNAPL through dissolution, volatilization, and biodegradation and is 

increasingly being considered as a component of LNAPL plume management. Measurements of NSZD 

rates can serve as a benchmark to evaluate the relative benefit of active, engineered remedial 

alternatives (ITRC, 2009). NSZD as a remedial option has particular relevance for those sites which 

exhibit low risk or where engineered remedial alternatives are impractical. The selection of NSZD as part 

of a remedial strategy is illustrated with a case study site. NSZD as a viable LNAPL management strategy 

was demonstrated through an evaluation of risk pathways, LNAPL plume stability, LNAPL recoverability, 

and quantification of natural LNAPL mass loss rates, i.e., NSZD. 
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Yardsticks to Integrate Risk Assessment, Risk Management, and Groundwater 
Remediation 

Deepa Gandhi, Paul Hadley, and Ravi Arulanantham  

Remediation of contaminated sites has focused largely on restoration of groundwater aquifers. Often the 

stated remedial goal is to achieve conditions allowing unrestricted use and unrestricted exposure. Such 

total groundwater cleanup has occurred at some sites, but is the exception rather than the rule. At the 

same time, significant effort occurs to perform risk assessments for potential exposure to contaminants in 

groundwater at sites, both before and after remediation. The logical synergy between risk assessment 

and remediation is for risk management to seek opportunities for optimal use of groundwater based upon 

realistic expectations of cleanup technologies and the relevant acceptable residual (postremediation) 

levels of contaminants, similar to the approach taken in California's Low-Threat LUFT SIte Closure 

Policy . This presentation explores an approach to improve this synergistic relationship between risk 

assessment, risk management, and remediation for groundwater cleanups and encourages identification 

of additional categories of sites and other circumstances that are “low threat” and are primed for similar 

closure guidance. 
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Modeling Petroleum Hydrocarbon Degradation, Part I: Gasoline Statistics and 
Pattern Assemblage 

Michael J. Wade  

Understanding releases of petroleum products to the environment for purposes of allocating liability 

requires the application of a number of geochemical, hydrogeological and legal resources. Release(s) of 

automobile gasolines to the subsurface environment are often not discovered after years or even 

decades in the subsurface. Sorting out responsibility for the release(s) is often conducted by forensic 

investigations performed within litigation to determine the allocation of costs associated with site 

remediation and restoration.  

Numerous forensic questions need to be addressed in any subsurface tank investigation. Detailed 

chemical hydrocarbon analyses of UST product contents, including residual sludge, are important 

evidence. Unfortunately, engineering contractors frequently fail to collect UST contents as well as sludge 

for subsequent geochemical laboratory analysis. If done, however, the resulting geochemical and 

geophysical data become the critically important pieces of information in any subsequent legal 

proceedings. 

At the present time, a quantitative approach of comparing tank content chemistry with site chemical data 

has not been standardized. To address the issue, a numerical modeling approach, termed pattern 

assemblage modeling, with hypothesis testing has been developed. In pattern assemblage modeling, 

detailed forensic geochemical analysis of gasoline products are divided into individual hydrocarbon types 

of both UST contents and site samples and compared numerically. Calculations following classic 

petroleum refining simulated distillation methods, allow comparison by independent statistical testing of 

each petroleum fraction (paraffin, isoparaffin, aromatic, naphthenic and olefin) of the tank contents to site 

samples. Results provide multiple lines of evidence for evaluating the UST as a release source. An 

additional result is information on the type(s) of refinery processes evident in the released gasoline(s). 

Two different case studies are presented to illustrate the application of this modeling approach, and how 

the results were incorporated within the hydrogeological conditions and legal factors in the cases. 
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Toolkits for Monitored Natural and Enhanced Attenuation of Petroleum 
Hydrocarbons 

Ian Hers  

Monitored natural attenuation is a well-established remedial approach for dissolved plumes at sites with 

petroleum hydrocarbon impacts and there is increasing interest in natural source zone depletion as a 

process for reducing the mass, concentration and risk associated with source zones.  While processes for 

natural attenuation are well understood, less well known or documented are timelines for natural 

attenuation or the effectiveness of enhanced attenuation or remediation on plume concentrations and 

length.  This knowledge is important in the current regulatory context in British Columbia, where new 

policy is being developed to guide groundwater remediation requirements that will consider timelines for 

monitored natural attenuation or enhanced attenuation.  To address these gaps, four publicly available 

toolkits have been developed on best practices and new methods/tools for evaluation of natural and 

enhanced attenuation or remediation of petroleum hydrocarbons consisting of 1) conceptual site model 

and case studies, 2) monitoring and prediction, 3) remediation technology, and 4) remediation 

sustainability. 

 

The toolkit is designed to help the practitioner and regulatory community answer the follow questions: 1) 

How long will it take for source depletion under natural and enhanced attenuation? 2) How far is the 

hydrocarbon groundwater plume expected to migrate? 3) What are appropriate tools and monitoring 

strategies to support prediction and verify attenuation? and 4) What options are available for enhanced 

attenuation and how effective and sustainable are these measures? The latest science and tools for 

characterizing natural attenuation are highlighted, including prediction of attenuation from site monitoring 

data using regression analysis and other statistical tools and new methods and models for estimation of 

petroleum hydrocarbon source depletion rates. Methods for documenting depletion rates include the 

gradient method, CO2 efflux measurements and temperature profiling, and an innovative nomograph tool 

for preliminary evaluation of source depletion using a compiled database on vadose zone biodegradation 

or mass depletion rates. 
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Natural Source Zone Depletion Rates from Subsurface Temperature Data: A 
Quantitative Analysis 

Steven Gaito and Jonathon Smith  

Natural source zone depletion (NSZD) is increasingly being considered an important component of 

LNAPL management, as measurements of NSZD rates can serve as a benchmark for determining the 

relative benefit of active, engineered remedial alternatives (ITRC, 2009). Current methods of measuring 

NSZD are based on measurements of soil gas concentrations of oxygen and/or carbon dioxide with soil 

gas diffusivity, and/or carbon dioxide flux. These methods rely on stoichiometric relationships for 

hydrocarbon degradation and field measurements to estimate oxygen consumption or carbon dioxide 

production.  The test methods are viable, but can be difficult to apply at sites where soil gas transport 

conditions are complex (e.g., sites with low permeability surface caps, or where hydrocarbon impacts are 

at great depth). 

The biologically mediated NSZD processes that destroy hydrocarbons and alter the composition of soil 

gas (e.g., consume oxygen and produce carbon dioxide) also release heat creating temperature 

anomalies above the natural soil temperature profile. Recent research has focused on measuring 

temperature in and around LNAPL-affected areas and characterizing thermal anomalies (areas of warmer 

temperature) associated with exothermic NSZD processes. These thermal anomalies can often be 

measured using existing monitoring wells through long-term deployment of dataloggers or instantaneous 

readings with a thermocouple.  

A model was constructed to calculate heat flux associated with thermal anomalies identified in LNAPL 

source zones and, correspondingly, the rate of hydrocarbon degradation generating the excess heat in 

the subsurface. Temperature signals from heat sources and sinks unrelated to NSZD processes, such as 

seasonal variability in radiant heating and cooling at ground surface, are filtered out of the analysis, and 

the model allows for input of thermal properties of soil and aquifer matrices. Calculated heat flux away 

from the biologically active zones are then converted to an equivalent hydrocarbon mass depletion rate 

using the stoichiometry and change in enthalpy associated with hydrocarbon biodegradation reactions.  

The use of temperature to evaluate NSZD rates has the potential to cost-effectively quantify natural 

LNAPL depletion at most sites and provides an alternative where soil gas gradient and soil gas flux 

methods are impractical. 
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The 2015 Refugio Oil Spill - A Local Agency's Perspective 

Thomas Rejzek, Paul McCaw, Jason Johnston, and Steve Nailor  

On May 19, 2015, the Plains All American Pipeline #901 suffered a pipeline failure near Refugio State 

Beach in  Santa Barbara County, California.  This pipeline failure resulted in the release of approximately 

100,000 gallons of crude oil into the environment.  The pipeline ruptured approximately 750 feet north of 

the Pacific Ocean.  An estimated 25,000 gallons of crude oil eventually reached the Pacific Ocean, 

resulting in significant impacts to over 10 miles of coastline.  The spill response included oversight and 

input from a myriad of Federal, State and Local agencies and stakeholders, including the United States 

Coast Guard, United States Environmental Protection Agency, the Central Coast Regional Water Quality 

Control Board, the California Coastal Commission, the U.S. and California Departments of Fish & Wildlife, 

the Santa Ynez Band of Chumash Indians, and Santa Barbara County Public Health Department and 

Planning and Development.  

This presentation focuses on the spill response from the local agency perspective.  The Santa Barbara 

County Public Health Department Environmental Health Services, Hazardous Materials Unit provided 

input on the assessment and cleanup of beach impacts, evaluation of beach closures, waste 

characterization and management, sampling and analysis plans, assessment of soil impacts along the 

spill pathway, development of cleanup goals, evaluation and selection of remedial options, oversight of 

soil remediation along the spill pathway, and evaluation of geologic hazards.   
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Eliminating Perceived Petroleum Hydrocarbon Risk by Integrating Chemical 
Fingerprint and Site Specific Data 

Jun Lu  

Petroleum facilities such as refineries, terminals and pipeline corridors are arguably among the largest 

and most complex remediation sites due to the variety of products produced and/or handled over a long 

history of operations.  Risk associated with historical contamination at legacy facilities is typically well 

understood.  At active facilities, incidental spills/releases sometimes occur; however, new releases are 

often mistakenly identified based on interpretation of anomalous monitoring data and/or visual 

observations by personnel with limited understanding of site conditions.  The perception of potential risk 

associated with non-existent “new releases” can result in a costly remedial investigation.  This paper 

presents a case study to demonstrate how chemical fingerprint data and site specific information can be 

used to differentiate new releases from historical releases and, therefore, to eliminate perceived risk.  

On a routine site inspection, hydrocarbon staining was observed in soil along the perimeter of a diesel 

fuel tank.  As the observation was made a few days after a magnitude 5.1 earthquake in the general area 

of the terminal, the hydrocarbon staining in the soil was suspected to be a result of a leak from the 

tank.  A tiered forensic laboratory analytical approach was taken, which included GC/FID carbon chain 

and chemical fingerprint analysis, and GC/MS-SIM analyses.  Among the fingerprint data collected, 

sesquiterpane biomarkers provide a critical line of evidence for differentiation between the hydrocarbons 

in the soil and the fuel in the tank.  In conjunction with other site information, it was determined that the 

soil staining was not a result of suspected tank release, but remobilization of hydrocarbons from the 

historically impacted soil beneath the tank to the soil along the perimeter of the tank.  As a result of this 

study, unnecessary remedial investigation was avoided to assess risk related to a non-existent “new 

release”. 
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Petroleum-derived Chemicals in Groundwater – How Big is the Threat? 

Ross Steenson, Uta Hellmann-Blumberg, and Roger Brewer  

The evaluation of environmental impacts from petroleum-derived compounds is complicated because a 

typical release contains a large number of chemicals most of which are not considered in a traditional 

compound-specific approach. Environmental concerns arise from parent hydrocarbons as well as 

intermediate breakdown products (metabolites or degradates). Due to their greater solubility these polar 

compounds constitute the bulk of petroleum-derived chemicals in groundwater. The composition of the 

mixture at a given time depends on the consortia of microorganisms, adequate supplies of redox 

cofactors (terminal electron acceptors) and other variables. Microbial metabolic activities do not 

necessarily convert all hydrocarbons to carbon dioxide in a reasonable time frame.  Evaluation of the 

threat from these mixtures requires a good understanding of the following: 1) site conditions; 2)  the 

limitations of current methods for sample analysis; 3) the effect of microbial activity on fate, transport and 

biological (toxicological) properties of the compounds derived from petroleum; 4) the cumulative toxicity of 

mixtures containing parent hydrocarbons and breakdown products;  5) toxicity resulting from the 

interaction of petroleum-derived mixtures with other contaminants as well as 6) secondary effects related 

to geochemistry and effects of changing conditions for the growth of microorganisms. A better 

understanding of the nature and toxicity of the metabolite mixtures at different stages of petroleum 

degradation is necessary for the evaluation of the full impact of petroleum releases on human health and 

the environment. Non-cancer effects may become more important than BTEX toxicity for highly degraded 

plumes. Low dose effects of degradates that alter hormone actions and mixture effects may drive both 

aquatic habitat and human drinking water concerns. While the fraction approach for TPH improves the 

evaluation of petroleum contamination, a more nuanced approach is needed for protecting groundwater. 
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Total Extractable Petroleum Hydrocarbon Detections: Are They Fuel or Asphalt? 

Darren Croteau, Gary Foote, Ben LePage, Anne Conner, Carol Yamane, James Bruya, and 
Fred Flint  

There are many documented cases where total petroleum hydrocarbon (TPH) detections have been found to be 

caused by non-fuel-related organics, due to the non-specificity of the TPH analytical method.  In this talk, we will 

present a case where TPH detections were assumed to be due to fuel releases; however, they were actually due to 

asphalt in fill material.  The distinction is important because, unlike fuel, asphalt is not a regulated pollutant. 

At a large site in Northern California, previous shallow soil samples were collected in fill containing asphalt.  It is 

common for asphalt to be recycled for use in fill materials and road base.  Total extractable petroleum 

hydrocarbons (TPH-e, C8-C40) were detected at elevated concentrations (up to 6,000 mg/kg) at many of the 

shallow sampling locations. The TPH-e detections were assumed to be due to petroleum fuel releases and an 

enforcement action was initiated.  Potential remediation of these apparent widespread TPH-e impacts was 

expected to cost $2 million.  

Due to the potential high cost of remediation to address these impacts, additional studies were performed to assess 

whether previous TPH-e detections might be due to asphalt in fill, rather than fuel releases.  Several procedures 

were used: 

• Field observations; 

• Laboratory microscopic inspection; 

• Segregation and analysis of discrete asphalt particles observed in the soil samples; 

• Evaluation of chromatograms by a forensic chemist; and 

• Evaluation of parent and alkylated PAH data. 

Field observations confirmed that asphalt was present in the vicinity of previous TPH-e detections and no evidence 

of fuel releases was observed.  In addition, forensic laboratory testing and evaluation of parent and alkylated PAH 

data indicated that the TPH-e detections were likely due to asphalt and not fuel.  Based on multiple lines of 

evidence indicating that the TPH-e detections were due to asphalt, the enforcement action was closed, avoiding 

costly and unnecessary remediation. 
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Assessing Human Health Risk with TPH Fractions 

Amy Goldberg Day  

Many of the chemicals in total petroleum hydrocarbons (TPH) mixtures, as well as the hydrocarbon chain 

mixtures, have not been tested for toxicity. As a result, TPH has often not been evaluated in human 

health risk assessments.  To address the lack of chemical-specific criteria for many components of 

petroleum hydrocarbon mixtures, TPH can be generally evaluated through the use of surrogate 

chemicals.  For risk assessments for sites with TPH contamination, the California Department of Toxic 

Substances Control (DTSC) recommends the use of hydrocarbons groups for which chemical surrogates 

for toxicity have been selected. These include aromatic and aliphatic fractions with designated carbon 

chain lengths. 

These groups and surrogates were chosen based in part on the TPH work performed by the Total 

Petroleum Hydrocarbon Criteria Working Group and regulatory agencies such as the Massachusetts 

Department of Environmental Protection. 

Per DTSC, if the analytical method used during the site investigation did not provide speciation into 

aromatics and aliphatics, then an assumption of a composition of 50% aromatics and 50% aliphatics 

should be used. DTSC states that based on a review of the literature and data submitted, this generic 

composition split provides a health protective assumption without assuming that all of the detected 

hydrocarbons are aromatic. 

The implications of the TPH fraction assumptions on overall site closure process can be significant. The 

identification of the specific TPH fractions along with aliphatic or aromatic designation can influence 

potential site characterization and subsequent remediation. However, the analytical feasibility to obtain 

appropriate data for screening purposes is not readily available. 

This presentation will discuss the scientific evidence concerning TPH fractionation and the laboratory 

technical ability to obtain appropriate data. A summary of the available TPH fractionation in air and soil 

gas analytical methods, reporting limits, sampling methods and costs will be provided. 
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TPH Risk Based Cleanup Levels for Petroleum Contaminated Sites 

Fred Vreeman and Roy Thun  

Cleanup levels for Total Petroleum Hydrocarbons (TPH) differ by several orders of magnitude from state 

to state in the US. Approaches to risk based corrective action (RBCA) following ASTM methods in each 

state also vary widely. The last comprehensive guidance was developed by the TPH Criteria Working 

Group (TPHCWG) in 1999.  Recent surveys by AEHS and others observe that widely different clean-up 

requirements are a major difficulty for cleanup teams at sites contaminated with hydrocarbon materials 

such as fuels, lubricating oils, and crude oils. In 2009 EPA released human health toxicity values for TPH 

constituents.  These typically form the basis many states will use to calculate new or revised cleanup 

levels although other factors including ecological impacts and nuisance factors like taste and odor are 

also criteria used to establish requirements. The new EPA toxicity values are much lower than those used 

previously by TPHCWG. 

New studies, technologies, and risk-assessment methodologies have been developed from 2000 through 

2015, however very little current guidance has been developed.  A comprehensive guidance to the 

technology and approaches for making scientific, risk-based decisions at petroleum-contaminated sites 

will help states regulate releases of this common class of contaminants. 

In 2016 the Interstate Technology and Regulatory Council (ITRC) established a team to review existing 

guidance, update the list of technologies, and develop comprehensive new guidance on methods and 

procedures used for evaluating risk and establishing cleanup requirements at petroleum-contaminated 

sites.  These requirements are usually presented in state regulations as concentration of TPH or some 

subset of Aromatic & Aliphatic TPH compounds separated by molecular weight of the constituents.  

This presentation will review the TPH issue and describe the approach ITRC will use to develop 

a consensus based guidance intended to help state regulatory agencies establish new cleanup levels. 
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Petroleum Vapor Intrusion Strategies at UST and non-UST Sites under 2015 EPA 
and 2014 ITRC Guides 

Christopher Lutes, Loren Lund, John Lowe, and Keri Hallberg  

The Environmental Protection Agency (EPA) issued a final Technical Guide for Addressing Petroleum 

Vapor Intrusion (VI) At Leaking Underground Storage Tank Sites in June 2015.   This petroleum vapor 

intrusion (PVI) guide is the first of its kind from EPA and provides a clear path to quickly screen out low-

risk PVI. EPA developed it based on underground storage tank (UST) site data, and limits direct 

applications to Subtitle I USTs.  But “it may also be helpful…at comparable non-UST sites” (e.g., pipeline, 

refineries, bulk storage, or oil exploration spills).  The main EPA guidance, while recognizing that 

petroleum hydrocarbons typically biodegrade in the vadose zone, can require multiple rounds and depths 

of soil gas data to demonstrate biodegradation through measurements of contaminants, oxygen, and 

methane.  ITRC released PVI guidance in late 2014 that applies a straight-forward screening approach to 

all petroleum sites, including aboveground storage tank gas stations and larger petroleum industrial 

sites.  A key focus of this talk will be numerically defining a “comparable” non-UST site. 

The guide provides simple rules of thumb to make a determination of whether a sufficient thickness of 

aerobic soil is present to protect the building (screen out). A second key focus of this talk will be methods 

to evaluate the “precluding factors” that could keep a UST site from screening out: 

• Source composition (nonfuel additives) 

• Soil properties (moisture content, permeability, high organic carbon content) 

• Large building size 

• Extensive impermeable surface covering (e.g., asphalt, concrete) 

• Preferential transport pathways (including both natural and man-made) 

Modeling studies of the effect of building size will be discussed; along with how to detect and define a 

significant, atypical preferential pathway.  Example case studies will be discussed. 
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Case Study – Petroleum Vapor Intrusion Study: EPA 2002 Guidelines versus EPA 
2015 Guidelines 

Robert E. Sweeney  

A recent case study will be presented of a petroleum vapor intrusion (PVI) investigation that was planned 

following EPA 2002 guidelines but will be evaluated in terms of the EPA 2015 guidelines.  The objective 

of the talk is to point out several of the strengths of the new guidelines, and discuss new caveats which 

may develop due to the inclusion of biodegradation processes in the site conceptual model.  Though the 

initial site conceptual model may seem naïve to someone with experience with PVI, it is consistent with 

best practices for vapor intrusion from a chlorinated hydrocarbon plume.  Three basic elements of the 

original plan were:  1) determine all potential COCs in groundwater; 2) evaluate groundwater to vapor 

pathway for all potential COCs; and 3) evaluate the sub-slab to indoor pathway for all potential COCs.  In 

anticipation of the new PVI guidelines becoming available, soil gas concentrations were also measured 

near the source and in shallow soil for TPH fractions and methane. 

Though groundwater depth was about 10 feet at the site, the site could not be screened out by vertical 

exclusion criteria as a smear zone was present.  Because soil gas samples were collected near the 

source and in shallow soil, bio-attenuation during transport to the surface (new guidelines) was shown to 

be effective for all COCs.  Further evaluation of sub-slab to indoor air pathway was not necessary at the 

site, and only resulted in measurements of COCs for indoor air that couldn’t have been derived from the 

soil.  Concern for COCs besides BTEX resulted in additional TPH-fraction analyses that, along with 

methane, were to be used in determining the vapor ‘oxygen demand’ so that PVI modeling according to 

Wilson, et al. (2014) could be done. 

Due to methane concentrations > 10 %-v near the source, PVI modeling did not yield results consistent 

with soil gas data.  This is due to certain assumptions in the model that need to be modified when 

consideration of methane is added to PVI evaluation, as recommended in the new guidelines. 
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Application of PVI Guidance in Australia 

Jackie Wright  

Petroleum vapour intrusion (PVI) guidance was released 3 years ago in Australia. The guidance provides 

a clear decision framework for conducting PVI assessments in Australia. The framework has been 

developed to be fairly prescriptive allowing greater certainty in the decision processes adopted and 

outcomes for both assessors and auditors/regulators. This paper will provide a review of how the PVI 

guidance has been applied in Australia. 

More specifically this paper will present examples on the success and issues identified in relation to the 

application of key aspects of the PVI guidance. This includes understanding and application of screening 

distances, use of sampling and modelling techniques and the use of a margin on safety (MOS) approach. 

A number of sites have been successfully evaluated using the screening distances, such that no further 

modelling or data collection is required. In addition the MOS approach has been successfully used in 

determining when sufficient data is available to make decision on PVI risks. However it is observed that a 

number of regulators remain highly conservative in their understanding and application of these 

principles. In addition the relevance and importance of sampling and modelling techniques is not always 

clearly understood. 
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Indoor Air Background Concentration Trends 

Robert Ettinger  

Indoor air sampling is becoming a more common component of vapor intrusion investigations, yet 

resolving background contributions to indoor air quality continues to be a challenge in interpreting the 

results.  Various techniques have been proposed to evaluate the contribution of background sources to 

indoor air concentrations; however, an understanding of typical (background) indoor and outdoor air 

concentrations of volatile organic compounds provides a baseline to quickly assess many problems.  

Many literature surveys on background indoor air quality are dated and the representativeness of these 

findings for current indoor air investigations has been questioned.  

This paper reviews results from recent (i.e., after 2010) indoor air investigation studies and presents 

updated estimated background concentrations for volatile organic compounds typically detected in indoor 

air.  Additionally, this paper will describe changes in the prevalence and/or concentrations of typical 

background constituents identified in earlier literature reviews.  The implications of the temporal trends of 

background concentrations to future vapor intrusion investigations will also be discussed. 
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Exposure Pathway Analysis using a Passive Diffusion Air Sampling Method 
Applied to Sample Sewer Air in Manholes, Cleanouts, and Other Areas 

Olivia Jacobs, James Jacobs, and Kelly Pennell  

Sewer air grab samples exhibit a high variability in contaminant concentrations. Passive diffusion air 

samplers, which have been used for decades in soil and in air, solve the high grab sample variability 

challenge.  

For evaluating the extent to which the sewer-plumbing system serves as a conduit for contaminant 

migration in sewer air, passive diffusion air samplers can be emplaced in any of the access points to 

sample sewer air:  sewer main manholes, sewer lateral cleanouts, sewer vent stacks, indoor plumbing 

line cleanouts, and indoor air locations. One unique benefit of the passive diffusion air samplers for sewer 

air studies is that passive samplers adsorb VOCs and SVOCs from sewer air with minimal disruption and 

do not require pumps or electricity.  A residence time is chosen based on, and lab limits of detection are 

matched with, ranges of concentrations already documented in grab samples.   

A northern California case study of sewer system manhole and cleanout sampling with passive diffusion 

air samplers will be presented.  A 6-block sewer air study was conducted in August 2015 in a residential 

area as a step-out investigation of a TCE groundwater plume.  Passive sewer air samples were taken in 

17 manholes and 20 associated sewer lateral cleanouts. The passive samplers were installed for 7 days 

and analyzed using TO-17.  Data showed that in manholes containing TCE and PCE there is a high 

probability (61% and 75%, respectively) of detecting those same VOCs in the proximal sewer lateral 

cleanouts. 

This small dataset can be used to predict the presence of PCE or TCE in lateral cleanouts in this 6-block 

area based on detections in proximal sewer manholes. Since others have shown that vapor seal failure in 

the plumbing/sewer system completes the exposure pathway, more step-out research is needed to refine 

the model. 
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Automated Continuous Real-Time Indoor Air Monitoring: Case Histories & 
Ramifications on Indoor Air Sampling 

Blayne Hartman and Mark Kram  

Environmental conditions are dynamic which increases the potential for traditional vapor intrusion 

sampling programs to result in erroneous conclusions.  For instance, vapor intrusion risks are typically 

characterized using time-integrated vapor sampling methods (8 hours to 21 days).  Using continuous 

monitoring techniques, practitioners have recently demonstrated that traditional methods can yield both 

false negative conclusions (no risk) and false positive conclusions (risk exceedances) because they are 

not capable of capturing the entire range of possible exposure concentrations.  Furthermore, traditional 

methods are not capable of yielding accurate concentration values, mean concentration estimates, or 

worst case acute exposures under dynamic settings.   

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 allowing 

vapor inputs from 16 different locations.  The system has been advanced from previous presentations at 

AEHS and now is integrated with telemetry, geographical information systems and geospatial mapping 

algorithms for automatically generating intuitive time stamped contour images and playback loops of 

analyte concentrations, moving mean concentrations, and risk exceedance alerts through a Cloud-based 

visualization and response platform.  This system will be demonstrated. 

This presentation will present actual data from a number of sites where automated continuous monitoring 

systems have been deployed to more confidently evaluate potential vapor intrusion risks.  Specifically for 

hydrocarbons, continuous data from a commercial building and a residence will be shown to demonstrate 

the ubiquitous presence of background levels of hydrocarbons from everyday common activities of 

occupants.  Ramifications on future indoor air sampling procedures will be discussed. 
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Effect of Environmental Variables on Vapor Transport 

Bart Eklund  

Site characterization efforts at vapor intrusion (VI) sites typically include measurement of soil gas 

concentrations at various locations.  The measured soil gas concentrations will exhibit some degree of 

temporal variability due to various environmental factors, including: 1) Air temperature; 2) Soil moisture; 3) 

Water infiltration; 4) Changes in groundwater level; 5) Barometric pressure; and 6) Surface winds.  For 

sub-slab soil-gas, additional temporal variability may exist due to changes in building operations. 

Environmental variables can be important to the extent they affect soil gas concentrations in the vadose 

and rates of gas transport from the source of the vapors to overlying buildings.  The effect of 

environmental variables on soil-gas concentrations of oxygen and carbon dioxide have long been of 

interest for agronomy and an extensive literature exists in texts related to agronomy and soil science, but 

this information is largely unknown to VI practitioners.  This paper summarizes over 100 years of 

published data on the effect of environmental variables on soil gas concentrations and transport rates.  

The six environmental variables listed above are discussed as they apply to VI sites containing volatile 

organic compounds (VOCs).  Previously unpublished data on this topic also is included. 
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Including Volatilization and Biodegradation in Surficial Soils Criteria 

George DeVaull  

Risk-based criteria for volatile chemicals in surface soil have been presented by USEPA, ASTM, and 

others assuming human uptake due to summed evolved vapor inhalation, dust inhalation, dermal contact, 

and direct ingestion. In screening estimates the volatilization route presumes an infinite source of 

chemical; the other exposure routes presume constant soil concentrations over chronic lifetime exposure 

durations. 

Volatile chemicals will, however, deplete over time in surficial soils. Model equations for surficial soils 

criteria have been developed which incorporate depletion due to volatilization and (for aerobically 

biodegradable chemicals) biodegradation. Favorable comparison of the revised model estimates to 

measured data is shown for volatilization and soil concentrations. Comparison of screening level surface 

soil criteria for selected volatile organic chemicals with and without depletion is presented. 
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Screening Distance Criteria to Evaluate Vapor Intrusion Risk from Lead 
Scavengers 

Emma Hong Luo, Ravi Kolhatkar, Natasha Sihota, Gary Jacobson, Qiong (June) Lu, 
and Janice Paslawski  

Lead scavengers such as 1,2-Dichloroethane (EDC) and 1,2-Dibromoethane (EDB) had been used to 

scavenge lead in gasoline until 1996 when on-road use of leaded gasoline was banned. EDC and EDB 

can still exist in soil and groundwater that have been impacted by historical releases of leaded gasoline. 

Due to their volatility, solubility, and toxicity, EDC and EDB are included in the EPA vapor intrusion (VI) 

chemical list. There are very conservative VI screening levels for these compounds calculated based on 

simple attenuation factors relating potential indoor air concentrations to either groundwater or soil gas 

concentrations. 

Although a few laboratory and field studies have shown that EDC and EDB can biodegrade under both 

anaerobic and aerobic conditions in the vadose zone and saturated zones, these attenuation 

mechanisms have not been incorporated into screening standards developed by EPA. 

Since any lead scavengers found in the subsurface should be a result of a gasoline release at least 20 

years ago, it is reasonable to believe that combined effects of natural attenuation and low initial 

concentrations have reduced VI risks. Although the attenuation processes for EDC and EDB are similar to 

those for petroleum hydrocarbons, and screening distances have been established for petroleum 

hydrocarbons in the EPA OUST PVI guidance based on empirical data analysis, there is a lack of similar 

empirical data for EDC and EDB to justify a similar screening-distance approach. This has been identified 

as a data gap by EPA in the guidance. Our study presents a two-pronged approach in an attempt to 

address this data gap. 
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Petroleum Vapor Intrusion Assessment with PVIScreen 

James W. Weaver  

Vapor intrusion of petroleum differs from that of chlorinated solvents because of the strong effect of 

aerobic biodegradation on the concentration and distribution of petroleum vapors.   To better understand 

the behavior of petroleum compounds, a model called PVIScreen was developed that applies  the theory 

developed for the BioVapor model  (DeVaull, 2007) to a lens of petroleum hydrocarbons in the subsurface 

that is capable of acting as a source of petroleum  vapors.   The PVIScreen model automatically conducts 

an uncertainty analysis using Monte Carlo simulations.  The model is intended to make uncertainty 

analysis practical for application at petroleum vapor intrusion sites.  The model can be run in either a 

batch mode, using MicroSoft Excel files for both input and model outputs, and an interactive mode using 

a graphical user interface.   Model simulations are in agreement with an EPA-sponsored analysis of field 

data that illustrate and document the attenuation of concentrations of petroleum compounds in soil gas 

with distance above the source of the vapors. 
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Controlled Release Experiments on Methane Fate in the Vadose Zone 

Nicholas de Sieyes, Juan Peng, Radomir Schmidt, Mark Felice, Maya Beulow, Ioana Petcan, 
Nicole Spadone, Mirann Tsumura, Kate Scow, and Douglas Mackay  

A series of densely monitored controlled release experiments is being conducted at a UC Davis field site in order to 

fill knowledge gaps regarding the fate of ethanolic fuel constituents and degradation products in the subsurface. 

Our broad research questions include the quantification of natural biodegradation rates in the field, an improved 

understanding of life cycle of ethanol-degrading microbial communities and the subsurface conditions they create, 

the lag time between ethanolic fuel release and degradation, interactions between mixed fuel constituents (e.g. 

ethanol and BTEX), temperature dependency and seasonal variability of methane generation, and the ultimate fate 

of degradation products including methane gas. 

In an initial experiment, a plot at the field site was characterized and instrumented to monitor soil gas 

concentrations, effluxes to atmosphere, temperature, pressure, moisture content, and soil microorganisms.  For 

approximately nine months, methane gas was released continuously 1 m below ground surface at rates that might 

be produced by typical small-volume gasoline releases experienced at fuel filling stations. Multiple rates of injection 

(250 and 1000 ml/day) were used and repeated for weeks to months to help to elucidate key factors controlling 

rates of methane oxidation.   

Soil gas diffused approximately symmetrically from the release point, with peak effluxes occurring directly over the 

release. Efflux of methane was observed under all release- and environmental conditions; complete oxidation of 

methane never occurred within the test plot. Depending on environmental conditions and release rates, between 

3% and 40% of injected methane escaped the ground surface. Calculated methane oxidation rates were strongly 

correlated to soil moisture content. Over the course of the experiment, the growth of a methane-oxidizing microbial 

community was observed in the soil adjacent to the release. 
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Controlled Release Experiments on Methane Fate in the Vadose Zone – Numerical 
Model Simulations Using MIN3P-DUSTY 

Parisa Jourabchi, Nicholas de Sieyes, Douglas Mackay, Ulrich Mayer, and Ian Hers  

At the UC Davis controlled release field site, methane injection experiments were conducted and 

ethanolic fuel injections are ongoing to evaluate biodegradation reactions and surface efflux of gases. 

The overall objective of the experiments is better prediction of potential vapor risks associated with 

ethanol-blended gasoline releases. The results of the methane experiments are provided in a companion 

paper; this paper describes results of numerical model simulations of methane fate and transport for the 

test site. The objectives are to determine if a model can be calibrated to site conditions, and if so, used to 

optimize study design and more generally as a predictive tool to assess ethanol releases. 

The experiments were conducted in late 2014 and early 2015, which represented dry and wet soil 

conditions, respectively. The MIN3P-Dusty numerical model was applied for specified methane injection 

rates (1 L/day) and depths. The soil properties data collected for the field experiments were used as input 

to the model, and one-dimensional simulations were used to estimate the natural soil respiration rate 

constant by calibrating the model to the background CO2 efflux measurements. Based on the soil 

properties data and the background CO2 efflux, four simulations were conducted in three-dimensions as 

follows: dry and wet soil scenarios simulated with and without the methane oxidation reaction. 

Simulated methane efflux and methane gas concentrations are relatively small, but indicate not all 

methane was oxidized in subsurface.  The predicted and measured increase in CO2 efflux is also 

relatively small compared to the background CO2 efflux for each of the wet and dry scenarios. The model 

reasonably predicts measured data for some scenarios although results suggest further work is needed to 

define methane oxidation kinetics.  The simulations conducted provide the groundwork for applications to 

future ethanol release experiments through calibration by varying the methane oxidation rate parameters. 
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Hot Soil and Groundwater Sampling for Obtaining Site Closure – A Regulatory 
Perspective 

Nick Amini  

Electrical resistance heating (ERH), a thermal remediation technology, was applied at a site with VOC 

contamination in the soil and shallow groundwater.  The soil at the site is relatively homogeneous, 

consisting of sandy silt and clay.  As a result of the ERH application, VOC concentrations in the soil were 

reduced by approximately 99 percent within 30 days.  VOC concentrations in the groundwater were 

reduced by approximately 90 percent within the same time period. 

The data from this initial round of post-remediation soil and groundwater sampling was used as 

baseline.  A second round of soil and groundwater sampling was conducted 180 days after completion of 

the ERH application, and the analytical results were compared with the baseline data.  The data from the 

second round of sampling demonstrated a successful outcome of the use of ERH as a remedy, and 

justified the issuance of a no further action determination for the soil at the site. 

Because of the high temperatures of the soil and groundwater during the initial and final sampling rounds 

(80 – 100oC), specific protocols for hot soil and hot groundwater sampling had to be utilized.  These 

protocols were reviewed by the Regional Board staff that were overseeing the environmental cleanup 

work at the site, and observed during the actual field sampling.  The datasets were deemed to be robust 

and sufficient to justify a soil closure request by the responsible party. 

Protocols for the sampling of hot soil and groundwater will be presented, along with the field results from 

the former circuit board manufacturing site where these protocols were applied, and used in evaluating 

the effectiveness of ERH technology. This presentation will provide a regulatory point of view on the 

validity of the protocols and how the resulting data were used to justify a soil closure. 

Nick Amini, Santa Ana RWQCB, 3737 Main Street, Suite 500, Riverside, CA, United States, 92807, 
nick.amini@waterboards.ca.gov 
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Soil Sampling Utilizing Horizontal/Directional Drilling Methods 

David Bardsley  

Horizontal/directional drilling (HDD) methods have been utilized in the environmental drilling industry for 

the installation of monitor and remediation systems since the late 1980’s.  New refinements in drilling 

equipment, steering/locating technology and sampling tooling have given consultants, regulators, site 

owners and drillers the ability to use the technology to obtain soil samples using HDD methods. 

The major challenges to successful implementation of the technology included: 

• Need for drilling and support equipment with a small footprint. 

• Requirement to avoid contamination of sample with drilling fluid. 

• Requirement for sample material to be from the end of the bore, not obtained from the bottom or 

side walls of the borehole. 

The specific tooling technology includes a variety of soil samplers for use in multiple types of geologic 

conditions.  The sampling equipment is designed for use with small (less than 25,000 lb. capacity) drilling 

rigs which require a limited surface operating footprint. 

Benefits of the method include: 

• Accessing areas under obstructions limiting or preventing the use of vertical drilling equipment. 

• Steerable drilling assembly allows for multiple samples from one borehole or rig up location. 

• Bore entry point can be located in areas where overlying formations are not contaminated, 

eliminating the potential for cross contaminating vertical formations. 

• Reduce crew risk by moving the drilling equipment from hazardous locations; busy roadways, 

ponds and manufacturing-operating units. 

Several recent projects detailing the effectiveness of horizontal/directional soil sampling operations will be 

examined, including: sampling beneath a river, sampling beneath a waste storage lagoon, sampling 

beneath a landfill. 

David Bardsley, Directed Technologies Drilling, 100 Rolling Ridge Drive, Bellefonte, PA, United States, 
16823, Tel: (713) 545-1859, david@horizontaldrill.com 
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Why Purge Tests Are Necessary and What Effects Equilibration Times, 
Temperature, Humidity, and Barometric Pressure Have on Soil Gas Results 

Steve Jones, Emmanuella Pulleva, and Windy Mach  

There has been considerable discussion recently about whether purge volume tests should be performed 

at soil gas sites prior to sampling.  It has been suggested that a default value of three purge volumes be 

used instead of performing a purge volume test.  It will be shown that a default purge volume of three 

purge volumes is not the best policy for most soil gas sites. 

The current soil gas advisory requires two hours for equilibarion time before beginning soil gas 

sampling.  Is this amount of time enough?  Equilibration times will be investigated to determine how long 

one should wait before commencing the soil gas sampling at a given site. 

Clearly temperature, humidity and barometric pressure also affect soil gas results.  A short discussion will 

be given as to the effects of these parameters. 

Steve Jones, Jones Environmental, Inc., 11007 Forest Place, Santa Fe Springs, CA, United States, 
90670, Tel: (714) 936-2365, steve@jonesenv.com 
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PCBs in Building Materials: An Environmental Professional Approach 

John O'Donnell  

The presence of polychlorinated biphenyls (PCBs) in building construction materials frequently impacts 

the cost and schedule of building construction and renovation projects throughout New England.  The 

approach for addressing this contaminant in the soils adjacent to buildings and structures is easily 

addressed by the environmental professional community.  However, addressing the PCBs in the actual 

building construction materials poses a challenge to many environmental professionals.  Many 

consultants experience difficulty determining how to approach PCBs in building materials, including 

selection of sampling techniques, analytical methods, and options available under the regulations and 

policies. As such, owners and operators of buildings experience cost overruns and scheduling delays due 

to contracting with consultants inexperienced with building materials. 

Environmental professionals can apply the common approaches they use daily to provide quality services 

to owners and operators.  Although the details vary in addressing building materials as opposed to soils 

and groundwater, the fundamental concepts are all applicable: collecting and analyzing samples; 

developing a conceptual model; assessing risk; and developing and implementing remediation options. 

This presentation provides fundamental information for assessing the presence of PCBs in building 

materials; conceptual model development; remediation options including removal and disposal, 

encapsulation and institutional controls; and a case study illustrating how the daily practices used by 

environmental professionals are directly applicable to PCBs in building materials. 

John O'Donnell, DCAMM, One Ashburton Place, Boston, MA, United States, 02108, Tel: (617) 727-4030 
ex.31207, john.odonnell@state.ma.us 
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Can Soil Gas Purge Volume Be Standardized to Lithologic Type? 

Catherine Quinn, Steve Jones, and Peter Mock  

Vapor movement in the vadose zone is largely controlled by the physical structure of the porous 

medium.  This paper considers the effect of lithology on purge volume by correlating purge volume tests 

from several sites with known lithology throughout Southern California.  The current Soil Gas Advisory 

recommends purge volume tests for each lithologic unit to be sampled by soil gas probes so that the 

optimum site-specific purge volume may be identified for each unit.  The Advisory suggests that purge 

tests be conducted at one, three and ten purge volumes, with laboratory analysis of soil gas samples at 

each purge volume.  Statistical analysis is used to identify whether correlations exist between optimum 

purge volume and lithology, and discern whether prescribed default purge volume values might be 

appropriately assigned based on lithology. 
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Steve Jones, Jones Environmental, Inc., 11007 Forest Place, Santa Fe Springs, CA, United States, 
90670, Tel: (714) 936-2365, steve@jonesenv.com 

Peter Mock, Peter Mock Groundwater Consulting, Inc., 5337 East Camelback Manor Drive, Paradise 
Valley, AZ, United States, 85253-5112, Tel: (602) 522-0884, pmock@pmgc.net 

Presenting Author: Catherine Quinn 

121



Defective Product Liability and Drinking Water: Public Agency Lawsuits Against 
Manufacturers of Chemicals 

Victor Sher  

Traditional legal remedies for drinking water contamination focus on the “potentially responsible party” 

who actually released the pollution, for example, the operators of retail gas stations or local dry cleaning 

operations. When contamination affects public water supply wells, however, these remedies frequently 

fail because of (1) the enormous disparity in knowledge and culpability between the large corporations 

that developed and distributed their products and the small businesses that unknowingly and accidentally 

released them; and (2) the costs of treating even modestly sized public wells are quite large and beyond 

the scope of many local businesses. Public agencies 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 successfully pursued an innovative legal strategy, focusing not on the end user but instead 

on the manufacturer of the product. The courts have seen lawsuits against the refiners of gasoline 

containing MTBE, as well as DBCP and TCP from soil fumigants, and others. The theme of all of these 

cases has been that the manufacturers of these chemicals 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 from manufacturers of products that contaminated water supplies, 

ranging from MTBE (against refiners of gasoline), as well as DBCP and TCP (from chemical 

manufacturers of soil fumigants), and others.  

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. 

Victor Sher, Vic Sher Law, 1625 Monterey Boulevard, San Francisco, CA, United States, 94127-2020, 
vic@vicsherlaw.com 

Presenting Author: Victor Sher 

122



Vapor Intrusion 
 
A Tale of Two Schools: Lessons Learned When Assessing & Managing 
the VI Pathway 
David Gillay, Barnes & Thornburg, LLP, Indianapolis, IN; Lenny Siegel, 
Center for Public Environmental Oversight, Mountain View, CA 
 
The Cost and Liability of Evolving Technical Guidance 
Megan Hamilton, Jeffrey Carnahan, Kathleen Nazareth, and Grace Randall, 
EnviroForensics, Indianapolis, IN  
 
A Vacuum Field’s Sunset: An Anecdotal Summary of Mitigation System 
Shut Down in New York 
Eric Lovenduski, Geosyntec Consultants, Saratoga Springs, NY; Everton 
Henriques, EH Hall, Cobleskill, NY 
 
Case Studies of CSIA Helping Resolve Vapor Intrusion Contributions to 
Indoor Air Contamination 
Patrick McLoughlin, Aaron Peacock, and Robert Pirkle, Pace Analytical 
Energy Services, Pittsburgh, PA  
 
Accounting for Building and Weather Variabilities in Vapor Intrusion 
Risk Assessments 
Francis Ramacciotti, Stephen Song, and Barry Schnorr, Ramboll Environ, 
Princeton, NJ  
 
Vapor Intrusion Assessment using HVAC Shutdown Testing and Mass 
Flux Concepts: Large Building Examples 
David Shea, Bradley Green, Jennifer Sanborn, and Sam Warner, Sanborn, 
Head & Associates, Concord, NH  
 

123





A Tale of Two Schools: Lessons Learned When Assessing & Managing the VI 
Pathway 

David Gillay and Lenny Siegel  

Reports that toxic vapors may be entering buildings from subsurface contamination (referred to as vapor 

intrusion) can be upsetting in homes and workplaces, but the public is particularly sensitive to reports that 

schools might be impacted by substances are associated with and could cause potential cancer, birth 

defects, neurological disorders, and other illnesses. This is because we as a society are protective of our 

children, and because schools are public buildings. 

There are a growing number of schools across the U.S. where vapor intrusion has been investigated. 

Two recent investigations, the Goodwill Industries/ Indianapolis Metropolitan High School site in 

Indianapolis, Indiana and the Hanes-Lowrance Middle School Campus in Winston-Salem, North Carolina, 

illustrate how the flow of information from technical investigations not only shapes the reactions of school 

communities to reports of toxic risk but also influences risk management. 

Gillay plays a leadership role in the response at the Indiana site, and Siegel visited Winston-Salem as an 

adviser to school parents. Both have extensive experience at vapor intrusion sites across the country. 

The presenters will compare risk management and communication and the two schools, describe the 

response of the school communities, and offer lessons learned pertinent to school sites elsewhere. 

David Gillay, Barnes & Thornburg, LLP, 11 South Meridian Street, Indianapolis, IN, United States, 46204, 
Tel: (317) 231-7474, david.gillay@btlaw.com 
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The Cost and Liability of Evolving Technical Guidance 

Megan Hamilton, Jeffrey Carnahan, Kathleen Nazareth, and Grace Randall  

The predominant technical guidance for the assessment and mitigation of the vapor intrusion (VI) 

exposure pathway at environmental response sites has changed multiple times over the last 13 

years.  The state of the science in 2002, when USEPA released its first draft VI guidance for RCRA and 

CERCLA sites, was about to begin a rapid period of growth and innovation. While some regulators at the 

state level adopted the 2002 EPA draft guidance outright, others began drafting their own VI guidance 

documents. 

Overall, advances in knowledge over time have decreased the degree of conservatism in guidance, as 

seen with the release of the new USEPA VI Guidance in June 2015.  Practitioners and regulators alike 

have struggled in the past to agree upon VI assessment work plans that were based on rapidly emerging 

methods and risk assessment data. One of the biggest changes with the new EPA guidance is the 

generic sub-slab to indoor air attenuation factor. The new attenuation factor is over three times smaller 

than the previous generic attenuation factor. Practical application of the new attenuation factor essentially 

allows subsurface vapor to exist at concentrations three times higher than previously considered health 

protective. Additionally, the EPA no longer defers to the OSHA PELs when considering indoor air 

concentrations for buildings currently using the same compounds being investigated.  

In this study, a portfolio of sites consisting of nearly 100 subsurface releases of PCE or TCE has been 

reevaluated based on a series of guidance milestones since 2002.  Actual assessment and mitigation 

costs have been compared with those that would have been incurred if performed under older (more 

conservative) state and federal VI guidance, and the latest version of the Final USEPA VI Guidance (less 

conservative).  The relative degrees of legal exposure under each scenario have also been quantified.  

Megan Hamilton, EnviroForensics, 602 N. Capitol Avenue, Indianapolis, IN, United States, 46204, Tel: 
(317) 759-5907, mhamilton@enviroforensics.com 
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A Vacuum Field’s Sunset: An Anecdotal Summary of Mitigation System Shut 
Down in New York 

Eric Lovenduski and Everton Henriques  

This presentation presents the process by which a responsible party (RP) pursued shut-down of a sub-

slab depressurization (SSD) system at a commercial building in upstate New York (NY).  In 2010, an SSD 

system was installed in a 50,000 square foot former electronics research and development facility in NY 

for the purpose of vapor intrusion mitigation related to sub-surface volatile organic compound (VOC) 

contamination. 

Regulatory guidance related to SSD system shut down does not exist in NY State.  Consequently, at the 

time of SSD system commissioning, the RP and authors coordinated with NY state regulators (the 

Agencies) to create a pathway towards shut-down based on empirical evidence.  The shut-down plan was 

documented in the Agency approved Site Management Plan. 

Sub-slab soil gas samples were collected annually for the first three years of system operation, during 

which time sub-slab VOC concentrations decayed to below the Agency’s mitigation criteria.  As such, a 

proposal for temporary SSD system shut-down was submitted and approved by the Agencies in 

September 2014.  During temporary SSD system shut-down, indoor air was continuously monitored using 

passive air samplers.  Additionally, sub-slab soil gas samples were collected at both three months 

(December 2014) and nine months (June 2015) after temporary system shut-down to evaluate VOC 

concentration rebound.  To date, sub-slab soil gas concentrations remain below the Agency’s mitigation 

criteria.  As such, an approval request for permanent SSD system shut-down is being prepared for 

submittal to the Agencies. 

Success of the mitigation system shut-down has depended on open communication between the 

RP, consultant, and the Agencies from the onset of mitigation system installation.  This open 

communiation has resulted in all parties having a voice in the shut-down process. The Agencies have 

confidence that they are fulfilling their obligation to ensure protectiveness of public health and the 

environment, and the RP has observed progress towards closure while maintaining their concern for 

stewardship of the environment. 

Eric Lovenduski, Geosyntec Consultants, 155 West Circular Street, Saratoga Springs, NY, United States, 
12866, Tel: (518) 258-3859, elovenduski@geosyntec.com 
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Case Studies of CSIA Helping Resolve Vapor Intrusion Contributions to Indoor 
Air Contamination 

Patrick McLoughlin, Aaron Peacock, and Robert Pirkle  

An indoor air contamination (IAC) issue raises many concerns . While Compound Specific Isotopic 

Analysis (CSIA) of indoor air has been shown to help identify incidents where the IAC is likely due to 

contaminants brought into the home through mechanisms other than vapor intrusion, that CSIA can also 

be used to show that the primary source for the IAC is the same throughout the building. 

By developing a system such that multiple locations can be sampled regardless of erratic IAC 

concentrations it was possible to collect multiple CSIA samples at several sites where there were IAC 

concerns. The potential of CSIA for IAC issues has been appreciated for some time, but the challenge 

has been collection of an appropriate sample. Through developing a method that can probe a large range 

of concentrations with minimal variation of the sampling protocol, CSIA can now be used at IAC sites by 

any properly trained sampling technician. 

This presentation will emphasize the relationship (or lack there-of) between the sample location and the 

CSIA results. Additionally those CSIA results will be used to assess the origin of the contaminant. 

Particular emphasis will be placed on differentiating sources that are above and below the water table. 

Where applicable, alternate lines of evidence will also be presented. 

Patrick McLoughlin, Pace Analytical Energy Services, 220 William Pitt Way, Pittsburgh, PA, United 
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Accounting for Building and Weather Variabilities in Vapor Intrusion Risk 
Assessments 

Francis Ramacciotti, Stephen Song, and Barry Schnorr  

In an article published in 2014, we developed the mathematical relationship for quantifying how stack 

effect, wind effect, and effective leakage area influence the rates of subslab soil gas entry and outdoor air 

infiltration into residential buildings. The purpose of that work was to support the derivation of reasonable 

worst-case subslab attenuation factors for the initial screening step of vapor intrusion assessments. The 

article included computer simulations that illustrated the mathematical relationship and how it could be 

applied. 

In this presentation, we discuss the results of additional simulations we have performed to assess the 

influence of stack and wind effects for a wider range of building and weather conditions. The additional 

assessments include a sensitivity analysis on the building’s leakage area distribution covering the typical 

range for residential buildings. They also include simulations for cities within different ASHRAE climate 

zones in the United States. These simulations used NREL’s typical meteorological year version 3 (TMY3) 

weather data, which account for variations that are compatible with the assessment of long-term health 

risks from vapor intrusion exposures. The results of the additional simulations support our prior findings 

that the soil gas entry rate and the building’s ventilation rate are positively correlated, and that most of the 

time the subslab attenuation factors for most residential buildings are likely to be less than 0.003 in colder 

regions and lower in warmer regions. 

Francis Ramacciotti, Ramboll Environ, 214 Carnegie Center, Suite 200, Princeton, NJ, United States, 
08540, framacciotti@environcorp.com 
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Vapor Intrusion Assessment using HVAC Shutdown Testing and Mass Flux 
Concepts: Large Building Examples 

David Shea, Bradley Green, Jennifer Sanborn, and Sam Warner  

Vapor intrusion (VI) assessment of volatile organic compounds (VOCs) from the subsurface into non-

residential buildings equipped with heating, ventilating, and air conditioning (HVAC) systems can be 

improved using HVAC shutdown testing combined with real-time indoor air VOC analysis and mass flux 

estimation.  HVAC operations can be effective in preventing VI by over-pressurizing the indoor air relative 

to the subsurface and/or by actively exchanging the indoor air with outside air.  However, reliance on 

HVAC operations for long-term protectiveness against VI can be challenging because this approach 

assumes that favorable operations will continue in perpetuity, or that a management plan is established 

and followed to re-assess VI in the event of changes to HVAC operations or building use.  Because of the 

uncertainty of future building conditions and uses, the USEPA and certain state VI technical guides 

recommend that VI assessment be conducted when the HVAC system is not operating.  This 

presentation describes the results of HVAC shutdown testing at several large, non-residential buildings to 

evaluate their susceptibility to soil gas entry.  The testing was facilitated using a portable gas 

chromatograph/mass spectrometer (GC/MS) to provide real-time indoor air VOC data at multiple locations 

and times within the buildings with the HVAC systems on and off.  The indoor air VOC data and 

measurement of the outside air exchange rates were used to estimate the VOC mass flux to the building 

and predict indoor air quality in the event of future changes to HVAC operations. The results are used to 

inform a range of acceptable HVAC operating conditions, and where engineering or institutional controls 

are appropriate. The mass flux estimates are also used to inform the magnitude of VI, the design of VI 

mitigation measures, and criteria for future termination/exit of VI mitigation. 
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Land Resource Assessment of Port Said in Coastal Zones using Remote Sensing 
and GIS Techniques 

Mohamed AbdelRahman  

Comprehensive land resources information is important for efficient land use planning and fertilizer being 

the costliest input, the use of plant nutrients has to be need based. Hence a detailed characterization of 

land resources were undertaken in north Eastern part of the Nile Delta, located between 31°22´11.30? to 

30°54´0.12? N latitude and 32°3´5.93? to 32°33´18.90? E longitude, having an elevation from the base of 

sea level in the shoreline to 13 m above sea level along some aeolian deposits., covering Port Said 

Governorate with a total area of 135008.14 hectares (321448 faddans). Climate of the area is semiarid 

with a mean annual rainfall of 73mm and temperature ranges between 14.4 and 26.7°C. satellite imagery 

and Google Earth images were used in conjunction with toposheets to map the land use, study 

physiography-soil relationships and to prepare the soil map. The information gathered has been 

processed under GIS environment to generate thematic maps on land suitability and capability. The 

pedogenic process occurred in the study area as the development of diagnostic horizons, which were 

identified in the soils as salic, gypcic and calcic, horizons. These horizons were inherited from their parent 

materials under the prevailing conditions of arid climate, having a pathogenic origin. 

A suitability map for each land use was developed to illustrate these suitability degrees and display the 

spatial representation of soils suitable for agriculture. 

Land degradation processes were detected using parametric approach, geo-statistical and modelbuilder 

methods. Geostatistics methods are one of the most advanced techniques for interpolation soil 

degradation. On the other hand ARCGIS modelbuilder was used to develop a final overlay map for land 

degradation types in the studied area. The dominate land degradation were Salinization and alkalization. 

Mohamed AbdelRahman, National Authority for Remote Sensing and Space Sciences, 23 Joseph Tito 
Street, PO Box 1564, Alf Maskan, El-Nozha El-Gedida, Cairo, Egypt, 1564, Tel: 00201110084413, 
maekaoud@gmail.com 

Presenting Author: Mohamed AbdelRahman 

133



Land Degradation Assessment by Integrating Different Methodologies and 
Remote Sensing Data using GIS Spatial Modeling  

Mohamed AbdelRahman  

This study has been conducted through examine the Spatial Modeling and Geostatistical technique for 

spatial distribution of soil physical, chemical and biological properties in cultivated soils and forest areas 

to assess land degradation (LD) status under different land use. The objective of this study is to integrate 

the available land degradation methodologies and produce the overall degradation map of the study area. 

Remote sensing data help in mapping land resources, especially in mountainous areas where 

accessibility is limited. The study determines the spatial distribution by calculating the different soil 

properties for soils profiles. For LD calculations, eighteen soil profiles were dug and samples were 

analyzed. This along with the parameters taken into consideration i.e., slope, DEM, rainfall, soil, land use, 

as well as land characteristics maps. The land degradation of the study area was categorized as very 

high, high, moderate, low and very low by adopting the logical criteria. This result has the potential as a 

useful tool for guiding policy decision on sustainable land resource management in the investigated area. 

Based on the imagery interpretation and soil map unit description, hotspots were identified for 

representing different types of degraded soils. From the physical and chemical characteristics of the soils 

studied, it has been found that the soils of the area are exposed to degradation in the surface and sub 

surface horizons. 

Mohamed AbdelRahman, National Authority for Remote Sensing and Space Sciences, 23 Joseph Tito 
Street, P.O. Box 1564, Alf Maskan, El-Nozha El-Gedida, Cairo, Egypt, 1564, Tel: 00201110084413, 
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Quantification of the Urban Forest's Ability to Improve Environmental Quality of 
the City of Baton Rouge, LA  

Kamran Abdollahi and Zhu Ning  

To obtain the information on the structure and functions of the urban forest that can be used to inform 

urban forest management programs and to integrate urban forests within plans to improve environmental 

quality in the city of Baton Rouge, Louisiana, the urban forest ecosystem dynamics of the city of Baton 

Rouge was assessed using field survey and I-Tree Eco Model. The results indicated that the city of Baton 

Rouge, LA has about 1,036,175 trees with tree canopies that cover 44.6 % percent of the city. The City 

has more than 45 tree species. The most common tree species (greater than 5%) are live oak, sweet 

gum, loblolly pine, pecan-hickory, bald cypress, water oak, willow oak, Southern magnolia, and crape 

myrtle. Trees in the City of Baton Rouge currently store about 2 million tons of carbon per year with an 

associated estimated value of $ 41 million per year. In addition, these trees remove about 178,354 tons of 

CO2 per year with an associated estimated value of $1.1 million per year. Baton Rouge’s trees are 

estimated to reduce annual residential energy costs by $8.0 million annually and reduce air pollution 

(ozone, particulate matter, sulfur dioxide, and nitrogen dioxide) by 860 tons per year with an associated 

estimated value of $6.2 million per year. The structural or compensatory value of the trees is estimated at 

$ 6.2 billion. 
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Sea Level Rise in Developing Countries 

Richard Asumadu and Yiadom Boakye-Akoto  

A global climate change is expected to become more severe over the 21st century as the world disperses 

more pollution into the atmosphere. This anthropogenic climate change could have number of impact on 

different ecosystem across the global from tropical rainforest to marine eco-system. The mean annual 

temperature of the earth atmosphere environment has risen by about 0.5oC over the 20th century.  

According to report from the intergovernmental panel climate changes (IPCC) in 1990, and confirmed in 

1995, the global average temperature will rise by about 2.5oC with range of 1.5oC to 4.5oC. 

A large proportion of the earth surface is covered with ice. These surface bodies of ice are mainly located 

near polar region, where the temperature is lower enough to keep water in its solid state. It has been 

mooted that due to anthropogenic activities and mainly via industrialization, deforestation and agricultural 

activities the earth’s greenhouse effect is accentuate causing ice melt down. 

Developing counties across the globe could be affected by sea level rise (SLR) in such a manner that 

likely to impact on the ecosystem.  Human societies could have an adverse effect on the economy of 

state that is dependent on a number of ecosystems for the economic survival. These changes are 

expected to seriously impact water resources, food security, tourism, natural resources and 

socioeconomic conditions. This would have important implications on the sustainable development in the 

developing countries. At the country level, results are extremely skewed, with severe impacts limited to a 

relatively small number of countries. For these countries (e.g., Vietnam, Bangladesh, Egypt and the 

Bahamas), however, the consequences of SLR are potentially catastrophic. A more optimistic conclusion 

also fraught with uncertainty is that sea-level could rise by about one meter by 2050. 

Richard Asumadu, Hohai University, 1 No. Xikang Road, Nanjing, Jiangsu Province, China, 210080, 
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Soil Vapor Extraction using a Horizontal Remediation Well at a Hydrocarbon 
Contamination Site 

Jim Finegan, Sam Bailey, and Mark Pate  

At a site undergoing environmental investigation and remediation for petroleum-hydrocarbon impacts, 

assessment is being undertaken of the effectiveness of a horizontal remediation well (HRW) to remove 

petroleum hydrocarbons from the vadose zone.  An existing Phase I (pilot) soil vapor extraction (SVE) 

system, comprising 15 vertical wells, has removed almost 180,000 pounds of VOCs, including methane, 

since October 2014.  The proposed Phase II SVE system consisting of approximately 32 additional 

vertical wells was modified to evaluate the HRW following notification that the site was proposed for 

redevelopment, which would limit surface access for the original proposed infrastructure. 

The HRW was installed using entry/exit well directional horizontal drilling along sandy layers at a depth of 

30 to 35 feet.  The HRW well was constructed with 3-inch HDPE pipe with 260 feet of screen and 

approximately 100 feet of blank riser pipe on either end.  During the 12-week pilot test of the HRW, the 

Phase I SVE system has been temporarily shut down, and testing is employing Phase I system 

equipment (moisture separator, positive displacement blower, gas-fired thermal oxidizer off-gas 

treatment, and associated valves, instrumentation, and controls) and is connected to an existing 

underground pipe installed and connected to the valve manifold during installation of the Phase I SVE 

system.  Rebound testing of the Phase I area is being performed concurrent with the HRW pilot test. 

Testing performed during the HRW pilot test includes air infiltration testing to evaluate the feasibility of 

bioventing using a HRW, pore velocity modeling to estimate influence at three depth intervals, evaluation 

of methane and VOC response during pilot testing, and methane and VOC removal rate testing.  Air 

injection testing will be performed following the 12-week pilot test by injecting air with a tracer gas through 

the HRW and monitoring the subsurface response for approximately 4 weeks. 
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Comparison of Permeable Reactive Barrier Matrices to Treat 1,2-Dichloropropane 

Christa Bucior, Alan Weston, Sophia Dore, Ryan Thomas, and Donald Pope  

1,2-Dichloropropane (1,2-DCP) was used as a soil fumigant, chemical intermediate, an industrial solvent 

and in paint strippers, varnishes, and furniture finish removers.  Due to its wide usage and environmental 

persistence it is present in groundwater at many sites.  However, these treatment of 1,2-DCP  has not 

been as well studied as the more common chlorinated solvents such as trichloroethylene (TCE) and 

tetrachloroethylene (PCE).  

A Permeable Reactive Barrier (PRB) is a passive treatment that relies on the natural flow of groundwater 

to bring the contaminants to the reactive media.  The barrier serves as a reactive zone to intercept and 

treat contaminated groundwater.  Physical, chemical, and/or biological processes can be used for the 

removal of contaminants within the reactive media of the PRB.  Reactive media that are commonly used 

include Zero Valent Iron (ZVI), other iron media such as EHC®, organic media such as compost and 

emulsified vegetable oil (EVO), and granular activated carbon (GAC). 

Groundwater at a train derailment in Louisiana contains 1,2-DCP, which is migrating towards the property 

boundary and sensitive receptors.  A PRB has been proposed to prevent off-site migration of the 1,2-

DCP.  A treatability study was performed to determine the most appropriate matrix for the PRB, the 

required hydraulic residence time (HRT), optimum dimensions of the PRB, and the estimated lifetime of 

the PRB.  Several potential PRB matrices including ZVI, EHC®, compost, EVO and GAC were tested 

using different flow rates to produce different HRT using glass columns packed with the potential PRB 

matrices.  The results of the study showed that several of the matrices would be effective for the 

treatment of the 1,2-DCP. A cost analysis was performed to select the optimal material. 

The design, performance and results of the treatability study will be discussed. 
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Overview of Machado Lake Ecosystem Restoration Project: Dredge & Cap 
Approach to Restoration 

Katie Chantler and John Collins  

Machado Lake is located in the Ken Malloy Harbor Regional Park near Harbor City, CA. The park is 

approximately 290 acres and contains the 45-acre Machado Lake. The primary goal of the project is to 

improve the water quality in Machado Lake, while enhancing the surrounding natural habitat and the 

recreational features of the park. The project and this presentation describes some of the in-lake 

improvements, such as dredging approximately 239,000 cubic yards of lake sediment and capping the 

lake bottom with an AquaBlok, as well as use of a sediment trap system to address storm water inputs 

and rehabilitating the dam structure at the south end of the lake. The vegetation, habitat, and park 

improvements include invasive plant removal, replanting of native species such as fishing piers, fencing, 

and walkways. 

The lake has been identified as an impaired water body as a result of pollution in storm water and urban 

runoff flowing from its 15,553-acre watershed. The Wilmington Drain feeds more than half of the water 

that flows into Machado Lake, so its water quality is of great importance. 

The City of Los Angeles Department of Public Works project team is managing the project with the prime 

contractor being OHL, Inc.  

Significant advancements in materials and applications have taken place that allow for solutions to 

contaminated sediment remediation that optimize costs for a project of this nature.  Examples of 

technologies and other applications will be presented along with an overview of the Machado Lake 

project. 
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Effect of Iron Removal on Photochemical Formation of Hydroxyl Radical from 
Effluent Organic Matter Photolysis 

Kylie Couch, Stephen P. Mezyk, Garrett McKay, and Fernando L. Rosario-Ortiz  

Photolysis of dissolved organic matter (DOM) produces reactive oxygen species (ROS) such as the 

hydroxyl radical (•OH), singlet oxygen (1O2), and triplet dissolved organic matter (3DOM*). The presence 

of these species in sunlit natural waters contributes to mineralization of DOM in these systems. 

Additionally, reactions with ROS are a significant degradation mechanism of organic contaminants in 

natural water systems. Reactions with the •OH radical occur quickly (108-1010 M-1s-1) with most organic 

contaminants, while 1O2 and 3DOM* are more discriminant oxidants. One of the mechanisms for •OH 

radical formation in these systems is through the photo Fenton reaction involving photo reduction of 

Fe(III) to Fe(II), which further reacts with photochemically produced hydrogen peroxide (H2O2). We 

assessed the contribution of photo Fenton processes to •OH radical formation from effluent organic 

matter (EfOM) for two wastewater samples by employing a simple base modification procedure that 

removed up to 90% of total iron (determined by ICP-MS) and by using bovine liver catalase to quench 

photochemically formed H2O2. Surprisingly, there was little to no change in •OH radical formation rates 

for the non-base modified and base modified wastewater samples. However, addition of catalase 

quenched •OH radical formation to a greater extent (up to ~21%) for the non-base modified (iron-rich) 

sample relative to the non-base modified sample (up to ~5%). Additionally, fluorescence, size exclusion 

chromatography, alkalinity tests, and total organic carbon analysis were done to further characterize 

differences in EfOM quality before and after base modification. Size exclusion chromatography showed 

preferential removal of polysaccharides during the base modification process. Though absorbance 

decreased post base modification, when normalized to the sample’s total organic carbon (also a 

decrease) there was no change in specific absorbance over 200-600 nm. These results indicate that 

photo Fenton processes contribute to •OH radical formation to a similar extent as isolated DOM. 
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Degradation of Alkyl Nitrates from Wastewaters using Advanced Oxidative 
Processes 

Brittany Daws, Stephen P. Mezyk, and Michael Schramm  

Alkyl nitrates (RONO2) are well-known chemical compounds utilized for many different purposes. They 

are produced in the burning of fossil fuels, are used in the synthesis of drugs and perfumes, and most 

famously used as propellants and explosives. While extensive research has been done on the 

atmospheric chemistry of alkyl nitrates, little is known about their reactivity in aqueous systems.  Studies 

indicate the presence of short chain alkyl nitrates in tap, surface, and run-off waters; with their extensive 

usage across the country alkyl nitrate contamination is of increasing concern to not only our atmosphere 

but our water and soil systems as well. Therefore, removal of these compounds from our water systems is 

necessary. Our focus was to investigate the use of an alternative remediation approach of advanced 

oxidation processes (AOPs) in the removal of these alkyl nitrates from wastewater systems. AOPs utilize 

the generation of highly reactive radicals within the water, specifically the hydroxyl radical (•OH), which 

are powerful oxidizers that non-selectively destroy dissolved contaminants. In this study we have 

determined the •OH rate constants for a small library of low-molecular-weight alkyl nitrates, to establish 

reactivity trends and mechanisms. 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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Applied Ion Analysis of Various Water Matrices in a Hydraulic Fracturing Process 

Jay Gandhi and Anne Shearrow  

Hydraulic fracturing is the use of fluid and material to create or restore small fractures in a formation in 

order to stimulate production from new and existing oil and gas wells. This creates paths that increase the 

rate at which fluids can be produced from the reservoir formations. The process includes steps to protect 

water supplies. To ensure that neither the fluid that will eventually be pumped through the well, nor the oil 

(or gas) that will eventually be collected enters the water supply, steel surface or intermediate casings are 

inserted into the well to depths of between 1,000 and 4,000 feet. Once the cement has set, then the 

drilling continues from the bottom of the surface or intermediate cemented steel casing to the next depth. 

This process is repeated, using smaller steel casings each time, until the oil and gas-bearing reservoir is 

reached (generally 6,000 to 10,000 ft). Water and sand make up 98 - 99.5% of the fluid used in hydraulic 

fracturing. In addition, chemical additives such as acid solutions, scale inhibitors, stabilizing agents, 

corrosion inhibitors, friction reducing agents, gelling agents, etc. are used - exact formulation will vary 

depending on the well. There is a growing concern and anxiety among environmentalists regarding 

catastrophic events and ground water contamination. In this presentation, collaborative approach with 

USEPA to perform chemical analysis methodologies for ground water, drinking water, surface water and 

“produced” water using ion analytical instruments will be discussed. 

Jay Gandhi, Metrohm USA, 15421 Vantage Parkway W, Suite 150, Houston, TX, United States, 77032, 
Tel: (713) 202-8363, jgandhi@metrohmusa.com 

Anne Shearrow, Metrohm USA, 15421 Vantage Parkway W, Suite 150, Houston, TX, United States, 
77032, Tel: (713) 202-8363, ashearrow@metrohmusa.com 

Presenting Author: Jay Gandhi 

142



Simple Isocratic Analysis of Trace Level Perchlorate and Bromate Analysis in 
Various Water Matrices using Suppressed Ion Chromatography 

Jay Gandhi  

Perchlorate salts are used as “rocket fuel” in electroplating and other industries; yet, in 1999 (C&EN 

article) it was scientifically proven to inhibit the human thyroid gland’s absorption of iodine — which, in 

turn, may cause thyroid-related diseases. Perchlorate detection/analysis in varying water matrices can be 

a challenge. How do we overcome the obstacles? 

Bromide is ubiquitously found in drinking water. It is introduced into source water either by contact with 

bromide-containing soils or seawater having high bromide content. Bromide converts into bromate during 

water disinfection, for example by ozonation. Bromate can also enter drinking water when sodium 

hypochlorite is used as disinfectant, as it is a common impurity in sodium hypochlorite production. The 

International Agency for the Research of Cancer has determined that bromate is a possible carcinogen. 

Therefore, monitoring of bromate and its precursor bromide in drinking water is required. 

While much research has been done to develop methods to analyze for bromate and bromide including 

several Environmental Protection Agency (EPA) methods, most of this work requires specialized 

instrumentation such as two-dimensional ion chromatography, expensive sample preparation or post-

column reactions techniques. 

This work describes a method for determining the concentration of bromate and bromide ions at ppb 

levels in drinking water using a simple isocratic IC with loop injection. Bottled water and tap water 

samples were used to validate the method. Spiked water samples were used to verify quantification. 
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Analysis of Micro Nutrients (Anions and Cations) in Water by Ion 
Chromatography 

Jay Gandhi and Chunlong Zhang  

Only 3% of water on Earth is in the form of drinking water. Out of this 3%, 2% is in the form of ice. Thus, 

only 1% of the drinking water on Earth is readily available for consumption. As populations grow, demand 

for drinking water is increasing. In order to provide more drinking water, the need to analyze pollutants in 

water, recycle water, and desalinate seawater is on the rise. This presentation will demonstrate 

successful use of ion analysis techniques for measuring pollutants and micro nutrients such as Nitrite-N, 

Nitrate-N, Phosphate-P and Ammonium ion in various sources of drinking water (surface water, ground 

water, seawater). This poster presents simple and robust method for micro-nutrients analysis by 

suppressed conductivity tandem with direct UV/Vis detection. 
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Limiting Site Soil Characterization to Consequential Contamination 

Mark Gemperline  

Contamination in an abundance that is sufficient to cause the average concentration of a soil mass or a 

surface area to exceed a remediation goal or regulatory standard is herein termed consequential 

contamination. The most common approach to sample plan design inherently assumes that the absence 

of discovered contamination is sufficient evidence to conclude the absence of consequential 

contamination. This assumption may be indefensible if it can be reasoned that consequential 

contamination might exist between sampling locations. Small areas of discontinuous contamination, e.g. 

hot spots, would reasonably be expected at uncontrolled dump sites, when defining the spatial limits of 

contamination at any site, and when determining the effectiveness of a cleanup that relies on excavation 

and removal of contaminated soil. In these instances, it is prudent that both soil characterization and rules 

for decision making minimally ensure a better than 50 percent chance of responding to the reasonably 

conceivable smallest hot spot of consequential contamination. An approach to create, evaluate and 

defend sample plan designs for these and similar situations is described. 
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Implications of Climate Change for Sediment Management 

Melissa Grover, David Moore, Rick Wenning, and Victor Magar  

Sediment provides important services such as beach and shoreline protection as well as nutrient-rich 

wetland and coastal habitat. However, impediment of navigation or impacts to flood control necessitates 

management of sediments. Additionally, sediments can serve as a sink for contaminants that can 

potentially require remediation. Sediment management costs the United States $15 to 30 billion annually 

to remove approximately one billion cubic meters in support of environmental and habitat restoration, 

flood control, navigation, and other purposes. It is typical that each sediment project is managed 

separately with limited coordination among projects to achieve a long term, comprehensive strategy to 

address sustainable and efficient sediment management. 

Climate change is expected to increase the frequency and intensity of storm events, contribute to sea 

level rise, and alter sediment budgets for rivers and coastlines. This will result in negative implications for 

costs of sediment management over the long term for shoreline preservation and maintenance dredging 

as well as the restoration of habitat or construction of new ecological habitat for mitigation or offset of 

coastal infrastructure projects. Preservation and restoration of some regional systems may not be 

possible with ocean acidification as well as rises in sea surface temperature and sea level. 

More comprehensive strategies to adaptive and pragmatic sediment management should address the 

efficiency and sustainability of current and future services on both regional and watershed scales over the 

long term. Furthermore, these strategies need to incorporate the broader economic, societal, and 

environmental issues involved. Such issues may be competing or conflicting with each other. Regulatory 

or jurisdictional constraints to a comprehensive approach may present another challenge. Our current 

understanding of how climate change influences sediment management and the challenges these 

influence impose will be summarized and discussed in this poster. 
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Development of a Bioaccumulation Model for DDTs in a Pelagic Food Web 

Jennifer Arblaster, Jason Conder, Elisa Bizzotto, and Melissa Grover  

A bioaccumulation model was developed for a pelagic food web in a sub-alpine lake in Northern Europe, 

to evaluate natural recovery of total DDTs in two species of fish – Coregonus sp. and Alosa sp. DDT 

concentrations in target fish species were modeled based on concentrations of DDTs in water and two-

species of zooplankton as diet items. A standard least squares type-1 linear regression of the natural log 

of DDT concentrations in water by year from 2002 to 2010 was used to predict future concentrations of 

DDTs in the water column. A weighted-average log KOW based on proportions of DDT species in the 

water column was used to represent KOW for the six DDT congeners.  Bioaccumulation was modeled 

following Arnot & Gobas (2010) and included uptake from water and diet, and excretion via respiration, 

egestion, and growth. Monte Carlo Simulation was used to represent variability in the water 

concentrations of total DDTs, biological parameters such as lipids, environmental parameters including 

water temperature, dissolved organic carbon, dissolved oxygen, particulate organic carbon, suspended 

solids, and organic carbon content, and log KOW. All Monte Carlo parameters were bound by both the 

minimum and maximum or two-times the standard deviation of the mean for empirical data sets. 

Predicted concentrations of DDTs in fish (ng/g lipid weight) for 2009 and 2010 (years for which empirical 

data was available) showed reasonable agreement with empirical data – under predicting by 2 to 6 

times.  Concentration of total DDTs in fish were predicted for the next 25 years.  Predicted concentrations 

show decreasing concentration of DDTs in both species, with median concentrations falling below the 

regulatory criteria for DDT in sport fish for human consumption within the next 12 years. Limited available 

empirical data for Alosa sp. shows similar time to recovery based on regression modeling. 
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Evaluation of Hydrophobicity and Physical Quality in a Petroleum-contaminated 
Soil with Planted Maize Inoculated with Piriforomospora indica 

Mohammad Hajabbasi and Javad Zamani Babgohari  

Degradation of hydrophobic petroleum compounds may improve water adsorption and holding capacity in 

such contaminated soils. There is little information regarding effects of phytoremediation on hydraulic 

properties and quality indices of petroleum-contaminated soils, particularly when plant with an endophytic 

fungus is involved. In this study, a rhizobox experiment was conducted to evaluate the effect of maize 

roots inoculated with endophyte fungus, Piriformospora indica, on water repellency, physical quality index 

(S-index) and surface fractal dimension of a petroleum-contaminated soil after a 64-day 

phytoremediation. The rhizoboxes were subdivided into four compartments of increasing distance to the 

roots of the experimental plants. Results showed that the inoculation with P. indica promoted plant 

growth. The inoculated plant roots, strongly increased the microbiological activities of soil, however this 

effect is decreasing by distance from root surface. The total degradation of petroleum hydrocarbons was 

35–40% of the initial TPH concentration in the root compartments of rhizoboxes with non-inoculated 

plants and to even 50% in those of inoculated plants. The results also showed that the behavior of water 

adsorption and retention in soil changed as affected by rhizodegradation of petroleum contaminants. 

Results revealed that water repellency and surface fractal dimension of soil have been decreased with 

decreasing total petroleum hydrocarbons (TPH) in soil. Although the lowest amount of TPH was in the 

root compartment, but the lowest hydrophobicity was observed in the compartment next to it. It seems 

that hydrophobic exudate of roots caused higher water repellency in root compartment as compared with 

near root compartment. Also the elimination of petroleum compounds in root compartment of both 

inoculated and non-inoculated treatments improved physical quality of soil from poor category to very 

good and plant available water (PAW = ?fc – ?pwp) increased with decreasing petroleum contaminants in 

soil. 
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Residual Effects of Burnings on Some Soil Chemical and Physical Properties in 
Fereydan Pastures 

Mohammad Hajabbasi and Mohammad Davoudi  

Each year many area of world's forests and grasslands are burned in fire, which leads to destruction of 

vegetation and disturbs the hydrological processes, increasing soil erosion and runoff generated from 

these areas. Fires in forests and pastures of Iran that have different climates and vegetation occurs 

mostly by humans and intentionally. According to available statistics, between 1991 and 1997, more than 

3000 fire events occurred, which affects 13700 acres of land natural resources to be burned. This study 

aimed to evaluate the residual effects of fire on soil physical and chemical properties in the Frieden 

pastures (Central Zagros, Iran). Experiment was conducted in a randomized complete block design. The 

primary particle size distribution and texture, lime, density, pH, electrical conductivity, organic matter, 

sodium, potassium, calcium and magnesium, sodium adsorption ratio (SAR) and phosphorus, iron, 

manganese, zinc and soil microbial respiration were measured by conventional methods. The results 

showed that the fire had a significant effect on some chemical properties of soil and soil texture class is 

changed. Amounts of organic matter, potassium, calcium and magnesium, phosphorus, iron and 

manganese in the soil increases by fire. Mean comparisons showed that soil organic matter from 2.10 in 

unburned soil reached to 4.12 in burned soil, Amounts of potassium, calcium and magnesium from 0.45, 

6.42 and 1.19 to 0.95 in unburned soil to 9.91 and 2.22 meq/liter in burned soil respectively and the 

values of P, Fe and Mn, respectively, were from 31.30, 18.22 and 37.29 in unburned soil to 34.17, 20.39 

and 55.64 mg/kg soil in the area burned has increased. The overall impact on soil chemical properties in 

the first year after the fire is higher and this process decreases with time. 
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Assessing Productivity Index for Soil Contaminated with Petroleum Hydrocarbon 

Mohammad Hajabbasi  

To assist agronomists, ecologists and environmentalists in assessing the potential impacts of changes in 

soil properties health, when contaminated with petroleum hydrocarbons, it would be desirable to develop 

a soil quality index (SQI). The purpose of this study was to assess some soils contaminated with 

petroleum contaminants in Northern california. To do this the measured soil physical, chemical and 

biological properties were integrated into a single parameter that could be used as an indicator of overall 

soil quality. The preliminary results showed that contaminating soil with petroleum hydrocarbons would 

decrease soil quality between 50 to 100 percent. Most effects were seen from the increasing non safe 

elements like sodium in the contaminants.  
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The Production and Management of Methane in Soil Gas during Remediation at 
Drycleaner Sites 

Megan Hamilton and Keith Gaskill  

The assessment and monitoring of methane in soil gas has been performed by environmental 

professionals for decades, as it has pertained to landfill off-gassing and the remediation of petroleum 

contamination.  Recently, however, increased regulatory scrutiny has identified concerns related to the 

subsurface migration of methane produced as a byproduct of enhanced reductive dechlorination (ERD) 

remediation of groundwater at chlorinated solvent cleanup sites, like drycleaners.  ERD is a commonly 

utilized and cost-effective remediation technology at drycleaning sites.  Specific concerns are associated 

with the potential build-up of explosive methane vapor concentrations beneath building foundations, 

and/or within occupied spaces via the vapor intrusion pathway.   Drycleaners are often located in strip 

malls, dense commercial settings or near residential neighborhoods which increases risk and potential 

exposure.  With industry advances and an increasing number of affordable ERD based remedial 

inoculants available to environmental contractors, close attention to this issue will need to be 

maintained.  Many states and EPA regions have recently addressed this issue with updated policies 

which require special treatment of this issue such as methane monitoring contingency plans 

and explosion proof fans on sub-slab depressurization systems.  This presentation will provide site data 

where the use of in-situ ERD inoculants as a groundwater contaminant mass reduction method has 

resulted in methane production, both in the dissolved phase and vapor phase.  Preliminary estimation, 

monitoring and mitigation methods are presented and followed with an analysis of lessons learned and 

upcoming advancements.  
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ANSI-AARST Soil Gas Mitigation Standard (Release Status 2016 and Content 
Update) 

Shawn Price and Gary Hodgden  

A detailed overview of the standard that applies to both radon and vapor intrusion projects is planned to 

highlight significant decisions and milestones that have taken place thus far. The committee is made up 

of prominent stakeholders from the ranks of radon and vapor intrusion communities. It is anticipated that 

the standard will be fully released and deemed ANSI-approved during 2016.  This topic is expected to 

generate an interactive question and answer period.  This standard is being written under the ANSI-

accredited consensus process at the AARST Consortium on National Radon Standards. 
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Characterization of Nonequilibrium Leaching of Several Metallic Elements from 
Abandoned Mine Soils 

Seunghun Hyun and Juhee Kim  

Leaching of metallic elements (Cu, Zn, As, Cd, and Pb) from mine-impacted soils was evaluated by batch 

decant-refill and seepage flow experiments.  During eight consecutive leaching steps, aqueous As 

concentrations remained relatively constant, while Cu, Zn, and Cd levels were quickly reduced.  The 

reduction of Pb concentration was much lesser.  This pattern was well-explained by the biphasic leaching 

model by allocating a large fast leaching fraction (f fast> 0.2) for Cu, Zn, and Cd while a negligible f fast for 

As and Pb (< 0.001).  For all metals in column effluents, mass export through first-flush and steady-state 

concentration were elevated under slow seepage, with the greatest impact observed for As.  Metal export 

was enhanced after flow-interruption, especially under fast seepage.  A transient drop in As export in slow 

seepage was likely due to sorption back to soil phase during the quiescent period.  The ratio of Fe2+/Fe3+ 

and SO4
2- concentration, related to the dissolution of sulfide minerals, were also seepage rate-

dependent.  The results of batch and column studies imply that the leachate concentration will be 

enhanced by initial seepage and will be perturbed after quiescent wetting period.  The conversion from 

kinetically leachable pool to readily leachable pool is likely responsible for nonequilibrium metal leaching 

from the long-term abandoned mine soils. 
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Evaluation of Chemical Cleaning Efficiencies During the Removal of the 
Biofouling Layer on Osmotically Driven Membrane Surfaces 

Duksoo Jang, Am Jang, Seokoh Ko, Byung-Uk Bae, Chae-Young Lee, and Seoktae 
Kang  

In this study, we firstly evaluated the efficiency of commercial chemical cleaning agents for the removal of 

biofouling on osmotically driven membrane surfaces. The effluent from a wastewater treatment facility 

after the removal of big particulates (greater than 5 mm) was used as feed water for the osmotic dilution 

of the draw solution of 2 M NaCl. After the operation for 3 days, water flux through the membrane was 

decreased to 24% of initial water flux. Then, the membrane was cleaned with commonly used chemical 

cleaning agents into two steps (acid cleaning followed by basic cleaning with EDTA). After the cleaning, 

water flux was restored up to 52% and 67% of initial flux after each cleaning step, respectively. HPLC-

FLD analysis with size exclusion chromatography revealed that 43% of organic constituents were 

removed during the chemical cleaning. Moreover, low molecular and hydrophobic organic matters such 

as fulvic acids and aromatic compounds were mainly removed during the chemical cleaning. The 

decrease in water contact angle (68.3° to 38.7°) also confirmed the removal of hydrophobic constituents 

from the fouled membrane surface. Elemental analysis by EDX showed that various elements (Si, P, S, 

Ca, Mg, Fe, Al, Mn) were found in the biofouling layer. 
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Application of Carbon Black Activation Persulfate Oxidation for Degradation PAH 
in Sediment 

Yu-Zhe Jhuang, Cheng-Di Dong, Chiu-Wen Chen, and Chang-Mao Hung  

The presence of polycyclic aromatic hydrocarbons (PAH) in sediments is a potential risk to the aquatic 

ecosystem due to its bioaccumulation in food chains. Persulfate (PS) can be chemically activated to 

produce sulfate free radicals, which are powerful oxidation agents. Therefore PS is a promising advanced 

oxidation process for treating organic pollutants. However, reactions involved PS are slow at room 

temperature. This study was to activate PS using carbon black (CB) to facilitate the degradation of PAH. 

The effect of PS and CB dosage on the degradation of PAH was studied. Results showed that the 

degradation of PAH was increased with CB dosage. At PS concentration of 1.7×10-5 M, it was possible to 

achieve a 90% PAH degradation in the presence of 2.00 g/L of CB. Results clearly demonstrated the 

capability of carbon black-activated PS for the degradation of PAH. 
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Impact of Climate Channge Mitigation and Adaptation Activities in Watersheds of 
Western Nepal 

Ajay Karki  

There is a project at my department called "Soil Conservation program" which works for soil conservation 

and watershed management implemented in western part of Nepal. One of the objective of the project is 

to improve access to and enhance the reliability of water supply for domestic purposes and irrigation for 

communities living in the watersheds of Nepal river systems which are significantly vulnerable to climate 

change. There is a baseline data about the condition of water(sheds). This paper compares the outcomes 

with baseline information. All the activities have been implemented with active participation of local people 

using traditional knowlwdge of them. This project intends to demonstrate participatory watershed 

management planning and build the capacity of all levels for integrated watershed development 

specifically focusing on water resources. Access and reliability to water resources has been found 

improved through a participatory program of integrated watershed management. Similarly, surface water 

storage and ground water recharge has been found increased because of interventions in upland areas. It 

is also noticed that the communities in the project area are  having more reliable water supplies in the dry 

season and are having more water for irrigation. Major beneficiaries are women and disadvantaged 

groups. 
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Enhancement of Biogas Production from Anaerobic Digestion of Food 
Wastewater by Integrated Thermal-alkali Pretreatment of Flotation Scum 

Jae-Min Choi and Chae-Young Lee  

This study was performed to optimize the integrated thermal-alkali pretreatment of flotation scum for the 

enhanced anaerobic digestion of food wastewater (FWW). The floatation scum produced in an acidogenic 

fermenter treating FWW was separately collected. The optimization of integrated pretreatment was 

conducted using statistic experimental design of response surface methodology (RSM) based on Box-

Behnken design (BBD). Three experimental variables such as NaOH concentration, thermal temperature 

and reaction time were considered. Each of their ranges were set to be 5 – 15 %, 50 – 90 °C and 30 – 90 

min, respectively. The RSM based on BBD can identify their interactions of independent variables. The 

maximum methane production was used as the response values of the RSM. As results of batch tests, 

the maximum methane production of 385.5 mL CH4/g volatile solids (VS) was showed at 10 % for NaOH, 

70 °C, and 60 min. The optimum conditions, which were obtained from RSM based on BBD, were 10.4 % 

for NaOH, 64.6 °C and 40.8 min. And the maximum methane production was estimated 386.3 mL CH4/g 

VS under the optimum conditions. A confirm test using the optimum conditions showed the maximum 

methane production of 386.6 mL CH4/g VS, which was similar to the estimated value, and about 1.3 times 

higher than that without pretreatment. The molecular weight distributions analysis of scum before and 

after pretreatment demonstrated that high-molecular matters (>10kD) were converted to low-molecular 

ones (<1kD). 

Acknowledgments: This research was supported by a grant(14AUDP-B083704-01)) from Architecture & 

Urban Development Research Program funded by Ministry of Land, Infrastructure and Transport of 

Korean government. 

Jae-Min Choi, University of Suwon, 17 Wauan-gil, Bondam-eup , Hwaseong-si, Gyeonggi-do, Republic of 
Korea, 445-743, jaeminch@gmail.com 

Chae-Young Lee, University of Suwon, 17 Wauan-gil, Bondam-eup, Hwaseong-si, Gyeonggi-do, Republic 
of Korea, 445-743, chaeyoung@suwon.ac.kr 

Presenting Author: Chae-Young Lee 

157



Surfactants Based Removal of Polycyclic Aromatic Hydrocarbons (PAHs) from 
the Contaminated Marine Sediments 

Cheng-Di Dong, Shuo-Cheng Li, Chih-Yang Huang, and Te-San Chen  

Polycyclic aromatic hydrocarbons (PAHs) are persistent in marine and terrestrial sediments. Previous 

reports stated that PAHs have carcinogenic and mutagenic properties. This study used two surfactants, 

sodium dodecyl sulfate (SDS) and Simple GreenTM (SG), to determine its efficiency as an adsorbent of 

PAHs in contaminated sediments with different operating parameters such as surfactant concentration, 

solid to liquid ratio, and washing time. Gas chromatography coupled to a mass spectrometer (GC-MS) 

was used to qualify and quantify the PAHs in sediment samples. The results showed a decreased 

removal efficiency of PAHs (<5%) when the concentration of the surfactants were lower than 10 times the 

critical micelle concentration (CMC). The optimal removal efficiency (40%) was achieved when the CMC 

of SG was at a multiple of 400 times, with a solid to liquid ratio of 1:20, and when the length of washing 

was fixed to one hour. Throughout the experiment, it was clear that the main influential factor towards the 

effectiveness of the removal of PAHs resided in the concentration of surfactants. However, the efficiency 

is still limited by the availability of PAHs and the composition of the sediments. This approach of removing 

PAHs from marine sediments through surfactant washing can be used as a preliminary guide for further 

research. 
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Determining the Source Relationship between Indoor Airs and Chlorinated 
Solvent Groundwater Plumes using Compound-Specific Isotope Analysis 

Jun Lu and Jim Refermat  

The potential of vapor intrusion from chlorinated solvent plumes in ground to the interior of buildings was 

investigated at a former manufacturing facility located in Mid-West of the United States.  The site had 

historic release(s) of tetrachloroethene (PCE) and trichloroethene (TCE) to the subsurface and impacted 

groundwater on-site and with off-site migrations.  In offsite areas, there were commercial and industrial 

operations involving use of similar chlorinated solvents; however, because the onsite is hydraulically 

upgradient relative to the offsite areas, it was claimed that all chlorinated solvent plumes in groundwater 

offsite have been from the onsite sources only.  In addition, indoor air issues associated with several 

buildings on offsite properties is alleged to be to be related to intrusion of chlorinated solvent vapor from 

contaminated groundwater below. 

A multiple-line-of-evidence approach, including evaluation of historical, hydrogeological, and geochemical 

data, was applied to assess the potential source relationship between contaminated groundwater and 

indoor airs.  This paper presents compound specific isotope analysis (CSIA) results as an additional line 

of evidence.  13 groundwater samples were collected from onsite and offsite and 3 nested vapor probes 

consisting of five probes per location for soil gas samples from selected offsite areas. Carbon and 

chlorine isotopes were analyzed to obtain isotopic signatures of contaminants of concern.  Two duplicate 

samples were used to ensure the quality of data and to obtain site specific laboratory error ranges.  The 

CSIA results demonstrate that the offsite chlorinated solvent plumes are not solely from upgradient 

sources.  Most importantly, the indoor air issues were not related to groundwater chlorinated solvent 

contaminants as claimed. 
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Managing Uncertainty from Indoor Air Spatial and Temporal Variability in Vapor 
Intrusion (VI)-Impacted Structures  

Christopher Lutes, Loren Lund, and John Lowe  

Previous studies in vapor intrusion (VI)-impacted structures shows there can be significant variability in 

volatile organic compound (VOC) concentrations in indoor air.  For VOCs such as trichloroethylene 

(TCE), this variability may result in a significant fraction of exposures (i.e. VOC indoor air concentrations) 

exceeds a risk-based screening level.  It is thought that current ‘sparse’ indoor air sampling strategies 

cannot reliably identify potential overexposures in VI-impacted structures.  This paralyzes VI decision-

making and creates a greater appetite among regulators for sampling data, prolonging the cost and 

duration of VI assessments. This paper surveys alternative approaches for assessing and managing 

potential indoor air exposures: including: 1) newly developed prioritization tools to identify groups of 

buildings with similar VI potential (or ‘similar exposure groups’) allows for identification of VI exposure 

profiles for a group of buildings by focusing indoor air sampling on a representative building; 2) using 

scenario development tools drawn from REACH risk assessment guidance to create generic VI building 

scenarios; 3) indoor air sampling strategies and decision statistics which help investigators to more 

readily categorize and judge exposures in a VI-impacted building for further evaluation or mitigation; 4) 

simulation methods to guide development of indoor air sampling strategies; and 5) non-cancer hazard 

ranges, used in a manner similar to the target cancer risk range, to increase flexibility in using risk-based 

screening levels in assessing indoor air data.  These tools are part of a systematic exposure assessment 

approach which, once it has been determined that VI is occurring in a building, focuses on quantifying 

potential exposures, health risks and uncertainties to help evaluate if VI is significant in a building. 
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A Comparison of Environmental Assessment Requirements of New Human Drugs 
in the US and the EU 

Tamara Lunsman and Tim Verslycke  

Market authorization of new human drugs in both the US and the EU requires an assessment of potential 

environmental impacts. In the US, drug approval is overseen by the Food and Drug Administration (FDA) 

and an environmental assessment (EA) is required pursuant to the National Environmental Policy Act. In 

the EU, market authorization is overseen by the European Medicines Agency (EMA) and an EA is 

required under Directive 2001/83/EC. Both agencies have published guidance documents outlining EA 

requirements (FDA, 1998, 2015; EMA, 2006, 2010). 

Given the high cost of drug development, new human and veterinary drugs are typically submitted for 

authorization in several regions of the world. In recognition of this, drug registration requirements for 

veterinary drugs are harmonized between the US, EU, and Japan through the International Cooperation 

on Harmonisation of Technical Requirements for Registration of Veterinary Medicinal Products (VICH). By 

comparison, the framework for conducting EAs of human drugs is much less harmonized, as illustrated 

here for two key markets (US and EU), requiring careful and early planning by pharmaceutical companies 

to ensure compliance. 
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Fast, Accurate, and Precise: EPA Method 325 (Fenceline Monitoring at Refineries 
for Benzene) 

Lee Marotta, Julia Casagrande, and Tom Kwoka  

The Environmental Protection Agency (EPA) has developed a new method for the passive monitoring of 

several volatile components in air onto sorbent tubes.  Benzene is the compound that will be regulated 

and the amount required to be reported at the fence line of refineries, largely because of its impact on 

human health.  There is a mandated sampling time of two weeks.  The objectives of this new method and 

regulation will be discussed. 

This presentation describes how to comply with the new EPA fence line regulations, and the steps taken 

to optimize this method for high sample throughput.  Presented by the support team utilized by the EPA in 

their development of this method, validation steps will be discussed. 

Refineries and testing laboratories will benefit by gaining valuable information on the optimum techniques 

to perform this method and what it takes to comply.  An introduction to the theory and operation of 

thermal desorption will be included. 

The data from several site studies will be reviewed.  These samples were collected on the same tubes 

used by the EPA in their development, and analyzed using the same concentrator trap and automated 

thermal desorber. 

Method criteria including minimum detection limits (MDLs), action limits, accuracy and precision will be 

demonstrated.  The presentation will also include optimization of the method for high sample throughput, 

and elimination of false positives. 
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Assessing the Ecological Effects of Mining in West Africa: The Case of Nigeria  

Edmund Merem, Joan Wesley, Mercy Shenge, Bennetta Robinson, Marshand Crisler, Peter 
Isokpehi, Siddig Fageir, and Gloria Hirse  

The mining sector in Nigeria has been touted as a potential player in the forseeable future in a country where 

government still holds all mineral rights. The availability and lawful exploration of solid mineral deposit in Nigeria 

come with prime benefits such as employment and income generation. However, there are damaging 

environmental effects from mining in the form of degradation  of land, habitat loss and contamination of water 

resources. With the dominant presence of hydrocarbon as chief foreign exchange earner of the economy for 

decades. Informal miners and companies have become very active in the production of solid minerals in the 

absence of a clearly defined policy, better standards and reforms. Despite its potentials, the mining industry is 

largely underdeveloped and dominated by informal miners scrublling to make ends meet with little regulatory 

oversight to ensure conformance to operational standards. As a result, the current activities in the sector 

are characterized by production and growing environmental declines that have been overlooked for years. In that 

light, this research will fill that void by using a mix scale approach of descriptive statistics and GIS methodology in 

analyzing the ecological impacts of mining in Nigeria. The emphasis is on the issues, environmental and spatial 

analysis of the trends, factors associated with the issues and current  efforts. Preliminary findings not only reveal 

large deposits and changes in the quantity produced, there exists widespread ecological and social impacts from 

mining in the form of pollution and degradation of landscapes and cases of growing mortalities from contamination. 

While GIS mapping reveals growing cluster of areas prone to mining hazards  in some areas of the country, the 

problems stem from socio-economic elements. In terms of mitigation, the study offered several suggestions ranging 

from education to the strenghtening of current policies on solid minerals, the economy and enviroment in the 

country  and solid mineral producing states.    
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Spectroscopy Techniques for Soil Contamination Assessment in the Nile Delta 

Elsayed Mohamed, Abdelrouf Masoud, and Afaf A. Abd El Razek  

Heavy metals concentration is considered as one of the keys which, affects directly on soil quality and 

crop quality then, reflected upon human health. The objective of the current work is to critically examine 

the suitability of Vis-NIR (350-2500 nm) for calibration procedures and methods to predict contaminated 

soil through Vis-NIR. 25 different sites were selected adjacent to drain Bahr El -Baqar east of Nile Delta in 

addition to Spectroradiometer ASD was used to measure the spectral reflectance profile of each soil site. 

Three heavy metals Cr, Mn and Cu have been selected to achieve this purpose. Stepwise multiple linear 

regression (SMLR) was used to construct calibration models.The concentrations of heavy metals were 

estimated with high accuracy where, the models were validated based on the independent validation. The 

results illustrated that, R2 was recorded 0.82 , 0.75 and 0.65 for Cr, Mn and Cu respectively. However, 

Visible Near-infrared (Vis-NIR) reflection spectroscopy is cost- and time-effective that could be 

alternatives to the traditional methods of heavy metals analysis. 
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Effects of Flooding and Elevated CO2 Levels on Gas Exchange of Sawtooth Oak 
(Quercus acutissima) Saplings 

Zhu Ning and Kamran Abdollahi  

The climate records in the Gulf Coast of Mexico region of the USA documented an increased CO2 level, 

precipitation, extreme climatic events, and flooding. Recent flooding events in New Orleans induced by 

hurricanes Katrina and Rita demonstrated the urgent need for research addressing urban flooding and 

how urban trees cope with the stress. Understanding the responses of urban tree species subjected to 

flooding is crucial for management of the natural resources in general and urban forests in particular. The 

objective of this study was to assess the physiological responses of sawtooth oak (Q. acutissima) to 

flooding at different CO2 settings/levels. Saplings of sawtooth oak were subjected to the periodic flooding 

treatments consisting a two - week of flooding period (flooding cycle) followed by a three-week of dry-

down period (recovery cycle). Data on photosynthesis (Ps), stomatal conductance (Sc), and transpiration 

(Tr) were collected both for the flooding cycles and for the recovery cycles using a Licor-6400 Portable 

Photosynthesis System at different CO2 settings/levels (400, 500, 600, 700, and 800ppm). Independent 

T-tests, paired T-tests, and two-way ANOVAs were used to analyze data with R software. The study 

found that photosynthesis, stomatal conductance and transpiration were affected by flooding treatments 

in May (spring) and August (summer). However, the significant effects were only occurred at lower CO2 

levels (2 level caused lower stomatal conductance and reduced transpiration rates but this effect only 

occurred in May (spring) for the recovery cycle. How urban tree species response to the effect of flooding 

and elevated CO2 may influence the full range of ecological processes that operate in urban forest 

systems, including sapling survival. 
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Achieving Sustainability in Road Construction using Lignin 

Eyram Norgbey, Jing Yu Huang, Prince Atta Opoku, and Theresa Oteng Apreku  

Asphalt is a fossil fuel that is limited in quantity. The high cost, unavailability and the environmental 

impact of using petroleum based material (asphalt) have led to the modification and development of 

alternative asphalt binders for flexible pavements. Blending of asphalt with fibers is one way of 

addressing the above concerns of petroleum based asphalt. The fiber used in asphalt modification in this 

study is Kraft Lignin. Lignin is a waste by product obtained in large quantities from the paper industry. It is 

an environmentally friendly, readily available and sustainable high molecular weight powder. The 

percentage of Kraft lignin blended with asphalt was varied from 10 to 30% by weight. The objective of this 

study is to investigate microstructure interaction between the lignin fibers and the asphalt binder. Also the 

thermal properties and the uniform miscibility of Kraft Lignin and petroleum asphalt blends were 

investigated using the thermogravimetric analysis (TGA), scanning electron microscopy (SEM) and 

Fourier transform infrared spectroscopy (FT-IR) over the entire range of composition. The study shows 

that up to 30% by weight of lignin can be blended with asphalt to obtain uniformly mixed and a thermally 

stable binder composite. The study also showed that not only is the petroleum resource saved but there 

is also an effective use of the solid waste material, lignin. 
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Water Supply to Poor Urban Communities- The Cost and Techniques 

Samson Oduro-Kwarteng, Eyram Norgbey, Jing Yu Huang, and Saeed Naeem Ahmed  

The urban slums and low income communities in urban areas have inadequate access to water supply 

and sanitation in developing countries. The aim of the study is to identify technical options, cost of water 

price and how urban poor can be provided with water at affordable prices. The cost involve in the 

individual options for water supply, the daily consumption of households with their corresponding 

household size and households’ choice of domestic water sources was studied. The study also assess 

the relationship between water distance and consumption, water consumption and cost and water 

distance and cost. The analyses was built on primary data collected from 135 households from three 

communities, resource personnel within the Ghana Water Company and Kumasi Metropolitan Assembly. 

Both qualitative and quantitative form of interview was implemented during the survey. The major 

statistical tools used to analyze the collected data were SPSS and ANOVA software.  Results showed 

that the main sources of water include household connection, borehole, Water Health Ghana (standpipe), 

Ghana Water Company Limited (GWCL) community standpipe, hand dug wells and vendors (tank 

service). The use of water is restricted by the cost and time needed to access a particular source of 

water. The cost of using water purchase from mobile tankers (using borehole as their source) and public 

standpipes (provided by GWCL) were higher than that of household connection. About 95% of the 

respondents preferred borehole water and household connection to public standpipes and water bought 

from the mobile tankers due to the long distance covered to access the water and the high cost of water 

from water vendors respectively. Most of the inhabitants were aware of their basic right of clean and 

portable water and raised concerns of the government neglect of its primary responsibilities. 
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Wind Effects and Vapor Intrusion Exposure Risks 

Elham Shirazi, Mohammadyousef Roghani, and Kelly Pennell  

Vapor intrusion transport models are dependent on several factors such as contaminant source 

characteristics, subsurface condition, building characteristics and general site conditions. Most vapor 

intrusion models do not account for wind flows around and over buildings; however wind flows are known 

to affect indoor air quality. In this study, a numerical model using COMSOL Multiphysics was developed 

to investigate how wind flow conditions might influence the distribution of VOCs in the subsurface and the 

indoor air quality of structures in the vicinity of a soil or groundwater contaminant source. The results 

suggest asymmetrical soil vapor concentrations profiles can develop as a result of wind flows, and vapor 

intrusion mass entry rates into buildings can be strongly influenced by wind direction and speed.  The 

results also highlight the need to consider appropriate timescales relative to wind fluctuations as 

compared to the length of time required to establish soil gas concentration and pressure profiles.  The 

model results are compared to field data to evaluate the potential for wind flows (and other weather 

events) to contribute to observed temporal variability at vapor intrusion sites. Overall, this research 

provides a better conceptual understanding of the vapor intrusion process to aid in characterization and 

remediation efforts. 
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Risk-Based Solutions to Evolving Issues at Industrial Sites 

Jenny Phillips and Laura Trozzolo  

Human health risks are commonly evaluated using risk practices developed by the USEPA.  However, a 

traditional risk-based approach may not be appropriate or available depending on the contaminant.  In 

these cases, TRC has developed several innovative solutions in looking at risk issues, including those 

related to emerging contaminants (e.g., PFCs, asbestos) or those analytes where the regulatory climate 

is evolving (e.g., lead, short-term health effects of TCE, vapor intrusion).  Examples of innovative, risk-

based solutions used by TRC will be discussed in the presentation and are summarized below. 

Contaminant Risk-Based Issue Risk Assessment Tools 

Asbestos Estimate inhalation risk from 
fibers in soil 

Conducted Activity-Based Sampling (ABS) 
of soil and air at former refinery; results 
showed no inhalation risks 

Lead 
Difficulty in characterizing large 
areas and defining hot spots due 
to heterogeneous nature in soil 

Risk-based investigation and statistical 
approach helped manage remedial action 
costs 

Perfluorinated Compounds 
(PFCs) 

Potential off-site groundwater 
migration issue 

Establishing realistic Point of Compliance 
(POC) and Point of Exposure (POE) are 
critical for management of potential risk in 
groundwater 

TCE (short-term inhalation) 

Exceedance of EPA’s short-term 
inhalation action levels could 
trigger immediate response action 
(e.g., evacuation) 

Proposed alternate short-term indoor air 
action levels based on ATSDR studies 

Vapor Intrusion Potential inhalation risks 
Use of empirical chemical and fixed gas 
data to screen out sites using lines of 
evidence approach; 
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Lessons Learned: Vapor Intrusion Field Measurements and Model Predictions 

Mohammadyousef Roghani, Elham Shirazi, and Kelly Pennell  

The transport of volatile organic chemicals (VOCs) through contaminated soil and groundwater into 

indoor spaces (i.e. vapor intrusion) has gained international attention because of its potential for human 

health problems. Computational models have been developed to estimate vapor intrusion exposure risks; 

however model results and measured vapor intrusion exposure risks do not always agree. To investigate 

various factors that might influence and limit the applicability of model predictions, vapor intrusion field 

data was compared to a 3-D vapor intrusion model. The model was exercised to investigate possible 

explanations for unexpected field measurements. Scenarios were run for constant and fluctuating 

groundwater concentrations under steady state and transient conditions. Results indicate sampling 

location, soil properties, and groundwater concentration fluctuations can influence field measurements 

and model predictions. In addition, site characteristics such as soil moisture content, biodegradation 

potential, water lenses, and chemical sorption processes are important considerations. Through a 

systematic comparison of model predictions and field measurements, we will present an improved 

conceptual understanding of vapor intrusion exposure risks.  
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Innovations in Heat Enhanced Remediation 
 

John Sankey and Daniel Oberle 
 

Combining remedies can offer a reduced cost remediation and provide a total plume solution vs. 

traditional standalone remedial options. Combinations can include one or more of the following: 

bioremediation, chemical oxidation, in situ thermal, and multiphase extraction. This presentation will 

include examples of each.  

Heat-Enhanced Bioremediation: Implementing low-temperature in situ thermal at sites to accelerate 

Enhanced Anaerobic Bioremediation (EAB) enhances dissolution of DNAPL, while increasing 

biodegradation kinetic rates, and enhancing abiotic degradation rates reducing cleanup time frames. 

Multi-phase Extraction: Combining multi-phase extraction (MPE) with in situ thermal has been used to 

recover total petroleum hydrocarbons (TPH) including long chain compounds as heavy as coal tar (or 

solid grease) at non-aqueous phase liquid concentrations to significantly reduce the viscosity and density 

of the TPH for recovery to the surface where it is treated or disposed. 

Chemical Oxidation: Heat-activation of oxidants is a viable solution for semi-volatiles in the aqueous 

phase that have high disposal costs. As an example, in situ thermal has been combined with sodium 

persulfate to treat pentachlorophenol in groundwater at a former wood treatment production facility. 
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Quantity and Quality of Waste Water Generated in Restaurants in Makurdi, Nigeria 
and a Prototype In-House Treatment System 

Rufus Sha'Ato, Clement Beetseh, Terrumun Amom Tor-Anyiin, and Paul Aunde Annune  

Domestic and small scale commercial activities in Nigeria use water and discard the resultant waste freely 

around the premises or in open drains without regard to the environmental and public health 

consequences. Meanwhile, access to clean, potable water still remains a challenge.     In order to 

contribute to the national effort at water use, waste water generated (from washing of hands, plates, pots 

and cutlery) in twenty-five (25) restaurants in Makurdi Metropolis, Central Nigeria, was collected daily, in a 

four-day week regime, for thirty-five weeks. The aim was to determine the quantity of waste water 

generated, its chemical characteristics and the potential for re-use after simple treatment. Results showed 

that waste water generation amounted to about one million liters within the study period while quality 

characterization for color, turbidity, conductivity , pH, total dissolved solids (TDS), suspended solids (SS), 

total solids (TS), total hardness, dissolved oxygen (DO), biochemical oxygen demand (BOD), mineral 

content (Mn, Zn, Cr, NO3
-, SO4

2-, PO4
3-), and total coliform bacteria count showed that all the wastewater 

samples analyzed gave values for these parameters that were close to each other in all the restaurants. 

On treating the waste water using conventional water treatment methods, the values of all the parameters 

reduced to near potable standards (WHO /Nigeria Guidelines for  Drinking Water Quality) and remained 

stable three months after, while > 80% of the waste water subjected to the treatment regime was 

recovered. Encouraged by this result we developed a low-technology system for treatment of the waste 

water for re-use. Emphasis is on the ease and affordability of construction of the plant and treatment 

requirements. The system is portable and material investment in its assembly is low and powered by 

gravity only. We conclude that it is practically feasible and worthwhile to recover waste water from 

restaurants and similar outfits for re-use after proper treatment, to ease the pressure of water scarcity in 

this area. 
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Dissipation of Cypermethrin, Dichlorvous and Primiphos-Methyl under 
Ultrasonication in Aqueous Systems 

Rufus Sha'Ato, Olukayode Felix Oketunde, and Nnadozie Nkemdirim Nkpa  

Aqueous solutions of cypermethrin, dichlorvos and pirimiphos-methyl were subjected to ultrasonication 

(40kHz) and their dissipation monitored spectrophometrically at 265nm, 265nm and 250nm, respectively. 

First-order kinetics treatment of the dissipation data enabled calculation of the process rate constants and 

attendant half-lives for each pesticide undergoing ultasonic degradation is in the order 1.9 hrs < 3.85 hrs 

< 5.8 hrs for pirimiphos-methyl, dichlorvos and cypermethrin, respectively. This order of degradative 

response to ultrasound is attributed to the structural make up of the pesticides. It is concluded that 

ultrasound can be employed for the rapid clean-up of water that is contaminated with these pesticides.  
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Managing High Iron Levels While Removing 1,4-Dioxane from Groundwater 

Marilyn Sinnett, Steve Woodard, Daniel Samorano, and Michael Nickelsen  

This paper describes the objectives, design and startup of a full-scale AMBERSORBTM 560 (Ambersorb) 

system for the treatment of 1,4-dioxane and volatile organic compounds (VOCs) in the presence of high 

iron concentrations.  The site is located in Florida and was designed to treat 80 to 120 gpm of 

contaminated groundwater containing 8 to 15 mg/l of iron.  The primary objectives were to provide long-

term contaminant migration control and achieve consistent compliance with current and future permit 

limits. 

 

After briefly operating an iron pretreatment system that included oxidant injection and filtration, an 

alternative approach was tested that capitalized on the “zero-headspace” design of the Ambersorb 

system and the reduced nature of the groundwater (ORP less than -100 mV).  After a successful pilot 

demonstration, the full-scale oxidant feed system was turned off.  This allowed the iron to pass through 

the treatment train in its reduced, dissolved Fe(II) state and discharge to the local POTW, where the iron 

naturally oxidizes in the biological treatment system and enhances phosphorus removal. 

1,4-dioxane concentrations have been reduced from the 80-240 µg/l range to consistently non-detect, at 

less than 1 µg/l, since the system commenced operation in October 2014.  The total VOC concentration 

has been reduced from approximately 1,000 µg/l to consistently non-detect levels.  Side benefits of 

bypassing iron pretreatment include greatly increased filter run times, no hazardous waste iron sludge 

generation and reduced O&M costs.  There have been no adverse side effects associated with this mode 

of operation.   
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Comparison of Natural Source Zone Depletion (NSZD) Methodologies 

Steven Gaito and Jonathon Smith  

Natural source zone depletion (NSZD) is a sustainable light nonaqueous phase liquids (LNAPL) remedy 

that changes the composition and reduces saturation through chemical redistribution of LNAPL 

constituents (i.e., dissolution, volatilization, and sorption) and through biodegradation by microbial or 

enzymatic activity. NSZD is increasingly being considered an important component of LNAPL 

management, and NSZD rates can serve as a benchmark for the relative benefit of active, engineered 

remedial alternatives.  

Three methods for evaluation of NSZD rates are compared: (i) the conventional gradient method based 

on  vapor-phase soil diffusion coefficients and soil gas concentrations (oxygen, carbon dioxide [CO2]), 

methane, and petroleum hydrocarbons) from nested wells, (ii) shallow CO2 traps that intercept CO2 flux 

over a one to four week period and sequester it for subsequent laboratory quantification, i.e. the CO2 

Trap method, and (iii)  a field-deployable dynamic closed chamber (DCC) instrument measuring short-

term (near-instantaneous) CO2 flux at the ground surface (the LI-COR method).  

A study was conducted at an LNAPL site in south Texas to compare the use of these three methods to 

quantify NSZD rates.  The gradient method and both CO2 flux methods were evaluated at co-located 

points. Supporting data were also collected, including vertical temperature profiles to measure the heat 

generated during the degradation of hydrocarbons and soil gas pressure data to characterize the 

significance, if any, of advective flow of soil gas. 
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Groundwater Remediation: Combining Solar Technology with Sustained and 
Controlled Release Reactants to Create Low-Cost, Low-Maintenance, and Green 

Reactive Interceptor Zones  

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.  DOE and DOD sites in particular could benefit from Greener Cleanup technologies, 

especially in light of future requirements to remediate vast dissolved phase plumes of emerging 

contaminants of concern such as 1,4-Dioxane.  

Sustained and Controlled Release reactant 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.   

Sustained and Controlled Release reactant technology can be combined with solar technologies, for 

example, to allow for wider spacing of reactant installation locations.  A project will be featured where 

solar powered pumps and programmed controlls were used in conjuction with SOCORE encapsulated 

potassium permanganate materials to enhance sub-surface mixing and distribution of oxidant.  The result 

was the construction of an effective, low-cost, low-maintenance, and sustained reactive zone to intercept 

a dissolved phase CVOC contaminant plume migrating from an upgradient source area at the site.  The 

system was installed in June 2013 at a cost of less than $75,000 and has been in operation for over 2.5 

years.  The first SOCORE permanganate material recharge event at an estimated cost of $10,000 is now 

due to occur.   
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Enhancement of Adsorption of DDT and PCB in Contaminated Soil using Multi-
walled Carbon Nanotubes 

Mohd Raihan Taha and Shariat Mobasser  

This paper presents the findings of a study on adsorption of dichlorodiphenyltrichloroethane (DDT) and 

polychlorinated biphenyl (PCBs) on a multiwall cabon nanotube (MWNT). DDT and PCBs are of 

significant concern due their high toxicity and long environmental half-lives.  In this study, both of these 

contaminants are subjected to adsorption by MWNT enhanced natural soil system. Batch adsorption 

studies were conducted evaluate the efficiency of a local residual soil with various amounts of MWNT to 

adsorb DDT and PCB solutions. A meta- sedimentary residual soil was used as the main adsorbing 

material. It was found that the equilibrium time for adsorption of both contaminants were about 22 and 49 

hours, respectively for DDT and PCB. In  batch adsorption experiments, DDT and PCBs concentrations 

used were from 10 to 60 mg/L. It was found that 10 % of MWNT removed 88.9 % and 77% of DDT and 

PCB, respectively. The results of the study demonstrated that the relative adsorption increase with 

increasing solution concentration. Adsorption data was also analyzed with respect to the various 

adsorption isothems, i.e. Freundlich, Langmuir, Temkin, and Redlich-Peterson. Linearized Langmuir 

adsorption isotherm showed the best fit for the experimental data for both DDT-MWNT and PCB-MWNT 

systems while the linearized Redlich-Peterson was the least fit amongst the isotherms for PCB-MWNT. 

However, all fittings with the mentioned isotherms did not produce R2 lower than 0.73. Thus, all the 

isotherms used provide a generally good fit for the experimental data obtained in this study. The results 

obtained indicate the significance of MWNT in the adsorption of DDT and PCB and it has a great potential 

application for remediation of DDT and PCB from contaminated soil. These results and other study 

implications will be discussed in detail in the paper. 
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Physicochemical Treatment of Cyanobacteria by Hydrodynamic Cavitation 

Catherine Thomas, Afrachanna Butler, Victor Medina, and Christopher Griggs  

Harmful algal blooms (HABs) continue to be a serious issue facing the maintenance of healthy waterways 

as they can rapidly deteriorate water quality. In this study we evaluated the effect of hydrodynamic 

cavitation and to remove cyanobacteria and its associated toxins from water under various cavitation 

fields. It was hypothesized that the mechanism of hydrodynamic cavitation alone would structurally 

damage the membranes of the cyanobacteria while radicals generated from the cavitation process 

oxidize toxins released from the disrupted cell membranes. Three 400 gallon tanks with cyanobacteria 

were subjected to various cavitation intensities generated by circulating the tank water at through hoses 

with different nozzle configurations. Parameter measurements included pH, dissolved oxygen (DO), cell 

biomass, chlorophyll α, and turbidity. Following 40 minute treatments, the trends observed in algal 

biomass suggest that treatments 2 of the 3 treatments were effective in reducing algal biomass that 

sustained for 168 hours. The least effective treatment reduced algal cell biomass immediately following 

treatment, but regenerated quickly after 48 hrs. Current findings from this study suggest that the process 

of cavitation may have promising application with further investigation. 
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Designing a Permeable Reactive Barrier for Groundwater Remediation using 
Water Treatment Residuals 

Christopher Walkons, Rupali Datta, Dibyendu Sarkar, Rodney Chimner, and Alex Mayer  

Permeable reactive barriers (PRBs) present an attractive option for sustainable groundwater remediation. 

Not only is the barrier a passive system, but a PRB can often be constructed using reused materials. In 

this project we are designing a pilot-scale PRB for the removal of copper from groundwater. The reactive 

material for the barrier is the residual of coagulants used in drinking water treatment operations. The 

physical and chemical properties of this water treatment residual (WTR) have been studied to optimize 

PRB design. Batch reactor tests have shown that equilibrium sorption of copper to the WTR is best 

described with a Langmuir type isotherm and that the sorption capacity of the WTRs could allow a PRB 

lifetime on the order of decades. Kinetic batch and column tests have also been conducted to understand 

the significance of chemical and physical mass transfer limitations. A leaching test indicated that the WTR 

materials will not release contaminants into the environment. Constant head permeameter tests were 

performed with various mixtures of the WTR and an inert support material (pea gravel) to determine the 

ideal mix for matching the test site’s hydraulic conductivity. Additional work has been conducted at the 

site to determine aquifer depth, groundwater flow velocity, and contaminant concentration for designing 

the optimal dimensions and placement of the PRB. 
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Optimizing Electron Donor Distribution for In Situ Bioremediation 

Brad Elkins and Bill Walsh  

Emulsified vegetable oil (EVO) has been injected at thousands of sites to serve as a long term electron 

donor source for treating chlorinated solvents, chromium, nitrate, explosives, and other contaminants by 

enhanced biological reductive processes.  This remedial method can result in very effective site clean-up 

of contaminated groundwater.  However, there are significant costs associated with installation and 

periodic rejuvenation if the EVO formulation does not match the sites hydrogeology.  

The primary factors controlling treatment efficiency are: (a) effective distribution of EVO across the 

targeted zone; and (b) sufficient contact time for contaminant biodegradation.  When EVO is injected, the 

oil droplets are transported away from the injection well by dilution and/or chase water.  As they migrate 

through the aquifer pores, they will collide with sediment surfaces and adsorb.  In the subsurface, the oil 

droplets gradually hydrolyze releasing glycerol and long-chain fatty acids (LCFAs).  Acetate and 

molecular hydrogen (H2) are released from LCFAs during fermentation.  H2 reacts very rapidly and 

remains in close proximity to LCFAs.  Since H2 is required for complete dechlorination, the contaminant 

must come into close contact with residual LCFAs.  If EVO is not effectively distributed away from the 

injection wells, there will be gaps leaving significant volumes of groundwater untreated. 

The principal cost drivers for EVO systems are well installation, substrate purchase, labor for injection, 

and reinjection frequency.  The amount of EVO required is controlled by: (a) oil retention capacity of the 

aquifer sediments; and (b) amount of electron donor required to reduce the target contaminant and 

background electron acceptors.  Our methodology for maximizing performance and minimizing cost 

considers the following factors in identifying the most cost-effect design: (a) site hydrogeology and 

groundwater velocity; (b) concentration of target contaminants and background electron acceptors; (c) 

aquifer mineralogy, particle size distribution and surface charge; and (d) oil droplet size distribution and 

surface. 
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Vapour Intrusion Prevention through Activated Carbon Systems  

Parker Hertz, Trent Weise, Mitchell Greenwood, and Nicholas Papanicolaou  

Vapour intrusion is the process by which volatile organic compounds (VOCs) from subsurface soil and/or 

groundwater secrete into the atmosphere of overlaying buildings. VOCs have been linked with chronic 

health conditions, including cancers and organ toxicity. Activated carbon has proven effective for 

adsorbing VOCs in above ground treatment systems. However, the use of activated carbon in the 

prevention of vapour intrusion has not yet been investigated. The present study therefore, examined the 

effectiveness of activated carbon fibre cloth (ACFC) in adsorbing specific VOCs (PCE, TCE and benzene) 

and hence in preventing soil vapour intrusion. An experimental closed-jar system was designed in which 

the VOCs would diffuse from sand placed in the bottom of the jars into the air above. Systems containing 

activated carbon fibre cloth were compared to no carbon control systems. The ACFC system showed a 

reduction in VOC air contamination of over 99.9% in the ACFC system when compared to the control 

system. Results are discussed with reference to relevant guidelines and the broader context of the 

industry. This study has significant implications for the remediation of VOC air contamination, the 

reduction of the corresponding health risks and ultimately for establishing an efficient, cost effective and 

sustainable vapour intrusion solution.  
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Characterisation of Environmental Methamphetamine Exposure through Hair 
Analysis 

Jackie Wright  

The analysis for drugs in hair has been undertaken to provide information on environmental exposures to 

methamphetamine by police involved in assessing and evaluating drug laboratories, as well as a family 

who have been unknowingly living in a home for 2 years that was formerly used as a methamphetamine 

drug laboratory. Analysis involved extraction using methanol and analysis using liquid chromatography 

with tandem mass spectrometry (LC-MS/MS) using an electrospray ionisation (ESI) source. The 

sensitivity of the instruments enabled the identification and quantification of trace levels of drugs 

externally deposited on the hair as well as incorporated into the hair matrix. As the study did not involve 

drug users and the exposures being evaluated were expected to be from long-term low level 

environmental exposures the analytical method was used to report trace level detections, to 6.25 pg/mg 

for amphetamine and methamphetamine. 

For police officers, with a range of experience in up to 120 drug laboratories, there were no detections of 

methamphetamine or amphetamine. This data enable confirmation that existing procedures for entering 

methamphetamine laboratories and the level of personal protective equipment (PPE) worn provided 

adequate protection. 

For the family of two parents and three children aged 7-12, the hair analysis results showed detections of 

methamphetamine and amphetamine at levels that correlated with information provided by the family on 

the potential for exposure within the home (i.e. exposure behaviours). The most elevated levels were 

reported in the hair of the youngest children where the levels reported were consistent with the lower end 

of the range of concentrations reported in the analysis of hair from children removed from active 

methamphetamine drug laboratories and chronic adult drug users. These exposures were also found to 

be associated with health effects in the youngest child. 
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Remediation of Polycyclic Aromatic Hydrocarbons (PAH) - Contaminated 
Sediment with Surfactants 

Cheng-Di Dong, Po-Chang Wu, Chiu-Wen Chen, and Chih-Feng Chen  

Polycyclic aromatic hydrocarbons (PAH) accumulation in sediment may cause potential influence on the 

ecosystem and human health through food chains or direct exposure. This research studied the effect of 

parameter such as surfactant concentration, washing time, and solid to liquid ratio and established the 

optimal condition. The effect of surfactants on the removal of PAH through the washing process in batch 

experiments have been investigated. The surfactants, Triton X-100 (TX-100), at five different 

concentrations were used to determine the ability of PAH solubility in sediment. The highest solubility 

ability was found in TX-100 concentration of 0.19 mM. The washing process achieved the condition of 

equilibrium in 5 h, and the maximum of removal efficiency was 41%. A direct relationship was observed 

between PAH solubility and surfactant concentration when surfactant concentration is above the critical 

micelle concentration (CMC), indicating that surfactants can enhance desorption of PAHs from sediment. 

The study revealed that effective removal of PAH from sediments by the TX-100 washing process can be 

improved with increased the washing frequency. 
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