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AGENDA 

8:30 Registration 

9:00 Informal Pre-meeting and Poster Session (Gallery) 
Join us for coffee and meet the Berkeley Superfund Research Program students 
and post-doctoral scholars.  View posters showing recent results from their 
projects.  

10:00  Formal Program (Theater) 
§ Welcome and Introductions – Martyn Smith, Superfund Center Director; Stefano 

Bertozzi, Dean SPH; William Suk / Michelle Heacock, NIEHS; Catherine Koshland, 
Vice Chancellor, UC Berkeley. 

10:15 Overview: Historic and future perspectives 
§ 10:15 Martyn Smith (UCB): 30 years and counting 
§ 10:30 Craig Steinmaus (UCB): Arsenic  
§ 10:45 Lisa Alvarez-Cohen (UCB): Bioremediation  
§ 11:00 Break 
§ 11:15 June-Soo Park (DTSC/CalEPA): Persistent pollutants   
§ 11:30 Christopher Chang (UCB): Formaldehyde 
§ 11:45 Joy Carlson: Children’s Environmental Health 

12:00 Lunch 

1:00  James Hunt Memorial Lecture in Research Translation: Kent Udell (Univ. of Utah) 
   Introduction: Amy Kyle (UCB) 

1:30 Panel: Community Engagement in Research: the Case of the Human 
Right to Water 

 Moderator: Isha Ray (UCB) 
§ 1:35 Carolina Balazs (OEHHA): Research perspectives on achieving the human right 

to water.  
§ 1:50 Laurel Firestone (Community Water Center): What does achieving the human 

right to water look like in California? 
§ 2:05 David Sedlak (UCB): Engineering approaches for the human right to water in 

California.  
§ 2:20 Panel discussion 

    2:30  Break 

2:45 Panel: Interaction between socioeconomic factors and chemical 
exposures   
Moderator: Neeta Thakur (UCSF) 

§ 2:50 Rachel Morello-Frosch (UCB): Combined effects of environmental and social 
stress 

§ 3:05 Margaret Hicken (U Michigan): Social stress and vulnerability to environmental 
toxicants 

§ 3:20 Brenda Eskenazi (UCB): Interactions between multiple stressors in CHAMACOS 
§ 3:35 Panel Discussion  

3.45  Break 

4.00 Keynotes: Developmental effects of environmental chemicals: 
Zebrafish models  

§ 4:00 Robert Tanguay (Oregon State University): Tackling the 'mixtures problem' 
using zebrafish 

§ 4:30 Tamara Tal (US EPA): Microbiota modifies chemical toxicity 

4:50 Trainee Poster Flash Talks  – Moderator: Luoping Zhang (UCB) 

5:15  Awards and Meeting wrap-up  – Martyn Smith  
Reception with Posters to follow at 5:30 
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30 YEARS AND COUNTING:  
History of the UC Berkeley Superfund Research Center 

 
 

Martyn T. Smith, Director 
 
 

 
Beginnings 
 
In 1986, the NIEHS Hazardous Substances Basic Research and Training Program  [the Superfund Basic 
Research Program (SBRP)] was created under the Superfund Amendments and Reauthorization Act 
(SARA).  Congress, under SARA, authorized the National Institute of Environmental Health Sciences 
(NIEHS) to develop a university-based program of basic research and training grants to address the 
wide array of scientific uncertainties facing the national Superfund Program. Our program at UC 
Berkeley along with investigators at UCSF was one of the first 4 Centers to be funded by NIEHS under 
the SBRP in 1987. The Berkeley Center is the only Center to be continuously funded since 1987.  
 
In the early days of the Center, Eastmond, Irons and Smith (1987) reported that benzene’s phenolic 
metabolites caused synergistic bone marrow toxicity, leading to a mechanistic hypothesis for benzene’s 
carcinogenicity that has stood the test of time.  Stephen Rappaport developed a method of measuring 
protein adducts from styrene oxide and other electrophilic metabolites and later invented adductomics 
and exposomics, measuring a wide array of chemicals bound to blood proteins. John Wiencke at UCSF 
found a strong correlation between genetic enzymatic deficiencies and induction of sister chromatid 
exchange. Also at UCSF, William Bodell used 32P-postlabeling to identify DNA adducts and, with Al 
Burlingame, identified adducts formed from exposure to styrene and benzoquinone, a toxic metabolite 
of benzene. In modeling and pharmacokinetic research, Robert Spear developed a physiologically-
based pharmacokinetic model of benzene metabolism and Thomas Tozer at UCSF developed a 
pharmacokinetic model for perchloroethylene. 
 
Engineering projects were added to the Program in 1988 to create a multi-disciplinary Center. Shortly 
after, James Hunt and Kent Udell demonstrated that steam injection effectively removed polluting 
solvents from soils at hazardous waste sites. Joan Daisey of LBNL was successful in modeling the 
migration of pollutants from soil gas carrying pollutants into homes. This was the first demonstration of 
so-called ‘vapor intrusion’ of chemicals into homes near Superfund sites. John Harte and Susan 
Anderson developed a battery of genotoxicity tests using three aquatic species.  Catherine Koshland 
and Robert Sawyer identified toxic byproduct production in combustion and waste incineration, 
showing that at sub-optimal temperatures relatively innocuous compounds such as ethyl chloride could 
be converted into highly hazardous chemicals, such as vinyl chloride. 
 
Post 1992 leads to the addition of epidemiology and steam injection comes to real-
world fruition 
 
In the 1992 renewal, we added epidemiology to the Center’s portfolio. Allan Smith’s studies in Nevada 
and Chile uncovered a high incidence in bladder cancers from arsenic exposure. His paper on arsenic 
cancer risk cited over a 1000 times. Using a novel micronucleus assay developed by Nina Holland, we 
were the first to demonstrate that concentrations of arsenic in drinking water at the US standard of 50 
ppb produced increased levels of genetic damage in bladder epithelial cells of humans who drank the 
water. Using accelerator mass spectrometry Ken Turteltaub of LLNL detected DNA adduct formation in 
bone marrow and liver following exposure to very low doses of benzene and trichloroethylene.  During 
this period Lisa Alvarez-Cohen joined the Center studying trichloroethylene biodegradation and Kent 
Udell completed a full-scale demonstration of steam injection for contaminant removal at a hazardous 
waste site. This technology eventually led to the first ever complete clean-up of a Superfund site in 
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Visalia, CA.  Simultaneously, Catherine Koshland developed an in situ real time technique for detecting 
and monitoring chemicals in waste incinerators. 
 
1995 sees the field of Childrens’ Environmental Health blossom 
 
In the 1995 renewal, two new epidemiological studies were added.  Patricia Buffler, was funded to 
conduct her first study of childhood leukemia by the SRP, which eventually led to the Center for 
Integrative Research on Childhood Leukemia and the Environment (CIRCLE) for the study of causes of 
leukemia in children, now led by Catherine Metayer. The second epidemiological study targeted 
reproductive health and was led by Brenda Eskenazi and Andrew Wyrobek of LLNL. The 1995 
reauthorization also brought the addition of an Outreach Core called the Children’s Environmental 
Health Network (CEHN). Headed by Joy Carlson, CEHN promoted awareness and trained health 
professionals to recognize and treat environmental health problems in children. It has had a major 
impact on promoting the Childrens’ environmental health at the national level and led to the funding of 
Childrens’ Environmental Health Centers by NIEHS and the EPA. There are 3 of these Centers at 
Berkeley: CERCH, a Center of Excellence in Children’s Environmental Health led by Brenda Eskenazi that 
funds the Center for the Health Assessment of Mothers and Children of Salinas (CHAMACOS) study, 
CIRCLE and CHAPS, the Children’s Health and Air Pollution Study, led by Katharine Hammond and John 
Balmes. A study of the effects of air pollution and stress in children living in Richmond has also recently 
been funded by the Koret Foundation and involves SRP researchers Martyn Smith and Rachel Morello-
Frosch with Katherine Hammond, John Balmes and Neeta Thakur of UCSF. 
 
2000 Onwards 
 
After the 2000 renewal of the Center, our research on benzene bears more fruit. In a publication in 
Science in 2004, Smith, Rappaport and Zhang working with NCI and Chinese investigators showed that 
benzene was hematotoxic at low levels of occupational exposure as a result of stem and progenitor cell 
injury and that certain people were genetically susceptible to its effects. Subsequently, Rappaport et al 
found a supra-linear (greater-than-proportional) production of toxic metabolites and benzene-related 
protein adducts at air concentrations below 1 ppm allowing us to conclude that true leukemia risks from 
benzene could be substantially greater than currently thought at ambient levels of exposure. This 
motivated the US EPA to take action to reduce cancer risks from mobile sources (Control of Hazardous 
Air Pollutants From Mobile Sources), by lowering the benzene content of gasoline to 0.62% in 2011, 
extensively citing our research in justifying their decision. 
 
On the engineering side, Lisa Alvarez-Cohen and her research team made the first successful attempt to 
use stable isotopes to demonstrate the complete in situ biodegradation of chlorinated solvents by 
enhanced bioremediation. Isotope measurements allowed the tracking and control of the potential 
generation of harmful biological intermediates. This success resulted in a cost savings of approximately 
$15 million for the cleanup of a field site. 
 
Also in this period, Joe Wiemels (now at UCSF), Cliona McHale working with Buffler, Wiencke, Zhang 
and Smith show that most childhood leukemias begin before birth and are associated with parental 
chemical exposures. This work continues in CIRCLE. 
 
Renewed again in 2005 
 
Successes in this period include Allan Smith being the first to identify an association between early life 
arsenic exposure and adult mortality and he begins the Arsenic Health Effects Research Program. 
 
For his Ph.D. Marty Mulvihill works with Peidong Yang to development a patented method for arsenic 
detection using nanotechnology and becomes Associate Director of the Berkeley Center for Green 
Chemistry (https://bcgc.berkeley.edu/) 
  
In engineering science, Alvarez-Cohen and her research team develop a rapid test to determine the 
effectiveness of bioremediation enzymes.    
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Sponsorship of the Flame Retardant Dilemna 
 
Beginning in 2007, our UC Berkeley Superfund Center sponsored a series of on-campus meetings called 
the ‘Flame Retardant Dilemna’. These meetings promoted the issue of excessive flame retardant use, 
which was being questioned by Arlene Blum and others. Arlene founds the Green Science Policy 
Institute and continues these meetings, having teamed up with long time SRP researcher Donald Lucas. 
The 2018 meeting is on February 9, 2018 in 150 University Hall on the Berkeley campus.  
 
2010 Onwards 
 
In arsenic research, Allan Smith and Craig Steinmaus provide the first human evidence of a major 
synergy between obesity and a common chemical contaminant at increasing cancer risk. These 
investigators have shown that arsenic in drinking water poses higher risks of fatal disease than any 
other environmental chemical exposure. Xuefeng Ren in Smith/Zhang lab discovered that a protein 
called N6AMT1 (N-6 adenine-specific DNA methyltransferase 1) can metabolize arsenic compounds and 
lower their toxicity. 
 
David Sedlak’s team made great progress in water treatment as they develop a compact and 
inexpensive water treatment system that has the potential to be employed for wellhead treatment or 
point-of-use treatment in situations where water is contaminated with organic chemicals.  The system 
has numerous advantages over existing approaches because it can be operated without the need to 
replenish reagents or replace materials (e.g., as is the case with activated carbon). 
 
SRP trainees Jay James and Jeffrey Crosby under, the guidance of Catherine Koshland and Donald 
Lucas, demonstrated the utility of gold nanoparticles as the basis of a patented stand-alone, 
inexpensive, and sensitive mercury sensor for environmental monitoring. This technology won first 
place in the energy and cleantech category at the 2014 UC Berkeley Startup Competition April 24. This 
led to James and Crosby founding the company Picoyune to provide accurate and reliable mercury 
monitoring for industrial and environmental applications. This provides an excellent example of how 
research in a SRP Center can lead to patented technologies and small business innovation. 
 
Christopher Vulpe, Luoping Zhang and coworkers use yeast, haploid human cells and now CRISPR-
based screens to study genetic susceptibility to environmental chemicals. Zhang and Vulpe spoke 
recently (January 10, 2018) and an NAS meeting on using CRISPR to advance risk assessment and 
environmental health research.  
 
In 2010, Stephen Rappaport and Martyn Smith develop the idea of measuring the exposome by 
analyzing snapshots of the internal chemical environment. Rappaport organized two National Academy 
meetings on this topic in 2010 and 2011 and Smith spoke at the European Union in Brussels in 2011 
leading to EU funding of exposomics projects. Rappaport and Smith published a paper in Science in 
2010, which concluded that the exposome could best be measured by monitoring the internal chemical 
environment of the human body during critical windows of exposure.  
 
The potential for using the exposome concept to study cumulative impacts and mixtures arose out of a 
“Seeing the Whole Picture” meeting that Amy Kyle of our Research Translation Core organized in 2013. 
This forms the basis of the current proposal and the concept of the exposome continues to gain 
traction. Amy also produced the “Science for a Safer World” and the multiple investigator and trainee 
videos that are now featured prominently on our website (http://superfund.berkeley.edu). 
 
Current Program renewed in 2017 for 5 years 
 
The overall theme of the current UC Berkeley Superfund Research Center is the ‘Exposome’ and our 
overall goal will be to begin to move forward the field of exposomics to address the issue of cumulative 
risk and other issues facing the SRP’s main stakeholders. The EPA defines cumulative risk as, “Combined 
risks from aggregate exposures to multiple agents or stressors, where agents or stressors may include 
chemical and nonchemical stressors”. This is essentially the exposome paradigm where all non-genetic 
environmental stressors are considered as environmental exposures. Therefore, cumulative risk 
assessment, where the impact of all stressors on a population is assessed, could be operationalized by 
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exposomics. Communities living near hazardous waste sites typically face cumulative risks from a 
variety of environmental and social factors. We propose a step-wise approach to applying exposomics 
to the complex problems found at Superfund sites. 
  
The EPA, Agency for Toxic Substances and Disease Registry (ATSDR) and other agencies face a series 
of complex problems in remediating and assessing risks posed at Superfund and other hazardous waste 
sites.  These complex problems include: 

1) The Problem of Cumulative Risks in Vulnerable Populations: Chemical exposures do not occur in 
isolation and commonly occur in combination and in conjunction with other interacting risk 
factors, such as smoking, obesity, low socioeconomic status and chronic psychosocial stress; 

2) The Problem of Assessing Risks from Past Exposures, Especially Early-life Exposures: Exposures 
have a temporal component and our research has shown that early-life exposures may have 
important long-term impacts – the exposome covers all life stages and may help in assessing risk 
from critical windows of exposure that may be in the distant past;  

3) The Problem of Mixtures: Hazardous waste sites typically contain multiple chemical 
contaminants and both remediation and health impact assessment must account for interactions 
between mixtures of chemicals;  

4) The Problem of Complexity: Chemical exposures operate through multiple unique and 
overlapping mechanisms/pathways that need to be clarified and accounted for. Metabolism 
within the body or transformation during the remediation process also results in toxic 
intermediates being formed that complicate risk assessment and effective remediation. 

Our proposed research, translation and community engagement efforts aim to apply the exposome 
paradigm to provide information and tools that will help solve these four complex problems associated 
with assessing cumulative risk from multiple environmental stressors, past exposures and chemical 
mixtures (Figure 1).  
 
We have also added, for the first time a Community Engagement Core (CEC) led by Rachel Morello-
Frosch that will focus especially on access to clean drinking water in California and elsewhere. 
 
Figure 1.  How the 6 proposed projects and the Community Engagement Core (CEC) aim to address 
the four identified problems using an exposomics approach (*Project number) 
 
 

 
 
Throughout many years of the Center, Alan Hubbard has led a biostatistics team that has provided 
invaluable service to Center researchers and has been highly innovative in their statistical approaches. 
Dr. Hubbard’s team developed data-adaptive methods for incorporating cutting-edge machine learning 
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methods (e.g. SuperLearner) to determine which data processing streams generate a better signal to 
noise ratio.  Their findings suggest 1) big differences in the relative merits of the possible processing 
choices and the ultimate quality of the data, and 2) that such machine-learning based methods can be 
practically applied to complex omic data from the projects. 
 
Recent Trainees 
 
These include Xuefeng Ren who was recently awarded tenure at the University at Buffalo - SUNY and 
Fenna Sille and Carsten Prasse, former postdocs in the Center, were recently appointed as Assistant 
Professors at the Johns Hopkins University. 
 
Recent Successes in 2018 
 
1. New ways to assess health risks from multiple environmental stressors 
In an ongoing collaboration with monthly meetings, SRP investigators (McHale, Smith, Zhang, and 
Morello-Frosch) along with risk assessment practitioners at the California EPA and California Office of 
Environmental Health Hazard Assessment (OEHHA) developed a new concept to explain the effects of 
interactive and cumulative factors in disease risk. Going beyond a gene-by-environment (G×E) 

approach, our concept - called I×E (intrinsic by extrinsic) - incorporates the multi-factorial and dynamic 

nature of health and disease by integrating results from genomics, G×E, developmental origins of health 

and disease, and the exposome. We describe how I×E can be applied to research and risk assessment in 
our recently published paper https://www.sciencedirect.com/science/article/pii/S1383574217300698 
[McHale et al., Assessing health risks from multiple environmental stressors: Moving from G×E to I×E. 
Mutation Research-Reviews in Mutation Research (2018) 775:11-20. NIHMS:929073, 
doi.org/10.1016/j.mrrev.2017.11.003.] 
 
2) TCE contamination poses an endocrine-disrupting threat  
In a paper just published in Environmental Science and Technology researchers in Project 2 report that 
trichloroethylene, TCE, the most common pollutant found at Superfund sites, and some of its 
metabolites may act as endocrine disruptors http://pubs.acs.org/doi/10.1021/acs.est.7b04832. TCE has 
been reported to cause several toxic effects, but little effort has been made to assess the 
endocrinological risks of TCE or its major metabolites: trichloroethanol (TCOH), trichloroacetic acid, and 
oxalic acid (OA). SRP graduate student trainees Phum Tachachartvanich and Sylvia Sanchez examined 
alterations in the steroidogenesis pathway using the NCI-H295R cell line and utilized receptor-mediated 
luciferase reporter cell lines to identify effects of TCE and its metabolites on estrogen and androgen 
receptors. Molecular docking was also used to explore chemical interactions with these receptors. All 
test chemicals except OA significantly increased 17β-estradiol production which was attributed to an 

up-regulation of 17β-hydroxysteroid dehydrogenase in the exposed cells. Moreover, TCOH exhibited 

significant anti-estrogenic activity with a RIC20 (20% relative inhibitory concentration) of 3.7 × 10-7 M. 
Molecular docking simulation supported this finding with lower docking scores for TCOH, indicating 
that hydrogen bonds may stabilize the interaction between TCOH and the estrogen receptor binding 
pocket. These findings suggest that TCE contamination poses an endocrine-disrupting threat, which has 
implications for both ecological and human health.  
 
3) An electrochemical treatment system to remove toxic metals from drinking water  
As part of Project 5’s effort to develop an electrochemical treatment system, Sedlak’s team investigated 
the ability of the system to convert dissolved metals into forms that could be settled or filtered prior to 
drinking water consumption. In their paper just published in Environmental Science and Technology 
(Barazesh J.M., Prasse C., Wenk J., Berg S., Remucal C.K. and Sedlak D.L. (2018) Trace Element Removal 
in Distributed Drinking Water Treatment Systems by Cathodic H2O2 Production and UV Photolysis.  
Environ. Sci. Technol. 52,195–204), they report that both ultraviolet light and exposure to hydrogen 
peroxide rendered natural organic matter present in groundwater unable to form dissolved iron 
complexes.  The electrochemical treatment system produced iron-containing precipitates that were 
large enough to undergo gravitational settling.  When treatment was employed in contaminated 
groundwater, dissolved arsenic, lead and copper were adsorbed or co-precipitated with the iron oxides, 
thereby allowing the electrochemical treatment system to remove toxic metals from drinking water. 
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This opens up new avenues for point-of-use and water treatment system removal of hazardous metals 
in our drinking water. 
 
4) Application of the Key Characteristics in Hazard Identification and Risk Assessment 
Together with the International Agency for Research on Cancer (IARC) we have promoted the Key 
Characteristics approach to incorporating mechanistic data into hazard identification and risk 
assessment. We presented jointly at a Colloquium on Systematic Review and Meta Analysis at NIEHS, 
Research Triangle Park, NC, on August 24, 2017 with the title: Applying the Key Characteristics 
Paradigm in Cancer Hazard Identification.  We have also promoted to concept in Japan, jointly 
presenting at the Japanese National Institute of Environmental Sciences and the University of Tokyo. 
This was well received by Japanese officials and researchers. We have reported our experience in using 
the Key Characteristics approach in the IARC Monographs Programme and discussed its successful 
application and opportunities for expansion and improvement in an article that will shortly be published 
in Carcinogenesis with Martyn Smith as senior author (Guyton KZ, Rusyn I, Chiu WA, Corpet DE, van den 
Berg M, Ross MK, Christiani DC, Beland FA and Smith MT (2018). Application of the Key Characteristics 
of Carcinogens in Cancer Hazard Identification. Carcinogenesis, in press). At the urging of the National 
Academy of Sciences report on 21st Century Risk Assessment, we have organized a 2 day meeting with 
IARC and CalEPA to be held at Berkeley in March 2018 on applying the Key Characteristics approach to 
endocrine disruptors and reproductive toxicants. The application of the Key Characteristics approach 
arising out of the Smith et al (2016) paper in Env. Health Persp. (Jun;124(6): 713-721. PMCID: 
PMC4892922) is therefore having a major impact on the risk assessment field. 
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SPEAKER BIOGRAPHIES AND ABSTRACTS 
(In Alphabetical Order) 

  
LISA ALVAREZ-COHEN 

Fred and Claire Sauer Professor, Department of Civil and Environmental Engineering,  
UC Berkeley  
Faculty Scientist, Ecology Dept., Earth Sciences Division, Lawrence Berkeley National Laboratory, 
Berkeley, CA 

Biography 
Lisa Alvarez-Cohen received her Bachelors Degree in Engineering and Applied Science from 
Harvard University and her M.S. and Ph.D. in Environmental Engineering and Science from Stanford 
University. Her research areas include biotransformation and fate of environmental water 
contaminants, environmental microbiology and ecology, bioremediation, biological wastewater 
nutrient removal, and application of molecular and isotopic techniques for studying environmental 
microbial communities.  She teaches both undergraduate and graduate courses in environmental 
microbiology, environmental engineering, and biological process engineering, and has co-authored 
the textbook Environmental Engineering Science.  She is a fellow of the American Academy of 
Microbiology and a member of the National Academy of Engineering.  She has won a number of 
awards including the China 1,000 Talents National Award, the ASCE Simon W. Freese Environmental 
Engineering Award, the W. M. Keck Foundation Award for Engineering Teaching Excellence, and the 
National Science Foundation Young Investigator Award. 

Talk Title 
Material Exchanges that Enable And Support Sustainable Anaerobic Bioremediation In Microbial 
Communities   

Abstract 
Many interesting and important water quality applications depend upon anaerobic microbial 
communities carrying out multi-level biotransformations.  There is much to be accomplished by 
understanding the complicated trophic interactions within the anaerobic microbial communities 
enriched for specific environmental applications. This talk will focus on taking a systems-based 
approach with levels of increasing community complexity integrated with the application of omics-
based molecular tools to understand the material exchanges that occur within microbial 
communities involved in anaerobic bioremediation.  

 
 
CAROLINA BALAZS 

Research Scientist, Office of Environmental Health Hazard Assessment (OEHHA), California  
Environmental Protection Agency’s (EPA) 

Biography 
Dr. Carolina Balazs’ research focuses on exposure to drinking water contaminants and the 
environmental justice implications of this work. She has worked for over a decade with non-profit 
organizations, academics and state agencies conducting community engaged water equity 
research.  She is the lead on OEHHA’s human right to water work and co-leads the SRP’s Water 
Equity Science Shop.  She holds a PhD and Masters from UC Berkeley focused on water resources 
management and environmental health, and a BS in Environmental Science from Brown University. 

Talk Title 
Research Perspectives on Achieving the Human Right to Water 

Abstract 
What does it mean to achieve the human right to water in a state like California, where the vast 
majority of Californians have access to ‘safe’ water quality, yet hundreds of communities face daily 
challenges with unsafe and unaffordable water? This talk will explore research findings connected to 
the three main prongs of the human right to water—water quality, water accessibility and water 
affordability, and the implications for California’s most vulnerable communities.  The talk will provide 
both an overview of general research findings as well as the relationship of environmental injustice 
and social disparities in relation to achieving the human right to water.  
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JOY E. CARLSON 

Principal, J. Carlson Consulting, Oakland, CA 
Biography 

Joy Carlson has spent over four decades in the field of public and environmental health, with a focus 
for 25 years on children’s environmental health. As the co-founder and founding executive director 
of the national organization the Children’s Environmental Health Network, she and the Network 
played leading roles in the early development of the field of children’s environmental health. 
Currently she is Principal at J. Carlson Consulting, a strategic planning and organizational 
development firm.   

Talk Title 
Children’s Environmental Health: Past, Present, and Future 

Abstract 
When and why did the field of children’s environmental health emerge? What propelled it forward?  
What are key issues in the field today?  In the coming decades? A brief overview will be presented 
illustrating the arc of the children’s environmental health movement in the US including:  paradigm 
shifts in how exposures are viewed for the developing human, unique interdisciplinary 
collaborations, and how science can inform public policy.   The extraordinary multi-disciplinary 
nature of the field holds the potential for collaborations and engagement between many sectors not 
normally known to work together (scientists, community members, health care providers, 
policymakers, farmers and other food producers, architects and builders, etc.) that can lead to 
creative solutions for the very serious environmental issues we are facing today.    

 
 
CHRISTOPHER J. CHANG 

Class of 1942 Chair Professor, Departments of Chemistry and Molecular and Cell Biology;  
Investigator, Howard Hughes Medical Institute; Vice Chair, Chemical Biology, UC Berkeley 
Faculty Scientist, Chemical Sciences Division, Lawrence Berkeley National Laboratory, Berkeley, CA 
Member, Helen Wills Neuroscience Institute, University of California San Francisco, CA 

Biography 
Christopher Chang is the Class of 1942 Chair Professor of Chemistry and Molecular and Cell Biology 
and Howard Hughes Medical Institute (HHMI) Investigator. His lab works at the interface of 
chemistry and biology, developing and applying new molecular imaging probes and catalysts for a 
broad range of applications. He is Senior Editor at ACS Central Science.  

Talk Title 
Monitoring Formaldehyde with Activity-Based Sensing 

Abstract 
Traditional methods for monitoring formaldehyde and other Superfund chemicals with high 
specificity typically rely on developing selective recognition elements that fit together like a lock 
and key. We are advancing an alternative approach to sensor design, termed activity-based sensing 
(ABS), in which we exploit differences in molecular reactivity as a foundation for distinguishing 
between chemicals that are similar in shape and size within complex biological and field samples. 
This presentation will focus on ABS approaches to develop new fluorescent probes for 
formaldehyde. 

 
 
BRENDA ESKENAZI 

Brian and Jennifer Maxwell Professor of Maternal and Child Health and Epidemiology; Director, 
Center for Environmental Research and Children’s Health (CERCH), UC Berkeley 

Biography 
Dr. Eskenazi is a neuropsychologist and epidemiologist whose longstanding research interest has 
been the effects of toxicants on human reproduction (both male and female) and child 
development. She is currently the principal investigator of an NIH/EPA Center for Excellence in 
Children’s Environmental Health Research and its keystone CHAMACOS Study, which investigates 
the exposure pathways and health effects of pesticide and other exposures in farmworkers and their 
children residing in the Salinas Valley in California and which develops interventions to prevent 
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future exposure; the Seveso Women’s Health Study, which looks at the health of women (and their 
children)  
who were exposed to high levels of dioxin as a result of an explosion in 1976; and the VHEMBE 
Study of the health effects of pyrethroids and DDT on children living in areas of South Africa 
sprayed for malaria control. Dr. Eskenazi has recently been awarded the John R Goldsmith award for 
lifetime achievement in environmental epidemiology. She currently sits on the National Institute of 
Environmental Health Sciences Council. 

Talk Title 
Interactions Between Multiple Stressors in CHAMACOS 

Abstract – Not available at printing 

 
 
LAUREL FIRESTONE 

Co-Director, Co-Founder and Attorney-at-Law, Community Water Center, Visalia, CA 
Biography 

Laurel Firestone is a Community partner on the Water Equity Science Shop (WESS) in conjunction 
with UCB-SRP’s Community Engagement Core. In January 2016, she was listed as one of nine most 
influential people in California water policy by Environment & Energy Publishing. Laurel has received 
a variety of awards and recognitions, including the Gary Bellow Public Service Award by the 
Harvard Law School in 2013, and is regularly asked to testify and speak on a variety of water equity 
topics. She served on the Tulare County Water Commission from 2007-12, and Co-Chaired the 

Governor’s Drinking Water Stakeholder Group from 2012-14. She continues to serve on a variety of 
state policy advisory committees, as well as partner with universities to develop research and 
clinical programs to ensure the human right to water. In 2009, Laurel authored the comprehensive 
Guide to Community Drinking Water Advocacy and continues to author both scholarly and practical 
publications related to equitable, transparent and effective water policy topics. Laurel graduated 
with honors from Harvard Law School and holds a B.A. magna cum laude in Environmental Studies 
from Brown University. 

Talk Title 
Advocacy Perspectives on Achieving California’s Human Right to Water 

Abstract 
California has a thriving water justice movement that has been at the forefront of highlighting issues 
of inadequate water quality, access and affordability and the impact on marginalized communities 
for over one decade. This talk will give an overview of key issues water justice advocates have 
worked on, reflect on the role of AB 685 (California’s Human Right to Water legislation), and outline 
a path for what’s needed to achieve the human right to water in California.   

 
 
MARGARET T. HICKEN 

Faculty Associate, Population Studies Center; Research Investigator, STARH Program, Institute for 
Healthcare Policy and Innovation; Research Assistant Professor, Survey Research Center, Institute 
for Social Research; Research Investigator, Internal Medicine, Medical School; University of Michigan, 
Ann Arbor, MI 

Biography 
Margaret Hicken’s research aims to clarify the social causes and biological mechanisms linking racial 
group membership to health inequalities. One research program she maintains is at the intersection 
of sociology and environmental toxicology, examining the notion that the racial inequalities in social 
exposures, including social stressors, leaves Black Americans more vulnerable to environmental 
hazards compared to their White counterparts. As she continues to develop this area of research, 
examining both lead and air pollution as the hazardous exposures, she also examines  the ways in 
which the stress that may contribute to vulnerability are conceptualized and measured. She has 
found complexity in the link between social disadvantage and psychosocial stress and vulnerability 
to toxicants and hypothesized that this may have to do with challenges with our notions of 
disadvantage and stress. She is currently integrating measures of the social and environmental 
context throughout the life course to examine their interactive roles in the racially divergent 
patterns of DNA methylation and chronic disease.  
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Talk Title 
Social Stress and Vulnerability to Environmental Toxicants 

Abstract 
That there are Black-White inequalities in health in the US has been widely documented. In largely 
separate literatures, environmental and social epidemiologists have also documented the role of 
inequalities in environmental toxicants and social stressors, respectively, in these health inequalities. 
However, toxicant and social exposures are often spatially-correlated and may operate through 
common biological mechanisms. Thus, it may be that these exposures operate together to produce 
and maintain racial health inequalities. Indeed, it may be that social stressors increase vulnerability 
to the health impact of environmental toxicants so that even at relatively lower levels of toxicant 
exposure, the greater social stress experienced by Black compared to White Americans results in a 
stronger toxicant-health association. Evidence from this nascent literature will be discussing which 
suggests that Black adults do, in fact, exhibit a stronger relation between environmental toxicants 
(e.g., lead, air pollution) and cardiovascular health compared to White adults. Furthermore, evidence 
suggests that social stressors may play an important role in this stronger association. The challenges 
of this research on the synergistic associations between toxicant and social exposures and health 
inequalities will be discussed, as well as the implications of this area of research regarding the siloed 
nature of environmental, social, and health policies. 

 
 
RACHEL MORELLO-FROSCH  

Professor, Department of Environmental Science, Policy and Management (ESPM); Professor, School 
of Public Health; Chair, Society and Environment Division, Dept of ESPM, UC Berkeley 

Biography 
Rachel Morello-Frosch’s research examines race and class determinants of environmental health 
disparities among diverse communities in the US with a focus  on social inequality, chronic psycho-
social stress and how these factors interact with environmental chemical exposures to produce 
health inequalities.  

Talk Title 
Combined Effects of Environmental and Social Stress 

Abstract 
Adverse effects of prenatal stress or environmental chemical exposures on fetal growth are well 
described, yet their combined effect remains unclear. We conducted a systematic review on the 
combined impact and interaction of prenatal exposure to stress and chemicals on developmental 
outcomes.  Using the Navigation Guide protocol, we identified relevant animal and human studies 
and extracted data on developmental outcomes. For the most common outcome (fetal growth), we 
evaluated risk of bias, calculated effect sizes for main effects of individual and combined exposures, 
and performed a random effects meta-analysis of those studies reporting on odds of low 
birthweight (LBW) by smoking and socioeconomic status (SES).  We found stronger effects for 
chemicals than stress, and these exposures were associated with reduced fetal growth in the low-
stress group and the association was often greater in high stress groups, with some evidence of 
effect modification.  Implications of this review for future research approaches and policy strategies 
to improve community health will be discussed. 

 
 
JUNE-SOO PARK 

Chief of Biomonitoring and Environmental Chemistry Branch of Environmental Chemistry 
Laboratory, California Department of Toxic Substances Control, CalEPA, Berkeley, CA 

Biography 
June-Soo Park oversees studies assessing legacy persistent chemicals and emerging contaminants 
in humans, animals, products, and various environmental media. He has ~60 research publications in 
peer review journals. Dr. Park’s research areas of interest are: Environmental Release/Exposure 
Assessment Using Innovative Analytical Methods; Biomonitoring California; Environmental  
contaminants in relation to health outcomes; and, Time trend of environmental contaminant levels in 
California population and wildlife. 

Talk Title 
Poly- and Perfluoroalkyl Substances (PFASs) in California: Methodologies/Status/Trends 
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Abstract 
Perfluoroalkyl and polyfluoroalkyl substances (PFASs), a class of more than 3000 synthetic 
fluorinated chemicals, have been widely used in industrial processes and consumer products since 
the 1950s because of their useful properties as surfactant and friction reliever.  PFASs are present in 
many consumer products (e.g., pizza boxes, clothing, sporting equipment, electronics, furnishings, 
and firefighting foams), as well as in nearly entire U.S. population.  Similar to other persistent 
organic pollutants such as DDT, PCBs, and PBDEs, several PFASs are known to be persistent, 
bioaccumulative, and toxic (PBT), with varying degrees.  Thus, shortly after the beginning of the 21st 
Century, regulatory restrictions and voluntary phase-outs of many of these compounds were 
enacted, resulting in body burden levels of PFOS and PFOA declined.  However, there is evidence 
that body burden measures of certain PFASs, particularly some of the other long-chain compounds, 
may be increasing.  In addition, continuous exposure is still expected through the presence of 
replacement PFAS and potential precursors to toxic shorter chain PFAS, in products, diet and 
drinking water, and other environmental media including house dust.  In this presentation, therefore, 
I like to go over how DTSC has been proactive against the emerging issues regarding these 
chemicals from methodologies using target and non-target analytical approaches to bio-and 
environmental monitoring, as well as limitations and challenges. 

 
 
DAVID SEDLAK 

Plato Malozemoff Professor Civil and Environmental Engineering; Co-Director of Berkeley Water 
Center; Director of Institute for Environmental Science and Engineering (IESE), UC Berkeley 
Deputy Director, Engineering Research Center for Reinventing the Nation's Urban Water 
Infrastructure (ReNUWIt), National Science Foundation Funded Center  

Biography 
David Sedlak's research focuses on the fate of chemical contaminants, with the long-term goal of 
developing cost-effective, safe, and sustainable systems to manage water resources. He is 
particularly interested in the development of local sources of water. His research has addressed 
water reuse--the practice of using municipal wastewater effluent to sustain aquatic ecosystems and 
augment drinking water supplies--as well as the treatment and use of urban runoff to contaminated 
groundwater form contaminated industrial sites as water supplies. In recent years, his research on 
the fate of wastewater-derived contaminants has received considerable attention. He began this 
research in 1996 when he developed simple methods for measuring steroid hormones in wastewater. 
Since that time, he and his students have studied the fate of hormones, pharmaceuticals, toxic 
disinfection byproducts and other chemicals. His research team has also studied approaches for 
remediating contaminated soil and groundwater by in situ chemical oxidation (ISCO) and advanced 
oxidation processes. Currently, his research group focuses on topics including: The use of 
engineered treatment wetlands to remove chemical from effluent-impacted waters; The fate, 
transport and transformation of perfluorinated chemicals; and Development of passive systems for 
treatment of chemicals in urban runoff. In addition to his laboratory and field research, Sedlak is 
interested in the developing new approaches for managing the urban water cycle. He pursues these 
efforts through research coordinated through the National Science Foundation's Engineering 
Research Center for Reinventing the Nation's Urban Water Insfrastructure (ReNUWIt) and 
the Berkeley Water Center. He also is the author of "Water 4.0", a book that examines the ways in 
which we can gain insight into current water issues by understanding the history of urban water 
systems. 

Talk Title 
Treatment Options for Small Water Systems 

Abstract 
Many Californians who are struggling with inadequate water quality, access and affordability live in 
small communities that do not have access to a centralized water supply.  In addition to the option 
of connecting these communities to a centralized water supply new technologies are emerging that 
could provide a means for these communities to obtain water from local sources that are currently 
inaccessible (e.g., point-of-use treatment of contaminated groundwater).  This talk will describe 
some of these developments and identify research and development needed to support the human 
right to water. 

 
 



UC Berkeley Superfund Research Program 2018 Update Meeting  |  Page 13 
 

	
	

MARTYN SMITH 
Professor of Toxicology, Division of Environmental Health Sciences; Kaiser Chair of Cancer  
Epidemiology, School of Public Health; UC Berkeley  

Biography 
Martyn Smith received his Ph.D. in Biochemistry from St. Bartholomew's Hospital in London and did 
Post-Doctoral training in toxicology at the Karolinska Institute in Stockholm. Dr. Smith has expertise 
in molecular epidemiology, toxicology, and genomics and his research is aimed at finding the causes 
of chronic diseases, including cancer and diabetes. He currently teaches Advanced Toxicology and 
Health Risk Assessment and mentors graduate students and postdoctoral scholars in the Molecular 
Toxicology, Epidemiology and Environmental Health programs. Since 1987, he has been the Director 
of the NIEHS-funded UC Berkeley Superfund Research Program. The goals of this program are to 
improve understanding of the relationship between exposure and disease; improve risk 
assessments; and, develop prevention and remediation strategies to improve and protect public 
health and the environment. Dr. Smith’s current research is in the emerging field of exposomics, but 
he is perhaps best known for his research on benzene and blood cancers. He also works with 
international collaborators on using mechanistic data in the identification of human carcinogens. Dr. 
Smith is a Fellow of the American Association for the Advancement of Science. He received the 
2010 Children’s Environmental Health Network Award, became an Elected Fellow of the Collegium 
Ramazzini in 2012, and received the Alexander Hollaender Award from the Environmental 
Mutagenesis and Genomics Society in 2014. 

Talk Title 
30 Years and Counting 

Abstract - Not available at printing 

 
 
CRAIG STEINMAUS 

Director, Arsenic Health Research Group, School of Public Health, UC Berkeley 
Public Health Medical Officer III (Epidemiology), OEHHA, CalEPA 

Biography 
Craig Steinmaus is a board-certified physician in Occupational and Environmental Medicine. His 
current research focus is epidemiologic investigations of the health effects of arsenic and other 
environmental contaminants and the factors associated increased susceptibility to these health 
effects. 

Talk Title 
Arsenic: Toxicity, Susceptibility, and Mechanisms 

Abstract 
Millions of people in the US are exposed to arsenic, and high arsenic exposures are associated with 
cancer, heart disease, adverse reproductive outcomes, and many other harmful effects. Arsenic is 
ranked number one on the 2017 ATSDR priority list of substances at Superfund hazardous waste 
sites. The Arsenic Health Effects Research Group (ASRG), with core funding from the UCB 
Superfund Research Program, has been doing epidemiologic research on arsenic for >20 years. 
ASRG studies were among the first outside of Taiwan to link ingested arsenic to lung and bladder, 
the major drivers of US policy on arsenic. They were also the first to link arsenic to bronchiectasis, 
acute myocardial infarction, chronic renal disease, tuberculosis, childhood liver cancer, and laryngeal 
cancer. ASRG  
studies were the first to show that cancer risks from arsenic continue for at least four decades after 
exposures are ended, and that people exposed in early childhood have very high risks of arsenic-
related disease. People vary greatly in their susceptibility to arsenic, and the ASRG has have made 
novel discoveries regarding susceptibility due to genetics, metabolism, diet, tobacco smoke, 
ethnicity, and obesity. Future goals involve research on the mechanisms by which arsenic causes 
disease and on common endocrine-related outcomes like diabetes, prostate and uterine cancer, and 
stress. Overall, our goal has been to develop research that can assist US EPA and other local and 
regional organizations in developing effective regulations, policies, and interventions that help 
reduce the toxic effects of arsenic.      
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TAMARA TAL 
Principal Investigator, ORD, NHEERL, Integrated Systems Toxicology Division, US EPA, RTP, NC  

Biography 
The Tal lab studies whether host-associated microbiota modifies the toxicity of environmental 
chemicals in zebrafish. Tamara received her doctorate degree in Toxicology from the University of 
North Carolina at Chapel Hill in 2008. She completed postdoctoral fellowships with Robert Tanguay 
at Oregon State University (2008-2011) and Stephanie Padilla at the U.S. EPA (2011-2015).  

Talk Title 
Microbiota Modifies Chemical Toxicity 

Abstract 
Microbiota consists of all the bacteria, viruses, and fungi external to the body. These microbes 
colonize host organisms at birth and the association continues throughout life. Microbes are 
necessary for development of host organs and systems, including the nervous system. Intestinal 
microbes can influence the developing nervous system directly via the vagal nerve and indirectly via 
the secretion of soluble factors that enter the host circulatory system, penetrate the blood brain 
barrier, and exert direct effects on brain development and function. This so-called microbiota-gut-
brain axis is increasingly suspected to be disrupted by exposure to environmental chemicals. This 
disruption may occur by two mechanisms. One, chemical exposures harbor the ability to disrupt 
microbial colonization. Two, microbial proteins may biotransform environmental chemicals to 
change chemical potency. We have developed and evaluated an experimental system comprised of 
colonized and microbe-free zebrafish to test the hypothesis that host-associated microbiota 
modifies the toxicity of environmental chemicals. We used locomotor activity in response to light 
stimuli as a functional readout of brain development in colonized and microbe-free zebrafish. We 
show that zebrafish that lack microbes are hyperactive relative to colonized controls and that 
exposure of colonized zebrafish to antibiotics also causes hyperactivity. To explore the effects of 
environmental chemicals in our system, colonized and microbe-free zebrafish were exposed to the 
antimicrobial agents triclosan or triclocarban or to bisphenol A or replacement chemicals bisphenol 
AF, bisphenol B, bisphenol F, or biphenol S. Microbe-dependent effects on locomotor activity, 
chemical metabolism, and microbiota community structure will be discussed. This abstract does not 
necessarily reflect EPA policy. 

 
 
ROBERT L. TANGUAY 

Distinguished Professor, Department of Environmental and Molecular Toxicology; Director, The 
Sinnhuber Aquatic Research Laboratory, The Oregon State University Superfund Center, and The 
Environmental Health Sciences Center; Director of the NIEHS-supported Superfund Training 
Program, Oregon State University, Corvallis, OR 

Biography 
Robert Tanguay received his BA in Biology from California State University-San Bernardino, his PhD 
in Biochemistry from the University of California-Riverside and postdoctoral training in 
Developmental Toxicology from the University of Wisconsin-Madison. He has pioneered the use of 
zebrafish as an Environmental Health Sciences model. A major research focus is the identification of 
chemicals and mixtures that produce adverse health outcomes to protect human health. 

Talk Title 
Tackling the 'Mixtures Problem' Using Zebrafish  

Abstract 
Human exposures always occur as mixtures, yet most toxicological investigations continue to 
evaluate the risk of one chemical at a time and increasingly evaluations are performed in simple 
biological systems. Polycyclic aromatic hydrocarbons (PAHs) are widespread environmental 
contaminants that occur in dynamic mixtures. Several PAHs are carcinogens, but there is increased 
human data indicating that PAH exposures produce other adverse health effects. For example, 
recent epidemiological data indicates strong associations between early life stage PAH exposures 
and increases in neurobehavioral deficits. It is not yet possible to predict developmental outcomes 
following PAH exposures forcing decision makers to assume that PAHs share common mechanisms 
of developmental action. We have taken systems approaches using the zebrafish model to begin to 
evaluate, classify and define the mechanisms of PAH toxicity. Our research platform uses high 
throughput screening where developmental morphological and behavioral endpoints are assessed 
following developmental exposures to PAHs and mixtures. A large set of PAHs including parent, 
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nitrated, oxygenated, hydroxylated, methylated, heterocyclic, and aminated structures produced 
complex biological response patterns. To begin linking PAH structure to underlying adverse 
outcome pathways, we have obtained genome-wide gene expression profiles using RNA-
sequencing. Distinct patterns of gene expression have emerged providing finer resolution to help 
classify PAHs. Finally, we have determined that a number of PAHs produce later life stage effects 
following short-term developmental exposures. This presentation will summarize our current 
understanding of PAH developmental toxicity and suggest that surrogate zebrafish data may 
provide the foundation for predicting the toxicity of mixtures of PAHs. 
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PANEL MODERATORS  

 
 
ISHA RAY 

Associate Professor, Energy and Resources Group; Co-Director of the Berkeley Water  Center, UC 
Berkeley  

Biography 
Dr. Ray has a BA in Philosophy, Politics and Economics from Oxford University, and a PhD in 
Applied Economics from the Food Research Institute at Stanford University. Her research interests 
are water and development; water, sanitation and gender; and technology and development. Her 
research projects focus on access to water and sanitation for the rural and urban poor, and on the 
role of technology in advancing sustainable development goals. She and her students have worked 
on access to, and affordability of, water in India, China, Turkey, Mexico, Tanzania and California’s 
Central Valley. She teaches courses on research methods in the social sciences, community-driven 
development, and water and development. Dr. Ray served on the Editorial Committee of the Annual 
Review of Environment and Resources from 2003 to 2013, serves as a reviewer for 14 peer-reviewed 
journals, has extensive experience in the international non-profit sector on development and 
freshwater issues, and is a regular adviser to United Nations Women. 

Panel Title 
Community Engagement in Research: the Case of the Human Right to Water 

 
 
NEETA THAKUR 

Assistant Professor, School of Medicine, University of California San Francisco, CA 
Biography 

Dr. Neeta Thakur is a pulmonary and critical care physician at UCSF who examines the role of social 
and environmental stressors on asthma susceptibility and morbidity in vulnerable populations. 
Better definitions of the mechanism of how social and environmental stressors impact asthma will 
allow for the development of targeted interventions and therapies to improve asthma-related 
outcomes in vulnerable populations. Dr. Thakur completed a dual degree program in public health 
and medicine at the University of Arizona focused on community health and program development 
and evaluation. She came to UCSF for residency in Internal Medicine and stayed to complete her 
Pulmonary and Critical Care Medicine fellowship. She is currently a member of the Asthma Origins 
Laboratory, under the mentorship of Dr. Esteban Burchard (pharm.ucsf.edu/burchard). The lab 
focuses on studying the interplay between individuals’ genes and their social and physical 
environments to determine the root causes of asthma health disparities. Dr. Thakur’s research 
focuses on: 1) Determining the social and environmental stressors that contribute to poor asthma 
outcomes and defining the mechanism by which they contribute to disease; 2) Identifying health 
inequalities in the management of patients with asthma; and 3) Designing and evaluating 
interventions aimed at reducing asthma exacerbations rates in under-represented populations. In 
2014, Dr. Thakur received an American Thoracic Society Foundation Recognition Award for 
Outstanding Early Career Investigators. 

Panel Title 
Interaction Between Socioeconomic Factors and Chemical Exposures   
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THE JAMES HUNT MEMORIAL LECTURE 
 
INTRODUCTION 

 
AMY KYLE  

Associate Adjunct Professor and Research Scientist, Environmental Health Sciences,  
UC Berkeley 

Biography 
Dr. Kyle holds appointments as a research scientist and lecturer in the Environmental Health 
Sciences Division of the School of Public Health at the University of California, Berkeley. Her work 
focuses on improving the use of scientific findings to develop sound policy for protection of the 
environment and public health. Current research projects include children's environmental health; 
assessment of cumulative impacts of environmental factors and vulnerabilities in communities; 
translation of research findings and expert knowledge for policy and stakeholder audiences; the role 
of biomonitoring in environmental public health surveillance and policy; systematic approaches to 
assessment and policy for environmental public health, including environmental public health 
tracking; analytic-deliberative approaches to technical and policy analyses.  Past work has focused 
on risk assessment, health risks from exposure to pesticides and ways to reduce them, comparative 
risk assessment, use of risk assessment in environmental policy in the US, international policy for 
hazardous waste remediation, and policy implications of different methods for assessing the health 
significance of hazardous waste sites.  She has worked with the Natural Resources Defense Council, 
the California Rural Legal Assistance Foundation, The Breast Cancer Fund, Clean Water Action, 
California Communities Against Toxics, California Department of Health Services, Public Health 
Foundation, California Office of Environmental Health Hazard Assessment, National Association of 
Attorneys General, Environmental Protection Agency, and American Fisheries Society.  Dr. Kyle 
served as UCB-SRP Research Translation Core Leader for more than 10 years and led many 
successful meetings with stakeholders and other interested parties. 

 
 
LECTURE 
 
KENT UDELL 

Professor, Department of Mechanical Engineering; Director of the Sustainable Energy Laboratory, 
University of Utah, Salt Lake City, UT 
Professor Emeritus, UC Berkeley 

Biography 
Dr. Kent Stewart Udell earned his BS degree in mechanical Engineering from Utah State University 
and his MS and PhD in Mechanical Engineering at the University of Utah. He joined the faculty of the 
Department of Mechanical Engineering at the University of California at Berkeley in 1980, where he 
taught for 25 years.  While at Berkeley, he was held appointments in both Mechanical Engineering, 
and Civil and Environmental Engineering. Together with James Hunt and others, he developed the 
Steam Enhanced Extraction (SEE) technique for remediation of volatile hydrocarbons from soil. This 
SBRP-funded research generated a new national and international industry, and provided a 
technical basis for U.S. Environmental Protection Agency (EPA) policy on source removal for soil 
and groundwater cleanup. He returned to the University of Utah in 2005 as the Mechanical 
Engineering Department Chair. His current research interests include Seasonal Underground 
Thermal Energy Storage, Geothermal Power Production, Thermal-Chemical Batteries and 
Sustainable Energy Systems. 

Talk Title 
James Hunt Memorial Lecture in Research Translation: Concepts, Colleagues and Collaborations:  
Translation from the Laboratory to Guaranteed Field Success. 

Abstract 
The cleanup of toxic liquids from the soils and groundwater found in contaminated Superfund Sites 
was once considered “impossible”.  Regardless, a collaboration between three engineering 
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professors (Hunt, Sitar and Udell) began in 1986 to find acceptable solutions. While that 
collaboration bore early  
fruits as data were collected and pilot field demonstrations were conducted, the effort reached a 
new level with funding from the NIEHS Superfund Program. Through that funding, the processes 
underpinning the field and laboratory successes of thermal remediation technologies were revealed, 
rendering routine application possible, and guaranteed success a reality.  In addition to the support 
of the fundamental science behind successful thermal treatment technology implementation, the 
Superfund Program also provided cross-disciplinary information exchange between engineering and 
public health sciences. In retrospect, that interaction was found to be crucial in bringing appropriate 
technology to environmental health issues within the engineering and environmental community. 
Examples include the introduction of Engineering Ethics into the engineering curriculum, and 
engineering support to health-based clean air advocacy organizations in Utah (Utah Moms for Clean 
Air and Utah Physicians for a Healthy Environment). Considering all the positive outcomes of that 
support, it is clear that the NIEHS program vision codified in funding 30 years ago was both 
innovative and enlightened.  
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POSTER ABSTRACTS 
(* Indicates SRP Trainee) 

 
UC Berkeley SRP 
 
1. Obesity and Increased Susceptibility to Arsenic-Related 

Type 2 Diabetes in Northern Chile  
 

Felicia Castriota1*, Johanna Acevedo2, Catterina Ferreccio2, Allan H. Smith3, Martyn T. Smith1, Jane Liaw3, 
Craig Steinmaus3,4. 
 

1 Environmental Health Sciences Division, School of Public Health, University of California, Berkeley, CA; 2 Pontificia 
Universidad Católica de Chile, Santiago, Chile, Advanced Center for Chronic Diseases, ACCDiS; 3 Arsenic Health 
Effects Research Program, School of Public Health, University of California, Berkeley, CA; 4 Office of Environmental 
Health Hazard Assessment, California Environmental Protection Agency, Oakland, CA 
 

The prevalence of type 2 diabetes (T2D) has nearly doubled since 1980. Elevated body mass index 
(BMI) is the leading risk factor for T2D, mediated by inflammation and oxidative stress. Arsenic shares 
similar pathogenic processes, and may contribute to both hyperglycemia and -cell dysfunction. We 
assessed a unique situation of individuals living in Northern Chile with comprehensive data on lifetime 
arsenic exposure to evaluate the relationship between arsenic and T2D, and investigate possible 
interactions between arsenic and BMI. We analyzed data collected from October 2007-December 2010 
from an arsenic-cancer case-control study. Information on self-reported BMI, smoking, diet, and other 
factors were obtained. Diabetes was defined by self-reported physician-diagnoses or use of 
hypoglycemic medication. A total of 300 diabetics and 985 controls were included. The adjusted odds 
ratio (OR) for T2D in subjects with past average arsenic water concentrations of 33.5-250 g/L and >250 
g/L compared to individuals with lower exposures (≤33.4 g/L) were 1.09 (95% CI: 0.78-1.52) and 1.55 
(95% CI: 1.10-2.17), respectively. Similar results were observed for categories of cumulative and highest 
single year exposure. Arsenic-associated T2D ORs were greater in subjects with increased BMIs. For 
example, the OR for average arsenic exposures >250 µg/L was 1.41 (95% CI: 0.77-2.56) in participants 
with BMIs <25 kg/m2 but 2.93 (95% CI: 1.37-6.26) in those with BMI ≥30 kg/m2 (synergy index = 3.51, 
95% CI: 1.24-9.89). These findings identify increased odds of T2D with arsenic exposure, which are 
significantly increased in individuals with excess BMI.  

Presenter information: Felicia Castriota, fcastriota@berkeley.edu 
Trainee (Yes/No):  Yes 
Title:  Graduate Student 
Project: 1, Exposomics and Arsenic Epidemiology 
Biomedical or Engineering:  Biomedical  
PI: Martyn Smith 

 
 
2. Estrogenic Activity is Associated with Race/Ethnicity and 

Indigenous American Ancestry Among San Francisco Bay 
Area Women 

 

Sylvia S Sanchez1*, Phum Tachachartvanich1, Frank Z. Stanczyk2, Scarlett Lin Gomez3,4, Esther M. John3,5, 
Martyn T. Smith1, Laura Fejerman6 

 

1 Division of Environmental Health Sciences, School of Public Health, University of California Berkeley, Berkeley CA 
94720; 2 Department of Obstetrics and Gynecology, Keck School of Medicine, University of Southern California, Los 
Angeles, CA 90033; 3 Cancer Prevention Institute of California, Fremont, CA; 4 Department of Epidemiology and 
Biostatistics, University of California San Francisco, CA 94143; 5 Population Sciences Program, Stanford Cancer 
Institute,  Stanford University, Stanford, CA; 6 Division of General Internal Medicine and Institute of Human Genetics, 
Department of Medicine, University of California San Francisco, San Francisco CA 94707 
 

Breast cancer incidence in the U.S. varies by race/ethnicity. In Hispanic/Latina women living in the U.S., 
breast cancer risk is higher among those with low Indigenous American (IA) and high European 
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ancestry and in U.S.-born compared to foreign-born women. Here, we evaluated associations between 
total estrogenic (E) activity, demographic factors and breast cancer risk in Non-Latina Black (NLB), 
Non-Latina White (NLW), and Latina women. We also examined the association between E activity and 
IA genetic ancestry in Latina women. Total E activity was measured with a bioassay in plasma samples 
of 503 women who served as controls in the San Francisco Bay Area Breast Cancer Study (SFBCS). In 
the univariate model that included all women with race/ethnicity as the independent predictor, Latinas 
had 13% lower E activity (p=0.239) and NLBs had 35% higher activity (p=0.04) compared to NLWs. In 
the multivariable model that included various demographic factors, Latinas continued to show lower E 
activity levels (26%, p=0.026), but the difference between NLBs and NLWs was no longer statistically 
significant (p=0.431). After adjusting for endogenous estrogens, Latinas continued to show 21% lower E 
activity compared to NLWs. A negative association was observed between E activity and IA ancestry 
among the Latina women, consistent with the previously reported inverse association between 
Indigenous American ancestry and breast cancer risk. These findings suggest that associations between 
race/ethnicity and genetic ancestry with breast cancer risk could be partly due to the mediating effect 
of endogenous estrogens as well as exogenous estrogen-like compounds. 

Presenter information: Sylvia Sanchez, ssanchez0618@berkeley.edu 
Trainee (Yes/No):  Yes 
Title:  Graduate Student 
Project: 2, Exposomics and Endocrine Disruption 
Biomedical or Engineering:  Biomedical  
PI: Martyn Smith 

 
 
3. Long-Term Effect of Early-Life Arsenic Exposure on 

Plasma Glucocorticoid Levels 
 

Rosemarie de la Rosa1*, Anthony Nardone2, Fenna Sillé3, Catherine Ferreccio4, Johanna Acevedo4, Allan 
H. Smith1, Craig Steinmaus1, Martyn T. Smith1  
 

1 Superfund Research Program, School of Public Health, University of California, Berkeley, CA; 2 Global Health 
Sciences Program, University of California San Francisco, San Francisco, CA; 3 Department of Environmental Health 
and Engineering, Bloomberg School of Public Health, Johns Hopkins University, Baltimore, MD; 4 School of Medicine, 
Pontificia Universidad Católica de Chile, Advanced Center for Chronic Diseases (ACCDiS), Santiago, Chile 
 

Inorganic arsenic (iAs) is a naturally occurring element that contaminates the groundwater in multiple 
countries worldwide. This is of public health concern because chronic arsenic ingestion is an established 
cause of lung, bladder, and skin cancer, and has also been associated with cardiovascular disease, 
hypertension, diabetes, and other conditions. Disruption of the endocrine system provides a possible 
mechanism linking iAs exposure to a vast array of disease processes. Glucocorticoids (GCs) are steroid 
hormones that affect multiple physiological systems. This study uses a unique exposure situation in 
Northern Chile to examine the impact of early-life arsenic exposure on plasma GC levels. Plasma 
samples and lifetime iAs exposure estimates were collected in 2013 from 100 subjects born during 1958-
1970 and currently living in Antofagasta, a city in northern Chile historically exposed to drinking water 
containing an average iAs concentration of 860 µg/L over this 13-year period. Differences in plasma GC 
levels between individuals with high (N=53) versus low (N=47) early-life iAs exposure were measured 
using a novel cell-based bioassay. We observed a flatter diurnal GC slope among males exposed in 
utero when compared to unexposed males (p-interaction= 0.06). These results demonstrate that early-
life iAs exposure may have long-term effects on GC homeostasis and highlights the potential endocrine 
disrupting effects of iAs in humans. Future studies should evaluate the role of GCs in the etiology 
of arsenic-related disease in order to inform interventions and policy aimed at reducing iAs exposure, 
particularly during early-life.   
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4. Assessment of the Endocrine-Disrupting Effects of 
Trichloroethylene and its Metabolites Using In Vitro and 
In Silico Approaches 

 

Phum Tachachartvanich1*, Rapeepat Sangsuwan2, Heather S. Ruiz1, Sylvia S. Sanchez1, Kathleen A. 
Durkin2, Luoping Zhang1, and Martyn T. Smith1 
 

1 Division of Environmental Health Sciences, School of Public Health, University of California Berkeley, Berkeley, CA, 
94720; 2 Department of Chemistry, University of California Berkeley, Berkeley, CA,94720 
 

Trichloroethylene (TCE) is a ubiquitous environmental contaminant, which may have effects on both 
ecosystem and human health. TCE has been reported to cause several toxic effects, but little effort has 
been made to assess the ecological risks of TCE or its major metabolites: trichloroethanol (TCOH), 
trichloroacetic acid, and oxalic acid (OA).  In this study, the endocrine-disrupting effects of TCE and its 
metabolites were investigated using in vitro and in silico approaches. We examined alterations in the 
steroidogenesis pathway using the NCI-H295R cell line and utilized receptor-mediated luciferase 
reporter cell lines to identify effects on estrogen and androgen receptors. Molecular docking was also 
used to explore chemical interactions with these receptors. All test chemicals except OA significantly 
increased 17β-estradiol production due to up regulation of 17β-hydroxysteroid dehydrogenase. 
Moreover, TCOH exhibited significant anti-estrogenic activity with a RIC20 (20% relative inhibitory 
concentration) of 3.7 × 10-7 M. Molecular docking simulation supported this finding with lower docking 
scores for TCOH, indicating that hydrogen bonds may stabilize the interaction between TCOH and the 
estrogen receptor binding pocket. These findings suggest that TCE contamination poses an endocrine-
disrupting threat, which has implications for both ecological and human health. 

Presenter information: Phum Tachachartvanich, phum@berkeley.edu 
Trainee (Yes/No):  Yes 
Title:  Graduate Student  
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5.   Chemoproteomic Platforms Reveal Multiple Targets of 

Arsenic in Mice 
 

Breanna Ford*, Daniel K. Nomura 
 

Departments of Nutritional Sciences and Toxicology, Chemistry, and Molecular and Cell Biology, University of 
California, Berkeley 
 

Arsenic is a naturally occurring metal and is used in many industrial processes. As a result, there is 
significant exposure to arsenic in human populations. Monomethylated forms of arsenic, such as 
Monomethylarsonous acid (MMAIII), are considered to be bioactivated toxic metabolites, but the direct 
molecular targets and mechanisms of MMAIII toxicity are not well understood. In this study, we used a 
chemoproteomic platform termed activity-based protein profiling (ABPP) to map the proteome-wide 
cysteine reactivity of MMAIII in vivo in mice. We identified multiple in vivo targets of MMAIII in liver and 
lung, including a catalytic metal binding cysteine within betaine-homocysteine S-methyltransferase 1 
(Bhmt1). Bhmt1 is involved in homocysteine metabolism and regulates methionine and S-
adenosylmethionine (SAM) levels, the latter which serves a substrate for methylation reactions on 
small-molecule substrates, proteins, and DNA. Studies by many groups have revealed that early 
childhood arsenic exposure may lead to adverse long-term health effects, potentially through arsenic-
induced epigenetic changes, but the mechanisms underlying these epigenetic changes are unclear. Our 
data showing that MMAIII directly interacts with a functional cysteine within Bhmt1 lead us to 
hypothesize that MMAIII may directly influence SAM levels and histone/DNA methylation to alter the 
epigenetic landscape of cells. Overall, we show that chemoproteomic platforms can be used to gain 
valuable insights into the direct molecular targets of chemicals to elucidate their mechanisms of 
toxicity. 
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6.   Using an Adductomic Signature to Evaluate Risks of 

Benzene Exposure  
 

Hasmik Grigoryan, Sa Liu, Stephen M. Rappaport 
 

Division of Environmental Health Sciences, School of Public Health, University of California, Berkeley, California 
94720, United States 
 

Benzene is an important Superfund chemicals that has long been recognized as a cause of human 
leukemia.  To support our hypothesis that an adduct signature can be found for benzene, we conducted 
a pilot project to compare Cys34 adductomes between nonsmoking Chinese workers, 10 with and 10 
without occupational exposure to benzene (exposed: median = 12.3 ppm, controls: median = 0.003 
ppm).  These samples had been obtained in collaboration with NCI investigators and had previously 
been used to explore exposure-biomarker relationships.  Of the 47 measured HSA modifications, 39 
were present at higher concentrations in benzene-exposed workers than in controls. Correlation 
analysis identified three prominent clusters of adducts, namely modifications of benzene oxide and a 
benzene diolepoxide that grouped with other measures of benzene exposure, adducts of reactive 
oxygen and carbonyl species, and Cys34 disulfides of small thiols that are formed following oxidation of 
Cys34.  Benzene diolepoxides are potent mutagens and carcinogens that have received little attention 
as potential causes of human leukemia.  Reactive oxygen and carbonyl species - generated by redox 
processes involving benzene metabolites and by Cyp2E1 regulation following benzene exposure - can 
modify DNA and proteins in ways that contribute to cancer. The fact that these diverse HSA 
modifications differed between benzene-exposed and control workers suggests that an adduct 
signature can be identified.  We are currently obtaining archived plasma from 298 nonsmoking Chinese 
workers exposed to a wide range of benzene exposures (0.002 – 88.9 ppm) to rigorously define this 
signature.  We will then determine whether the benzene signature is predictive of myeloid cancer risks 
in a prospective cohort (Shanghai Women’s Study) and will predict risks associated with ambient 
exposures to benzene. 

Presenter information: Hasmik Grinoryan, hgrigoryan@berkeley.edu 
Trainee (Yes/No):  No 
Title:  Project Scientist 
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7. Unexpected Ring Cleavage Products From Advanced 

Oxidation of Aromatic Compounds 
 

Jean Van Buren1*, Carsten Prasse2, Brighton Skeel1, David L. Sedlak2 

 

1Department of Chemistry, University of California – Berkeley; 2Department of Civil and Environmental Engineering, 
University of California – Berkeley 
 

Advanced oxidation processes (AOPs) involving hydrogen peroxide and persulfate are used in the 
treatment of wastewater treatment, drinking water purification, and contaminated groundwater 
remediation. While the exact oxidation mechanism is a subject of ongoing study, the degradation of 
simple aromatics is currently understood to follow subsequent hydroxylation of the ring, eventual 
cleavage into low molecular weight carboxylic acids, and finally mineralization. Experiments conducted 
under well controlled conditions indicate an alternative parallel pathway in which ring cleavage happens 
prior to hydroxylation to produce α,β-unsaturated aldehydes. The ring cleavage products were 
observed when benzene, toluene, xylene or ethylbenzene were treated by UV/H2O2, UV/S2O8
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mineral-activated persulfate. Toxicity of these transformation products is a concern due to the 
biological reactivity of oxygenated α,β-unsaturated aldehydes. They were persistent in groundwater and 
when exposed to aquifer sediments but were susceptible to microbial degradation. Ring cleavage 
products were identified by HPLC/UV-Vis and confirmed with high-resolution mass spectrometry and 
NMR spectroscopy. Their detection has implications for hazardous site remediation as well as the use of 
advanced oxidation processes for water treatment. 

Presenter information: Jean Van Buren, jeanvanburen@berkeley.edu 
Trainee (Yes/No):  Yes  
Title:  Graduate student 
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8. Effects of Arsenic Co-Contamination with Trichloroethene 

on Reductive Dechlorination Activities of 
Dehalococcoides Mccartyi 

 

Sara Gushgari1*, Jae Ho Bae1, Jessica Counihan2, Daniel Nomura2,3,4, Lisa Alvarez-Cohen1,5 
 

1Department of Civil and Environmental Engineering, College of Engineering, University of California, Berkeley, CA, 
94720; 2Department of Nutritional Sciences and Toxicology, College of Natural Resources, University of California, 
Berkeley, CA, 94720; 3Department of Molecular and Cell Biology, College of Letters and Sciences, University of 
California, Berkeley, CA, 94720; 4Department of Chemistry, College of Chemistry, University of California, Berkeley, 
CA, 94720; 5Earth Sciences Division, Lawrence Berkeley National Laboratory, Berkeley, CA 94720 
 

Arsenic and trichloroethene (TCE) are two of the most widespread groundwater contaminants, but little 
is known about how co-contamination of these two constituents affects bioremediation strategies. In 
this report, we assess the effects of arsenic exposure on the TCE reducing activities of Dehalococcoides 
mccartyi strain 195. Sodium arsenite (As(III)) and sodium arsenate (As(V)) in concentrations ranging 
from 5 µM  to 200 µM were amended to D. mccartyi 195 cultures with 65 µmol TCE, 5mM acetate, and 
vitamins, including 100 µgL-1 cobalamin. When exposed to concentrations of As(III) greater than 20 
µM, D. mccartyi strain 195 immediately exhibited incomplete dechlorination of TCE. When exposed to 
As(V), incomplete dechlorination was observed after 3 amendments of TCE. QPCR analysis indicated 
that concentrations of 50 µM and 100 µM As(III) completely inhibited cell growth, and 20 µM As(III) 
partially inhibited cell growth (20 µM As(III), 38.9 x 107 cells/mL; 50 µM As(III), 8.54 x 107 cells/mL; 100 
µM As(III), 3.30 x 107 cells/mL). In the control condition with no amended arsenic, robust cell growth 
was observed (126 x 107 cells/mL). The observed results indicate that the presence of arsenic in TCE 
bioremediation sites can result in incomplete TCE reduction and inhibited cell growth. Transcriptomic 
and metabolomic analyses were conducted to determine changes in RNA and metabolite profiles 
resulting from arsenic co-contamination, and arsenic speciation was monitored. This information 
improves our understanding of potential inhibitions of D. mccartyi caused by arsenic and can help us to 
develop mechanisms for alleviating the stresses caused by arsenic on the dechlorination activities of D. 
mccartyi – containing microbial communities.  
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9. Using Gene Association Data to Provide Evidence for the 
Key Characteristics of Human Carcinogens in Hazard 
Identification  

 

Linda Rieswijk*, and Martyn T. Smith  
 

Division of Environmental Health Sciences, School of Public Health, Genes and Environment Lab, University of 
California Berkeley, Berkeley, CA 94720.  
 

Recently, Smith et al. identified 10 key characteristics (KCs) of human carcinogens, which were 
developed to provide a systematic method for evaluating mechanistic data in support of hazard 
identification conclusions. The KCs are very helpful in identifying and organizing results from pertinent 
mechanistic studies in carcinogen identification, but it is unclear how to use gene association data from 
toxicogenomics studies with this framework. Here, we use public data from the Comparative 
Toxicogenomics Database (CTD) in order to identify biological pathways, which can be linked with the 
10 KCs. As a case study a total of 41 chemicals from 4 IARC groups were investigated with respect to 
their association with cancer. After determining the overlap between the obtained gene lists we 
performed gene set enrichment analyses using the WikiPathways repository. Pathways were manually 
assigned to the 10 KCs. A list of 1798 genes and 359 pathways associated with either of the chemical 
exposures and cancer were identified. Most of these pathways could be assigned to one of the 10 KCs, 
but some, such as specific cancer pathways, clearly applied to multiple KCs. Approximately 35% of the 
obtained pathways could not be assigned to any of the KCs. The majority of pathways were assigned to 
the KC representing " Alters cell proliferation, cell death or nutrient supply". No pathways were 
assigned to the KC "Is genotoxic". The gene association data therefore support the conclusion that 
human carcinogens express most of the KCs. We propose to extend the current findings to additional 
chemical agents.  
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Cliona M. McHale1,&, Gwendolyn Osborne3,&, Rachel Morello-Frosch1,2, Andrew G. Salmon3, Martha S. 
Sandy3, Gina Solomon4, Luoping Zhang1, Martyn T. Smith1,#, Lauren Zeise3,#.   
 

1Superfund Research Center, School of Public Health, University of California, Berkeley, California 94720, USA; 
2Department of Environmental Science, Policy and Management, University of California, Berkeley, California 94720, 
USA; 3Office of Environmental Health Hazard Assessment, California Environmental Protection Agency, Oakland, 
California 94612, USA; 4California Environmental Protection Agency, Sacramento, California 95814, USA; &, #Each 
author within the respective pairs contributed equally.  
 

Individuals living in proximity to Superfund sites are exposed to a range of stressors (e.g. chemical, 
economic, and psychosocial) that interact with lifestyle (e.g. diet, smoking) and biological factors (e.g. 
genetics, pre-existing disease) and influence susceptibility to environmental exposures and associated 
adverse health outcomes. Assessment and mitigation of cumulative health risks arising from multiple 
factors in these vulnerable communities are key goals of the Superfund Research Program (SRP), risk 
assessment agencies, and concerned community groups. However, research studies have largely 
focused on interactions between genes and a narrow range of environmental exposures (G×E) and 
usually consider other factors as confounders rather than evaluating them for their potential interactive 
contribution. Faced with these limited data, risk assessment practitioners must apply “uncertainty 
factors” to account for differences in susceptibility.  In order to address these limitations, we (SRP 
researchers in environmental health science, policy, and environmental justice and risk assessment 
experts at California EPA) propose a conceptual model called I×E, which we developed through a series 

of discussions.  Our I×E model illustrates how interactions between multiple intrinsic (I) factors beyond 
the genome and a broad range of extrinsic (E) factors modulate vulnerability and resilience and health 
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outcomes throughout the lifespan.  We recommend that studies measure and test for multifactorial and 
interactive effects using newer laboratory and bioinformatic methods. The resulting quantitative data 
on I×E interactive effects over the life course would better define the variability in human response to 
environmental factors. Our proposed approach highlights the need for updated study design in order to 
identify factors amenable to interventions at the individual and population levels so as to enhance 
resilience, reduce vulnerability and improve health.  

Presenter information: Cliona McHale, cmchale@berkeley.edu  
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Title:  Senior Researcher and Research Translation Coordinator 
Core: C, Research Translation Core 
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11.  UC Berkeley Superfund Trainees: Celebrating 30 Years of 

Science for a Safer World 
 

UC Berkeley SRP Trainees 
 

University of California, Berkeley, Berkeley, CA 94720 
 

UC Berkeley's Superfund is an integrated research program committed to studying the long-term health 
effects of exposure to toxicants in our environment, and developing techniques for their proper 
remediation. As trainee scientists and engineers we hope to engage with both academic research 
institutions and our local community. We bring together public health and engineering experts to 
develop better methods to prevent and remediate contaminated sites and to understand and reduce 
effects of contamination. The 30th Anniversary of the UC Berkeley Superfund Program Trainee Poster 
highlights trainee accomplishments, activities, and community-based participation in the 2017 Cal Day.  
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12. Processing Stream Optimization using Machine Learning 

(SuperLearner): Applied to Illumina Infinium® Human 
MethylationEPIC BeadChip 

 

Rachael Phillips*, Prof. Alan Hubbard 
 

University of California, Berkeley, Berkeley, CA 94720 
 

For many types of biological data, there is no single gold-standard for converting the raw data (often 
some sort of intensity data generated by censors) into a form that can be analyzed for relationships of 
the relevant biomarkers to environmental exposures and disease. For example, much of the variation in 
the raw data generated by the Illumina Infinium® HumanMethylationEPIC BeadChip is due to the 
experimental design (incorporating two different assay methods, two different color channels, and 
batch effects) and potentially less so due to the biological factor(s) of interest. Accordingly, several 
processing streams have been developed to increase the signal to noise ratio. However, it is unclear 
which one should be retained for subsequent analysis. To tackle this issue, we have developed data-
adaptive methods that incorporate cutting-edge ensemble machine learning methods (Super Learning 
developed at SPH, UC Berkeley) to determine which processing streams generate a better signal to 
noise ratio. We employ this methodology to give insight on the selection of a suitable normalization for 
Illumina Infinium HumanMethylationEPIC BeadChip data. The results suggest 1) big differences in the 
relative merits of the possible processing choices and the ultimate quality of the data, and 2) that such 
machine learning based methods can be practically applied to complex omic data. 
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13.  The Role of a Novel Long Noncoding RNA in the 

Regulation of Sox9b and its Contribution to TCDD-
induced Toxicity End-points 

 

Gloria R. Garcia, Prarthana Shankar*, Cheryl L. Dunham, Jane K. La Du and Robert L. Tanguay 

 

Dept. of Environmental and Molecular Toxicology, Oregon State University, Corvallis, OR. 
 

In zebrafish, sox9b is one of the most-reduced transcripts on activation of the aryl hydrocarbon 
receptor (AHR) by 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). We previously identified an AHR2-
dependent long noncoding RNA (slincR) located adjacent to sox9b that is up-regulated by strong AHR2 
ligands, and is required for proper sox9b expression. We performed qRT-PCR Capture Hybridization 
Analysis of RNA Targets and found that slincR is enriched at the 5’ untranslated region (UTR) of the 
sox9b promoter in 48hpf DMSO and TCDD-exposed samples. To understand slincR’s role in TCDD-
induced toxicity, we performed RNA-sequencing and gene ontology enrichment analysis and identified 
significant enrichment in processes related to skeletal and cartilage development in TCDD-exposed 
control morphants, and angiogenesis and vasculature development in TCDD-exposed slincR morphants. 
To further investigate slincR’s role, we measured cartilage of TCDD-exposed 72hpf zebrafish and found 
a significant difference in the craniofacial cartilage structure in slincR morphants compared to control 
morphants. Additionally, a blood hemorrhage screen showed TCDD-exposed slincR morphants at 48hpf 
had a lower proportion of hemorrhaging compared to TCDD-exposed control morphants. We also 
mined unpublished RNA-sequencing data from 16 PAHs and found 6 PAHs caused a significant increase 
in slincR expression, of which 3 are from EPA’s priority PAH list. Our results suggest that slincR 
regulates sox9b expression by binding to the 5’UTR of the sox9b promoter, contributes significantly to 
TCDD-induced jaw malformation and blood hemorrhaging, and is up-regulated by multiple PAHs. 
Understanding downstream transcriptional events that occur on AHR activation and play a role in 
toxicity pathways is necessary to accurately guide remediation strategies. This research was supported 
by the SRP Grant P42 ES016465, NIEHS Core Center Grant P30 ES000210, and NIEHS Training Grant 
T32 ES007060. 
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The zebrafish is a well-established model for elucidating molecular pathways involved in tissue 
regeneration. Understanding how chemicals inhibit the regenerative process has provided valuable 
insight into mechanisms of chemical toxicity. To better understand the regenerative model, we 
performed RNA sequencing during fin regeneration. Tissue from the initial amputation served as a 
homeostatic control, and regenerating tissue was collected 24 h later for comparison. Since miRNAs are 
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well-known regulators of regeneration, we isolated both mRNA and small RNA from each sample to 
establish miRNA-mRNA regulatory networks. Using GOrilla, gene ontogeny enrichment from the top 
500 most up-regulated mRNA transcripts was dominated by nitrogen metabolism, non-coding RNA 
processing, macromolecule methylation, and the ERAD pathway. The 500 most down-regulated mRNA 
transcripts included those involved in BMP signaling, MAPK cascade regulation, negative chemotaxis, 
circadian regulation of gene expression, and aromatic amino acid metabolism. In the miRNA analysis we 
identified a trend for the up-regulation of oncomiRs (e.g. miR-17 cluster) and down-regulation of tumor-
suppressor miRNAs (e.g. miR-216, miR-138). We used Pacific Northwest National Laboratory’s 
Bioinformatics Resource Manager (BRM) to identify potential targets of miRNAs using our mRNA data. 
Up-regulated miRNAs anti-correlated with down-regulation of mRNAs involved in axon guidance, cell 
surface receptor signaling, and ameboidal-type cell migration. Down-regulated miRNAs anti-correlated 
with upregulated mRNAs involved in rRNA maturation, nitrogen metabolism, redox homeostasis, and 
protein localization. These data will be valuable for understanding how miRNAs control molecular 
pathways during regeneration as well as how chemical exposures could perturb these pathways. 
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