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Advancing Research on Mixtures: New Perspectives and 
Approaches for Predicting Adverse Human Health Effects 

Details 

Organized by the National Institute of Environmental Health Sciences (NIEHS) Divisions of 
Extramural Research and Training (DERT), the National Toxicology Program (DNTP), and 
Intramural Research (DIR) 

September 26 – 27, 2011 

Sheraton Chapel Hill, 1 Europa Dr., Chapel Hill, NC 27517 

Workshop Goals 

The goal of the NIEHS Mixtures Workshop is to identify and focus on key issues that present 
challenges in mixtures research (for this workshop, “mixtures” includes combined 
independent exposures). The NIEHS will use the results from the workshop to inform the 
development of an intramural and extramural mixtures research strategy. This workshop 
will also provide input to the scientific community for advancing mixtures research. 

Specifically, this workshop will: 
•	 Identify and prioritize the knowledge gaps and challenges in mixtures research 

specific to each of the following disciplines: toxicology, epidemiology, exposure 
science, risk assessment, and statistics 

•	 Obtain advice on integrating multidisciplinary capabilities to address critical 
topics in mixtures research (see topics below) 

•	 Provide recommendations for research on key topics 
•	 Inform the development of a long-term NIEHS mixtures research agenda 
•	 Foster collaborations between extramural and NIEHS scientists 

Workshop Product 

Discussions from the workshop will be captured in a manuscript in the peer-reviewed 
literature.  This manuscript will also provide suggestions for future directions in mixtures 
research for both NIEHS scientists and the broader research community.   Additionally, 
advice from the experts will be used to enhance ongoing NIEHS mixtures research efforts. 
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Agenda at a glance
 

Day 1 – September 26 
Time Topic Speaker 
8:30-8:45 EDT Welcome John Bucher 
8:45-9:00 Introduction to Workshop Cynthia Rider 
9:00-9:25 Chemical Mixtures: What Dose-Response Analysts 

Really Want 
Glenn Rice 

9:25-9:50 What are the Combinations of Chemicals to which We 
are Exposed, How Can We Identify the Relevant 
Combinations, and Why is this Important? 

Paul Price 

9:50-10:15 A  Biological/Toxicological Perspective on Mixtures 
Research 

L. Earl Gray 

10:15-10:30 Break 
10:30-10:55 Epidemiologic Approaches to the Study of Mixed 

Exposures 
David Christiani 

10:55-11:20 Empirical Whole Mixture Approach for Risk Evaluation: 
Combining Exposure and Mixtures Toxicity Data 

Chris Gennings 

11:20-11:35 Charge for Day 1 Breakout Danielle Carlin 
11:35-12:30 Day 1 Breakout: Discipline-based Groups Identify 

Critical Research Issues 
12:30-1:30 Lunch (box lunch available for purchase) 
1:30-3:15 Day 1 Breakout (continued) 
3:15-3:30 Break 
3:30-5:30 Report Back/Discussion Mike DeVito (chairperson) 

Day 2 – September 27 
Time Event Speaker 
8:30-8:45 EDT Welcome Linda Birnbaum 
8:45-9:05 Developing Strategies to Advance Multi-Pollutant 

Epidemiologic Research 
Paige Tolbert 

9:05-9:25 Mixture Effects and Epidemiology – The Need for 
Unbiased Approaches to Exposure Assessment 

Andreas Kortenkamp 

9:25-9:45 Environment-Wide Association Studies: Creating Data-
Driven Hypotheses Regarding Environmental Correlates 
to Common Disease on a Population Scale 

Chirag Patel 

9:45-10:00 Break 
10:00-10:15 Charge for Day 2 Breakout Claudia Thompson 
10:15-12:00 Day 2 Breakout: Multidisciplinary Groups Address Key 

Topics 
12:00-1:00 Lunch (box lunch available for purchase) 
1:00-2:00 Day 2 Breakout (continued) 
2:00-2:15 Break 
2:15-4:00 Report Back/Discussion Claudia Thompson 

(chairperson) 
4:00-4:15 Closing Remarks Richard Woychik 
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Supporting Material for Day 1 Breakout Session 

Background 
In March 2011, NIEHS published a Request for Information (RFI) titled: Needs and Approaches for 
Assessing the Human Health Impacts of Exposure to Mixtures (http://ntp.niehs.nih.gov/go/rfimix).  The 
RFI was developed to identify critical knowledge gaps in mixtures research from a broad cross-section of 
perspectives. Day 1 activities will be aimed at further developing and refining a comprehensive list of 
challenges and research needs toward understanding the health effects of chemical mixtures. 

The Day 1 plenary talks will provide the audience with an overview of current approaches and major 
challenges in mixtures research from the perspective of each discipline (risk assessment, exposure 
science, biology/toxicology, epidemiology, and statistics).  Following the plenary session, participants 
will be organized into discipline-based groups.  At this information-gathering stage, discipline-specific 
issues will be discussed with representatives from academia, government, industry, and non-profit 
organizations that are familiar with the particular challenges facing mixtures research in their field. 
Further, the participants will be asked to move beyond listing challenges to discussing prioritization of 
those challenges. Effort should be focused on ranking challenges in terms of the impact that addressing 
the issue will have on advancing the field. Written comments from observers will be collected at the 
end of the day and will be incorporated into the final workshop report. 

Questions from the RFI to be addressed by each of the discipline-based breakout groups: 
1.	 What are the underlying scientific knowledge gaps for assessing the effects of mixtures on 

human health? 
2.	 What are the scientific issues encountered in performing risk assessments of mixtures that can 

be addressed by new research? 
3.	 What types of scientific data (e.g., mechanistic, epidemiological, etc.) are needed to address 

these underlying knowledge gaps? 
4.	 What are the new technologies and innovative approaches that could be leveraged to address 

these underlying knowledge gaps? 

Note: Priority should be given to addressing questions 1 and 2, as subsequent questions support the 
initial queries. 

Goals 
•	 Develop a list of key challenges in mixtures research and cumulative risk assessment specific to 

each discipline 
•	 Prioritize issues based on impact 
•	 Discuss potential approaches, tools, and technologies that offer promise for addressing key 

challenges 

Groups 
Participant group assignments are shown below and appear in table format on page 34. 
Observer group assignments are located in the observer directory (page 22). 

Epidemiology Discussion Group Participants: Rosemary Castorina (University of California, Berkley), 
David Christiani (Harvard School of Public Health), Julie Daniels (University of North Carolina, Chapel 
Hill), Lyndsey Darrow (Emory University), Caroline Dilworth (NIEHS DERT), Kimberly Gray (NIEHS DERT), 
Russ Hauser (Harvard School of Public Health), Todd Jusko (Rapporteur; NIEHS DIR), Irva Hertz-Piccioto 

http://ntp.niehs.nih.gov/go/rfimix�
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(University of California, Davis), Kembra Howdeshell (NIEHS DNTP), Freya Kamel (NIEHS DIR), Susan 
Korrick (Harvard Medical School), Scott Masten (NIEHS DNTP), Paige Tolbert (Emory University), Tom 
Webster (Boston University), Beth Whelan (Chairperson; NIOSH) 

Risk Assessment Discussion Group Participants: Michael Babich (CPSC), George Bollweg (EPA Region 5), 
Mike DeVito (NIEHS DNTP), Bethany Hannas (Rapporteur; EPA NHEERL), Andrew Hotchkiss (EPA NCEA), 
Ronald Lorentzen (FDA), Anna Lowit (EPA OPP), Jennifer McPartland (Environmental Defense Fund), 
Moiz Mumtaz (Chairperson; ATSDR), Glenn Rice (EPA NCEA), Andrew Salmon (California EPA), Bill Suk 
(NIEHS DERT), Linda Teuschler (EPA NCEA), Claudia Thompson (NIEHS DERT), Nigel Walker (NIEHS DNTP), 
Tracey Woodruff (University of California, San Francisco) 

Statistics Discussion Group Participants: John Bailer (Miami University), Abee Boyles (NIEHS DNTP), 
Gregg Dinse (NIEHS DIR), Chris Gennings (Virginia Commonwealth University), Paul Feder (Chairperson; 
Battelle), Dale Hattis (Clark University), Richard Hertzberg (Biomathematics Consulting), Amy Herring 
(University of North Carolina, Chapel Hill), Grace Kissling (NIEHS DIR), Elizabeth Maull (NIEHS DNTP), 
Shyamal Peddada (NIEHS DIR), Cynthia Rider (NIEHS DNTP), Keith Shockley (NIEHS DIR), Woody Setzer 
(EPA NCCT), Sheetal Thakur (Rapporteur; NIEHS DNTP) 

Biology/Toxicology Discussion Group Participants: Mamta Behl (Rapporteur; NIEHS DNTP), Chad 
Blystone (NIEHS DNTP), Christopher Borgert (Applied Pharmacology and Toxicology, Inc.), Danielle Carlin 
(NIEHS DERT), Deborah Cory-Slechta (University of Rochester), Stephania Cormier (Louisiana State 
University), Kevin Crofton (EPA NHEERL), Paul Foster (NIEHS DNTP), Julia Gohlke (University of Alabama, 
Birmingham), L. Earl Gray (EPA NHEERL), Jerry Heindel (NIEHS DERT), Marike Kolossa-Gehring 
(Umweltbundesamt/ Federal Environment Agency), Andreas Kortenkamp (University of London), Susan 
Schantz (University of Illinois), Jane Ellen Simmons (EPA NHEERL), Raymond Yang (Chairperson; 
Colorado State University) 

Exposure Science Discussion Group Participants: Scott Auerbach (NIEHS DNTP), David Balshaw (NIEHS 
DERT), Dana Barr (Emory University), Herb Buxton (USGS), Antonia Calafat (Chairperson; CDC), Brian 
Curwin (NIOSH), June Dunnick (NIEHS DNTP), Richard Kwok (NIEHS, DIR), David Lawrence (Wadsworth 
Center), Joanna Matheson (CPSC), Minerva Mercado-Feliciano (Rapporteur; NIEHS DNTP), Sri Nadadur 
(NIEHS DERT), Chirag Patel (Stanford University), Paul Price (Dow Chemical Company), James Rusling 
(University of Connecticut), Rogelio Tornero-Velez (EPA NERL) 

Supporting Material for Day 2 Breakout Session 

Background 
The plenary and breakout sessions on Day 2 will move the discussion from an information-gathering 
phase to a problem-solving phase. The Day 2 plenary talks will present select innovative approaches for 
the study of mixtures.  These talks are meant to stimulate thought on novel, cross-discipline approaches 
for addressing mixtures problems in advance of the Day 2 breakout group session.   

Following the plenary session, participants will be organized into multidisciplinary breakout groups. 
Each breakout group will be given one topic.  The key topics chosen for the Day 2 breakout groups were 
developed based on information from the RFI, discussions with regulatory agency partners and mixtures 
experts, and NIEHS working group deliberations. The key topics reflect major themes in mixtures, where 
research is needed to advance the field. 
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Goals 
The overarching goals of the Day 2 breakout session are to identify the most important issues in each of 
the key topic areas, and to discuss the most appropriate research approaches for addressing those 
issues. Information from this breakout session could potentially be used to develop DNTP projects or 
inform the direction of future mixture-related DERT programs. Written comments from observers will 
be collected at the end of the day and will be incorporated into the final workshop report. 

Specific goals for the Day 2 Breakout Session include: 
•	 Matching important mixtures-related scientific questions with suggested approaches 
•	 Determining the timeframe and impact of these question/approach combinations 
•	 Identifying the types of multi-disciplinary collaborations that could address the identified 

question/approaches 

Instructions 
Each multi-disciplinary breakout group will address one of the topics (see topic descriptions below).  A 
brief description of each topic (along with accompanying scenarios) has been provided to all 
participants.  Breakout groups should work through the following General Questions for each topic: 

1.	 What key questions need to be addressed to move forward on this topic? 
2.	 What scientific approaches could be used to address these questions? 
3.	 What are the scientific or technology barriers and anticipated limitations to implementation of 

these approaches? 
4.	 How does each key question/proposed approach rank according to time and impact? Use the 

priority matrix provided (see instructions below). 

Priority matrix: 
The priority matrix is designed to categorize projects in terms of their impact and timeline – this will 
help to match capabilities to projects. Rapporteurs for each breakout group will capture the 
prioritization of questions/proposed approaches on a priority matrix that will be visible to the group 
(note: rapporteurs will draw the priority matrix on a flip chart). 

Priority matrix instructions:  
•	 For each question/suggested scientific approach combination proposed by the group, 

indicate where on the chart it belongs 
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•	 “Short” time is < 3 years, “long” time is > 3 years; “low” impact will only incrementally 
advance a limited area of mixtures research, “high” impact will advance the field 
significantly across disciplines 

•	 More than one combination can go in each square 
•	 All squares do not need to be filled 

Notes about Scenarios: The scenarios have been provided to offer potential direction for discussion. 
They can be used at the discretion of the chairperson in consultation with the breakout group.  If 
conversation does not flow freely or if more direction is wanted, one or more of the scenarios can be 
addressed by the group. They are meant to provide examples of the kinds of problems that are 
applicable to the main topics.  However, the group is not required to address any of the scenarios and is 
free to offer alternative scenarios for discussion. All scenarios described below are fictional. 

Groups 
Participant group assignments are shown below and appear in table format on page 35. 
Observer group assignments are located in the observer directory (page 22).  

Group 1 Topic – Modeling Mixture Toxicity: Constraints of Extrapolation 

Group 1 Participants: John Bailer (Miami University), Lyndsey Darrow (Emory University), Mike DeVito 
(NIEHS NTP), Gregg Dinse (NIEHS DIR), Chris Gennings (Virginia Commonwealth University), L. Earl Gray 
(EPA NHEERL), Bethany Hannas (Rapporteur; EPA NHEERL), Richard Hertzberg (Chairperson; 
Biomathematics Consulting), Marike Kolossa-Gehring (Umweltbundesamt/ Federal Environment 
Agency), Anna Lowit (EPA OPP), Paul Price (Dow Chemical Company), Glenn Rice (EPA NCEA), Cynthia 
Rider (NIEHS NTP), James Rusling (University of Connecticut), Bill Suk (NIEHS DERT), Raymond Yang 
(Colorado State University) 

Group 1 Topic Description: Two basic approaches for predicting the toxicity of mixtures that are 
promising for widespread application are: models that use single chemical dose-response data to 
calculate mixture toxicity (i.e. dose addition, response addition, and integrated addition) and models 
that compare the toxicity of a known mixture to estimate the toxicity of a related mixture (sufficient 
similarity). Dose Addition (DA), Response Addition (RA), and Integrated Addition (IA) are mathematical 
models that have been used to assess the toxicity of mixtures when the mixtures in question are 
relatively simple and individual dose-response data of the constituents is available.  Whereas, 
approaches based on Sufficient Similarity (SS) have been suggested as a path forward in cases dealing 
with complex mixtures that are often ill-defined and when constituent dose-response data is not 
available.  In this breakout session, participants will focus on questions that challenge the application of 
these approaches and discuss how they should be incorporated into biologically-based models (e.g. 
PBPK), or other relevant predictive models of mixture toxicity. General questions, example scenarios, 
and specific questions are provided below to help guide discussion. 

General Questions: 
1.	 What key questions need to be addressed to move forward on this topic? 
2.	 What scientific approaches could be used to address these questions? 
3.	 What are the scientific or technology barriers and anticipated limitations to implementation of 

these approaches? 
4.	 How does each key question/proposed approach rank according to time?   Use the priority 

matrix provided (see instructions above). 



  
 

   
 

     

    
    

   
   

    
  

 
    

   
      

     
       

   
     

      
    
       

    

 
    

     
        

  
 

 
      

 
 

P a g e  | 7 

Group 1 Example Scenarios: 

Scenario 1 – Modeling complex, low dose mixtures 
Leachate from a particularly contaminated site has reached groundwater that supplies a small 
population with their drinking water.  Chemical analysis of the groundwater identified over 100 
chemicals that target a common signaling pathway. Although many of the chemicals have different 
primary targets, all of these chemicals have the capacity to disrupt the signaling pathway of interest.  All 
chemicals are present well below the levels that would elicit significant toxicity individually. Is it possible 
to test the hypothesis that the 100 chemicals will contribute to dose additive toxicity and if so, what is 
the best approach to test this hypothesis? 

Scenario 2 – Sufficient similarity of complex mixtures 
The Gulf Oil Spill and subsequent remediation efforts (e.g. application of chemical dispersants) resulted 
in a complex and dynamic mixture.  What is the best way to move forward on using a sufficient similarity 
approach to estimate the toxicity of this type of mixture with the example of polycyclic aromatic 
hydrocarbons (PAHs)? Consider the following specific issues: 1) what characteristics of the complex 
mixtures should be used to determine sufficient similarity of the unknown mixtures to the reference 
mixture(s) (e.g. concentration of the most potent component, ratios of top 10 components); 2) how 
many defined mixtures do you need as “references” to have confidence in the sufficient similarity of the 
unknown mixture; 3) what is the best approach for designing reference mixtures (e.g. design reference 
mixtures based on human exposures versus statistical approaches for designing mixtures that differ in 
systematically in components and ratios of components)? 

Scenario 3 – Target tissue approach to applying mixture models 
A population of factory workers is experiencing unusually high incidence rates of liver-related diseases 
and you suspect that some combination of exposures is responsible. You identify several chemical 
exposures that are known to target the liver, but through different biochemical pathways. What 
experimental support would you need to determine whether these chemicals are contributing to liver 
toxicity in an independent (i.e. response additive), dose additive, or interactive (synergistic or 
antagonistic) manner? 



  
 

    
 

      
 

    
      

   
   

 
    

   
 

     
 

 
    

     
       

 
 

     
    
  

 
      

  
 

   
  

 
   

      
    

        
 

   
      

     
    

       
      

  
       

  
   

   
      

     
     

P a g e  | 8 

Group 2 Topic – Exposure Assessment: Making Sense of the Data 

Group 2 Participants: David Balshaw (NIEHS DERT), Rosemary Castorina (University of California, 
Berkley), Brian Curwin (NIOSH), Julie Daniels (University of North Carolina, Chapel Hill), Paul Foster 
(NIEHS DNTP), Julia Gohlke (Chairperson; University of Alabama, Birmingham), Kimberly Gray (NIEHS 
DERT), Grace Kissling (NIEHS DIR), Susan Korrick (Harvard Medical School), Richard Kwok (NIEHS DIR), 
Scott Masten (NIEHS DNTP), Minerva Mercado-Feliciano (Rapporteur; NIEHS DNTP), Moiz Mumtaz 
(ATSDR), Chirag Patel (Stanford University), Woody Setzer (EPA NCCT), Rogelio Tornero-Velez (EPA NERL) 

Group 2 Topic Description: The ability to identify and characterize exposures is rapidly advancing as new 
tools for characterizing exposure are developed and methods for chemical analysis improve and become 
more sensitive.  Vast stores of data on potential co-exposures are being collected from programs such as 
the Exposure Biology Program, NHANES, and the evolving exposome project.  However, translating 
exposure and health status data into a meaningful basis for designing relevant toxicological and 
epidemiological studies has been less clear-cut.  How can we use these data to understand the 
contribution of environmental exposures to human disease?  In this group, participants will focus on 
developing suggested paths forward in this area. General questions, example scenarios, and specific 
questions are provided below to help guide discussion. 

General questions: 
1.	 What key questions need to be addressed to move forward on this topic? 
2.	 What scientific approaches could be used to address these questions? 
3.	 What are the scientific or technology barriers and anticipated limitations to implementation of 

these approaches? 
4.	 How does each key question/proposed approach rank according to time?   Use the priority 

matrix provided (see instructions above). 

Scenario 1 – Looking for unknowns 
Humans are constantly exposed to mixtures of chemicals.  Through biomonitoring programs, we are 
beginning to get picture of the chemicals to which people are most frequently exposed.  However, the 
chemicals included in screening panels are often chosen because of their known effects.  Conversely, 
sensor arrays and functional screens can provide information on exposures to multiple chemicals with 
less specificity.  How can we best use exposure metrics to identify the chemicals that are likely to cause 
a human health problem without prior knowledge of what these chemicals might be? 

Scenario 2 – Highly exposed populations 
Exposures to chemical and nonchemical stressors tend to concentrate in certain populations.  For 
example, a heavy concentration of manufacturing and highway pollution concentrated in geographical 
regions with a high percentage of people of lower socioeconomic status and decreased access to 
healthcare. How can we identify patterns of exposure in the most highly exposed populations, including 
both the most frequently occurring co-exposures and the maximum total exposures? Would 
epidemiological and toxicological studies focused on these populations provide a meaningful “worst 
case” scenario? 

Scenario 3 – Getting a more complete exposure picture 
Following the lessons of DDT and other persistent organic pollutants, current-use chemicals tend to be 
short-lived and therefore, it is difficult to accurately assess exposure in a population. Determination of 
accurate exposure profiles are further complicated by consideration of multiple short-lived chemicals 
with differing metabolic profiles. However, due to cost and sample limitations, it is often difficult to 
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move beyond “snapshot-in-time” exposure assessments. What are some practical approaches for 
getting more accurate assessments of multiple, short-lived chemical exposures? Consider both chronic 
or historic exposures and exposures from multiple routes. 
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Group 3 Topic – Reconciling Epidemiological and Toxicological Approaches to 
Mixtures 

Group 3 Participants: Mike Babich (CPSC), Antonia Calafat (CDC), Caroline Dilworth (NIEHS DERT), Dale 
Hattis (Clark University), Irva Hertz-Piccioto (University of California, Davis), Kembra Howdeshell (NIEHS 
DNTP), Todd Jusko (Rapporteur; NIEHS DIR), Freya Kamel (NIEHS DIR), Andreas Kortenkamp (University 
of London), Jennifer McPartland (Environmental Defense Fund), Sri Nadadur (NIEHS DERT), Susan 
Schantz (University of Illinois, Urbana-Champaign), Paige Tolbert (Emory University), Nigel Walker 
(NIEHS DNTP), Tom Webster (Chairperson; Boston University), Beth Whelan (NIOSH) 

Group 3 Topic Description: Epidemiology intrinsically involves consideration of complex exposure 
scenarios that include both chemical and non-chemical stressors. Against this backdrop, the probability 
of an association between select chemicals or groups of chemicals and disease outcomes is evaluated 
(i.e. chaos → order). The toxicological approach to mixtures is the direct opposite, wherein chemical 
mixtures are designed and carefully controlled to provide information on the joint action of concurrent 
exposures to multiple chemicals and the information gathered is then extrapolated outward to real-
world exposure scenarios (i.e. order → chaos). In this group, participants will focus on research 
strategies that incorporate lessons from both disciplines to increase our understanding of the role of 
environmentally-relevant mixtures in human disease. 

General questions: 
1.	 What key questions need to be addressed to move forward on this topic? 
2.	 What scientific approaches could be used to address these questions? 
3.	 What are the scientific or technology barriers and anticipated limitations to implementation of 

these approaches? 
4.	 How does each key question/proposed approach rank according to time?   Use the priority 

matrix provided (see instructions above). 

Scenario 1 – Dose addition in epidemiology 
A mixtures study to assess the toxicity of 18 common workplace chemicals that target the same tissue 
was conducted in an animal model. The findings indicated that these chemicals acted in a dose additive 
manner to contribute to the toxicity of the mixture. An epidemiology study has found a positive 
association between one out of the 18 measured chemicals, which were all present in the population at 
relatively low concentrations, and development of disease in the target tissue. Are there preferred 
methods for grouping the 18 chemicals in the epidemiology study to find an association between the 
disease and the total mixture exposure? 

Scenario 2 – Biomarkers approach 
Methods have been developed for using a biomonitoring approach to measure the total burden of 
mixtures of chemicals that share a common target (e.g. using biomarkers of exposure, effect, or 
response). What are the advantages and disadvantages of this approach? How can we better integrate 
these biomarkers across epidemiological, toxicological, and clinical sciences? 

Scenario 3 – Statistics and epidemiology 
Decreased power to determine significant associations is often cited as a major problem in assessing 
joint effects or effect modification of multiple chemicals in epidemiological studies. Are there study 
designs or statistical methods that could increase the power for multiple chemical assessments? 
Another major problem in epidemiological studies where co-exposure is common is an inability to 
separate out effects of individual chemicals. Are there approaches (e.g. in vivo studies, novel statistical 
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approaches, etc.) that could be used to discern the contributions of the individual components to the 
observed outcome? 
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Group 4 Topic – Chemical Interactions: Predicting the Unpredictable 

Group 4 Participants: Scott Auerbach (NIEHS DNTP), Mamta Behl (Rapporteur; NIEHS DNTP), 
Christopher Borgert (Pharmacology and Toxicology, Inc.), Abee Boyles (NIEHS DNTP), David Christiani 
(Harvard School of Public Health), Deborah Cory-Slechta (Chairperson; University of Rochester), Kevin 
Crofton (EPA NHEERL), Paul Feder (Battelle), Amy Herring (University of North Carolina, Chapel Hill), 
Andrew Hotchkiss (EPA NCEA), Elizabeth Maull (NIEHS DNTP), David Lawrence (Wadsworth Center), 
Ronald Lorentzen (FDA), Keith Shockley (NIEHS DIR), Claudia Thompson (NIEHS DERT) 

Group 4 Topic Description: One key roadblock to understanding the effects of complex mixtures has 
been the insurmountable task of evaluating the toxicity of what is seemingly an infinite number of 
potential chemical combinations. The evolving fields of computational chemistry and systems biology 
coupled with high-throughput/high-dimensional screening tools offer the potential to characterize 
chemical interactions with high efficiency. However, in order to move this area of research forward a 
number of issues must be addressed, the most important of which is: what constitutes a biologically 
meaningful chemical interaction (i.e. an interaction that translates to an in vivo context) in an in vitro or 
in silico system and what approach(es)/tool(s) (e.g. SAR, genomics, cell biology, etc.) are likely to be 
most effective at addressing the latter question? In this breakout session, participants will address the 
types of in vitro assays that can potentially be used to predict in vivo chemical interactions and discuss 
how they can best be applied to provide useful information. General questions, example scenarios, and 
specific questions are provided below to help guide discussion. 

General questions: 
1.	 What key questions need to be addressed to move forward on this topic? 
2.	 What scientific approaches could be used to address these questions? 
3.	 What are the scientific or technology barriers and anticipated limitations to implementation of 

these approaches? 
4.	 How does each key question/proposed approach rank according to time?   Use the priority 

matrix provided (see instructions above). 

Scenario 1 – Understanding interactions 
Although interactions are perceived as a significant challenge in the effort to predict the toxicity of 
mixtures, they are relatively infrequent and often subtle. Before embarking on efforts to identify 
interactions, it is important to agree on what constitutes a significant interaction. For example, what 
kind of increase above the “no interaction” case represents a significant synergistic interaction (i.e. is a 
statistically significant deviation enough or does it require a level that is biologically significant)? For the 
sake of identifying interactions, is dose addition an appropriate default for the “no interaction” scenario, 
since it provides a more conservative estimate of additive toxicity in the overwhelming majority of 
cases? 

Scenario 2 – Translation of interactions from in vitro to in vivo 
Assuming that a high throughput method is developed that is able to systematically identify chemical 
interactions, how can we move from in vitro identification of interactions to in vivo characterization of 
these interactions? What kinds of targeted testing approaches should be employed to provide data that 
will help develop fundamental principles of chemical interactions? 

Scenario 3 – Gene-environment interactions 
Chemical-chemical interactions are the focus of the majority of work in the interaction arena.  However, 
it is an accepted fact that both genetics and environmental (e.g. chemical, nutrition, life-stage, lifestyle) 
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factors can affect the same pathways and can play a role in the etiology of certain diseases. What are 
some research strategies and considerations for identifying important gene-environment interactions? 
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Group 5 Topic – Mixtures across Time 

Group 5 Participants: Dana Barr (Chairperson; Emory University), Chad Blystone (NIEHS DNTP), George 
Bollweg (EPA Region 5), Herb Buxton (USGS), Danielle Carlin (NIEHS DERT), Stephania Cormier (Louisiana 
State University), June Dunnick (NIEHS DNTP), Russ Hauser (Harvard School of Public Health), Jerry 
Heindel (NIEHS DERT), Shyamal Peddada (NIEHS DIR), Joanna Matheson (CPSC), Andrew Salmon 
(California EPA), Jane Ellen Simmons (EPA NHEERL), Linda Teuschler (EPA NCEA), Sheetal Thakur 
(Rapporteur; NIEHS DNTP), Tracey Woodruff (University of California, San Francisco) 

Group 5 Topic Description: Mixtures research has often focused on concurrent exposures to multiple 
chemicals.  However, constituent chemicals have different toxicokinetic and toxicodynamic properties, 
so that even concurrent exposures do not overlap entirely.  An additional layer of complexity occurs 
with real-world exposures, as chemicals can be present at different life stages with their unique 
sensitivities (e.g. developmental versus adult exposures).  In this breakout session, participants will 
address the types of studies required to elucidate principles of mixture exposures across time.  General 
questions, example scenarios, and specific questions are provided below to help guide discussion. 

General questions: 
1.	 What key questions need to be addressed to move forward on this topic? 
2.	 What scientific approaches could be used to address these questions? 
3.	 What are the scientific or technology barriers and anticipated limitations to implementation of 

these approaches? 
4.	 How does each key question/proposed approach rank according to time?   Use the priority 

matrix provided (see instructions above). 

Scenario 1 – Assumptions of averaging 
A person is exposed to different magnitudes of various chemicals during different stages of their lives. 
However, regulatory agencies typically average exposures across a lifetime.  What are the uncertainties 
associated with this practice?  Are there specific chemical classes, life-stages, or health outcomes where 
averaging exposures is inappropriate? What are suggested practical alternative approaches for defining 
lifetime exposure? 

Scenario 2 – Biomarkers for measuring aggregate exposures 
Biomarkers are available to measure various exposures (e.g. micronucleus or comet assays for exposure 
to mutagenic chemicals).  These biomarkers offer promise for assessing exposures across time.  What 
should be considered in developing biomarkers for measuring exposures across time?  Is it possible to 
tease apart the effects of chemical mixtures from non-chemical stressors (e.g. disease, psychosocial 
stress) using biomarkers? Will biomarkers be useful in elucidating principles related to exposures across 
time? 

Scenario 3 – Sensitive life stages 
Endocrine active compounds can have organizational and activational effects depending on the timing of 
exposure.  What experimental approaches would be best to elucidate the combined effects of exposure 
to endocrine active chemicals during development, puberty, and adulthood?  Besides endocrine 
disrupting chemicals, what other types of targets will provide useful scenarios to address this issue (e.g. 
initiators and promoters in cancer, developmental versus adult neurotoxicity) and which cases offer the 
most public health impact (i.e. available experimental model, relevance to human exposures/disease)? 
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Recommended Reading List 

General References 

Kortenkamp, A., T. Backhaus, and M. Faust. 2009. State of the Art Report on Mixture Toxicity: European 
Commission - Environment. 
http://ec.europa.eu/environment/chemicals/pdf/report_Mixture%20toxicity.pdf 

Lökke, H. 2010. Novel methods for integrated risk assessment of cumulative stressors - Results from the 
NoMiracle project. Science of the Total Environment 408 (18):3719-3724. 

Sexton, K., and D. Hattis. 2007. Assessing cumulative health risks from exposure to environmental 
mixtures - Three fundamental questions. Environmental Health Perspectives 115 (5):825-832. 

U.S. Environmental Protection Agency. 2000. Supplementary Guidance for Conducting Health Risk 
Assessment of Chemical Mixtures. 
http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=20533 

Topic 1: Mixture Modeling 

Krishnan, K., S. Haddad, M. Beliveau, and R. Tardif. 2002. Physiological modeling and extrapolation of 
pharmacokinetic interactions from binary to more complex chemical mixtures. Environmental 
Health Perspectives 110:989-994. 

Teuschler, L. K. 2007. Deciding which chemical mixtures risk assessment methods work best for what 
mixtures. Toxicology and Applied Pharmacology 223 (2):139-147. 

U.S. Environmental Protection Agency. 2009. Determinants of Whether or Not Mixtures of Disinfection 
By-Products Are Similar. 
http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=205944#Download 

Topic 2: Exposure Assessment 

NIOSH Mixed Exposures Research Agenda - A Report by the NORA Mixed Exposures Team. 2004. 
http://www.cdc.gov/niosh/docs/2005-106/2005-106d.html 

Preau, J. L., L. Y. Wong, M. J. Silva, L. L. Needham, and A. M. Calafat. 2010. Variability over 1 Week in the 
Urinary Concentrations of Metabolites of Diethyl Phthalate and Di(2-Ethylhexyl) Phthalate 
among Eight Adults: An Observational Study. Environmental Health Perspectives 118 (12):1748­
1754. 

Price, P. S., and X. L. Han. 2011. Maximum Cumulative Ratio (MCR) as a Tool for Assessing the Value of 
Performing a Cumulative Risk Assessment. International Journal of Environmental Research and 
Public Health 8 (6):2212-2225. 

Zou, B., J. G. Wilson, F. B. Zhan, and Y. N. Zeng. 2009. Air pollution exposure assessment methods 
utilized in epidemiological studies. Journal of Environmental Monitoring 11 (3):475-490. 

Topic 3: Epidemiology and Toxicology 
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Kogevinas, M. 2011. Epidemiological approaches in the investigation of environmental causes of cancer: 
the case of dioxins and water disinfection by-products. Environmental Health 10. 

Kortenkamp, A. 2008. Low dose mixture effects of endocrine disrupters: implications for risk assessment 
and epidemiology. International Journal of Andrology 31 (2):233-237. 

Topic 4: Chemical Interactions 
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Mumtaz, P. Price, K. Solomon, L. Teuschler, R. Yang, and R. Zaleski. 2011. Critical analysis of 
literature on low-dose synergy for use in screening chemical mixtures for risk assessment. 
Critical Reviews in Toxicology 41 (5):369-383. 

Hertzberg, R. C., and M. M. MacDonell. 2002. Synergy and other ineffective mixture risk definitions. 
Science of the Total Environment 288 (1-2):31-42. 

Patel, C. J., and A. J. Butte. 2010. Predicting environmental chemical factors associated with disease-
related gene expression data. Bmc Medical Genomics 3. 
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Pharmacodynamic Interactions with Computational Models in Supporting Cumulative Risk 
Assessment. International Journal of Environmental Research and Public Health 8 (5):1613-1630. 

Topic 5: Temporal Mixtures 

Baas, J., T. Jager, and B. Kooijman. 2010. Understanding toxicity as processes in time. Science of the Total 
Environment 408 (18):3735-3739. 

Silins, I., and J. Hogberg. 2011. Combined Toxic Exposures and Human Health: Biomarkers of Exposure 
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Invited Participant Directory 

Scott Auerbach Christopher Borgert 
NIEHS DNTP Applied Pharmacology and Toxicology 
Research Triangle Park, NC Gainesville, FL 
Email: auerbachs@niehs.nih.gov Email: cjborgert@apt-pharmatox.com 

Michael Babich 
CPSC 
Bethesda, MD 
Email: mbabich@cpsc.gov 

John Bailer 
Miami University 
Oxford, OH 
Email: baileraj@muohio.edu 

David Balshaw 
NIEHS DERT 
Research Triangle Park, NC 
Email: balshaw@niehs.nih.gov 

Dana Barr 
Emory University 
Atlanta, GA 
Email: dbbarr@emory.edu 

Mamta Behl 
NIEHS DNTP 
Research Triangle Park, NC 
Email: behlmv@niehs.nih.gov 

Linda Birnbaum 
NIEHS 
Research Triangle Park, NC 
Email: birnbaumls@niehs.nih.gov 

Chad Blystone 
NIEHS DNTP 
Research Triangle Park, NC 
Email: blystonecr@niehs.nih.gov 

George Bollweg 
EPA Region 5 
Chicago, IL 
Email: bollweg.george@epa.gov 

Abee Boyles 
NIEHS DNTP 
Research Triangle Park, NC 
Email: boylesa@niehs.nih.gov 

John Bucher 
NIEHS DNTP 
Research Triangle Park, NC 
Email: bucher@niehs.nih.gov 

Herb Buxton 
USGS 
W. Trenton, NJ 
Email: hbuxton@usgs.gov 

Antonia Calafat 
CDC 
Atlanta, GA 
Email: ACalafat@cdc.gov 

Danielle Carlin 
NIEHS DERT 
Research Triangle Park, NC 
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University of California 
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Boston, MA 
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Gwen Collman 
NIEHS DERT 
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Louisiana State University 
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University of Rochester 
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Research Triangle Park, NC 
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Brian Curwin 
NIOSH 
Cincinnati, OH 
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University of North Carolina, Chapel Hill 
Chapel Hill, NC 
Email: julie_daniels@unc.edu 
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Emory University 
Atlanta, GA 
Email: ldarrow@emory.edu 

Mike DeVito 
NIEHS DNTP 
Research Triangle Park, NC 
Email: devitom@niehs.nih.gov 
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NIEHS DERT 
Research Triangle Park, NC 
Email: dilworthch@niehs.nih.gov 
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NIEHS DIR 
Research Triangle Park, NC 
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June Dunnick 
NIEHS DNTP 
Research Triangle Park, NC 
Email: dunnickj@niehs.nih.gov 

Paul Feder 
Battelle 
Columbus, OH 
Email: feder@battelle.org 

Paul Foster 
NIEHS DNTP 
Research Triangle Park, NC 
Email: foster2@niehs.nih.gov 

Chris Gennings 
Virginia Commonwealth University 
Richmond, VA 
Email: gennings@vcu.edu 

Julia Gohlkle 
University of Alabama, Birmingham 
Birmingham, AL 
Email: jgohlke@uab.edu 

Kimberly Gray 
NIEHS DERT 
Research Triangle Park, NC 
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Clark University 
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Russell Hauser 
Harvard School of Public Health 
Boston, MA 
Email: rhauser@hohp.harvard.edu 

Jerry Heindel 
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Marike Kolossa 
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Susan Korrick 
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Richard Kwok 
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David Lawrence 
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Observer Directory 

Note: If a group preference was not indicated during registration, observers have been randomly 
assigned to groups based on available space. 

Barbara Abbott 
US EPA 
Research Triangle Park, NC 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Chemical Interactions 
Email: abbott.barbara@epa.gov 

Ali Abdel-Rahman 
FDA 
College Park, MD 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Mixture Modeling 
Email: Ali.Abdel-Rahman@fda.hhs.gov 
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NIEHS DERT 
Research Triangle Park, NC 
Day 1 Breakout Group: Risk Assessment 
Day 2 Breakout Group: Temporal Mixtures 
Email: allen9@niehs.nih.gov 
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Day 2 Breakout Group: Mixture Modeling 
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William Baird 
Oregon State University 
Corvallis, OR 
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Souad Benromdhane 
US EPA 
Research Triangle Park, NC 
Day 1 Breakout Group: Epidemiology 
Day 2 Breakout Group: Epidemiology and 
Toxicology 
Email: benromdhane.souad@epa.gov 

mailto:abbott.barbara@epa.gov�
mailto:Ali.Abdel-Rahman@fda.hhs.gov�
mailto:allen9@niehs.nih.gov�
mailto:ra32@duke.edu�
mailto:jataki@gsb.gov.gh�
mailto:auten@duke.edu�
mailto:sayehunie@mattek.com�
mailto:ballr@niehs.nih.gov�
mailto:bairdw@onid.orst.edu�
mailto:PBegemann@environcorp.com�
mailto:benromdhane.souad@epa.gov�
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Lawrence Stilwell Betts 
Eastern Virginia Medical School 
Poquoson, VA 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Epidemiology and 
Toxicology 
BettsLS@evms.edu 

James Blake 
RTI International 
Research Triangle Park, NC 
Day 1 Breakout Group: Exposure Science 
Day 2 Breakout Group: Chemical Interactions 
Email: jcblake@rti.org 

Meta Bonner 
US EPA 
Research Triangle Park, NC 
Day 1 Breakout Group: Risk Assessment 
Day 2 Breakout Group: Temporal Mixtures 
Email: bonner.meta@epa.gov 

Jonathan Boyd 
West Virginia University 
Morgantown, WV 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Chemical Interactions 
Email: jonathan.boyd@mail.wvu.edu 

Rebecca Boyles 
ICF International 
Durham, NC 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Temporal Mixtures 
Email: rboyles@icfi.com 

Gunnar Boysen 
UAMS 
Little Rock, AR 
Day 1 Breakout Group: Exposure Science 
Day 2 Breakout Group: Exposure Assessment 
Email: gboysen@uams.edu 

Joe Braun 
Harvard School of Public Health 
Boston, MA 
Day 1 Breakout Group: Epidemiology 
Day 2 Breakout Group: Epidemiology and 
Toxicology 
Email: jbraun@hsph.harvard.edu 

Thomas Brock 
Duke Medical Center 
Durham, NC 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Temporal Mixtures 
Email: brock003@mc.duke.edu 

J.B. Brown 
Kyoto University 
Kyoto, Japan 
Day 1 Breakout Group: Statistics 
Day 2 Breakout Group: Chemical Interactions 
Email: jbbrown@pharm.kyoto-u.ac.jp 

Maribel E Bruno 
US EPA 
Research Triangle Park, NC 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Chemical Interactions 
Email: Bruno.maribel@epa.gov 

Barbara Buckley 
US EPA 
Research Triangle Park, NC 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Mixture Modeling 
Email: buckley.barbara@epa.gov 

Lyle Burgoon 
US EPA 
Research Triangle Park, NC 
Day 1 Breakout Group: Risk Assessment 
Day 2 Breakout Group: Mixture Modeling 
Email: burgoon.lyle@epa.gov 

mailto:BettsLS@evms.edu�
mailto:jcblake@rti.org�
mailto:bonner.meta@epa.gov�
mailto:jonathan.boyd@mail.wvu.edu�
mailto:rboyles@icfi.com�
mailto:gboysen@uams.edu�
mailto:jbraun@hsph.harvard.edu�
mailto:brock003@mc.duke.edu�
mailto:jbbrown@pharm.kyoto-u.ac.jp�
mailto:Bruno.maribel@epa.gov�
mailto:buckley.barbara@epa.gov�
mailto:burgoon.lyle@epa.gov�
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Grace E. Byfield, PhD 
RTI International 
Research Triangle Park, NC 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Chemical Interactions 
Email: gbyfield@rti.org 

Ye Cao 
US EPA 
Research Triangle Park, NC 
Day 1 Breakout Group: Exposure Science 
Day 2 Breakout Group: Exposure Assessment 
Email: cao.ye@epa.gov 

William Caspary 
NIEHS 
Research Triangle Park, NC 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Epidemiology and 
Toxicology 
Email: caspary@niehs.nih.gov 

Ronald Chanderbhan 
FDA 
College Park, MD 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Epidemiology and 
Toxicology 
Email: ronald.chanderbhan@fda.hhs.gov 

Neepa Choksi 
Integrated Laboratory Systems, Inc. 
Research Triangle Park, NC 
Day 1 Breakout Group: Statistics 
Day 2 Breakout Group: Temporal Mixtures 
Email: nchoksi@ils-inc.com 

Chun-Hsien Chu 
NIEHS 
Research Triangle Park, NC 
Day 1 Breakout Group: Statistics 
Day 2 Breakout Group: Temporal Mixtures 
Email: chuc3@niehs.nih.gov 

Michael Cunningham 
NIEHS 
Research Triangle Park, NC 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Chemical Interactions 
Email: cunning1@niehs.nih.gov 

Maodo Malick Diop 
MANE 
France 
Day 1 Breakout Group: Exposure Science 
Day 2 Breakout Group: Exposure Assessment 
Email: Malick.diop@mane.com 

Sally Eckert-Tilotta 
NIEHS 
Research Triangle Park, NC 
Day 1 Breakout Group: Exposure Science 
Day 2 Breakout Group: Exposure Assessment 
Email: eckertt1@niehs.nih.gov 

Shelley Ehrlich 
Harvard School of Public Health 
Boston, MA 
Day 1 Breakout Group: Epidemiology 
Day 2 Breakout Group: Temporal Mixtures 
Email: sehrlich@hsph.harvard.edu 

Laura Datko 
US EPA 
Research Triangle Park, NC 
Day 1 Breakout Group: Risk Assessment 
Day 2 Breakout Group: Temporal Mixtures 
Email: datko.laura@epa.gov 

Tania Desrosiers 
University of North Carolina, Chapel Hill 
Chapel Hill, NC 
Day 1 Breakout Group: Epidemiology 
Day 2 Breakout Group: Epidemiology and 
Toxicology 
Email: ta_desrosiers@unc.edu 

mailto:cao.ye@epa.gov�
mailto:caspary@niehs.nih.gov�
mailto:ronald.chanderbhan@fda.hhs.gov�
mailto:nchoksi@ils-inc.com�
mailto:chuc3@niehs.nih.gov�
mailto:cunning1@niehs.nih.gov�
mailto:Malick.diop@mane.com�
mailto:eckertt1@niehs.nih.gov�
mailto:sehrlich@hsph.harvard.edu�
mailto:datko.laura@epa.gov�
mailto:ta_desrosiers@unc.edu�
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Melanie Doyle-Eisele 
Lovelace Respiratory Research Institute 
Albuquerque, NM 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Exposure Assessment 
Email: mdoyle@lrri.org 

Zuzana Drobna 
University of North Carolina, Chapel Hill 
Chapel Hill, NC 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Chemical Interactions 
Email: drobnazu@med.unc.edu 

Chunyuan Fei 
NIEHS 
Research Triangle Park, NC 
Day 1 Breakout Group: Epidemiology 
Day 2 Breakout Group: Epidemiology and 
Toxicology 
Email: feic@niehs.nih.gov 

Rebecca Fry 
University of North Carolina, Chapel Hill 
Chapel Hill, NC 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Epidemiology and 
Toxicology 
Email: rfry@unc.edu 

Vladimir Garkov 
European Commission 
Brussels, Belgium 
Day 1 Breakout Group: Risk Assessment 
Day 2 Breakout Group: Exposure Assessment 
Email: Vladimir.garkov@ec.europa.eu 

Yue Ge 
US EPA 
Research Triangle Park, NC 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Chemical Interactions 
Email: Ge.yue@epa.gov 

Kathleen Gilbert 
University of Arkansas for Medical Sciences 
Littlerock, AR 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Exposure Assessment 
Email: gilbertkathleenm@uams.edu 

Eliseo Guallar 
Johns Hopkins University 
Baltimore, MD 
Day 1 Breakout Group: Epidemiology 
Day 2 Breakout Group: Epidemiology and 
Toxicology 
Email: eguallar@jhsph.edu 

Ramadevi Gudi 
FDA 
College Park, MD 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Exposure Assessment 
Email: ramadevi.gudi@fda.hhs.gov 

Katharina Guth 
BASF SE 
Frankenthal, Germany 
Day 1 Breakout Group: Exposure Science 
Day 2 Breakout Group: Chemical Interactions 
Email: katharina.guth@basf.com 

Julie Herbstman 
Columbia Mailman School of Public Health 
New York, NY 
Day 1 Breakout Group: Statistics 
Day 2 Breakout Group: Epidemiology and 
Toxicology 
Email: jh2678@columbia.edu 

David Herr 
US EPA 
Research Triangle Park, NC 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Mixture Modeling 
Email: Herr.david@epamail.epa.gov 

mailto:mdoyle@lrri.org�
mailto:drobnazu@med.unc.edu�
mailto:feic@niehs.nih.gov�
mailto:rfry@unc.edu�
mailto:Vladimir.garkov@ec.europa.eu�
mailto:Ge.yue@epa.gov�
mailto:gilbertkathleenm@uams.edu�
mailto:eguallar@jhsph.edu�
mailto:ramadevi.gudi@fda.hhs.gov�
mailto:katharina.guth@basf.com�
mailto:jh2678@columbia.edu�
mailto:Herr.david@epamail.epa.gov�
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Martin Hoagland 
FDA 
Riverdale, MD 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Mixture Modeling 
Email: martin.hoagland@fda.hhs.gov 

Jennifer Kate Hoffman 
University of North Carolina, Chapel Hill 
Chapel Hill, NC 
Day 1 Breakout Group: Epidemiology 
Day 2 Breakout Group: Epidemiology and 
Toxicology 
Email: katehoff@email.unc.edu 

Michelle Hooth 
NIEHS 
Research Triangle Park, NC 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Epidemiology and 
Toxicology 
Email: hooth@niehs.nih.gov 

Jane Hoppin 
NIEHS 
Research Triangle Park, NC 
Day 1 Breakout Group: Epidemiology 
Day 2 Breakout Group: Exposure Assessment 
Email: hoppin1@niehs.nih.gov 

Megan Horton 
Columbia University 
New York, NY 
Day 1 Breakout Group: Epidemiology 
Day 2 Breakout Group: Epidemiology and 
Toxicology 
Email: mh2180@columbia.edu 

Jing Hu 
University of North Carolina, Chapel Hill 
Chapel Hill, NC 
Day 1 Breakout Group: Risk Assessment 
Day 2 Breakout Group: Temporal Mixtures 
Email: jinghu@live.unc.edu 

Margaret James 
University of Florida, Gainsville 
Gainesville, FL 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Chemical Interactions 
Email: mojames@ufl.edu 

Beby Jayaram 
NIEHS 
Research Triangle Park, NC 
Day 1 Breakout Group: Risk Assessment 
Day 2 Breakout Group: Chemical Interactions 
Email: jayaram1@niehs.nih.gov 

Anna Jeng 
Old Dominion University 
Norfolk, VA 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Epidemiology and 
Toxicology 
Email: hjeng@odu.edu 

Douglas Johns 
US EPA 
Research Triangle Park, NC 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Epidemiology and 
Toxicology 
Email: johns.doug@epa.gov 

Wendelyn Jones 
CropLife America 
Washington, DC 
Day 1 Breakout Group: Risk Assessment 
Day 2 Breakout Group: Epidemiology and 
Toxicology 
Email: wjones@croplifeamerica.org 

Ellen Kirrane 
US EPA 
Durham, NC 
Day 1 Breakout Group: Epidemiology 
Day 2 Breakout Group: Mixture Modeling 
Email: kirrane.ellen@epa.gov 

mailto:martin.hoagland@fda.hhs.gov�
mailto:katehoff@email.unc.edu�
mailto:hooth@niehs.nih.gov�
mailto:hoppin1@niehs.nih.gov�
mailto:mh2180@columbia.edu�
mailto:jinghu@live.unc.edu�
mailto:mojames@ufl.edu�
mailto:jayaram1@niehs.nih.gov�
mailto:hjeng@odu.edu�
mailto:johns.doug@epa.gov�
mailto:wjones@croplifeamerica.org�
mailto:kirrane.ellen@epa.gov�
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Valerie Kromer 
Rochester Midland Corporation 
Rochester, NY 
Day 1 Breakout Group: Risk Assessment 
Day 2 Breakout Group: Exposure Assessment 
Email: vkromer@rochestermidland.com 

Anjali Lamba 
US EPA 
Washington, DC 
Day 1 Breakout Group: Exposure Science 
Day 2 Breakout Group: Exposure Assessment 
Email: lamba.anjali@epa.gov 

Andrew Larkin 
Oregon State University 
Corvalis, OR 
Day 1 Breakout Group: Risk Assessment 
Day 2 Breakout Group: Mixture Modeling 
Email: larkinan@onid.orst.edu 

Christopher Lau 
US EPA 
Research Triangle Park, NC 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Chemical Interactions 
Email: lau.christopher@epa.gov 

Gerald LeBlanc 
North Carolina State University 
Raleigh, NC 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Chemical Interactions 
Email: gerald_leblanc@ncsu.edu 

Robert Leverette 
Lorillard Tobacco Company 
Greensboro, NC 
Day 1 Breakout Group: Statistics 
Day 2 Breakout Group: Mixture Modeling 
Email: rleverette@lortobco.com 

Kim Lichtveld 
University of North Carolina, Chapel Hill 
Chapel Hill, NC 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Exposure Assessment 
Email: kiml@email.unc.edu 

Dorothy Long 
University of North Carolina, Chapel Hill 
Chapel Hill, NC 
Day 1 Breakout Group: Statistics 
Day 2 Breakout Group: Epidemiology and 
Toxicology 
Email: dllong@live.unc.edu 

Tom Long 
US EPA 
Research Triangle Park, NC 
Day 1 Breakout Group: Exposure Science 
Day 2 Breakout Group: Exposure Assessment 
Email: long.tom@epa.gov 

Yen Low 
University of North Carolina, Chapel Hill 
Chapel Hill, NC 
Day 1 Breakout Group: Risk Assessment 
Day 2 Breakout Group: Mixture Modeling 
Email: yenlow@email.unc.edu 

Tom Luben 
US EPA 
Research Triangle Park, NC 
Day 1 Breakout Group: Epidemiology 
Day 2 Breakout Group: Epidemiology and 
Toxicology 
Email: luben.tom@epa.gov 

Ruth Lunn 
NIEHS 
Research Triangle Park, NC 
Day 1 Breakout Group: Epidemiology 
Day 2 Breakout Group: Epidemiology and 
Toxicology 
Email: lunn@niehs.nih.gov 

Bonnie Lyon 
University of North Carolina, Chapel Hill 
Chapel Hill, NC 
Day 1 Breakout Group: Exposure Science 
Day 2 Breakout Group: Chemical Interactions 
Email: lyonb@live.unc.edu 

mailto:vkromer@rochestermidland.com�
mailto:lamba.anjali@epa.gov�
mailto:larkinan@onid.orst.edu�
mailto:lau.christopher@epa.gov�
mailto:gerald_leblanc@ncsu.edu�
mailto:rleverette@lortobco.com�
mailto:kiml@email.unc.edu�
mailto:dllong@live.unc.edu�
mailto:long.tom@epa.gov�
mailto:yenlow@email.unc.edu�
mailto:luben.tom@epa.gov�
mailto:lunn@niehs.nih.gov�
mailto:lyonb@live.unc.edu�
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Robin Mackar 
NIEHS 
Research Triangle Park, NC 
Day 1 Breakout Group: N/A 
Day 2 Breakout Group: N/A 
Email: rmackar@niehs.nih.gov 

Suneeta Mahagaokar 
Shell 
Houston, TX 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Epidemiology and 
Toxicology 
Email: s.mahagaokar@shell.com 

Amal Mahfouz 
US EPA 
Bethesda, MD 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Exposure Assessment 
Email: mahfouz.amal@epa.gov 

Peter McClure 
SRC 
North Syracuse, NY 
Day 1 Breakout Group: Risk Assessment 
Day 2 Breakout Group: Chemical Interactions 
Email: mcclure@srcinc.com 

Suzanne McDermott 
University of South Carolina School of Medicine 
Columbia, SC 
Day 1 Breakout Group: Epidemiology 
Day 2 Breakout Group: Epidemiology and 
Toxicology 
Email: suzanne.mcdermott@uscmed.sc.edu 

Barry McIntyre 
NIEHS 
Research Triangle Park, NC 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Chemical Interactions 
Email: mcintyrebs@niehs.nih.gov 

Larry Michael 
RTI International 
Research Triangle Park, NC 
Day 1 Breakout Group: Epidemiology 
Day 2 Breakout Group: Epidemiology and 
Toxicology 
Email: lcm@rti.org 

Gary Mihlan 
Bayer Crop Sciences 
Research Triangle Park 
Day 1 Breakout Group: Exposure Science 
Day 2 Breakout Group: Exposure Assessment 
Email: gary.mihlan@bayer.com 

Aubrey Miller 
NIEHS 
RTP, NC 
Day 1 Breakout Group: Epidemiology 
Day 2 Breakout Group: Exposure Assessment 
Email: miller.aubrey@nih.gov 

Stefano Monti 
Boston University 
Boston, MA 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Mixture Modeling 
Email: smonti@bu.edu 

Kerri Moran 
MDB 
Chicago, IL 
Day 1 Breakout Group: N/A 
Day 2 Breakout Group: N/A 
Email: kmoran@michaeldbaker.com 

Megan Morgan 
Georgia-Pacific 
Atlanta, GA 
Day 1 Breakout Group: Risk Assessment 
Day 2 Breakout Group: Epidemiology and 
Toxicology 
Email: megan.morgan@gapac.com 

mailto:rmackar@niehs.nih.gov�
mailto:s.mahagaokar@shell.com�
mailto:mahfouz.amal@epa.gov�
mailto:mcclure@srcinc.com�
mailto:suzanne.mcdermott@uscmed.sc.edu�
mailto:mcintyrebs@niehs.nih.gov�
mailto:lcm@rti.org�
mailto:gary.mihlan@bayer.com�
mailto:miller.aubrey@nih.gov�
mailto:smonti@bu.edu�
mailto:kmoran@michaeldbaker.com�
mailto:megan.morgan@gapac.com�
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Richard Morris 
SRA International, Inc. 
Durham, NC 
Day 1 Breakout Group: Statistics 
Day 2 Breakout Group: Epidemiology and 
Toxicology 
Email: richard_morris@sra.com 

Anuradha Mudipalli 
USEPA 
Research Triangle Park, NC 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Chemical Interactions 
Email: mudipalli.anu@epa.gov 

Marisa Naujokas 
MDB 
Chicago, IL 
Day 1 Breakout Group: N/A 
Day 2 Breakout Group: N/A 
Email: mnaujokas@michaeldbaker.com 

Carlton Nash 
US EPA 
Chicago, IL 
Day 1 Breakout Group: Risk Assessment 
Day 2 Breakout Group: Exposure Assessment 
Email: nash.carlton@epa.gov 

Lucas Neas 
US EPA 
Chapel Hill, NC 
Day 1 Breakout Group: Epidemiology 
Day 2 Breakout Group: Epidemiology and 
Toxicology 
Email: neas.lucas@epa.gov 

Terry Nesbitt 
NIEHS 
Research Triangle Park, NC 
Day 1 Breakout Group: Epidemiology 
Day 2 Breakout Group: Temporal Mixtures 
Email: nesbittt@niehs.nih.gov 

Adriana Oller 
NiPERA 
Durham, NC 
Day 1 Breakout Group: Exposure Science 
Day 2 Breakout Group: Epidemiology and 
Toxicology 
Email: aoller@nipera.org 

Gretchen Onstad 
University of Washington 
Seattle, WA 
Day 1 Breakout Group: Exposure Science 
Day 2 Breakout Group: Chemical Interactions 
Email: gonstad@uw.edu 

Wimal Pathmasiri 
RTI International 
Research Triangle Park, NC 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Mixture Modeling 
Email: wpathmasiri@rti.org 

David Peden 
University of North Carolina, Chapel Hill 
Chapel Hill, NC 
Day 1 Breakout Group: Exposure Science 
Day 2 Breakout Group: Mixture Modeling 
Email: peden@med.unc.edu 

Andrea Pfahles-Hutchens 
US EPA 
Washington, DC 
Day 1 Breakout Group: Epidemiology 
Day 2 Breakout Group: Exposure Assessment 
Email: pfahles-hutchens.andrea@epa.gov 

Janet Phoenix 
George Washington School of Public Health 
Washington, DC 
Day 1 Breakout Group: Exposure Science 
Day 2 Breakout Group: Chemical Interactions 
Email: japhoenix@yahoo.com 

mailto:richard_morris@sra.com�
mailto:mudipalli.anu@epa.gov�
mailto:mnaujokas@michaeldbaker.com�
mailto:nash.carlton@epa.gov�
mailto:neas.lucas@epa.gov�
mailto:nesbittt@niehs.nih.gov�
mailto:aoller@nipera.org�
mailto:gonstad@uw.edu�
mailto:wpathmasiri@rti.org�
mailto:peden@med.unc.edu�
mailto:pfahles-hutchens.andrea@epa.gov�
mailto:japhoenix@yahoo.com�
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Joel Pounds 
Pacific Northwest National Laboratory 
Richland, WA 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Epidemiology and 
Toxicology 
Email: joel.pounds@pnnl.gov 

Gail Prins 
University of Illinois at Chicago 
Chicago, IL 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Mixture Modeling 
Email: gprins@uic.edu 

Candace Prusiewicz 
ICF International 
Chapel Hill, NC 
Day 1 Breakout Group: Risk Assessment 
Day 2 Breakout Group: Chemical Interactions 
Email: cprusiewicz@icfi.com 

Benny Pycke 
Arizona State University 
Tempe, AZ 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Epidemiology and 
Toxicology 
Email: bpycke@asu.edu 

Julia Rager 
University of North Carolina, Chapel Hill 
Chapel Hill, NC 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Epidemiology and 
Toxicology 
Email: jrager@live.unc.edu 

Jennifer Richmond-Bryant 
US EPA 
Research Triangle Park, NC 
Day 1 Breakout Group: Statistics 
Day 2 Breakout Group: Chemical Interactions 
Email: Richmond-bryant.jennifer@epa.gov 

Alison Sanders 
University of North Carolina, Chapel Hill 
Chapel Hill, NC 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Epidemiology and 
Toxicology 
Email: apsander@unc.edu 

Christopher Saranko 
Environmental Planning Specialists 
Atlanta, GA 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Epidemiology and 
Toxicology 
Email: csaranko@envplanning.com 

Lisa Satterwhite 
Duke University 
Durham, NC 
Day 1 Breakout Group: Statistics 
Day 2 Breakout Group: Epidemiology and 
Toxicology 
Email: lisa.satterwhite@duke.edu 

Bradley Schultz 
US EPA 
Research Triangle Park, NC 
Day 1 Breakout Group: Exposure Science 
Day 2 Breakout Group: Exposure Assessment 
Email: schultz.brad@epa.gov 

Pamela Schwingl 
Social & Scientific Systems, Inc 
Durham, NC 
Day 1 Breakout Group: Epidemiology 
Day 2 Breakout Group: Epidemiology and 
Toxicology 
Email: pschwingl@s-3.com 

Cheryl Scott 
US EPA 
Washington, DC 
Day 1 Breakout Group: Epidemiology 
Day 2 Breakout Group: Epidemiology and 
Toxicology 
Email: scott.cheryl@epa.gov 
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MaryJane Selgrade 
ICF International 
Durham, NC 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Epidemiology and 
Toxicology 
Email: mselgrade@icfi.com 

Berrin Serdar 
University of Colorado Denver 
Aurora, CO 
Day 1 Breakout Group: Epidemiology 
Day 2 Breakout Group: Exposure Assessment 
Email: berrin.serdar@ucdenver.edu 

Kenneth G. Sexton 
University of North Carolina, Chapel Hill 
Chapel Hill, NC 
Day 1 Breakout Group: Risk Assessment 
Day 2 Breakout Group: Chemical Interactions 
Email: ken_sexton@unc.edu 

Daniel Shaughnessy 
NIEHS 
Research Triangle Park, NC 
Day 1 Breakout Group: Exposure Science 
Day 2 Breakout Group: Chemical Interactions 
Email: shaughn1@niehs.nih.gov 

Larry Sheets 
Bayer CropScience 
Research Triangle Park, NC 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Chemical Interactions 
Email: larry.sheets@bayer.com 

Martin Sheppard 
US EPA 
Durham, NC 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Mixture Modeling 
Email: martin.sheppard@epa.gov 

David Sherr 
Boston University 
Boston, MA 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Mixture Modeling 
Email: dsherr@bu.edu 

Tammi Sinosky 
US Army 
Abingdon, MD 
Day 1 Breakout Group: Exposure Science 
Day 2 Breakout Group: Exposure Assessment 
Email: tammi.sinosky@us.army.mil 

Kaylyn Sipporin 
US EPA 
Research Triangle Park, NC 
Day 1 Breakout Group: Risk Assessment 
Day 2 Breakout Group: Temporal Mixtures 
Email: siporin.kaylyn@epa.gov 

Carol Sloan 
RTI International 
Research Triangle Park, NC 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Exposure Assessment 
Email: css@rti.org 

Carr Smith 
Albemarle Corporation 
Baton Rouge, LA 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Epidemiology and 
Toxicology 
Email: carr.smith@albemarle.com 

Jon Sobus 
US EPA 
Research Triangle Park, NC 
Day 1 Breakout Group: Exposure Science 
Day 2 Breakout Group: Exposure Assessment 
Email: sobus.jon@epa.gov 
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Jason Stanko 
NIEHS DNTP 
Research Triangle Park, NC 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Epidemiology and 
Toxicology 
Email: stankojp@niehs.nih.gov 

Miroslav Styblo 
University of North Carolina, Chapel Hill 
Chapel Hill, NC 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Chemical Interactions 
Email: styblo@med.unc.edu 

David Szabo 
University of North Carolina, Chapel Hill 
Chapel Hill, NC 
Day 1 Breakout Group: Risk Assessment 
Day 2 Breakout Group: Temporal Mixtures 
Email: szabo.david@epa.gov 

Cecilia Tan 
US EPA 
Research Triangle Park, NC 
Day 1 Breakout Group: Risk Assessment 
Day 2 Breakout Group: Temporal Mixtures 
Email: Tan.Cecilia@epamail.epa.gov 

Kyla Taylor 
NIEHS 
Research Triangle Park, NC 
Day 1 Breakout Group: Epidemiology 
Day 2 Breakout Group: Epidemiology and 
Toxicology 
Email: taylorkw@niehs.nih.gov 

Susan Teitelbaum 
Mount Sinai School of Medicine 
New York, NY 
Day 1 Breakout Group: Epidemiology 
Day 2 Breakout Group: Mixture Modeling 
Email: susan.teitelbaum@mssm.edu 

Raymond Tice 
NIEHS 
Research Triangle Park, NC 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Chemical Interactions 
Email: tice@niehs.nih.gov 

Catherine Tuglus 
University of Southern California 
Los Angeles, CA 
Day 1 Breakout Group: Statistics 
Day 2 Breakout Group: Epidemiology and 
Toxicology 
Email: ctuglus@gmail.com 

David Umbach 
NIEHS 
Research Triangle Park, NC 
Day 1 Breakout Group: Statistics 
Day 2 Breakout Group: Mixture Modeling 
Email: umbach@niehs.nih.gov 

Katherine Walker 
Health Effects Institute 
Boston, MA 
Day 1 Breakout Group: Exposure Science 
Day 2 Breakout Group: Mixture Modeling 
Email: kwalker@healtheffects.org 

Joshua Warren 
North Carolina State University 
Raleigh, NC 
Day 1 Breakout Group: Risk Assessment 
Day 2 Breakout Group: Temporal Mixtures 
Email: jlwarre2@ncsu.edu 

Cheryl Watson 
University of Texas Medical Branch 
Galveston, TX 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Mixture Modeling 
Email: cswatson@utmb.edu 

mailto:stankojp@niehs.nih.gov�
mailto:styblo@med.unc.edu�
mailto:szabo.david@epa.gov�
mailto:Tan.Cecilia@epamail.epa.gov�
mailto:taylorkw@niehs.nih.gov�
mailto:susan.teitelbaum@mssm.edu�
mailto:tice@niehs.nih.gov�
mailto:ctuglus@gmail.com�
mailto:umbach@niehs.nih.gov�
mailto:kwalker@healtheffects.org�
mailto:jlwarre2@ncsu.edu�
mailto:cswatson@utmb.edu�


  
 

 
 

 
   
   

  
 

 
  

 
  
  

  
 

 
 

  
 

 
  

 
 

 
 

   
   
  

 
 

 
  

  
  

  
 

 
 

  
  
  

  
 

 
 

  
  
  

  

 
 

  
   
   

  
  

 
 

  
  
  

  
 

 
   

 
  
  

 
  

 
 

 
 

   
   

  
 

 
  
 

   
   

  
 

 
   

 
  
  

   

 
 
 
 

P a g e  | 33 

Susan Marie Viet 
Westat 
Rockville, MD 
Day 1 Breakout Group: Epidemiology 
Day 2 Breakout Group: Exposure Assessment 
Email: SusanViet@westat.com 

Todd Whitehead 
University of California, Berkeley 
Berkeley, CA 
Day 1 Breakout Group: Exposure Science 
Day 2 Breakout Group: Exposure Assessment 
Email: toddpwhitehead@berkeley.edu 

Adrien Wilkie 
US EPA 
Research Triangle Park, NC 
Day 1 Breakout Group: Epidemiology 
Day 2 Breakout Group: Exposure Assessment 
Email: wilkie.adrien@epa.gov 

Jennifer Williams 
US EPA 
Chicago, IL 
Day 1 Breakout Group: Risk Assessment 
Day 2 Breakout Group: Exposure Assessment 
Email: williams.jenniferl@epa.gov 

Vickie Wilson 
US EPA 
Research Triangle Park, NC 
Day 1 Breakout Group: Epidemiology 
Day 2 Breakout Group: Chemical Interactions 
Email: wilson.vickie@epa.gov 

Cynthia Wolf 
US EPA 
Research Triangle Park, NC 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Mixture Modeling 
Email: wolf.cynthiaj@epa.gov 

Charles Wood 
US EPA 
Research Triangle Park, NC 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Mixture Modeling 
Email: wood.charles@epa.gov 

Brianna Young 
US EPA 
Research Triangle Park, NC 
Day 1 Breakout Group: Risk Assessment 
Day 2 Breakout Group: Temporal Mixtures 
Email: young.brianna@epa.gov 

Tim Zacharewski 
US EPA 
Research Triangle Park, NC 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Chemical Interactions 
Email: zacharewski.tim@epa.gov 

Jose Zavala 
University of North Carolina, Chapel Hill 
Chapel Hill, NC 
Day 1 Breakout Group: Biology/Toxicology 
Day 2 Breakout Group: Epidemiology and 
Toxicology 
Email: jzavala@email.live.edu 

Errol Zeiger 
Errol Zeiger Consulting 
Chapel Hill, NC 
Day 1 Breakout Group: Risk Assessment 
Day 2 Breakout Group: Chemical Interactions 
Email: zeiger@nc.rr.com 

Yiliang Zhu 
University of South Florida 
Tampa, FL 
Day 1 Breakout Group: Risk Assessment 
Day 2 Breakout Group: Mixture Modeling 
Email: yzhu@health.usf.edu 

Baiming Zou 
University of North Carolina, Chapel Hill 
Chapel Hill, NC 
Day 1 Breakout Group: Statistics 
Day 2 Breakout Group: Mixture Modeling 
Email: bzou@email.unc.edu 
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Day 1 Breakout Session – Discipline-based groups
 

Epidemiology Risk Assessment Statistics Biology/Toxicology Exposure Science 

Rosemary Castorina 

David Christiani 

Julie Daniels 

Lyndsey Darrow 

Caroline Dilworth 

Kim Gray 

Russ Hauser 

Irva Hertz-Piccioto 

Kembra Howdeshell 

Freya Kamel 

Susan Korrick 

Scott Masten 

Paige Tolbert 

Tom Webster 

Beth Whelan (chair) 

Mike Babich 

George Bollweg 

Mike DeVito 

Andrew Hotchkiss 

Ron Lorentzen 

Anna Lowit 

Jennifer McPartland 

Moiz Mumtaz (chair) 

Glenn Rice 

Andrew Salmon 

Bill Suk 

Linda Teuschler 

Claudia Thompson 

Nigel Walker 

Tracey Woodruff 

John Bailer 

Abee Boyles 

Gregg Dinse 

Paul Feder (chair) 

Chris Gennings 

Dale Hattis 

Amy Herring 

Richard Hertzberg 

Grace Kissling 

Liz Maull 

Shyamal Peddada 

Cynthia Rider 

Woody Setzer 

Keith Shockley 

Chad Blystone 

Christopher Borgert 

Danielle Carlin 

Stephania Cormier 

Deborah Cory-

Slechta 

Kevin Crofton 

Paul Foster 

Julia Gohlke 

Earl Gray 

Jerry Heindel 

Marike Kolossa-

Gehring 

Andreas Kortenkamp 

Susan Schantz 

Jane Ellen Simmons 

Raymond Yang 

(chair) 

Scott Auerbach 

David Balshaw 

Dana Barr 

Herb Buxton 

Antonia Calafat 

(chair) 

Brian Curwin 

June Dunnick 

Richard Kwok 

David Lawrence 

Joanna Matheson 

Sri Nadadur 

Chirag Patel 

Paul Price 

Jim Rusling 

Rogelio Tornero-

Velez 
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Day 2 Breakout Session – Focus on Topics
 

Topic 1: Modeling Topic 2: Exposure Topic 3: Epi and 
Tox 

Topic 4: 
Interactions 

Topic 5: Temporal 
Mixtures 

John Bailer 

Lyndsey Darrow 

Mike DeVito 

Gregg Dinse 

Chris Gennings 

Earl Gray 

Richard Hertzberg 

(chair) 

Marike Kolossa-

Gehring 

Anna Lowit 

Paul Price 

Glenn Rice 

Cynthia Rider 

Jim Rusling 

Bill Suk 

Ray Yang 

David Balshaw 

Rosemary Castorina 

Brian Curwin 

Julie Daniels 

Paul Foster 

Julia Gohlke (chair) 

Kim Gray 

Grace Kissling 

Susan Korrick 

Richard Kwok 

Scott Masten 

Moiz Mumtaz 

Chirag Patel 

Woody Setzer 

Rogelio Tornero-

Velez 

Mike Babich 

Antonia Calafat 

Caroline Dilworth 

Dale Hattis 

Irva Hertz-Piccioto 

Kembra Howdeshell 

Freya Kamel 

Andreas Kortenkamp 

Jennifer McPartland 

Sri Nadadur 

Susan Schantz 

Paige Tolbert 

Nigel Walker 

Tom Webster (chair) 

Beth Whelan 

Scott Auerbach 

Christopher Borgert 

Abee Boyles 

David Christiani 

Deborah Cory-

Slechta (chair) 

Kevin Crofton 

Paul Feder 

Amy Herring 

Andrew Hotchkiss 

David Lawrence 

Ronald Lorentzen 

Liz Maull 

Keith Shockley 

Claudia Thompson 

Dana Barr (chair) 

Chad Blystone 

George Bollweg 

Herb Buxton 

Danielle Carlin 

Stephania Cormier 

June Dunnick 

Russ Hauser 

Jerry Heindel 

Joanna Matheson 

Shyamal Peddada 

Andrew Salmon 

Jane Ellen Simmons 

Linda Teuschler 

Tracey Woodruff 
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Notes
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