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Dear Colleagues,

Thank you for joining us this year for the 2020 ISES Meeting!

Your attendance and contributions speak volumes of the importance of continuing the 
promotion and sharing of science in the wake of COVID-19. While it is unfortunate that 
we are unable to host the meeting in California, enjoying the richness of Oakland and 
the greater Bay Area, we are immensely grateful this virtual meeting came to fruition. 

Our 2020 Meeting’s theme, Changing Exposure, Climate, and Health: From Science to 
Policy, remains important under the current extraordinary circumstances. Furthering 
the field of exposure science is more crucial than ever under the global SARS-CoV-2 
pandemic. Exposure science is forefront and mainstream in informing public policy 
and safety, and the current pandemic has even turned laypeople into armchair 
exposure scientists. While our attention in recent months has turned largely to how 
SARS-CoV-2 behaves in the environment and in our population, the ISES community 
and exposure investigators at large continue their work addressing all types of 
stressors on public and environmental health, from traditional physical, chemical, 
biological agents, to social and community stressors. 

Thanks are in order to the ISES Executive Committee and General Scientific Meetings 
Committee for their ongoing feedback in planning this event; to the 2020 Meeting 
Technical Organizing Committee teams for their contributions and feedback on 
various Meeting facets, and for pivoting when we moved to a virtual platform; and 
to Infinity Conference Group for keeping the co-chairs on schedule and making this 
Meeting a reality. We also thank all participants who contributed the very substantial 
content of this Meeting.

Special thanks go to Dr. Elizabeth Marder, whose dedication to ISES’s mission, 
membership and operations showed in the tremendous amount of time she took to 
advise on and direct the production of this Meeting.

While the 2020 ISES Meeting in its virtual format comes with its limitations, we truly 
aimed for it to be engaging, accessible, and meaningful, with high-quality content as 
featured in our in-person meetings. We hope you enjoy it and have opportunities to 
connect with the greater community. We look forward to a day that we can convene in 
person again. Stay well and keep carrying the torch.

Kind regards,

ISES 2020 Meeting Co-Chairs

Welcome 

From the 
Meeting 

Co-Chairs

Dr. Vivek C. Mathrani

Staff Toxicologist 
California Department of 
Toxic Substances Control

Dr. Jun Wu 

Professor
University of California, Irvine

Dr. Robert Scofield

Principal Toxicologist and VP
GSI Environmental, Inc
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Dear Colleagues, 

It is our honor and great pleasure to welcome you on behalf of the International 
Society of Exposure Science to our annual conference. While I am very disappointed 
that I was not able to welcome you in my hometown of Oakland, California, I am 
excited to welcome you to our first virtual conference. This is an exciting opportunity 
to develop new ways of building our global ISES community and increasing 
accessibility of our conference while minimizing our impact on the environment.

Our conference theme this year is “Changing Exposure, Climate, and Health: From 
Science to Policy.” At the time the theme was created, we had no idea how much our 
world would change and how relevant that theme would be for all of us in Fall of 2020.

This year marks the 30th anniversary of ISES. At no time in our history, has the role of 
Exposure Science been more important. As one of our members eloquently tweeted, 
“Until there is a vaccine, Exposure Science is what is keeping your family safe.” During 
this year, I know all of you have been active in achieving our ISES mission of meeting 
“humanity’s needs for public health and environmental protection through a global 
community of exposure science professionals.” Each one of should ask ourselves how 
we can support each other as well all work to address this global health crisis.
While not in person, we know that this year’s conference will be a time to remember. It 
will provide unique opportunities for communication and organizing in many different 
activities to promote interdisciplinary scientific, and of course social, exchange. The 
conference will offer chances to connect and learn with colleagues from around the 
world in an innovative virtual environment. 

Every annual meeting requires a phenomenal amount of work and dedication from 
the meeting co-chairs. However, this year required an incredible about of service and 
commitment by the co-chairs as they had to pivot and redesign the entire conference 
as virtual event in the wake of the pandemic. Many thanks to Jun Wu, Robert Scofield, 
and Vivek Mathrani for chairing this year’s conference, and to Elizabeth Marder who 
has stepped in to assist during the crisis. Their leadership, along with the hardworking 
Technical Organizing Committee, numerous reviewers and organizers of symposia 
and the generosity of sponsors, together have made this conference possible. Let us 
use this meeting to strengthen our networks and build or maintain connections across 
disciplines and continents and make this event one more stepping stone towards a 
truly sustainable future as well work towards helping our communities achieve their 
new normal. 
 

Welcome 

From the 
ISES President

Paloma Beamer, PhD 
ISES President
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Meeting Organization 

Kathleen Attfield 
California Department of Public Health
Paloma Beamer
University of Arizona
Victor De Jesus
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Christine C. Ekenga
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Kirin Emlet Furst
George Mason University
 

Rima Habre
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Eric Hall
US Environmental Protection Agency
 

Jing Hao
California Office of Environmental 
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Tina Hoang
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Hongtai Huang
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M. Elizabeth Marder
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University of 
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Yale University
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West Chester University
 

Jonathan Thornburg
RTI International
 

Nicolle Tulve
US Environmental Protection Agency
 

Tracey Woodruff
University of California, San Francisco 
 

Xiangmei (May) Wu
California Office of Environmental Health Hazard 
Assessment
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University of Texas Health Science Center at 
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California Air Resources Board 
 

Xueying Zhang
Icahn School of Medicine at Mount Sinai

Eric Hall (Chair)
Lee Blum 

Victor De Jesus
Andrea Hinwood

Kazukiyo Kumagai
Hyung Joo Lee

Yirui Liang
Konstantinos C. Makris

M. Elizabeth Marder
Lisa Melnyk

Amirhosein Mousavi
Yoshira Ornelas

Audil Rashid
Francis Ramacciotti

Amina Salamova
Kabindra M. Shakya
Len Turczynowicz

Nicolle S. Tulve 
Crystal Upperman

Jackie Wright
Jun Wu

Qunfang (Zoe) Zhang
Xueying Zhang

Abstract Peer Reviewers 
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Joan M. Daisey Outstanding Young Scientist Award Winner: 
Peter Fantke, PhD Associate Professor for Quantitative Sustainability Assessment 
at the Technical University of Denmark (DTU)
Peter Fantke is Associate Professor for Quantitative Sustainability Assessment at the 
Technical University of Denmark (DTU). He develops quantitative methods and data 
for assessing emissions, fate, exposure, and toxicological effects of chemicals and air 
pollutants, with a special focus on integrating consumer, worker and population exposure 
along entire product life cycles.

He is director of USEtox, the UNEP/SETAC scientific consensus model for characterizing chemical toxicity and 
ecotoxicity. Peter’s methods are applied in life cycle analysis, sustainability assessment, risk screening, chemical 
substitution, and cost-benefit analysis, and inform companies and regulators alike.

This award is inspired by the work of visionary individuals who have helped shape the field of exposure science and who 
supported the origins and growth of the ISES and have now passed on but left a strong legacy. The motivation for this award is 
the recent losses of iconic and ground-breaking researchers exemplified by Natalie Freeman, Michael Lebowitz, Paul Lioy, and 
Larry Needham. The award recognizes individuals who produce significant advances in the development and/or translation of 
exposure science and exhibit leadership and service in ISES and/or the exposure science community.

Excellence in Exposure Science Award

ISES Awards

2020 Excellence in Exposure Science Award Winner: 
Rosemary Zaleski, PhD, Principal Scientist at Lumina Consulting L.L.C.
Dr. Rosemary Zaleski has contributed internationally to the development of exposure 
factor data resources and consumer exposure models. Her publications also include the 
areas of child specific exposure assessment and multimedia modeling. She has served as 
Councilor on the ISES board, student mentor, JESEE editorial team, and founding member 
and councilor of the first local chapter. Other service includes the ECETOC Scientific 
Committee, Organisation for Economic Co-operation and Development and also Health 

and Environmental Science Institute international committees, and USEPA peer review panels. She is currently Principal 
Scientist at Lumina Consulting, with a PhD in Environmental Science from Rutgers University.

Joan M. Daisey Outstanding Young Scientist Award
Joan M. Daisey Outstanding Young Scientist Award to recognize outstanding contributions to the science of human 
exposure analysis by a young scientist. Joan Daisey was a founding member and past president (1995-1996) of the 
International Society of Exposure Analysis (ISEA) (subsequently renamed ISES), continuing to be active until her death 
in 2000. Daisey was senior staff scientist at the U.S. Department of Energy's Lawrence Berkeley National Laboratory 
(Berkeley Lab) and one of the nation's leading experts on indoor air quality.
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ISES Award for Best Student Paper

ISES Award for Best JESEE Paper Winner: 
J Alissa Cordner, PhD, (Lead Author) Associate Professor and Paul Garrett Fellow 
at Whitman College
Dr. Alissa Cordner is Associate Professor and Paul Garrett Fellow at Whitman College, 
where she teaches sociology and environmental studies courses. Her research focuses 
on environmental sociology, the sociology of risk and disasters, environmental health 
and justice, and public engagement in science and policy making. She is the author 
of Toxic Safety: Flame Retardants, Chemical Controversies, and Environmental Health 
and the co-author of The Civic Imagination: Making a Difference in American Political 

Life. She co-directs the PFAS Project Lab and is the co-PI of two NSF grants related to PFAS science, regulation, and 
activism.

To recognize ISES members for work published in the Journal of Exposure Science and Environmental Epidemiology 
(JESEE) that exemplifies the best in the field of exposure science.

Paper:  Guideline levels for PFOA and PFOS in drinking water: the role of scientific uncertainty, risk assessment  
 decisions, and social factors.
 Co-Authors: Vanessa Y. De La Rosa, Laurel A. Schaider, Ruthann A. Rudel, Lauren Richter, Phil Brown

ISES Award for Best Student Paper Winner: 
Anna Rosofsky, PhD, Staff Scientist at the Health Effects Institute in the Energy 
Research Program.
Anna Rosofsky is a Staff Scientist at the Health Effects Institute in the Energy Research 
Program. In this role, Rosofsky performs literature review, program development, 
and research implementation activities to understand potential human exposure and 
health impacts from unconventional oil and gas development. She has published on 
environmental health disparities and prenatal chemical exposures. Rosofsky received a 
Ph.D. in Environmental Health from Boston University School of Public Health, where she 

studied spatiotemporal patterns of ambient air pollution exposure and early-childhood health outcomes. She received 
her master’s in Environmental Science and Policy from Clark University.

To recognize student or recent graduate ISES members for published work that exemplifies the best student-authored 
papers in the field of exposure science.

ISES Award for Best JESEE Paper

ISES Awards
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ISES Awards
JESEE Young Investigator Meeting Award

JESEE Young Investigator Meeting Award Winner:
Élyse Caron-Beaudoin, PhD, Assistant Professor in environmental health at the 
University of Toronto – Scarborough
Élyse Caron-Beaudoin is an Assistant Professor in environmental health at the University 
of Toronto – Scarborough. Her research focuses on the development of transdisciplinary 
community-based research projects to assess the impacts of anthropogenic pressures 
on health by combining information from multiple levels of biological organization. 
Élyse holds a PhD in biology with a specialization in toxicology from the INRS – 

Armand-Frappier Institute, Canada. From 2018 to 2020, she was a CIHR-funded postdoctoral fellow at the Université 
de Montreal, Canada. During her fellowship, Élyse investigated the associations between density and proximity to 
hydraulic fracturing wells and birth outcomes in Northeastern British Columbia. 

This award supports student and new researcher (researcher within 10 years of terminal degree) participation at the 
ISES annual meetings.

IPA/DGUV Award for Young Exposure Scientists

IPA/DGUV Award for Young Exposure Scientists Award Winner:
Jamaji C. Nwanaji-Enwerem, PhD, Final-year MD and Master in Public Policy 
candidate at Harvard Medical School and Harvard Kennedy School
Jamaji C. Nwanaji-Enwerem holds a PhD from Harvard T.H. Chan School of Public 
Health/Harvard Graduate School of Arts and Sciences. He is also a final-year MD and 
Master in Public Policy candidate at Harvard Medical School and Harvard Kennedy 
School. Dr. Nwanaji-Enwerem has authored over 24 environmental health publications in 
the last four years, and earned grants from reputable bodies like the National Institute 
on Aging. Dr. Nwanaji-Enwerem hopes to use his education as a tool to alleviate health-

related disparities that affect the world’s most vulnerable populations. Given the impact of COVID-19 and increased 
attention towards systemic racial injustice, he has recently co-authored two important works entitled “Another invisible 
enemy indoors: COVID-19, human health, the home, and United States indoor air policy,” and “Police brutality is our lane 
too, doctors say".

To foster research in exposure areas with linkages to biomonitoring for superior doctoral students working on their 
dissertation or superior first-year postdoctoral exposure scientists
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Plenary Sessions

Meredith Williams
California EPA Department of Toxic Substances Control 

PRESENTATION: Making the Invisible Visible: Using Exposure Science to Shape Policy
Meredith Williams is the Director of the California Department of Toxic Substances Control. 
She was appointed to the position by Governor Gavin Newsom in December of 2019. Meredith 
joined DTSC in 2013 as Deputy Director of the Department’s Safer Consumer Products 
Program to lead the implementation of California’s groundbreaking effort to reduce toxic 
chemicals in consumer products. She has expertise in research and development, product 
management, and operations for Fortune 500 companies in the technology, consumer 
product, and chemical sectors, including 3M and Applied Materials, a leading semiconductor 
manufacturer. Following her work in the private sector, Meredith held a number of leadership 
positions at the nonprofit San Francisco Estuary Institute, a nationally recognized center 
for science in support of aquatic resource management. Meredith strives for collaborative 
solutions to complex problems and has a track record of championing interdisciplinary 
project management approaches. She holds a B.A. degree from Yale and a doctorate in 
physics from North Carolina State University.

Monday, September 21
8:00 am - 9:00 am PDT

Environmental Health Policy

Lauren Zeise
California EPA Office of Environmental Health Hazard Assessment 

PRESENTATION: Leveraging 21st Century Exposure Science to Promote Environmental Health
Lauren Zeise, Ph.D., was appointed by Gov. Brown as Director of OEHHA in December 2016. 
She had served as acting director since May 2015. Dr. Zeise has been with OEHHA since its 
inception in 1991. She spent 3 years as Deputy Director for Scientific Affairs and 21 years as 
Chief of the Reproductive and Cancer Hazard Assessment Branch, which included managing 
the Proposition 65 program. Prior to OEHHA’s creation, she was chief of the cancer unit at the 
California Department of Health Services and spent several years at the California Public Health 
Foundation and the U.S. Environmental Protection Agency. She played a leading role in OEHHA’s 
development of CalEnviroScreen, the nation’s first comprehensive statewide environmental 
health screening tool, which is used to identify the California communities most burdened by 
pollution from multiple sources and most vulnerable to its effects. She also co-led the team that 
developed the hazard trait regulation for California’s Safer Consumer Products program, and 
she has conducted hundreds of health risk assessments. Dr. Zeise earned her doctorate from 
Harvard University with a thesis on “Surrogate Measures of Human Cancer Risk.” She has served 
on numerous national and international science advisory committees and boards focusing 
on environmental public health and improving the way chemicals are tested or evaluated for 
health risk. These include more than 20 National Academy of Sciences (NAS) committees, 
numerous U.S. Environmental Protection Agency panels, and advisory committees for the World 
Health Organization’s International Agency for Research on Cancer. She is a member, fellow, 
former editor, and former councilor of the Society for Risk Analysis and was the 2008 recipient 
of the Society’s Outstanding Risk Practitioner Award. She is also a member of the Society of 
Toxicology and an honorary lifetime NAS National Associate.
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Plenary Sessions

Kirsten Bibbins-Domingo
University of California, San Francisco

PRESENTATION: Social and Environmental Context and Health Equity
Kirsten Bibbins-Domingo, PhD, MD, MAS is the Professor and Chair of the Department of 
Epidemiology and Biostatistics, and the Lee Goldman, MD Endowed Chair and Professor 
of Medicine at the University of California, San Francisco.   She is the inaugural Vice Dean 
for Population Health and Health Equity in the UCSF School of Medicine.  She co-founded 
the UCSF Center for Vulnerable Populations at Zuckerberg San Francisco General Hospital 
that focuses on actionable research to increase health equity and reduce health disparities 
in at risk communities.  She is one of the Principle Investigators for the UCSF Clinical and 
Translational Sciences Institute, and she leads the newly launched UCSF COVID Community 
Public Health Initiative. Dr. Bibbins-Domingo is a general internist and cardiovascular 
epidemiologist whose scholarship includes observational epidemiology, pragmatic trials, and 
simulation modeling to examine clinical and public health approaches to prevention in the US 
and globally.  She previously served on and led the US Preventive Services Task Force from 
2010-2017. She is an inducted member of the American Society for Clinical Investigation, the 
Association of American Physicians, and the National Academy of Medicine. 

Monday, September 21
12:00 pm - 1:00 pm PDT

Health Disparity

Maureen Lichtveld
Tulane University

PRESENTATION: The Impact of Exposures to Chemical and Non-chemical Climate Stressors 
on Health Equity: Lessons Learned from Caribbean Communities
Maureen Lichtveld, M.D., M.P.H., is a Professor and the Freeport McMoRan Chair on 
Environmental Policy at Tulane University’s School of Public Health and Tropical Medicine, as 
well as the Director of the Center for Gulf Coast Environmental Health Research, Leadership, 
and Strategic Initiatives, and a member of the National Academy of Medicine. Her research 
focuses on environmentally induced disease, health disparities, environmental health policy, 
disaster preparedness, climate and health, public health systems, and community resilience. 
With more than 35 years environmental public health experience, Dr. Lichtveld’s national and 
global environmental health research examines the cumulative impact of chemical and non-
chemical stressors on communities facing environmental health threats, disasters and health 
disparities. Dr. Lichtveld is a member of the NAS Roundtable on Environmental Health Sciences, 
Research, and Medicine; NAS Board on Global Health; NAS Climate Communications Initiative 
Advisory Board, and the NAM Climate and Health committee. She was elected to the Board 
of the Consortium of Universities for Global Health (CUGH) and co-chairs the Climate and 
Health Expert Panel sponsored by the Caribbean Public Health Agency. Dr. Lichtveld served on 
the National Advisory Environmental Health Sciences Council, NIH/ NIEHS, was a member of 
the EPA Scientific Advisory Board and the Health Disparities Subcommittee, CDC; Past Chair, 
Editorial Board, American Journal of Public Health; Past President, Hispanic Serving Health 
Professions Schools. Other recognitions: Johns Hopkins University Society of Scholars, CDC’s 
Environmental Health Scientist of the Year, Woman of the Year, New Orleans.
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Plenary Sessions

Howard Hu
University of Southern California

PRESENTATION: The Pollution, Climate and Global Burden of Disease Initiative: the Challenge 
of Estimating Exposures in Countries with Little or No Data
Dr. Hu, a physician-scientist-epidemiologist, has been a tenured Professor, Director, 
Department Chair, and Dean in positions at Harvard (1990-2006), the University of Michigan 
(2006-2012), and the University of Toronto (2012-2018). He is currently Professor and 
the Flora L. Thornton Chair of the Department of Preventive Medicine in the Keck School 
of Medicine of the University of Southern California and a senior member of a variety of 
international committees and boards. Dr. Hu has led international teams investigating the 
environmental, nutritional, social, and epi/genetic determinants of chronic disease and 
impaired child development in population-based studies based in the U.S., Mexico, India, 
China, and elsewhere around the world. His team’s work has been continuously funded by the 
U.S. National Institutes of Health, generated over 300 publications and won many awards.

Monday, September 21
5:30 pm - 6:30 pm PDT

Changing Exposure and Health

Junfeng (Jim) Zhang
Duke University

PRESENTATION: The Role of Exposure Science in Precision Health Management
Dr. Zhang is Professor of Global and Environmental Health at the Nicholas School of the 
Environment of Duke University.  He holds a faculty position at both Duke Global Health 
Institute and Duke Kunshan University in China. He directs the Exposure Biology and Chemistry 
Laboratory at Duke University and Duke Kunshan University. Dr. Zhang’s research interests 
include assessing population and individual exposures to environmental contaminants, 
investigating the relationships between environmental exposure and health outcomes, and 
examining pathophysiological pathways linking exposure to adverse health effects. Dr. Zhang’s 
research integrates clinical research, exposure assessment, and epidemiology into natural 
experiments to examine health effects and underlying biological mechanisms of air pollution 
exposure. This integrative approach has been used in several of his recent interventional trails 
not only to evaluate the effectiveness of exposure reduction in improving health outcomes but 
also to further elucidate the causality of exposure-response relationship. Dr. Zhang authored 
over 236 peer-reviewed articles published in prominent medical journals, environmental 
sciences journals, and environmental health journals.  Dr. Zhang is one of the officially 
recognized contributors to the 2007 Nobel Peace Prize for his work on characterizing sources 
of non-CO2 greenhouse gases that also affect health. He is the 2012 recipient of the Jerome 
Wesolowski Award from the International Society of Exposure Science. In 2013 Dr. Zhang was 
named an AAAS Fellow.
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Plenary Sessions

Karin Tuxen-Bettman
Google

PRESENTATION: Data Insights for City Action: Hyperlocal Air Pollution Mapping at Scale
Karin Tuxen-Bettman leads the Google Earth Outreach Program and Project Air View at 
Google, which works to help nonprofit and public benefit organizations use Google’s mapping 
tools to address our world’s most pressing problems. Karin has been with Google since early 
2008 and has since worked on the Google Earth Outreach team. Her background includes 
over 20 years working in GIS and remote sensing technologies, which she applied to her PhD 
in environmental sciences, from the University of California, Berkeley. Several years ago, she 
founded and now leads Project Air View, Google’s effort to map air quality using Google Street 
View vehicles equipped with air sensors, with the goal of making hyper-local air quality more 
accessible and useful.

Tuesday, September 22
8:00 am - 9:00 am PDT

Emerging Exposure Tools

David Ashley
Georgia State University

PRESENTATION: How does Exposure Science Influence Policy and Regulatory Decisions?
David Ashley is currently a Research Professor in the School of Public Health at Georgia State 
University. He received his PhD in Physical Chemistry in 1982 from Emory University. He 
spent 27 years, from 1983-2010 at the Centers for Disease Control and Prevention, National 
Center for Environmental Health. During this time, he carried out research on the impact of 
toxic chemicals in the environment on health, developed methods and systems to respond to 
chemical and biological terrorism, and built a tobacco product and biomarker laboratory. He 
has performed extensive research related to the impact of cigarette design and contents on the 
emissions from tobacco products, how people use tobacco products, and resulting biomarkers 
of exposure. From 2010 until 2017, he was the inaugural Director of the Office of Science at 
the Center for Tobacco Products (CTP) of the U.S. Food and Drug Administration. In that role, 
he was instrumental in carrying out the regulatory authorities of the 2009 law which gave FDA 
authority to regulate tobacco products. He has published over 160 peer-reviewed articles and 
book chapters related to biophysics, environmental chemicals, biomarkers of exposure and the 
constituents of tobacco and tobacco smoke. He retired in May 2016 at the Public Health Service 
rank of Assistant Surgeon General. He has presented extensively at scientific meetings on the 
chemistry of tobacco and tobacco smoke and biomarkers of exposure. He serves on the World 
Health Organization (WHO) Study Group for Tobacco Product Regulation and was the Chair of 
the WHO Tobacco Laboratory Network from 2006 until 2010.
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Plenary Sessions

ISES Award Presentations
and
A lecture by the ISES Excellence in Exposure Science Award winner
Rosemary Zaleski
Lumina Consulting

PRESENTATION: A Look Back to Look Forward

Tuesday, September 22
2:15 pm - 3:00 pm PDT

ISES Awards Ceremony

In Memoriam

Dr. Kirk Smith passed away at home in Berkeley in June of 2020. His legacy is continued by the 
indelible imprint he left on his students, mentees, and on numerous colleagues, policymakers, 
and friends around the globe. 
Dr. Smith made extraordinary contributions to the fields of environmental health, exposure 
science, and global health, among others. Many of his lasting contributions are in the area of 
climate change- Dr. Smith participated in the IPCC’s 3rd and 4th assessments for which he 
shared the 2007 Nobel Peace Prize and was Convening Lead Author for Climate and Health 
for the 5th Assessment. He is credited with creation of the natural debt concept (net result of 
polluting our planet faster than natural processes can dissipate the damage). Among his many 
notable awards, Dr. Smith was the 1999 recipient of ISES's Jerome J. Wesolowski Award for 
“sustained and outstanding contributions to the knowledge and practice of human exposure 
assessment.” These contributions were many and varied- from pioneering the concept of 
exposure efficiency, now called “intake fraction”, to his applied work understanding –and 
mitigating- the impacts of cookstoves that has improved the lives of millions worldwide. 
Dr. Smith was a Professor of Global Environmental Health at UC Berkeley, where his research 
focused on the relationships among environmental quality, health, resource use, climate, 
development, and policy in developing countries. 

A Tribute to the late Kirk R. Smith, MPH, PhD
Tuesday, September 22
1:30 pm - 2:15 pm PDT
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Erin Haynes, DrPH, MA,
University of Kentucky

Aubrey Miller, MD, MPH,
National Institute of

Environmental Health
Sciences

Liam O’Fallon, MA, National
Institute of Environmental

Health Sciences

Join us in Chicago for the 
ISES 2021 Annual Meeting

Multisector Engagement for Addressing Emerging

Environmental Exposures

 If you're interested in joining the organizing committee (Technical Organizing Committee),

please contact Erin Haynes (erin.haynes@uky.edu).  There are a variety of roles including but

not limited to marketing, abstract review, and sponsorships.  

WANT TO BE A PART OF THE TEAM?

MEET THE CO-CHAIRS
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Thank you to our Supporters!
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Scientific Program 
Monday, September 21, 2020 
All times are listed in PDT 

6:00am – 7:00am 

 
M1A: Interpreting and communicating human biomonitoring results: per- and 
polyfluoroalkyl substances as a case study, PART I  

Session Co-Chairs: Annie St-Amand, Healthy Environments and Consumer Safety Branch, Health Canada and  
Shoji Nakayama, National Institute for Environmental Studies 

M1A-01:  Human exposure to per- and polyfluoroalkyl substances (PFAS): What do biomonitoring data show? 
 A. Calafat; CDC, Atlanta, GA. 

M1A-02:  Biomonitoring of PFAS in California in surveillance and community-focused studies 
 K. Attfield1 S. Crispo Smith2, H. Baek2, C. Ranque2, T. Jiang2, J. VillaRomero3, N. Wu1 
 1California Department of Public Health, Richmond, CA, 2California Department of Toxic Substance Control, Berkeley, CA, 
 3California Department of Toxic Substance Control, Richmond, CA. 

M1A-03:  Human biomonitoring to inform public health decisions – National Biomonitoring Network (USA) 
member examples related to PFAS 

 J.Nassif; Association of Public Health Laboratories, Silver Spring, MD. 

M1A-04:  Interpretation of Recent Biomonitoring Data for Perfluoroalkyl Substances in Canada 
 A. St-Amand1, J. Yome1, K. Werry1, T. Pollock1, S. Faure1, C. Khoury1, M. Walker1 
 Health Canada, Ottawa, ON, CANADA 
 

M1B: Applications of Sensors and Personal Samplers, PART I  

Session Chair: Rick Peltier, University of Massachusetts 

M1B-01:  Children’s Exposure to Phenols in the Home 
 J. Levasseur1, S. Hammel1, K. Hoffman1, A. Phillips1, S. Zhang1, A. Lorenzo1, T. Webster2, H. Stapleton1 
  1Duke University, Durham, NC, 2Boston University, Boston, MA. 

M1B-02:  Head, shoulders, knees, and toes: Placement of wearable passive samplers affects chemical exposure 
dynamics observed 

 J. Koelmel1, E. Lin1, A. Nichols1, P. Guo1, Y. Zhou1, K. Pollitt1 
 Yale University, New Haven, CT. 

 
M1B-03:  Exposure assessment of PM2.5 for a community population using sensor-based air monitoring system and 

similar time-activity groups 
 J. Park1, H. Ryu1, E. Kim1, Y. Choe1, J. Heo1, J. Lee2, S. Cho3, K. Sung1, M. Cho1, W. Yang1 

1Daegu Catholic University, Gyeongsan, KOREA, REPUBLIC of, 2Korea Testing & Research Institute, Gwacheon, KOREA, 
REPUBLIC of, 3RTI International, Research Triangle Park, NC. 

 

M1C: The European Human Biomonitoring Initiative HBM4EU: Current status and latest results, 
PART I  

Session Chair: Marike Kolossa-Gehring, German Environment Agency 

M1C-01:  Science and policy for a healthy future - HBM4EU, the European Human Biomonitoring Initiative's latest 
results 

 M. Kolossa-Gehring1, P. Weise1 

 1German Environment Agency, Dessau-Roßlau/ Berlin, GERMANY 
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M1C-02:  Collection and use of EU wide human biomonitoring data in HBM4EU 
 G. Schoeters1, L. Gilles1, E. Govarts1, S. Remy1, L. Rodriguez Martin1, A. Castaño2, O. Sepai3 

1Flemish Institute of Technological Research (VITO), Mol, BELGIUM, 2National Center for Environmental Health, CNSA, 
I.S. Carlos III, Madrid, SPAIN, 3Public Health England, Toxicology Department, Chilton, UNITED KINGDOM 

M1C-03:  National Hubs: Input, Output and Impact! 
 O. Sepai1, L. Stewart2, D. Ubong1 
 1Public Health England, Chilton, UNITED KINGDOM, 2Public Health England, Birmingham, UNITED KINGDOM 

M1C-04:  The HBM4U QA/QC program: ensuring the comparability and promoting capacity building 
 M. E. López1, T. Göen2, S. Nübler2, H. Mol3, H. Koch4, J. P. Antignac5, V. Vaccher5, D. Dvorakova6, J. Hajslova7, A. Castaño1 

 1National Center for Environmental Health - Instituto de Salud Carlos III, Majadahonda, SPAIN, 2Institute and Outpatient 
Clinic of Occupational, Social and Environmental Medicine Friedrich-Alexander University, Erlangen-Nuremberg, GERMANY, 
3Wageningen Food Safety Research, Wageningen University & Research, Wageningen, NETHERLANDS, 4Institute for 
Prevention and Occupational Medicine of the DGUV, Ruhr-University, Bochum, GERMANY, 5Oniris, Inrae, Laberca, Nantes, 
France, 6Department of Food Analysis and Nutrition, University of Chemistry and Technology,, Prague, CZECH REPUBLIC, 
7Department of Food Analysis and Nutrition, University of Chemistry and Technology, Prague, CZECH REPUBLIC. 

 

7:00am – 8:00am 

 
M2A: Interpreting and communicating human biomonitoring results: per- and 
polyfluoroalkyl substances as a case study, PART II  
Session Chair: Annie St-Amand, Healthy Environments and Consumer Safety Branch, Health Canada 

M2A-01:  Recent occupational biomonitoring activities and the derivation of Human Biomonitoring Guidance 
values (HBM-GV) under OECD 

 M. Zare Jeddi1, R. Pasanen-Kase2  
1University of Padua, Padua, ITALY, 2State Secretariat for Economic Affairs (SECO), Labour Directorate Section Chemicals 
and Work (ABCH), Bern, SWITZERLAND. 

M2A-02:  Health-related Human Biomonitoring Values for PFOA and PFOS and their application in the German 
Environmental Survey for children and adolescents 2014-2017 (GerES V) 

 Marike Kolossa-Gehring1, Aline Murawski1, Andre Conrad1, Petra Apel1 

 1German Environment Agency, Berlin, Germany 

M2A-03:  Providing Evidence to Environmental Health Policies using National Biomonitoring Data in Korea 
 J. Yoo; National Institute of Environmental Research (NIER), Incheon, KOREA, REPUBLIC OF 
 

M2B: Applications of Sensors and Personal Samplers, PART II  

Session Chair: Xueying Zhang, Icahn School of Medicine at Mount Sinai 

M2B-01:  Longitudinal Cohort of Individual Chemical Exposure to Environmental Contaminates From Hurricane 
Harvey Flooding 
 S. M. Samon1, D. Rohlman1, L. Tidwell1, P. Hoffman1, A. Oluyomi2, C. Walker2, W. Hamilton2, G. Armstrong3, M. Bondy3, 
K. Anderson1  

 1Oregon State University, Corvallis, OR, 2Baylor College of Medicine, Houston, TX, 3Stanford University, Stanford, CA. 

M2B-02:  Microenvironmental Time-Activity Classification Using Smartphone Sensor Data for Personal Air 
Pollution Exposure Assessment 

 H. Hao1, M. Girguis1, S. P. Eckel1, A. Hosseini2, J. Lewinger1, H. Deng1, K. Li1, A. Bui2, R. Habre1  
 1University of Southern California, Los Angeles, CA, 2University of California Los Angeles, Los Angeles, CA. 

M2B-03:  Comparing methods for measuring occupational heat stress in Central America 
Z. E. Petropoulos1, S. A. N. Keogh1, E. Jarquin2, J. Amador1, R. Garcia-Trabanino3, D. Lopez-Pilarte1, I. S. Delgado1, J. H. 
Leibler1, D. R. Brooks1, M. D. McClean1, M. K. Scammell1 
1Boston University School of Public Health, Boston, MA, 2Agencia para el Desarrollo y la Salud Agropecuaria, San 
Salvador, EL SALVADOR, 3Centro de Hemodiálisis, San Salvador, EL SALVADOR 
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M2B-04:  Discovery of Firefighter Chemical Exposures using Military-Style Silicone Dog Tags 
 C. M. Poutasse1, W. S. C. Poston2, S. A. Jahnke2, C. K. Haddock2, L. G. Tidwell1, P. D. Hoffman1, K. A. Anderson1 
 1Oregon State University, Corvallis, OR, 2National Development and Research Institute-USA, Leawood, KS. 

 

M2C: The European Human Biomonitoring Initiative HBM4EU: Current status and latest results, 
PART II 

Session Chair: Marike Kolossa-Gehring, German Environment Agency 

M2C-01:  Human biomonitoring in occupational setting - Cr VI 
T. Santonen1, A. Alimonti2, B. Bocca2, R. C. Duca3, K. S. Galea4, L. Godderis3, T. Göen5, B. Gomes6, O. Hanser7, I. Iavicoli8, 
B. Janasik9, K. Jones10, E. Leese10, S. Sparkie10, V. Leso8, H. Louro6, S. Ndaw7, R. Bousoumah7, S. P. Porras1, A. Robert7, F. 
Ruggieri2, P. T. J. Scheepers11, M. van Dael11, M. J. Silva6, S. Viegas12, W. Wasowicz9, O. Sepai13 
1Finnish Institute for Occupational Health, Helsinki, Finland, 2Istituto Superiore di Sanità, Rome, ITALY, 3Centre for 
Environment and Health, Department of Public Health and Primary Care, KU Leuven, Leuven, BELGIUM, 4Centre for 
Human Exposure Science, Institute of Occupational Medicine, Edinburgh, UNITED KINGDOM, 5Institute and Outpatient 
Clinic of Occupational, Social and Environmental Medicine, Friedrich-Alexander-Universität, Erlangen-Nürnberg, 
GERMANY, 6National Institute of Health Dr. Ricardo Jorge, Department of Human Genetics, Lisbon and ToxOmics – 
Centre for Toxicogenomics and Human Health, NOVA Medical Schools, Universidade Nova de Lisboa, Lisbon, 
PORTUGAL, 7French National Research and Safety Institute, FRANCE, 8University of Naples Federico II, Naples, ITALY, 
9Nofer Institute of Occupational Medicine, POLAND, 10Health & Safety Executive, Buxton, UNITED KINGDOM, 11Radboud 
Institute for Health Sciences, Radboudumc, Nijmegen, NETHERLANDS, 12Health & Technology Research Center, ESTeSL- 
Escola Superior de Tecnologia da Saúde, Instituto Politécnico de Lisboa and  CISP - Centro de Investigação em Saúde 
Pública, Escola Nacional de Saúde Pública, Universidade NOVA de Lisboa, Lisbon, PORTUGAL, 13Public Health England, 
Chilton, UNITED KINGDOM. 

M2C-02:  Extensive information about health and chemical exposure levels through combined health and HBM studies 
 H. T. T. Tolonen; Finnish Institute for Health and Welfare, Helsinki, FINLAND 

M2C-03:  Integrated external and internal exposure modeling for HBM data use in chemical risk assessment 
 D. Sarigiannis; Aristotle University of Thessaloniki (AUTH), Thessaloniki, GREECE 

M2C-04:  Strategies for suspect and untargeted screening of emerging substances in human matrices 
 J. Antignac; Oniris, INRAE, LABERCA, Nantes, FRANCE 
 

 

8:00am – 9:00am 
 

Opening Plenary 
Environmental Health Policy 

Meredith Williams, California EPA Department of Toxic Substances Control 
Presentation: Making the Invisible Visible: Using Exposure Science to Shape Policy 

and 

Lauren Zeise, California EPA Office of Environmental Health Hazard Assessment 
Presentation: Leveraging 21st Century Exposure Science to Promote Environmental Health 
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9:00am – 9:30am 
 

Networking Lounge  

Meet the Editor / JESEE 

i-HBM: International Human Biomonitoring Guidance Values (an ISES working group) 

Open Discussion 
 

9:30am – 10:30am 

 
M3A: The Challenge of Understanding how Chemical and Non-Chemical Stressors Interact 
and Influence Health, PART I  

Session Co-Chairs: Nicolle Tulve and Intaek Hahn, U.S. Environmental Protection Agency 

M3A-01:  Interactions of Chemical and Non-Chemical Stressors and Children’s Health: What Do We Know? 
 N. S. Tulve; U.S. Environmental Protection Agency, Research Triangle Park, NC. 

M3A-02:  Influence of Drinking Water Source, Exclusionary Zoning Practices, and Socioeconomic Status on Children’s 
Blood Lead 

 J. M. Gibson1, M. Fisher2, A. Clonch2, J. MacDonald3, P. Cook4 
1Indiana University, Bloomington, IN, 2University of North Carolina, Chapel Hill, NC, 3University of Pennsylvania, 
Philadelphia, PA, 4Duke University, Durham, NC. 

M3A-03:  Chemical-nonchemical interactions in pregnancy: Animal models of how maternal stress, diet, and 
obesity affect response to chemical exposure 
J. Rogers; Public Health and Integrated Toxicology Division, CPHEA, ORD, U.S. Environmental Protection Agency, 
Research Triangle Park, NC. 

M3A-04:  How can we move the needle? A cross-disciplinary approach for healthy homes in the US 
 J. Auerbach1, S. Magzamen1, E. Carter1 
 Colorado State University, Fort Collins, CO. 

 

M3B: Rethinking the evaluation of human exposure studies to improve public health 
policy decision making  

Session Chair: Nicholas Chartres, UCSF Program on Reproductive Health and the Environment 

M3B-01:  The evolution of systematic review use in environmental health to inform public health policy 
 D. Goin1, N. Chartres1, S. Eick1, J. Lam2, T. Woodruff1  
 1UCSF, San Francisco, CA, 2California State Universtiy, East Bay, Hayward, CA. 

M3B-02:  Assessing Risk of Bias in Human Epidemiologic Studies Using Three Tools: Different Conclusions from Different 
Tools 

 S. Eick1, D. Goin1, N. Chartres1, J. Lam2, T. Woodruff1  
 1University of California, San Francisco, San Francisco, CA, 2California State University, East Bay, Hayward, CA. 

M3B-03:  Rethinking the evaluation of human exposure studies to improve public health policy decision making 
 J. Lam; California State University, East Bay, Hayward, CA. 

M3B-04:  Application of the Navigation Guide Systematic Review Method for the WHO/ILO Joint Estimates of the 
Global Work-Related Burden of Disease and Injury 

 N. Chartres; University of California, San Francisco, San Francisco, CA. 

M3B-05:  Concluding Remarks 
 T. Woodruff; University of California, San Francisco, San Francisco, CA. 
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M3C: Changes in Exposure Resulting from COVID-19 Responses  

Session Chair: Konstantinos Makris, Cyprus University of Technology 

M3C-01:  Exposure to ultrafine particles while exercising in the city during the COVID-19 lock-down: a repeated 
measures study in Copenhagen, Denmark 
T. Cole-Hunter1, M. L. Bergmann1, H. Amini1, Y. Lim1, S. Loft1, A. Mehta2, L. Mortensen2, R. G. Westendorp3, Z. J. 
Andersen1 
1Section of Environmental Health, Department of Public Health, University of Copenhagen, Copenhagen, DENMARK, 
2Statistics Denmark, Copenhagen, DENMARK, 3Department of Public Health and Center for Healthy Aging, University of 
Copenhagen, Copenhagen, DENMARK. 

M3C-02:  Application of PurpleAir sensor network to monitor inside and outside air quality: A Case Study of 
COVID-19 Shutdown in Los Angeles county 

 A. Mousavi1, J. Wu1; University of California, Irvine, Irvine, CA. 

M3C-03:  Schools re-opening after the wide lockdown in Cyprus due to COVID-19 and exposome changes in the 
primary school population of Cyprus: The Exposome@School|COVID-19 study 

 C. Konstantinou1, X. D. Andrianou1, A. Constantinou1, A. Perikkou1, E. Markidou2, K. C. Makris1 
 1Cyprus University of Technology, Limassol, CYPRUS, 2Cyprus Ministry of Health, Nicosia, CYPRUS. 

M3C-04:  Quantifying the impact of traffic on air quality in an urban community before and during COVID-19 
lockdowns 

 A. P. Patton1, M. C. Simon2, J. L. Durant3, N. Hudda3 
1Health Effects Institute, Boston, MA, 2John A Volpe National Transportation Systems Center, Cambridge, MA, 3Tufts 
University, Medford, MA. 

 

10:30am – 11:30am 

 
M4A: The Challenge of Understanding how Chemical and Non-Chemical Stressors Interact 
and Influence  Health, PART II  

Session Co-Chairs: Nicolle Tulve and Intaek Hahn, U.S. Environmental Protection Agency 

M4A-01:  Designing a framework for assessing the influence of physical built environment on respiratory, 
neurodevelopmental, and injury-related outcomes in children 

 O. Oke1, E. Carter1, S. Magzamen1, J. Auerbach1 
 Colorado State University, Fort Collins, CO. 

M4A-02:  The Effects of Exposures from the Natural, Built, and Social Environments on Health and Health 
Disparities 

 P.D. Juarez1, A. Sarma2 
 1Meharry Medical College, Nashville TN, 2Boston University, Boston, MA 

M4A-03:  The School Environment: Building Healthy, Successful Students 
Meredith C. McCormack1, Sandy Zaeh1, David Wu1, Michelle Eakin1, Frank C. Curriero1, Dorothy Clemons-Erby1, Marc 
Stein1, Philip Leaf1, Ana Rule1, Meghan Davis 1, Kirsten A Koehler 1 
1Johns Hopkins University, Baltimore, MD 

 

M4B: Wildfire Impacts on Public Health, PART I  

Session Co-Chairs: Christina Baghdikian and Lisa Baxter, U.S. Environmental Protection Agency 

M4B-01:  Overview of the public health impacts of wildfires 
 Tom Long (for W.E. Cascio); U.S. Environmental Protection Agency, Research Triangle Park, NC. 

M4B-02:  Wildland fire impacts on freshwater systems in the Continental United States 
 J. Iiames1, D. Ebert1, D. Graybill2, M. Mehaffey1 

1U.S. EPA’s Office of Research and Development, Center for Public Health and Environmental Assessment, 2ORISE 
Participant, U.S. EPA’s Office of Research and Development, Center for Public Health and Environmental Assessment 
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M4B-03:  Smartphone App (TracMyAir) to Model Individual Exposures to Ambient Air Pollutants 
M. S. Breen1, C. Seppanen2, V. Isakov1, M. Breen3, S. Arunachalam2, J. Samet4, R. Devlin4, W. Cascio1, D. Diaz-Sanchez4, 
H. Tong4 
1US EPA, Research Triangle Park, NC, 2Institute for the Environment, University of North Carolina at Chapel Hill, Chapel 
Hill, NC, 3ORISE/US EPA, Research Triangle Park, NC, 4US EPA, Chapel Hill, NC. 

 

M4C: Air Quality Sensors in Wearable & Smart City Apps  

Session Chair: Joseph Stetter, KWJ Engineering 

M4C-01:  Metal-organic frameworks for selective chemical sensing 
 D. W. Gardner1, R. Maboudian1  
 1UC Berkeley, Berkeley, CA. 

M4C-02:  Smart Cities: Distributed Sensing of Urban Air Quality with Low Cost Sensors 
 D. Peaslee1, Joseph Stetter2, Mark Potosnak3, Sonya Bahar4 

1Spec Sensors and University of Missouri, St. Louis, MO, 2KWJ Engineering, Inc. 3DePaul University, 4University of 
Missouri - St. Louis 

M4C-03:  Predicting Wildfires with Atmospheric Sensors 
 J. R. Stetter1, M. W. Findlay1, D.Peaslee1, V.Patel1 
 KWJ Eng. and Spec Sensors, NEWARK, CA. 

 
 

11:30am – 12:00pm 
 

Networking Lounge  

Communicating Exposure Science 

Use of Sensors in Exposure Science 

Open Discussion  

  

12:00pm – 1:00pm 
 

Plenary II 
Health Disparity 

Kirsten Bibbins-Domingo, University of California, San Francisco 
Presentation: Social and Environmental Context and Health Equity 

and 

  Maureen Lichtveld, Tulane University  
Presentation: The impact of exposures to chemical and non-chemical climate stressors  

on health equity: lessons learned from Caribbean communities 
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1:00pm – 2:00pm 
 
M5A: Mercury adulterated skin creams; pervasive, elusive and dangerous  

Session Chair: Tracy Barreau, California Department of Public Health 

M5A-01:  Contamination, instrumentation and laboratory considerations 
 T. Barreau; California Department of Public Health, Richmond, CA. 

M5A-02:  Overview of Mercury Cases in California and Community based Partnerships for Cream Surveillance and 
Exposure Prevention 

 L. Copan; California Department of Public Health, Richmond, CA. 

M5A-03:  Multifaceted Approach to Addressing Mercury Containing Skin-Lightening Creams in NYC 
 P. Hore; New York City Department of Health and Mental Hygiene, New York, NY. 

M5A-04:  Responding to skin lightening products in Minnesota: urine mercury testing and grant program 
 J. Nelson, M. Gin; Minnesota Department of Health, St. Paul, MN. 

 

M5B: Wildfire Impacts on Public Health, PART II 

Session Co-Chairs: Christina Baghdikian and Lisa Baxter, U.S. Environmental Protection Agency 

M5B-01:  Updates and Insights from the EPA Smoke Sense Citizen Science Smartphone Application 
 S. Prince; Environmental Protection Agency, Research Triangle Park, NC. 

M5B-02:  How Low-Cost Air Sensors are Informing Public Understanding of Wildfire Smoke Impacts 
 M. Gilles; California Air Resources Board, Sacramento, CA. 

M5B-03:  Research and Communication Needs on the Ground (Hoopa Valley Tribe) 
 B. McCaughey; Hoopa Valley Land Management Department, Hoopa Valley, CA. 

M5B-04:  Collaborating and Communicating about Smoke Impacts: California Smoke Blog 
 A. Hobbs; Placer County Air Pollution Control District, Auburn, CA. 

 

M5C: Built Environment: Impacts on Indoor Air Quality and Health  

Session Chair: Lei Huang, University of Michigan 

M5C-01:  High-Throughput Screening of Near-Field Exposures and Human Health Risks for Organic Chemicals in 
Building Materials 

 L. Huang1, O. Jolliet1, P. Fantke2 
 1University of Michigan, Ann Arbor, MI, 2Technical University of Denmark, Lyngby, DENMARK. 

M5C-02:  Spatial and Temporal Variability in Indoor Environmental Quality during Three Simulated Office Studies 
at a Living Lab 

 N. Clements1, R. Zhang1, A. Jamrozik1, C. Campanella1, B. Bauer1 
 1Well Living Lab, Rochester, MN. 

M5C-03:  Ventilation Analysis of High School Classrooms and Applications for Rooftop Gardens 
 C. L. Connolly1, S. M. Buckley1, N. Phillips1, M. Fabian1 
 1Boston University, Boston, MA. 

M5C-04:  Effect of a multisensory biophilic design approach on occupants’ stress, cognitive performance, 
environmental and work-related satisfaction in an office setting. 
S. Aristizabal1, K. Byun1, P. M. Porter2, N. Clements1, C. Campanella3, L. Li1, A. Mullan4, S. Ly5, A. Senerat1, I. Z. Nenadic Wood2, 
B. Bauer4  
1Well Living Lab, Rochester, MN, 2University of Michigan, Ann Arbor, MI, 3Delos Living LLC, New York, NY, 4Mayo Clinic, 
Rochester, MN, 5University of St. Thomas, St. Paul, MN. 
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2:00pm – 3:15pm 

M6A: New Approach Methodologies for Exposure Science 
(This session will go to 3:30pm) 

Session Chair: John Wambaugh, U.S. Environmental Protection Agency 

M6A-01:  Bridging the gap between the development and application of exposure models with EASE Suite 
J. A. Arnot1, A. Sangion1, L. Li2, L. Toose1, J. Armitage1, T. N. Brown1 
1ARC Arnot Research and Consulting Inc., Toronto, ON, CANADA, 2University of Nevada, Reno, Reno, NV. 

M6A-02:  Characterizing exposure variability to evaluate if exposure models are fit-for-purpose 
R. Dodson1, R. Rudel1
Silent Spring Institute, Newton, MA.

M6A-03:  Leveraging Non-targeted Analysis of Blood Samples to Characterize the Maternal and Newborn 
Exposome 
 D. Abrahamsson1, A. Wang1, T. Jiang2, M. Wang2, A. Siddharth1, D. Goin1, R. Morello-Frosch3, J. Park2, M. Sirota1, T. J.
Woodruff1

1University of California, San Francisco, San Francisco, CA, 2Department of Toxic Substances Control California, Berkeley,
CA, 3University of California, Berkeley, Berkeley, CA. 

M6A-04:  Filling Gaps in Exposure Data from Chemical Descriptors with Machine Learning 
K. Isaacs1, K. Phillips1, K. Dionisio1, J. Sobus1, E. Ulrich1, J. Wambaugh1

1Center for Computational Toxicology and Exposure, U.S. Environmental Protection Agency, Durham, NC.

M6A-05:  Making use of exposure NAMs to support exposure based adaptations of REACH standard information 
requirements 
T. Dudzina; ExxonMobil Biomedical Sciences Inc., Machelen, BELGIUM.

M6B: Innovations and Challenges in Assessing Exposure to Air Pollutants in the San 
Francisco East Bay  

Session Chair: Marley Zalay, California Office of Environmental Health Hazard Assessment 

M6B-01:  Findings from the East Bay Diesel Exposure Project (EBDEP): Using low-cost air sensor data, house dust 
measurements, and biomonitoring to inform exposure reduction efforts 
A. Bradman1, D. Kauffman2, R. Castorina1, D. Sultana2, M. Paulsen3, R. Bartlett2, K. Ranjbar1, R. Gunier1, V. Aguirre1, M.
Rowen1, R. Patterson1, J. DeGuzman4, J. Perez4, C. D. Simpson3, S. Hoover2 
1UC Berkeley, Berkeley, CA, 2California Office of Environmental Health Hazard Assessment, Oakland, CA, 3University of
Washington, Seattle, WA, 4California Department of Public Health, Richmond, CA.

M6B-02:  Richmond community exposures to airborne polycyclic aromatic hydrocarbons 
E. M. Noth1, C. Perrino1, R. C. Cohen1, S. K. Hammond1; University of California, Berkeley, Berkeley, CA.

M6B-03:  Using Low-Cost Sensors to Characterize Neighborhood-Level Air Pollution 
C. Preble1, J. Caubel1, T. Cados1, R. Sugrue1, J. Butler1, T. Kirchstetter1 
1University of California, Berkeley, Berkeley, CA.

M6B-04:  Fingerprinting airborne micro- and nanoparticles to elucidate pollution sources 
J. Wagner; California Dept.of Public Health, Richmond, CA. 

M6C: The Chemical Space in Exposure Assessments, PART 1 

Session Co-Chairs: Thomas Metz, Pacific Northwest National Laboratory; Oliver Fiehn, U.S. Environmental Protection 
Agency and David Wishart, University of Alberta 

M6C-01:  What is the exposome 
S. M. Rappaport; University of California, Berkeley, Berkeley, CA. 
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M6C-02:  What chemicals constitute the Exposome? Accessing Data via the US EPA’s CompTox Chemicals 
Dashboard 

 A. J. Williams1, C. Lowe1, C. Grulke1, J. Sobus1 
1US Environmental Protection Agency, Center for Computational Toxicology and Exposure, Research Triangle Park, 
North Carolina 

M6C-03:  Measuring the Environmental Exposome 
 E. Schymanski, Luxembourg Centre for Systems Biomedicine (LCSB), University of Luxembourg, Belvaux, Luxembourg 

M6C-04:  The Dietary Exposome 
 Y. Li1, 2, C. Kay1,3, S. Sumner1, 2  

1North Carolina Human Health Exposure Analysis Resource (HHEAR) Hub; 2Nutrition Research Institute, UNC Chapel Hill, 
Kannapolis, NC; 3Plants for Human Health Institute, North Carolina State University, Kannapolis, NC 
 

 

3:15pm – 3:45pm 
 

Networking Lounge  

Climate Change  

Open Discussion  
 

3:45pm – 4:30pm 
 
M7A: Advances in Technology and Software to Automate Contact Tracing: Implications for 
Exposure Assessment  

Session Chair: Paloma Beamer, The University of Arizona 

M7A-01:  PACT: Private Automated Contact Tracing 
 R. Rivest1, D. Weitzner1, L. Ivers2, I. Soibelman3, M. Zissman3 

1MIT CSAIL MIT Internet Policy Research Initiative Cambridge, MA, 2MGH Center for Global Health Harvard Medical 
School Boston, MA, 3MIT Lincoln Laboratory Lexington, MA 

M7A-02:  Digital contact tracing in response to COVID-19 and the development of a quantitative risk scoring 
approach 

 J. Petrie1, A. Wilson2, T. White1, N. Aviles3, P. Beamer2, Z. Szabo1, M. Xie1, J. McIllece4, S. Halai1, K. Ernst2, J. Masel5 
1Covid-Watch; 2Mel & Enid Zuckerman College of Public Health, University of Arizona; 3Graduate Interdisciplinary 
Program in Statistics, University of Arizona; 4World Wide Technology; 5Ecology & Evolutionary Biology, University of 
Arizona 

M7A-03:  Effective recruitment and engagement strategies for the use of COVID-19 exposure notification 
applications in disadvantaged communities 

 R. Sinclair1, O. Rodriguez2, J. Elizabeth3 
1Loma Linda University School of Public Health, 2Loma Linda, Loma Linda University Health, Loma Linda, 3COVID-
WATCH, Oakland 
 

M7B: Air Pollution Modeling  
Session Chair: Dingsheng Li, University of Nevada, Reno 

M7B-01:  A National Monitoring Network and Empirical Model for Nitrogen Dioxide from Road Traffic 
 I. Longley1, A. Kachhara2, E. Somervell1 

1National Institute of Water & Atmospheric Research, Auckland, NEW ZEALAND, 2Golder & Associates, Auckland, NEW 
ZEALAND. 
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M7B-02:  High Resolution Modeling of Air Pollution in Pittsburgh, PA 
 K. Wagstrom1, Y. Li1 
 1University of Connecticut, Storrs, CT. 

M7B-03:  Green Heart Louisville: Community-Level Assessment of Exposure to Air Pollution 
 P. Prathibha1, E. Cross2, R. L. Strehl3, R. Yeager3, A. Bhatnagar4, J. R. Turner1 

1Dept. of Energy, Environmental & Chemical Engineering, Washington University in St. Louis, Saint Louis, MO, 2QuantAQ 
Inc., Somerville, MA, 3Envirome Institute, University of Louisville, Louisville, KY, 4Environme Institute, University of Louisville, 
Louisville, KY. 

 

M7C: Case Studies in Pregnancy: Investigating Fetal  and Maternal Exposures  
Session Chair: Jamie Schenk, Exponent, Inc. 

M7C-01:  Sources of Personal PM2.5 Exposure in the MADRES Cohort during the Third Trimester of Pregnancy 
 Y. Xu1, J. Cabison1, T. Chavez1, J. Wilson1, T. Bastain1, C. Breton1, R. Habre1; 
 1University of Southern California, Los Angeles, CA. 

M7C-02:  Gestational exposure to Volatile Organic Compounds (VOCs) in Residential Indoor Air and Tap Water in 
the Exposures in the Peace River Valley (EXPERIVA) study 

 E. Caron-Beaudoin1, M. Verner1 
 1Universite de Montreal - School of Public Health, Montreal, QC, CANADA 

M7C-03:  Metabolomics of Maternal Exposures to Per- and Polyfluoroalkyl Substances (PFASs) among African 
American Pregnant Women in the Southeastern United States 

 C. Chang1, K. Li1, D. Barr1, P. Ryan1, P. Panuwet1, K. Uppal1, V. Ly1, D. Jones1, E. Corwin1, A. Dunlop1, D. Liang1 
 1Emory, Atlanta, GA. 
 
 

4:30pm – 5:30pm 

 
M8A: Technologies for capture and assessment of environmental exposures 
implicated in cancer risk  

Session Co-Chairs: Somdat Mahabir, National Cancer Institute Division of Cancer Control and Population Sciences, 
Epidemiology and Genomics Research Program and Curt DellaValle, National Cancer Institute 

M8A-01:  Metabolomic technologies to identify biomarkers of poorer prognosis in colorectal cancer patients 
 Y. Cai1, N. Rattray1, P. Paty2, S. Khan3, C. H. Johnson1 

1Yale School of Public Health, New Haven, CT, 2Memorial Sloan Kettering Cancer Center, New York, NY, 3Yale School of 
Medicine, New Haven, CT. 

M8A-02:  New Technologies for Long-term Environmental Exposure Assessment 
 P. Hystad1, A. Larkin1 
 1Oregon State University, Corvallis, OR. 

M8A-03:  New technologies for personal exposure assessment 
 D. Donaire; Australian Catholic University, Melbourne, AUSTRALIA. 

 

M8B: Microplastics and Human Exposure: Understanding Measurement 
Challenges and Data Gaps  
Session Chair: Gina Solomon, Public Health Institute 

M8B-01:  Microplastics in Food and Drinking Water 
  S. Coffin1, W. Smith2 
 1State Water Resources Control Board, Sacramento, CA, 2Office of Environmental Health Hazard Assessment, Oakland, CA. 
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M8B-02:  Microplastics in San Francisco Bay: Abundance, Transport, Fate, and Policy Recommendations 
 R. Sutton1, M. Sedlak1, D. Lin1, A. Gilbreath1, E. L. Miller1, C. Box2, R. C. Holleman3, A. Zhu4, K. Munno4, C. Rochman4 

1San Francisco Estuary Institute, Richmond, CA, 2The 5 Gyres Institute, Santa Monica, CA, 3University of California at 
Davis, Davis, CA, 4University of Toronto, Toronto, ON, CANADA. 

M8B-03:  Identifying and Addressing Data Needs to Evaluate Human Exposures to Microplastics 
 G. Zarus1, Y. Carroll1, G. Casillas1, C. Hunter1, B. Hubbard1, C. Muianga1, M. Zarate-Bermudez1, S. Pappas1 
 1Agency for Toxic Substances and Disease Registry, Atlanta, GA. 

M8B-04:  Challenges in Understanding Human Exposures to Chemicals in Crumb Rubber 
 J. Claude1, P. Wong1, R. Maddalena2, M. Russell2 
 1Office of Environmental Health Hazard Assessment, Sacramento, CA, 2Lawrence Berkeley National Lab, Berkeley, CA. 

 

M8C: Electronic Vaping Associated Lung Injury: How Science Informs Policy 

Session Co-Chairs: Jonathan Thornburg, RTI International and Ben Blount, Centers for Disease Control and Prevention 

M8C-01:  Actions to address the 2019-2020 E-cigarette, or vaping, product-use associated lung injury (EVALI) 
outbreak in California 
K. Attfield1, C. Armatas1, W. Chen1, K. Cummings1, J. Fowles1, A. Heinzerling2, K. Kumagai1, G. Vrdoljak1, P. Wang1, J. 
Wagner1, J. Wilken2, D. Xu1 

 1California Department of Public Health, Richmond, CA, 2US Centers for Disease Control and Prevention, Richmond, CA. 

M8C-02:  Identification of Vaped Vitamin E Acetate as a Cause of E-cigarette, or Vaping, Product Associated Lung 
Injury (EVALI) 

 B. Blount; Centers for Disease Control and Prevention, Atlanta, GA. 

M8C-03:  What occurs in the lung to cause acute morbidity and mortality 

M8C-04:  Potential Toxicity of Vitamin E Acetate Thermal Degradation Products 
 J. Thornburg1, E. Dowell1, J. Kim1, A. Kovach1, R. Carter1, M. McCombs1, S. Cho1 
 1RTI International, Research Triangle Park, NC. 

M8C-05:  What insights can social media provide about the EVALI crisis? 
 T. Bukowski1, L. Zitney2, A.Kim2, B.Blount3 

1Center for Health Policy Science and Tobacco Research, RTI International (Berkeley, CA) ; 2Center for Health Policy 
Science and Tobacco Research, RTI International Research Triangle Park, NC; 3Centers for Disease Control and 
Prevention, Atlanta, GA. 

 
 

5:30pm – 6:30pm 
 

Plenary III 
Changing Exposure and Health 

Howard Hu, University of Southern California 
Presentation: The Pollution, Climate and Global Burden of Disease Initiative:  

the Challenge of Estimating Exposures in Countries with Little or No Data 
and 

Jim Zhang, Duke University 
Presentation: The role of exposure science in precision health management 

 

6:30pm – 7:15pm 

Networking Lounge - Open Discussion 
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Scientific Program 
Tuesday, September 22 2020 
All times are listed in PDT 

 

6:00am – 7:00am 

 
T0A: Household air pollution exposure and health  

Session Co-Chairs: Guofeng Shen, Peking University and Ajay Pillarisetti, Emory University 

TOA-01:  Emissions-to-Exposure (E2E) Modeling approaches for estimating personal exposure to household air 
pollution: a case study in Kenya 

 M. Johnson1, R. Piedrahita1, A. Pillarisetti2, M. Rossanese1, M. Shupler3, R. Chartier4, E. Puzzolo3, D. Menya5, D. Pope3 
1Berkeley Air Monitoring Group, Berkeley, CA, 2Emory University, Atlanta, GA, 3Dept of Public Health and Policy, 
University of Liverpool, Liverpool, UNITED KINGDOM, 4RTI International, Research Triangle Park, NC, 5Dept of 
Epidemiology and Biostatistics, School of Public Health, College of Health Sciences, Moi University, Nairobi, KENYA 

T0A-02:  Air pollution exposure during the quarantine -a modelling study on mainland China 
 H. Shen1, G. Shen2, Y. Chen1, A. G. Russell1, Y. Hu1, X. Duan3, H. Amir4, S. Tao2, K. Smith5 

1School of Civil & Environmental Engineering, Georgia Institute of Technology, USA, 2College of Urban and 
Environmental Sciences, Peking University, CHINA, 3School of Energy and Environmental Engineering, University of 
Science and Technology Beijing, CHINA, 4Department of Civil and Environmental Engineering, Carleton University, 
CANADA,  5Environmental Health Studies, University of California Berkeley, USA 

T0A-03:  Strategic exposure monitoring to strengthen the health narrative within The Pradhan Mantri Ujjwala 
Yojana in India 

 K. Balakrishnan, Department of Environmental Health Engineering, Sri Ramachandra University, Chennai, INDIA 
 
 

6:00am – 7:30am 

 
T0B: Designing and Using Questionnaires/Interviews for Collecting Exposure Factors in 
Human Biomonitoring Studies: International Experiences and Perspectives  

Session Co-Chair: Andre Conrad, German Environment Agency and Natalie von Goetz, Swiss Federal Office of Public Health 

T0B-01:  Exposure factors as support for biomonitoring and risk management 
 N. von Goetz1, A. Conrad2  

1Swiss Federal Office of Public Health (FOPH), Bern, SWITZERLAND, 2German Environment Agency (UBA), Berlin, 
GERMANY 

T0B-02:  Development and application of online questionnaire for the assessment of personal care product use 
 S. F. Nakayama1, M. Takagi1, Y. Nishihama1, T. Isobe1, J. Yoshinaga2 
 1National Institute for Environmental Studies, Tsukuba, JAPAN, 2Toyo University, Itakura, Gunma, JAPAN. 

T0B-03:  Challenges in collecting key exposure information through questionnaires in the Canadian Health 
Measures Survey (CHMS) 

 A. St-Amand1, K. Werry1 
 1Health Canada, Ottawa, ON, CANADA 

T0B-04:  The German Environmental Survey (GerES): Combining Questionnaire and Interviews with Human 
Biomonitoring for Improving Environmental Health 
 A. Conrad1, E. Rucic1, A. Murawski1, J. Peisker1, P. Lampert2, M. Schmied-Tobies1, H. M. Koch3, G. Scherer4, A. Roth5, M. 
Kolossa-Gehring1 
 1German Environment Agency (UBA), Berlin, GERMANY, 2GreenSurvey – Institut für Marktforschung Prof. Dr. Menrad 
GmbH, Straubing, GERMANY, 3Institute for Prevention and Occupational Medicine of the German Social Accident 
Insurance, Institute of the Ruhr-University Bochum (IPA), Bochum, GERMANY, 4ABF Analytisch-Biologisches 
Forschungslabor GmbH, Planegg, GERMANY, 5Berlin School of Public Health (BSPH), Berlin, GERMANY. 
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T0B-05:  Assessing exposure factors by online questionnaires and interviews: Lessons learnt from the Swiss Health 
Study (SHeS) 
N. von Goetz1, R. Morand Bourqui1, S. Gonseth Nusslé2, M. Bochud2, M. Bourqui-Pittet1 
1Swiss Federal Office of Public Health (FOPH), Bern, SWITZERLAND, 2unisanté, Lausanne, SWITZERLAND 

T0B-06:  Designing and Using Questionnaires/Interviews for Collecting Exposure Factors in Human Biomonitoring 
Studies: General discussion 

 A. Conrad1, N. von Goetz2 
1German Environment Agency (UBA), Berlin, GERMANY, 2Swiss Federal Office of Public Health (FOPH), Berne, 
SWITZERLAND 
 
 

6:00am – 8:00am 

 
T0C: Innovative Approaches to Assessing Cumulative Environmental  Exposures to 
Improve Health: From Science to Policy 

Session Chair: Patricia Koman, University of Michigan  

T0C-01:  Innovative Approaches to Assessing Cumulative Environmental Exposures to Improve Health: From Science  
 to Policy 
 P. D. Koman; University of Michigan, Ann Arbor, MI. 

T0C-02:  Assessing Cumulative Environmental Exposures and Social Stressors to Improve Health 
 R. Morello-Frosch; University of California, Berkeley, Berkeley, CA. 

T0C-03:  Bayview/Hunters Point case study: Community perspectives on cumulative environmental exposures 
 M. Pierce; Bayview Hunters Point Community Advocates, San Francisco, CA. 

T0C-04:  Community-participatory research methods for exposure science 
 K. F. Rhoads; University of California at San Francisco, San Francisco, CA. 

T0C-05:  The urban lead burden in humans, animals and the natural world 
 R. Levin; Harvard T.H. Chan School of Public Health, Exposure Epidemiology and Risk Program, Boston, MA. 

T0C-06:  Scientific Approaches to Assessing Cumulative Environmental Exposures in Susceptible Populations 
 T. D. Woodruff; University of California, San Francisco, San Francisco, CA. 

 
 

7:00am – 8:00am 

 
T1A: Highlights from CalEPA's OEHHA: The Intersection of Health and the Environment  

Session Chair: Xiangmei Wu, California Office of Environmental Health Hazard Assessment 

T1A-01:  CalEnviroScreen: indicators of community exposures and cumulative pollution burden 
 A. Slocombe; CalEPA Office of Environmental Health Hazard Assessment, Sacramento, CA. 

T1A-02:  Use of Exposure Science and Assessment under Proposition 65: from Compliance Assistance to Consumer 
Education 

 M. Marder1, F. Tsai2, M. Musa2, M. Sandy2 
 1CalEPA Office of Environmental Health Hazard Assessment (OEHHA), Sacramento, CA, 2CalEPA Office of Environmental 
Health Hazard Assessment (OEHHA), Oakland, CA. 

T1A-03:  Indicators of Climate Change in California 
 T. Kadir1, K. Randles1, C. Milanes1 
 1Office of Environmental Health Hazard Assessment, Sacramento, CA. 
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T1A-04:  Air and climate epidemiology research at OEHHA 
 R. Basu; Office of Environmental Health Hazard Assessment, Oakland, CA. 

T1A-05:  Exposure-based human health decision-making for California fisheries and consumers 
 S. Klasing; CalEPA Office of Environmental Health Hazard Assessment (OEHHA), Sacramento, CA. 

 

8:00am – 9:00am 
 

Plenary IV 
Emerging Exposure Tools 

Karin Tuxen-Bettman, Google 
Presentation: Data insights for city action: Hyperlocal air pollution mapping at scale 

and 

David Ashley, Georgia State University 
Presentation: How does exposure science influence policy and regulatory decisions? 

 

9:00am – 10:00am 
 
T2A: Exposure sciences in disaster preparedness and response  

Session Chair: Paul Scheepers, Radboudumc 

T2A-01:  Comparative performance testing of respiratory personal equipment used in the hospital care for COVID-
19 patients 

 P. T. J. Scheepers1, M. F. P. van Dael1, R. B. M. Anzion1 
 Radboud university medical center, Nijmegen, NETHERLANDS. 

T2A-02:  Burden of Disease of VOC emissions from forest fire in Australia 
 O. Jolliet1, J. Mueller2, X. Wang2 

1University of Michigan, School of Public Health, Environmental Health Sciences, Ann Arbor, MI, 2University of 
Queensland, Queensland Alliance for Environmental Health Sciences, Brisbane, AUSTRALIA 

T2A-03:  Collecting Timely Exposure and Health Data in Response to a Chemical Disaster: A case study from the 
Tucson Multi-stakeholder Disaster Research Workshop 

 A. K. Miller1, R. K. Kwok2 
 1NIEHS, Bethesda, MD, 2NIEHS, Research Triangle Park, NC. 

 
T2B: Estimating chemical exposures for workers: advancing high-throughput approaches 
for chemical priority-setting 

Session Chair: Kristin Isaacs, U.S. Environmental Protection Agency 

T2B-01:  Prioritization Approaches for Occupational Exposure under the Chemicals Management Plan 
 A. Zidek1, S. Vanden Hoven1 
 1Health Canada, Ottawa, ON, CANADA. 

T2B-02:  Extrapolating the Applicability of Worker Exposure Measurement Data 
 K. McNally1, H. Marquart2, R. Franken3, J. Gorce1, N. Shandilya3, W. Fransman3 

1Health and Safety Executive, Buxton, UNITED KINGDOM, 2Triskelion, Zeist, NETHERLANDS, 3TNO / Netherlands 
Organisation for Applied Scientific Research, Zeist, NETHERLANDS. 
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T2B-03:  Adapting Existing Occupational Exposure Models and Data for High-throughput Application 
 K. Phillips1, J. Minucci1, K. Isaacs1, S. T. Puruker1 
 1United States Environmental Protection Agency, Research Triangle Park, NC. 

T2B-04:  Development of a Generalized Inhalation Model for High-throughput Toxicokinetics 
 M. Linakis; United States Air Force, Dayton, OH. 

 
T2C: Investigating Exposures of Indigenous Peoples  

Session Chair: Nicolle Tulve, U.S. Environmental Protection Agency 

T2C-01:  Polychlorinated Biphenyl Levels in Subarctic Regions of the Northwest Territories 
 V. L. R. Gevaert1, B. D. Laird1, M. Ratelle1  
 1University of Waterloo, Waterloo, ON, CANADA. 

T2C-02:  Evaluation of Indoor PM2.5 Concentrations in a Native American Community: A pilot study 
 N. Ji1, A. Rule2, R. Weatherholtz3, L. Crosby4, J. E. Bunnell4, B. Orem4, R. Reid3, M. Santosham3, L. L. Hammitt3,  
K. L. O’Brien3 
1Department of Environmental and Occupational Health, Rutgers University School of Public Health, Piscataway, NJ, 
2Department of Environmental Health and Engineering, Johns Hopkins Bloomberg School of Public Health, Baltimore, 
MD, 3Center for American Indian Health, Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, 4United 
States Geological Survey, Reston, VA. 

T2C-03:  Preliminary Pesticide, PCB, Lead, and Allergen Concentrations Measured in Licensed Tribal Child Care 
Centers in the Pacific Northwest 

 N. S. Tulve1, C. W. Croghan1, B. Plewe2, H. Thompson-Duffy3, T. Buckley1 
1U.S. Environmental Protection Agency, Research Triangle Park, NC, 2U.S. Environmental Protection Agency, Seattle, 
WA, 3U.S. Department of Health and Human Services, Portland Area Indian Health Service, Spokane, WA. 

T2C-04:  An Assessment of Persistent Organic Compounds and PFAS for Consumption of Restored  
 Anadromous Fish 
 L. J. Melnyk1, J. Lin1, J. Lazorchak1, M. Stover2, D. Kusnierz3, G. Perlman4  

1US Environmental Protection Agency, Cincinnati, OH, 2US Environmental Protection Agency, Boston, MA, 3Penobscot 
Indian Nation Department of Natural Resources, Indian Island, ME, 4Agency for Toxic Substances and Disease Registry, 
Boston, MA. 
 

10:00am – 11:15am 

 
T3A: Advancing understanding of co-exposure to multiple chemicals: putting the 
Chemical Exposome puzzle pieces together  

Session Chair: Tatsiana Dudzina, ExxonMobil Biomedical Sciences Inc. 

T3A-01:  Longitudinal profiling of chemical exposome 
 P. Gao1, X. Shen1, M. Snyder1 
 1Stanford University, Stanford, CA. 

T3A-02:  Interindividual variation in source-specific doses is a determinant of health impacts of combined 
chemical exposures 

 P. Price; Retired, Chapel Hill, NC. 

T3A-03:  Tiered approach tool to assess risk from combined exposure for the general public to environmental 
pollution 

 K. De Brouwere1, J. Buekers1, M. Van Holderbeke1  
 1VITO, 2400, BELGIUM. 

T3A-04:  A pragmatic approach to screening chemicals for co-exposure assessment 
 T. Dudzina; ExxonMobil Biomedical Sciences Inc., Machelen, BELGIUM. 

T3A-05:  Predicting Bioavailability of Mixture Ingredients Upon Dermal Exposure 
 J. Sahmel; Insight Exposure and Risk Sciences, Boulder, CO. 
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T3B: Epidemiology, Exposure Science, and Risk Assessment: We need each other 

Session Chair: Judy LaKind, LaKind Associates LLC 

T3B-01: Use of Epidemiology Data in Risk Assessment 
A. Zidek1, S. Blechinger1

T3B-02: Moving beyond Babel: The Matrix 
J. S. LaKind; LaKind Associates, LLC, Catonsville, MD. 

T3B-03: Are we speaking the same language? A communication case study of mortality and NO2 
C. J. Burns; Burns Epidemiology Consulting, Sanford, MI.

T3B-04: Exposure assessment, risk assessment and epidemiology: exploring the missing link 
M. Greiner1, C. Müller-Graf2, S. Knüppel2, A. Gervelmeyer3, T. Halldorsson4

1German Federal Institute for Risk Assessment (BfR), Department of Exposure  and University of Veterinary Medicine
Hannover, Foundation, Berlin, GERMANY, 2German Federal Institute for Risk Assessment (BfR), Department of Exposure,
Berlin, GERMANY, 3European Food Saftey Authority (EFSA), Parma, ITALY, 4University of Iceland, Faculty of Food Science
and Nutrition, Reykjavik, ICELAND.

T3B-05:  Unconventional Oil and Natural Gas Development: Improving the Integration of Exposure and Health 
Research 
D. Vorhees1, A. Rosofsky2

1Health Effects Institute, Boston, MA., 2Health Canada, Ottawa, ON, CANADA.

T3C: The Chemical Space in Exposure Assessments, PART II 

Session Co-Chairs: Thomas Metz, Pacific Northwest National Laboratory; Oliver Fiehn, U.S. Environmental Protection 
Agency and David Wishart, University of Alberta 

T3C-01:  Mapping the Chemical Space of the Blood Exposome 
D. K. Barupal; Icahn School of Medicine at Mt Sinai, New York, NY. 

T3C-02: In Silico Prediction and Identification of Metabolites with BioTransformer - Enabling Exposure Science 
Y. Djoumbou-Feunang1, M. Sullenberger1, J. Balcer1, D. Tomandl1
1Corteva Agriscience, Carmel, IN. 

T3C-03:  Computational methods for assessing chemical space 
R. S. Renslow1, M. Y. McGrady1, J. R. Nuñez1, S. M. Colby1, T. O. Metz1 
1Biological Sciences Division, Pacific Northwest National Laboratory, Richland, WA, USA 

11:15am – 12:15pm 

Networking Break / Time to Explore On-Demand 

Future of ISES: Growth / Volunteer Opportunities 
11:15am – 11:45 am 

Environmental Justice and Exposure Science 
11:45am – 12:15 pm 

ISES 2021 Meeting Discussion 
11:45am – 12:15 pm 

Open Discussion 
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12:15pm – 1:30pm 
 

T4A: Research Trends for Identifying Emerging Contaminants, their Effects, and Potential 
for Exposure  

Session Chair: Annette Guiseppi-Elie, U.S. Environmental Protection Agency 

T4A-01:  Coordinated Federal Efforts to Address Emerging Contaminants’ Research Gaps: An Overview 
 J. Orme-Zavaleta1, C. P. Weis2 
 1US Environmental Protection Agency, Research Triangle Park, NC, 2National Institute of  Health/NIEHS, Bethesda, MD. 

T4A-02:  The Water We Drink 
 M. Focazio1, P. Bradley1, D. Kolpin1, K. Smalling1, K. Lee1, E. Furlong1 
 1U.S. Geological Survey, Reston, VA. 

T4A-03:  Federal Efforts to Characterize Exposures to Contaminants of Emerging Concern 
 A. Guiseppi-Elie; US Environmental Protection Agency, Research Triangle Park, NC. 

T4A-04:  Federal Research Efforts to Identify Health Impacts from Contaminants of Emerging Concern 
 E. Perkins; US Army Engineer Research and Development Center, Vicksburg, MS. 

T4A-05:  Panel Discussion on Data Needs and Availability for CECs 
 J. Zambrana, Jr1, D. Charters2, K. Isaacs3, K. Palmer4  

1US EPA Office of Research and Development, Los Angeles, CA, 2US EPA Office of Land and Emergency Management, 
Washington, DC, 3US EPA Office of Research and Development, RTP, NC, 4California Department of Toxic Substances 
Control, Sacramento, CA. 

  

T4B: Fire and Water: Investigating Benzene Contamination in Drinking Water After 
California Wildfires 

Session Chair: Gina Solomon, Public Health Institute  

T4B-01:  Initial Investigations of Benzene Contamination in Potable Water Lines after a Wildfire 
 Y. Heaney1, R. Hinrichs2, W. Draper3, J. Ladrine4, W. Taylor4, J. Roberts5 

1State Water Resources Control Board, Richmond, CA, 2State Water Resources Control Board, Sacramento, CA, 
3California Department of Public Health, Richmond, CA, 4Paradise Irrigation District, Paradise, CA, 5Del Oro Water 
Company, Magalia, CA. 

T4B-02:  Fire and Water: Testing at the Tap to Assess Exposure to Returning Residents 
 G. M. Solomon1, S. Hurley2, P. Reynolds3, P. English4 

1Public Health Institute, Oakland, CA, 2Office of Environmental Health Hazard Assessment, Oakland, CA, 3University of 
California San Francisco, San Francisco, CA, 4California Department of Public Health, Richmond, CA. 

T4B-03:  Spatial Analysis of Benzene Contamination After the Camp Fire 
 C. Carpenter1, G. M. Solomon1, J. Howell1, P. English1 
 1Public Health Institute, Oakland, CA. 

T4B-04:  Nontarget Analysis of Drinking Water Samples from Wildfire Impacted Homes 
 T. M. Young1, L. Wong1, C. Alaimo1, G. M. Solomon2 
 1University of California Davis, Davis, CA, 2Public Health Institute, Oakland, CA. 

T4B-05:  Organic Chemical Contaminants in Drinking Water Service Lines Damaged by Wildfire 
 W. M. Draper1, E. Chandrasena1, N. Li1, G. M. Solomon2, Y. Heaney3, R. Crenshaw4, R. Hinrichs4 
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T4C: Identifying At-Risk Populations through Biomonitoring Investigations  

Session Chair: Daniel Mandel, Centers for Disease Control and Prevention 

T4C-01:  NHANES Exposure Assessment in Children - Pilot Study 
 A. Calafat; CDC, Atlanta, GA. 

T4C-02:  Assessing Exposure in the Asian Pacific Islander Community Exposure Project 
 L. Baehner1, D. Kauffman2, K. Choe1, L. Johnson1, F. Saephan3, S. Hoover2, N. Wu1 

1California Department of Public Health, Richmond, CA, 2Office of Environmental Health Hazard Assessment, Oakland, 
CA, 3APA Family Support Services, San Francisco, CA. 

T4C-03:  Reducing Lead & Mercury Exposure in High-Risk Mothers and Babies 
 E. P. Bind1, A. Steffens1, A. Krasley1, M. McConico1, D. Haltmeier1, T. Fan1  
 1New Jersey Department of Health, Ewing, NJ. 

T4C-04:  Assessing Environmental Exposure in People with Disabilities 
 M. A. Nascarella1, M. Blanchet1, J. Clemmer1, N. Daniels1, L. Fogarty1, M. Seeley1 
 1Massachusetts Department of Public Health, Boston, MA. 

T4C-05:  Minnesota Healthy Kids Program 
 J. W. Nelson1, C. Huset1, S. Saravia1  
 1Minnesota Department of Health, St. Paul, MN. 

 

1:30pm – 2:15pm 
 
T5A: In Memoriam Talks Honoring the late Dr. Kirk Smith 

Opening Remarks and Presenter Introductions given by Thomas McKone, Lawrence Berkeley National Laboratory (LBNL) 

Tributes by:  John Holdren, Harvard University, Boston, MA. 
  Robert Spear, Emeritus Professor, University of California, Berkeley, CA. 
  Jim Zhang, Duke University, Durham, NC. 
  Kalpana Balakrishnan, Sri Ramachandra University in Chennai, India 
  Sir Andy Haines, London School of Hygiene and Tropical Medicine, London UK 

Zoë Chafe, C40 Cities, New York, NY. 
  John Balmes, University of California, San Francisco, CA. 
  L. Drew Hill, AethLabs, San Francisco, CA. 
  Ajay Pillarisetti, Emory University, Atlanta, GA. 

Closing Remarks given by Michael Jerrett, University of California, Los Angeles, Los Angeles, CA. 
 

T5B: Exposure science, STEM education, and the community, PART I 

Session Chair: Ben Greenfield, Southern Illinois University Edwardsville 

T5B-01:  Middle School Student Engagement in Exposure Science Research: Fostering Science Interest and Identity 
 B. K. Greenfield1, G. Bracey1, A. E. Martinez1, J. L. Zuercher1, S. M. Locke1 
 1Southern Illinois University Edwardsville, Edwardsville, IL. 

T5B-02:   A Day in the Life: Youth participatory air monitoring in environmental justice neighborhoods 
 J. Johnston; University of Southern California, Los Angeles, CA. 

T5B-03:  Sensor Stories in the Classroom: Engaging elementary students in air quality education through citizen 
science 

 K. Rubio; Women for a Healthy Environment, Pittsburgh, PA. 
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T5C: Accelerating public health solutions for climate change  

Session Chair: Emily Coren, Freelance 

T5C-01:  Comedy accelerating public health solutions for climate change 
 C. Gurney, Climate Nexus, New York, NY 

T5C-02:  Entertainment-education as a public health communication tool for climate change solutions 
 D. Safer, Stanford University, Sanford, CA 

 

2:15pm – 3:00pm 

 
ISES Awards Ceremony 

Moderated by  
Thomas McKone 

Lawrence Berkeley National Laboratory (LBNL); University of California, Berkeley School of Public Health 

Award Presenters 
Xueying Zhang, Icahn School of Medicine at Mount Sinai 

Donghai Liang, Emory University 
 

Featuring  
Excellence in Exposure Science Awardee, Rosemary Zaleski, Lumina Consulting 

Presentation: A Look Back to Look Forward 
 

3:00pm – 3:30pm 
 

Networking Lounge  

Non-Academic Careers in Exposure Science 
 

Open Discussion 
 

3:30pm – 4:30pm 
 
T6A: Integrating Multi-Scale Air Pollution and Environmental Exposure Data in Health 
Studies  

Session Co-Chairs: Rima Habre, University of Southern California, and Yuxia Cui, National Institute of Environmental  
Health Sciences 

T6A-01:  Reconstructing Historic Environmental Exposures to PFOA using GIS 
 V. Vieira; UC Irvine, Irvine, CA. 

T6A-02:  GOES16-Based Estimation of Hourly PM2.5 Levels during the Camp Fire Episode in California 
 B. N. Vu1, J. Bi1, A. Huff2, S. Kondragunta3, Y. Liu1 

1Emory University, Atlanta, GA, 2Pennsylvania State University, University Park, PA, 3NOAA/NESDIS Center for Satellite 
Applications and Research, College Park, MD. 



 
 

I S E S  2 0 2 0  S C I E N T I F I C  P R O G R A M     |    20       
 

 
T6A-03:  Combining mobile and fixed sensing to map air pollution patterns at fine spatiotemporal scales 

J. Apte1, S. Chambliss2, C. Preble1, J. Caubel1, T. Cados1, K. Messier3, R. Alvarez4, B. LaFranchi5, M. Lunden5, J. Marshall6, 
A. Szpiro6, T. Kirchstetter1 
1UC Berkeley, Berkeley, CA, 2UT Austin, Austin, TX, 3National Institutes of Health, RTP, NC, 4Environmental Defense Fund, 
Austin, TX, 5Aclima, San Francisco, CA, 6University of Washington, Seattle, WA. 

T6A-04:  Dynamic versus static measures of air pollution exposure and their effects on insulin resistance in 
Hispanics/Latinos compared to non-Hispanics 

 M. M. Jankowska1, T. Benmarhnia1, D. D. Sears2, S. Zamora1, J. Yang1, C. Spoon1  
 1University of California San Diego, La Jolla, CA, 2Arizona State University, Tempe, AZ. 

T6A-05:  Personal PM2.5 air pollution exposure, time-activity patterns and momentary geospatial exposures across 
pregnancy and early postpartum in low income, Hispanic women 
 R. Habre1, L. Yi1, Y. Xu1, S. O'Connor2, J. Cabison1, D. Chu1, C. Naya1, T. Chavez1, T. Mason1, T. Bastain1, C. Breton1, G. Dunton1  

 1University of Southern California, Los Angeles, CA, 2National Cancer Institute, Bethesda, MD. 
 

T6B: Exposure science, STEM education, and the community, PART II  

Session Chair: Ben Greenfield, Southern Illinois University Edwardsville 

T6B-01:  Engaging Youth to Reduce Exposures to Household Cleaning Chemicals: The LUCIR Study 
 K. Harley1, L. Calderon1, J. Nolan1, K. Roman2, S. Mayo-Burgos2, J. Cabrera2, N. Morga3, R. Maddalena4, A. Bradman1 

1Center for Environmental Research and Children's Health (CERCH), UC Berkeley, Berkeley, CA, 2CHAMACOS Youth 
Council, Salinas, CA, 3Clinica de Salud del Valle de Salinas, Salinas, CA, 4Lawrence Berkeley National Laboratory, 
Berkeley, CA. 

T6B-02:  Promoting STEM education at Philadelphia schools through participatory exposure science 
 K. M. Shakya1, J. Hickey1, S. Goldsmith1, T. Enes1 
 1Villanova University, Villanova, PA. 

T6B-03:  Environmental Photovoice: A Tool to Promote Student Engagement 
  J. L. Zuercher; Southern Illinois University Edwardsville, Edwardsville, IL. 

 

T6C: Measuring Exposure to Particulate Matter from Secondhand Cannabis Smoke 

Session Chair: Wayne Ott, Stanford University 

T6C-01:  Measuring PM2.5 Concentrations Produced by Different Marijuana Sources 
 W. R. Ott1; K. Cheng1, L. Wallace1, T. Zhao1, and L. Hildemann1  
 1Stanford University, Redwood City, CA. 

T6C-02:  Measuring the Spatial Variation of Secondhand Cannabis Aerosols in Residences 
 K. Cheng1, W. Ott1, L. Wallace2, L. Hildemann1 
 1Stanford University, Stanford, CA, 2Retired, Santa Rosa, CA. 

T6C-03:  Using PurpleAir Monitors to Measure Particle Concentrations from Cannabis Smoking in Residences 
 L. A. Wallace1, W. R. Ott2, T. Zhao3, K. Cheng4, L. Hildemann2 
 1Retired, Santa Rosa, CA, 2Stanford University, Palo Alto, CA, 3Stanford, Palo Alto, CA, 4Stanford, Palo alto, CA. 
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4:30pm – 6:00pm 
 
T7A: Exposure science studies from Asian perspectives - Environmental and study 
diversities among Asian countries  

Session Chair: Satoshi Nakai, Yokohama National University 

T7A-01:  Chemical exposures assessment of slime products in several Asian countries 
 M. Lim1, S. Guak1, N. Y. Cheong2, K-F. Ho3, K. Tantrakarnapa4, S. Nakai5, S-C. C. Lung6, K. Lee1 

1Department of Environmental Health Sciences, Graduate School of Public Health, Seoul National University, Seoul, 
Korea; 2KATRI, Korea; 3JC School of Public Health and Primary Care, The Chinese University of Hong Kong, Hong Kong; 
4Mahidol University, Thailand; 5Yokohama National University, Japan; 6Sinica Academia , Taiwan 

T7A-02:  Simultaneous determination of urinary cotinine and 8-OHdG in a Japanese national birth cohort study. 
 Y. Nishihama, T. Isobe, S. Liang, S. Nakayama 
 Japan Environment and Children’s Study Programme Office, National Institute for Environmental Studies, Tsukuba, JAPAN. 

T7A-03:  Use of smart technology on personal exposure assessment 
 A. K. H. Lau1, W. W. Che1, H. C. Frey2 

1The Hong Kong University of Science and Technology, Hong Kong, HONG KONG, 2North Carolina State University, 
Raleigh, NC. 

T7A-04:  Determination of TVOC exposure warning criteria in Korean electronic equipment manufactory 
 S. W. Kim1, K. Lee2 

1Keimyung University, Daegu, Korea; 2Department of Environmental Health Sciences, Graduate School of Public Health, 
Seoul National University, Seoul, Korea 

T7A-05:  Phthalates in house dust and their metabolites in children's urine summary of the finding in Japan 
 Y. Ait Bamai1, A. Araki1, R. Kishi1 
 Hokkaido University Center for Environmental and Health Sciences, Sapporo, JAPAN. 

 

T7B: Characterizing PFAS (Per- and and polyfluoroalkyl substances) sources and exposure 
routes in contaminated communities  
Session Chair: Jane Hoppin, North Carolina State University 

T7B-01:  PFAS Exposure in Contaminated communities, Exposure Assessment Challenges 
 J. Hoppin1, J. Adgate2, H. Stapleton3 
 1NC State, Raleigh, NC, 2University of Colorado, Denver, CO, 3Duke University, Durham, NC. 

T7B-02:  Predictors of Per- and Polyfluoroalkyl Substances (PFAS) in Children's Serum from the Toddlers Exposure 
to Semi-Volatile Organic Compounds in Indoor Environments (TESIE) Study 

 J. A. Craig1, B. Claus Henn1, H. Kate2, S. Hammel2, C. Hoyo3, S. Murphy2, H. M. Stapleton2, T. F. Webster1 
 1Boston University, Boston, MA, 2Duke University, Durham, NC, 3North Carolina State University, Raleigh, NC. 

T7B-03:  Characterizing Per- and Polyfluoroalkyl Substances (PFAS) in an Exposed Population in Central North 
Carolina: Associations Between Drinking Water and Serum 

 S. M. Hall1, K. Hoffman1, G. H. Tait1, S. Zhang1, N. J. Herkert1, H. M. Stapleton1 
 1Duke University, Durham, NC. 

T7B-04:  Silicone wristbands as method to measure PFAS in contaminated groundwater community 
 C. E. Critchley1, N. Kotlarz1, H. M. Stapleton2, D. Knappe1, C. F. Wise1, M. Breen1, J. A. Hoppin1 
 1North Carolina State University, Raleigh, NC, 2Duke University, Durham, NC. 

T7B-05:  Source Apportionment of Serum PFAS in Two Highly Exposed Communities 
 K. E. Barton1, D. Wallis2, N. Kotlarz2, C. P. Higgins3, J. Hoppin2, J. L. Adgate1 

1Colorado School of Public Health, Aurora, CO, 2North Carolina State University, Raleigh, NC, 3Colorado School of Mines, 
Golden, CO. 

T7A-06:  Novel and known PFASs in human serum and drinking water from El Paso County, CO 
 C. A. McDonough1, K. Barton2, A. Starling2, J. Adgate2, C. Higgins3 

1Stony Brook University, Stony Brook, NY, 2Colorado School of Public Health, Denver, CO, 3Colorado School of Mines, 
Golden, CO. 
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T7C: Community Exposures to Ultrafine Aircraft Emissions; Research findings, Community 
Engagement and Policy Implications  

Session Chair: Elena Austin, University of Washington 

T7C-01:  An Overview of Ultrafine Particle Exposures to Populations Living Near Airports 
 T. Larson; University of Washington, Seattle, WA. 

T7C-02:  Modeling aviation-related ultrafine particle concentrations in communities along a runway trajectory 
near a major airport 

 K. J. Lane1, J. I. Levy1, C. Kim1, M. Simon1 
 1Boston University School of Public Health, Boston, MA. 

T7C-03:  Aviation-related Ultrafine Particle Exposure and Acute Inflammation in Los Angeles 
 R. Habre, H. Zhou, S. Eckel, T. Enebish, S. Fruin, T. Bastain, E. Rappaport, F. Gilliland 
 University of Southern California, Los Angeles, CA. 

T7C-04:  Impacts of aviation emissions on air quality in and around residences near a major airport 
 J. Durant1, M. Simon2, N. Hudda1 
 1Tufts University, Medford, MA, 2Volpe National Transportation Systems Center, Cambridge, MA. 

T7C-05:  Attributing community ultrafine exposures to aircraft and on-road sources; description of the approach 
developped for the Mobile ObserVations of Ultrafine Particles Study (MOV-UP) 

 E. Austin1, J. Xiang1, M. Yost1, J. Shirai1, T. Gould1, T. Larson1, E. Seto1 
 University of Washington, Seattle, WA. 

T7C-06:  The Relationship Between Flight Traffic, Ultrafine Particles and Noise from the Seattle Aircraft Air and 
Noise Study 

 E. Seto; University of Washington, Seattle, WA. 

 

6:00pm – 6:45pm 
 
T8A: Exploring Disparities in Exposure and Health Outcomes  

Session Chair: Christine Ekenga, Washington University in St. Louis 
T8A-01:  Exposure to Phthalates and Respiratory Morbidity among Predominantly Low-income Patients with 

Chronic Obstructive Pulmonary Disease 
 L. Quiros-Alcala1, H. Woo2, W. Lorizio2, D. Belz2, M. Maisonet3, N. Putcha2, K. Koehler1, M. Mccormack2, N. Hansel2 

1Johns Hopkins University, Bloomberg School Of Public Health, Baltimore, MD, 2Johns Hopkins University, School of 
Medicine, Baltimore, MD, 3East Tennessee State University, Johnson City, TN. 

T8A-02:  High-resolution PM2.5 exposures using satellite MAIAC AOD and land use regression: Investigation of 
urban vs. rural, within-urban vs. between-urban variability, and social vulnerability 

 H. Lee; California Air Resources Board, Sacramento, CA. 

T8A-03:  A 15-year comparison of air pollution change by race/ethnicity, socioeconomics, and segregation in the  
 United States 
 K. Dang1, M. Haan1, M. Glymour1, J. Weuve2, M. Brauer3, K. Lane2 

1University of California San Francisco, San Francisco, CA, 2Boston University, Boston, MA, 3University of British 
Columbia, Vancouver, BC, CANADA. 
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T8B: PFAS in the Home Environment  
Session Chair: Francis Ramacciotti, GHD 

T8B-01:   Accumulation of Per- and Polyfluoroalkyl Substances (PFAS) in Clothing in Indoor Environments 
 C. M. A. Eichler1, J. Zhou1, B. J. Turpin1, G. C. Morrison1  
 University of North Carolina at Chapel Hill, Chapel Hill, NC. 

T8B-02:  Does type of flooring predict serum PFAS concentrations? 
 Y. Zhu, A. Ro, S. Bartell;  
 University of California, Irvine, Irvine, CA. 

T8B-03:  Assessing PFAS presence and mobility in household children's products 
 L. A. Schaider1, C. Swartz1, K. Rodgers1 
 1Silent Spring Institute, Newton, MA. 

 

T8C: Climate Change Impacts On Air Quality and Health  

Session Chair: Allison Patton, Health Effects Institute 
T8C-01:  Projection of Temperature-Related Excess Mortality by Integrating Population Adaptability under 

Changing Climate in China 
 T. Li1, Z. Sun1, Q. Wang1, C. Chen1 
 1National Institute of Environmental Health, Chinese Center for Disease Control and Prevention, Beijing, CHINA 

T8C-02:  Examining the joint effects of heatwaves, air pollution, and green space on the risk of preterm birth in 
California 

 Y. Sun1, S. D. Ilango2, L. Schwarz2, Q. Wang3, J. Chen4, J. M. Lawrence5, J. Wu1, T. Benmarhnia2 
1University of California, Irvine, Irvine, CA, 2University of California, San Diego, San Diego, CA, 3Sun Yat-sen University, 
Guangzhou, CHINA, 4University of Southern California, Los Angeles, CA, 5Kaiser Permanente Southern California, 
Pasadena, CA. 

T8C-03:  Health and Equity Impact Assessment of the Transportation Climate Initiative 
C. Arter1 S. Arunachalam1, A. Berberian2, L. Buckley3, J. Buonocore4, C. Chang1, P. Kinney3, K. Fallon Lambert4, F. 
Perera2, M. Raifman3, J. Levy3 
1University of North Carolina at Chapel Hill, Chapel Hill, NC, 2Columbia University, New York City, NY, 3Boston University, 
Boston, MA, 4Harvard T.H. Chan School of Public Health, Boston, MA. 

 
 

ON DEMAND 
 
Informing COVID Exposure and Risk Assessments  

Session Chair: M. Elizabeth Marder, California Office of Environmental Health Hazard Assessment 
OD-01:  Characterizing hand-to-face contact frequency and sequence for adults 
 A. M. Wilson1, M. P. Verhougstraete1, P. I. Beamer1, M. King2, K. A. Reynolds1, C. P. Gerba1 
 1University of Arizona, Tucson, AZ, 2University of Leeds, Leeds, UNITED KINGDOM. 

OD-02:   Indoor aerosol exposure assessment for transmission of SARS-CoV-2 virus 
 A. A. Mofakham1, D. M. Brown2, G. Ahmadi1, B. Helenbrook1, T. Ahmed1, B. D. Erath1, A. R. Ferro1 
 1Clarkson University, Potsdam, NY, 2Trudeau Institute, Saranac Lake, NY. 

OD-03:  Addressing Decontaminated Respirators: Some Methods Appear to Damage Mask Integrity and 
Protective Function 

 R. Peltier, J. Wang; University of Massachusetts, Amherst, MA. 

OD-04:  Urban Air Pollution May Enhance COVID-19 Case-Fatality and Mortality Rates in the United States 
 D. Liang1, L. Shi1, J. Zhao2, P. Liu3, J. Schwartz4, S. Gao5, J. Sarnat1, Y. Liu1, S. Ebelt1, N. Scovronick1, H. Chang1 

1Emory University, Atlanta, GA, 2American Cancer Society, Atlanta, GA, 3Georgia Institute of Technology, Atlanta, GA, 
4Harvard University, Boston, MA, 5University of Wisconsin–Madison, Madison, WI. 



ISES2020Virtual
California

The International Society of 
Exposure Science

Scientific Program
Poster List



 
 

I S E S  2 0 2 0  P O S T E R  L I S T     |    1       
 

 

 

 

 

 

ISES 2020 Poster List 
PO-01: Fine particulate matter pollution in Greater Accra: Spatial-temporal patterns and influence of land-
use and socioeconomic factors 
 A. S. Alli; University of Massachusetts, Amherst, Amherst, MA. 

PO-02: Chemical Characteristics and Oxidative Potential of PM2.5 in Densely Populated Urban Slums 
A. Anand1, S. Yadav1, H. Phuleria1; 1IIT Bombay, Mumbai, INDIA. 

PO-03: High-throughput estimates for mouthing exposure and related risk from chemicals in children’s 
products 
N. Aurisano1, L. Huang2, O. Jolliet2, P. Fantke1; 1Technical University of Denmark, Kgs. Lyngby, DENMARK, 2University of Michigan, Ann 
Arbor, MI. 

PO-04: Multiplex Immunoassay for Detection of Enteric Pathogen Exposure and Infection in Epidemiological 
Studies 
 L. N. Avolio, N. Pisanic, C. D. Heaney 

PO-05: Random Forest Model based Fine Scale Spatiotemporal O3 Trends in the Beijing-Tianjin-Hebei region 
in China, 2010 to 2017 
R. Ma, J. Ban, Q. Wang, T. LI; China CDC, Beijing, CHINA. 

PO-06: Characterizing infiltration and indoor contribution of PM2.5  based on volunteer-generated monitoring 
data at large spatial and temporal scales 
J. Bi1, L. Wallace2, J. Sarnat1, Y. Liu1; 1Emory University, Atlanta, GA, 2United States Environmental Protection Agency, Washington, D.C., DC. 

PO-07: Exposure to Particle Beta Radiation in Greater Massachusetts 
A. J. Blomberg, L. Li, J. D. Schwartz, B. A. Coull, P. Koutrakis; Harvard T.H. Chan School of Public Health, Boston, MA. 

PO-08: Silicone Wristband Samplers Used to Evaluate Firefighter PPE Designs to Mitigate Fireground 
Chemical Exposures 
E. Bonner1, G. Horn2, K. Anderson1, S. Kerber2, D. Smith3; 1Oregon State University, Corvallis, OR, 2UL Firefighter Safety Research Institute, 
Columbia, MD, 3Skidmore College, Saratoga Springs, NY. 

PO-09: Evaluating the Impact of the National Academies of Sciences, Engineering, and Medicine’s Committee 
on the Use of Emerging Science for Environmental Health Decisions 
E. B. Boyle; NASEM, Washington, DC. 

PO-10: High-Throughput Toxicokinetics Inhalation Exposure Inferences for Organic Chemicals 
M. Breen1, J. Arnot2, A. Sangion3, K. Isaacs1, M. Linakis4, M. Sfeir5, J. Wambaugh1;  1U.S. Environmental Protection Agency, Research Triangle 
Park, NC, 2ARC Arnot Research and Consulting, Toronto, ON, CANADA, 3University of Toronto Scarborough, Toronto, ON, CANADA, 4United 
States Air Force, Wright-Patterson Air Force Base, Fairborn, OH, 5Oak Ridge Institute for Science and Education (ORISE) fellow at U.S. 
Environmental Protection Agency, Research Triangle Park, NC. 
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PO-11: U.S- Mexico Border Air Pollution; Fine Particulate Matter (PM2.5 ) in Tijuana Measured by Low Cost 
Sensors at Sensitive Receptor Sites in the Community 
B. Caceres1, J. E. C. Quinoñes2, L. Jaime3, P. J. E. Quintana3, E. Austin4, J. Shirai4, C. Hsuan Huang4, A. Amador5, S. Vega5, E. Seto4; 1San Diego 
State University- School of Public Health, San Diego, CA, 2Facultad de Ciencias Químicas e Ingeniería de la Universidad Autónoma de Baja 
California, Baja California, MEXICO, 3San Diego State University, San Diego, CA, 4University of Washington School of Public Health, Seattle, 
WA, 5Casa Familiar, San Ysidro, CA. 

PO-12: In-vehicle exposure to traffic-related air pollutants: the impact of leading vehicles and several traffic 
scenarios 
D. Campagnolo1, S. Lioi1, M. Keller1, F. Borghi1, S. Rovelli1, A. Spinazzé1, A. Cattaneo1, L. Boniardi2, S. Fustinoni2, D. M. G. Cavallo1 1RAHH – 
Risk Assessment for Human Health, Department of Science and High Technology, Università degli Studi dell’Insubria, Como, ITALY, 2EPIGET – 
Epidemiology, Epigenetics, and Toxicology Lab, Department of Clinical Sciences and Community Health, Università degli Studi di Milano - 
Fondazione IRCCS Cà Granda Ospedale Maggiore Policlinico, U.O.S. Tossicologia, Milan, ITALY. 

PO-13 - WITHDRAWN 

PO-14: Mercury and methylmercury in hair: a dynamic relationship 
A. Cañas, M. Á. Lucena, E. Soto, C. Navarro, M. Esteban, A. Castaño; Instituto de Salud Carlos III, Majadahonda, SPAIN. 

PO-15: Total fluorine measured in cloth diapers indicate PFAS presence, migration, and dermal exposure 
R. Bauer1, A. Gonzalez2, G. Peaslee2, C. Carignan1; 1Michigan State University, East Lansing, MI, 2University of Notre Dame, Notre Dame, IN. 

PO-16: Simultaneous indoor and outdoor Black Carbon measurements in the facilities of three schools 
located in the air basin of Tijuana, Mexico 
I. Gomez Ruiz1, R. Zurita Frias1, L. Aguilar Dodier1, P. Quintana2, J. Castillo Quiñones1; 1Universidad Autónoma de Baja California, Tijuana, 
MEXICO, 2San Diego State University, San Diego, CA. 

PO-17: National Asbestos Profile for Colombia, a baseline of the current asbestos situation in the country 
M. F. Cely-García1, M. Giraldo1, B. Lysaniuk2, J. M. Larrahondo3, J. C. Guerrero-Bernal4, L. Briceño-Ayala5, L. Miranda1, F. Viadero3, E. Cruz4, J. 
P. Ramos-Bonilla1; 1School of Engineering, Universidad de Los Andes, Bogotá, COLOMBIA, 2IRD (MàD par le CNRS), UMR Prodig, Paris, 
FRANCE, 3School of Engineering, Pontificia Universidad Javeriana, Bogotá, COLOMBIA, 4School of International, Political and Urban Studies, 
Universidad del Rosario, Bogotá, COLOMBIA, 5School of Medicine and Health Sciences, Universidad del Rosario, Bogotá, COLOMBIA. 

PO-18: Geocoding and spatio-temporal modeling of long-term NO2 exposure: the Mexican Teachers’ Cohort 
K. Cervantes-Martínez1, H. Riojas-Rodríguez1, C. Díaz-Ávalos2, H. Moreno-Macías3, R. López-Ridaura4, D. Stern1, J. Texcalac-Sangrador1; 
1National Institute of Public Health, Cuernavaca, MEXICO, 2National Autonomous University of Mexico, Mexico City, MEXICO, 3Metropolitan 
Autonomous University, Mexico City, MEXICO, 4Ministry of Health, Mexico City, MEXICO. 

PO-19: Comparing local and regional-scale TRAP exposure disparity in a long-term mobile monitoring 
campaign 
S. E. Chambliss1, C. P. R. Pinon1, K. P. Messier2, S. Gani3, B. LaFranchi4, M. M. Lunden4, J. D. Marshall5, R. Alvarez6 , J. S. Apte7; 1The University 
of Texas at Austin, Austin, TX, 2National Institute of Environmental Health Sciences, Raleigh-Durham-Chapel HIll, NC, 3University of Helsinki, 
Helsinki, FINLAND, 4Aclima, San Francisco, CA, 5University of Washington, Seattle, WA, 6 Environmental Defense Fund, Austin, TX, 7University 
of California, Berkeley, Berkeley, CA. 

PO-20: Exposure and Risk Assessment of Parabens in Young Taiwanese 
J. Chang1, P. Huang2; 1National Yang-Ming University, Taipei, TAIWAN, 2National Health Research Institutes, Miaoli, TAIWAN. 

PO-21: Benefits on energy, thermal comfort and indoor air quality from building retrofit 
W. W. Che, A. K. H. Lau: The Hong Kong University of Science and Technology, Hong Kong, HONG KONG. 

PO-22: Estimating Acute Effects of Fine Particle Episodes on Cause-Specific Hospitalizations in Beijing, China 
C. Chen, T. Li, H. Du, X. Shi; China CDC Key Laboratory of Environment and Population Health, National Institute of Environmental Health, 
Chinese Center for Disease Control and Prevention, Beijing, CHINA. 
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PO-23: Characteristics and toxicological properties of fine particles: Focus on commuter exposure to black 
carbon and elemental components 
X. CHEN1, K. Ho2; 1Shenzhen Research Institute, The Chinese University of Hong Kong, HONG KONG, CHINA, 2The Jockey Club School of Public 
Health and Primary Care, The Chinese University of Hong Kong, HONG KONG, CHINA. 

PO-24: Assessment of environmental exposure to asbestos around living spaces, a GIS tool 
S. Chent, P. De Crouy-Chanel, S. Audignon, K. Laaidi, L. Guldner; Santé Publique France, Saint-Maurice, FRANCE. 

PO-25: The influence of benzene in the ambient air on the neoplasms morbidity in the adult population 
N. Zaitseva, P. Shur, C. Chetverkina, A. Khasanova; Federal Scientific Center for Medical and Preventive Health Risk Management 
Technologies, Perm, RUSSIAN FEDERATION. 

PO-26: Improving Assessment of Indoor PM2.5 Exposures for An Environmental Justice Community Using A 
Low-Cost PM Sensor 
S. Cho1, L. Cicutto2, C. Chang3, N. Siripanichgon1, M. McCombs1, E. Dowell1, M. McCullough2, J. Thornburg1, R. Chartier1; 1RTI International, 
RTP, NC, 2National Jewish Health, Denver, CO, 3Groundwork Denver, Denver, CO. 

PO-27: A Space/Time Data Fusion Approach for Evaluating Smoke Exposure: Estimating Ground-Level PM2.5 
Concentrations During the October 2017 California Wildfires 
S. E. Cleland1, J. J. West1, Y. Jia2, S. Reid2, S. Raffuse3, S. O'Neill4, M. L. Serre1; 1Gillings School of Global Public Health, UNC Chapel Hill, 
Chapel Hill, NC, 2Bay Area Air Quality Management District, San Francisco, CA, 3Air Quality Research Center, UC Davis, Davis, CA, 4United 
States Department of Agriculture Forest Service, Seattle, WA. 

PO-28: Access to Daylight and View Improves Cognitive Performance, Satisfaction with the Environment, and 
Eyestrain: A Crossover Study in a Simulated Office at a Living Lab 
N. Clements1, A. Jamrozik1, S. Hasan1, J. Zhao2, R. Zhang1, C. Campanella1, V. Loftness3, P. Porter1, S. Ly1, S. Wang1, B. Bauer1; 1Well Living 
Lab, Rochester, MN, 2Delos Labs, New York, NY, 3Carnegie Mellon University, Pittsburgh, PA. 

PO-29: The IMAGE project: Ireland’s bioMonitoring Assessment of Glyphosate Exposures 
A. Connolly1, H. M. Koch1, S. Koslitz1, D. Bury1, M. Kolossa-Gehring2, A. Conrad2, M. A. Coggins3; 1Institute for Prevention and Occupational 
Medicine of the German Social Accident Insurance, Bochum, GERMANY, 2German Environment Agency (Umweltbundesamt), Berlin/Dessau-
Roßlau, GERMANY, 3Centre for Climate and Air Pollution Studies, School of Physics and the Ryan Institute, National University of Ireland, 
Galway, Galway, IRELAND. 

PO-30: Future climate impacts on indoor air quality and energy costs in a multi-family home in Boston, MA 
C. L. Connolly1, C. W. Milando1, I. S. Wing1, D. Li1, W. S. Dols2, J. I. Levy1, M. Fabian1; 1Boston University, Boston, MA, 2NIST, Gaithersburg, MD. 

PO-31: Internal Exposure to Polycyclic Aromatic Hydrocarbons (PAH) in the Young Generation - Results of the 
German Environmental Survey for Children and Adolescents 2014-2017 (GerES V) 
A. Murawski1, A. Roth2, A. Conrad1, M. Schmied-Tobies1, E. Rucic1, N. Pluym3, M. Scherer3, G. Scherer3, M. Kolossa-Gehring1; 1German 
Environment Agency (UBA), Berlin, GERMANY, 2Berlin School of Public Health (BSPH), Berlin, GERMANY, 3ABF Analytisch-Biologisches 
Forschungslabor GmbH, Planegg, GERMANY. 

PO-32: Comparative analysis of visible mold and moisture damage areas, species-specific quantitative PCR, 
the microbiome, and health outcomess 
J. Cox1, T. Stone1, P. Ryan2, J. Burkle2, R. Jandarov1, M. Mendell3, S. Vesper4, C. Niemier-Walsh1, T. Reponen1; 1University of Cincinnati, 
Cincinnati, OH, 2Cincinnati Children's Hospital Medical Center, Cincinnati, OH, 3Indoor Epidemiology, El Cerrito, CA, 4U.S. Environmental 
Protection Agency, Cincinnati, OH. 

PO-33: Effect of wind on ultrafine particle and black carbon levels in Melbourne 
A. Curto1, A. J. Wheeler1, R. Vermeulen2, M. J. Nieuwenhuijsen3, E. Cerin1, D. Donaire-Gonzalez1; 1ACU, Melbourne, AUSTRALIA, 2IRAS, 
Utrecht, NETHERLANDS, 3ISGlobal, Barcelona, SPAIN. 

PO-34 - WITHDRAWN 
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PO-35: Probabilistic Modeling of Leaching from Coal Ash Impoundment Liners: A Case Study in Science 
Informing Policy Development 
A. L. Dale1, J. M. Kondziolka1, C. de Lassus1, A. B. Bittner1, B. Hensel2; 1Gradient, Boston, MA, 2Electric Power Research Institute, Palo Alto, CA. 

PO-36: Assessment of the Variability in Aerosols Generated from e-Cigarettes 
D. Das, S. Alam El Din, J. Pulczinski, J. Mihalic, R. Chen, J. Bressler, A. Rule, G. Ramachandran; Johns Hopkins University, Baltimore, MD. 

PO-37: VOC emissions and exposure from e-cigarettes 
A. Davis, Q. Zhang, M. Black; Underwriters Laboratories Inc., Marietta, GA. 

PO-38: A quantitative structure-property relationship (QSPR) model to estimate half-lives of perfluoro-alkyl 
substances (PFAS) in multiple species 
D. E. Dawson1, C. Lau1, P. Pradeep2, R. Judson1, R. Tornero-Velez1, J. Wambaugh1; 1US Environmental Protection Agency, Durham, NC, 2Oak 
Ridge Institutes for Science and Education, Oak Ridge, TN. 

PO-39: Real-world traffic characterisation on an inter-city expressway and its impact on air pollutant 
emissions 
S. Debbarma, N. Raparthi, C. Venkataraman, H. C. Phuleria; Indian Institute of Technology, Bombay, Mumbai, INDIA. 

PO-40: Sex and gender in human biomonitoring - state of the art, challenges and future perspectives 
K. Groth, N. Fiedler, M. Kolossa-Gehring, M. Debiak, o. INGER study group; German Environment Agency, Berlin, GERMANY. 

PO-41: Chronic exposure to heavy metals from informal e-waste recycling plants and children's attention, 
executive function and academic performance 
J. Delgado-Saborit1, F. Soetrisno2; 1Universitat Jaume I, Castellon, SPAIN, 2BP Berau Ltd, Tangguh LNG, West Papua, INDONESIA. 

PO-42: Environmental Chronic Exposure to Metals and Effects on Attention and Executive Function in the 
General Population 
A. Rafiee1, J. Delgado-Saborit2, P. Sly3, B. Quémerais1, F. Hashemi4, S. Akbari5, M. Hoseini6 ; 1Department of Medicine, University of Alberta, 
Edmonton, AB, CANADA, 2Universitat Jaume I, Castellon, SPAIN, 3Children's Health and Environment Program, Child Health Research Centre, 
The University of Queensland,, South Brisbane, AUSTRALIA, 4Department of Environmental Health, School of Health Shiraz University of 
Medical Sciences,, Shiraz, IRAN, ISLAMIC REPUBLIC OF, 5Trauma and Injury Research Center, Iran University of Medical Sciences, Tehran, 
IRAN, ISLAMIC REPUBLIC OF, 6 Research Center for Health Sciences, Institute of Health, Department of Environmental Health, School of 
Health, Shiraz University of Medical Sciences, Shiraz, IRAN, ISLAMIC REPUBLIC OF. 

PO-43: Assessing pesticides exposures for residents living close to vineyards in France 
C. Dereumeaux1, F. Mercier2, P. Soulard2, C. Fillol1, P. Quenel3, S. Denys1; 1Santé publique France, Saint-Maurice, FRANCE, 2EHESP, Rennes, 
FRANCE, 3Univ Rennes, Inserm, EHESP, Irset, Rennes, FRANCE. 

PO-44: Taking Stock Study: Documenting personal care product use by women of diverse race/ethnicity 
R. Dodson1, B. Cardona1, J. Robinson Flint2, S. Navarro3, A. Zota4, B. Shamasunder5; 1Silent Spring Institute, Newton, MA, 2Black Women for 
Wellness, Los Angeles, CA, 3Promotora de Salud, Los Angeles, CA, 4George Washington University, Washington, DC, 5Occidental College,  
Los Angeles, CA. 

PO-45: Evaluating differences in rater agreement between occupational subgroups to identify where to 
prioritize additional expert assessments 
P. J. Dopart1, H. A. Katki2, M. Friesen3; 1Exponent, Inc., Bowie, MD, 2Biostatistics Branch, Division of Cancer Epidemiology and Genetics, 
National Cancer Institute, Rockville, MD, 3Occupational and Environmental Epidemiology Branch, Division of Cancer Epidemiology and Genetics, 
National Cancer Institute, Rockville, MD. 

PO-46: Health risk assessment of disinfection by-products of drinking water of 16 cities in China 
Y. Du, T. Li; National Institute of Environmental Health, Chinese Center for Disease Control and Prevention, Beijing, CHINA. 
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PO-47: Importance of an Adapted Biomonitoring Strategy for Exposure Assessment in Occupational Settings 
R. Duca1, M. Creta2, N. Majery3, C. Eicher4, K. Poels2, J. Vanoirbeek2, R. Goerens4, A. Van Nieuwenhuyse1; 1Department Health Protection, 
National Health Laboratory (LNS), Dudelange, LUXEMBOURG, 2Centre for Environment and Health, Department of Public Health and 
Primary Care, KU Leuven, Leuven, BELGIUM, 3Service de Santé au Travail Multisectoriel (STM), Luxembourg, LUXEMBOURG, 4Division de la 
santé au travail, Ministry of Health, Luxembourg, LUXEMBOURG. 

PO-48: A preliminary exploration of site-specific exposures to PM2.5 on a university campus 
S. M. Duncan, J. Baker, M. Denoncour, J. Duckwall, S. Glover, A. Reitz; Western Carolina University, Cullowhee, NC. 

PO-49: iPhone significant location data has potentials for characterizing historical individual mobility for 
exposure assessment 
E. Eastman1, A. Stuart2, C. Ivey3, H. Yu1; 1University of Central Florida, Orlando, FL, 2University of South Florida, Tampa, FL, 3University of 
California Riverside, Riverside, CA. 

PO-50: Initial validation of a compact ozone sterilization chamber prototype using anE. coli bacteriophage 
D. Ebeling1, J. Werner1, J. Erbe1, S. Ebeling1, Q. Miao1, A. Ebeling1, D. Peaslee2, L. Ploense3, R. Ploense3, E. Stetter3, M. Findlay3, B. 
Meulendyk3, M. Lee3, V. Patel3, J. Stetter3; 1Wisconsin Lutheran College, Milwaukee, WI, 2Spec Sensors LLC, Newark, CA, 3KWJ Engineering 
Inc., Newark, CA. 

PO-51: Transdermal uptake of oxybenzone from sunscreens based on measured fugacity 
A. Eftekhari, G. Morrison; University of North Carolina, Chapel Hill, NC. 

PO-52: Heavy metals in tap water, toenails, and blood in U.S. women 
E. G. Elliott1, X. C. Hu1, E. M. Sunderland2, B. Coull1, S. A. Korrick3, F. Laden1; 1Harvard T.H. Chan School of Public Health, Boston, MA, 
2Harvard John A. Paulson School of Engineering and Applied Sciences, Cambridge, MA, 3Brigham and Women’s Hospital, Boston, MA. 

PO-53: Validation of proximity-based estimates of residential exposure to emissions of dioxins and dioxin-like 
compounds in the U.S. 
J. Fisher1, M. Ward1, M. Friesen1, N. Deziel2, B. Graubard1, J. Sampson1, R. Jones1; 1National Cancer Institute, ROCKVILLE, MD, 2Yale School 
of Public Health, New Haven, CT. 

PO-54: What do my test results mean? Developing a data interpretation tool for PFAS-impacted communities 
M. Fitzstevens1, E. Haugjsaa1, P. Brown2, C. Carignan3, A. Amico4, S. Kasper5, A. Goho1, C. Osimo6 , M. Powers2, L. Schaider1; 1Silent Spring 
Institute, Newton, MA, 2Northeastern University, Boston, MA, 3Michigan State University, East Lansing, MI, 4Testing for Pease, Portsmouth, 
NH, 5Toxics Action Center, Boston, MA, 6 Massachusetts Breast Cancer Coalition, Franklin, MA. 

PO-55: Measuring Vulnerability to Climate Change in New Mexico 
T. Fristachi; New Mexico Department of Health, Environmental Public Health Tracking Program, Santa Fe, NM. 

PO-56: Spatiotemporal Variations of PM2.5 Using a Network of Low-cost Sensors 
J. D. Gingrich1, M. J. Campmeir1, A. Byereddy1, S. Charolia1, H. Howton1, B. Mai1, M. Kushwaha2, E. Savio2, A. Updaya2, P. Agrawal2, S. 
Vakacherla3, J. D. Marshall4, J. S. Apte1; 1University of Texas at Austin, Austin, TX, 2ILK, Bangalore, INDIA, 3Center for Study of Science, 
Technology and Policy, Bangalore, INDIA, 4University of Washington, Seattle, WA. 

PO-57: The impact of COVID-19 on U.S.-Mexico border wait times and fine particulate matter (PM2.5) 
concentrations at and near the San Ysidro Port of Entry 
M. Glorioso1, E. Austin2, P. J. E. Quintana1, L. Jaime1, J. Castillo Quiñones3, J. Shirai2, C. Huang2, B. Caceres1, A. Amador4, S. Vega4, E. Seto2; 
1San Diego State University School of Public Health, San Diego, CA, 2University of Washington School of Public Health (UW), Seattle, WA, 
3Facultad de Ciencias Químicas e Ingeniería de la Universidad Autónoma de Baja California (UABC), Campus Tijuana, Tijuana, MEXICO, 4Casa 
Familiar, San Ysidro, CA. 

PO-58:Characterization of PAHs, Dioxins, and VOCs as Result of Garbage Burning in Rural Arizona. 
E. Gonzalez Figueroa1, A. Bates1, S. Hadeed1, L. Stone2, M. Lindsey1, M. O'Rourke1; 1University of Arizona, Tucson, AZ, 2SCAT, San Carlos 
Apache, AZ. 
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PO-59: The impact of exposure to cooking particles on heart rate and blood pressure 
S. Gorjinezhad1, M. Naseri1, R. Gabdrashova1, S. Nurzhan1, Z. Bekezhankyzy1, A. Gimnkhan1, M. Amouei Torkmahalleh1, G. Buonanno2 
1Nazarbayev University, Nursultan, KAZAKHSTAN, 2University of Cassino and Southern Lazio, Cassino, ITALY. 

PO-60: The Comparative Toxicogenomics Database: Advancing Understanding of Environmental Exposures 
on Human Health 
C. J. Grondin; North Carolina State University, Raleigh, NC. 

PO-61: Prediction models for real-time indoor PM10  concentration in daycare center, kindergarten, and 
elementary school 
S. Guak1, K. Kim1, S. Won1, W. Yang2, K. Lee1, A. Bataa1, S. Kang1; 1Seoul National University, Seoul, KOREA, REPUBLIC OF, 2Catholic 
University of Daegu, Gyeongsan, KOREA, REPUBLIC OF. 

PO-62: Non-Occupational Exposures to Risk Factors of Mesothelioma in the French Do-Mésothéliome Pilot 
Study (2013-2015) 
L. Guldner1, D. Grange1, S. Audignon2, D. Jezewski-Serra1, A. Rigou1, A. Guillet1, M. Sabastia1, J. Le Moal1, L. Chérié-Challine1, M. Le Barbier1; 
1Santé publique France (French Public Health Agency), Saint Maurice, FRANCE, 2Université de Bordeaux, BPH Inserm U1219, EpiCEnE-Essat, 
Bordeaux, FRANCE. 

PO-63: Exploring Dynamics of Personal Chemical Exposure in China with Wearable Air Pollutant Samplers 
P. Guo1, E. Z. Lin1, J. P. Koelmel1, Y. Gao2, F. Deng2, H. Dong2, Y. Liu2, Y. Cha2, J. Fang2, X. Shi2, S. Tang2, K. J. Godri Pollitt1; 1Department of 
Environmental Health Sciences, Yale School of Public Health, new haven, CT, 2China CDC Key Laboratory of Environment and Population 
Health, National Institute of Environmental Health, Chinese Center for Disease Control and Prevention, Beijing, CHINA. 

PO-64: Ensemble-Based Deep Learning for Estimating PM2.5 over California 
L. Li1, M. Girguis1, F. Lurmann2, N. Pavlovic2, M. Franklin1, J. Wu3, L. Oman4, C. Breton1, F. Gilliland1, R. Habre1; 1University of Southern 
California, Los Angeles, CA, 2Sonoma Technology Inc, Petaluma, CA, 3University of California Irvine, Irvine, CA, 4NASA Goddard Space Flight 
Center, Greenbelt, MD. 

PO-65: Imputation methods for addressing missing data in short-term monitoring of air pollutants 
S. Hadeed, M. O'Rourke, J. L. Burgess, R. B. Harris, R. A. Canales; The University of Arizona, Tucson, AZ. 

PO-66 - WITHDRAWN  

PO-67: Evaluating an appropriate biomarker for flame retardant tris(1-chloro-2-propyl) phosphate (TCIPP) in 
children 
S. Hammel, H. Stapleton, K. Hoffman; Duke University, Durham, NC. 

PO-68: Young Infants’ Exposure to Organophosphate Esters and Associations with Vaccination Responses 

PO-69: A Systematic Review of Silicone Wristband Studies with Special Attention to Polycyclic Aromatic 
Hydrocarbon (PAH) Exposure Assessment 
L. Hamzai1, P. Quintana1, E. Hoh1, N. Dodder2, P. Olguin1; 1School of Public Health, San Diego State University, San Diego, CA, 2San Diego 
State University Research Foundation, San Diego, CA. 

PO-70 - WITHDRAWN 

PO-71 - WITHDRAWN 

PO-72 - WITHDRAWN 

PO-73: Determinants of pesticide concentrations in carpet dust collected from child care centers in Northern 
California 
K. Hazard; University of California, San Francisco, San Francisco, CA. 
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PO-74: A Mixed-Methods Project to Explore Heat Exposure for Urban-Dwelling Older Adults in Boston: A 
Pilot Study 
L. M. Heidari, P. L. Kinney, M. L. Scammell; Boston University, Boston, MA. 

PO-75: PFHxS and PFNA in California Drinking Water: Potential Notification Levels & Implications for Human 
Exposure 
T. Hoang, B. R. Winters, L. C. Hall; GSI Environmental, Oakland, CA. 

PO-76: Identification and Remediation Efficiency Evaluation of Tobacco Pollutants in Low-Income Multiunit 
Housing by Nontargeted Analysis 
E. Hoh1, N. Dodder2, P. Quintana1, G. Matt1, W. Richardot2, J. Wong2; 1San Diego State University, San Diego, CA, 2San Diego State University 
Research Foundation, San Diego, CA. 

PO-77: A retrospective cross-sectional analysis of associations between existing environmental indices and 
asthma in U.S. counties from 2003 to 2012 
P. R. L. L. Hurbain, Y. Liu, M. Strickland, D. Li; University of Nevada, Reno, Reno, NV. 

PO-78: Organophosphate Pesticide Dose Estimation from Spot and 24-hr Urine Samples Collected from 
Children in an Agricultural Community 
C. Hyland1, K. Kogut1, R. B. Gunier1, R. Castorina1, C. Curl2, B. Eskenazi1, A. Bradman1; 1Center for Environmental Research and Children's 
Health, School of Public Health, University of California at Berkeley, Berkeley, CA, 2Department of Community and Environmental Health, 
Boise State University, Boise, ID. 

PO-79: Development of an Exposure-Focused Workflow for Screening Drinking Water Contaminants of 
Concern 
K. Isaacs1, J. Wall1, K. Dionisio1, J. Wambaugh1, M. Linnenbrink1, J. Lambert1, A. Singh1, A. Williams1, H. Goeden2, C. Greene2; 1Center for 
Computational Toxicology and Exposure, U.S. Environmental Protection Agency, Research Triangle Park, NC, 2Minnesota Department of 
Health, St. Paul, MN. 

PO-80: Informatics-Based Approaches for Managing and Curating Exposure Data 
K. Isaacs1, D. Lyons1, J. Wall1, A. Larger2, L. Koval2, A. Jackson2, B. Horton2, A. Williams1, C. Grulke1; 1Center for Computational Toxicology 
and Exposure, U.S. Environmental Protection Agency, Research Triangle Park, NC, 2Oak Ridge Associated Universities, Oak Ridge, TN. 

PO-81: Communities at the US-Mexico border potentially affected by particulate pollution associated with 
the San Ysidro and Otay Mesa Ports of Entry at the US-Mexico border 
L. Jaime1, E. Austin2, J. Castillo Quiñones3, P. J. Quintana1, B. Caceres1, J. Shirai2, C. Huang2, A. Amador4, S. Vega4, E. Seto2; 1San Diego State 
University, San Diego, CA, 2University of Washington School of Public Health (UW), Seattle, WA, 3Facultad de Ciencias Químicas e Ingeniería 
de la Universidad Autónoma de Baja California (UABC),, Tijuana, MEXICO, 4Casa Familiar, San Diego, CA. 

PO-82: Evaluation of Air Pollutant Reduction Efficiency by Air Purifier Based on Bioaerosols in Hospital Spaces 
H. Jeon, J. Kim, J. Sohn, J. Kim, J. Choi; Korea University, Seoul, KOREA, REPUBLIC OF. 

PO-83: Application of low-cost sensor devices for monitoring indoor air quality in hospital 
N. Jeong, J. Seo, J. Kim, J. Sohn; Korea University, Seoul, KOREA, REPUBLIC OF. 

PO-84: Exposure assessment using Normalized Difference Vegetation Index (NDVI): The impact of 
methodological decisions on greenness exposure misclassification 
R. B. Jimenez, P. Fabian; Boston University School of Public Health, Boston, MA. 

PO-85: Screening for Chemical Sources in Building Materials Using the Pharos Database 
R. D. Johnson; Healthy Building Network, St. Paul, MN. 
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PO-86: Collecting Self-Reported Information on Intermittent Agricultural Activities Using Smartphones 
P. Josse1, S. Locke1, H. Bowles1, J. Moon2, L. Beane-Freeman1, J. Hofmann1, M. Friesen1; 1National Cancer Institute, Rockville, MD, 2MEI 
Research, Edina, MN. 

PO-87: Usage Patterns of Food and Beverage Products in Korean Population 
S. Kang, M. Lim, K. Lee; Seoul National University, Seoul, KOREA, REPUBLIC OF. 

PO-88: Characteristics of disinfectants against List A livestock diseases and COVID-19 
D. Kim, M. Lim, K. Lee; Seoul National University, Seoul, KOREA, REPUBLIC OF. 

PO-89: Pilot study of firefighter PAH skin load decontamination 
J. C. Kissel, D. Hardie, J. H. Shirai; U of Washington, Seattle, WA. 

PO-90: Reduction of Outdoor and Indoor PM2.5 Source Contributions via Portable Air Filtration Systems in a 
Senior Residential Facility in Detroit, Michigan 
Z. M. Klaver1, R. C. Crane1, R. D. Brook2, R. A. Ziemba3, R. L. Bard2, S. D. Adar4, C. A. Spino4, M. Morishita1; 1College of Human Medicine, 
Exposure Science Lab, Michigan State University, East Lansing, MI, 2Division of Cardiovascular Medicine, University of Michigan, Ann Arbor, 
MI, 3Community Health Nursing, Ann Arbor, MI, 4School of Public Health, University of Michigan, Ann Arbor, MI. 

PO-91: Reducing Measurement Error of Continuous Carbon Monoxide Measurements in the Household Air 
Pollution Intervention Network (HAPIN) Trial 
J. R. Kremer1, J. P. McCracken2, O. de Leon2, A. Ramirez2, M. Johnson3, R. Piedrahita3, K. Steenland4, L. Underhill5, M. Kirby4, G. Rosa6, K. 
Balakrishnan7, S. Sambandam7, A. Pillarisetti4, L. Thompson4, W. Checkley5, J. Peel8, T. Clasen4, L. P. Naeher1; 1Univeristy of Georgia, Athens, 
GA, 2Universidad del Valle de Guatemala, Guatemala City, GUATEMALA, 3Berkeley Air Monitoring Group, Berkeley, CA, 4Emory University, 
Atlanta, GA, 5Johns Hopkins University, Baltimore, MD, 6London School of Hygiene and Tropical Medicine, London, UNITED KINGDOM, 7Sri 
Ramachandra Institute of Higher Education and Research, Chennai, INDIA, 8Colorado State University, Fort Collins, CO. 

PO-92: Spatio-Temporal Analysis of the Roadside Transportation Related Air Quality and Neighborhood 
Characterization 
J. Kwon1, Y. Ahn1, S. Chung1, E. M. Noth2, K. Zografos1, J. Capitman1, S. Hammond2; 1California State University, Fresno, Fresno, CA, 
2University of California, Berkeley, Berkeley, CA. 

PO-93 - WITHDRAWN  

PO-94: Changing patterns of human chemical exposures in Korea 
J. Lee1, E. Ha2, C. Lee1, J. Yoo1 1National Institute Of Environmental Research, Incheon, KOREA, REPUBLIC OF, 2Ewha Womans University, 
College of Medicine, Seoul, KOREA, REPUBLIC OF. 

PO-95: Suspect screening of environmental chemicals in urine of Korean adult 
N. Lee1, H. Moon2, J. Park3, Y. Kho4, S. Kim1; 1Seoul National University, Seoul, KOREA, REPUBLIC OF, 2Hanyang University, Ansan, KOREA, 
REPUBLIC OF, 3Soonchunhyang University, Ansan, KOREA, REPUBLIC OF, 4Eulji University, Seongnam, KOREA, REPUBLIC OF. 

PO-96: Renal function impairment in relation to NO2 exposure: A prospective study of older adults without 
chronic kidney disease 
A. Li, Y. Mei, M. Zhao, J. Xu, J. Zhao, Q. Zhou, X. Ge, Q. Xu; Chinese Academy of Medical Science, Beijing, CHINA. 

PO-97: Effects of incorporating non-linearity in human health characterization in life cycle assessment 
D. Li1, M. Tao2, J. Vieira2, S. Suh2; 1University of Nevada, Reno, Reno, NV, 2University of California, Santa Barbara, Santa Barbara, CA. 

PO-98: Walking Exposure to Air Pollutants in Cities 
L. Li1, N. Clements1, A. Mullan2; 1Well Living Lab, Rochester, MN, 2Mayo Clinic, Rochester, MN. 
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PO-99: The Saliva Metabolome for Monitoring the Impacts of Air Pollution Exposure on Human Health 
Z. Li1, C. Chang1, R. Golan2, S. Ebelt1, R. Greenwald3, D. P. Jones1, H. H. Chang1, J. A. Sarnat1, D. Liang1; 1Emory University, Atlanta, GA, 2Ben-
Gurion University of the Negev, Beersheba, ISRAEL, 3Georgia State University, Atlanta, GA. 

PO-100: Systematic Review on Untargeted Metabolomics Application in Air Pollution Health Research: 
Current Progress, Analytical Challenges, and Future Direction 
D. Liang1, Z. Li1, J. Vlaanderen2, Z. Tang1, R. Vermeulen2, J. Sarnat1; 1Emory University, Atlanta, GA, 2Utrecht University, Utrecht, 
NETHERLANDS. 

PO-101: Development of a Sampler Combined with Adenosine Triphosphate Bioluminescence Assay for the 
Rapid Measurement of Bioaerosols 
L. Liao1, J. Byeon2, J. Park1; 1Purdue University, West Lafayette, IN, 2Yeungnam University, North Gyeongsang, KOREA, REPUBLIC OF. 

PO-102: Application and validation of aggregate exposure assessment for phthalates based on cosmetic co-
use scenarios 
M. Lim1, K. Lee2; 1Institute of Health and Environment, Seoul National University, Seoul, KOREA, REPUBLIC OF, 2Gaduate School of Public 
Health, Seoul National University, Seoul, KOREA, REPUBLIC OF. 

PO-103: The FreshAir Wristband: the location of passive sampler placement on personal exposure profiles 
E. Z. Lin1, J. P. Koelmel1, A. Nichols1, P. Guo1, Y. Zhou2, K. J. G. Pollitt1; 1Yale University, New Haven, CT, 2Xi'an Jiaotong University, Xi'an, 
CHINA. 

PO-104: Characterizing Spatiotemporal Variability in Airborne Heavy Metal Concentration: Changes After 17-
Years in Baltimore, MD 
J. Lin, M. Tehrani, A. M. Rule; Johns Hopkins Bloomberg School of Public Health, Baltimore, MD. 

PO-105: The exploration of PM2.5 source and health risk in Changping district, Beijing 
Y. LIU; National Institute of Environmental Health, Chinese Center for Disease Control, Beijing, CHINA. 

PO-106; Using a super-dense sensor network to observe strong variation in exposure to woodsmoke from 
home heating across a community 
I. Longley, A. Kachhara, G. Olivares, F. Barraza; National Institute of Water & Atmospheric Research, Auckland, NEW ZEALAND. 

PO-107: Effects of number of monitoring sites on predictive capacity in land use regression models 
N. Lothrop, R. A. Canales, M. O'Rourke, S. Guerra, P. Beamer; University of Arizona, Tucson, AZ. 

PO-108: Exposure to low levels of ambient air pollution at birth and the risk of wheezing from birth into 
adulthood 
N. Lothrop, P. Beamer, S. Guerra, R. A. Canales, M. O'Rourke, D. A. Stern, D. Billheimer, A. L. Wright, F. D. Martinez; University of Arizona, 
Tucson, AZ. 

PO-109: A characterization of non-occupational organochlorine (OC) insecticide exposures among the 
Agricultural Health Study (AHS) female farm spouses 
L. Louis1, L. Beane Freeman1, N. Deziel2, M. Friesen1; 1National Cancer Institute, Bethesda, MD, 2Yale School of Public Health, New Haven, CT. 

PO-110: Variability and determinants of organophosphate ester (OPE) exposures among urban school-aged 
children in Baltimore City, MD 
L. Louis1, L. Quiros-Alcala1, N. Hansel2, M. McCormack2, G. Diette2, J. Meeker3, J. Buckley1; 1Johns Hopkins Bloomberg School of Public 
Health, Baltimore, MD, 2Johns Hopkins School of Medicine, Baltimore, MD, 3School of Public Health, University of Michigan, Ann Arbor, MI. 

PO-111: Temporal variation of total mercury levels in the hair of pregnant women from the Maternal-Infant 
Research on Environmental Chemicals (MIREC) Study. 
A. Lukina1, M. Fisher1, C. Khoury1, J. Than1, M. Guay1, J. Paradis1, T. Arbuckle1, M. Legrand2; 1Health Canada, Ottawa, ON, CANADA, 2GMF 
Wakefield, Wakefield, QC, CANADA. 
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PO-112: Contributors to soil exposure among fruit and vegetable growers: A framework for collection 
activity-pattern data to estimate soil ingestion 
S. N. Lupolt, R. D. Kennedy, K. E. Nachman; Johns Hopkins Bloomberg School of Public Health, BALTIMORE, MD. 

PO-113: Understanding soil exposure experiences of fruit and vegetable growers for the exposure science 
community 
S. N. Lupolt, R. D. Kennedy, K. E. Nachman; Johns Hopkins Bloomberg School of Public Health, BALTIMORE, MD. 

PO-114: Examining the impact of open-field biomass burning on regional air quality in North India 
P. Manwani, T. S. Kapoor, C. Venkataraman, H. C. Phuleria; IIT Bombay, Mumbai, INDIA. 

PO-115: Social and Spatial Distribution of Soil Pb Concentrations in City of Santa Ana, California - Implications 
for Health Inequities 
S. Masri1, A. LeBrón1, M. Logue1, E. Valencia2, A. Ruiz3, A. Reyes1, J. M. Lawrence4, J. Wu1; 1UCI, Irvine, CA, 2Orange County Environmental 
Justice, Santa Ana, CA, 3Jóvenes Cultivando Cambios, Santa Ana, CA, 4Kaiser Permanente Southern California, Pasadena, CA. 

PO-116: Risk Assessment of Eight Soil Heavy Metals in the City of Santa Ana, CA, by Census Tract: 
Implications for Environmental Justice 
S. Masri1, A. LeBrón1, M. Logue1, E. Valencia2, A. Ruiz3, A. Reyes1, J. M. Lawrence4, J. Wu1; 1University of California, Irvine, Irvine, CA, 
2Orange County Environmental Justice, Santa Ana, CA, 3Jóvenes Cultivando Cambios, Santa Ana, CA, 4Kaiser Permanente Southern 
California, Pasadena, CA. 

PO-117: Multi-Pullutant Concentration Patterns of Poor Air Quality 
S. R. McDow1, P. Byerly1, K. Boaggio2, B. Rice1, M. Lein3; 1US EPA, Research Triangle Park, NC, 2Oak Ridge Institute for Science and 
Education, Research Triangle Park, NC, 3Oak Ridge Associated Universities, Research Triangle Park, NC. 

PO-118: Using public data to customize multi-zone housing models of indoor air pollutant exposure 
C. W. Milando, M. Fabian; Boston University, Boston, MA. 

PO-119: Dietary Exposures and Intake Doses to Bisphenol A and Triclosan in 188 Duplicate-Single Solid Food 
Items Consumed by Adults 
M. Morgan, M. Clifton; United States Environmental Protection Agency, Research Triangle Park, NC. 

PO-120 - WITHDRAWN  

PO-121: PurpleAir Low Cost Air Monitoring Sensor Network in California: Spatiotemporal Evaluation of Long-
term Performance 
A. Mousavi, J. Wu; University of California, Irvine, Irvine, CA. 

PO-122: The Effect of Socioeconomic Status and Geographic Location on Children’s Health 
A. S. Mullikin1, R. J. Slover1, E. Hubal1, D. Reif2; 1Environmental Protection Agency, Durham, NC, 2North Carolina State University, Raleigh, NC. 

PO-123: The impact of cooking nanoparticles on the human brain activity during gas stove frying 
M. Naseri1, S. Sadeghi1, R. Khanbabaie2, M. Amouei Torkmahalleh1, S. Gorjinezhad1, G. Giorgio Buonanno3, M. Malekipirbazari4; 
1nazarbayev university, Nur sultan, KAZAKHSTAN, 2Babol Noshirvani University of Technology, Babol, IRAN, ISLAMIC REPUBLIC OF, 
3University of Cassino and Southern Lazi, Casiono, ITALY, 4Bilkent Univer, Ankara, TURKEY. 

PO-124: Characterization of Linear and Non-linear Associations between Physiological Indicators and All-
Cause Mortality 
V. K. Nguyen1, J. Colacino1, J. M. K. Chung2, A. Le Goallec2, B. Zhao1, M. Xu1, O. Jolliet1, C. Patel2; 1University of Michigan, Ann Arbor, MI, 
2Harvard University, Boston, MA. 
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PO-125: Estimating the Impact of Freshwater Fish Harvest Location on Mercury Exposures in Dene 
Communities of the Northwest Territories 
S. Packull-McCormick, H. Swanson, K. Skinner, B. Laird; University of Waterloo, Kitchener, ON, CANADA. 

PO-126: Commuter’s Exposure to Different Particle Size Ranges inside Transportation Modes 
A. Patra, H. Phuleria; Indian Institute of Technology Bombay, Mumbai, INDIA. 

PO-127: Can the socio-economic variables discriminate against the air pollution exposure? 
A. Patra, H. Phuleria; Indian Institute of Technology Bombay, Mumbai, INDIA. 

PO-128: Systematic Review on Selected Health Effects of Long-term Exposure to Traffic-Related Air Pollution 
H. Boogaard, A. P. Patton, D. Crouse, E. van Vliet, A. M. van Erp; H. E. I. Panel on the Health Effects of TRAP; Health Effects Institute, Boston, MA. 

PO-129: Comparative evaluation of home-usable minimally invasive dried blood microsamplers for 
exposome research 
L. M. Petrick1, M. M. Niedzwiecki1, G. Dolios1, M. Yu1, P. Tu1, G. P. Page2, R. O. Wright1, R. J. Wright1; 1Icahn School of Medicine at Mt. Sinai, 
New York, NY, 2RTI International, Atlanta, GA. 

PO-130: Exploring the external exposome using wearable passive samplers - the China BAPE study 
J. Koelmel1, E. Lin1, P. Guo1, J. Zhou1, J. He1, A. Chen1, Y. Gao2, F. Deng2, H. Dong2, Y. Liu2, Y. Cha2, J. Feng2, C. Beecher3, X. Shi2, S. Tang2, K. Pollitt1; 
1Yale University, New Haven, CT, 2Chinese Center for Disease Control and Prevention, Beijing, CHINA, 3IROA Technologies, Chapel Hill, NC. 

PO-131: Characterization of Iron and Manganese Nanoparticles in the Spark Discharge System to Simulate 
Welding Fumes 
K. Prasad; Purdue University, West Lafayette, IN. 

PO-132: Toenail and Hair as Biomarkers of Exposure to Environmental Manganese 
P. Prathibha1, G. Nelson2, B. A. Racette3, J. R. Turner1; 1Dept. of Energy, Environmental & Chemical Engineering, Washington University in 
St. Louis, Saint Louis, MO, 2School of Public Health, University of Witswatersrand, Parktown, SOUTH AFRICA, 3Dept. of Neurology, 
Washington University School of Medicine, Saint Louis, MO. 

PO-133: Prediction and Evaluation of Aggregate Exposures to Parabens from Use of Consumer Products 
P. Price1, K. Isaacs2; 1Retired, Chapel Hill, NC, 2United States Environmental Protection Agency, Research Triangle Park, NC. 

PO-134: Silicone wristbands worn by children exposed to secondhand tobacco smoke and e-cigarette vapor 
record multiple pollutants, including tobacco-specific carcinogens. 
P. J. E. Quintana1, N. Lopez-Galvez2, N. Dodder2, E. Hoh1, G. E. Matt3, J. M. Zakarian4, M. Vyas1, L. Chu1, B. Akins1, S. Padilla4, K. A. 
Anderson1, M. Hovell1; 1San Diego State University School of Public Health, San Diego, CA, 2San Diego State University Research Foundation, 
School of Public Health, San Diego, CA, 3San Diego State University Department of Psychology, San Diego, CA, 4San Diego State University 
Research Foundation, San Diego, CA. 

PO-135: Biomonitoring of exposures to volatile organic compounds among hairdressers serving a primarily 
ethnic clientele 
L. Quirós-Alcalá1, L. Kavi2, L. Louis1, M. Boyle2, W. Pool3, V. De Jesús4, D. Bhandari4, A. Pollack5, S. Thomas2, A. Sun2, S. McLean2, A. Rule1; 
1Johns Hopkins University, Baltimore, MD, 2University of Maryland, College Park, MD, 3Centro de Apoyo Familiar, Riverdale, MD, 4Centers for 
Disease Control and Prevention, Atlanta, GA, 5George Mason University, Fairfax, VA. 

PO-136: Estimating real-world emission factors for on-road vehicular fleet and their dependence on traffic 
and meteorological parameters 
N. Raparthi, N. Manikyala, H. C. Phuleria; Environmental Science and Engineering Department, Indian Institute of Technology Bombay, 
Powai, Mumbai-400076, INDIA. 
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PO-137: Tetrachloroethylene (PCE) Groundwater Contamination and Vapor Intrusion in Martinsville, Indiana 
A. Rasti1, S. Katta1, E. Yan1, E. Aikins1, S. Neky1, W. Catt2, D. Corcoran3, S. Liu1; 1Purdue University, West Lafayette, IN, 2Mold Diagnostics, 
Monrovia, IN, 3Martinsville Indiana Superfund Site Association, Martinsville, IN. 

PO-138: Longer commutes are associated with increased human exposure to tris(1,3- T dichloro-2-propyl) 
phosphate 
A. Reddam1, G. Tait2, N. Herkert2, S. C. Hammel2, H. M. Stapleton2, D. C. Volz1; 1University of California, Riverside, CA, 2Duke University, 
Durham, NC. 

PO-139: Assessment of multi-pollutant ambient air composition on type 2 diabetes mellitus using machine 
learning 
N. O. Riches, R. Gouripeddi, J. C. Facelli; University of Utah, Salt Lake City, UT. 

PO-140: A Comprehensive Comparison of Indoor vs Outdoor Air Quality in the United States 
B. N. Rivera, C. Ghetu, D. Rohlman, K. Anderson; Oregon State University, Corvallis, OR. 

PO-141: A Toolbox for Exposure Assessment of Large Chemical Releases and Spills 
H. Robinson1, G. Bauer1; 1Ramboll, Arlington, VA. 

PO-142: ATSDR’s PFAS Exposure Assessments: Results from Communities with Known Past Drinking Water 
Concentrations Greater than EPA’s Health Advisory 
R. Rogers, B. Goodwin, K. Scruton, P. Kowalski, J. Sautner, A. Pomales, C. Reh; CDC/ATSDR, Atlanta, GA. 

PO-143: Measurement of Dermal Exposure to Consumer Products in Human Volunteers Using an Integrated 
Conceptual Model for Quantitative Skin Surface Sampling 
J. Sahmel1, G. Ramachandran2; 1Insight Exposure and Risk Sciences, Boulder, CO, 2Johns Hopkins University, Baltimore, MD. 

PO-144: Individual Chemical Exposure to Potential Endocrine Disrupting Chemicals in the Aftermath of 
Hurricane Harvey 
S. M. Samon1, D. Rohlman1, L. Tidwell1, P. Hoffman1, A. Oluyomi2, C. Walker2, W. Hamilton2, G. Armstrong3, M. Bondy3, K. Anderson1; 
1Oregon State University, Corvallis, OR, 2Baylor College of Medicine, Houston, TX, 3Stanford University, Stanford, CA. 

PO-145: Determining Representative National Surface Water Chemical Concentration Ranges for Risk 
Prioritization 
R. R. Sayre1, M. Serre2, R. W. Setzer1, J. F. Wambaugh1; 1U.S. Environmental Protection Agency, Research Triangle Park, NC, 2University of 
North Carolina at Chapel Hill, Chapel Hill, NC. 

PO-146: Co-exposure Amplification Bias (CAB) in Chemical Mixture Models 
S. Schildroth, T. F. Webster; Boston University, Boston, MA. 

PO-147: Correlates of Persistent Endocrine Disrupting Chemical Mixtures among Reproductive-aged Black 
Women 
S. Schildroth1, L. A. Wise1, A. K. Wesselink1, O. R. Orta1, J. Weuve1, V. Fruh2, D. Baird3, B. Claus Henn1; 1Boston University, Boston, MA, 
2Harvard T.H. Chan School of Public Health, Boston, MA, 3National Institute of Environmental Health Sciences, Durham, NC. 

PO-148: Biomarkers and Indoor Air Quality: A Translational Research Review 
A. M. Senerat1, S. M. Manemann2, N. S. Clements1, R. D. Brook3, L. C. Hassett2, V. L. Roger2; 1Well Living Lab (Delos/Mayo Clinic), Rochester, 
MN, 2Mayo Clinic, Rochester, MN, 3University of Michigan Medical School, Ann Arbor, MI. 

PO-149: Temporal Trends of Particulate Matter Concentrations in Korea During the Recent Five Years (2015-
2019): When to Ventilate? 
H. Choi1, D. Kim2, H. Koh3, K. Kim4, S. Seo1 ; 1Eulji University, Seongnam-si, KOREA, REPUBLIC OF, 2The University of Texas at Dallas, Dallas, 
TX, 3Department of Agricultural Science College of Natural Science, Korea National Open University, Seoul, KOREA, REPUBLIC OF, 4Dep. of 
Safety Engineering, Seoul National University of Science & Technology, Seoul, KOREA, REPUBLIC OF. 
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PO-150: Predicting Personalized Risk of Respiratory Disease Exacerbation 
D. Kim1, S. Seo2; 1The University of Texas at Dallas, Dallas, TX, 2Eulji University, Seongnam-si, KOREA, REPUBLIC OF. 

PO-151: Temporal variability of indoor dust concentrations of semivolatile organic compounds 
H. Shin1, K. Kim1, L. Wong2, T. M. Young2, D. H. Bennett2; 1University of Texas, Arlington, Arlington, TX, 2University of California, Davis, Davis, CA. 

PO-152: Exposure assessment and estimation of the inhaled dose of airborne pollutants during commuting 
F. Borghi, G. Fanti, A. Cattaneo, A. Spinazzè, D. M. Cavallo; Università degli Studi dell'Insubria, Como, ITALY. 

PO-153: How to perform a Reliable Estimate of Retrospective Occupational Exposure to Asbestos? Review 
and Discussion 
F. Borghi, L. A. Mazzucchelli, D. Campagnolo, S. Rovelli, G. Fanti, M. Keller, A. Cattaneo, A. Spinazzè, D. M. Cavallo; Università degli Studi 
dell'Insubria, Como, ITALY. 

PO-154: Mining of Consumer Product and Purchasing Data to Identify Potential Chemical Co-exposures 
Z. Stanfield1, C. Addington2, K. Dionisio1, D. Lyons1, R. Tornero-Velez1, K. Phillips1, T. Buckley3, K. Isaacs1; 1Center for Computational 
Toxicology and Exposure, U.S. Environmental Protection Agency, Research Triangle Park, NC, 2Oak Ridge Institute for Science and Education, 
Oak Ridge, TN, 3Center for Public Health and Environmental Assessment, Environmental Protection Agency, Research Triangle Park, NC. 

PO-155: Using machine learning to examine street view green space in California 
Y. Sun, L. Chen, C. Yang, X. Xie, J. Wu; University of California, Irvine, Irvine, CA. 

PO-156: Do chemical resistant gloves adequately protect agricultural workers from exposure to formulated 
dimethoate pesticide under changing workplace climate conditions? 
Y. Tefera, S. Gaskin, L. Thredgold, D. Pisaniello; Adelaide Exposure Science and Health, The University of Adelaide, Adelaide, South Australia, 
AUSTRALIA. 

PO-157: Targeted and Non-Targeted Analysis of E-Cigarette Aerosols for the Identification of Potentially Toxic 
Compounds 
M. Tehrani, M. Newmeyer, A. M. Rule, C. Prasse; Johns Hopkins University, Baltimore, MD. 

PO-158: Assessment of dietary exposure to organophosphate pesticides in Japanese women based on 
duplicate diet analysis 
T. Tsuchiyama1, Y. Ito2, N. Oya2, K. Nomasa2, H. Sato2, K. Minato2, K. Niwa1, M. Katsuhara1, K. Fukatsu1, H. Miyazaki1, T. Ebara2, M. 
Kamijima2; 1Nagoya City Public Health Research Institute, Nagoya, JAPAN, 2Department of Occupational and Environmental Health, Nagoya 
City University Graduate School of Medical Sciences, Nagoya, JAPAN. 

PO-159: Exposure To New Particles (1-3nm) In Two Daycares In Nur-Sultan, Kazakhstan 
M. Amouei Torkmahalleh, K. Turganova, Z. Zhigulina, T. Madiyarova, E. Adotey; Nazarbayev University, Nur-Sultan, KAZAKHSTAN. 

PO-160: In vitro degradation of composite resins for dental restorations 
P. Vervliet1, S. De Nys2, R. C. Duca3, I. Boonen4, L. Godderis5, M. Elskens4, K. L. Van Landuyt2, A. Covaci1; 1Toxicological Centre, University of 
Antwerp, Wilrijk, BELGIUM, 2BIOMAT, Department of Oral Health Sciences, KU Leuven, Leuven, BELGIUM, 3Environmental Hygiene and 
Human Biological Monitoring, Department of Health Protection, National Health Laboratory (LNS), Dudelange, LUXEMBOURG, 4Department 
of Analytical, Environmental and Geo-Chemistry, Vrije Universiteit Brussel, Brussels, BELGIUM, 5Environment and Health, Department of 
Public Health and Primary Care, KU Leuven, Leuven, BELGIUM. 

PO-161: Risk Management for VOCs in Indoor Air and Building Evacuation Decisions 
A. H. Verwiel1, D. Proctor2; 1ToxStrategies, Inc., San Rafael, CA, 2ToxStrategies, Inc., Mission Viejo, CA. 

PO-162: The Human Health Exposure Analysis Resource (HHEAR) - Expanded Capabilities 
S. M. Viet1, B. O'Brien1, L. Merrill1, D. Balshaw2, C. Thompson2, G. Collman2; 1Westat, Rockville, MD, 2Division of Extramural Research and 
Training, National Institute of Environmental Health Sciences, Durham, NC. 
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PO-163: Examining the spatial and temporal variation in the indoor gaseous, PM2.5, BC in urban homes in 
India 
P. Vijay; Indian Institute of Technology Bombay, Mumbai, India. 

PO-164: A transparent and reproducible method of calculating PM1 and PM2.5 from low-cost PurpleAir 
particle monitors 
L. A. Wallace; US EPA (Retired), Santa Rosa, CA. 

PO-165: A study on total human environmental exposure of arsenic and lead in typical areas of China 
D. Wang, X. Zhao ; Chinese Research Academy of Environmental Sciences, beijing, CHINA. 

PO-166: Oxides of nitrogen (NO2/NOx) pollution in Accra, Ghana: spatial, socioeconomic, and temporal 
patterns and sources 
J. Wang1, A. Alli1, S. Clark2, J. Nimo3, J. Bedford-Moses4, S. Terkpertey4, M. Ezzati5, M. Brauer6, J. Baumgartner7, A. Hughes8, J. Vallarino9, S. 
Agyei-Mensah10, E. Agyemang10, F. Kelly11, B. Barratt11, A. Beddows11, S. Beevers11, R. Arku1; 1Department of Environmental Health Sciences, 
School of Public Health and Health Sciences, University of Massachusetts, Amherst, MA, 2Department of Epidemiology and Biostatistics, 
School of Public Health, Imperial College London, London, UNITED KINGDOM, 3Department of Physics, University of Ghana, Legon, GHANA, 
4Department of Environmental Health Sciences, School of Public Health and Health Sciences, University of Massachusetts, Legon, GHANA, 
5Imperial College London, London, UNITED KINGDOM, 65School of Population and Public Health, The University of British Columbia, 
Montreal, QC, CANADA, 7McGill University, Montreal, QC, CANADA, 83Department of Physics, University of Ghana, Legon, GHANA, 9Harvard 
T.H. Chan School of Public Health, Boston, MA, 10Department of Geography and Resource Development, University of Ghana, Legon, 
GHANA, 11Department of Analytical, Environmental and Forensic Sciences, King’s College London, London, UNITED KINGDOM. 

PO-167: Estimating PM2.5 Concentration Across China with High Spatio-temporal Resolution Using Random 
Forest Model 
Q. Wang, Y. Zhang, J. Ban, R. Ma, T. Li; National Institute of Environmental Health, Chinese Center for Disease Control and Prevention, 
Beijing, CHINA. 

PO-168: Acculturation and Endocrine Disrupting Chemical-Associated Personal Care Product Use Among 
Chinese Women living in the U.S. 
V. Wang1, M. T. Chu1, L. Chie2, S. A. Gaston3, C. L. Jackson4, N. Newendorp5, E. Uretsky6, R. E. Dodson7, G. Adamkiewicz1, T. James-Todd1; ; 
1Harvard TH Chan School of Public Health, Boston, MA, 2Beth Israel Deaconess Medical Center, Boston, MA, 3National Institute of 
Environmental Health Sciences, Research Triangle Park, NC, 4National Institute on Minority Health and Health Disparities, Bethesda, MD, 
5Harvard University, Cambridge, MA, 6Brandeis University, Waltham, MA, 7Silent Spring Institute, Newton, MA. 

PO-169: Ambient Black Carbon Particle Concentration and Source Study in Jinan, China 
Y. Wang1, W. Zhang2, T. Li1; 1National Institute of Environmental Health Chinese Center for Disease Control and Prevention, Beijing, CHINA, 
2Nanjing Medical University, Nanjing, CHINA. 

PO-170: Regulation for the control of exposure to pesticides among the general population - A comparative 
analysis between the Australian and European regulatory frameworks 
M. Waras; College of Science and Engineering, Flinders University, South Australia, AUSTRALIA. 

PO-171: COVID-19 Infection Risk: Are there differences between eating and non-eating behaviors? 
A. M. Wilson1, M. King2, M. H. Weir3, M. P. Verhougstraete1, P. I. Beamer1, K. A. Reynolds1; 1University of Arizona, Tucson, AZ, 2University of 
Leeds, Leeds, UNITED KINGDOM, 3The Ohio State Univeristy, Columbus, OH. 

PO-172: Adequate data in REACH exposure scenarios for successful workplace risk assessment 
E. Wolf, S. Wothe, N. Godas; Federal Institute for Occupational Safety and Health, Dortmund, GERMANY. 

PO-173: Comparison of different test methods to determine emission rates of VOCs from consumer products 
D. Won1, W. Yang1, W. Chan2, C. Campbell2, A. Zidek2 ; 1National Research Council Canada, Ottawa, ON, CANADA, 2Health Canada, Ottawa, 
ON, CANADA. 
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PO-174: The US EPA's Human Exposure Model, Version 4 (HEM4) 
M. Woody1, T. Palma1, M. Morris1, D. Smith1, S. Fudge2, C. Stolte2, D. Lindsey2, J. Mozier2; 1US EPA, Durham, NC, 2SC&A Incorporated, 
Chapel Hill, NC. 

PO-175: Occupational exposure to hazardous substances & risk management measures - information 
obligations under REACH: An assessment of data availability & supply chain communication in chemical 
safety reports and safety data sheets 
S. Wothe, N. Godas; Federal Institute for Occupational Safety and Health (BAuA), Dortmund, GERMANY. 

PO-176: A comparison of the efficacy of cleaning procedures for work clothing contaminated with polycyclic 
aromatic hydrocarbons 
S. Wothe1, K. Bluemlein2, A. C. Dumke1, R. Hebisch1, J. Karmann1, U. Schlüter1; 1Federal Institute for Occupational Safety and Health (BAuA), 
Dortmund, GERMANY, 22Fraunhofer Institute for Toxicology and Experimental Medicine, Hannover, GERMANY. 

PO-177: Exposure of Wildland Firefighters to Air Pollutants in Fire Smoke Emissions in the Midwest 
C. Wu1, C. Song1, R. Chartier2, J. Kremer3, L. Naeher3, O. Adetona1; 1The Ohio State University, Columbus, OH, 2RTI International, Research 
Triangle Park, Durham, NC, 3University of Georgia, Athens, GA. 

PO-178: Characterizationof soluble organic aerosol and related functional groups by 1H NMR at urban 
location in Mumbai 
S. Yadav, S. Dubey, H. C. Phuleria; Indian Institute of Technology Bombay, Mumbai, INDIA. 

PO-179: Assessing PFNA Body Burden Following Drinking Water Intervention for Communities in New Jersey 
C. Yu1, C. Weisel2, P. Georgopoulos2, S. Alimokhtari2, Z. Fan1; 1NJDOH, Ewing, NJ, 2EOHSI, Piscataway, NJ. 

PO-180: Medical waste risk response of COVID-19: lessons from China's experience 
G. Cao, W. Yang, Z. Xu, H. Li, F. Yu ; Chinese Academy of Environmental Planning, Beijing, CHINA. 

PO-181: Concentration of the neonicotinoids and their metabolites in Taiwan tea leaves. 
T. Yuan1, M. Yu1, Y. Ikenaka2, Y. Chen1, S. Nakayama3, C. Chan1; 1National Taiwan University, Taipei, TAIWAN, 2Hokkaido University, Sapporo, 
JAPAN, 3National Institute for Environmental Studies, Tsukuba, JAPAN. 

PO-182: Associations of exposure to Perfluoroalkyl Substances with Metabolic syndrome among a highly 
exposed population of young adults in the Veneto region, Italy 
M. Zare Jeddi1, G. Barbieri1, T. Dalla Zuanna1, A. Fabricio2, F. Daprà3, T. Fletcher4, F. Russo5, G. Pitter6, C. Canova1 
1University of Padova, Padua, ITALY, 2Regional Center for Biomarkers, Venice, ITALY, 3Laboratory Department-Regional Agency for 
Environmental Prevention and Protection-Veneto Region, Venice, ITALY, 4London School of Hygiene and Tropical Medicine, London, UNITED 
KINGDOM, 5Directorate of Prevention, Food Safety, and Veterinary Public Health-Veneto Region, Venice, ITALY, 6Screening and Health 
Impact Assessment Unit, Azienda Zero-Veneto Region, Padua, ITALY. 

PO-183: Impacts of Dynamic Lighting Exposure on the Well-being and Experience of Occupants in the Office 
Environment 
R. Zhang1, C. Campanella1, S. Aristizabal1, A. Jamrozik1, J. Zhao1, P. Porter1, S. Ly1, B. Bauer2; 1Well Living Lab, Rochester, MN, 2Mayo Clinic, 
Rochester, MN. 

PO-184: A hybrid approach to predict the daily concentration of ambient nitrogen dioxide 
X. Zhang1, A. Just1, H. Hsu1, I. Kloog1, M. Woody2, Z. Mi3, P. Georgopoulos3, R. Wright1, A. Stroustrup1; 1Icahn School of Medicine at Mount 
Sinai, New York, NY, 2Environmental Protection Agency, Research Triangle Park, NC, 3Rutgers University, New Brunswick, NJ. 

PO-185: Exposure to fine, ultrafine particles and black carbon in two preschools in Nur-Sultan city, 
Kazakhstan 
M. Amouei Torkmahalleh, Z. Zhigulina, T. Madiyarova, K. Turganova, E. Adotey; Nazarbayev University, Nur-Sultan, KAZAKHSTAN. 
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PO-186: Per- and polyfluoroalkyl substances (PFASs) in ambient fine particulate matter (PM2.5) in North 
Carolina 
J. Zhou1, K. Baumann1, J. D. Surratt1, R. N. Mead2, S. A. Skrabal2, R. J. Kieber2, G. B. Avery2, M. Shimizu2, W. Bodnar1, Z. Zhang1, J. C. DeWitt3, 
M. Sun4, L. B. Collins5, B. J. Turpin1; 1UNC-Chapel Hill, Chapel Hill, NC, 2UNC-Wilmington, Wilmington, NC, 3East Carolina University, 
Greenville, NC, 4UNC-Charlotte, Charlotte, NC, 5North Carolina State University, Raleigh, NC. 

PO-187: Per- andpolyfluoroalkyl substances(PFASs) in fine particulate matter (PM2.5) during floor waxing 
J. Zhou, K. Baumann, N. Chang, J. D. Surratt, W. Bodnar, Z. Zhang, G. Morrison, J. M. Atkin, B. J. Turpin ; UNC-Chapel Hill, Chapel Hill, NC. 

PO-188: Trihalomethanes are an unreliable indicator of exposure to haloacetonitriles, a disinfection 
byproduct class associated with impacts of climate change on drinking water supplies 
Kirin E. Furst1*, Jose Bolorinos1,2, William A. Mitch1; 1Department of Civil and Environmental Engineering, Stanford University, 2Department 
of Statistics, Stanford University 

PO-189: Personal Exposure Monitoring of PM2.5 in Bandung City, Indonesia  Using Low-cost Sensing Device 
D. Sinaga1, W. Setyawati2, S. Lung1; 1Research Center for Environmental Changes, Academia Sinica, Taipei, TAIWAN, 2National Institute of 
Aeronautics and Space, Bandung, INDONESIA. 

PO-190 - WITHDRAWN 

PO-191: Shrinkage estimation of long-term water ingestion rates 
N. Cuvelier, S. Bartell; UC Irvine, Irvine, CA. 

PO-192: Statistical prediction for removal of flame retardants in wastewater treatment 
J. Shen1, S. Smyth2, D. Delâge3 ; 1Environment and Climate Change Canada, Vancouver, BC, CANADA, 2Environment and Climate Change 
Canada, Burlington, ON, CANADA, 3Environment and Climate Change Canada, Gatineau, QC, CANADA. 

LBPO-193: Prevalence of respiratory diseases in relation to smoking rate in adults living in four Chinese cities: 
A comparison between 2017–2018 and 1993–1996 
M. Yan1, J. Gong1,*, Q. Liu2, W. Li2, X. Duan3, S. Cao3, S. Li3, L. He4, Z. Yin4, W. Lin5, J.J. Zhang1,6,7; 1Beijing Innovation Center for Engineering 
Science and Advanced Technology, State Key Joint Laboratory for Environmental Simulation and Pollution Control, College of Environmental 
Sciences and Engineering, And Center for Environment and Health, Peking University, Beijing, China;  School of Public Health and 
Management, Research Center for Medicine and Social Development, Collaborative Innovation Center of Social Risks Governance in Health, 
Chongqing Medical University, Chongqing, China;  School of energy and environmental engineering, University of Science and Technology 
Beijing, Beijing, China;  4Key Laboratory for Urban Habitat Environmental Science and Technology, School of Environment and Energy, 
Peking University Shenzhen Graduate School, Shenzhen, China; 5Department of Occupational and Environmental Health, School of Public 
Health, Sun Yat-Sen University, Guangzhou, China; 6Duke Kunshan University, Kunshan, China; 7Nicholas School of the Environment and 
Duke Global Health Institute, Duke University, Durham, USA 

LBPO-194: The effects of indoor and outdoor air pollution on the prevalences of adults’ respiratory diseases 
in four Chinese cities: A comparison between 2017–2018 and 1993–1996 
M. Yan1, J. Gong1,*, Q. Liu2, W. Li2, X. Duan3, S. Cao3, S. Li3, L. He4, Z. Yin4, W. Lin5, J.J. Zhang1,6,7; 1Beijing Innovation Center for Engineering 
Science and Advanced Technology, State Key Joint Laboratory for Environmental Simulation and Pollution Control, College of Environmental 
Sciences and Engineering, And Center for Environment and Health, Peking University, Beijing, China; 2School of Public Health and 
Management, Research Center for Medicine and Social Development, Collaborative Innovation Center of Social Risks Governance in Health, 
Chongqing Medical University, Chongqing, China; 3School of energy and environmental engineering, University of Science and Technology 
Beijing, Beijing, China; 4Key Laboratory for Urban Habitat Environmental Science and Technology, School of Environment and Energy, Peking 
University Shenzhen Graduate School, Shenzhen, China; 5Department of Occupational and Environmental Health, School of Public Health, 
Sun Yat-Sen University, Guangzhou, China ;6Duke Kunshan University, Kunshan, China; 7Nicholas School of the Environment and Duke Global 
Health Institute, Duke University, Durham, USA 

LBPO-195 - WITHDRAWN 
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LBPO-196: Indoor Exposure to Commonly Used Disinfectants during the COVID-19 Pandemic 
G. Zheng,1 Gabriel Filippelli2,3, Amina Salamova1; 1Paul H. O’Neill School of Public and Environmental Affairs, Indiana University, 
Bloomington, Indiana 47405; 2Center for Urban Health, Indiana University-Purdue University Indianapolis (IUPUI), Indianapolis, Indiana 
46202; 3Environmental Resilience Institute, Indiana University, Bloomington, Indiana 47405 

LBPO-197: Long-term exposure to ambient air pollution and prevalence of depression: A cross-sectional 
study in China 
F. Wei1, J. Li1, M. Tang1, K. Chen1,2; 1Department of Epidemiology and Biostatistics, Zhejiang University School of Medicine, Hangzhou, 
Zhejiang, China; 2Cancer Institute of the Second Affiliated Hospital, Zhejiang University School of Medicine, Zhejiang, China 

LBPO-198: Longitudinal assessment of PFASs exposure on serum estrogen with repeated measurement in 
Chinese pregnant women 
J. Yang1, H. Wang1, G. He1; 1School of Public Health/Key Laboratory of Public Health Safety of Ministry of Education, Fudan University, 
Shanghai 200032, China 

LBPO-199: Is long-term exposure to green space associated with hypertension and blood pressure? A cross-
sectional study with findings from the Henan Rural Cohort Study 
J. Jiang1, G. Chen1, B. Li2, Y. Lu3, Y. Guo4, S. Li4, C. Wang5, H. Xiang1; 1Wuhan University and Global Health Institute, Wuhan; 3Karolinska 
Institute, Stockholm; 3University of Hawaii at Manoa, Honolulu; 4Monash University, Melbourne; 5Zhengzhou University, Zhengzhou 

LBPO-200: Association between short-term exposure to air pollutants and peptic ulcer bleeding: a case-
crossover study in a Chinese population 
M.Wu1, M. Tang1, Z. Yu1, X. Mao2, Y. Chen2, J. Wang3, M. Jin4, C. Yu2*, K. Chen4*; 1Department of Epidemiology and Biostatistics, Zhejiang 
University School of Public Health, Hangzhou, China; 2Department of Gastroenterology, the First Affiliated Hospital, College of Medicine, 
Zhejiang University, Hangzhou, China; 3Department of Epidemiology and Biostatistics, the Children's Hospital, National Clinical Research 
Center for Child Health, Zhejiang University School of Medicine, Hangzhou, China; 4Cancer Institute, the Second Affiliated Hospital, Zhejiang 
University School of Medicine, Hangzhou, China; 

LBPO-201: Changes in the Health effects of wearing a N95 facemask on the cardio-pulmonary system in 
healthy young adults for a short period 
M. Jiang1, J. Gong1*, X.L. Meng1, L. Qi2, R. Xu1, Y.  Shi1, X. Hu1, X. Meng1, Y. Chen1, Y.  Wang1, F. Ye1, R. Tang1, Y. Xiang1, W.  Li3, Y. Xu1,  
Tong Zhu1; 1College of Environmental Sciences and Engineering, And Center for Environment and Health, Peking University, Beijing, China; 
2School of Food and Biological Engineering, Shaanxi University of Science & Technology, Xi'an, China; 3Peking University Hospital, Beijing, 
China 

LBPO-202: Comparation of minute ventilation prediction using heart rate and Basal metabolic rate 
Q. Guo1, Y. Zhao1, J. Shao2, S. Cao1, Q. Wang2, W.Wu3, X. Duan1; 1School of Energy and Environmental Engineering, University of Science and 
Technology Beijing, Beijing 100083, China; 2National Research Institute of Sports Medicine, Beijing 100029, China; 3Department of 
Otolaryngology-Head and Neck Surgery, PLA Strategic support Force Characteristic Medical Center, Beijing 100101, China 

LBPO-204: Deep Sequencing Revealed Potential Microbial Exposure in Hospital Air 
X.Zhang1, C.Jiang1, M.Snyder2; 1Stanford University, Stanford CA 94305; 2Stanford Center for Genetics and Personalized Medicine, Palo 
Alto CA 94304 

LBPO-205: Prenatal exposure to benzotriazoles and benzothiazoles and cord blood mitochondrial DNA copy 
numb 
X. Chen1, Y. Zhou2, C.Hu1, W. Xia1, S. Xu1 Z. Cai2, Y. Li1 ; 1 Key Laboratory of Environment and Health, Ministry of Education, Ministry of 
Environmental Protection, State Key Laboratory of Environmental Health, School of Public Health, Tongji Medical College, Huazhong 
University of Science and Technology, Wuhan, Hubei, People's Republic of China; 2 State Key Laboratory of Environmental and 
Biological Analysis, Department of Chemistry, Hong Kong Baptist University, Hong Kong, SAR, People's Republic of China 

LBPO-206: Internal exposure assessment and exposure characteristics of arsenic in pregnant women 
X. Wang, State Key Laboratory of Environment Health (Incubation), Key Laboratory of Environment and Health, Ministry of Education, Key 
Laboratory of Environment and Health (Wuhan), Ministry of Environmental Protection, School of Public Health, Tongji Medical College, Huazhong  
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LBPO-207: The effects of maternal high-salt diet during perinatal period on their offspring's bile acid 
Q. Guo, Key Laboratory of Environment and Health (Huazhong University of Science and Technology), Ministry of Education & Ministry 
of Environmental Protection, State Key Laboratory of Environmental Health (Incubation), School of Public Health, Tongji Medical 
College, Huazhong University of Science and Technology, Wuhan 430030, Hubei, China 

LBPO-208: Joint Environmental Manganese and Lead Exposure and Pediatric Neurocognition in East 
K. Martin1; H. Sucharew2,3; E. Haynes1; 1Department of Epidemiology, College of Public Health, University of Kentucky, Lexington, 
Kentucky, USA; 2Division of Biostatistics and Epidemiology, Cincinnati Children’s Hospital Medical Center, Cincinnati, Ohio, USA; 
3Department of Pediatrics, College of Medicine, University of Cincinnati, Cincinnati, Ohio, USA 

LBPO-209: Evaluating Inflammatory Responses to Organic Components of Fine Particulate Matter in Personal 
Exposure: Evidence from a Panel Study in Beijing, China 
X. Jiang1, Y. Han1,2, X. Qiu1, T. Zhu1; 1State Key Joint Laboratory for Environmental Simulation and Pollution Control, College of Environmental 
Sciences and Engineering, and Center for Environment and Health, Peking University, Beijing 100871, P.R. China; 2Department of 
Epidemiology and Biostatistics, MRC; Centre for Environment and Health, Imperial College London,London W2 1PG, U.K 

PO-210: Exposure to permethrin used as home insecticide 
S. Park1, H. Lee2, E. Song3, Y. Kim1, D. Kim1, J. Lee4, H. Yoo3, J. Oh2, J. Kwon1; 1Korea University, Seoul, KOREA, REPUBLIC OF, 2Pusan National 
University, Busan, KOREA, REPUBLIC OF, 3Chungbuk National University, Cheongju-si, KOREA, REPUBLIC OF, 4EH R&C, Environmental 
Research Center, Incheon, KOREA, REPUBLIC OF. 
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ISES 2020 Virtual Courses 
Despite the transition to a virtual event mid-way through the planning process, ISES was able to host a 
record number of online pre-conference courses. Three of these twelve courses were offered to meeting 
attendees at no additional cost.  ISES and the 2020 Chairs and TOC would like to express their 
appreciation to each of these dedicated course instructors and volunteer facilitators.  Collectively, these 
courses had over three hundred participants! 
 

Advancing Air Quality Monitoring in Environmental Justice Communities of the South Coast Air Basin, 
CA: Overview of Approaches, Community Engagement, Monitoring Technologies, Preliminary Results, 
and Lessons Learned 
Instructors:  Sina Hasheminassab, South Coast Air Quality Management District 

Mohammad H. Sowlat, South Coast Air Quality Management District 
Faraz Ahangar, South Coast Air Quality Management District 
Steven Boddeker, South Coast Air Quality Management District 
Avi Lavi, South Coast Air Quality Management District 
Christopher Lim, South Coast Air Quality Management District 
Payam Pakbin, South Coast Air Quality Management District 
Julia Montoya-Aguilera, South Coast Air Quality Management District 

 
Description:  This workshop introduced and discussed the Enactment of Assembly Bill (AB) 617 air monitoring 

program in the South Coast Air Basin and discuss the monitoring strategies, novel technologies, 
community engagement process, preliminary results, and lessons learned. 

 

Modelling near-field and far-field exposure and impacts for chemical prioritization, substitution and 
life-cycle assessment based on the USEtox consensus model 
Instructors:  Peter Fantke, Technical University of Denmark 

Olivier Jolliet, University of Michigan 
 

Description:  This course provided a practical overview of multimedia chemical fate modelling, near-field and 
far-field multi-pathway human exposure modelling, ecosystem and human health effects dose-
response modelling, and comparative indicators for human-toxicological and ecotoxicological 
impacts. 
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Human Biomonitoring Guidance Values: Basis, Applications, and Harmonization 
Instructors:  Sean Hays, Summit Toxicology 
 

Description:  This workshop uncovers the differences in how biomonitoring guidance values are derived among 
various groups around the world, explore the unique attributes of each, and examine how the 
characteristics of a chemical impacts how biomonitoring data for it can be interpreted in the 
context of the various biomonitoring guidance values. 

 

Air Sensors and Reference Collocation Data Analysis 
Instructors:  Edmund Seto, University of Washington 

Elena Austin, University of Washington 
Ron Cohen, UC Berkeley 
Darby Jack, Columbia University 
Steven Chillrud, Columbia University 
Dan Westervelt, Columbia University 
Vikram Rao, UC Davis 
Vasu Kilaru, US EPA 

 

Description:  This course demonstrated the basic steps of a co-location analysis from air sensors, which not 
only illuminates the performance of the given sensors but could be used to re-calibrate the 
instruments to provide improved performance. The analysis considered various performance 
parameters such as precision, accuracy, error and discuss effects of temperature and relative 
humidity. 

 

How to Explore, Access, and Analyze Half a Billion Open Air Quality Data points from 84 Countries 
Instructors:  Chisato Calvert, OpenAQ 

Sruti Modekurty, OpenAQ 
Christa Hasenkopf, OpenAQ 
 
About OpenAQ: OpenAQ is an environmental tech 501(c)(3) non-profit that has created the world’s first open, 
real-time and historical air quality platform, aggregating government measured and research-grade data — 
entirely open-source. We have aggregated more than 471M air quality measurements from 130 data sources, in 
84 countries across the globe. The platform has received traffic from 162 countries, serving 22 million requests per 
month. By providing this foundational data infrastructure, people and organizations from across the globe 
including scientists, journalists, educators, entrepreneurs, and community activists have access to the data 
required to further awareness-raising and develop innovative solutions to combat air pollution. The impacts of the 
OpenAQ platform and OpenAQ community have been wide-ranging, with actions including pushing air pollution 
policy within local government, developing web applications to raise awareness of health risks associated with air 
pollution, to seminal studies in atmospheric science and public health research. 

 

Description:  This workshop will introduce the OpenAQ Platform, Tools, and Community to participants in order 
to inspire and empower them to apply – and contribute – open air quality data in new ways to 
their research. 
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Peer-Reviewing with Confidence 
Instructors:  Nicole Deziel, Yale University 

Cynthia Curl, Boise State University 
 

Description:  This workshop provided training on how to approach and structure a strong peer review of 
scientific journals, discussed dos and don’ts, ethical considerations, and strategies for reviewing 
more efficiently and effectively. 

Applying Exposure New Approach Methodologies to Chemical Risk Evaluation 

Sunday, September 20, 7 am - 11 am (4 hours) 

Instructors:  Kristin Isaacs, U.S. Environmental Protection Agency, Center for Computational Toxicology and Exposure 
John Wambaugh, U.S. Environmental Protection Agency, Center for Computational Toxicology and Exposure 

 
Description:  This workshop will teach the scientific basis and provide examples for New Approach Methodologies (NAM) 

for exposure, including: informatics-based chemical descriptors for chemical uses and other critical 
parameters; machine-learning models built upon these chemical descriptors; computational models that 
predict population chemical exposures; and high-throughput models for estimating chemical toxicokinetics. 

 

EPA’s EnviroAtlas | Leveraging Freely Available Geospatial Data and Interactive Tools 
Instructors:  Jessica Daniel, U.S. Environmental Protection Agency, Office of Research and Development, Center for Public 

Health and Environmental Assessment 
Jose Zambrana, U.S. Environmental Protection Agency, Office of Research and Development, Center for 
Environmental Measurement and Modeling 

 

Description:  This workshop demonstrated how to use EnviroAtlas (https://www.epa.gov/enviroatlas), a data-
rich, web-based decision support tool that combines maps, analysis tools, downloadable data, 
and informational resources to help inform policy and planning decisions that impact the places 
where we live, learn, work and play. 

 

Approaches in Community Participatory Air Monitoring: from Personal to Reportback 

Instructors:  Jill Johnston, University of Southern California 
Wendy Gutschow, University of Southern California 
Michael Heimbinder, HabitatMap 

 
Description:  This workshop will take a practical, hands-on look at how youth and adults can be engaged in community 

centered participatory air monitoring, including the various considerations in planning and implementing 
stages, demonstration/activity with several low-cost sensors, and examples of reporting results in both 
online and printed formats. 
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Super spreading events and the development of the COVID-19 pandemic: what is the role of indoor  
air quality? 

Instructors:  Paul Scheepers, Radboudumc, Nijmegen, The Netherlands  
Lidia Morawska , Queensland University of Technology 
Atze Boerstra , abb binnenmilileu, Rotterdam, the Netherlands 
 

Description:  This workshop discussed what we can learn from the super spreading events of SARS-CoV-2 virus about the 
role of the indoor air quality and related factors (e.g. high occupancy, poor supply of fresh air and some 
specific activities such as talking loud and singing) in transmission of the virus, how did they contribute to the 
pandemic in early 2020, and how important are these events for overall future development of the endemic, 
including their potential role in next waves. 

 

Sensing to go: Using mobile platforms to monitor air pollution 

Instructors:  Melissa Lunden, Aclima, Inc. 
 

Description:  This workshop addressed the unique challenges of collecting air quality data using a mobile 
platform and provided specific examples and best practices for how to conduct a mobile 
measurement campaign. 

 

Hands-on Analysis of Mass Spectrometry-based Exposomics Data using Freely Available  
Software Tools 

Sunday, September 20, 3:00 pm - 5:30 pm (2.5 hours) 

Instructors:  Jianguo (Jeff) Xia, McGill University 
Xiuxia Du, University of North Carolina at Charlotte 
 

Description:  This course will teach participants about how to use widely used open-source software tools that include 
MZmine 2, MetaboAnalyst, Mummichog, and NIST MS search for spectral processing, statistical analysis, 
functional interpretation and compound annotation. 
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Session: M1A 

Interpreting and communicating human biomonitoring results: per- and 
polyfluoroalkyl substances as a case study, PART I  
 
Session Chair: Annie St-Amand, Healthy Environments and Consumer Safety Branch, Health Canada 
 

M1A-01: Human exposure to per- and polyfluoroalkyl substances (PFAS): What do 
biomonitoring data show? 

A. Calafat; CDC, Atlanta, GA. 

The health implications of human exposures to industrial chemicals used in the manufacture of many 
consumer goods, including per-and polyfluoroalkyl substances (PFAS), is limited and often contradictory. 
Studies to investigate the prevalence of such exposures are of public health importance because of the 
potential harmful health effects of some PFAS suggested in toxicologic and epidemiologic studies. 
Biomonitoring programs are particularly valuable for investigating human’s exposures to environmental 
chemicals, including PFAS. One of these programs, the National Health and Nutrition Examination Survey 
(NHANES), has been collecting data on the health and nutritional status of the U.S. general population, and, 
since 1999, has provided the most comprehensive assessment of Americans’ exposures to select PFAS. As 
these biomonitoring data have become available, interest in their interpretation and use have increased 
considerably. In this presentation, we will provide an overview on the use of biomonitoring results for 
exposure and risk assessment using PFAS as a case study. We will discuss uses of PFAS biomonitoring data to 
establish reference ranges, to provide exposure information for risk assessment (e.g., set intervention and 
research priorities, evaluate effectiveness of public health measures), and to monitor exposure trends. We 
will also discuss several factors relevant for interpreting and understanding biomonitoring data, including 
selection of both biomarkers of exposure and human matrices, relevance of concentration profiles, and 
toxicokinetic information. 
Keywords: PFAS, biomonitoring, aggregate exposure 
 
M1A-02: Biomonitoring of PFAS in California in surveillance and community-focused 
studies 

K. Attfield1 S. Crispo Smith2, H. Baek2, C. Ranque2, T. Jiang2, J. VillaRomero3, N. Wu1 

1California Department of Public Health, Richmond, CA, 2California Department of Toxic Substance Control, Berkeley, CA, 3California 
Department of Toxic Substance Control, Richmond, CA. 

Biomonitoring California is a multi-agency program charged with determining biological levels of 
environmental chemicals in Californians, establishing trends, and helping to assess the effectiveness of public 
health efforts and regulatory programs to decrease exposures to specific chemicals. Biomonitoring of 
perfluoroalkyl and polyfluoroalkyl substances (PFASs) has been conducted by the program since 2010 in 
different studies and populations around the state. This talk will present data on current PFAS levels 
observed in Californians in targeted studies versus surveillance studies in multiple regions of the state and 
discuss the challenges in interpreting differences in results related to temporal change and important 
demographic differences in populations, including age and sex. The talk will also highlight how the program 
addresses priorities to understand both overall population trends and those in potentially vulnerable 
communities. 
Keywords: PFAS, biomarkers, exposure factors 
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M1A-03: Human biomonitoring to inform public health decisions – National 
Biomonitoring Network (USA) member examples related to PFAS 

J.Nassif; Association of Public Health Laboratories, Silver Spring, MD. 

The National Biomonitoring Network is a collaboration of government analytical laboratories integrated into 
the public health, which produces high quality data, to inform public health intervention and policy. Several 
NBN laboratories are actively engaged in biomonitoring investigations related to PFAS contamination and 
exposure. This presentation will share multiple examples of how local and state public health departments 
have used human biomonitoring data to identify exposed individuals and population, guide public health 
decision-making and evaluate the efficacy of interventions.  

Interpretation of individual participant results and the implications to individual and public health is 
extremely challenging for public health and medical professionals. Communication of biomonitoring data to 
communities is an evolving practice to which the NBN hopes to contribute.   
Keywords: biomonitoring, public health practice 
 

M1A-04: Interpretation of Recent Biomonitoring Data for Perfluoroalkyl Substances in 
Canada 

A. St-Amand1, J. Yome1, K. Werry1, T. Pollock1, S. Faure1, C. Khoury1, M. Walker1 

Health Canada, Ottawa, ON, CANADA 

In Canada, the primary routes of exposure to perfluoroalkyl substances (PFAS) are ingestion of food, water, 
beverages, dust and soil; use of consumer products; and inhalation of indoor air. Longer-chain PFAS, such as 
perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate (PFOS), are well absorbed in the body and 
persist for years. PFAS have been measured in plasma of Canadians since 2007 in different biomonitoring 
initiatives including the Canadian Health Measures Survey (CHMS). Blood samples were collected as part of 
the CHMS in cycle 1(2007–2009), cycle 2 (2009–2011) and cycle 5 (2016–2017) from approximately 7500 
respondents and a total of 9 PFAS were measured in plasma from a subset of these respondents. In 
Canadians aged 20 to 79 years, results for perfluorohexane sulfonate (PFHxS), PFOA and PFOS indicate there 
is a statistically significant decline (p<0.001) over the three cycles measured. When comparing cycle 1 and 
cycle 5, there was a 58% decline (95% CI, 49 to 65%) for PFHxS, a 48% decline (95% CI, 41 to 54%) for PFOA, 
and a 61% decline (95% CI, 55 to 67%) for PFOS. As a result of declining concentrations in the general 
Canadian population over the past 10 years, geometric mean concentrations of PFOA and PFOS were below 
the human biomonitoring I (HBM-I) values of 2 µg/L and 5 µg/L, respectively, for the first time in 2016-2017. 
These values were established by the German Human Biomonitoring Commission in 2016 based on an 
evaluation of available human epidemiological studies. In conjunction with the decreasing trend, the decline 
indicates that actions taken in Canada and internationally to reduce levels of PFOA and PFOS are contributing 
to reducing the concentrations below levels at which adverse health effects are expected. However, 95th 
percentile concentrations continue to exceed the HBM-I values indicating that exposure to PFOS and PFOA 
could be of concern for Canadians with high levels of exposure. Continued monitoring will help track trends 
over time in the Canadian population, including at the upper bounds of exposure. Additionally, the 
development and use of more biomonitoring guidance values such as the HBM-I, HBM-II, and biomonitoring 
equivalents (BE) for other PFAS would be useful to further interpret the existing data in a health risk context. 
The creation of an interactive database as a tool for improving harmonization, interpretation and 
communication of population biomonitoring data globally will also be introduced and discussed. 
Keywords: PFOA, PFOS, Toxic/Toxicology, biomonitoring 

 



 
 

I S E S  2 0 2 0  S E S S I O N  A B S T R A C T S     |    S - 3 
 

Session: M1B 

Applications of Sensors and Personal Samplers, PART I  
 
Session Chair: Rick Peltier, University of Massachusetts 
 

M1B-01: Children’s Exposure to Phenols in the Home 

J. Levasseur1, S. Hammel1, K. Hoffman1, A. Phillips1, S. Zhang1, A. Lorenzo1, T. Webster2, H. Stapleton1 

 1Duke University, Durham, NC, 2Boston University, Boston, MA. 

Phenolic compounds, including parabens and triclosan, are regularly found in personal care products (PCPs) 
and household items. Widespread human exposure to many phenolic compounds has been documented; 
however, primary pathways of exposure, as well as an understanding of which habits and behaviors lead to 
greater exposure, are still unclear. To provide insights on sources and pathways of exposure, we investigated 
the relationships between phenolic compounds found in the home by comparing levels in paired samples of 
house dust, hand wipes, silicone wristbands, and corresponding urinary metabolites in children. Children 
were recruited from central North Carolina between 2014 and 2016 when they were between 3-6 years of 
age. Children provided a hand wipe, wristband, and urine samples, and house dust samples were collected by 
investigators from the main living area of each individual’s home. Questionnaires on habits and behaviors 
were also completed by children’s parents or guardians. Phenolic compounds were detected frequently in all 
matrices. In general, the usage of various personal care products was not associated with phenolic 
compound metabolites in urine; however, children that used lotion more frequently had significantly higher 
urinary concentrations of paraben biomarkers. Ethyl, methyl, and propyl paraben in hand wipes, dust, and on 
wristbands were strongly and significantly correlated with their associated urinary metabolites, suggesting 
the indoor environment may be an important source of exposure for these parabens. Triclosan levels in hand 
wipes, dust, and wristbands were also correlated with urinary triclosan (r=0.50, 0.47, and 0.51, respectively; 
p<0.001 for all), demonstrating that a significant portion of triclosan exposure may come from sources 
beyond personal care products, such as building materials, and should be investigated further in residential 
environments. Bisphenol-A in dust was not correlated with urinary levels; however, levels of BPA on  
wristbands were weakly correlated with urinary levels (r=0.23; p<0.05). Generally, wristbands were more  
strongly correlated with urinary biomarkers compared to hand wipes and dust suggesting they may provide a 
better predictor of internal exposure, particularly as wristbands may be a more convenient and less invasive 
method of exposure for children. 
Keywords: biomonitoring, SVOCs, children, wristbands,  

 
M1B-02: Head, shoulders, knees, and toes: Placement of wearable passive samplers 
affects chemical exposure dynamics observed 

J. Koelmel1, E. Lin1, A. Nichols1, P. Guo1, Y. Zhou1, K. Pollitt1 

Yale University, New Haven, CT. 

Exposure to environmental chemicals can contribute to disease. It is therefore important to understand the 
diversity, risks, and dynamics of chemical exposures. For this purpose, wearable passive samplers can be 
applied to assess longitudinal chemical exposures. A question remains to where the sampler should be 
placed on the body to most sensitively measure different exposure routes and dynamics. This study assessed 
275 chemical exposures using gas chromatography high resolution mass spectrometry across 32 participants; 
passive air passive samplers were worn in parallel on their wrist, shirt collar, and shoe. Exposure dynamics 
were similar only for about one third of the chemicals measured irrespective of monitor placement. Higher 
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chemical signals were detected for compounds of lower volatility using shoes, and to a lesser extent, 
wristbands, compared to chest passive samplers. Unique sources, such as dye and cosmetic related chemicals 
in wristbands, were determined for lower volatility chemicals. Results suggest chest passive samplers may be 
best for approximating the airborne/inhalation route of exposure, while shoe passive samplers may be best 
for baby, toddler and animal related exposures. This work shows that it is essential in epidemiological studies 
undertaking exposure assessment to consider the consequence of the placement of exposure monitors. 
Keywords: air sensor, analytical methods, built/indoor environment, sampling methods, passive samplers 
 
M1B-03: Exposure assessment of PM2.5 for a community population using sensor-based 
air monitoring system and similar time-activity groups 

J. Park1, H. Ryu1, E. Kim1, Y. Choe1, J. Heo1, J. Lee2, S. Cho3, K. Sung1, M. Cho1, W. Yang1 

1Daegu Catholic University, Gyeongsan, KOREA, REPUBLIC of, 2Korea Testing & Research Institute, Gwacheon, KOREA, REPUBLIC of, 
3RTI International, Research Triangle Park, NC. 

Individuals spend their time in different microenvironments with various particulate matter (PM) sources, 
and their PM exposures might have much different patterns than ambient PM levels measured at a fixed site. 
Emerging low-cost sensor technologies with much improved data quality can provide PM concentration 
measurements at a high spatial and temporal resolution as a community sensor network. Combined with 
time-location data from individuals, the sensor network data can be used to estimate dynamic PM exposures 
for individuals. In this pilot study, we suggest a methodology to model PM2.5 exposures for a community 
population, integrating high resolution PM sensor data and population-specific time-activity pattern data. 
Five field research staff, each representing one of five similar time-activity groups of preschool-aged children, 
school students, homemakers, office workers, and the elderly, conducted population exposure simulations in 
Guro-gu, Seoul, South Korea, one of the twenty-five districts of Seoul with a population of 406,748 in an area 
of 20.12 km2. Each person collected real-time personal PM2.5  data at a 10-second frequency for continuous 
72 hours, using RTI MicroPEM wearable PM sensor and GPS logger while performing population-specific 
prescribed daily activities based on Korean lifestyle statistics data. Concurrently, high-resolution stationary 
PM2.5  concentration data were collected in indoor home and from a real-time sensor-based monitoring 
network with about 1-km resolution. Individuals’ real-time PM2.5  exposure concentrations were modeled by 
interpolation (point in polygon, inverse distance weighted, and ordinary kriging methods) of ambient PM 
concentrations from the sensor network (outdoors) and regression models (indoors). The modeled exposure 
concentrations were compared with MicroPEM personal measurement data. The exposure of the entire 
population to PM2.5  was estimated using the population-weighted average through Monte-Carlo simulation. 
The correlation between measured and modeled exposure was good in the order of ordinary kriging (R2= 
0.822), inverse distance weighted (R2= 0.747), and point in polygon method (R2= 0.721). Thirty-seven percent 
of the entire population were exposed to PM2.5 concentrations higher than 35 μg/m3, which is the Korean 
Atmospheric Environmental Standard for PM2.5 (24-h average). The elderly had the highest average PM2.5 
exposure concentration followed by office workers, homemakers, preschool-aged children, and school 
students. This pilot study demonstrated and evaluated a real-time population exposure modeling approach. 
With long-term monitoring data, this model can be used to develop an exposure surveillance system to 
assess cumulative exposure patterns and improve environmental health epidemiological model. 
Keywords: air quality sensor, exposure models, exposure factors, activity patterns, exposure surveillance system 
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Session: M1C  

The European Human Biomonitoring Initiative HBM4EU: Current status and latest 
results, PART I 
 
Session Chair: Marika Kolossa-Gehring, German Environment Agency 
 

M1C-01: Science and policy for a healthy future - HBM4EU, the European Human 
Biomonitoring Initiative's latest results 

M. Kolossa-Gehring1, P. Weise1 

1German Environment Agency, Dessau-Roßlau/ Berlin, GERMANY 

People in Europe are still substantially exposed to various chemicals from different sources and via different 
exposure pathways. Some of these chemicals have already been restricted or cannot be reasonably further 
regulated, others raised concern just recently or are not even known as pollutants relevant for human health. 
Targeted and non-targeted human biomonitoring (HBM) analyses provide information on the aggregate 
exposure from all sources and via all pathways. HBM is therefore an excellent basis to identify the real exposure 
of European citizens, to improve risk assessment procedures for chemicals, and thus to protect people’s health. 

120 partners from 30 countries cooperate in the European Joint Programme HBM4EU to generate the 
knowledge decision makers need to improve Europe’s environment and health actions and programs. As an 
innovative approach, HBM4EU was designed after consultation with European and national policy makers to 
identify the policy needs and priority chemicals. Inclusion of stakeholders aims at facilitating the use of 
scientific results by different target groups, including the general public. 

HBM data are currently fragmented in Europe. Therefore, HBM4EU develops a network of analytical 
laboratories that are qualified to deliver high quality and comparable exposure biomarker results for 18 priority 
substances. Up to now, first important sources for reduced comparability have been identified, which will be 
tackled by tailored training activities developed by HBM4EU. Study centers in 21 countries collect and analyze 
new samples in a harmonized way. Data for three age groups will jointly be analyzed and deliver comparable 
HBM data. An occupational study on exposure to chromium is conducted in 8 countries. 5 countries investigate 
internal exposure of mothers and their children to pesticides. Interpretation of HBM data is supported by 
derivation of European HBM Health Based Guidance Values (HBGV), exposure modelling and physiologically 
based pharmacokinetic modelling, mechanistic studies, identification of appropriate effect markers, and 
improving novel analytical techniques to screen for emerging chemicals and their metabolites in human 
samples. Through 2021 and well beyond, HBM4EU contributes directly to the improvement of health and well-
being of European citizens.The project has received funding from the European Unions’ Horizon 2020 research 
and innovation Programme under grant agreement No 733032 HBM4EU (www.hbm4eu.eu). 
Keywords: biomonitoring  
 
M1C-02: Collection and use of EU wide human biomonitoring data in HBM4EU 

G. Schoeters1, L. Gilles1, E. Govarts1, S. Remy1, L. Rodriguez Martin1, A. Castaño2, O. Sepai3 

1Flemish Institute of Technological Research (VITO), Mol, BELGIUM, 2National Center for Environmental Health, CNSA, I.S. Carlos III, 
Madrid, SPAIN, 3Public Health England, Toxicology Department, Chilton, UNITED KINGDOM 

Human biomonitoring studies in Europe are fragmented and disparate. HBM4EU has mobilised study owners 
from all over Europe to provide information on existing HBM datasets. Up to now 124 data collections have 
provided characteristics of their study that can be consulted on the IPCHEM platform which is the European 

https://infinityconferences.sharepoint.com/ICG_DATA/Conferences/ISES%20-%20Conferences/2020%20Meeting/Abstract_Program/www.hbm4eu.eu
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Commission’s reference access point for searching, accessing and retrieving chemical occurrence data 
collected and managed in Europe. 

In addition, 53 data collections used the same analysis script to derive summary statistics of the exposure 
biomarkers of their datasets stratified for sex, age, educational level. These datasets provide fragmented 
internal exposure information collected in Europe before HBM4EU. HBM4EU has aligned HBM studies that 
collected samples between 2014 and 2019 in children (6-11 yrs), teenagers (12-19 yrs) and adults (20-40 yrs) 
from different European geographical regions. These studies are further harmonised by coding variables on 
personal characteristics, life style and environment of the study participants in a uniform way and by quality 
control programs of the biomarker analysis. To pool and share the biomarker data and accompanying 
personal data, a HBM4EU data platform was established at VITO that allows exchange of personal data in full 
compliance with Europe’s General Data Protection Regulation (EU GDPR). A data controller-processor 
agreement was established between the aligned studies as data controller and VITO as data processor, 
allowing VITO to host and pool the data. Extracts of the data are made accessible to the HBM4EU research 
groups through a collaboration agreement. This allows the use of extracts (in adherence with data 
minimisation) of these pooled single measurement data for statistical analyses of a priori specified research 
questions by HBM4EU research teams hence establishing a network of experts for data analysis in HBM4EU. 
In addition, a joint communication strategy has been agreed, engaging the community of data owners, HBM 
experts, and funding agencies. This will deliver transparent and timely communication of study results to 
study participants, the scientific community, policy makers, and the public at large. 
Keywords: biomonitoring 
 
M1C-03: National Hubs: Input, Output and Impact! 

O. Sepai1, L. Stewart2, D. Ubong1 

1Public Health England, Chilton, UNITED KINGDOM, 2Public Health England, Birmingham, UNITED KINGDOM 

A major impact of HBM4EU is the development and establishment of National Hubs as a permanent 
collaborative network to allow a coordinated strategy for human biomonitoring and chemical management. 
Each participating country was tasked with developing a National Hub (NH), with key players wider than the 
institutes who are partners in the consortium. The NHs are autonomous and have been created without a 
prescriptive list of criteria. It was agreed during the inception that NHs are not accountable to the 
management structure of HBM4EU and have not been funded by HBM4EU. Some have been established 
either prior to the onset of HBM4EU others during the project. But all have been modified to ensure they are 
active and functional. Their main purpose is to act as a conduit for information and needs, the flow being in 
two directions. Work package leaders have requested extensive information from the NHs. The NH Contact 
Points (NHCP) have gathered and collated information to feed into HBM4EU. 

Enormous effort has been placed into the creation of National Hub structures which encompasses the Grant 
Signatories, national policy leads, scientific expertise, stakeholders as well as in some cases non-
governmental organisation. Many NHCPs have stated that the NHs have given them a means to discuss 
national requirements. The legacy of HBM4EU is a network of NHs across all the countries. The increased 
activity of the NHs is a success story for HBM4EU. 

The greatest challenge for the NHs has been to obtain buy-in from their partners and from policy makers and 
efforts to obtain funding. These networks and structures are valuable for the future of chemical management 
and not just for HBM4EU. In the future, a means to learn from each other should be continued, this leads to 
synergy between countries and would support a permanent European network for HBM in chemical regulation. 
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The input is the experience, capability and needs from each country, the output is the results and the synergies 
from the NH network, and the impact is an improved system for chemical management across Europe. 
Keywords: biomonitoring 
 
M1C-04: The HBM4U QA/QC program: ensuring the comparability and promoting 
capacity building 

M. E. López1, T. Göen2, S. Nübler2, H. Mol3, H. Koch4, J. P. Antignac5, V. Vaccher5, D. Dvorakova6, J. Hajslova7, A. Castaño1 

1National Center for Environmental Health - Instituto de Salud Carlos III, Majadahonda, SPAIN, 2Institute and Outpatient Clinic of 
Occupational, Social and Environmental Medicine Friedrich-Alexander University, Erlangen-Nuremberg, GERMANY, 3Wageningen Food 
Safety Research, Wageningen University & Research, Wageningen, NETHERLANDS, 4Institute for Prevention and Occupational 
Medicine of the DGUV, Ruhr-University, Bochum, GERMANY, 5Oniris, Inrae, Laberca, Nantes, France, 6Department of Food Analysis 
and Nutrition, University of Chemistry and Technology,, Prague, CZECH REPUBLIC, 7Department of Food Analysis and Nutrition, 
University of Chemistry and Technology, Prague, CZECH REPUBLIC. 

Analytical laboratories use routine Quality Assurance and Quality Control (QA/QC) measures to guarantee 
the quality of their results. This includes internal measures such as the application of standard operating 
procedures, use of appropriate/certified control materials, continuous internal QC charts and/or strict 
contamination control, among others. As external measures, laboratories usually participate in commercial 
proficiency tests. 

Environmental exposure in the general population usually occurs at low levels, to a mixture of different 
chemicals, ubiquitous in some cases, the chemical analyses are done in complex biological matrices and 
applying analytical methods, that sometimes have not been fully validated due to the absence of appropriate 
reference/control material or the limited accessibility of analytical and internal standards. Furthermore, 
analytical methods often differ considerably between laboratories, depending on equipment available or 
general method preferences underlining further the need to verify result comparability by external testing. 
Therefore, when performing a human biomonitoring (HBM) study, it is crucial to have tools to guarantee that 
the observed differences are due to actual variations in diet, lifestyles and other known/unknown causes not 
due to factors or artefacts of the analytical phase. While the internal QA/QC measures are similar to those 
applied in any other fields, the participation in available external proficiency tests may face the difficulty to 
cover the full range of target biomarkers selected for the study or the concentration ranges needed. 

In HBM4EU, laboratories from different countries and with different background and experience performed 
analysis of exposure biomarkers in human samples. The Quality Assurance Unit of the project defined a 
complete, tailor-made QA/QC programme for the target biomarkers with the aim to ensure the quality and 
comparability of the analytical results. Two different approaches were applied for the different lists of 
priority substances in HBM4EU. The first one was an ambitious ICI/EQUAS (Interlaboratory Comparison 
Investigations/External Quality Assurance Schemes) scheme covering 9 groups of compounds, involving 73 
biomarkers in 4 human matrices. Laboratories obtaining successful results were selected for the analysis of 
samples in HBM4EU. The second approach consisted in an intensive ICI with a reduced number of expert 
laboratories and all the samples involved in the study of the 2nd priority list of substances were analysed in 
those expert labs that obtained successful results. The two approaches showed different advantages and 
limitations but both demonstrated the utility and need of this kind of activities in HBM studies due to the lack 
of a proper external support. 
Keywords: biomonitoring 
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Interpreting and communicating human biomonitoring results: per- and 
polyfluoroalkyl substances as a case study, PART II  
 
Session Chair: Annie St-Amand, Healthy Environments and Consumer Safety Branch, Health Canada 
 

M2A-01: Recent occupational biomonitoring activities and the derivation of Human 
Biomonitoring Guidance values (HBM-GV) under OECD 

M. Zare Jeddi1, R. Pasanen-Kase2  

1University of Padua, Padua, ITALY, 2State Secretariat for Economic Affairs (SECO), Labour Directorate Section Chemicals and Work 
(ABCH), Bern, SWITZERLAND. 

Biomonitoring is of relevance for several OECD member and partner countries as a measure of internal 
exposure or effect. This project is focused on improving methods for deriving health-based human biomarker 
values (BMGV, BLV, DNELbiomarker). Such biomarker values can be used to interpret measured levels of 
biomarkers in a risk assessment context. Biomonitoring requires little field equipment and can be an 
inexpensive method in monitoring workers exposures compared to ambient air monitoring or dermal 
exposure monitoring. This is of global interest in workplace safety. This project aims to provide harmonized 
guidance for: • deriving health-based human biomarker guidance or limit values; and • using biomonitoring 
in exposure assessment and risk management. The term OBL (Occupational Biomonitoring Level) is used 
below in a general way, without having the intention to replace other existing limits- or guidance values or 
limit its scope only to the European REACH context. The main objectives of this project a. Compare existing 
methods in deriving OBL for selected substances of high concern, including European Substances of Very 
High Concern (SVHC) candidate substances. b. Identify data gaps and future research needs with regard to 
the regulatory use of biomarkers of exposure data. c. Propose quality criteria and minimum requirements for 
OBLs, provisional OBLs, and monitoring, including toxicokinetic data, providing a discussion of variance and 
uncertainty and procedural aspects of quality management. d. Building upon these cases as well as available 
current guidance, to elaborate concrete general tiered guidance on the derivation of OBL with respect to 
accepted points of departure in risk assessment. e. Propose different OBL derivation methods for screening 
purposes and for more advanced regulatory risk assessment contexts. f. Recommend general biomonitoring 
options in occupational settings taking into account cost-effectiveness and various risk management options. 
g. Provide an outlook for the use of effect-based biomarker monitoring for substances or substance groups 
with a relevant mode of action. A short comparison of analytical and effect-based costs is intended. The 
results of this can be useful for addressing co-exposures and relevant mixture effects in the future. This 
project is being led by Switzerland, Finland, Belgium and Germany with the participation of 38 
institutes/organizations on the expert group and overseen by the OECD Working Party on Hazard Assessment 
and the Working Party on Exposure Assessment. This OECD activity stands in an active knowledge exchange 
with ISES Europe HBM working group and EU HBM4EU project. 
Keywords: biomonitoring, occupational health, risk assessment, biomarkers, health based human biomarker values 
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M2A-02: Health-related Human Biomonitoring Values for PFOA and PFOS and their 
application in the German Environmental Survey for children and adolescents 2014-
2017 (GerES V) 

Marike Kolossa-Gehring1, Aline Murawski1, Andre Conrad1, Petra Apel1 

1German Environment Agency, Berlin, Germany 

The German Human Biomonitoring Commission (HBM Commission) derived health-related guidance values 
(Human Biomonitoring values, HBM values) for perfluorooctanesulfonic acid (PFOS) and perfluorooctanoic acid 
(PFOA). The derivation was based on adverse health effects observed in epidemiological studies such as reduced 
birth weights, reduced fertility, reduced antibody formation, increased cholesterol concentrations, and type II 
diabetes (the latter only for HBM-II). HBM-I values for PFOA and PFOS, defining the concentration at and below 
which no adverse health effects are expected, were published in 2016. In 2020 HBM-II values were added, 
defining the concentration at or above which adverse health effects might occur and an acute need for exposure 
reduction is given. The HBM values were used to assess the results from the population-representative German 
Environmental Survey for children and adolescents 2014-2017 (GerES V), in which samples and exposure 
information of the 3-17-year-old population in Germany was collected. PFOA and PFOS were analysed in 1109 
blood plasma samples. 21.1% of the participants exceeded the HBM-I value of PFOA of 2 µg/L, but none exceeded 
the HBM-II value of 10 µg/L. For PFOS, 7.3% of the population had plasma concentrations above the HBM-I value 
of 5 µg/L and 0.2% reached or exceeded the HBM-II value of 20 µg/L. Thus, the exposure to PFOA and PFOS of the 
young generation is of concern in a substantial fraction of the population. 
Keywords: Human Biomonitoring, Chemical Exposure, PFAS, PFOA, PFOS 

 
M2A-03: Providing Evidence to Environmental Health Policies using National 
Biomonitoring Data in Korea 

J. Yoo; National Institute of Environmental Research (NIER), Incheon, KOREA, REPUBLIC OF 

The Korean government recognized the importance of environmental health and enacted the Environment Health 
Act in 2008. The Korean National Environmental Health Survey (KoNEHS) has been conducted on a triennial basis 
from 2009 under the Environmental Health Act and the result is announced and released as government-
approved statistics. 

The KoNEHS completed the cycle 1~3 (2009-2017) and field collection for the 4th cycle (2018-2020) is in progress. 
Each cycle, blood and urine are collected from around 6,000 participants and information such as 
demographic/socioeconomic characteristics, residence environment, dietary habits and life style also collected 
through survey questionnaires. Additionally, an in-depth study is carried out among high risk groups and regions 
to identify exposure factors. 

Exposures to 65 environmental chemicals, including metals, environmental phenols, per- and polyfluoroalkyl 
substances, etc., have been measured among 23,538 Korean general population till 2019. As result of the cycle 1 
(2009-2011), people who had high blood mercury levels were mainly distributed in certain regions in Korea, a 
follow-up in-depth study by the Korean Ministry of Environment(MOE) was conducted and this confirmed that the 
high level was due to the local culture of consuming shark meat. 

As the findings suggest higher average concentration of mercury and cadmium in Korean population due to 
dietary habits, Korean MOE developed a management plan for the high-exposure groups that showed exposure 
levels above the guidance values. Korean national biomonitoring program continuously monitors the exposure 
levels of regional and global environmental chemicals to provide scientific evidence for national environmental 
and health policies. 
Keywords: biomonitoring, exposure factors 
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Applications of Sensors and Personal Samplers, PART II  
 
Session Chair: Xueying Zhang, Icahn School of Medicine at Mount Sinai 
 

M2B-01: Longitudinal Cohort of Individual Chemical Exposure to Environmental 
Contaminates From Hurricane Harvey Flooding 

S. M. Samon1, D. Rohlman1, L. Tidwell1, P. Hoffman1, A. Oluyomi2, C. Walker2, W. Hamilton2, G. Armstrong3, M. Bondy3, K. Anderson1  

1Oregon State University, Corvallis, OR, 2Baylor College of Medicine, Houston, TX, 3Stanford University, Stanford, CA. 

Over 200,000 homes were damaged or destroyed when the Houston area in Harris County, Texas 
experienced extreme rainfall and catastrophic flooding from Hurricane Harvey. Importantly, 13 Superfund 
sites and several chemical/petroleum facilities were involved in unplanned chemical releases into the 
environment due to facility shutdowns and infrastructure damage. As clean-up efforts began, individuals and 
communities immediately raised questions regarding the human health impact of possible increased 
chemical exposure resulting from the hurricane and subsequent flooding. Oregon State University formed a 
multi-institutional team with expertise relevant to NIEHS disaster research response which included Baylor 
College of Medicine (BCM) and UTHealth School of Public Health (UT-SPH). Together we deployed personal 
sampling devices in the form of silicone wristbands to a longitudinal cohort of individuals (n=99) immediately 
after the hurricane and again one year later. Using Gas Chromatography-Mass Spectroscopy, we analyzed 
each wristband for 1,530 chemicals. We can use the second time point from one year after the hurricane as a 
baseline chemical exposure. Therefore, when comparing the two time points, we will be able to evaluate 
whether Hurricane Harvey impacted chemical exposure to the longitudinal participants of our study, and 
more broadly to individuals living within the impacted area. One hundred eighty three individuals chemicals 
were detected immediately after the hurricane and 170 individual chemicals were detected one year later. 
One hundred thirty nine chemicals were detected at both time points and 61 chemicals were detected in at 
least 10% of the study participants. Initial analysis indicates that polyaromatic hydrocarbons (PAHs), 
industrial chemicals, pharmacological chemicals, and flame retardants were all detected in higher frequency 
immediately after the hurricane, while pesticides were detected in higher frequency one year after the 
hurricane. 
Keywords: longitudinal metrics, Natural Disaster 
 
M2B-02: Microenvironmental Time-Activity Classification Using Smartphone Sensor 
Data for Personal Air Pollution Exposure Assessment 

H. Hao1, M. Girguis1, S. P. Eckel1, A. Hosseini2, J. Lewinger1, H. Deng1, K. Li1, A. Bui2, R. Habre1  

1University of Southern California, Los Angeles, CA, 2University of California Los Angeles, Los Angeles, CA. 

Background: Accurate assessment of personal exposures is critical for air pollution studies. Recent advances 
in mobile sensing technologies can improve microenvironmental classification at high resolution. Our study 
aimed to build a model to predict highly resolved time-activity in three major microenvironments (indoor, 
outdoor, and in-transit) based on smartphone sensor data and to evaluate its prediction performance within- 
and between-person, taking into account the spatial and temporal autocorrelation of the data 

Methods: The Android application ‘AndroSensor' was used to log 31 parameters from sensors embedded in a 
Samsung S4 smartphone every 10 seconds. Two participants labelled subject 1 (S1) and 2 (S2), respectively, 
were recruited and their indoor, outdoor, and in-transit microenvironments were annotated in scripted and 
natural-living scenarios for up to 5 days. We trained 5 ML algorithms (k-nearest neighbor, naïve Bayesian 
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classifier, logistic regression, decision tree, and random forest) on S1 data to classify the microenvironments. 
We evaluated model prediction performance in S1 using conventional (“naïve”) cross-validation (CV); using 
day-forward-chain nested, spatial nested CV; and a combination of these two methods to account for 
temporal, spatial and spatiotemporal autocorrelation or clustering inherent in the data, respectively. S2 data 
was used as an independent test set. Balanced accuracy (BA, %) was reported for model prediction 
performance to account for the unbalanced nature of the outcome (microenvironment classes). 

Results: We collected 21,296 and 22,340 observations from S1 and S2, respectively. Random forest achieved 
the best prediction performance in both the S1 model (95.1% BA) and the independent test on S2 (57.5% 
BA). The top five predictive features were sound level, speed, temperature, location accuracy, and relative 
humidity. After considering temporal, spatial, and spatiotemporal autocorrelation in the CV with S1 data, BA 
dropped to 63.2%, 60.9%, and 51.4% respectively. Model performance on the S2 independent test set was 
poorer under natural living conditions (50.6% BA) but better when S2 performed similar, scripted activities as 
S1 (70.0% BA). 

Conclusion: We built a model to predict 10-second level microenvironment from smartphone sensor data. 
Our findings highlight the importance of accounting for clustering in highly spatiotemporally resolved data to 
accurately represent prediction performance. Results will likely be overly optimistic if these strategies are 
ignored. Finally, we showed that models trained on relatively small amounts of data from a few individuals 
can have higher generalizability when applied to larger groups that share somewhat similar time-activity 
patterns (e.g., school children, adults working typical shifts). 
Keywords: exposure models, air pollution, air quality sensor 

 
M2A-03: Comparing methods for measuring occupational heat stress in Central America 

Z. E. Petropoulos1, S. A. N. Keogh1, E. Jarquin2, J. Amador1, R. Garcia-Trabanino3, D. Lopez-Pilarte1, I. S. Delgado1, J. H. Leibler1, D. R. 
Brooks1, M. D. McClean1, M. K. Scammell1 

1Boston University School of Public Health, Boston, MA, 2Agencia para el Desarrollo y la Salud Agropecuaria, San Salvador, EL 
SALVADOR, 3Centro de Hemodiálisis, San Salvador, EL SALVADOR 

There is an epidemic of chronic kidney disease in Central America suspected to be linked to chronic heat 
stress at work. Previous epidemiological studies examining the role of heat stress in the disease etiology have 
mostly relied on wet bulb globe temperature (WBGT) and proxies for work load (e.g. job task). These 
methods attempt to predict core body temperature (Tc) and risk of heat-related illness, but may introduce 
exposure misclassification. We sought to examine whether WBGT-based thresholds reliably predict whether 
outdoor workers’ Tc exceeded health-protective thresholds. Using data from the Mesoamerican 
Nephropathy Occupational Study—a longitudinal cohort study of workers in El Salvador and Nicaragua—we 
compared WBGT and Tc during the shifts of 132 workers from one day of workplace monitoring. During each 
minute of the work shift, Tc was measured using ingestible sensors and WBGT was measured using wet bulb 
globe thermometers. Workers with less than one hour of either WBGT or Tc were removed from these 
analyses. The effective WBGT (WBGTeff) experienced by a worker during their shift were calculated using 
clothing adjustment factors derived from self-reported workplace attire. WBGTeff were compared to 
Recommended Exposure Limits (RELs), which were calculated for each worker based on body weight and 
assuming moderate work rates and acclimatization. On average, workers had 4.5 hours of overlapping WBGT 
and Tc data. The average maximum, minimum, and mean WBGT for all work shifts were 30.7°C, 21.5°C, and 
26.3°C, respectively. On average, workers experienced WBGTeff above their respective REL for 95 minutes 
(standard deviation: 78 minutes) during their work shift. The average maximum, minimum, and mean Tc for 
all workers were 38.1°C, 36.3°C, and 37.5°C, respectively. On average, workers experienced Tc of at least 
38°C for 36 minutes (standard deviation: 65 minutes) during their work shift. Workers’ Tc were at least 38°C 
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only 18% of the time that the WBGTeff was above their respective REL, indicating that WBGT-based 
thresholds may overestimate Tc a majority of the time at high temperatures. A little over half of the time 
(56%) that Tc was at least 38°C among workers, the WBGTeff was not above the respective RELs. Outdoor 
workers in El Salvador and Nicaragua are exposed to ambient temperatures and environmental conditions 
that put them at risk of heat-related illness. WBGT did not reliably predict when core body temperatures 
were above health-protective thresholds (38°C) among these workers. More accurate characterizations of 
physical activity might reduce these discrepancies. 
Keywords: thermal environment, occupational exposure 

 
M2A-04: Discovery of Firefighter Chemical Exposures using Military-Style Silicone Dog Tags 

C. M. Poutasse1, W. S. C. Poston2, S. A. Jahnke2, C. K. Haddock2, L. G. Tidwell1, P. D. Hoffman1, K. A. Anderson1 

1Oregon State University, Corvallis, OR, 2National Development and Research Institute-USA, Leawood, KS. 

Occupational chemical hazards in the fire service are hypothesized to play a role in increased cancer risk, and 
reliable sampling technologies are necessary for conducting firefighter chemical exposure assessments. This 
study presents the military-style dog tag as a new configuration of silicone passive sampling device to sample 
individual firefighters’ exposures at one high and one low fire call volume department in the Kansas City, 
Missouri metropolitan area. The recruited firefighters (n=56) wore separate dog tags to assess on- and off-
duty exposures (ndogtags=110), for a total of 30 24h shifts. Using a 63 PAH method (GC-MS/MS), the tags 
detected 45 unique PAHs, of which 18 have not been previously reported as firefighting exposures. PAH 
concentrations were higher for on- compared to off-duty tags (0.25<Cohen’s d≤0.80) and for the high 
compared to the low fire call volume department (0.25≤d<0.70). Using a 1530 analyte screening method (GC-
MS), di-n-butyl phthalate, diisobutyl phthalate, guaiacol, and DEET were commonly detected analytes. The 
number of fire attacks a firefighter participated in was more strongly correlated with PAH concentrations 
than firefighter rank or years in the fire service. This suggested that quantitative data should be employed for 
firefighter exposure assessments, rather than surrogate measures. Because several detected analytes are 
listed as possible carcinogens, future firefighter exposure studies should consider evaluating complex 
mixtures to assess individual health risks. 
Keywords: occupational exposure, sampling methods, SVOCs, other (specify), polycyclic aromatic hydrocarbons 
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M2C-01: Human biomonitoring in occupational setting - Cr VI 

T. Santonen1, A. Alimonti2, B. Bocca2, R. C. Duca3, K. S. Galea4, L. Godderis3, T. Göen5, B. Gomes6, O. Hanser7, I. Iavicoli8, B. Janasik9, K. 
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Scheepers11, M. van Dael11, M. J. Silva6, S. Viegas12, W. Wasowicz9, O. Sepai13 

1Finnish Institute for Occupational Health, Helsinki, Finland, 2Istituto Superiore di Sanità, Rome, ITALY, 3Centre for Environment and 
Health, Department of Public Health and Primary Care, KU Leuven, Leuven, BELGIUM, 4Centre for Human Exposure Science, Institute of 
Occupational Medicine, Edinburgh, UNITED KINGDOM, 5Institute and Outpatient Clinic of Occupational, Social and Environmental 
Medicine, Friedrich-Alexander-Universität, Erlangen-Nürnberg, GERMANY, 6National Institute of Health Dr. Ricardo Jorge, Department 
of Human Genetics, Lisbon and ToxOmics – Centre for Toxicogenomics and Human Health, NOVA Medical Schools, Universidade Nova 
de Lisboa, Lisbon, PORTUGAL, 7French National Research and Safety Institute, FRANCE, 8University of Naples Federico II, Naples, ITALY, 
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9Nofer Institute of Occupational Medicine, POLAND, 10Health & Safety Executive, Buxton, UNITED KINGDOM, 11Radboud Institute for 
Health Sciences, Radboudumc, Nijmegen, NETHERLANDS, 12Health & Technology Research Center, ESTeSL- Escola Superior de 
Tecnologia da Saúde, Instituto Politécnico de Lisboa and  CISP - Centro de Investigação em Saúde Pública, Escola Nacional de Saúde 
Pública, Universidade NOVA de Lisboa, Lisbon, PORTUGAL, 13Public Health England, Chilton, UNITED KINGDOM. 

As for environmental studies, occupational studies performed by different researchers in individual countries 
are usually not aligned with respect to sampling, analytical methodologies or data collection, which hampers 
the comparison of the findings and the use of the data e.g. in regulatory risk assessment at European level. In 
addition, many national human biomonitoring (HBM) studies can recruit only limited numbers of workers. 
Therefore, combining national surveys using harmonized study designs and methodologies can potentially 
greatly improve the information collected and bring added value for the global data interpretation. 

Hexavalent chromium (Cr(VI)) is an important occupational carcinogen. Although Cr(VI) compounds are 
authorized in Europe under the European regulation (EC 1907/2006) concerning the Registration, Evaluation, 
Authorization and Restriction of Chemicals (REACH), these compounds are still widely used in different 
applications. In addition, workers may be exposed to Cr(VI) formed during hot processes, like welding. These 
exposures are regulated in Europe by a binding occupational limit value (BOELV) recently set under EU 
Directive 2004/37/EC. It is, however, unclear how well workplaces comply with levels stated in legislation. 

The current study has been conducted in eight European countries using harmonized procedures. Up to 400 
workers performing Cr(VI) surface treatment or welding activities were recruited. In addition to the collection 
of urinary chromium data, new methods for Cr biomonitoring were included, specifically the analysis of Cr(VI) 
in exhaled breath condensate (EBC) and Cr in red blood cells (RBC). Exposure biomarkers were 
complemented with early biological effect biomarkers and dermal and air monitoring data. 

According to preliminary results, chrome platers showed the highest urinary chromium levels, in some cases 
more than 10-times higher than levels measured in the control population. In the control population urinary 
chromium levels remained usually below 1 µg/g creatinine, in surface treatment workers the levels varied 
from these background levels up to 10 µg/g creatinine. In some cases, pre-shift chromium levels were also 
higher than in controls. Although welders showed elevated levels, their levels were lower than chrome 
platers. EBC samples exhibited the same trend as seen in urinary chromium: chrome platers showed higher 
levels than welders, although welders also had elevated levels compared to the controls. Analysis of the 
results from the air samples and wipe samples (collected from the hands of workers) provided information 
on the exposure routes, which will be used to give recommendations for the minimization of the exposure at 
workplaces. 
Keywords: biomonitoring 

 
M2C-02: Extensive information about health and chemical exposure levels through 
combined health and HBM studies 

H. T. T. Tolonen; Finnish Institute for Health and Welfare, Helsinki, FINLAND 

Health surveys and HBM studies use similar infrastructure to collect information. In both study types, data is 
collected using questionnaires and through collection and analysis of biological samples such as blood and 
urine. Several environmental chemicals are known to have variety of health effects. Therefore, information 
about individual exposure levels to different chemicals as well as health status of same persons are needed 
to evaluate possible adverse health effects. When health surveys are combined with HBM studies, significant 
advantages can be obtain in relation to survey logistics as well as financially.In the review conducted under 
HBM4EU, it was observed that already in many countries there is either a health survey or targeted health 
study to which a HBM module could be added. These health studies commonly include a collection of blood 
and/or urine samples and quite often spear samples are also stored for future use. From review health 
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studies, 50% informed that their existing ethical approval covers also chemical analysis of the collected samples. 
There is also several countries in Europe which have already combined health survey with HBM study. These 
countries have reported advantages such as using existing infrastructure on recruitment of participants, 
collection of biological samples and conducting health examinations and collection of data through 
questionnaires on wide range of topics, synergies in public relations activities during the fieldwork, reputation 
and awareness of the studies in the public, chance to combine data on exposure, health behaviours, health and 
socioeconomic position to large, comprehensive data sets, and reduced costs of public resources. Also some 
obstacles/challenges were identified such as partners involved in HBM and health studies may have different 
priorities, preparation phase tends to take a longer time, and to minimize the participant burden, the length of 
the questionnaire must be limited. Under HBM4EU, also two feasibility studies, one among adults in Germany 
and one among school aged children in Finland, are been conducted. These feasibility studies will provide 
additional information about possibilities to combine HBM and health studies under different settings. Results 
from these feasibility studies are expected towards the end of 2020/early 2021. HBM4EU has also prepared 
guidelines on issues which should be taken into consideration when health surveys and HBM studies are 
combined. These guidelines are freely available through HBM4EU web site. 
Keywords: biomonitoring, health, other/general, public health, HBM4EU 

 
M2C-03: Integrated external and internal exposure modeling for HBM data use in 
chemical risk assessment 

D. Sarigiannis; Aristotle University of Thessaloniki (AUTH), Thessaloniki, GREECE 

The purpose of this study was to assess the risk and to estimate the internal dose for endocrine disrupting 
chemicals such as bisphenol A, flame retardants, phthalates and DiNCH, and cadmium (Cd), starting from 
HBM data. Exposure estimates of the substances were calculated using the integrated exposure modelling 
platform INTEGRA that allows exposure reconstruction starting from HBM data, combined with ancillary 
exposure information. The HBM data, were collected in the framework of several studies by the HBM4EU 
consortium in an effort to cover a large part of EU Member states. 
The results of the study can be considered representative for the general population in the EU from 
newborns to the elderly. For most of the compounds, diet is the main source of exposure. For bisphenol A, 
mean daily intake was below 0.1 μg/kg_bw/d, which is far below the EFSA t-TDI of 4 μg/kg_bw/d, while 
internal dose of unbound BPA is in the range of few ng/L. Cd daily intake for all age groups ranges between 
0.2 and 1 μg/kg_bw/d. The analysis indicated that individuals that are highly exposed to cadmium are close 
to the EFSA tolerable week intake of 2.5 μg/kg_bw, while internal dose was found to range between 0.1 and 
1 μg/g of kidney cortex, as a result of Cd accumulation in the kidneys and very slow elimination. Regarding 
phthalates and DiNCH the daily intake of DEHP, DiNP and DnBP was close or above 1 μg/kg_bw/d, while for 
DiNCH and especially for BBzP daily intake seemed to be one order of magnitude lower. The daily intake 
estimates for phthalates are usually one or two orders of magnitude below the respective TDI. With respect 
to flame retardants, skin contact and object to mouth exposure are the main source exposure and they are 
mostly related to consumer products, highly used by infants, presenting a daily intake of 3 and 1 μg/kg_bw/d 
respectively. The daily intake for the rest of the age groups ranges between 0.01 and 0.1 μg/kg_bw/d, which 
is far below the calculated ‘provisional’ TDI of 13 μg/kg_bw/d.  

Exposure reconstruction and internal dose assessment offer unique opportunities regarding the 
interpretation of HBM data, quantitatively associating them with exposure pathways contribution in the 
overall intake, as well as how these are translated in internal dose, accounting for bioavailability differences 
related to age, gender, route of exposure and genetics. 
Keywords: biomonitoring 
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M2C-04: Strategies for suspect and untargeted screening of emerging substances in 
human matrices 

J. Antignac; Oniris, INRAE, LABERCA, Nantes, FRANCE 

Large-scale suspect and non-targeted screening approaches based on high-resolution mass spectrometry 
(HRMS) are today available for chemical profiling and holistic characterisation of biological samples. These 
advanced techniques allow the simultaneous detection of a large number of chemical features, including 
markers of human chemical exposure. Such markers are of interest for biomonitoring, environmental health 
studies and support to risk assessment. Furthermore, these screening approaches have the promising 
capability to detect chemicals of emerging concern (CECs), document the extent of human chemical 
exposure, generate new research hypotheses and provide early warning support to policy. Whilst of growing 
importance in the environment and food safety areas, respectively, CECs remain poorly addressed in the field 
of human biomonitoring. This shortfall is due to several scientific and methodological reasons, including a 
global lack of harmonisation. In this context, the main aim of this presentation is to give an overview of the 
basic principles, promises and challenges of suspect and non-targeted screening approaches applied to 
human samples as this specific field introduce major specificities compared to other fields. Focused on liquid 
chromatography coupled to HRMS-based data acquisition methods, this overview addresses all steps of 
these new analytical workflows. Beyond this general picture, the main activities carried out on this topic 
within the particular framework of the European Human Biomonitoring initiative (project HBM4EU, 2017-
2021) are described, with an emphasis on harmonisation measures. 
Keywords: biomonitoring 
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M3A-01: Interactions of Chemical and Non-Chemical Stressors and Children’s Health: 
What Do We Know? 

N. S. Tulve; U.S. Environmental Protection Agency, Research Triangle Park, NC. 

Children are exposed to diverse chemical and non-chemical stressors found in their everyday environment. 
These stressors, individually and in combination, are thought to contribute to their health and well-being 
during each developmental stage throughout their lifecourse. To understand chemical exposures, we collect 
and analyze multimedia (e.g., air, water, soil, dust, food, urine) samples for chemicals of interest including, 
but not limited to, pesticides (organophosphates, pyrethroids), polybrominated diphenyl ethers, bisphenol A, 
nanosilver, and other consumer product ingredients. We also collect supporting information such as time 
activity data and household inventories. Over time, our research has evolved to consider a holistic approach 
to children’s environmental health. Using a systems approach, we collect and analyze data and information 
on exposures to both chemical and non-chemical stressors, recognizing that these interrelationships may 
impact the biological response to a chemical agent. Examples of non-chemical stressors include access to 
parks and recreational amenities, food types and access, health care options, family dynamics, educational 
attainment, and/or neighborhood characteristics. Our conceptual framework was designed to show how 
children’s health and well-being should consider exposures to chemical and non-chemical stressors from the 
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built, natural, and social environments, activities (e.g., type and duration of physical activity level and 
locations) and behaviors (e.g., children’s mouthing frequency), and inherent characteristics at various 
lifestages throughout the lifecourse (e.g., preconception to old age). Our research approach includes distinct 
research activities with a recent emphasis on an exposure analysis approach that considers how non-
chemical stressor information may be used in combination with chemical exposure data. Our research has 
shown that both childhood obesity and general cognitive ability are influenced by a myriad of chemical and 
non-chemical stressors. This presentation will explore our research strategy, show how data and information 
can be considered within the conceptual framework, highlight public health examples, and serves as an 
introduction to the symposium. 
Keywords: children, environmental health, stressor, total environment framework 
 
M3A-02: Influence of Drinking Water Source, Exclusionary Zoning Practices, and 
Socioeconomic Status on Children’s Blood Lead 

J. M. Gibson1, M. Fisher2, A. Clonch2, J. MacDonald3, P. Cook4 

1Indiana University, Bloomington, IN, 2University of North Carolina, Chapel Hill, NC, 3University of Pennsylvania, Philadelphia, PA, 
4Duke University, Durham, NC. 

Discriminatory zoning practices throughout U.S. history have relegated some people of color neighborhoods 
that border cities and towns but that lack access to municipal infrastructure, including water and sewer 
service, paved roads, and street lights. In North Carolina, such communities typically rely on individual wells 
for their drinking water. Recent evidence suggests that due to lack of corrosion control or water treatment 
systems in these communities, the risks of exposure to elevated lead (Pb) in household tap water are 
comparable to those in Flint, Michigan, during the water crisis. However, the effects of these exposures on 
children’s health are unknown. We hypothesized that lack of access to a regulated municipal water system in 
peri-urban areas increases the Pb concentration in children’s household drinking water and is thus associated 
with increased levels of Pb in children’s blood. To test this hypothesis, we built a curated database including 
blood Pb measurements from 59,483 children in Wake County, North Carolina, collected between 2002 and 
2017; household water source (private well or regulated community water system) for each child; residence 
in an area bordering but not included in a city or town; demographic characteristics; and household and 
neighborhood socioeconomic characteristics. We found that children in peri-urban areas lacking connections 
to nearby municipal water supplies had blood Pb levels that were 31% higher (p<0.01) than children living 
within city boundaries and having municipal water service. Blood Pb levels were even higher in such 
communities that were predominantly African American. Children in 100% African American neighborhoods 
without community water service had blood Pb levels that were 69% higher than those of children in white 
communities that were within municipal boundaries and had municipal water service. Regardless of race, 
children in peri-urban areas without community water service also had 53% increased odds of having blood 
Pb levels above the 5 µg/dL threshold for elevated blood Pb established by the U.S. Centers for Disease 
Control and Prevention. Risks were highest in lower-income households. These findings support the need for 
interventions—potentially including connections to nearby community water infrastructure—to mitigate the 
impacts associated with exposure to Pb in drinking water in peri-urban areas relying on private wells. 
Keywords: health disparities, lead (Pb), water, children 
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M3A-03: Chemical-nonchemical interactions in pregnancy: Animal models of how 
maternal stress, diet, and obesity affect response to chemical exposure 

J. Rogers; Public Health and Integrated Toxicology Division, CPHEA, ORD, U.S. Environmental Protection Agency, Research Triangle 
Park, NC. 

Experiments testing the toxicity of chemical exposures in pregnancy typically use nulliparous rodents or 
rabbits of optimum age and health, of very similar if not identical genotype, that are fed optimum diets and 
housed in carefully controlled environments. Clearly, this does model the wide variations in all these factors 
in the human population that we seek to protect from harm. While it is impossible to model all these factors 
in a single experiment, there is a growing literature on the effects of intrinsic and modifiable factors that 
influence the outcome of a toxic exposure. Common modifiable factors in humans include maternal diet, 
obesity, and stress. Co-exposures to toxicants like air pollution and secondhand tobacco smoke during 
pregnancy are common and can increase risk of health effects in offspring. An adverse <i>in utero</i> 
environment contributes to shaping the epigenome of the child in ways that can raise the risk of disease later 
in life and may increase susceptibility to later exposures. Maternal smoking is an example that has been well 
studied in humans. Umbilical cord blood from infants born to smoking mothers show consistent epigenetic 
changes that persist at least to adolescence if not throughout life. Offspring of smoking mothers show 
increased risk of asthma, obesity and diabetes. Multiple studies in humans and animal models have shown 
that poor maternal diet or under nutrition during pregnancy can cause epigenetic changes that are 
associated with adverse health outcomes later in life. Maternal obesity predisposes offspring to metabolic 
disorders and recent studies link paternal obesity to epigenetic alterations. Studies at EPA demonstrated that 
feeding female rats a high fat diet before and through pregnancy and lactation resulted in increased 
sensitivity to ozone in adult offspring. Few studies have examined the effects of epigenetic changes on 
response to pollutant exposures later in life, or strategies to mitigate latent disease risk. This talk will cover 
selected findings and will include ongoing work to test interactions of modifiable factors with chemical 
exposures in pregnant rodents. This abstract does not represent policies or opinions of the Environmental 
Protection Agency. 
Keywords: Toxic/Toxicology, health, other/general, stressor, prenatal, epigenetic 
 
M3A-04: How can we move the needle? A cross-disciplinary approach for healthy 
homes in the US 

J. Auerbach1, S. Magzamen1, E. Carter1 

Colorado State University, Fort Collins, CO. 

In 2009, the U.S. Surgeon General put out a call to action for healthy homes, motivated by a renewed interest 
by the public health community. Yet, progress towards healthy homes was sidelined as the U.S. recovered 
from the 2008 global economic recession and housing affordability and accessibility dominated housing 
research, policy, and public discussion. Renewed attention to the state of housing quality is warranted in light 
of events like the lead crisis in Flint (MI) and observations that some hazards in the home (e.g., falls and 
indoor air pollution) have become more severe during the ten-year period following the Surgeon General’s 
call. Here, we present a multidisciplinary framework to healthy homes with interventions and solutions to 
address several topical challenges in making U.S. homes healthier are described through this cross-
disciplinary lens. Changes in national demographics, individual behaviors, and environmental changes since 
the 'Call to Action' are also included along with this revived call to action for making U.S. homes healthy. 
Keywords: environmental health, environmental policy, health disparities, public health, housing 
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M3B-01: The evolution of systematic review use in environmental health to inform 
public health policy 

D. Goin1, N. Chartres1, S. Eick1, J. Lam2, T. Woodruff1  

1UCSF, San Francisco, CA, 2California State Universtiy, East Bay, Hayward, CA. 

Systematic reviews (SR) in the medical field have been used extensively since studies in the 1990s indicated 
their superiority over expert review. From that time on approaches were developed by various groups 
including the Cochrane Collaboration and the Grading of Recommendations, Assessment, Development, and 
Evaluation (GRADE) system that outline a transparent, rigorous, and systematic methodology to evaluate a 
body of evidence to answer a clearly formulated question in clinical research with the aim of minimizing bias. 
A similar methodology was needed for evaluating evidence in environmental health to make decisions 
around the harms of exogeneous exposures and human health as a foundation for science-based decision-
making. However, environmental health has unique considerations compared to the clinical sciences, 
including the use of non-randomized observational studies where population exposures to environmental 
hazards precedes evidence of their safety. In 2009, these empirically-proven methods for research synthesis 
were adapted to environmental health accounting for these considerations, by researchers at the University 
of California, San Francisco (UCSF) with the development and implementation of the Navigation Guide SR 
method. This was followed by the National Toxicology Program’s Office of Health Assessment and Translation 
(OHAT) approach. Both the Navigation Guide and the OHAT method have been used or recommended by the 
National Academies of Science and demonstrated in case studies in the peer-reviewed literature. The World 
Health Organization and International Labor Organization (WHO/ILO) are also using the Navigation Guide to 
conduct SR of occupational exposures and disease as part of assessing the global burden of work-related 
injury and disease from occupational risk factors. However, the accurate measurement of environmental 
exposures remains a challenge when applying SR methodology to human epidemiologic studies. Further, 
exposure assessment is a critical component of risk of bias evaluation during the SR process. Measuring the 
extent of bias introduced by exposure measurement techniques in a study may inform conclusions regarding 
the overall quality of epidemiological evidence. An additional challenge for environmental health SR’s is that 
GRADE does not yet account for several important considerations in evaluating the quality of a body of 
epidemiological evidence, including the low rating of observational studies. In this presentation, we will 
present an overview of the evolution of SR in environmental health and the current tools and approaches 
used to evaluate the risk of bias and overall study quality in studies of exposure. 
Keywords: environmental health, environmental policy, environmental regulation, epidemiology 
 
M3B-02: Assessing Risk of Bias in Human Epidemiologic Studies Using Three Tools: 
Different Conclusions from Different Tools 

S. Eick1, D. Goin1, N. Chartres1, J. Lam2, T. Woodruff1  

1University of California, San Francisco, San Francisco, CA, 2California State University, East Bay, Hayward, CA. 

Systematic reviews are increasingly prevalent in environmental health due their ability to synthesize 
evidence while minimizing bias. Different systematic review methods have been developed by the U.S. 
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National Toxicology Program’s Office of Health Assessment and Translation (OHAT), the U.S. Environmental 
Protection Agency’s (EPA) Integrated Risk Information System (IRIS), and by the U.S. EPA under the Toxic 
Substances Control Act (TSCA), including the approach to assess risk of bias (ROB). It is critical to the validity 
of a systematic review that the ROB (internal validity) of observational studies of exposure is assessed. Our 
objective was to compare the performance of three tools (OHAT, IRIS, TSCA) in assessing ROB in human 
observational design studies of exposure. We conducted a case study where two reviewers independently 
applied each of the tools to assess ROB in 15 epidemiologic studies used in a previous systematic review on 
polybrominated diphenyl ethers and Intelligence Quotient and/or Attention Deficit Hyperactivity Disorder. 
We selected this review because it applied the Navigation Guide framework to assess ROB, a framework that 
has been empirically demonstrated on several case studies as well as endorsed by the National Academy of 
Sciences. We documented the time to apply each tool and impact ROB ratings for each tool had on the final 
rating of the quality of the overall body of evidence. The time to complete the ROB assessments varied across 
tools (mean= 20, 32, and 40 minutes per study for the OHAT, IRIS, and TSCA tools, respectively). All studies 
were rated overall “low” or “uninformative” using the IRIS tool, because of a “deficient” or “critically 
deficient” rating in one or two domains. All studies were rated “unacceptable” using the TSCA tool because 
of an “unacceptable” rating in one metric not related to ROB, “statistical power”. Approximately half of the 
studies had “low” or “probably low ROB” ratings across all domains with the OHAT tool. Our results indicate 
that tools that use an overall ROB or study quality rating based on non-empirically based weighting of 
domains or scoring metrics, such as IRIS and TSCA, may lead to erroneous conclusions about the quality of 
the evidence for observational studies of exposure. These tools may significantly reduce the available 
evidence to assess the harms of environmental exposures by excluding studies with low ratings in one or 
more domains. We recommend using a ROB tool that circumvents these issues, such as the OHAT or 
Navigation Guide methods. 
Keywords: environmental policy, public health 
 
M3B-03: Rethinking the evaluation of human exposure studies to improve public health 
policy decision making 

J. Lam; California State University, East Bay, Hayward, CA. 

The application of systematic review (SR) methodology is somewhat recent within the environmental health 
field, but has quickly been recognized for its potential role in supporting science-based decision-making. 
Many of these approaches were derived from methods from the clinical sciences that have been empirically 
tested and demonstrated over the past several decades, such as Cochrane. However, as environmental 
epidemiology evidence has unique considerations compared to that in the clinical sciences, including the 
non-randomization of observational studies where population exposures to environmental hazards precedes 
evidence of their safety. One of the first attempts to bridge SR methods between the clinical sciences and 
environmental health was the Navigation Guide systematic review framework, developed starting in 2009 as 
a multi-disciplinary collaboration between >20 representatives from academia, federal and state 
government, and NGOs. In particular, one of the challenges to applying SR methodology to environmental 
epidemiology studies is in the accurate measurement of environmental exposures to humans. Studies of 
exposure in environmental epidemiology assess relationships between exposure to a hazardous agent and 
adverse health effects by measuring the exposure-response relationship in a human population. Thus, 
exposure assessment is a critical element of environmental epidemiologic research. Challenges associated 
with accurate exposure assessment include the different measurement and estimation techniques used, such 
as: biomarkers, monitoring and modeling; the use of surrogate measures (i.e., distance to freeway when 
measuring air pollution); the use of less reliable data sources; and lack of accounting for time-activity 
patterns or spatial accuracy. The use of heterogeneous methods in exposure assessment may limit the 
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accuracy and applicability of the measurement in the target population and therefore hinder the usefulness 
of study results to inform decision-making. Exposure assessment is evaluated as a critical component of risk 
of bias evaluation during the systematic reviews process. Evaluating the extent of bias introduced by 
measurement techniques used to estimate exposure in a study can inform conclusions regarding the overall 
quality of epidemiological evidence. This includes considerations such as the exposure dose, duration, or 
developmental stage when measuring the target population. In this presentation, we will present an 
overview of the Navigation Guide systematic review framework, focusing on the approach to evaluate bias in 
exposure assessment, and present a case study on air pollution exposures and neurodevelopmental health 
outcomes (quantitative measures of intelligence) to demonstrate its application to a study question related 
to environmental health that may inform policy decision-making. 
Keywords: environmental health, environmental policy, exposure models, epidemiology, systematic review 
 
M3B-04: Application of the Navigation Guide Systematic Review Method for the 
WHO/ILO Joint Estimates of the Global Work-Related Burden of Disease and Injury 

N. Chartres; University of California, San Francisco, San Francisco, CA. 

Systematic review (SR) methods are increasingly being recommended and used to inform environmental 
health decisions. Use of SR has direct, long-term effects on public health, due to improved consistency of 
evidence review with lower bias. While there has been an increase in SR use in environmental health over 
the last decade, there are divergent approaches to key elements of the SR process, in particular assessing the 
risk of bias in observational studies of exposure and the evaluation of the quality of the body of evidence. 
Areas of concern for risk of bias include the use of quantitative scoring methods, an overall risk of bias rating 
for a study, and exclusion of studies based on one ‘critically deficient’ domain. When evaluating the quality of 
a body of evidence and synthesizing evidence into normative guidance, approaches in environmental health 
have adopted elements of GRADE (Grading of Recommendations Assessment, Development and Evaluation). 
However, there is still discussion about accounting for observational human studies and how to assess 
magnitude of effect. The Navigation Guide for systematic reviews in environmental and occupational health 
is built on the empirically proven methods of the Cochrane Collaboration and GRADE (Grading of 
Recommendations, Assessment, Decision and Evaluation), that have been demonstrated to minimize bias 
and maximize transparency in clinical research, while also accounting for important considerations critical to 
the evaluation of observational studies of exposures. The World Health Organization (WHO) and the 
International Labour Organization (ILO) are developing joint estimates of the work-related burden of disease 
and injury (WHO/ILO Joint Estimates). They are estimating the numbers of deaths and disability-adjusted life 
years (DALYs) that are attributable to exposure to selected occupational risk factors using the Navigation 
Guide as the organizing methodological framework to conduct the systematic reviews for this project. This 
project involves over 200 leading environmental science and occupational health experts from over 30 
countries. Using the WHO/ILO Joint Estimates as a case study, we will discuss the science and policy 
implications of using the Navigation Guide for this project and how these aforementioned steps in the 
systematic review process were considered and conducted. 
Keywords: environmental health, policy, public health, risk assessment, Systematic Review 
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Changes in Exposure Resulting from COVID-19 Responses  
 
Session Chair: Konstantinos Makris, Cyprus University of Technology 
 

M3C-01: Exposure to ultrafine particles while exercising in the city during the COVID-19 
lock-down: a repeated measures study in Copenhagen, Denmark 

T. Cole-Hunter1, M. L. Bergmann1, H. Amini1, Y. Lim1, S. Loft1, A. Mehta2, L. Mortensen2, R. G. Westendorp3, Z. J. Andersen1 

1Section of Environmental Health, Department of Public Health, University of Copenhagen, Copenhagen, DENMARK, 2Statistics 
Denmark, Copenhagen, DENMARK, 3Department of Public Health and Center for Healthy Aging, University of Copenhagen, 
Copenhagen, DENMARK. 

Air pollution in the form of particulate matter is a major contributor to disability and premature death. 
Ultrafine particles (UFP; <0.1 µm diameter) are detrimental to health and emitted at high levels from 
motorised traffic, yet are not regulated. Active mobility (walking, bicycling) performed near traffic may 
increase exposure to UFP due to increased breathing rates (aerobic exercise). The recent Coronavirus Disease 
2019 (COVID-19) societal closures reduced the need to commute, consequently decreasing motorised traffic 
and its emissions yet also active mobility and its incidental (beneficial) exercise. These closures provided a 
natural experiment for estimating the contribution of motorised traffic to exposure during active 
mobility.From mid-March 2020 (principal COVID-19 closure {‘Phase-0’}), UFP was repeatedly measured while 
walking (~2 km) or bicycling (~5 km) two separate pre-determined routes around inner-city Copenhagen. The 
walking route (starting 12:30-14:30h) is a highly-popular recreational lap around an inner-city lake, sided by a 
residential area and a busy two-lane road. The cycling route (starting 15:30-17:30h) is an inner-city lap 
passing by a regulatory kerbside UFP monitoring station. Continuous (1-second) measurements of UFP 
(particle number concentration [PNC]) were recorded using a Diffusion Size Classifier Miniature (‘DiSCmini’; 
Testo SE & Co., Germany), sampling air from the walker/bicyclist’s breathing zone. UFP measurements were 
geospatially assigned by concurrent (1-second) GPS coordinates (‘Forerunner 920XT’; Garmin Ltd., USA) in 
‘Earth Pro’ (Google LLC, USA). PNC levels while walking or bicycling were described as median and 
interquartile range (IQR) then compared across phased re-openings using ANOVA. 

Nearly 40 repeated 20-minute measures (laps) have been made each for walking and bicycling over 3 months 
(to ‘Phase-3’ “full” societal re-opening), showing statistically-significant UFP exposure differences (p<0.01). 
Median [IQR] PNC exposure levels while walking initially increased from Phase-0 (7722 [1348] pt/cm3; n=1) 
to ‘Phase-1’ (10,310 [11,437] pt/cm3; n=10), and then decreased in ‘Phase-2’ (6968 [10,747] pt/cm3; n=7), 
‘Phase-2.1’ (5667 [3021] pt/cm3; n=5) and Phase-3 (4191 [2235] pt/cm3; n=5). Exposure levels while bicycling 
decreased straight from Phase-0 (13,194 [14,681] pt/cm3; n=3) to Phase-1 (11,853 [12,776] pt/cm3; n=9) and 
Phase-2 (11,697 [9454] pt/cm3; n=7), and further in Phase-2.1 (5709 [3169] pt/cm3; n=4) and Phase-3 (5999 
[4496] pt/cm3; n=10). Various traffic intersections were highlighted as ‘hot-spots’ when visually inspecting 
geospatial data for both walking and bicycling. 

Phased reopening of society following COVID-19 closures coincided with a statistically-significant difference 
in UFP exposure while walking or bicycling. Future work will investigate traffic volume and concurrent 
(verified) regulatory data. 
Keywords: activity patterns, air pollution, air quality sensor, environmental health, ultrafine particles 
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M3C-02: Application of PurpleAir sensor network to monitor inside and outside air 
quality: A Case Study of COVID-19 Shutdown in Los Angeles county 

A. Mousavi1, J. Wu1; University of California, Irvine, Irvine, CA. 

Although there is initial evidence that COVID-19-related closures have helped an overall reduction in ambient 
air pollution levels across the globe, there is no comprehensive assessment of indoor air quality during the 
period of stay-at-home orders, when residential indoor environment contributes most to personal exposures 
due to most time spent at home indoors. To understand the influence of stay-at-home orders on both indoor 
and outdoor air quality, we analyzed indoor and outdoor sampling data from a low-cost real-time PurpleAir 
sensor network in LA County, California. We identified 27 sets of co-located indoor and outdoor sensors to 
evaluate the changes in daily PM2.5 concentrations before the stay-at-home order (January 1- March 17, 
2020), during the lockdown period (March 18-May 7, 2020) and in the course of first stage county reopening 
plan (May 8-June 6, 2020). Further, outdoor daily PM2.5 concentrations following the COVID-related closures 
were compared to measurements from “business-as-usual” periods in 2019 to examine the overall reduction 
in ambient air pollution. Overall, mean outdoor PM2.5 concentrations decreased 35% (∼4 μg/m3) following 
the COVID-related closures (6.8 μg/m3) compared to that in March 2019 (10.4 μg/m3). Monthly average 
outdoor and indoor PM2.5 concentrations were statistically different during January -May 2020, except in 
March (p-value = 0.056 for indoor and outdoor difference). Temporal analysis showed a lower rate of 
reduction in indoor air quality levels than that outdoors during the lockdown and county reopening stages. 
For co-located indoor and outdoor sensor sets, we found that correlation between indoor and outdoor daily 
PM2.5 concentration was weaker during the lockdown period (i.e., correlation coefficient (CC)= 0.35-0.56) in 
comparison to the periods before COVID-19 closures (i.e., CC= 0.71-0.87) for residential locations with and 
without immediate outdoor sources (e.g. homes close to or away from highways). The reduced indoor-
outdoor correlation after the lockdown was less pronounced in residentials close to highways than those far 
away from main traffic sources. Ongoing research will examine the diurnal variation of PM2.5 concentration 
and the influence of meteorological parameters (i.e., temperature and relative humidity) on the evident 
heterogeneity between indoor and outdoor air quality during the COVID19 lockdown period. Preliminary 
conclusions suggest a significant increase in mean indoor to outdoor PM2.5 concentration ratio from 0.42 in 
pre lockdown period to 1.85 during the lockdown period in the investigated domain. Research investigating 
the increase in the indoor pollution sources and its potential consequences on increased susceptibility to viral 
transmission should be conducted. 
Keywords: air quality sensor, built/indoor environment, particulate matter (PM), COVID-19 
 
M3C-03: Schools re-opening after the wide lockdown in Cyprus due to COVID-19 and 
exposome changes in the primary school population of Cyprus: The 
Exposome@School|COVID-19 study 

C. Konstantinou1, X. D. Andrianou1, A. Constantinou1, A. Perikkou1, E. Markidou2, K. C. Makris1 

1Cyprus University of Technology, Limassol, CYPRUS, 2Cyprus Ministry of Health, Nicosia, CYPRUS. 

Introduction: School closures were part of a series of non-pharmacological intervention (NPI) measures that 
were implemented in the context of addressing the COVID-19 pandemic in Cyprus. Recommendations were 
also being made for the implementation of physical distancing measures, such as restriction of contacts and 
mobility that required a change of lifestyle/behaviors.  

Objectives: The objective was to assess changes in the environment, diet, behaviour, personal hygiene, and 
lifestyle choices of the primary school children in Cyprus at school and home before the pandemic (Phase A) 
and during the school re-opening (Phase B), following the first unlocking measures since the wide population 
lockdown, by adopting the methodological context of the human exposome.  
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Methods: An online survey questionnaire, capturing many of the human exposome domains and groups of 
components was forwarded to parents of primary school children, through schools’ administrations during 
June 2020. Descriptive statistics and exposome wide association analysis were implemented.  

Results and Discussion: A total of 1507 primary school children in Cyprus were included in the analysis with 
mean age of 10 years old and balanced sex distribution (52% males and 48% females). The mean number of 
contacts per day at home, school and other places during weekdays was lower in Phase B compared to Phase 
A (5 vs 12, 10 vs 29 and 6 vs 14, respectively). The same trend was observed for the mean number of contacts 
during weekend. Results will present the percent change in the exposomic components and their groups in 
Phase B (school reopening) when compared with Phase A (pre-pandemic period). Partial correlation 
coefficients adjusted for age, sex and educational status of parents will be used to assess differences. 
Clustering techniques will be implemented and circular plots will be presented to visualise the trends, after 
correcting p values for multiple testing. 
Keywords: children, epidemiology, environmental health, public health 

 
M3C-04: Quantifying the impact of traffic on air quality in an urban community before 
and during COVID-19 lockdowns 

A. P. Patton1, M. C. Simon2, J. L. Durant3, N. Hudda3 

1Health Effects Institute, Boston, MA, 2John A Volpe National Transportation Systems Center, Cambridge, MA, 3Tufts University, 
Medford, MA. 

We investigated changes in air quality in Somerville (MA, USA), an urban municipality near Boston, during the 
COVID-19 pandemic when a dramatic reduction in traffic (71% drop in car and 46% drop in truck traffic) 
occurred due to business shutdowns and a statewide stay-at-home advisory. Indicators of fresh vehicular 
emissions (ultrafine particle number concentration [PNC] and black carbon [BC]) were measured using a 
mobile monitoring platform on Interstate-93 and major and minor roadways between March 27 and May 14, 
2020, the peak of the lockdown period. The same route was monitored during pre-lockdown conditions in 
the fall of 2018 and winter of 2019, which provided a basis for comparison and quantification of traffic 
impacts. Measurements were parsed into fresh traffic impacts and background, which allowed us to control 
for seasonal variation and to directly compare traffic impacts during the lockdown to normal traffic impacts. 
Across the study area, concentrations of PNC and BC were an order of magnitude lower during the lockdown 
than pre-lockdown. Contributions to median PNC and BC concentrations from local traffic were 45% to 69% 
and 22% to 56% lower, respectively, during the lockdown compared to pre-lockdown conditions; differences 
within these ranges come from both the season and class of roadway. However, differences in median 
concentrations between state highways, arterials, and residential streets were similar during the lockdown; 
for example, during the lockdown PNC were 62-68% lower compared to fall and 60-69% lower compared to 
winter PNC for all three road class types. The BC:PNC ratio was higher during the lockdown period indicative 
of the higher fraction of diesel vehicles in the fleet during the lockdown. Data from regulatory sites in Boston 
generally corroborated the on-road pollutant concentration reductions, with decreases of traffic-related air 
pollutants (BC, NO2, and PM2.5) of 9% to 52% compared to the previous five-year averages for the same 
period (March 24-May 15, 2015 to 2019). Our results are being used by local government and community 
groups to inform air-quality management for near-highway communities. 
Keywords: air pollution, particulate matter (PM), COVID-19 
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Session: M4A 

The Challenge of Understanding how Chemical and Non-Chemical Stressors 
Interact and Influence Health, PART II  
 
Session Co-Chairs: Nicolle Tulve and Intaek Hahn, U.S. Environmental Protection Agency 
 

M4A-01: Designing a framework for assessing the influence of physical built environment 
on respiratory, neurodevelopmental, and injury-related outcomes in children 

O. Oke1, E. Carter1, S. Magzamen1, J. Auerbach1 

Colorado State University, Fort Collins, CO. 

Housing is an integral part of the built environment and influences physical and mental health in diverse 
ways. Physical features (built and natural) in the residential environment affect children’s health and 
development. Yet, a lack of standardized tools and methods for measuring neighborhood environments and 
features across diverse urban and rural areas presents a barrier to deeper knowledge of what physical built 
environment features can promote good health and how they do so. Our research aimed to: (i) develop 
community- and individual-level exposure profiles for features of the physical built environment and (ii) 
determine the relative effect of these exposure profiles on respiratory, neurodevelopmental, and injury-
related outcomes in children living in two Wisconsin counties (Milwaukee and Racine) from 2014 to 2018. To 
develop the physical built environment exposure profiles, we assigned features to five different domains: 
land use (e.g. residential buildings, river, roads and highways), neighborhood density (e.g. schools, gas 
stations, restaurants), housing characteristics (e.g. year built, fireplace, garage attachment), and the distance 
from residential homes to nearby major roads (e.g. primary highway with limited access (A1), primary road 
without limited access (A2), secondary and connecting road(A3)). We further included a walkability score as 
an additional standalone feature, which is determined using walk score algorithm to score a location on a 0 
to 100 scale based on density and variety of nearby commercial properties. We then used a machine learning 
approach to characterize the physical built environment for every census block group in Milwaukee and 
Racine counties, Wisconsin. We evaluated associations between the physical built environment exposure 
indices we developed and time-averaged concentrations of pollutants such as PM2.5, ozone, and lead (Pb) 
over our spatial unit of analysis, census tracts. We further evaluated the contribution of the built 
environment makes on children’s respiratory and neurodevelopmental health outcomes, adjusting for other 
established social and environmental health risk factors. Our work creates a physical built environment 
scoring index that has potential to be used as a tool in population-based public health research to 
understand environment, housing, and health interactions. Here, we integrated output from our built 
environment exposure index with chemical and social environmental exposure-response models. This 
allowed us to better understand relationships between total environmental exposures and adverse child 
health outcomes and to inform evidence-based population health policy. 
Keywords: multiple stressors, built/indoor environment, children, policy 
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M4A-02: The Effects of Exposures from the Natural, Built, and Social Environments on 
Health and Health Disparities 
P.D. Juarez1, A. Sarma2 
1Meharry Medical College, Nashville TN, 2Boston University, Boston, MA 

The exposome is a promising approach for understanding the complex relationships among environment, 
behavior, biology, genetics, and disease phenotypes across the life course, and contribution to population 
level, health disparities. Research that we have undertaken, supported by an EPA STAR grant, has allowed us 
to 1) construct a longitudinal environmental database, we call the public health exposome (PHE), 2) link it to 
residential addresses of 85,000 participants in the Southern Community Cohort Study (SCCS), 3) link it to 
population measures of health behaviors, morbidity, and mortality, and 4) link it to daily, 3- and 1-km gridded 
measures of PM2.5, minimum and maximum temperature, and heat index, for the years 2003-2018. The PHE 
data repository currently stores over 50,000 variables from the natural, built, and social environments were 
obtained from the US Census, EPA, and many other federal sites that have been geocoded and harmonized at 
an annual and county level in a relational database. Health and health care data were obtained from CDC 
Wonder, Medicare, HRSA, and other federal databases. The SCCS data include five waves of surveys and 
include personal characteristics, activities/behaviors, and health and medication history. Participant data are 
linked to administrative Medicaid and Medicare (Parts A,B,C, and D) data and Social Security Death Index 
files. The SCCS database also is linked to state cancer registries and has bio-specimens (blood, urine, and 
buccal cells) available for many participants. The residential histories of SCCS participants have been 
geocoded and linked to 3km PM2.5 grid cells, allowing for spatial and temporal alignment of data. PM2.5 
exposure (µg/m3) was calculated using a continuous, spatial surface model that merged ground level 
ambient air measures with satellite-derived daily measures of PM2.5. Satellite measures were derived from 
regression models of aerosol optical depth collected by the NASA Aqua satellite.  
We have completed studies that look at the relationship between exposures from the natural, built, and 
social environments on cancer, cardio-metabolic disease. We currently are looking at the effects of PHE 
exposures on stroke, diabetes, cardio-vascular disease, lung cancer, and respiratory disease. We have a new 
member of our team, Amruta Nori-Sarma, PhD, MPH. Dr. Nori-Sarma is currently a post-doctoral fellow at 
Boston University SPH and a past EPA Star Fellow. Dr. Nori-Sarma is leading efforts to look at the effects of 
Heat islands on health outcomes and population level disparities. Dr. Nori-Sarma will describe the methods 
she is using to carry out her research. 

 
M4A-03: The School Environment: Building Healthy, Successful Students 

Meredith C. McCormack1, Sandy Zaeh1, David Wu1, Michelle Eakin1, Frank C. Curriero1, Dorothy Clemons-Erby1, Marc Stein1, Philip 
Leaf1, Ana Rule1, Meghan Davis 1, Kirsten A Koehler 1 

1Johns Hopkins University, Baltimore, MD 

Children spend a substantial proportion of their time in the school environment and school building 
conditions have the potential to impact children’s health and performance at a community level. A large 
school renovation program in the mid-Atlantic region provided an opportunity to study the relationship 
between indoor air quality and other school environmental factors and student performance, school climate, 
and health.  We have shown school facility conditions and school neighborhood characteristics were 
associated with student math and reading performance and with chronic absences in an urban school 
district. We aimed to study the impact of building renovation on air quality and physical school environment.   
In a subset of twenty-six schools planned to undergo renovation, we performed indoor air monitoring and 
environmental assessment for two weeks in classrooms and common spaces in the fall, winter, and spring 
seasons. Particulate matter (PM2.5), nitrogen dioxide (NO2), carbon monoxide (CO), and carbon dioxide (CO2) 
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were assessed. Temperature and humidity were measured at one-minute intervals and data truncated to 
weekdays between 8 am and 4 pm, reflecting school hours. We then repeated these assessments after 
school renovation in eleven schools and at similar follow-up times among schools that had not yet undergone 
renovation (control schools).  Indoor air quality improved with renovation, including decreases in 
concentrations of indoor particulate matter and carbon dioxide. The proportion of time that temperature 
was within recommended ranges also improved significantly. These results demonstrate that school 
renovation is associated with significant improvement in air quality and indoor climate, factors that have 
been associated with student health and performance. Renovation of school facilities that are in poor 
condition, such as those in many low-income, urban neighborhoods, provides an opportunity to reduce 
harmful environmental exposures and optimize conditions for the health and education of children. 
Keywords: School environment, Indoor air pollution, Built environment, Particulate matter, Environmental justice 

 
 
Session: M4B  

Wildfire Impacts on Public Health, PART I  
 
Session Co-Chairs: Christina Baghdikian and Lisa Baxter, U.S. Environmental Protection Agency 
 

M4B-01: Overview of the public health impacts of wildfires 

T. Long (for W. E. Cascio); U.S. Environmental Protection Agency, Research Triangle Park, NC. 

Wildfires have various impacts on water quality and air quality—which can ultimately impact public health. 
US EPA’s Office of Research and Development (ORD) has a diverse and robust wildfire and public health 
research portfolio. ORD research on water impacts of wildfire and wildfire smoke is emerging; and years of 
air quality and public health research serve as a solid foundation for ongoing investigation of the emissions, 
modeling, toxicology, epidemiology, and efficacy of health risk communication and outreach strategies. This 
presentation will provide an overview of the various public health impacts from wildfires, setting the stage 
for the following presentations about ORD research activities as well as presentations on the ways this work 
has informed regional, state, tribal, and local activities. Disclaimer: The views expressed do not necessarily 
reflect the views or policies of the U.S. EPA. 
Keywords: public health, air pollution, environmental health, fine particlate matter, wildfire smoke 
 
M4B-02: Wildland fire impacts on freshwater systems in the Continental United States 

J. Iiames1, D. Ebert1, D. Graybill2, M. Mehaffey1 

1U.S. EPA’s Office of Research and Development, Center for Public Health and Environmental Assessment, 2ORISE Participant, U.S. 
EPA’s Office of Research and Development, Center for Public Health and Environmental Assessment 

Forest fires may exacerbate chemical water quality problems which include increased production of 
macronutrients, micronutrients, basic and acidic ions, decreased oxygen level and increased biological 
demand. Some chemicals originate from the disturbed and bare ground following fires of differing intensities 
where others are produced from the burned plant material. The US EPA is evaluating 361 ‘lakesheds’ in the 
western and southeastern United States where presence/absence of wildland fire and its recurrence may 
affect water quality at drinking water intakes within these freshwater systems. Monitoring Trends in Burn 
Severity (MTBS) data (1984–2015) was used to extract fire intensity and temporal and spatial extent of these 
wildland fire incidents. This historical data, in concert with soil moisture, forest fuels, vegetation density (leaf 
area), drought index, precipitation, soil infiltration capacity, insect infestation, mining site locations (arsenic, 



 
 

I S E S  2 0 2 0  S E S S I O N  A B S T R A C T S     |    S - 27 
 

lead, etc.), digital elevation maps (identify slope), soil erosion, human population, and other variables were 
used to rank vulnerable water bodies (ranking process – weighted-based on a generalized weighted 
Euclidean distance, whose weights are based on the coefficients of determination calculated from a modified 
principal components analysis). Remote sensing imagery was employed in utilizing both European (Sentinal-
3) and U.S. sensors (MODIS, Landsat) to detect sediment and chlorophyll changes. 
Keywords: Wildfire Impacts, Water Quality, Drinking Water  

M4B-03: Smartphone App (TracMyAir) to Model Individual Exposures to Ambient Air 
Pollutants 

M. S. Breen1, C. Seppanen2, V. Isakov1, M. Breen3, S. Arunachalam2, J. Samet4, R. Devlin4, W. Cascio1, D. Diaz-Sanchez4, H. Tong4 

1US EPA, Research Triangle Park, NC, 2Institute for the Environment, University of North Carolina at Chapel Hill, Chapel Hill, NC, 
3ORISE/US EPA, Research Triangle Park, NC, 4US EPA, Chapel Hill, NC. 

Epidemiological studies of ambient fine particulate matter (PM2.5) and ozone (O3) often use outdoor 
concentrations from central-site monitors as exposure surrogates. Failure to account for variability of indoor 
infiltration of ambient PM2.5 and O3, and time spent indoors can introduce exposure errors. Personal air 
pollution measurements are often not feasible, and currently available exposure models require substantial 
technical expertise and near real-time exposure estimates are not possible since they require collection, 
organization and processing of large and diverse input data. To address these limitations, we developed a 
smartphone-based exposure model called TracMyAir, which automatically determines five tiers of individual-
level exposure metrics in real-time for ambient PM2.5 and O3. The input data for TracMyAir includes: (1) 
outdoor concentrations from the nearest air pollution monitors including official US monitors from AirNow, 
low-cost sensors from PurpleAir, and international monitors from OpenAQ; (2) outdoor temperatures and 
wind speeds from the nearest weather stations; (3) the user’s geolocation and physical activity level (PAL) 
from smartphone sensors; and (4) the user’s home building characteristics and operating conditions. We 
linked a residential air exchange rate model, building infiltration model, a geolocation-based 
microenvironment model, and PAL-based ventilation rate model to determine residential infiltration factors 
(Finf_home, Tier 1), residential indoor concentrations (Cin_home, Tier 2), personal exposure factors (Fpex, Tier 3), 
exposures (E, Tier 4), and inhaled doses (D, Tier 5). We applied TracMyAir to determine daily 24 h average 
PM2.5 and O3 exposure metrics (Tiers 1-5) for PISCES, a panel study conducted in central North Carolina 
examining the role of dietary omega-3 fatty acids modulating the health effects of air pollution. Daily 
modeled exposure metrics showed considerable temporal and home-to-home variability of Finf_home and 
Cin_home (Tiers 1-2) and person-to-person variability of F pex, E, and D (Tiers 3-5). Our study demonstrates the 
ability to apply a smartphone-based exposure model to determine multiple tiers of exposure metrics for 
epidemiological investigations, in support of improving health risk assessments. TracMyAir could also be used 
for public health strategies to help at risk individuals reduce their exposures to ambient air pollutants, such 
as wildfire smoke. 
Keywords: air pollutants, exposure models, built/indoor environment, fine particlate matter 
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Session: M4C 

Air Quality Sensors in Wearable & Smart City Apps  
 
Session Chair: Joseph Stetter, KWJ Engineering 
 

M4C-01: Metal-organic frameworks for selective chemical sensing 

D. W. Gardner1, R. Maboudian1  

1UC Berkeley, Berkeley, CA. 

A wide variety of gaseous and water-borne pollutants affect human health and well-being, and the detection 
of these chemicals is necessary to ensure that proper exposure controls are in place. These chemicals could 
be detected by an array of small, low-power gas sensors, but one of their challenges is their poor selectivity, 
limiting their ability to differentiate one chemical over another. Selectivity is a classic challenge in chemical 
sensing. With traditional sensing materials, achieving a selective sensor often requires using a set of different 
sensing materials or sophisticated algorithms to distinguish between chemicals. However, a new class of 
materials, metal-organic frameworks (MOFs), promise to achieve better selectivity based on their structure. 
MOFs are made up of two components, metal ion “nodes” connected by organic molecule “linkers”, and 
have pores that are tenths of a nanometer wide. The chemistry of the metal node and the linkers controls 
what molecules the MOF will have an affinity for, with the pore size providing additional discrimination based 
on molecule size. 

MOFs can be used for active gas sensing, electrochemical sensing, and even passive gas sensing. They can be 
grown as a sensing layer for incorporation with well-known sensing substrates, such as on a chemically-
sensitive field-effect transistor, for the highly selective detection of humidity, nitrous oxide, and ammonia by 
rational choice of their metal and node. This sensing setup shows off the unique stability of MOFs, as they 
can achieve recovery to baseline even after multiple exposures to nitrous oxide without the use of a 
microheater. In an electrochemical example, the MOF is readily grown on a carbon cloth substrate and has 
exceptional sensitivity and selectivity to hydrogen peroxide. Lastly, some MOFs can even be used as carbon 
dioxide sensors. These MOFs have a high affinity for carbon dioxide, and when the carbon dioxide adsorbs, it 
lowers the effective pH of the environment. The MOF can be incorporated with a pH-sensitive dye to achieve 
a color-sensitive carbon dioxide sensor. 
Keywords: sensor technology, air 

 
M4C-02: Smart Cities: Distributed Sensing of Urban Air Quality with Low Cost Sensors 

D. Peaslee1, Joseph Stetter2, Mark Potosnak3, Sonya Bahar4 

1Spec Sensors and University of Missouri, St. Louis, MO, 2KWJ Engineering, Inc. 3DePaul University, 4University of Missouri - St. Louis 

Distributed sensors for widespread deployment that can capture significantly improved temporal and spatial 
resolution of air quality will add the requirements of low cost, long lifetime, and low maintenance to the 
already demanding performance characteristics of high sensitivity and validity. The “Array of Things” project 
in Chicago, IL is a ‘smart-cities’ joint initiative funded by the NSF of a partnership between ANL, the University 
of Chicago, and the City of Chicago. Platforms are distributed about the city of Chicago and each incorporates 
seven low-power electrochemical gas sensors for measuring the air quality. This system is the foundation of 
an Industrial-Internet-of-Things, managed by a public institution, for the benefit of the surrounding 
communities. It presents a unique opportunity to use low-cost sensors to provide meaningful data on 
sources of air pollution to inform the communities. To create the numerical calibration methods, ozone (O3), 
nitrogen dioxide (NO2), and carbon monoxide (CO) gas sensors are compared to reference grade monitors, 
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with data collected between 2018 and 2019. The gas sensor sub-assembly board was calibrated in the labs at 
KWJ Engineering, Inc. in 2017. The AoT node was installed and began operating at the EPA ComEd 
measurement site in Chicago, IL. Over the course of 15 months, the reference data showed peak NO2 and O3 
values of about 90 ppb, typically with opposite diurnal cycles. During the four months of CO reference 
monitoring, the range of recorded values were between 150 and 1,500 ppb. To reach these lower detection 
limits with low cost sensors, methods to remotely zero and span must be developed to overcome the effects 
of time, as well as outdoor temperature, humidity, and pressure extremes. Initial data is encouraging but 
underscores the requirements for correction algorithms to reduce noise and drift over various cross 
sensitivities and demonstrate promising results and the architecture for successful deployment. 
Keywords: air quality, sensor technology, analytical methods, concentration 

 
M4C-03: Predicting Wildfires with Atmospheric Sensors 

J. R. Stetter1, M. W. Findlay1, D.Peaslee1, V.Patel1 

1KWJ Eng. and Spec Sensors, NEWARK, CA. 

No matter how much is attributable to climate change or failing infrastructure, there is no doubt that 
wildfires are becoming more frequent, larger, and more devastating to people and assets. The Firestone fire 
in 2018 destroyed >18,000 buildings and 1.8 M acres, and had $3.5 B in damages plus $1.8B in mitigation 
costs. Current efforts to combat wildfires include better predictive methods so that they can be caught 
earlier when smaller. Optical monitors on the ground and from satellites can look for heat and obscuring 
smoke as signs of fires especially in remote areas. However, atmospheric changes from fires include both 
gaseous chemicals [combustion products] and particles. These atmospheric changes can be detected at low 
levels by point source atmospheric sensors. Smouldering fires produce prodigious amounts gases and 
changes to concentrations of CO, CO2, O3, SO2, and particles but these need to be detected at a distance 
when the fire is just starting. There are many challenges to commercializing sensors for widely distributed 
use. The sensor must make accurate, precise, and valid measurements at low levels over a long time period 
as well as be manufactured in a low-cost high-volume process into a low power and rugged package. Efforts 
to bridge the cost performance gap have produced ultra-low-power electrochemical sensors with advanced 
manufacturing by methods of printed electronics. Prototype fire prediction modules have been constructed 
with sensors for CO, CO2, NO2, O3 and particles 3 pressure sensors for windspeed and direction. The sensors 
are packaged in solar powered field units [at right] with both GPS and WiFi [optional cellular connections]. 
The units can serve as nodes in a longrange LoRa chained networks or integrated by BTLE or hardwired into 
existing weather stations. T, P, RH sensors allow long term compensation of the atmospheric sensors. 
Continuing work to obtain cost well below $100 per unit and lifetimes in excess of 10 years will lead to very 
favourable cost-benefit calculations. If only a fraction of the smouldering fires are spotted earlier and can be 
part of a rapid response, the results will include immense savings in infrastructure especially around high 
value assets [cities, suburbs, power plants] in addition to the most important reduction in loss of human life.  
Keywords: air quality sensor, analytical methods, environmental health 
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Session: M5A  

Mercury adulterated skin creams; pervasive, elusive and dangerous  
 
Session Chair: Tracy Barreau, California Department of Public Health 
 

M5A-01: Contamination, instrumentation and laboratory considerations 

T. Barreau; California Department of Public Health, Richmond, CA. 

The California Department of Public Health will discuss patterns of contamination seen in homes of cream 
users, instrumentation, and challenges with home contamination and remediation. Most mercury poisonings 
are caused by inorganic mercury or mercury salts (calomel) found in artisanal, adulterated or foreign brand 
face creams. Secondary exposure to mercury in family members occurs in homes contaminated by these 
creams. Mercurous salts are readily absorbed by the body and also stored in the skin. Items handled by 
cream users can become contaminated, adding a secondary source of exposure, through volatilization of 
mercury into ambient air. Household contamination from mercury-containing cosmetics can lead to 
poisoning of family members, whether they use these products or not, the disposal and loss of personal 
belongings, and health effects. 
Keywords: mercury, personal care products, sampling methods, public health,  

 
M5A-02: Overview of Mercury Cases in California and Community based Partnerships 
for Cream Surveillance and Exposure Prevention 

L. Copan; California Department of Public Health, Richmond, CA. 

Imported cosmetics have doubled since 2006, are widely available through on-line sources and informal 
networks, and are not regulated. Mercury in face creams has caused numerous poisonings of young children 
and adults across the United States and the world. California (CA) alone has had over 70 mercury cream 
poisonings in the last decade, including two from methyl mercury. Creams containing mercury are used to 
lighten facial marks and blemishes, and to treat acne in adolescents. Creams collected in CA have measured 
up to 200,000 ppm (regulatory limit is less than 1ppm). The California Department of Public Health will 
discuss its multi pronged efforts to prevent mercury exposure from skin creams through poisoning case 
investigations; partnerships with emergency response; identification of creams containing mercury through 
community surveillance; education of communities and health care providers; and exploration of 
enforcement models. 
Keywords: mercury, community, public health, other (specify), skin cream 

 
M5A-03: Multifaceted Approach to Addressing Mercury Containing Skin-Lightening 
Creams in NYC 

P. Hore; New York City Department of Health and Mental Hygiene, New York, NY. 

The New York City Department of Health and Mental Hygiene has identified various skin-lightening creams 
and medicated soaps, with mercury content over 40,000 times the allowable limit for mercury in cosmetics. 
The Department has implemented a multifaceted approach incorporating both local enforcement, education 
and dissemination of information nationally and internationally by engaging regulatory authorities and 
foreign consulates. New York City will discuss their approach for addressing mercury-containing skin creams. 
Keywords: mercury, consumer and personal care products, public health, community 
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M5A-04: Responding to skin lightening products in Minnesota: urine mercury testing 
and grant program. 

J. Nelson1, M. Gin1 

1Minnesota Department of Health, St. Paul, MN.  

The Minnesota Department of Health has responded to the growing public health concern around the use of 
mercury-containing skin lightening products in different ways, including through the implementation of two 
key activities. Minnesota Department of Health has conducted urine mercury testing in prenatal populations 
since 2017, paired with home visits for women who have elevated urine levels. This work has identified a 
number of elevated urine mercury cases linked with the use of skin lightening products, facilitated removal of 
products from homes, revealed that some Minnesota communities are at increased risk for mercury 
exposure, and integrated the issue into clinical practice in a novel manner. Additionally, the department 
currently administers a one time state appropriated grant program to raise public awareness and education 
on this topic in Minnesota. 
Keywords: mercury, personal care products, biomonitoring, community 

 

 

Session: M5B 

Wildfire Impacts on Public Health, PART II 
 
Session Co-Chairs: Christina Baghdikian and Lisa Baxter, U.S. Environmental Protection Agency 
 

M5B-01: Updates and Insights from the EPA Smoke Sense Citizen Science Smartphone 
Application 

S. Prince; Environmental Protection Agency, Research Triangle Park, NC. 

Smoke from wildland fires is an issue that has been and will be an increasing public health concern. The exposure 
to smoke, information and messages related to health risks, and behaviors available or taken by those at risk are 
critical to understand. Using EPA's Smoke Sense smartphone application (iOS and Android) in concert with 
partnerships with communities, local and national public health organizations and academic institutions, the 
overarching goal is to engage users prior to and during smoke events. Since the onset of the project, design 
improvements and updates have been implemented to respond to feedback from users and to improve ease of 
use and functionality. As citizen scientists, users of the application can report on the presence or absence of a 
smoke event in their area, symptoms they experience and their duration, averting actions (protective measures 
such as avoiding outdoor recreational activity, staying indoors, using a respirator mask, using an air cleaner, etc.), 
and mitigating actions (taking medication or seeking medical care) they may have taken. A benefit of this 
approach is that people who might not normally be part of the scientific process have an opportunity to provide 
information that is otherwise difficult to obtain retrospectively, and they also can learn from the shared 
experiences of affected individuals and communities. Data from the pilot season provided important insights 
regarding the content of health risk messages. Furthermore, efforts to understand the varying perspectives that 
users have related to using the app (including health, access to exposure reducing resources, experience with 
smoke, information needs, and self-efficacy for reducing exposure) allowed us to situate different groups on a 
continuum of issue engagement. This will help us to deliver messages that are more flexible and tailored to 
specific needs. Ultimately, engaging users to encourage taking health protective actions and better understand 
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the scale and scope of air quality impacts should help to reduce the public health burdens we will continue to face. 
Disclaimer: The views expressed do not necessarily reflect the views or policies of the U.S. EPA. 
Keywords: air quality, air pollutants, public health, exposure factors, wildfire 
 
M5B-02: How Low-Cost Air Sensors are Informing Public Understanding of Wildfire 
Smoke Impacts 

M. Gilles; California Air Resources Board, Sacramento, CA. 

More than 2500 low-cost air quality sensors have been deployed across the State of California by community 
groups, private citizens, researchers, and government agencies. This presentation will discuss how the use of 
these low-cost sensors has been changing communication and decision-making by the general public, air 
quality and public health agencies, schools, and other stakeholders across the state. This presentation will 
provide an overview of how sensors are being used in the wildfire smoke incident air monitoring program. 
Keywords: air pollution, air quality sensor, environmental health, particulate matter (PM), wildfire smoke 
 
M5B-03: Research and Communication Needs on the Ground (Hoopa Valley Tribe) 

B. McCaughey; Hoopa Valley Land Management Department, Hoopa Valley, CA. 

The Hoopa Valley Indian Reservation is the largest reservation in California, and is located in Northern 
California in Humboldt County, about 300 miles North of San Francisco and about 65 miles South of the 
Oregon border. Hoopa Valley is prone to wildfire activity, and also receives frequent smoke from fires in 
Northern California and Southern Oregon. The Hoopa Tribe is a leader in efforts to reduce the impacts of 
smoke on their community and provides leadership to other tribes, as well. A representative of the Hoopa 
Valley Tribe will describe wildfire smoke impacts in the Hoopa Valley, will provide an overview of efforts the 
Tribal Government has undertaken to reduce the risk of wildfires and wildfire smoke, will discuss ongoing 
research efforts underway with the US EPA to characterize wildfire and residential wood smoke exposure in 
buildings and homes on the reservation, looking at varying building configurations, HVAC systems, and 
commercial and do-it-yourself air cleaners. Finally, this presentation will highlight key gaps and needs in 
characterizing and addressing wildfire smoke exposures. 
Keywords: particulate matter (PM), air quality, environmental health, Tribal, wildfire smoke 

 
M5B-04: Collaborating and Communicating about Smoke Impacts: California Smoke 
Blog 

A. Hobbs; Placer County Air Pollution Control District, Auburn, CA. 

As severe wildfire smoke continues to impact the public, so too does the need for accurate air quality 
information. In 2013, in response to widespread wildfire smoke impacts in Placer County, the California 
Smoke Blog was created. This Blog is a voluntary effort by city, county, state, tribal, and/or federal agencies. 
In doing so, it provides information on air quality and smoke forecasting when available, as well as guidance 
on protecting one’s self and family from wildfire smoke impacts. This easy-to-read information can help the 
public make informed decisions regarding their health and daily activities. Similarly, leveraging other media 
venues, from newspapers, television, and radio, to various contemporary social media apps, has expanded 
how air quality messaging and information is delivered. Thus, this blog is one of many opportunities that the 
public has for accessing air quality information. 
Keywords: air pollution, public health, environmental health, particulate matter (PM), wildfire smoke  
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Session: M5C 

Built Environment: Impacts on Indoor Air Quality and Health  
 
Session Chair: Lei Huang, University of Michigan 
 

M5C-01: High-Throughput Screening of Near-Field Exposures and Human Health Risks 
for Organic Chemicals in Building Materials 

L. Huang1, O. Jolliet1, P. Fantke2 

1University of Michigan, Ann Arbor, MI, 2Technical University of Denmark, Lyngby, DENMARK. 

Chemicals used in building materials can be a major passive emission source in the indoor environment, 
which has been associated with the deterioration of indoor air quality. Historically, studies have focused on 
evaluating particular chemicals, but do not cover the broad range of chemical substances found in building 
materials. The present study thus aims to screen the various chemicals used in building materials for 
potential near-field human exposures and related health risks, and identify chemicals and products of 
concern to inform risk reduction efforts. We developed a mass balance-based, parsimonious and high-
throughput suited model for predicting the chemical emissions from building materials with the 
consideration of indoor sorption. Using this model, we performed a high-throughput screening-level 
exposure assessment for chemicals in building materials, starting from product chemical composition data 
reported in the Pharos Building Products Database. Health risks were then assessed by combining the 
exposure estimates and toxicity measures (reference doses for non-cancer effects and cancer slope factors 
for cancer effects). Exposure was estimated for 131 and 612 chemical-product combinations from the Pharos 
Common Products Database and Individual Products Database, respectively, of which 79 (13) and 470 (133) 
had non-cancer (cancer) toxicity data available. A list of chemical-product combinations of concern was 
identified using criteria of hazard index > 100 or lifetime cancer risk > 10<sup>-4</sup>. A total of 47 
chemicals was identified as being of concern, including for example, two isocyanates, triethanolamine, 
formaldehyde, styrene, vinyl chloride, and urea. Certain chemical-product combinations are of great concern, 
yielding hazard index > 1000 or cancer risk > 10-3, such as methylene bisphenyl diisocyanate (MDI) in foam 
insulation, triethanolamine in mineral fiber insulation and urea in particleboards. This suggests the need for 
more refined investigations and more human and eco-friendly alternatives. However, the risks were likely 
overestimated due to uncertainty of the toxicity estimation model, and the risks, especially carcinogenic 
risks, cannot be evaluated for a significant amount of chemicals due to lack of toxicity data or estimates, 
calling for more widely applicable toxicity estimation methods. Maximum allowable concentrations in 
different building products were calculated for chemicals with toxicity data available. The presented 
approach can be used to quickly screen many chemical-building product combinations to identify 
chemicals/products of concern to be targeted for risk reduction, or to aid alternative selection when 
developing more sustainable building materials. 
Keywords: building materials, exposure models, built/indoor environment, chemical prioritization, High-throughput 
assessment 
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M5C-02: Spatial and Temporal Variability in Indoor Environmental Quality during Three 
Simulated Office Studies at a Living Lab 

N. Clements1, R. Zhang1, A. Jamrozik1, C. Campanella1, B. Bauer1 

1Well Living Lab, Rochester, MN. 

Living labs can simulate real-world environments for the purpose of measuring the impact of building design 
and operation on human health and well-being. To demonstrate this thesis, building system operation was 
monitored and spatially dense environmental sensor networks were deployed in a series of three office 
studies at a living lab. Spatial and temporal variability in environmental conditions were characterized across 
multiple experimental conditions that included adjustments to air temperature, electric lighting, daylighting, 
and sound masking. The three studies assessed: the impact of thermal, acoustic, and lighting conditions on 
environmental comfort; the impact of daylight on cognitive function, comfort, and eyestrain; and the impact 
of electric lighting on cognitive performance and sleep quality. Hourly summaries of thermal and lighting 
conditions demonstrated the significant impact of façade control on temporal variability of desk-level 
environmental conditions. While spatial variability in thermal conditions was detected, temporal variability in 
desk-level thermal conditions drove variability in predicted thermal comfort. Desk layout, building system 
design, and human behaviors contributed significantly to spatial variability in air temperature, lighting, and 
sound masking. The latter daylight and electric lighting experiments reduced spatial variability in 
environmental exposures by optimizing desk layout to the outcomes of interest, such as by placing desks 
equidistant from the east façade to control for spatial variability in daylight exposure. Building systems were 
also optimized, for example by replacing can lighting with troffers. In one of the experiments, introducing 
simulated office sounds and white noise in four experimental conditions resulted in slight or no change to 
sound levels, while occupant-produced sounds drove sound level temporal variability. Sound level spatial 
variability was also impacted by the ventilation system and external noise. We demonstrate that living labs 
can realistically simulate office conditions, though less realistic interior design or building operation may be 
required to optimize experimental design. 
Keywords: acoustics/noise, light/lighting, built/indoor environment, thermal environment, air quality 
 
M5C-03: Ventilation Analysis of High School Classrooms and Applications for Rooftop 
Gardens 

C. L. Connolly1, S. M. Buckley1, N. Phillips1, M. Fabian1;  

1Boston University, Boston, MA. 

Ventilation in many schools has been well-documented to be below recommended levels, in spite of meeting 
outdoor air and occupancy standards. Classrooms regularly reach high carbon dioxide (CO2) levels, which 
have been shown to affect cognition and attention in children. Similarly, CO2 has been used to increase 
growth of plants through carbon fertilization at concentrations between 500 and 1000 ppm. These two 
worlds meet in urban agriculture, forbuilding-related installations, such as rooftop gardens and farms, where 
CO2 can be captured. A previous connected study has demonstrated the considerable CO2 source from 
exhaust vents and assessed the impact of indoor exhausted air to increase rooftop garden plant growth. This 
study uniquely explores building CO2 dynamics with the goal of optimizing ventilation rates for achieving low 
indoor CO2 and simultaneously higher CO2 exhaust for plant growth enhancement. We measured CO2 levels 
continuously in 15 classrooms in Boston, MA for one week in each classroom. We estimated air changes per 
hour (ACH) and room air flow rates, using decay rate and transient mass balance methods. We also 
calculated average personal CO2 generation rates and fresh air ventilation rates based on class schedules and 
registered students. The median CO2during school hours, 8AM-3PM, was 810 ppm for all rooms (range of 
medians: 500-1210 ppm). We found that 87% of classrooms exceeded 1000 ppm during occupied class times 
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and the maximum CO2 concentration measured was 2212 ppm. For 31% of the time during the school day, 
the CO2 concentrations exceeded 1000 ppm. The median ACH was 1.4, median room air flow rate was 170 
m3/hour, and median fresh air ventilation per person was 2.7 L/s. These preliminary findings related to 
ventilation and CO2 levels in classrooms yield possibilities for future applications. By applying interdisciplinary 
urban agriculture and environmental health methods, we are highlighting the ability to reduce CO2 exposure 
in classrooms by increasing ventilation that can be redirected to enriching rooftop gardens. This approach 
has the potential of offsetting the cost of increased ventilation with energy benefits provided by the rooftop 
gardens, especially when considering the current rise in the use of renewable energy sources. 
Keywords: air quality, ventilation, built/indoor environment, sustainability, exposure modeling 
 
M5C-04: Effect of a multisensory biophilic design approach on occupants’ stress, cognitive 
performance, environmental and work-related satisfaction in an office setting 

S. Aristizabal1, K. Byun1, P. M. Porter2, N. Clements1, C. Campanella3, L. Li1, A. Mullan4, S. Ly5, A. Senerat1, I. Z. Nenadic Wood2, B. Bauer4  

1Well Living Lab, Rochester, MN, 2University of Michigan, Ann Arbor, MI, 3Delos Living LLC, New York, NY, 4Mayo Clinic, Rochester, MN, 
5University of St. Thomas, St. Paul, MN. 

Background: Experiencing nature provides a multitude of physiological and psychological health benefits 
including reducing stress and improving mood. Biophilic design has emerged in recent years as an approach 
that aims to reconnect occupants with the natural environment. While previous research has examined the 
impact of visual components of biophilic design, there is limited research on the impact of non-visual aspects, 
leading to a paucity of research on the potential additive benefits of multisensory biophilic design in indoor 
environments. Objective: To assess whether a multisensory biophilic environment can improve occupants’ 
cognitive performance, reduce perceived stress, and increase perceived productivity, mood, connectedness 
to nature, and attentional capacity compared to visual or auditory aspects alone. Visual condition included 
indoor plants, projections of greenery, and nature scene artwork; auditory condition included sounds 
reminiscent of nature; multisensory condition included all components from both the auditory and visual 
conditions. Methods: Across three cohorts, thirty-seven participants were each exposed to four different 
biophilic design conditions (baseline, visual, auditory, and multisensory) which varied weekly over eight 
weeks per cohort. Participants wore a wrist-worn stress sensor daily, completed daily surveys, and 
performed cognitive tasks three times per day, twice a week. Results: Compared to baseline, participants’ 
cognitive performance improved in all biophilic conditions to varying degrees. Working memory improved in 
all conditions: auditory (β = 0.070, p < 0.001), multisensory (β = 0.061, p = 0.001), and visual (β = 0.056, p = 
0.003). Task switching improved in the auditory condition (β = -0.0138, p = 0.002) while response inhibition 
improved in all three biophilic conditions (visual β = -0.0148, auditory β = -0.0299, multisensory β = -0.0187, p 
< 0.001 for all). Participants were most satisfied with the appearance and visual privacy in their work area in 
the visual (p < 0.001, p < 0.001, respectively) and multisensory condition (p < 0.001, p < 0.001, respectively). 
Participant’s physiological (p < 0.001) and subjective stress ratings (p = 0.006) were also lower in the 
multisensory condition compared to baseline. Participants’ satisfaction with their personal productivity 
improved when multisensory natural elements were present in the space (p < 0.01). Conclusions: This 
research demonstrates that exposure to immersive biophilic indoor environments can improve occupants’ 
workplace satisfaction and aspects of cognitive performance while reducing stress in office settings, and 
further highlights the need to consider multisensory biophilic design, as opposed to solely non-visual factors, 
for workers’ performance, productivity and well-being. 
Keywords: built/indoor environment, biomonitoring, behavior, environmental health, Biophilia 
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Session: M6A 

New Approach Methodologies for Exposure Science  
 
Session Chair: John Wambaugh, U.S. Environmental Protection Agency 
 

M6A-01: Bridging the gap between the development and application of exposure 
models with EASE Suite 

J. A. Arnot1, A. Sangion1, L. Li2, L. Toose1, J. Armitage1, T. N. Brown1 

1ARC Arnot Research and Consulting Inc., Toronto, ON, CANADA, 2University of Nevada, Reno, Reno, NV. 

Thousands of chemicals require ecological and human health assessment; however, comparatively few 
chemicals have measured exposure estimates. New Approach Methods (NAMs) including high throughput 
exposure models have been developed and applied to thousands of chemicals to address exposure 
estimation data gaps and to help prioritize chemicals for more comprehensive evaluations. Exposure NAMs 
include mass balance fate and transport models for chemical life-cycle and natural and manufactured 
environments (i.e., homes, workplaces), toxicokinetic (TK) models linking external and internal exposures, 
and databases and statistical models. These scientific advancements are outpacing knowledge transfer to 
stakeholders, e.g., non-government organizations, industry, and regulatory scientists. The Exposure And 
Safety Estimation (EAS-E) Suite platform has been developed to bridge the gap between evolving NAMs and 
applications by non-experts. EAS-E Suite is comprised of curated empirical databases, in silico models for 
predicting chemical properties relevant for persistence, bioaccumulation, and exposure assessment, multi-
media mass-balance environmental fate, TK models, exposure models and the CiP-CAFE tool for estimating 
life cycle chemical mode-of-entry and emission rates. Basic principles of exposure NAMs and their 
implementation in EAS-E Suite are described and case studies are presented. 
Keywords: exposure models, PBPK Modeling, risk assessment, multimedia 
 
M6A-02: Characterizing exposure variability to evaluate if exposure models are  
fit-for-purpose 

R. Dodson1, R. Rudel1 

Silent Spring Institute, Newton, MA. 

High Throughput Exposure (HTE) models provide population median exposure estimates and are useful for 
prioritizing chemicals. However, they do not yet capture exposure variability. Exposure distributions are 
typically right skewed, with the upper end of the distribution sometimes orders of magnitude higher than the 
modeled median. For example, the maximum benzophenone-3 urine concentration in our crowdsourced 
biomonitoring study was 300 times higher than the median and 11 times higher than the 95th percentile, and 
similar variation is common in other data sets, including NHANES. From a regulatory perspective, this suggest 
that even when estimating “upper bound” exposures (typically at the 95th percentile), which is meant to 
conservatively protect “the most highly exposed,” exposure estimates may be substantially under-estimated 
for the truly highly exposed. For chemicals with ubiquitous exposures, the highest-exposed 5% of the US 
population represents 15 million people who would face exposures above high-end estimates. Important 
subpopulations may be concentrated in the upper end of the distribution. For example, non-Hispanic Black 
women are more likely than non-Hispanic White women to have paraben concentrations above the 95th 

percentile in NHANES, suggesting unique exposures among Black women. Higher exposures to consumer 
product chemicals among women of color prompted testing of hair products used by Black women and a 
community-based research study investigating product use and associations with biomonitoring levels in 
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women of color. These types of studies are important because they provide reliable data about exposure 
variability and can be used for model validation. Innovative HTE models and other new approach 
methodologies (NAMs) address requirements for rapid prioritization of chemicals; however, new approaches 
need to be developed to account for exposure variability in order to identify opportunities for reducing 
exposure disparities and to protect the most vulnerable. 
Keywords: environmental justice, statistical methods 
 
M6A-03: Leveraging Non-targeted Analysis of Blood Samples to Characterize the 
Maternal and Newborn Exposome 

D. Abrahamsson1, A. Wang1, T. Jiang2, M. Wang2, A. Siddharth1, D. Goin1, R. Morello-Frosch3, J. Park2, M. Sirota1, T. J. Woodruff1  

1University of California, San Francisco, San Francisco, CA, 2Department of Toxic Substances Control California, Berkeley, CA, 
3University of California, Berkeley, Berkeley, CA. 

Humans are exposed to multiple and variable environmental contaminants in both the indoor and outdoor 
environments through inhalation, ingestion, and dermal absorption. The sum of chemical exposures has been 
previously described as the “chemisome”. The “chemisome” is the part of the exposome which describes the 
sum of all exposures, both chemical and non-chemical, external and internal, throughout our lives. Exposures 
to environmental contaminants during pregnancy are of critical importance due to the increased risk for 
adverse health outcomes for both the mother and the fetus due to periods of critical and unique 
susceptibility to biological perturbations. Recent advances in High-Resolution Mass Spectrometry (HRMS) 
offer the possibility to screen biological samples against extended chemical databases allowing for a more 
holistic characterization of the exposome. We collected 300 maternal and 300 cord matched samples from 
women recruited at Mission Bay and the San Francisco General Hospitals at UCSF to characterize the 
‘chemisome’ during pregnancy. We analyzed the blood samples with Liquid Chromatography - Quadrupole 
Time-of-Flight / Mass Spectrometry and collected MS and MS/MS data in positive and negative electron 
ionization mode. Detected features were extracted and aligned across samples using Agilent’s Profinder and 
Mass Profiler Professional. Features that were matched to the designated database were assigned molecular 
formulas. We observed 740 unique features, out of which, 463 were differentially enriched in maternal and 
cord blood samples, demonstrating clear clustering between maternal and cord samples. Approximately 80% 
of the matched features were more likely to be exogenous chemicals, while the endogenous features 
accounted for approximately 20% of the dataset. Several endogenous chemicals correlated with a great 
number of exogenous chemicals. We identified 242 positive correlations with an r > 0.5, 27 with an r > 0.7 
and 3 with an r > 0.8. Some examples of exogenous chemicals were suspected plasticizers, pesticides and 
flame retardants. Some examples of endogenous chemicals were chenodeoxycholic acid (bile acid), 
progesterone, estrone and cortisol, which are endogenous signaling molecules and hormones that are 
important for regulating metabolism as well as other critical biological functions. Considering that many 
environmental chemicals are biologically active, it is very likely they can disrupt biological signaling pathways 
that result in elevated levels of endogenous metabolic compounds critical for regulating human metabolism. 
Our data have important implications for the study of the exposome in the maternal-fetal unit and how 
environmental exposures disrupt biological pathways, that may contribute to the development of disease. 
Keywords: big data, biomonitoring, aggregate exposure, environmental health, non-targeted analysis 
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M6A-04: Filling Gaps in Exposure Data from Chemical Descriptors with Machine 
Learning 

K. Isaacs1, K. Phillips1, K. Dionisio1, J. Sobus1, E. Ulrich1, J. Wambaugh1 

1Center for Computational Toxicology and Exposure, U.S. Environmental Protection Agency, Durham, NC. 

Many commercial chemicals are data-poor in terms of exposure information. Fortunately, machine learning 
(ML) has become an increasingly common approach to fill gaps in scientific knowledge. Methods used in 
traditional quantitative structure activity/property relationship (QSAR/QSPR) modeling are now being used 
to fill gaps in exposure data. These approaches use measured or reported properties of well-studied 
chemicals to predict information for other data-poor chemicals, based on knowledge of chemical descriptors 
(e.g., structure, physicochemical properties, etc.). Recently, EPA’s ExpoCast project worked to develop robust 
training sets and predictive classification and regression models that enable estimation of key chemical 
parameters and ultimate human exposures in a high-throughput (HT) manner. Models have been developed 
that predict: the functional use of a chemical in products or processes, weight fraction ranges for chemicals 
in consumer products, probability of chemical occurrence in environmental media, and potential pathways of 
human exposure (e.g., consumer, industrial, dietary). In addition, ML models have been built for toxicokinetic 
parameters (e.g. intrinsic clearance rates), that allow for in vitro to in vivo extrapolation of cell-based hazard 
data for comparison with HT exposure estimates. These models provide defensible methods for filling 
knowledge gaps in process-based models, analytical workflows, chemical prioritization, and other risk-based 
evaluations. They also provide a framework that allows for characterization of the chemical domain of 
applicability and incorporation of new data as it becomes available. 
Keywords: big data, statistical methods, exposure models, machine learning 

 
M6A-05: Making use of exposure NAMs to support exposure based adaptations of 
REACH standard information requirements 

T. Dudzina; ExxonMobil Biomedical Sciences Inc., Machelen, BELGIUM. 

The European regulation on Registration, Evaluation and Authorization of Chemicals (REACH) requires 
generation of information on the intrinsic properties (including hazard) of registered substances depending 
on their tonnage. Several provisions were introduced into REACH legal text to allow preparation of 
registrations using the data obtained with alternative methods to help avoid unnecessary animal testing. For 
example, in situations where human or environmental exposure is absent or so low that additional effects 
information will not lead to improvement of risk management, a so called exposure-based adaptation (EBA) 
option may be sought to alleviate standard information requirements. Yet, EBA is the least successfully 
utilized adaptation rule owing to vagueness of terms in REACH legal text (e.g. no significant exposure) and 
obscurity of technical guidance on the matter. In order to justify for a certain endpoint the omission of 
standard information requirements using REACH EBA provisions, rigorous exposure assessment is required to 
demonstrate a high level of confidence in predicted no or no significant exposure. The analysis of ECHA’s 
compliance checks decision letters indicates that in many cases EBA fails due to inadequate or non-
comprehensive exposure assessment linked to e.g. use of “not fit for purpose” exposure modelling tools, 
assumption of high-end exposure controls allegedly present at sites to mitigate the predicted exposure, or 
underuse of measured data to prove no significant exposure throughout the entire chemical life cycle. To add 
clarity and to unlock the full potential of REACH EBA for avoiding unnecessary animal testing, the scientific 
task force of the European Center for Ecotoxicology and Toxicology has developed a vision of what rigorous 
exposure assessment for EBA might constitute and how it could be prepared in the most efficient and 
scientifically robust manner. A novel exposure matrix tool built on various REACH exposure models’ 
predictions for rapid mapping of unbiased/reasonable worker and consumer exposure was developed under 
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the remits of this ECETOC task force. The use of the tool will be demonstrated in a case study. The 
presentation will also discuss a weight of evidence approach that could be applied to reinforce low exposure 
argumentation in the absence of sufficient hazard characterization data. The delivered vision and tools are 
aspired to make future EBA developments consequential, scientifically meaningful and 
proportionate/commensurate with the spirit and goals of REACH. 
Keywords: exposure models, policy, occupational exposure, adaptations of information requirements 
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Innovations and Challenges in Assessing Exposure to Air Pollutants in the San 
Francisco East Bay  
 
Session Chair: Marley Zalay, California Office of Environmental Health Hazard Assessment 
 

M6B-01: Findings from the East Bay Diesel Exposure Project (EBDEP): Using low-cost air 
sensor data, house dust measurements, and biomonitoring to inform exposure 
reduction efforts 

A. Bradman1, D. Kauffman2, R. Castorina1, D. Sultana2, M. Paulsen3, R. Bartlett2, K. Ranjbar1, R. Gunier1, V. Aguirre1, M. Rowen1, R. 
Patterson1, J. DeGuzman4, J. Perez4, C. D. Simpson3, S. Hoover2  

1UC Berkeley, Berkeley, CA, 2California Office of Environmental Health Hazard Assessment, Oakland, CA, 3University of Washington, 
Seattle, WA, 4California Department of Public Health, Richmond, CA. 

Exposures to diesel exhaust (DE) in California vary widely, with low-income communities often experiencing 
disproportionately higher exposures. This presentation will discuss findings from the East Bay Diesel 
Exposure Project (EBDEP), a collaboration of OEHHA,CERCH, and the University of Washington. EBDEP 
measured levels of urinary metabolites of 1-nitropyrene (1-NP) and 1-NP in house dust and indoor air to 
characterize DE exposure among 40 parent-child pairs. Participants were recruited from Oakland, Richmond, 
and other San Francisco East Bay Area communities, based on information on expected DE exposures from 
the CalEnviroScreen tool developed by OEHHA. We are examining the 1-NP data across the various media 
and using exposure questionnaire data and information on proximity to DE sources to advance our 
understanding of exposures in heavily impacted communities. This study is also investigating for the first 
time potential differences in DE exposure between parents and their children, and will help evaluate the 
effectiveness of California’s diesel regulations. 
Keywords: air pollution, community, biomonitoring, environmental justice, Diesel exhaust 

 
M6B-02: Richmond community exposures to airborne polycyclic aromatic hydrocarbons 

E. M. Noth1, C. Perrino1, R. C. Cohen1, S. K. Hammond1; University of California, Berkeley, Berkeley, CA. 

Richmond is a relatively small city in the northeastern part of the San Francisco Bay Area in California. It is an 
industrial city with an active port, light manufacturing, an oil refinery, and many major rail lines and roads, 
including two highways. Despite the ongoing community concerns about air pollution, there is little published 
literature on the temporal or spatial distributions of criteria air pollutants or polycyclic aromatic 
hydrocarbons (PAHs). Human exposure to PAHs is associated with significant adverse health outcomes, but 
the magnitude of and temporal trends in environmental concentrations are not well understood. We 
embarked on this study in Richmond during 2018 and 2019 to better understand air pollution impacts on the 
local community.  PAH air concentrations were measured to help inform the East Bay Diesel Exposure 
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Project, led by the Office of Environmental Health Hazard Assessment, and the Koret Institute for Precision 
Prevention health study. This time period also captured the major regional pollution event caused by the 
Camp Fire in November 2018. 

We collected a total of 161 integrated 24-hour samples for PAHs using 2 methods: 89 Harvard-type impactors 
with two 37 mm filters; and 82 XAD-2 filled sorbent tubes. This reflects a total of 28 days of sampling, 16 of 
which were during usual pollution conditions and 12 during a wildfire air pollution event. The filters were 
analyzed for 16 PAHs and 18 oxygenated PAHs; the tubes were analyzed for naphthalene. 

Restricting our samples to look only at the temporal trends over time at one location, we observed 
concentrations of PAHs in the winter were on average 1.5 times greater than in summer, and the range 
across parent PAHs was 0.09 - 7.5. Concentrations of PAHs during the Camp Fire air pollution event averaged 
3 times the usual winter concentrations for PAHs. Retene, a potential wood smoke marker, increased 10 
times from the usual concentration. 

In addition, we also explored differences by location. Spatial variability in Richmond is high for PAHs. 
Persistent spatial patterns are evident; elevated concentrations occur along the highway corridors, and in 
regions with high rail activity. In particular, our two sites near rails and rail activity were generally higher than 
those where the only nearby source was traffic. Our research demonstrates that traffic and railroads are 
dominant sources of PAH air pollution in Richmond. The only exception to this observation was during the 
Camp Fire extreme air pollution event. 
Keywords: air pollution, environmental health, polycyclic aromatic hydrocarbons 

 
M6B-03: Using Low-Cost Sensors to Characterize Neighborhood-Level Air Pollution 

C. Preble1, J. Caubel1, T. Cados1, R. Sugrue1, J. Butler1, T. Kirchstetter1  

1University of California, Berkeley, Berkeley, CA. 

We deploy custom-built, low-cost black carbon (BC) sensors to characterize neighborhood-scale variability of 
pollution. In close collaboration with community partners, we place BC sensors outside of homes and 
businesses in a well-distributed network. This talk will discuss key insights from recent studies, including 
lessons learned for future community air quality networks. 

In West Oakland, we built the densest network of BC sensors in a single city in the summer of 2017 and found 
that spatiotemporal patterns in BC concentrations were driven by truck activity in and around the 
community. The community-average BC concentration was comparable to the concentration measured at a 
centrally located site operated by the Bay Area Air Quality Management District. However, 75% of locations 
within the community were more polluted than the central monitoring site, with daytime average BC up to 
1.75× higher. Overnight, the spatial gradient within the West Oakland neighborhood diminished, such that BC 
concentrations were more uniform. Areas downwind of the freeway, along the Port of Oakland boundary, and 
at some trucking facilities had persistent elevated BC concentrations in the evening and early morning hours.  

Beginning this year, we will deploy BC sensors in the existing Richmond Air Monitoring Network as part of 
Assembly Bill 617 community air monitoring efforts. The BC sensors will be collocated with low-cost 
particulate matter (PM) monitors in the current network during a summer and winter month, as well as 
during a wildfire event if one occurs over the study period. We will evaluate the seasonality of 
spatiotemporal trends in BC concentrations and the BC/PM ratio to better characterize the contribution of 
local combustion sources to ambient PM concentrations, including emissions from heavy-duty diesel trucks, 
residential wood smoke, commercial charbroilers, and wildfires. 
Keywords: air pollution, fine particlate matter, community 
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M6B-04: Fingerprinting airborne micro- and nanoparticles to elucidate pollution sources 

J. Wagner; California Dept.of Public Health, Richmond, CA. 

California communities are exposed to unique regional sources of airborne particulate matter (PM), such as 
wildfire smoke, agricultural burning, aerosols formed by local atmospheric chemistry, and windblown dust. 
Different communities within the San Francisco East Bay Area are additionally exposed at various times to 
industrial emissions, ship and truck traffic from the Port of Oakland, coastal fogs, and heavy vehicle traffic. 
Although PM often is regulated in terms of total mass concentration from all sources, evidence exists that 
specific sources and sizes of PM may cause different health effects than others. Knowing the source can help 
efforts to control PM, so the impacts of specific local and regional sources are of increasing interest to 
communities. Electron microscopy of individual particles can be used to determine the likely sources of PM 
and minimize future exposures. California Department of Health Environmental Laboratory has deployed 
low-cost passive samplers or analyzed existing regulatory network filters on several occasions to characterize 
airborne micro- and nanoparticles with stakeholders. Passive samplers can be deployed by local community 
members and mailed back to the lab, and are especially useful in locations with no convenient power source or 
intermittent PM exposures. Recent investigations in the San Francisco Bay Area and other California 
communities will be discussed in which various PM sources were identified, including wildfires, diesel vehicles, 
oil burning, crop burning, windblown dust, sea salt, biogenic sources, and secondary aerosol formation. 
Keywords: air pollution, fine particlate matter, cumulative exposure, sensor technology, source apportionment 
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The Chemical Space in Exposure Assessments, PART 1 
 
Session Co-Chairs: Thomas Metz, Pacific Northwest National Laboratory; Oliver Fiehn, U.S. Environmental 
Protection Agency and David Wishart, University of Alberta 
 

M6C-01: What is the exposome 

S. M. Rappaport; University of California, Berkeley, Berkeley, CA. 

Publication of the human genome in 2003 led to speculation that genomic technologies would identify the 
causes of major chronic diseases, particularly cancer and cardiovascular disease, and lead to personalized 
strategies for disease prevention. However, most genome-wide-association studies (GWAS) have not 
detected large effects of common variants on disease incidence. The small effect sizes identified from single 
nucleotide polymorphisms (SNPs) in GWAS are consistent with studies of monozygotic twins that point to 
modest contributions of entire genotypes toward cancer and cardiovascular disease. Thus, in weighing the 
relative influences of heritable genetics and environmental exposures on chronic diseases, it appears that 
exposures and/or gene-environment interactions (G×E) are major causal factors. The implication is that 
scientists seeking unknown causes of chronic diseases should employ a balanced strategy that characterizes 
both heritable genetics and exposures with high resolution. However, in contrast to GWAS that detect 
millions of SNPs with high throughput, etiological studies of human exposures typically rely on low-
throughput methods that target only a few hundred chemicals or mixtures. In this introductory talk I will 
outline how ‘environmental exposures’ can be defined by the blood exposome—the totality of chemicals 
circulating in blood. The blood exposome defines the chemical space of chemicals derived from both 
endogenous and exogenous sources. Endogenous chemicals are represented by the human proteome and 
metabolome, which establish homeostatic networks of functional molecules. Exogenous chemicals arise from 
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diet, vitamins, drugs, pathogens, microbiota, pollution and lifestyle factors, and can be measured in blood as 
subsets of the proteome, metabolome, metallome, adductome, and metagenome (foreign DNA and RNA). To 
conduct exposome-wide association studies (EWAS), blood samples should be obtained prospectively from 
subjects —preferably at critical stages of life—and then analyzed with untargeted omics to find features that 
differ in abundance between incident disease cases and matched controls. Recent EWAS conducted in our 
laboratory to investigate childhood leukemia and colorectal cancer are cited below (1,2). Discriminating 
features from EWAS can motivate follow-up studies that target putative exposures or pathways in 
independent samples of cases and controls and thereby provide evidence for disease causality. 1) Petrick, 
L.M., et al., Metabolomics of neonatal blood spots reveal distinct phenotypes of pediatric acute 
lymphoblastic leukemia and potential effects of early-life nutrition. Cancer Lett, 2019. 452: p. 71-78, 
PMC6499387. 2) Grigoryan, H., et al. Cys34 Adductomics Links Colorectal Cancer with the Gut Microbiota and 
Redox Biology. Cancer Res, 2019. 79(23): p. 6024-6031, PMC6891211. 
Keywords: epidemiology, exposure factors, case-control, health, chronic diseases, exposome 

 
M6C-02: What chemicals constitute the Exposome? Accessing Data via the US EPA’s 
CompTox Chemicals Dashboard 

A. J. Williams1, C. Lowe1, C. Grulke1, J. Sobus1 

1US Environmental Protection Agency, Center for Computational Toxicology and Exposure, Research Triangle Park, North Carolina 

The CompTox Chemicals Dashboard is an open chemistry resource and web-based application containing 
data for ~900,000 substances. While it pales in comparison to other online resources containing many tens of 
millions of chemical substances it represents two decades of effort to aggregate and curate chemical data to 
deliver access to physicochemical properties and environmental fate and transport data, in vitro and in vivo 
toxicity data and consumer product data for over 500,000 products. Associated with the chemical substance 
collections are specific lists based on chemical classes (e.g. polychlorinated biphenyls (PCBs)), usage 
categories (e.g. flame retardants, pesticides), specific environmental classes of interest (e.g. disinfectant by-
products) and regulatory lists (e.g. TSCA, Toxics release inventory data). The underlying database expands 
daily as a result of the efforts of curators who continue to harvest data from peer-reviewed publications, 
regulatory documents and relevant online databases. The cheminformatics architecture allows for mapping 
between parent chemicals and related substances including metabolites and environmental degradants. The 
dashboard has become a valuable resource in the identification of chemical substances in the environment. 
High resolution mass spectrometry (HRMS) and non-targeted analysis (NTA) are of increasing interest in 
chemical forensics for the identification of emerging contaminants and chemical signatures of interest. Our 
research using HRMS for non-targeted and suspect screening analyses utilizes Advanced Search capabilities 
including mass and formula-based searches. A specific type of data mapping in the underpinning database, 
using “MS-Ready” structures, has proven to be a valuable approach for structure identification that links 
structures that can be identified via HRMS with related substances in the form of salts, and other multi-
component mixtures that are available in commerce. These MS-Ready structures have been used as an input 
set for computational MS-fragmentation to provide a database against which to search experimental data for 
spectral matching. This presentation will provide an overview of how CompTox Chemicals Dashboard, the 
underlying data, and how it supports structure identification and non-targeted analysis in chemical forensics. 
This abstract does not necessarily represent the views or policies of the U.S. Environmental Protection Agency. 
Keywords: Open Data, Cheminformatics, QSAR Predictions 
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M6C-03: Measuring the Environmental Exposome 

E. Schymanski, Luxembourg Centre for Systems Biomedicine (LCSB), University of Luxembourg, Belvaux, Luxembourg 

The environment and the chemicals to which we are exposed is incredibly complex, with over 100 million 
chemicals in the largest open chemical databases and over 70,000 in household use alone. Detectable 
molecules in complex samples can now be captured using high resolution mass spectrometry (HRMS), which 
provides a “snapshot” of all chemicals present in a sample and allows for retrospective data analysis through 
digital archiving. However, there is no “one size fits all” analytical method, and scientists cannot yet identify 
most of the tens of thousands of features in each sample, leading to critical bottlenecks in identification and 
data interpretation. Defining the chemical space to search, the analytical methods to use, prioritizing efforts 
to find significant environmental chemicals or potentially toxic substances responsible for observed 
biological/toxic effects as well as their metabolites will be the key to the exposomics challenge, which 
involves reconciling highly complex samples with expert knowledge and careful validation. This talk will cover 
European and worldwide community initiatives to help connect knowledge on chemistry and toxicity with 
measured data and environmental observations to measure the “environmental exposome” - from 
compound databases to spectral libraries and retrospective screening. It will touch on the challenges of data 
curation, deposition and communication between resources, with a focus on recent activities to capture and 
exchange European environmental knowledge for community (re)use. Finally, it will show how 
interdisciplinary efforts and data sharing can facilitate research in exposomics and beyond. The work to be 
presented is a massive collaborative effort for which we are extremely grateful and various contributors will 
be acknowledged throughout the talk. 
Keywords: exposome, environment, high resolution mass spectrometry, cheminformatics, non-target screening  

 
M6C-04: The Dietary Exposome 

Y. Li1, 2, C. Kay1,3, S. Sumner1, 2  

1North Carolina Human Health Exposure Analysis Resource (HHEAR) Hub; 2Nutrition Research Institute, UNC Chapel Hill, Kannapolis, 
NC; 3Plants for Human Health Institute, North Carolina State University, Kannapolis, NC 

The North Carolina Human Health Exposure Analysis Resource (HHEAR) Hub is using quantitative targeted 
and untargeted metabolomics methods to determine constituents in human subject biospecimens that are 
derived from ingestion of foods. In addition to using annotations against public databases, three approaches 
were considered for identification of signals derived from the dietary exposome in biospecimens analyzed 
using untargeted metabolomics.  First, biospecimens that had been previously obtained from feed trials in 
which humans ingested commonly consumed foods (such as blueberries and cocoa) were assessed.  Signals 
in the biospecimens from subjects ingesting the commonly consumed foods were characterized by UPLC-
MS(n). Compounds that were quantified in human biospecimens included phytoestrogens, aromatic ketones, 
benzoic acids, elegiac acids, flavonoids, caffeoylquinic acids, catecholamines, coumarins, hippuric acid, 
hydroxytoluenes, phenylamines, stilbenes, urolithins, valerolactons, and xanthonoids.  The identified 
compounds were then analyzed using a UPLC-Q-Exactive HFx-MS untargeted metabolomics platform to aid in 
the identification of unknown signals derived from the diet.  A second important consideration was to 
include analytes related to essential nutrients, vitamin-like compounds, and vitamins which serve as 
cofactors for hundreds of biochemical reactions important in the production and utilization of acetyl-CoA, 
ATP, NADPH, fatty acids and lipids, amino acids, and neurotransmitters. A third aspect of the dietary 
exposome includes the assessment of environmentally relevant chemicals and their metabolites, that can be 
consumed during the ingestion of foods and beverages, including compounds such as parabens, phthalates, 
and pesticides. This presentation will provide an overview of the metabolites we have detected in human 
subject biospecimens that are derived from naturally occurring compounds that are in common foods, 
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vitamins, essential nutrients, and vitamin-like compounds, as well as additives or contaminants of foods and 
beverages. Funded in part by the NIEHS HHEAR Program 1U2CES030857. 
Keywords: Dietary Exposome, Metabolomics, Foods 
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Advances in Technology and Software to Automate Contact Tracing: Implications 
for Exposure Assessment  
 
Session Chair: Paloma Beamer, The University of Arizona 
 

M7A-01: PACT: Private Automated Contact Tracing 

R. Rivest1, D. Weitzner1, L. Ivers2, I. Soibelman3, M. Zissman3 

1MIT CSAIL MIT Internet Policy Research Initiative Cambridge, MA, 2MGH Center for Global Health Harvard Medical School Boston, 
MA, 3MIT Lincoln Laboratory Lexington, MA 

PACT is a collaboration led by the MIT Computer Science and Artificial Intelligence Laboratory (CSAIL), MIT 
Internet Policy Research Initiative, Massachusetts General Hospital Center for Global Health and MIT Lincoln 
Laboratory. PACT’s mission is to enhance contact tracing in pandemic response by designing exposure 
detection functions in personal digital communication devices that have maximal public health utility while 
preserving privacy. 

The PACT effort began in mid-March 2020 with the development of the PACT protocol specification, which is 
a simple, decentralized approach for using personal digital communication devices for automating exposure 
detection using Bluetooth Low Energy (BLE) signaling.2 The Apple and Google exposure notification services 
(A|G ENS) are largely consistent with the PACT protocol and were released shortly afterwards. 
PACT has four major lines of effort: 

1. Proximity Detection Efficacy: Collect the experimental data required to demonstrate and evaluate 
objectively and quantitatively whether BLE can be used to detect when two people have been closer than 
some medically relevant distance from each other for too long a period of time.3,4 Recommend 
improvements to the A|G approach where appropriate. Investigate other signaling protocols (e.g. 
ultrasound, UWB) as well. 
2. Privacy: Advocate for digital exposure detection approaches to contact tracing that preserve individual 
privacy and civil liberties. Continue to monitor A|G progress on development and deployment of their 
exposure notification protocol, whose decentralized architecture is based in part on PACT, to ensure 
continued A|G adherence to the highest standards of privacy and security. Assess privacy impact of the 
integration of digital exposure detection within public health systems and study the larger legal and public 
policy dimensions of the collection and use of contact tracing information. Share all results openly and 
explain the implications to the PHAs, A|G and others to inform decision-making. 
Integration: Advise public health authorities (PHAs) regarding development of the best system 
architectures and deployment strategies so that they can be smart designers, buyers and users of new 
digital exposure detection functions within operational, integrated contact tracing systems that combine 
core PHA functions with new private automated contact tracing capabilities. Show A|G ENS can be 
deployed in a manner that meets usability requirements of diverse communities and protects privacy and 
the public trust. 
4. Public health efficacy: Study whether and how automated exposure detection can provide measurable 
improvements in manual contact tracing efforts to slow infection rates.  
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M7A-02: Digital contact tracing in response to COVID-19 and the development of a 
quantitative risk scoring approach 

J. Petrie1, A. Wilson2, T. White1, N. Aviles3, P. Beamer2, Z. Szabo1, M. Xie1, J. McIllece4, S. Halai1, K. Ernst2, J. Masel5 

1Covid-Watch; 2Mel & Enid Zuckerman College of Public Health, University of Arizona; 3Graduate Interdisciplinary Program in 
Statistics, University of Arizona; 4World Wide Technology; 5Ecology & Evolutionary Biology, University of Arizona 

Contact tracing is an important part of the public health response to COVID-19. The manual contact tracing 
process can be augmented by using Bluetooth enabled devices to log proximity events and notify people of 
potential exposure to a person diagnosed with COVID-19. Using such an automated system has the potential 
to reduce delays, scale well, and to notify contacts that might not have been found otherwise. By using a 
decentralized architecture, people can receive exposure notifications without any loss of privacy. 
Recommendations about testing, self-isolation and available resources can be provided to notified users 
based on their estimated risk. 

We developed a risk scoring system for estimating risks per exposure logged by a digital contact tracing app. 
This approach includes modeling variability and uncertainty in distance as a function of Bluetooth 
attenuation, characteristics of plumes containing virus that are emitted from infected individuals, exhalation 
rates of the infected individual, and inhalation rates of the exposed individual. A dose is estimated based on a 
product of the expected magnitude of viral shedding of the infected individual during the interaction and a 
weighted sum of time spent in different Bluetooth attenuation ranges. A dose-response curve is then used to 
estimate a probability of infection for the interaction.  

Discounts on this initial risk are then estimated, accounting for incubation periods and shedding durations, to 
estimate a probability of current or future infectiousness each day beyond the day of the interaction. This 
framework can also be adjusted for different rates of asymptomatic infections, prioritize days on which to be 
tested, and can further discount probability of current or future infectiousness based on negative test results. 
In its current form, a 15-minute close contact interaction with an individual during peak shedding would 
result in a 14-day quarantine, assuming a 15% asymptomatic infection rate. This quantitative risk approach 
allows for flexible applications, where a threshold for the probability of current or future infectiousness 
before release from quarantine/isolation can be set by public health authorities. 

Future development of this risk scoring framework includes exploring time-dependent false negative testing 
rates and their effects on risk discounting, further calibrating weights used for the weighted sum of time 
spent in different attenuation ranges, and developing strategies for handling sensitivity and specificity of the 
app in its ability to detect meaningful interactions. 

 
M7A-03: Effective recruitment and engagement strategies for the use of COVID-19 
exposure notification applications in disadvantaged communities 

R. Sinclair1, O. Rodriguez2, J. Elizabeth3 

1Loma Linda University School of Public Health, 2Loma Linda, Loma Linda University Health, Loma Linda, 3COVID-WATCH, Oakland 

In the summer of 2020, the Eastern Coachella Valley community experienced an increase in SARS-CoV-2 
transmission that surpassed other regions of the world. Residents are essential agricultural workers, lack the 
ability to shelter in place, can’t physically distance themselves due to overcrowded living situations in 
multigenerational families and they live in an area with exposures to several environmental contaminants. 
This work presents considerations for prioritizing an early launch of an exposure notification app, COVID-
WATCH, in a small disadvantaged community.  
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We present data from interviews with community members and discuss the challenges and opportunities for 
launching the app in similar latinx communities. An app like COVID-WATCH needs to demonstrate value to a 
critical mass of participants in small focused user communities before it can grow to wider adoption across a 
large state such as California. These communities may offer several advantages as early adopters for the app. 
These are: (1) the youth have a strong affinity towards new mobile phone based technology, (2) this 
farmworker communities has a history of effective community organizing, (3) there is an active group of 
trained promotoras, and (4) the community has already been requesting an app to help them identify COVID-
19 related health and educational resources. The above four considerations should be used when crafting a 
custom local recruitment strategy for  the exposure notification app. 
Keywords: COVID, Vulnerable Populations, Disease Notification 
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Air Pollution Modeling  
 
Session Chair: Dingsheng Li, University of Nevada, Reno 
 

M7B-01: A National Monitoring Network and Empirical Model for Nitrogen Dioxide from 
Road Traffic 

I. Longley1, A. Kachhara2, E. Somervell1 

1National Institute of Water & Atmospheric Research, Auckland, NEW ZEALAND, 2Golder & Associates, Auckland, NEW ZEALAND. 

The New Zealand Transport Agency established a national monitoring network for nitrogen dioxide (NO2) in 
2007, with coverage expanded to over 120 sites in 2010. Passive samplers have been deployed at these sites 
every month for over a decade, allowing both spatial and temporal patterns to be investigated. However, the 
spatial and temporal representativess of sites in the Network has, until now, been assumed and rather 
uncertain. Additional research and screening campaigns have been conducted at numerous locations across 
New Zealand’s urban areas over the past decade and a half so that observational data exists for over 2000 
sites. These data clearly indicate that NO2 concentrations in New Zealand are characterised by very strong 
localised spatial gradients. These data have been used as the basis of a spatial model of long-term NO2 
concentrations arising from road traffic emissions at the necessary high resolution (10 m). The model was a 
simplified land-use regression model for annual-mean NO2 based on a single compound variable: distance-
weighted traffic volume. The weighting function was empirically derived from several experimental 
campaigns in different urban settings. The model has been calibrated for multiple cities across New Zealand 
where monitoring had been conducted at more than 10 sites. The model was then used to better understand 
the representativeness of the monitoring network allowing it to be optimised around a conceptual 
framework of representative and non-representative sites. As the model predicts NO2 from road transport 
alone, the presence of a significant additional source will result in a residual between observation and model 
prediction. This can be used to indirectly model impacts from airports, seaports and industrial sources. The 
same approach can be used to quantify the impact of atypical emissions, such as around signalised road 
intersections and street canyons. 
Keywords: air pollution, risk assessment, built/indoor environment, exposure models  
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M7B-02: High Resolution Modeling of Air Pollution in Pittsburgh, PA 

K. Wagstrom1, Y. Li1 

1University of Connecticut, Storrs, CT. 

Living in close proximity to major roads is associated with decreased respiratory and cardiovascular health 
and lower life expectancy. Unfortunately, over 19% of the United States population lives near major roads 
with low socioeconomic status individuals representing a disproportionately large fraction of that population. 
In addition, many individuals actively commute and exercise along major roads. While air pollution from 
roads dissipates with distance, reaching background levels by 500m, this still leaves a significant fraction of 
the population routinely exposed to traffic-related air pollution (TRAP) levels substantially higher than 
background concentrations. There is an urgent need for improved estimates of air pollutant concentrations 
on relevant spatial and temporal scales to facilitate local policy development, urban planning, and 
epidemiological studies. We have recently developed a hybrid-modeling framework, HYCAMR, to address this 
need. HYCAMR combines a regional chemical transport model, CAMx, and a road dispersion model, R-LINE, 
to estimate hourly pollutant concentrations at 40m x 40m resolution. We use HYCAMR to estimate spatially 
and temporally resolved concentrations of NOx, PM2.5, and elemental carbon (EC) in Pittsburgh in 2011. We 
compare the HYCAMR estimates against high resolution monitoring carried out by the CACES team at 
Carnegie Mellon University. We then use the modeled concentrations to estimate air pollution exposures. 
Keywords: air quality, air quality sensor 

 
M7B-03: Green Heart Louisville: Community-Level Assessment of Exposure to Air 
Pollution 

P. Prathibha1, E. Cross2, R. L. Strehl3, R. Yeager3, A. Bhatnagar4, J. R. Turner1 

1Dept. of Energy, Environmental & Chemical Engineering, Washington University in St. Louis, Saint Louis, MO, 2QuantAQ Inc., 
Somerville, MA, 3Envirome Institute, University of Louisville, Louisville, KY, 4Environme Institute, University of Louisville, Louisville, KY. 

Green Heart Louisville (greenheartlouisville.com) is a prospective cohort study examining linkages between 
urban vegetation and cardiovascular health, an association potentially mediated by the effect of vegetation 
on local air quality. We monitor long-term air quality and greenness in a 12 km2 study area in Louisville, KY, in 
tandem with a clinical study assessing cardiovascular function and risk factors in area residents. A 2.5 km2 
contiguous portion of the study domain serves as the intervention area where mature vegetation, selected 
for ecological compatibility and pollutant removal characteristics, is installed beginning in Fall 2019 for near-
road and neighborhood-scale greening; the remaining area serves as the control. We characterize ambient 
air pollution through long-term measurements that include (1) two-week integrated passive sampling of 
nitric oxide (NO), nitrogen dioxide (NO2), and ozone (O3) repeated every two months in a 60-site fixed 
network; (2) recurring high time-resolution (1 Hz) monitoring of ultrafine particle (UFP) number 
concentrations and black carbon (BC) on a mobile-platform throughout the study domain; and (3) periodic 
high time-resolution (0.03 Hz) monitoring of gas- and particle-phase pollutants at up to four fixed locations. 
Annual average NO mixing ratios from 2019 are 3-5-fold higher near major roadways and commercial 
facilities and 2-3-fold higher near parking lots of churches and schools. O3 mixing ratios at these high traffic 
sites are depressed, consistent with titration by NO. While these time-integrated gas measurements are 
spatially heterogenous, contemporaneous high time-resolution PM2.5 mass concentrations measured using 
QuantAQ multipollutant nodes are highly correlated (0.77<r<0.83) at locations with varying proximities to an 
interstate highway, an international airport, and commercial/industrial facilities. Relative to the daytime 
PM2.5, nighttime concentrations at these sites increase by 36±5% and 30±10% on weekdays and weekends, 
respectively, reflecting the dynamics of the atmospheric mixed layer and diurnal emission patterns. In 
contrast, UFP number concentrations from mobile-platform measurements strongly depend on wind 

https://infinityconferences.sharepoint.com/ICG_DATA/Conferences/ISES%20-%20Conferences/2020%20Meeting/Abstract_Program/greenheartlouisville.com


 
 

I S E S  2 0 2 0  S E S S I O N  A B S T R A C T S     |    S - 48 
 

direction: for winds parallel to an interstate highway with a 10-foot sound wall, near-road (10-50 m) 
concentrations remain at background levels even during rush hour traffic conditions; under crosswinds, 
however, 3-5-fold elevated concentrations extend to 750 m downwind of the sound wall even at night. 
Overall, these measurements show that air pollutants have distinct and persistent spatiotemporal patterns 
within the study domain, and future work will integrate advanced GIS techniques such as hyperlocal land-use 
regression models to estimate residential-level exposure to ambient air pollution before and after planting to 
inform the clinical study. 
Keywords: air pollution, GIS, particulate matter (PM), air sensor, Low cost sensor, hyperlocal exposure 
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M7C-01: Sources of Personal PM2.5 Exposure in the MADRES Cohort during the Third 
Trimester of Pregnancy 

Y. Xu1, J. Cabison1, T. Chavez1, J. Wilson1, T. Bastain1, C. Breton1, R. Habre1; 
University of Southern California, Los Angeles, CA. 

Introduction: In-utero exposure to particulate matter with aerodynamic diameter less than 2.5 µm (PM2.5), 
particularly in the third trimester, is associated with low birth weight and higher risk of metabolic syndrome 
and obesity later in life. PM2.5 is a mixture whose toxicity varies based on its chemical composition and 
sources. Therefore, understanding sources contributing to total personal PM2.5 exposure is important for 
assessing its health impacts as well as recommending strategies to effectively reduce exposures, especially in 
sensitive populations such as low income, pregnant women. Objectives: The goal of this study is to identify 
the main sources of PM2.5 and quantify their contributions to personal exposures among low-income, 
pregnant women living in Los Angeles, CA. Methods: We collected 48-hour integrated personal PM2.5 
samples on 37mm Pall Teflo filters using a Sensidyne Gilian Plus pump and Harvard Personal Environmental 
Monitor (PEM) in 139 women in their 3rd trimester, along with information on time-activity patterns and 
household characteristics, ambient air pollution and meteorology data. We analyzed the filters for PM2.5 
mass (gravimetric), elemental composition (X-ray fluorescence, 48 elements) and black and brown carbon 
concentrations (optical transmissometry). We used the EPA Positive Matrix Factorization (PMF) model to 
resolve the major sources of personal PM2.5 exposure and quantify their contributions to total mass. We used 
non-parametric correlations and regression analysis to identify personal behaviors and time-activity patterns 
or residential and neighborhood characteristics that were associated with identified sources. Results: We 
identified six major sources of personal PM2.5 exposure as follows (with their characteristic elements in 
source profiles and % contribution to total PM2.5 mass in parentheses): secondhand smoking (BrC: 57.2%), 
crustal (Fe, Ti, Ca: 17.9%), aged sea salt (S, Na: 12.6%), biomass burning (K: 8%), cooking (Cl: 4.4%), and traffic 
(BC, Zn, Si: negligible mass). The majority of PM2.5 mass (~62%) was contributed by two sources that 
correlated with indoor activities and time spent at home (secondhand smoking, cooking). Crustal and traffic 
correlated with time spent outdoors and near traffic, respectively; while biomass burning and aged sea salt 
correlated with outdoor pollutants (K, and N, S and O3, respectively). Conclusions: We identified six distinct 
sources contributing to personal PM2.5 exposures of pregnant women in the 3rd trimester. The indoor 
environment dominated personal exposures; however, time-activity patterns and pollutants of outdoor 
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origin were also important drivers. Ongoing analyses are examining the impact of geospatial exposures 
within activity spaces (GPS) on personal exposures. 
Keywords: fine particlate matter, activity patterns, personal exposure; source apportionment; pregnancy 
 
M7C-02: Gestational exposure to Volatile Organic Compounds (VOCs) in Residential 
Indoor Air and Tap Water in the Exposures in the Peace River Valley (EXPERIVA) study 

E. Caron-Beaudoin1, M. Verner1 

1Universite de Montreal - School of Public Health, Montreal, QC, CANADA. 

Background: Northeastern British Columbia (Canada), located on the Montney formation, is an area of 
intensive hydraulic fracturing for unconventional natural gas exploitation. Hydraulic fracturing operations can 
release contaminants such as volatile organic compounds (VOCs) that have been associated with adverse 
birth outcomes. However, information on human exposure to contaminants released by this industry 
remains limited. Objective: To assess exposure to VOCs in the residential indoor air and tap water of 85 
pregnant women from the Peace River Valley as part of the Exposures in the Peace River Valley (EXPERIVA) 
study. Methods: Enrolled participants installed a passive air sampler in the living or family room of their 
home for 7 days. The sampler was shipped to a laboratory for the analysis of 47 VOCs. Two tap water 
samples (first-flush and after 5 minutes) were collected by the recruiter and sent to a laboratory for the 
analysis of 44 VOCs. VOC levels in indoor air and tap water were compared with available nationally 
representative levels in Canadian homes using data from the Canadian Health Measure Survey (43 VOCs in 
indoor air and 5 VOCs in drinking water). Results: Multiple VOCs were detected in more than 50% of the 
residential indoor air (44 out of 47) and tap water (4 out of 44) samples, respectively. For 31 out of 47 VOCs 
in residential air, median levels in the EXPERIVA study were between 1.3 and 8 times higher than the national 
median levels. For 11 VOCs, between 10 and 28% of the participants had residential air levels above the 
national 95thpercentile levels. For example, 24 participants (28%) had indoor air levels of 2-methyl-2-
propanol over the CHMS 95thpercentile (1.35 µg/m3). In EXPERIVA, the median level of total trihalomethanes 
in tap water was 3.7 times higher than the national median level, and 60% of the participants had tap water 
levels of total trihalomethanes above the national 95thpercentile level. Conclusion: Our results suggest that 
exposure to certain VOCs (e.g., pentane, hexane, styrene, 2-methyl-2-propanol, 1-propanol, 1,4-dioxane) in 
residential indoor air and trihalomethanes in tap water of pregnant women who participated in the 
EXPERIVA study might be higher than in the general Canadian population. Documenting gestational exposure 
to environmental chemicals in this region is paramount to assessing health risks and developing exposure 
mitigation strategies. 
Keywords: air pollutants, water, VOCs, prenatal 

 
M7C-03: Metabolomics of Maternal Exposures to Per- and Polyfluoroalkyl Substances 
(PFASs) among African American Pregnant Women in the Southeastern United States 

C. Chang1, K. Li1, D. Barr1, P. Ryan1, P. Panuwet1, K. Uppal1, V. Ly1, D. Jones1, E. Corwin1, A. Dunlop1, D. Liang1 

1Emory, Atlanta, GA. 

Background: Prenatal exposures to PFAS, a group of synthetic and persistent compounds detected widely in 
environment, biota, and humans, have been linked to adverse birth outcomes, such as preterm birth and 
restricted fetal growth. African American women are disproportionately exposed to high PFAS levels and 
experience higher rates of adverse birth outcomes. Several potential biological pathways are theorized as 
underlying these adverse birth outcomes including oxidative stress, endocrine disruption, and lipid 
metabolism disruption; however, detailed molecular mechanisms have not been established. The 
investigation of prenatal serum metabolic profiles in relation to PFAS exposure could advance our knowledge 
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of these biological mechanisms and identify potential biomarkers for PFAS-related effects. Methods: 
Targeted exposure assessment measuring 14 serum PFAS and untargeted serum metabolomics profiling were 
conducted using liquid chromatography with high-resolution mass spectrometry among 301 pregnant African 
American women in Atlanta, Georgia, during the first trimester or early second trimester. We performed an 
advanced untargeted Metabolome Wide Association Study (MWAS), coupled with pathway enrichment 
analysis to evaluate metabolic perturbation associated with PFAS exposure. Results: Four out of 14 PFASs, 
including PFHxS (perfluorohexanesulfonic acid), PFOS (perfluorooctanesulfonic acid), PFOA 
(perfluorooctanoic acid), and PFNA (perfluorononanoic acid) were found to have higher detection rates (97-
99%), with geometric means 0.99, 2.03, 0.63, 0.24 ng/mL, respectively. Among 29,524 extracted metabolic 
features, 65 metabolic features were significantly associated with one or more PFASs levels after adjusting 
for multiple comparisons and potential confounders, including age, delivery hospital, education, BMI, parity, 
sex of fetus, and tobacco use. In total, we found 11 metabolites, further validated by authentic chemical 
standards in the laboratory, that were significantly associated with PFAS exposure. Among these validated 
metabolites, glycerol 2-phosphate, 1-oleoyl-rac-glycerol, and 10-hydroxydecanoate were either endogenous 
glycerophosphates or fatty acids, suggesting a possible perturbation of oxidative stress, lipid, fatty acid, and 
glycerophospholipid metabolism. Other pathways associated with PFAS exposure included amino acid, 
carbohydrate, and nucleotide metabolism. Conclusion:This study among African American pregnant women 
provides information on maternal metabolic perturbation associated with PFAS exposure. The significant 
metabolites and enriched biological pathways highlight functional biomarkers and disrupted biological 
pathways related to exposure to PFAS. 
Keywords: PFAS, metabolic, biomarkers, susceptible/vulnerable 
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M8A-01: Metabolomic technologies to identify biomarkers of poorer prognosis in 
colorectal cancer patients 

Y. Cai1, N. Rattray1, P. Paty2, S. Khan3, C. H. Johnson1 

1Yale School of Public Health, New Haven, CT, 2Memorial Sloan Kettering Cancer Center, New York, NY, 3Yale School of Medicine,  
New Haven, CT. 

Colorectal cancer (CRC) is the third most commonly diagnosed cancer in women and men worldwide. Its 
etiology is complex, and the predominating risk factors involve environmental influences. These influences 
include diet, environmental chemicals, pre-existing diseases, smoking, alcohol use, disruption to circadian 
rhythms, and the presence and organization of pathogenic microbiota. However, the development of CRC is 
likely due to a combination of these environmental influences, genetic susceptibility and immune response 
mechanisms. The interplay between these influences and their effect on cancer development and patient 
survival are not well understood. Using untargeted metabolomics analysis on a cohort of 240 CRC patient 
colon tissues we identified metabolites positively correlated with cancer recurrence. We also identified a sex-
specific metabolic phenotype in women with CRCs, associated with aggressive tumor biology, that was 
validated in additional tumor cohorts. We show that these metabolites can be generated by the tumor cells, 
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and can be externally derived from the diet, they can also be modulated by the microbiome, and potentially 
effect tumor growth and host immune responses. 
Keywords: metabolism, big data, analytical methods, health, chronic diseases, cancer 

 
M8A-02: New Technologies for Long-term Environmental Exposure Assessment 

P. Hystad1, A. Larkin1 

1Oregon State University, Corvallis, OR. 

Identifying and preventing environmental causes of cancer requires estimating long-term personal 
exposures. Most exposures do not have valid biomarkers and studies therefore rely on external exposure 
methods. Approaches are split broadly into methods for modelling exposures for large populations versus 
measuring exposures for small populations. However, smartphones, deep learning models and new sensors 
offer tremendous opportunity for unifying these approaches and improving long-term personal exposure 
prediction at scales needed for population-based research. In this presentation we will provide examples of: 
(1) leveraging existing individual time-activity data from Google Location History to estimate long-term 
environment exposures; (2) integrating image-based deep learning models to assess environmental 
exposures; and (3) applying new air pollution sensors to large epidemiological studies. We argue that a multi-
disciplinary approach is needed to combine these types of technologies to estimate long-term personal 
exposures for epidemiological research, but also to determine drivers of these exposures and new 
prevention opportunities. While available technologies can revolutionize environmental exposure science 
there are important ethical, privacy, and data sciences challenges that must be addressed before widespread 
implementation can occur. 
Keywords: exposure models, geospatial analysis/GIS, epidemiology 
 
M8A-03: New technologies for personal exposure assessment 

D. Donaire; Australian Catholic University, Melbourne, AUSTRALIA. 

Cancer risk is significantly influenced by human exposure, accounting for up to 70% of the risk. Human 
exposures are complex to quantify as they depend on the time, location, activity, and surrounding 
environment of individuals. Thus, researchers have had to design exposure assessment relying on 
retrospective and self-reported exposures or on specific microenvironments. Technological advances in 
mobile personal computers and the miniaturization of sensors have made the dynamic assessment of 
personal exposure easier and more feasible for researchers. In this symposium, I will present two examples 
of new technologies for the dynamic evaluation of personal exposure (ExpoApp and MEES). ExpoApp is a 
system for monitoring multiple personal exposures, developed as part of the project EXPOsOMICS. ExpoApp 
integrates the time-resolved measurements of the built-in smartphone sensors, external Bluetooth 4.0 
sensors, portable monitors, and activity/travel diaries. It has already been used to monitor 11,786 person-
days in 16 European cities. The study demonstrated the validity and benefits of smartphone location and 
activity measurements. The agreement on location and activity level between ExpoApp and the reference 
tools was 87% and 76%, respectively. In addition, the smartphone identified 29% more trips reported in the 
diaries than the GPS tracker (P<.001). ExpoApp has also been used to characterize the levels and variability of 
personal exposure to air pollution, noise, green spaces, ultraviolet radiation and physical activity, the latter 
two being closely associated with cancer. The personal exposure levels found for many of these exposures 
were above the health recommendations. The variability in exposure levels was shown to be determined by 
30% by differences between cities, 30% by differences between individuals, and 40% by differences in 
individual behavior/activity. On the other hand, MEES, designed by Utrecht University, is a system that 
combines a dynamic model of personal exposure and eHhealth applications. MEES integrates smartphone 
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location, spatiotemporal models, a route planner, a participatory mapping system and a set of surveys and 
mini-cognitive games triggered by time/location/activity. MEES is designed to allow the evaluation of entire 
cities over months or years. In addition, it helps to empower citizens on environmental issues such as air 
pollution, allowing them to choose the least polluted commuting route. Both systems, ExpoApp and MEES, 
are still in very early stages, but have already demonstrated their potential for a more complete assessment 
of personal exposure. These and other applications will allow the accuracy of exposure assessment to be 
more in line with clinical tests. 
Keywords: sensor technology, exposure models, exposure factors, behavior 
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M8B-01: Microplastics in Food and Drinking Water 

 S. Coffin1, W. Smith2 

1State Water Resources Control Board, Sacramento, CA, 2Office of Environmental Health Hazard Assessment, Oakland, CA. 

While it has been known for decades that microplastics are ubiquitous, persistent contaminants in marine 
environments, recent studies have focused on human exposure to microplastics, finding microplastics in 
food, water and air. Microplastics may enter food from the shedding of particles from packaging, ingestion 
and internalization of particles by animals (meat), aerial deposition, and potentially through plant uptake and 
translocation. In drinking water, microplastics in surface source water may bypass treatment, or may be 
introduced to drinking water during the treatment process itself. In the case of bottled water, microplastics 
may also be shed from the plastic container. Humans may inhale microplastics in outdoor air- which can be 
transported long ranges through aeolian transport, snow, rain, and sea spray, or through indoor air- in which 
household products such as carpets and clothing may shed microfibers and microplastic fragments. A lack of 
standardized methods and quality control, as well as a relatively small number of available studies, provide 
significant challenges to estimate human exposure to microplastics. 
Keywords: water, food, cumulative exposure, analytical methods, Microplastics 
 
M8B-02: Microplastics in San Francisco Bay: Abundance, Transport, Fate, and Policy 
Recommendations 

R. Sutton1, M. Sedlak1, D. Lin1, A. Gilbreath1, E. L. Miller1, C. Box2, R. C. Holleman3, A. Zhu4, K. Munno4, C. Rochman4 

1San Francisco Estuary Institute, Richmond, CA, 2The 5 Gyres Institute, Santa Monica, CA, 3University of California at Davis, Davis, CA, 
4University of Toronto, Toronto, ON, CANADA. 

Microplastics are a diverse class of persistent contaminants that have been observed in water, sediment, and 
wildlife worldwide. Microplastics and other microparticles were characterized in San Francisco Bay and the 
adjacent Cordell Bank, Greater Farallones and Monterey Bay National Marine Sanctuaries to determine 
abundance, sources, pathways, and loadings of these contaminants in a densely populated urban 
environment. Field staff collected samples of stormwater runoff, wastewater effluent, open Bay and 
Sanctuary surface waters, Bay sediment, as well as two species of prey fish and two species of bivalves. All 
samples were analyzed for microparticles using visual techniques; a subset of the particles was examined via 
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Raman or Fourier-transform infrared (FTIR) spectroscopy to identify whether they were composed of plastic 
polymers or other materials. Levels observed in Bay surface waters and sediment were some of the highest 
recorded globally to date. Most samples of Bay biota contained microparticles, particularly fibers. Urban 
stormwater was identified as the predominant pathway for discharge of microplastics relative to wastewater. 
Black rubbery fragments were a dominant particle type within stormwater, and vehicle tires were indicated 
as one likely source. The concentrations of microplastics and other microparticles observed in the Bay were used 
to validate a process-based particle transport model for the Bay and Sanctuaries that can be used to predict the 
transport and fate of microplastics in the region. Findings further informed a collaborative, multi-stakeholder 
process to develop data-driven, region-specific policy recommendations to reduce microplastic pollution. 
Keywords: multimedia, water, wildlife 
 
M8B-03: Identifying and Addressing Data Needs to Evaluate Human Exposures to 
Microplastics 

G. Zarus1, Y. Carroll1, G. Casillas1, C. Hunter1, B. Hubbard1, C. Muianga1, M. Zarate-Bermudez1, S. Pappas1 

1Agency for Toxic Substances and Disease Registry, Atlanta, GA. 

Microplastics are environmentally persistent pollutants characterized by their diverse composition and small 
size (<5mm). Microplastics can be manufactured like microbeads, tire crumb, polyester fibers from clothing 
and carpets, and result from fragmentation processes of plastics disposed in the environment. Microplastics 
pervade our environment and human exposure is certain. However, exposure-dose and possible health 
effects have not been established. Some microplastic fibers and particles are small enough to become 
internalized and transported within our bodies (e.g. respirable particles PM10 and 2.5; particles 0.02-0.05 µm 
in size can drain through lymphatics and recirculate to blood). However, most of the environmental samples 
collected have been characterized as larger particles that are unlikely to be absorbed. Other relevant 
considerations include the composition and physicochemical characteristics of plastics (shape, density, and 
surface chemistry), and the composition of additives and absorbed or adsorbed contaminants. The array of 
variables, and uncertainty as to which may be most relevant to health pose challenges for exposure 
assessment.The CDC National Center for Environmental Health (NCEH) and the Agency for Toxic Substances 
and Disease registry (ATSDR) developed a microplastics working group with a vision and objectives to: 1) 
Identify the scientific information and data that are lacking to define health risks; 2) Create constructive 
partnerships to broaden outreach; 3) Energize communities and institutions to develop initiatives to stop 
harmful microplastic exposures in our environment.We highlight activities that the NCEH/ATSDR working 
group has conducted to accomplish the objectives. We present an overview of what is known about the fate 
and transport of microplastics in the environment, and potential human exposures to microplastics in 
drinking water, air, and food. We will also highlight the data gaps that may inform policy-relevant research 
roadmap to address the many uncertainties in this important area. 
Keywords: air quality, analytical methods, occupational exposure, Microplastics 
 
M8B-04: Challenges in Understanding Human Exposures to Chemicals in Crumb Rubber 

J. Claude1, P. Wong1, R. Maddalena2, M. Russell2 

1Office of Environmental Health Hazard Assessment, Sacramento, CA, 2Lawrence Berkeley National Lab, Berkeley, CA. 

More than 900 synthetic turf fields are located across California. Commonly infilled with crumb rubber made 
from ground-up recycled tires, these fields are home to various sports like soccer that attract participants of 
various ages, especially young children. Concerns recently emerged about the possible health effects 
associated with exposures on these fields, including cancers in young soccer athletes. Crumb rubber has a 
complex physical structure and contains numerous naturally occurring or proprietary chemicals. Limited 
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knowledge is available on the extent of exposure to crumb rubber and the bioaccessibility of these tire-
related chemicals. Adding to the complexity of exposure is the excellent absorptivity of environmental 
pollutants on the crumb rubber. Outdoor fields are subject to continuous environmental insults (e.g., sunlight 
and ozone) that gradually breakdown the grain-size crumb rubber into small fine particles. Similar in size to 
microplastics, these fine rubber particles become airborne during sport activities or dispersed by wind and 
cause inhalation exposure to tire-related chemicals and environmental pollutants on the rubber particles. 
Thus, the fine particles may act as carriers for inhalation exposure to environmental pollutants. Recently, the 
Office of Environmental Health Hazard Assessment (OEHHA) initiated an environmental study of synthetic 
turf fields. Using the non-targeted chemical analyses of crumb rubber sampled from fields, we tentatively 
identified over 400 organic chemicals and some are common environmental pollutants. The list contains 
known carcinogens and other known toxicants, but most of the chemicals are unknown in toxicity. Our study 
also sampled, on-field during soccer practices, airborne particulate matters with a diameter ≤2.5 μm (PM2.5). 
We conducted analyses of the chemicals on these particles. Inhalation exposure to these respirable particles 
may cause exposures to the tire-related chemicals and the environmental pollutants. Child athletes have 
breathing zones close to the field surface and higher body-weight normalized breathing rates than adult 
athletes that lead to higher levels of inhalation exposure to chemicals adhered on these fine particles. 
Overall, the large number of chemicals of unknown toxicity and uncertainty in the bioaccessibility of 
chemicals on airborne fine particles pose great challenges on assessing the potential health risk associated 
with the uses of synthetic turf fields. 
Keywords: VOCs, children, sampling methods, Toxic/Toxicology, Microplastics 
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M8C-01: Actions to address the 2019-2020 E-cigarette, or vaping, product-use 
associated lung injury (EVALI) outbreak in California 

K. Attfield1, C. Armatas1, W. Chen1, K. Cummings1, J. Fowles1, A. Heinzerling2, K. Kumagai1, G. Vrdoljak1, P. Wang1, J. Wagner1, J. 
Wilken2, D. Xu1 

1California Department of Public Health, Richmond, CA, 2US Centers for Disease Control and Prevention, Richmond, CA. 

In California, the e-cigarette, or vaping, product use-associated lung injury (EVALI) outbreak was associated 
with 210 hospitalizations and 4 deaths across the state from August 2019 through February 2020. The 
California Department of Public Health quickly mounted a response in conjunction with local health 
jurisdictions, other California departments, and national partners. This response included case investigations; 
chart reviews; device, e-liquid, and biological sample collections; laboratory analyses of e-liquids, aerosol, 
and devices; robust review of wide-ranging toxicological and clinical literature; public and scientific 
communications; and enforcement and policy actions. This talk will address major components of the 
California response, including investigations into causative agents, epidemiological analyses, and the 
transition to long-term surveillance and public health campaigns on e-cigarette, or vaping, products. 
Keywords: respiratory health, consumer and personal care products, air pollutants, aerosol, EVALI 
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M8C-02: Identification of Vaped Vitamin E Acetate as a Cause of E-cigarette, or Vaping, 
Product Associated Lung Injury (EVALI) 

B. Blount; Centers for Disease Control and Prevention, Atlanta, GA. 

E-cigarette, or vaping, product associated lung injury (EVALI) first appeared in June 2019 and became a public 
health crisis in August 2019. As of February 18, 2020, a total of 2,807 hospitalized EVALI cases or deaths have 
been reported to CDC from all 50 states, the District of Columbia, and several U.S. territories and other 
countries. Sixty-eight deaths have been confirmed in 29 states and the District of Columbia (as of February 18, 
2020). This presentation will describe efforts to develop and apply new analytical methods to measure 
potentially causal chemicals in e-liquids, vaped aerosols, and bronchoalveolar lavage fluid collected from EVALI 
cases. These measurements implicate vaped vitamin E acetate as a potential cause of lung injury. Further data 
will be presented to demonstrate that mice exposed to vaped vitamin E acetate develop lung injury. 
Keywords: biomonitoring, consumer and personal care products, emergency response, respiratory health 
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M8C-04: Potential Toxicity of Vitamin E Acetate Thermal Degradation Products 

J. Thornburg1, E. Dowell1, J. Kim1, A. Kovach1, R. Carter1, M. McCombs1, S. Cho1 

1RTI International, Research Triangle Park, NC. 

Originally developed for use as nicotine delivery devices, electronic cigarettes (e-cigarettes) are increasingly 
being used to vaporize other substances such as Δ9-tetrahydrocannabinol (THC) and hemp-derived 
cannabidiol (CBD). However, propylene glycol and vegetable glycerin are less than ideal for delivery of THC 
and CBD due to their interaction with the lipophilic properties of these cannabinoids. Consequently, 
alternative solvents such as Vitamin E Acetate (VitE) are used as the carrier liquid. Vaping of VitE is associated 
with the electronic vaping associated lung injury (EVALI) crisis that occurred in 2019. This study investigated 
the thermal degradation products formed during the vaping of VitE. Our hypothesis is that these products 
could be contributing factors to EVALI. We vaqed VitE in 3 types of tanks. The KangerTech NRMesh was 
tested at multiple wattages (20W, 50W) and number of puffs (2, 5 10). A V8 X-Baby M2 and Exxus E6 were 
tested at 10 puffs and a single power, 40W and 12W, respectively. We followed a modified CORESTA 
Research Method 81 (CRM 81) for a smoke profile of a 55 mL puff over 3 s every 45 s for the duration of the 
test. The RTI ENDS-Chek controlled the puffed generation. Vaped VitE aerosol was collected on 44 mm 
Cambridge filter pads. After gravimetric analysis, aerosol was extracted with acetonitrile and analyzed on a 
Thermo Scientific Trace 1310 gas chromatography system coupled to a Thermo Scientific Q-Exactive Mass 
Spectrometer.In general, VitE thermally degraded into a variety of phenols, alkenes, and alcohols of different 
chain lengths. The presentation will discuss the relationship between the experimental variables and the 
quantity of specific chemical compounds formed. We will discuss the toxicity of these compounds as 
reported in the published literature and relate the findings to concurrent in vitro necrosis and IL-6 cytokine 
expression results. 
Keywords: consumer and personal care products, aerosol, Toxic/Toxicology, health, chronic diseases 
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M8C-05: What insights can social media provide about the EVALI crisis? 

T. Bukowski1, L. Zitney2, A.Kim2 B.Blount3 

1Center for Health Policy Science and Tobacco Research, RTI International (Berkeley, CA) ; 2Center for Health Policy Science and 
Tobacco Research, RTI International Research Triangle Park, NC; 3Centers for Disease Control and Prevention, Atlanta, GA. 

The electronic vaping associated lung injury (EVALI) outbreak revealed that in a largely unregulated marketplace 
consumers are mixing chemicals and using vaping cartridges with limited knowledge about the safety of these 
products. EVALI cases were linked to THC-containing vaping products that were commonly obtained from 
informal sources or online dealers.  Social media may be an important source for how individuals share 
information about vaping products and use behaviors.  Researchers have mined public posts on social media 
platforms such as Reddit to gain deeper understanding of emerging public health issues including cannabis and 
e-cigarette use.  To examine whether social media data could have provided insights into the EVALI outbreak, 
we analyzed public posts on cannabis, vaping, and cartridge subreddits.  In this presentation, we will summarize 
the extent to which negative health consequences were discussed in the context of specific vaping brands, 
chemicals, and constituents and discuss how social media data could be used to help detect future outbreaks. 
Keywords: Social Media; vaping behavior  
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Session Co-Chairs: Guofeng Shen, Peking University and Ajay Pillarisetti, Emory University 
 

TOA-01: Emissions-to-Exposure (E2E) Modeling approaches for estimating personal 
exposure to household air pollution: a case study in Kenya 

M. Johnson1, R. Piedrahita1, A. Pillarisetti2, M. Rossanese1, M. Shupler3, R. Chartier4, E. Puzzolo3, D. Menya5, D. Pope3 

1Berkeley Air Monitoring Group, Berkeley, CA, 2Emory University, Atlanta, GA, 3Dept of Public Health and Policy, University of 
Liverpool, Liverpool, UNITED KINGDOM, 4RTI International, Research Triangle Park, NC, 5Dept of Epidemiology and Biostatistics, School 
of Public Health, College of Health Sciences, Moi University, Nairobi, KENYA 

Assessing personal exposure to air pollution is often technically challenging, costly, and intrusive. Global 
efforts to model exposure from other predictors have yielded uncertain and inconsistent results. High 
variability between and within households for relevant predictors, the challenge of collecting data streams 
with predictive power, and wide heterogeneity in data collection methods have impeded past efforts to 
model exposure from purportedly easier to measure parameters. 

As part of ongoing work by the NIHR CLEAN-Air(Africa) Global Health Research Group in Eldoret, Kenya, we 
collected 24-hour personal exposure and area concentrations of PM2.5 and CO using MicroPEMs (RTI 
International, USA) and Lascar EL-USB-CO300 (Lascar, UK) monitors from 60 households. The participants’ 
proximity from the stove was also tracked continuously over the monitoring periods, using Bluetooth 
technology. In the same households, we also collected PM2.5 and CO emissions samples from traditional 
wood and charcoal stoves and LPG stoves, and tracked usage of stoves over time using thermocouple-based 
Stove Use Monitors (Geocene Inc., USA). Finally, we used a validated questionnaire to collect parameters 
related to exposure, stove use, and emissions, including demographic characteristics (i.e. number of 
householders) and stove and fuel-related characteristics (types of fuel combusted). 

In this work, we present model validation results using standard statistical modeling approaches, and explore 
the utility of supervised machine learning. With the improvement of measurement techniques in the 
household energy sector with the advent of lower cost and higher precision approaches, we find that 
modeling of personal exposure from household level measures provides a compelling alternative to direct 
measurement for certain applications. 
Keywords: air quality, exposure models, particulate matter (PM), statistical methods 

 
T0A-02: Air pollution exposure during the quarantine -a modelling study on mainland 
China 

H. Shen1, G. Shen2, Y. Chen1, A. G. Russell1, Y. Hu1, X. Duan3, H. Amir4, S. Tao2, K. Smith5 

1School of Civil & Environmental Engineering, Georgia Institute of Technology, USA, 2College of Urban and Environmental Sciences, 
Peking University, CHINA, 3School of Energy and Environmental Engineering, University of Science and Technology Beijing, CHINA, 
4Department of Civil and Environmental Engineering, Carleton University, CANADA,  5Environmental Health Studies, University of 
California Berkeley, USA 

The COVID-19 quarantine in China is thought to have been beneficial for reducing the population exposure to 
ambient air pollution. The overall exposure also depends, however, on indoor air quality and human mobility 
and activities, which also change during the pandemic. Here we integrate real time mobility data, 
questionnaire survey on during pandemic human activity patterns, advanced air quality modeling techniques, 
and an indoor exposure model. We first show a decrease of 16.7 μg/m3 in the national average population-
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weighted ambient PM2.5 during the quarantine (i.e., the one month following the start of the Spring Festival 
holiday). The total population-weighted exposure (PWE) to PM2.5 considering both indoor and outdoor 
environments, however, increased by 5.7 μg/m3. The increase in PWE was mainly due to the nationwide 
population migration from urban to rural areas before the Spring Festival coupled with the freezing of the 
migration backward due to the quarantine, which increased household energy consumption and the fraction 
of people exposed to rural household air pollution (HAP) indoors. The changes in PWE due to the quarantine 
were different between the rural and urban communities, and varied largely across the space. HAP 
contributed 82% of PWE during this period, which was likely more severe than any period in recent years. 
Keywords: Household air pollution, exposure, quarantine, residential energy, migration 
 
T0A-03: Strategic exposure monitoring to strengthen the health narrative within The 
Pradhan Mantri Ujjwala Yojana in India 

K. Balakrishnan, Department of Environmental Health Engineering, Sri Ramachandra University, Chennai, INDIA 

Background: Household air pollution (HAP) associated with solid biomass cook-fuel use is a leading risk factor 
for the national burden of disease in India. Nearly 95% of India’s households currently have access to clean 
cooking fuels such as liquefied petroleum gas (LPG), on account of the national LPG program aimed at the 
poor.  The Pradhan Mantri Ujjwala Yojana (PMUY) has covered some 83 million poor households since 2016. 
We identify strategic exposure monitoring opportunities to strengthen the health narrative within the PMUY 
program and drive sustained LPG use. 
Methods: We reviewed a recent multi-state assessment conducted in six energy poor states in India –Bihar, 
Jharkhand, Odisha, Madhya Pradesh, Uttar Pradesh and West Bengal – to identify major drivers of sustained 
LPG use. These include positive drivers (village level penetration of LPG fuel and years of LPG use) as well as 
negative drivers (receiving the connection through the PMUY program as opposed to non-PMUY means, free 
availability of biomass, and uncertain incomes).  We reviewed available HAP exposure monitoring literature 
to identify potential approaches that, when overlaid on the drivers listed above, could provide new evidence 
for targeted health actions within PMUY.        
Results: We suggest the following priorities: (i) long–term ambient PM2.5 monitoring among villages with 
alternative levels of LPG penetration, together with household micro-environmental PM 2.5 monitoring using 
a combination of  low-cost sensors and reference monitors, supplemented with satellite data; (ii) longitudinal 
micro-environmental and personal monitoring for air toxics among vulnerable groups, including pregnant 
women and children in relation to fuel stacking; and (iii) selected long-term stove use monitoring nested 
within HAP monitoring. Although resource intensive, collecting such data will allow linking exposure and 
stove use with routinely collected health data (morbidity, mortality, birth weight and child growth) and LPG 
consumption data collected at district or state levels. Establishing exposure surveillance enables natural 
experiments within communities that may experience shifts in LPG uses for numerous reasons. Finally, such 
an exercise continues India’s leadership in HAP exposure assessment and may enable growth of additional 
groups capable of undertaking such research.  
Conclusion: PMUY is an unprecedented effort to increase access to LPG among poor populations in India. As 
drivers of sustained LPG use are recognised and addressed, an on-going rural exposure surveillance 
mechanism (similar to what is available for ambient air quality in cities) could greatly assist health risk 
assessment and risk communication. It may also allow unique opportunities to detect the imbalances created 
by unanticipated disruptive forces such as the COVID-19 pandemic. Sustained global translational research 
collaborations can be pivotal for the success of such initiatives.                          
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Session: T0B 

Designing and Using Questionnaires/Interviews for Collecting Exposure Factors in 
Human Biomonitoring Studies: International Experiences and Perspectives 
 
Session Co-Chairs: Andre Conrad, German Environment Agency and Natalie von Goetz, Swiss Federal Office of 
Public Health 
 

T0B-01: Exposure factors as support for biomonitoring and risk management 

N. von Goetz1, A. Conrad2  

1Swiss Federal Office of Public Health (FOPH), Bern, SWITZERLAND, 2German Environment Agency (UBA), Berlin, GERMANY 

Risk assessment is the basis for the risk management of chemicals. For a targeted risk management, risk 
assessment needs to provide information on the most relevant exposure sources, and the more quantitative 
this information is, the better can risk management be adapted to the exposure situation. Human 
Biomonitoring (HBM) can be applied as an important component of chemical risk assessment. HBM allows to 
quantify the overall human exposure based on the monitoring of human body fluids, but source 
discrimination by biomonitoring alone requires resource-intensive intervention studies. A more common way 
of source discrimination is source-to-dose exposure modelling, which normally is based on more uncertain 
assumptions than biomonitoring, and therefore provides less realistic overall exposure estimations. In order 
to play to the strengths of both, HBM and source-to-dose modelling, ideally, are combined by linking 
exposure questionnaires to the sampling of human specimen. The individual exposure factors that are 
collected through questionnaires alongside the collection of human samples can be used to calculate 
individual exposure estimates, in order to compare them to the individual biomonitoring results from human 
samples and thus identify the most important sources of exposure. Furthermore, the thus-collected use data 
can serve for individual-based probabilistic exposure modelling for substances that are not included in the 
biomonitoring. This introductory presentation sets the stage for the subsequent presentations that are 
centered around experiences in the collection and use of exposure factors gathered in the framework of 
biomonitoring studies. It highlights general challenges around the comparison of HBM and source-to-dose 
modelling, and the different questionnaire methods. 
Keywords: biomonitoring, exposure factors, aggregate exposure, exposure models 
 
T0B-02: Development and application of online questionnaire for the assessment of 
personal care product use 

S. F. Nakayama1, M. Takagi1, Y. Nishihama1, T. Isobe1, J. Yoshinaga2 

1National Institute for Environmental Studies, Tsukuba, JAPAN, 2Toyo University, Itakura, Gunma, JAPAN. 

Personal care products (PCPs) contain chemicals that could impact human health, such as parabens, 
phthalates and bisphenols. Those effects include reproductive, neurodevelopmental, metabolic and immune 
system disorders. Prenatal and early childhood exposure to these chemicals are also considered important 
for children’s health and development. In order to assess exposure sources to such chemicals related to PCP 
use, essential is the information of usage, amount, frequency and types/kinds of PCPs. However, such 
information is scarce. We developed an easy-to-answer questionnaire to assess the use of PCPs and utilised it 
to assess the use of PCPs among Japanese women of child-bearing age. The questionnaire uses a visual scale, 
for example a picture of a hand with a varying volume of water, so that a participant can choose one of the 
scales to answer a daily use of a particular PCP. The scales are composed according to the results from our 
previous study: min, 25th percentile, median, 75th percentile, 95th percentile and max. Then the 
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questionnaire asks frequency of the use of that particular PCP, which allow us to calculate the weight of the 
PCP used per week. Only the frequency is asked for PCP items whose weight per use is relatively consistent. 
The developed questionnaire was validated against individual measurements of the PCP use. Participants 
were asked to record the quantity of PCPs used for a week by weighing their containers before and after 
their use. Participants were also requested to document product names and manufacturers of the PCPs and 
frequencies of the use. There were no statistically significant differences in the weight of PCPs calculated 
from questionnaire and actual recording. The online version of the questionnaire was also developed for the 
use in a smart phone or tablet device. This questionnaire is planned to be used in a larger scale study to 
investigate the PCP use by the general population. The questionnaire is mainly visual so that it is ready to be 
translated to other languages. However, there are some challenges, i.e. people, especially young women, 
tend to use many kinds of PCPs and often change products of use, and PCP products are ever evolving so that 
chemicals contained in the PCPs also changes frequently. This makes us difficult to capture true image of 
exposure. The developed questionnaire can be answered easily so that it can be applied frequently to gather 
PCP usage information. 
Keywords: personal care products, exposure factors, public health, biomonitoring, questionnaire 

 
T0B-03: Challenges in collecting key exposure information through questionnaires in 
the Canadian Health Measures Survey (CHMS) 

A. St-Amand1, K. Werry1 

1Health Canada, Ottawa, ON, CANADA 

The Canadian Health Measures Survey (CHMS) is the most comprehensive, direct health measures survey 
conducted in Canada and is designed to represent the Canadian population. Through personal interviews and 
the collection of physical measurements, the survey provides baseline data on indicators of environmental 
exposures, chronic and infectious diseases, fitness, as well as nutritional status. The survey is cross-sectional 
in design and implemented in consecutive two year cycles. Since the survey started in 2007, over 270 
environmental chemicals have been measured in blood, urine and hair of Canadians. A number of studies 
linking health endpoints with biomonitoring data from the survey have been conducted in recent years. The 
majority of these publications have combined urinary and blood data for metals with questionnaire data 
related to health behaviours (e.g. smoking status, childhood learning and behavioural indicators), socio-
economic information, and environmental factors and exposure (e.g. housing characteristics, pesticide 
product use). There are numerous challenges to a survey of this scope. Prioritization exercises are difficult 
due to differing interests of the partner organizations and limited participant time and sample volumes 
available to ensure minimized participant burden. In addition, due to the ongoing nature of the CHMS and 
the requirement for advanced content planning. In addition, due to the ongoing nature of the CHMS and the 
requirement for advanced content planning, there isn’t always sufficient time for reflection and, at times, the 
coordination between prioritization of environmental chemicals for human biomonitoring and questionnaire 
design can be limited. With regards to the data, while there are many possible uses with such a large data 
set, underutilization remains a key challenge and is likely related to the complexity of the analyses and the 
existing limitations with regards to data access.Many lessons have been learned over the past decade of the 
CHMS. Strong coordination and alignment between prioritization and planning activities for health measures 
(direct and questionnaire) and for human biomonitoring is critical to ensuring maximum utility of the data 
generated in the survey. In addition, tracking data uses and developing a data analyses strategy can help to 
identify and conduct priority studies. Related to these is the need to engage data users (e.g. researchers) 
early on to help build awareness, increase use and build data analysis capacity. 
Keywords: biomonitoring, consumer and personal care products, exposure factors 
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T0B-04: The German Environmental Survey (GerES): Combining Questionnaire and 
Interviews with Human Biomonitoring for Improving Environmental Health 

A. Conrad1, E. Rucic1, A. Murawski1, J. Peisker1, P. Lampert2, M. Schmied-Tobies1, H. M. Koch3, G. Scherer4, A. Roth5,  
M. Kolossa-Gehring1 

1German Environment Agency (UBA), Berlin, GERMANY, 2GreenSurvey – Institut für Marktforschung Prof. Dr. Menrad GmbH, 
Straubing, GERMANY, 3Institute for Prevention and Occupational Medicine of the German Social Accident Insurance, Institute of the 
Ruhr-University Bochum (IPA), Bochum, GERMANY, 4ABF Analytisch-Biologisches Forschungslabor GmbH, Planegg, GERMANY, 5Berlin 
School of Public Health (BSPH), Berlin, GERMANY. 

The German Environmental Survey (GerES) is a large-scale population study, carried out since the mid-
eighties in close cooperation with the regularly conducted health surveys of the Robert Koch Institute (RKI). 
In addition to human biomonitoring (HBM) of various chemicals, GerES comprises monitoring of pollutants in 
the indoor environment, such as indoor air and drinking water. Moreover, extensive computer-assisted 
personal interviews (CAPI) and self-administered pen-and-paper (P&P) questionnaires are used. Items of 
these instruments include exposure relevant behaviors (food consumption, product use, etc.), living 
conditions (residential space, furniture, etc.), and specific health outcomes potentially associated with 
environmental exposures investigated in GerES. 

Interviews and questionnaire data collected in GerES 2014-2017 for Children and Adolescents (GerES V) 
revealed inter alia associations between sun screen use and geometric mean (GM) concentrations of 
methylparaben in urine (no: 3,2 µg/L vs. yes: 8,5 µg/L) as well as chocolate consumption and GM urinary 
levels of 1-OH-naphtalene (less than 1x/week: 0.60 µg/L, 1-6x/week: 0.81 µg/L, at least once/day: 1.25 µg/L). 
Systematic quality assurance/quality control applied in GerES V discovered several interviewer effects, e.g. 
regarding the estimated distance to the next residential street and the consumption of certain foods. Results 
of the GerES V participant’s satisfaction survey document a high variation in time needed for filling in the 
P&P questionnaire on environment-related health outcomes. 

A study comparing the P&P currently used in GerES to online equivalents revealed advantages of online 
questionnaires. However, when recording periodic activities relevant e.g. for evaluating indoor air 
measurements, P&P questionnaires yield superior results compared to online questionnaires due to the 
more convenient accessibility. In general, the comparative study showed that a mixed-mode design 
combining online and P&P questionnaires would be an appropriate next step in further improving data 
collection in GerES. 

Experience from CAPI and P&P questionnaires used in GerES also contribute to the European Human 
Biomonitoring Initiative HBM4EU running until the end of 2021. We thank the RKI for the close cooperation 
and data sharing. We also would like to thank Kantar Health, Munich for performing GerES V fieldwork. The 
financial support of the German Federal Ministry for the Environment, Nature Conservation and Nuclear 
Safety and of the German Federal Ministry of Education and Research is gratefully acknowledged. 
Keywords: biomonitoring, behavior, environmental health, epidemiology 
 
T0B-05: Assessing exposure factors by online questionnaires and interviews: Lessons 
learnt from the Swiss Health Study (SHeS) 

N. von Goetz1, R. Morand Bourqui1, S. Gonseth Nusslé2, M. Bochud2, M. Bourqui-Pittet1 

1Swiss Federal Office of Public Health (FOPH), Bern, SWITZERLAND, 2unisanté, Lausanne, SWITZERLAND 

Switzerland is launching a nation-wide cohort study: the Swiss Health Study (SHeS). SHeS aims to collect high 
quality representative data and samples for health research and thus comprises health examinations, 
sampling of biospecimen and completion of questionnaires regarding health and life style. In a pilot phase 
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that has started in 2020, the study procedures and materials are tested by three study centers, with 500 
adult participants each, by focusing biomonitoring and associated exposure questions on anchor chemicals of 
concern. These chemicals comprise the herbicide glyphosate, the toxic heavy metal mercury and 
perfluorocarbons, which are suspected endocrine disruptors. Every participant of the SHeS-pilot phase 
completes online, self-administered questionnaires (total length about 2.5 h) prior to the study visit. At the 
study visit, when the health examinations and sampling of biospecimen take place, further questionnaires 
are administered by interview (about 0.5 h). The interview is reserved for the more complicated questions, to 
ensure a good quality of the responses. The presentation will focus on challenges in the development of the 
exposure questionnaires, questionnaire validation and, if lockdown-associated delays allow, on first results 
regarding the comparison and cross-validation of exposure modelling with biomonitoring. A major challenge 
is that in Switzerland for representative recruitment questionnaires need to be available in at least three of 
the official languages: German, French, and Italian. Hence, the phrasing of questions needs to ensure that 
they are understood in the same way in the different languages. A further challenge is to accurately assess 
the exposure factors for modelling the exposure to the anchor chemicals. As an example: for assessing 
exposure to glyphosate detailed information on the diet of the previous 2 days is necessary that is assessed 
by dietary recall. Detailed planning of the exposure modelling serves to limit the recall to the most important 
sources of exposure, so that time constraints for the questionnaires can be respected. 
Keywords: aggregate exposure, biomonitoring, exposure models, exposure factors 
 
T0B-06: Designing and Using Questionnaires/Interviews for Collecting Exposure 
Factors in Human Biomonitoring Studies: General discussion 

A. Conrad1, N. von Goetz2 

1German Environment Agency (UBA), Berlin, GERMANY, 2Swiss Federal Office of Public Health (FOPH), Berne, SWITZERLAND 

Interview and questionnaire instruments are vital tools in exposure science supporting the identification and 
quantification of exposure sources and pathways. Therefore, they are used in human biomonitoring (HBM) 
studies for elucidating the relevant factors of measured internal exposures. In this context, they provide 
crucial information for a comprehensive risk assessment and risk communication related to HBM studies. 

Against the background of current experiences from the four international studies that are presented in the 
symposium, the following key questions will guide the discussion with the audience: 

• What are important aspects of planning and designing interviews and questionnaires in HBM 
studies?  What are good examples and pitfalls observed in national studies? 

• How can interviews and questionnaires be reasonably limited in view of participant burden? 
• What are necessary steps of quality assurance/quality control in the context of HBM studies? 
• How can we achieve further international harmonization of interviews and questionnaires? 
• What aspects should be in the focus of international collaboration and further research? 

The discussion aims at sharing useful experiences and ideas. It will underline the relevance of well-designed 
and applied interviews and questionnaires for supporting policy-making, as well as targeted science 
communication. In addition, the discussion will address the question on how to strengthen interdisciplinary 
collaboration in exposure science. 
Keywords: biomonitoring, epidemiology, biomarkers, exposure factors 
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Session: T0C  

Innovative Approaches to Assessing Cumulative Environmental  Exposures to 
Improve Health: From Science to Policy 
 
Session Chair: Patricia Koman, University of Michigan  
 

T0C-01: Innovative Approaches to Assessing Cumulative Environmental Exposures to 
Improve Health: From Science to Policy 

P. D. Koman; University of Michigan, Ann Arbor, MI. 

Exposures to industrial chemicals are ubiquitous, with industrial and agricultural applications, consumer 
products (such as cleaning products, toys, dishes and food containers, and furniture) and building materials 
recognized as major sources of human exposure from air, soil, water, food, and products in workplaces, 
schools, and homes. Many chemicals (e.g., toxic metals, solvents, halogenated flame retardants, phthalate 
plasticizers, per- and poly-fluorinated compounds) have sufficient data showing they are associated with or 
causing adverse health effects at exposures the public is currently experiencing. Effective chemical policy 
must accurately assess cumulative chemical exposures from multiple pathways. Understanding potential 
hazards to human health and the environment and appropriately restricting chemical exposures with 
unreasonable risk is vital because health impacts from industrial chemical exposures are preventable sources 
of adverse health effects. Primary prevention through policy could significantly improve public health, 
especially for susceptible and highly exposed populations, such as workers, children, pregnant women and 
seniors. As part of a symposium, entitled “Innovative Approaches to Assessing Cumulative Environmental 
Exposures to Improve Health: From Science to Policy,” cumulative environmental exposure frameworks will 
be introduced and the significance to the field of exposure science explained. The symposium will compare 
and critically evaluate research and policy approaches to gathering data and assessing risk from 
environmental chemicals and other sociodemographic stressors, using a health equity lens. Scientists and San 
Francisco-based community partners will assess different exposure science frameworks and discuss research 
needs to better utilize cumulative environmental exposure frameworks to inform policy and achieve 
environmental justice goals. 
Keywords: cumulative environmental effects, aggregate exposure, environmental justice, policy 

 
T0C-02: Assessing Cumulative Environmental Exposures and Social Stressors to 
Improve Health 

R. Morello-Frosch; University of California, Berkeley, Berkeley, CA. 

Many communities are located near multiple sources of pollution, including current and former industrial 
sites, major roadways, and agricultural operations. Populations in such locations are predominantly low-
income, with a large percentage of people of color and non-English speakers. Bayview Hunters Point is one 
example in San Francisco. In addition to environmental hazards, these communities face exposures to 
chronic social stressors, including financial hardships, food insecurity, discrimination, poor neighborhood 
quality and lack of services and amenities such as parks and open space. Environmental exposures may 
interact with social stressors, thereby enhancing vulnerability to poor health outcomes. Biological factors 
such as age, preexisting health conditions and genetics can increase susceptibility to adverse health effects 
from environmental chemicals and pollutants. Researchers are grappling with how best to characterize the 
cumulative effects of exposures to these hazards and stressors in order to help decision-makers craft more-
effective policies and regulations that address environmental health disparities and better protect vulnerable 
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populations. The U.S., Environmental Protection Agency evaluates most chemicals individually in isolation; 
however, this simplifying assumption does not match data on the way people are exposed to chemicals and 
other social factors. The National Academies of Science recommends that cumulative assessments should 
include consideration of multiple stressors (chemical and non-chemical), how the stressors act in concert; a 
population-focused exposure assessment and science-based default approaches to incorporate key non-
chemical stressors in the absence of population-specific data. Aggregate and cumulative assessments can 
address these shortcomings by taking into account multiple sources of chemicals in combination with other 
contributing factors or background exposures. We synthesize the scientific evidence regarding the 
implications of cumulative exposures to environmental hazards, along with biological susceptibility and social 
vulnerability. New developments in exposure monitoring, mapping, toxicology, and epidemiology, especially 
when informed by community participation, have the potential to advance the science on cumulative 
impacts, improve decision-making and address structural determinants of environmental health disparities. 
Keywords: cumulative impacts, cumulative exposure, environmental justice, environmental policy  
 
T0C-03: Bayview/Hunters Point case study: Community perspectives on cumulative 
environmental exposures 

M. Pierce; Bayview Hunters Point Community Advocates, San Francisco, CA. 

As part of a symposium, entitled “Innovative Approaches to Assessing Cumulative Environmental Exposures 
to Improve Health: From Science to Policy,” this presentation describes best practices for community-
participatory research methods for community members to partner with academic clinicians or scientists and 
government agencies. Communities adjacent to industrial operations, major highways, freight terminals or 
ports, such as Bayview Hunters Point in the Southeast Sector of San Francisco, are highly exposed to multiple 
sources of chemical pollution. The Bayview Hunters Point naval shipyard was the historical site of the US 
Navy Radiological Defense Laboratory (NRDL) and is now one of the country’s most contaminated Superfund 
sites. The NRDL left behind known environmental contaminants, including industrial chemicals; air pollutants, 
heavy metals and other known carcinogens. Using the Bayview Hunters Point community as our case study, 
we describe community experiences since the early 1990s in advocating for health-protective policies around 
toxic chemicals and the need for cumulative environmental exposure frameworks to achieve social justice. 
Like many US cities exposed to environmental racism, the surrounding community suffers high rates of 
poverty, social deprivation, chronic disease and poor health outcomes. The Bayview Hunters Point 
community has suffered from higher rates of asthma (with the highest rate of asthma hospitalizations in San 
Francisco in 2000), breast cancer (Bayview resident African American women aged <50 years has twice the 
rate of breast cancer of San Francisco as a whole in mid 1990s), cervical cancer, and prostate cancer. The 
presentation explores health equity and environmental justice implications of single chemical approaches to 
government policy and how it discounts the lived experience of residents, especially for communities of 
color. We describe best practices for equitable community-based participatory research strategies for to 
support cumulative environmental exposure characterizations, including strategies for communities facing 
needs to document exposure time; collect bio-specimens; equitably manage data ownership; and informing 
policy change. We highlight methods for assessing the cumulative environmental exposures to the myriad of 
commercial chemicals that contribute to adverse health outcomes, especially among vulnerable populations. 
Keywords: community, cumulative exposure, environmental justice, environmental policy 
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T0C-04: Community-participatory research methods for exposure science 

K. F. Rhoads; University of California at San Francisco, San Francisco, CA. 

As part of a symposium, entitled “Innovative Approaches to Assessing Cumulative Environmental Exposures 
to Improve Health: From Science to Policy,” Exposures to industrial chemicals are ubiquitous in our 
communities, with industrial applications, consumer products (such as toys, food containers, and furniture) 
and building materials recognized as major sources of human exposure from air, soil, water, food, and 
products in workplaces, schools, and homes. Many chemicals (e.g., solvents, toxic metals, halogenated flame 
retardants, phthalate plasticizers, per- and poly-fluorinated compounds) have sufficient data showing they 
are associated with or causing adverse health effects in exposed populations. Fenceline communities 
proximate to industrial operations, major highways, freight terminals or ports, such as Bayview Hunters Point 
in the Southeast Sector of San Francisco, are highly exposed to multiple sources of chemical pollution. The 
Bayview Hunters Point naval shipyard was the historical site of the US Navy Radiological Defense Laboratory 
(NRDL) and is now one of the country’s most contaminated Superfund sites. The NRDL left behind known 
environmental contaminants, including industrial chemicals; air pollutants, heavy metals and other known 
carcinogens. Like many US cities exposed to environmental racism, the surrounding community suffers high 
rates of poverty, social deprivation, chronic disease and poor health outcomes. While the community 
intuitively senses the intersection between the multiple toxic exposures and health, intervention requires 
scientific evidence, an organized local body politic and political will. This presentation describes best 
practices for community-based participatory research strategies for clinicians or scientists to support 
cumulative environmental exposure characterizations. The presentation will highlight novel strategies for 
community facing approaches to documenting exposure time; collecting bio-specimens and data ownership; 
institutionalizing equitable community-academic research partnerships; and influencing policy change. The 
symposium will provide specific examples of ways to increase academic health institutional awareness of the 
impact of environmental exposures on health outcomes and to engage with scientists who may not see the 
potential for their own work to impact the study of exposures, influence disparate health outcomes, and 
drive health policy. 
Keywords: cumulative environmental effects, community, susceptible/vulnerable, environmental justice 

 
T0C-05: The urban lead burden in humans, animals and the natural world 

R. Levin; Harvard T.H. Chan School of Public Health, Exposure Epidemiology and Risk Program, Boston, MA. 

Introduction: As part of a symposium entitled “Innovative Approaches to Assessing Cumulative 
Environmental Exposures to Improve Health: From Science to Policy,” this presentation will describe 
innovative frameworks for assessing cumulative burdens of neurotoxic chemicals such as lead in people, 
animals and the environment, with a focus on urban settings. Centuries of human activities, particularly 
housing and transportation practices from the late 19thcentury through the 1980’s, dispersed millions of tons 
of lead into our urban areas. 

Results: The urban lead burden is evident among humans, wild and domesticated animals, and plants. 
Animal lead exposures closely mirror and often exceed the lead exposure patterns of their human partners. 
Some examples: Pigeons in New York City neighborhoods mimicked the lead exposures of neighborhood 
children, with more contaminated areas associated with higher exposures in both species. Immediately 
following the lead in drinking water crisis in Flint MI in 2015, blood lead levels in pet dogs in Flint were 4 times 
higher than in surrounding towns. Combining lead’s neurotoxicity with urban stress results in well-characterized 
aggressive behaviors across multiple species. Lead pollution is not distributed evenly across urban areas. 
Although average US pediatric lead exposures have declined by 90% since the 1970s, there remain well defined 
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neighborhoods where children continue to have toxic lead exposures; animals are poisoned there, too. Soil, 
buildings, dust and even trees constitute huge lead repositories throughout urban areas 

Conclusions: Until and unless we begin to address the lead repositories in our cities, the urban lead burden 
will continue to impose enormous costs throughout the domains of the natural environment. Evidence-based 
research has shown the efficacy and cost-effectiveness of some U.S. public policies to prevent or reduce 
these exposures. 
Keywords: lead (Pb), cumulative environmental effects, children, environmental justice 
 
T0C-06: Scientific Approaches to Assessing Cumulative Environmental Exposures in 
Susceptible Populations 

T. D. Woodruff; University of California, San Francisco, San Francisco, CA. 

As part of a symposium, entitled “Innovative Approaches to Assessing Cumulative Environmental Exposures 
to Improve Health: From Science to Policy,” we introduce data needs and requirements to improve the 
scientific basis, transparency and protection of vulnerable populations in cumulative environmental exposure 
frameworks. Industrially manufactured chemicals are ubiquitous in society despite the Toxic Substances 
Control Act (TSCA) [Public Law No. 114-182]. Hazardous chemicals are found in consumer products such as 
bedding, furniture, building materials, clothing, cleaning products, food containers, and toys. Population 
variability in susceptibility and co-exposures combine to determine biological response to chemical exposure. 
Human biomonitoring studies demonstrate that pregnant women worldwide are exposed to a variety of 
chemicals, including polychlorinated biphenyls, perfluoroalkyl substances, polybrominated diphenyl ethers, 
phenols, phthalates, pesticides, and metals. Importantly, environmental exposures are inequitably 
distributed, with higher levels found in communities of color and low income communities, which can 
contribute to health inequities. To accurately identify populations at greater risk, risk evaluation must 
incorporate scientific understanding of factors that contribute to greater susceptibility and to greater or 
more impactful exposures. These include intrinsic factors (e.g., life stage, genetics, underlying disease status, 
nutrition), extrinsic factors (e.g., social and life circumstances such as poverty and life stress, and racism and 
discrimination), and exposures to other chemicals. The National Academies of Science recommended 
modernizing chemical health evaluations in the U.S. used to set allowable levels of human exposure. NAS 
recommends features of cumulative assessment should include consideration of multiple stressors (chemical 
and non-chemical), how the stressors act in concert; a population-focused exposure assessment (the 
population and relevant sub-populations should be defined and multiple stressors assessed in terms of the 
impact on these populations); and science-based default approaches to incorporate key non-chemical 
stressors in the absence of population-specific data. Cumulative environmental risk frameworks are tools for 
exposure scientists, policy makers, and community organizations. This approach can inform policy decisions 
that improve health outcomes and reduce disparities. Exposures to industrial chemicals and their harmful 
health consequences are preventable. If current levels of cumulative exposures to chemicals continue 
unabated, the consequences will be an even greater toxic legacy for future generations. The symposium 
focuses on actionable environmental exposures and scientific frameworks that can be used to improve global 
public health through policy. The symposium explores methods for assessing the cumulative environmental 
exposures to the myriad of commercial chemicals that contribute to adverse health outcomes, especially 
among especially for susceptible and highly exposed populations. 
Keywords: environmental health, cumulative exposure, Toxic/Toxicology, epidemiology 
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Session: T1A 

Highlights from CalEPA's OEHHA: The Intersection of Health and the Environment  
 
Session Chair: Xiangmei Wu, California Office of Environmental Health Hazard Assessment 
 

T1A-01: CalEnviroScreen: indicators of community exposures and cumulative pollution 
burden 

A. Slocombe; CalEPA Office of Environmental Health Hazard Assessment, Sacramento, CA. 

Many California communities, including low-income and minority communities, face disproportionate and 
cumulative impacts from pollution. To better understand and identify these communities, CalEPA’s Office of 
Environmental Health and Hazard Assessment (OEHHA) developed CalEnviroScreen, a science-based mapping 
tool that identifies vulnerable California communities by census tract that are disproportionately burdened 
by multiple sources of pollution. 

CalEnviroScreen 3.0, released in 2017, is comprised of 20 statewide indicators of pollution burden, such as 
drinking water quality and cleanup sites, and population characteristics, which include health concerns and 
socioeconomic factors that can increase vulnerability to the adverse health effects of pollution. The model 
uses a scoring system to derive a CalEnviroScreen score by averaging indicators of pollution burden and 
population characteristics for all California census tracts. The overall CalEnviroScreen score leads to a relative 
ranking of communities in California based on cumulative pollution burdens and vulnerabilities. 

Each indicator is based on data from a federal, state, regional or local public agency that provides a measure 
of pollution burden or population characteristics. For each indicator, the data must be accurate and up-to-
date, cover the entire state, and have information for where the measurement was taken so that a score can 
be calculated for each census tract in California. The pollution exposure indicators are selected based on 
exposure science rationale and incorporate exposure science methodology to generate statewide datasets 
that represent potential exposure to various different toxic contaminants at a community scale. 

Among many uses, cumulative impact scores from CalEnviroScreen inform CalEPA’s designation of 
disadvantaged communities that are specifically targeted for investments. These investments are aimed at 
providing co-benefits improving public health, quality of life and economic opportunity in California’s most 
burdened communities at the same time reducing greenhouse gases and other hazardous pollutants. 

In this presentation, we describe the most recent version of the tool, focusing on the development of pollution 
burden indicators that utilize exposure science, demonstrate the mapping applications, and discuss related policy 
and how it informs uses of the tool. We will provide examples of the particulate air pollution and the drinking 
water contaminants indicators. This will allow for some discussion of the different aspects of exposure science 
that are considered in adapting datasets to reflect each pollution concern in the context of cumulative exposures. 
Keywords: cumulative impacts, multiple stressors, environmental justice, big data 
 
T1A-02: Use of Exposure Science and Assessment under Proposition 65: from 
Compliance Assistance to Consumer Education 

M. Marder1, F. Tsai2, M. Musa2, M. Sandy2 

1CalEPA Office of Environmental Health Hazard Assessment (OEHHA), Sacramento, CA, 2CalEPA Office of Environmental Health Hazard 
Assessment (OEHHA), Oakland, CA. 

The Office of Environmental Health Hazard Assessment (OEHHA), part of the California Environmental 
Protection Agency (CalEPA), administers California’s Proposition 65 program. Proposition 65, officially known 
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as the Safe Drinking Water and Toxic Enforcement Act of 1986, was enacted as a ballot initiative in November 
1986. Proposition 65 requires the State of California to publish a list of chemicals known to cause cancer, 
birth defects or other reproductive harm. The Proposition 65 list, which must be updated at least once a 
year, has grown to include approximately 900 chemicals since it was first published in 1987. Proposition 65 
also prohibits businesses from knowingly discharging significant amounts of listed chemicals into sources of 
drinking water and requires that businesses inform Californians about significant exposures to these listed 
chemicals, which enables Californians to make informed decisions about exposure.  

Exposure assessment plays an important role in Proposition 65. For compliance, a business must first make a 
determination as to whether there is potential for exposure to a listed chemical. If there is exposure 
potential, it is then necessary for the business to determine whether the level of exposure is high enough to 
require that a warning be provided. In cases where the level of exposure to a listed chemical is significant, a 
business can provide a warning, or evaluate whether the level of exposure can be reduced or eliminated 
through product reformulation or re-engineering. OEHHA provides exposure-related support to businesses 
and related entities during this process through several mechanisms. For example, OEHHA develops and 
adopts “safe harbor levels”, which are exposure levels for listed chemicals below which a warning is not 
required. OEHHA may also issue guidance that interprets Proposition 65 and its implementing regulations as 
related to issues of exposure and exposure assessment, such as its interpretive guideline for hand-to-mouth 
transfer of lead. OEHHA provides specific compliance assistance as well, including assessment of exposure 
upon request through the Safe Use Determination program. 

OEHHA also provides exposure-related guidance to the public, including how to reduce exposure. OEHHA 
develops fact sheets on chemicals, products, and locations often associated with Proposition 65 warnings. 
These fact sheets are available from https://www.p65warnings.ca.gov/.In this presentation, we highlight  
examples of OEHHA’s exposure assessments and exposure-related guidance as relate to Proposition 65 
chemicals, including interpretive guidelines, safe use determinations, and fact sheets. 
Keywords: environmental regulation, risk assessment, exposure assessment 
 
T1A-03: Indicators of Climate Change in California 

T. Kadir1, K. Randles1, C. Milanes1 

1Office of Environmental Health Hazard Assessment, Sacramento, CA. 

Recognizing that climate change poses an immediate and escalating threat to the state’s environment and 
public health, the Office of Environmental Health Hazard Assessment (OEHHA) prepares a periodic report 
characterizing climate change and its impacts on California. The report, Indicators of Climate Change in 
California, presents science-based metrics or indicators that track observed trends in climate, its drivers and 
its impacts on the state’s people and ecosystems. 

Collectively, the 36 indicators are identified, to describe hazards and impacts that can be used to assess 
climate risks, which result from the interaction among: 1) hazards; 2) exposed people, ecosystems and 
infrastructure; and 3) their vulnerability. For example, extreme heat poses a risk of illness or death that is 
exacerbated by vulnerabilities such as age, underlying health conditions or limited access to air conditioning. 
The indicators can thus serve as a starting point for conducting climate vulnerability assessments and 
developing adaptation plans. 

The hazards and impacts of climate change are interconnected, and they often act concurrently with other 
environmental stressors such as pollution, deforestation and overfishing. These interactions can amplify the 
risks to public health and well-being, ecosystems, and infrastructure. Research across multiple disciplines is 
providing a better understanding of the interconnectedness among climate change phenomena and other 

https://www.p65warnings.ca.gov/
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environmental and societal determinants of risk. OEHHA’s indicator report includes a discussion of each 
indicator’s importance and factors that influence the observed changes, recognizing linkages with other 
components of the physical and biological environment and society. A better understanding of these linkages 
may reveal previously unknown pathways by which mitigation and adaptation strategies or other 
interventions could reduce the risks posed by climate change to Californians. 

This presentation will provide an overview of OEHHA’s climate change indicators program and discuss how the 
indicators can help policymakers identify climate hazards in order to minimize potential exposures. By 
communicating climate change trends, the indicators can also inform decision-making and actions by individuals. 
Keywords: climate change, sustainability 

 
T1A-04: Air and climate epidemiology research at OEHHA 

R. Basu; Office of Environmental Health Hazard Assessment, Oakland, CA. 

9 Apparent temperature, a combination of temperature and humidity, has been linked with many health 
outcomes, including mortality and morbidity. OEHHA’s Air and Climate Epidemiology Section has evaluated 
these associations in California while identifying vulnerable subgroups. Heat-related deaths are severely 
underreported because of the lack of a systematic definition for “heat-related” death in the US. By linking 
temperature and death records/hospital data, we are able to learn the underlying impact of heat on 
individual outcomes. For example, higher temperatures have been associated with increased risks of 
ischemic stroke, myocardial infarction, congestive heart failure, and hypotension but decreased risks of 
hemorrhagic stroke and hypertension. Vulnerable subgroups differ by health outcome. For example, 
apparent temperature was associated with mortality particularly for Blacks, infants, and young children, with 
certain cardiovascular outcomes particularly for the elderly, while emergency room visits for mental health 
related outcomes was found to be greater for Hispanics and children under 18 years. Pregnant women are 
another susceptible subgroup identified from our epidemiologic studies, specifically for preterm birth, term 
low birth weight and stillbirth following elevated apparent temperature exposure. This presentation 
summarizes the findings of our studies focusing on California as well as other investigations on this topic. 
801d97f Apparent temperature, a combination of temperature and humidity, has been linked with many 
health outcomes, including mortality and morbidity. OEHHA’s Air and Climate Epidemiology Section has 
evaluated these associations in California while identifying vulnerable subgroups. Heat-related deaths are 
severely underreported because of the lack of a systematic definition for “heat-related” death in the US. By 
linking temperature and death records/hospital data, we are able to learn the underlying impact of heat on 
individual outcomes. For example, higher temperatures have been associated with increased risks of 
ischemic stroke, myocardial infarction, congestive heart failure, and hypotension but decreased risks of 
hemorrhagic stroke and hypertension. Vulnerable subgroups differ by health outcome. For example, 
apparent temperature was associated with mortality particularly for Blacks, infants, and young children, with 
certain cardiovascular outcomes particularly for the elderly, while emergency room visits for mental health 
related outcomes was found to be greater for Hispanics and children under 18 years. Pregnant women are 
another susceptible subgroup identified from our epidemiologic studies, specifically for preterm birth, term 
low birth weight and stillbirth following elevated apparent temperature exposure. This presentation 
summarizes the findings of our studies focusing on California as well as other investigations on this topic. 
Keywords: climate change, air pollution, epidemiology, environmental justice 
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T1A-05: Exposure-based human health decision-making for California fisheries and 
consumers 

S. Klasing; CalEPA Office of Environmental Health Hazard Assessment (OEHHA), Sacramento, CA. 

The Office of Environmental Health Hazard Assessment (OEHHA) evaluates the safety of fish consumption in 
several programmatic areas. This includes issuing sport fish consumption advisories for water bodies throughout 
the state and providing recommendations to the California Department Fish and Wildlife on fishery openings and 
closures following oil spills and during marine harmful algal bloom events. In each case, exposure assessment is a 
critical part of the evaluation. Exposure factors include determining an appropriate fish consumption rate, 
estimating the duration and frequency of exposure, and evaluating contaminant concentrations to which fish 
consumers may be exposed. This presentation will provide an overview of OEHHA’s fish program and show how 
exposure assessment is incorporated into guidance and regulations relating to fish consumption. Specific 
examples will be given for determining levels of concern for polycyclic aromatic hydrocarbon exposure following 
oil spills and for domoic acid exposure during harmful algal bloom events. 
Keywords: exposure factors, other (specify), harmful algal bloom (HAB), environmental health, Fish advisories 
 

 
Session: T2A 

Exposure sciences in disaster preparedness and response  
 
Session Chair: Paul Scheepers, Radboudumc 
 

T2A-01: Comparative performance testing of respiratory personal equipment used in 
the hospital care for COVID-19 patients 

 P. T. J. Scheepers1, M. F. P. van Dael1, R. B. M. Anzion1 

Radboud university medical center, Nijmegen, NETHERLANDS. 

During the SARS-CoV2 pandemic there was a high demand of personal respiratory protective equipment 
(RPE) resulting in a shortage of the standard RPE solutions to provide sufficient protection for health care 
workers involved in the care for COVID-19 patients. When the healthcare centers were overwhelmed with 
symptomatic patients a test procedure was developed in our hospital to evaluate the performance of RPE to 
support a well-informed decision to consider changing the normal practice of FFP2 or N95 respirators in the 
case of imminent shortage. The aim of this study was to develop a suitable and fast test procedure to test the 
performance of RPE solutions used in the care for COVID-19 patients. In March and April 2020 a laboratory-
based test for evaluation of total inward leakage (TIL) was developed and implemented for comparative 
performance testing of respirators and surgical masks. This TIL test assessed filter penetration as well as face 
seal leakage. Due to the specific way that virus presents itself in a clinical setting we used a crossflow 
nebulizer to produce a 1mL spray load of water droplets (from approx. 3-300 µm) a non-volatile fluorescent 
marker dissolved in pure water. For detection we placed a membrane filter on the mouth opening of the 
dummy head allowing detection of the fluorescent marker. The RPE materials were placed on a dummy head 
and sprayed at distances of 30 cm (single spray load) and 60 cm (double spray load). 

At 30 cm were surgical mask gave a 17.7% lower TIL compared with the FFP2 respirator. At 60 cm this 
difference was similar with a 21.7 % lower TIL for the surgical mask compared to the FFP2 respirator. When 
adding a face shield the TIL was further reduced by 9.5 % for an FFP2 respirator and 16.6 % in the case of the 
surgical mask. 
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Based on these results the hospital policy for use of RPE was changed to allow the use of face shield 
combined with surgical mask instead of the face-shield-respirator combination that had been used as 
standard RPE during certain specific tasks involving care for suspected and confirmed COVID-19 patients. A 
report was prepared and presented to the national outbreak management team and also sent to the 
federation of medical professionals in the Netherlands. 
 

 
Keywords: occupational exposure, aerosol, workplace, analytical methods, COVID-19 
 
T2A-02: Burden of Disease of VOC emissions from forest fire in Australia 

O. Jolliet1, J. Mueller2, X. Wang2 

1University of Michigan, School of Public Health, Environmental Health Sciences, Ann Arbor, MI, 2University of Queensland, 
Queensland Alliance for Environmental Health Sciences, Brisbane, AUSTRALIA 

Wildfires cause substantial human health risk and burden of disease in a dry country like Australia. Whereas 
the magnitude of the health impacts associated with fine particulate has been estimated and are substantial, 
impacts of volatile and semi-volatile compounds (S)VOCs emitted during fire events are not well quantified. 
This presentation therefore aims to assess the order of magnitude of the annual burden of disease of VOC 
from forest wildfire in Australia. 

Annual VOC emissions (13 PAHs, 13 PCBs, 4 PBDEs and 6 other substances) associated with forest fire are 
first estimated for two regions in Australia, based on the total annual amount of wood burnt during fire 
events and experimentally determined (S)VOCs emission factors per kg wood combusted. Evaluating (S)VOCs 
burden of disease necessitates to account for multi-media transfers in the environment and food chain 
exposure pathways that might dominate exposure compared to inhalation only. Human intake fraction are 
determined for each (S)VOCs using the rural South Eastern and North Western Australian regions of the 
USEtox model and then combined with the substance-specific emissions, dose response and severity factors 
in humans to yield a total human health burden expressed in Disability Adjusted Life Years (DALYs). 

For most (S)VOCs, intake fractions are dominated by the ingestion pathway and are an order higher (10-4 to 
10-3) for the South Eastern than for the North Western region of Australia (10-5 to 10-4), in which an estimated 
90% of the fire events take place. Overall, the burden specific to (S)VOCs amount to 66 DALYs, dominated by 
PAHs emissions, in particular of benzo[a]pyrene. This is limited compared to the estimated burden on the 
order of 25,000 DALYs associated with fine particulate from forest fire, but is higher than the burden of 
disease estimated by the Pangea higher resolution model of about 30 DALYs associated with the overall 
emissions of 43 (S)VOCs from 4000 industrial sources in Australia, in particular of formaldehyde. The (S)VOCs 
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burden might be enhanced in case of forest fire in urbanized areas that include the combustion of plastics 
and other manufactured materials, whereas potential photodegradation of PAHs on plant surface might 
further reduce the impact via the ingestion pathways. 

This study shows that it is important for (S)VOCs to consider multi-pathways exposures and that Intake 
fractions and characterization factors could be used to compare location and period of emissions of forest 
fires and to help select location and period for prescribed fires. 
Keywords: air pollution, exposure models, VOCs, fine particlate matter, Wildfire 

 
T2A-03: Collecting Timely Exposure and Health Data in Response to a Chemical 
Disaster: A case study from the Tucson Multi-stakeholder Disaster Research Workshop 

A. K. Miller1, R. K. Kwok2 

1NIEHS, Bethesda, MD, 2NIEHS, Research Triangle Park, NC. 

The NIH Disaster Research Response (DR2) Program, a collaborative effort between the National Institute for 
Environmental Health Sciences (NIEHS) and the National Library of Medicine (NLM), reduces the time 
required to initiate (or launch) time-critical public health investigations after disasters. DR2 provides public 
access to a growing repository of disaster research tools and materials that can be adapted to facilitate rapid 
field data collection activities, as well as provide training and information for those involved in these 
response efforts. Training workshops, which include over 300 participants at each one, have been conducted 
in Los Angeles (2014), Houston (2015), and Boston (2016). These workshops bring together local, state, and 
federal public health and emergency response offices, community members, worker organizations, private 
industries, and other stakeholders to better understand how time-critical data collection and research can be 
included as part of disaster response and recovery efforts. The most recent training workshop was conducted 
in partnership with the University of Arizona in Tucson (2019) where we explored the development, 
implementation, and integration of exposure, clinical, and population-based investigations in response to a 
scenario involving over 5,000 people exposed to toxic chemicals due to a train derailment. This presentation 
will focus on lessons learned regarding efforts to develop a local plan for time-critical exposure data 
collection and research in response to the aforementioned scenario through extensive interdisciplinary 
interactions, expertise, and collaborations. 
Keywords: emergency response, environmental health, policy, public health, disasters 
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Estimating chemical exposures for workers: advancing high-throughput 
approaches for chemical priority-setting 
 
Session Chair: Kristin Isaacs, U.S. Environmental Protection Agency 
 

T2B-01: Prioritization Approaches for Occupational Exposure under the Chemicals 
Management Plan 

A. Zidek1, S. Vanden Hoven1 

1Health Canada, Ottawa, ON, CANADA. 

In an ever-changing climate, the types and magnitude of exposures to chemicals may also be changing, 
complicating our ability to assess population health risks. This can be especially true in the workplace. 
Canadians spend a significant amount of time at work—some handling large volumes of, or being repeatedly 
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exposed to, hazardous chemicals. Burden of occupational disease estimation contributes to the 
understanding of both magnitude and relative importance of different occupational hazards and provides 
essential information for targeting risk reduction (Rushton 2017). Similar to other countries, the number of 
different chemicals in commerce in Canada is in the tens of thousands. However, identifying which chemicals 
may pose the greatest risk is a challenging task. In Canada, the Chemicals Management Plan (CMP) includes 
activities that assess and address risks from chemical exposures. With the exception of pesticides, risk 
assessments activities of industrial chemicals have only focused on the general population. This approach is 
different from the practices of many other international chemicals management agencies, where federal 
chemical programs provide a scientific role by including occupational exposure in risk assessments, 
developing occupational exposure limits, and/or developing chemical hazard classifications. Health Canada is 
exploring ways to reduce the risks to Canadians from exposure to chemicals by considering exposures in the 
workplace and enhancing the protection of workers by leveraging the information, tools, and/or technical 
expertise of the CMP. Recently, Health Canada hosted an international advisory meeting on the development 
of prioritization approaches for occupational exposure. The objective of the deliberations was to identify 
what considerations and sources of information could inform future work related to the protection of 
workers from exposure to chemicals in Canada. This included considerations for identifying potential 
priorities from exposures to industrial chemicals or consumer products used in the workplace. This 
presentation will cover the key lessons learned from international federal chemicals management agencies 
to inform potential future activities in Canada, with a particular focus on the scientific considerations for 
identifying potential priorities (i.e., risks) in the workplace. It will also highlight the important and relevance 
of various types of data and sources that could inform a risk-based prioritization exercise. This includes 
chemical inventory data, data submitted by industry, information from domestic and international 
organizations, monitoring and surveillance data, trends and flags related to new chemicals on the market, as 
well as emerging science. 
Keywords: occupational exposure, big data, risk assessment, occupational health, chemical exposure 
 
T2B-02: Extrapolating the Applicability of Worker Exposure Measurement Data 

K. McNally1, H. Marquart2, R. Franken3, J. Gorce1, N. Shandilya3, W. Fransman3 

1Health and Safety Executive, Buxton, UNITED KINGDOM, 2Triskelion, Zeist, NETHERLANDS, 3TNO / Netherlands Organisation for 
Applied Scientific Research, Zeist, NETHERLANDS. 

Exposure assessments supported by representative datasets of personal exposure measurements are widely 
accepted as the ‘gold standard’ in occupational exposure assessment. However, in practice due to the cost of 
obtaining measurements and the huge numbers of assessment required, exposure models such as the 
ECETOC TRA, Stoffenmanager, and the Advanced REACH Tool (ART), support a large proportion of exposure 
assessments. In this talk a recently developed hybrid ‘read-across’ framework, inspired by a widely used and 
accepted approach in toxicology, will be presented. This framework enables the calculation of read-across 
factors based on another substance and/or work situation by first evaluating the quality of an existing source 
measurement dataset and then assessing and mapping the similarities/differences of a target scenario 
(another substance and/or work situation) relative to the source, using the well-developed theory of 
exposure determinants. A summary statistic calculated from measurement data on the source scenario is 
adjusted according to this read-across factor, with uncertainty associated with this read-across accounted 
also accounted for in calculations. Recent improvements to the framework will be presented, with practical 
demonstration using case studies. 
Keywords: read-across 
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T2B-03: Adapting Existing Occupational Exposure Models and Data for High-
throughput Application 

K. Phillips1, J. Minucci1, K. Isaacs1, S. T. Puruker1 

1United States Environmental Protection Agency, Research Triangle Park, NC. 

With the passing of the Frank R. Lautenberg Chemical Safety for the 21st Century Act, the Toxic Substances 
Control Act (TSCA) was amended to require risk assessors to consider susceptible subpopulations when 
prioritizing compounds for risk assessment. While high-throughput consumer exposure models can be 
modified to account for some populations that can be considered susceptible (e.g., sensitive age groups), 
there are relatively few high-throughput models capable of addressing the chemical exposure scenarios 
encountered by workers (another susceptible group). Existing lower-throughput models (i.e., models that 
calculate the exposure for a single chemical over a single pathway and exposure scenario) are often 
contained in graphical user interfaces that make these models unamenable to incorporation with high-
throughput models. Seventeen exposure models (6 dermal models and 11 inhalation models) from the 
graphical user interface of the U.S. Environmental Protection Agency’s (EPA) Chemical Screening Tool for 
Exposure and Environmental Releases (ChemSTEER) have been implemented within a Python package: the 
High-throughput Command Line Occupational Exposure Tool (CLOET-HT). Each of the models contained 
within CLOET-HT has been validated against their analogous models within the ChemSTEER program. With 
appropriate data, these models can be evaluated and parameterized for high-throughput occupational 
exposure modeling purposes. Chemical Exposure Health Data published by the U.S. Occupation Health and 
Safety Administration (OSHA) were used to evaluate these models. These data contain chemical concentrations 
measured with personal air samplers and dermal wipes of workers’ skin, as well as information connecting the 
workplace in which a sample has been taken to the North American Industrial Classification System (NAICS) 
code. This presentation will discuss the efforts to construct and validate CLOET-HT as well as curation of the 
Chemical Exposure Health Data for use in evaluating occupational exposure models. 
Keywords: occupational exposure, exposure models, artificial intelligence (AI), big data 

 
T2B-04: Development of a Generalized Inhalation Model for High-throughput 
Toxicokinetics 

M. Linakis; United States Air Force, Dayton, OH. 

While new approach methodologies (NAMs) are quickly gaining traction throughout the field of toxicology, 
their application to respond to potential chemical exposures and threats is still in relatively early stages. For 
example, it is currently difficult to prospectively estimate human toxicokinetics (particularly for novel 
chemicals) in a high-throughput manner. The free, open source R software package httk (high-throughput 
toxicokinetics) has been developed, in part, to address this deficiency, however it is limited to oral and 
intravenous exposure routes. Given the prevalence of inhalation exposures in the occupational environment, 
it would be beneficial to be able to examine such exposures using the httk framework. With that in mind, the 
intent of this talk is to describe the development and evaluation of a generalized inhalation model for httk. 
The structure of the inhalation model was based largely on two previously published physiologically-based 
models from Clewell et al. (2001) and Jongeneelen et al. (2011). The model was evaluated using 41 volatile 
organic chemicals (VOCs) with sufficient information available in literature (i.e., metabolism parameters and 
concentration vs. time data). Physicochemical data was obtained using the EPA’s CompTox Chemicals 
Dashboard, while fraction unbound in plasma was calculated using Simulations Plus® ADMET Predictor™ (v. 
9.0), and metabolism (specifically Michaelis-Menten parameters Vmax and Km) and concentration-time data 
were obtained from literature. In total, 142 doses of the 41 VOCs were modeled (77 in humans, 65 in rats) 
and compared to published data at those doses. Tested chemicals had a mean molecular weight of 102.2 
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g/mol (range: 32.0-202.3 g/mol) and mean log P was 1.96 (range: -0.61-5.44). The slope of the regression line 
of best fit between log-transformed predicted and combined measured blood and exhaled breath 
concentrations was 0.46 with an R2 = 0.45 and an RMSE of direct comparison between values = 1.11. 
Approximately 5.1% (n = 108) of the data analyzed were >2 orders of magnitude different from the values 
published in literature. Sensitivity analysis indicated that the model was most sensitive to changes in Log 
Henry, Log P, and Pulmonary Ventilation Rate values. The VOCs examined in this investigation represent 
small, generally lipophilic molecules. Goodness-of-fit values indicate middling model fit to reported data, 
though this may improve with implementation of lung metabolism. Future efforts will be focused on 
identifying which groups of chemicals are better or worse fit by the model and implementing estimates of 
uncertainty into the model. 
Keywords: PBPK Modeling, VOCs 
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Investigating Exposures of Indigenous Peoples  
 
Session Chair: Nicolle Tulve, U.S. Environmental Protection Agency 
 

T2C-01: Polychlorinated Biphenyl Levels in Subarctic Regions of the Northwest 
Territories 

V. L. R. Gevaert1, B. D. Laird1, M. Ratelle1  

1University of Waterloo, Waterloo, ON, CANADA. 

Background: Polychlorinated biphenyls (PCBs) are man-made organochlorine contaminants that belong to a 
group of toxic chemicals known as persistent organic pollutants (POPs). PCBs can be found in biological 
samples from remote regions, including northern parts of Canada, due to their persistent nature and long-
range transport. However, a data gap exists for human PCB exposure levels among First Nations in sub-Arctic 
regions of Canada. Therefore, biomonitoring projects in the Northwest Territories (NWT) and Yukon were 
implemented in 2016-2019 to assess exposures to contaminants, including organic pollutants. In this study, 
we report PCB and omega-3 fatty acid levels from the Dehcho and Sahtú regions, NWT. Methods: 
Consultations with community leaders took place to develop Community Research Agreements (CRA). 
Researchers collected and analyzed blood samples (n= 273) from participants in nine communities 
throughout the Dehcho and Sahtú regions. Out of the 209 PCB congeners, 24 PCB congeners and one PCB 
mixture (Aroclor 1260) were quantified by gas chromatography coupled with mass spectrometry (GC-MS) 
and underwent statistical analyses. PCB concentrations were presented in µg/L. Univariate statistics were 
generated to assess the role of sex (male versus female) and geographic location (Sahtú versus Dehcho 
region) on PCB biomarkers. Multivariate analyses were completed to assess associations (Spearman’s ρ) 
among variables, including omega-3 fatty acid and individual PCB congener profiles. Results: Generally, males 
had higher levels of PCBs than females, and the Sahtú region had higher levels than the Dehcho region. Most 
PCBs had positive associations with age and omega-3 fatty acids; however, correlations were stronger for 
specific PCB congeners. PCB levels were more strongly associated with age than they were with omega-3 
fatty acid level. All PCB congeners with a LOD>60% were significantly associated with one another and 
showed a correlation coefficient between 0.90 and 0.99. Geometric mean (GM) and 95thpercentile (P95) PCB 
levels in the Dehcho and Sahtú regions appeared similar, if not lower, than the Canadian Health Measures 
Survey (CHMS) GM and reference value (RV95) levels. Moreover, regionally, PCB levels were at least 2.65-
fold lower than available PCB biomonitoring equivalents. Conclusion: These results provide the first reported 
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baseline PCB levels in First Nations communities from the Dehcho and Sahtú regions of the NWT. Overall, 
age, sex, and region appear to be determinants of PCB exposure levels. PCB levels were moderately 
correlated with n-3 PUFAs and most PCB levels were very highly correlated with one another. 
Keywords: biomonitoring, environmental health, statistical methods, Toxic/Toxicology, POPs 
 
T2C-02: Evaluation of Indoor PM2.5 Concentrations in a Native American Community: A 
pilot study 

N. Ji1, A. Rule2, R. Weatherholtz3, L. Crosby4, J. E. Bunnell4, B. Orem4, R. Reid3, M. Santosham3, L. L. Hammitt3, K. L. O’Brien3 

1Department of Environmental and Occupational Health, Rutgers University School of Public Health, Piscataway, NJ, 2Department of 
Environmental Health and Engineering, Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, 3Center for American Indian 
Health, Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, 4United States Geological Survey, Reston, VA. 

Background: Indoor air pollution is associated with adverse health effects; however, few studies are available 
on indoor air pollution on the Navajo Nation in the southwest U.S., a community with high rates of 
respiratory disease. Methods:  Indoor fine particulate matter (particulate matter with less than 2.5 μm in 
diameter or PM2.5) concentration was evaluated among 26 homes on the Navajo Nation using real-time PM2.5 

monitors. Household risk factors and daily activities were evaluated with three metrics of indoor PM2.5: time-
weighted average (TWA), 90thpercentile of concentration, and daily minutes exceeding 100 μg/m3. A 
questionnaire and recall sheet were used to record baseline household characteristics and daily activities. 
Results: The median TWA, 90thpercentile, and daily minutes exceeding 100μg/m3 were 7.9 μg/m3, 14.0 
μg/m3, and 17 minutes, respectively. TWAs tended to be higher in autumn and houses that used fuel in the 
past day. Other characteristics associated with consistent elevated PM exposure included overcrowded 
houses, non-mobile houses, and houses with current smokers, pets and longer cooking time. Conclusion: 
Some residents (4 out of 26 households, or 15%) of the Navajo Nation have higher risk of exposure to indoor 
air pollution by Environmental Protection Agency (EPA) standards. Efforts to identify the causes and 
associations with adverse health effects are needed to ensure that exposure to risks and possible health 
impacts are mitigated. 
Keywords: fine particlate matter, environmental justice, exposure factors, air pollution, Native Americans 

 
T2C-03: Preliminary Pesticide, PCB, Lead, and Allergen Concentrations Measured in 
Licensed Tribal Child Care Centers in the Pacific Northwest 

N. S. Tulve1, C. W. Croghan1, B. Plewe2, H. Thompson-Duffy3, T. Buckley1 

1U.S. Environmental Protection Agency, Research Triangle Park, NC, 2U.S. Environmental Protection Agency, Seattle, WA, 3U.S. 
Department of Health and Human Services, Portland Area Indian Health Service, Spokane, WA. 

Children’s potential exposures to chemical and biological agents in tribal childcare centers are not well 
characterized. As a result, the environmental health of selected childcare centers in Portland Area Indian 
Country (all federally recognized tribes within the states of WA, ID, and OR) was characterized to measure 
children’s potential exposures to a suite of pesticides, polychlorinated biphenyls (PCBs), allergens, and lead. 
Thirty-one childcare centers participated. During a routine site visit to each childcare center, we collected 
dust and soil samples from at least one classroom, multipurpose room (larger facilities), and outdoor play 
area (only when bare soil was accessible). Number of rooms sampled depended on the size of the facility. 
Within each classroom and multipurpose room, dust samples were collected from the floor, play/work 
surface, and windowsill. Separate dust samples were collected for pesticide/PCB and lead analyses. Only 
childcare centers older than 1978 had dust and soil samples collected and analyzed for lead (n=11). 
Additionally, a questionnaire was administered to the center director (or designee) to collect information on 
pesticide usage patterns, cleaning habits, and child demographics. Our preliminary results show that at least 
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one pesticide was measured at all childcare centers regardless of reported pesticide use; no PCBs were 
measured; and, lead was measured at all childcare centers where samples were collected and analyzed for 
lead. Analysis of the quality control samples showed adequate recovery of spiked analytes and no 
contamination in the laboratory or field blanks. This presentation will report the analyte concentrations in 
the dust and soil and compare these concentrations to the concentrations reported in the nationally 
representative childcare center study conducted in the United States in 2001. 
Keywords: children, environmental health, stressor, Tribal, childcare center 
 
T2C-04: An Assessment of Persistent Organic Compounds and PFAS for Consumption 
of Restored Anadromous Fish 

L. J. Melnyk1, J. Lin1, J. Lazorchak1, M. Stover2, D. Kusnierz3, G. Perlman4  

1US Environmental Protection Agency, Cincinnati, OH, 2US Environmental Protection Agency, Boston, MA, 3Penobscot Indian Nation 
Department of Natural Resources, Indian Island, ME, 4Agency for Toxic Substances and Disease Registry, Boston, MA. 

USEPA, in collaboration with the Penobscot Indian Nation’s Department of Natural Resources (PINDNR) and 
the Agency for Toxic Substances and Disease Registry (ATSDR), assessed the safety of human and wildlife 
consumption of six species of anadromous fish: Alewife, American Shad, Blueback Herring, Rainbow Smelt, 
Striped Bass, and Sea Lamprey plus roe from American Shad. In 2017 and 2018, PINDNR collected, filleted, 
froze, and shipped fish to the analytical laboratory. Fillets were analyzed by the EPA Cincinnati laboratory for 
PCBs, PBDEs, and dioxins/furans, and PFAS compounds by Battelle. An assessment of the organic 
contaminant levels in these fish was compared to reference doses (where possible) as established in the US 
Integrated Risk Information System (IRIS) and wildlife values. The concentrations for both years combined for 
PCBs ranged between 6.38 µg/kg ww in roe– 100 µg/kg ww in Striped Bass: PBDEs ranged between 0.855 
µg/kg ww in roe– 5.54 µg/kg ww in Rainbow Smelt; dioxins/furans ranged between 0.044 µg/kg ww in roe – 
0.22 µg/kg ww in Striped Bass for all species. PFAS concentrations varied by the specific compound for each 
species. The concentrations ranged between 1.18 µg/kg ww of PFOSA in Striped Bass to 8.59 µg/kg ww of 
PFOS in Sea Lamprey. The wildlife value for minks for total PCBs of 72 µg/kg was exceeded in 2017 and 2018 
Striped Bass; for PBDEs Kestrel wildlife value of 8.7 µg/kg had no exceedances. Wildlife consuming Blueback 
Herring, Sea Lamprey, and American Shad may be at risk based on PFOS wildlife values from California. The 
results were presented to the Penobscot Nation in a public health consultation prepared by ATSDR. This 
collaborative effort, including the exchange of sound, scientific and technical expertise, has resulted in a 
partnership that has enhanced our government-to government relationship with the Penobscot Nation and 
improved public health policies for the community directly impacted. 
Keywords: PFAS, public health, Tribal, wildlife 
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Session: T3A 

Advancing understanding of co-exposure to multiple chemicals: putting the 
Chemical Exposome puzzle pieces together  
 
Session Chair: Tatsiana Dudzina, ExxonMobil Biomedical Sciences Inc. 
 

T3A-01: Longitudinal profiling of chemical exposome 

P. Gao1, X. Shen1, M. Snyder1 

1Stanford University, Stanford, CA. 

The current environmental chemistry and toxicology studies were majorly focused on the existences and 
health effects of a single chemical or a single group of chemicals which are not reflecting the complicated and 
dynamic exposome that we are facing. As such, the multi-contamination, multi-exposure, and more-than-
additive bioavailability/toxicity of environmental chemical stressors are remaining unknown. Here, we 
longitudinal profiled the personal external and internal exposome, metabolome, and proteome to investigate 
the role of exposome on shaping personal phenome. The results showed that external chemical exposome 
varied significantly with location and time being two dependents. Also, 158 environmental toxins or 
carcinogens from various categories were annotated from 3300 external exposome features, with pesticides, 
pharmaceuticals and personal care products, and plasticizers being dominant. However, endogenous 
chemicals such as food and animal toxins were major toxins in the blood based on current exposome 
databases indicating limited ability to annotate biotransformation products of xenobiotics. Lastly, 2314 
strong correlations were found between annotated external exposome and metabolome, and 1126 strong 
correlations were found between annotated external exposome and proteome. 20 personal exposome 
biomarkers were discovered which were known biomarkers for protein, lipid, carbohydrate, and nucleotide 
metabolisms, phase II biotransformation reaction, kidney and liver functions, and oxidative stresses. This 
pilot study showed that the longitudinal exposome study can reveal personal exposures of chronic and low 
dose environmental contaminants as well as the induced biological perturbations comprehensively. 
Keywords: environmental health, health, chronic diseases, biomonitoring, biomarkers, exposome 

 
T3A-02: Interindividual variation in source-specific doses is a determinant of health 
impacts of combined chemical exposures 

P. Price; Retired, Chapel Hill, NC. 

All individuals are exposed to multiple chemicals from multiple sources. These combined exposures are a 
concern because they may cause adverse effects that would not occur from any single exposure. In such 
cases, assessments of risks posed by a single chemical from a single source would not necessarily be proof of 
the absence of risk from combined exposures. Studies of risks from actual combined exposures reaching 
individuals in a population performed using additive models, however, have found that such risks are 
frequently driven by exposures to a single chemical from a single source. Further, they have shown that 
individuals most at risk from combined exposures have a higher probability of receiving most of their risk 
from a single chemical and source. In such cases, a finding of safety from separate source-specific 
assessments of the individual chemicals could indicate safety from the effects of combined exposures. A 
simulation model of a population’s combined exposures to multiple chemicals from multiple sources was 
developed and along with an additive model of hazard was used to investigate when risks to individuals with 
the largest combined exposures had combined risks that are significantly larger than the risk posed by any 
single chemical and source and when a combined risks were similar to the largest chemical and source-
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specific risks. The analysis found that risks from combined exposures for highly-exposed individuals greatly 
exceeded the risk from any single chemical and source when: one, the interindividual variation of source-
specific doses is small (geometric standard deviations of less than 0.2); two, moderate-to-high correlations 
occur between the source-specific doses (values of R of 0.5 and above); and three, the number of sources 
affecting an individual varies across individuals. In contrast, when a chemical’s source-specific doses are 
highly variable (geometric standard deviations of 0.5 or greater) risks are almost always driven by a single 
chemical. This finding suggests that characteristics of interindividual variability of source-specific doses could 
be used to identify sources and chemicals that have the potential to cause combined exposures that are of 
the greatest concern. 
Keywords: cumulative exposure, exposure models, risk assessment 
 
T3A-03: Tiered approach tool to assess risk from combined exposure for the general 
public to environmental pollution 

K. De Brouwere1, J. Buekers1, M. Van Holderbeke1  

1VITO, 2400, BELGIUM. 

The WHO/IPCS framework for risk assessment of combined exposure to multiple chemicals (Meek et al, 
2011) aids risk assessors and policy makers in identifying priorities for risk management for a wide range of 
applications where co-exposures to multiple chemicals are expected. Whereas the framework provides an 
excellent theoretical framework, and is supported with some examples, the Flemish Authorities identified the 
need to develop a practical tool to assess risk from combined exposure in the context of general population 
exposure to environmental pollution in Flanders. Hereto, an excel tool, mainly focused on low and middle 
tier level of the WHO framework, was developed, including relevant information for about 40 commonly 
measured environmental stressors in Flanders. In this presentation, we present different aspects of the 
practical excel- based tool: tiered approach, theoretical considerations, routes of exposure considered, 
building blocks of the tool (selection of health based reference values of individual compounds, approach to 
group compounds from toxicological point of view). A practical demonstration of the tool will be given, 
together with some examples in which the tool has been used in policy in Flanders. Finally, we discuss the 
limitations of the tool and plans to further develop the tool. 
Keywords: multiple stressors, cumulative exposure, risk assessment, public health  

 

T3A-04: A pragmatic approach to screening chemicals for co-exposure assessment 

T. Dudzina; ExxonMobil Biomedical Sciences Inc., Machelen, BELGIUM. 

For several decades, science and policy makers have been seeking ways to address potential risks from 
combined exposure to multiple chemicals, recognizing that humans and the environment are in continuous 
contact with chemical mixtures, not single substances. Recent regulatory discussions in Europe, for example, 
consider possibility to follow a precautionary risk management approach (e.g. apply Mixture Assessment 
Factor) as a mean to surmount the paucity and uncertainty in key co-exposure knowledge. The latter is 
essential for defining the chemical space of real-life co-exposures to inform mixtures health risk assessment 
that in turn should support any risk management decisions. The mixture risk assessment challenge is three 
dimensional and includes the hazard, toxicokinetics and exposure components. The complexity drives 
research efforts to be focused on studying co-exposures of chemicals that can reach physiological receptors 
within a common timeframe and impact physiological response in an interactive way. Some progress has 
been made on the hazard assessment side by building knowledge on adverse outcome pathways and modes 
of action; many studies have investigated internal co-exposure profiles using scattered human biomonitoring 
(HBM) data. However, systematic evaluation of abundant external exposure data is lacking, while it has great 
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potential to increase understanding of what chemical combinations people may be exposed to in real life. 
Generally, co-exposures are anticipated because of co-presence of substances within a formulated product, 
anticipated co-use or co-presence in the environment. In that respect, various factors potentially leading to 
co-exposure were hypothesized and examined in this pilot study for a select number of substances 
commonly detected in HBM samples as well as a few additional hazardous substances randomly picked from 
the European REACH database. The evaluation approach employs high-throughput human exposure 
modeling with minimal data input (e.g. use characteristics, substance physchem and environmental fate 
properties) to establish scenario-specific groups of chemicals with likeliest/highest potential for human co-
exposure based on the identified commonalities/differences in chemical exposure patterns. The resulted 
groupings are compared with co-exposure relationships reported from analyses of HBM data, which serves as 
the direct measure of uncovered biologically relevant co-exposure in humans. The presentation will discuss 
the utility of the proposed screening method for identifying and attributing chemicals to co-exposure groups 
of importance. When combined with relevant available biological and toxicological information the external 
co-exposure groups yield the risk-based categories of chemicals relevant for high-tier cumulative risk 
assessment. They can also be used to better inform HBM study designs. 
Keywords: cumulative exposure, chemical prioritization, exposure models, risk assessment 

 
T3A-05: Predicting Bioavailability of Mixture Ingredients Upon Dermal Exposure 

J. Sahmel; Insight Exposure and Risk Sciences, Boulder, CO. 

The prediction of bioavailability of mixture components following dermal exposure is often a complex 
proposition. For non-ideal mixtures, the dermal flux of mixture constituents does not scale with weight 
fraction, but rather scales with the thermodynamic chemical activity in the mixture of interest. It is also 
important to note that dermal flux of a species in a mixture relative to its flux in a neat solution is impacted 
not only by the species’ thermodynamic chemical activity in the mixture, but also by the extent to which the 
mixture components affect the skin’s barrier properties. For example, if mixture components are less 
disruptive to the barrier properties of skin than the neat species of interest, then the dermal flux of the 
species of interest in the mixture would be lower than what would be estimated based on thermodynamic 
activity alone. These factors and others must be considered when evaluating the potential for dermal 
bioavailability of mixture ingredients, and a discussion of some of these factors will be presented. 
Keywords: exposure factors 

 

Session: T3B 

Epidemiology, Exposure Science, and Risk Assessment: We need each other  
 
Session Chair: Judy LaKind, LaKind Associates LLC 
 

T3B-01: Use of Epidemiology Data in Risk Assessment 

A. Zidek1, S. Blechinger1 

1Health Canada, Ottawa, ON, CANADA. 

Human health risk assessments use a wide range of data to support the exposure and hazard 
characterization and subsequent risk conclusion. However, several challenges exist including limited 
exposure and toxicity data for the hundreds of thousands of potential chemicals in use, a movement away 
from traditional animal toxicity testing, and the ability to cover a range of variabilities and susceptibilities 
within the populations being assessed. To further complicate the risk equation is the potential impact a 
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changing climate can have on a risk assessment outcome and whether scientists and regulators have 
successfully captured the complex relationships between exposures, health outcomes and climate variability. 
Epidemiology data provides risk assessors with invaluable exposure and health outcome information with the 
ability to capture impacts and changing variables associated with an ever-changing climate. This presentation 
will provide an overview of how epidemiological data is used in risk assessment and how it can further 
advance exposure science and regulatory decision making. 
Keywords: risk assessment, epidemiology, environmental health, public health  

 
T3B-02: Moving beyond Babel: The Matrix 

J. S. LaKind; LaKind Associates, LLC, Catonsville, MD. 

Environmental epidemiologic research provides invaluable information for understanding the relationship 
between environmental exposures and health outcomes. Chemical risk assessment, a foundation of public 
health decision-making, benefits from having information from various disciplines including epidemiology. 
While epidemiology and risk assessment have common goals of understanding and reducing human health 
impacts associated with exposure to environmental chemicals, each discipline utilizes different terminologies 
and skill sets. Thus it can be difficult for public health officials to use epidemiology research for decision-
making. For over twenty years, scientists have recognized that dialogue between risk assessors and 
epidemiologists is crucial, although to date no specific path forward has been developed for this purpose. 
This need for communication motivated the organization of a workshop to explore the question: How can 
epidemiology data be more consequential for risk assessment? The Matrix was designed as an educational 
tool with the goal of informing epidemiologists regarding the kinds of information needed for risk 
assessment. Some of these needs can be met during the study design and reporting phases, while others can 
be addressed post hoc. Increased education of epidemiologists regarding risk assessor needs can increase 
translation of epidemiology research. The Matrix includes a small number of "asks", thereby focusing the 
dialogue between epidemiologists and risk assessors; it covers key and complex components of any 
epidemiology study. The Matrix is not intended to supplant best practices for environmental epidemiology or 
existing frameworks on integrating multidisciplinary data. Rather, the goal of the Matrix is to improve 
understanding and communication between the disciplines. Bridging the gap between epidemiology and risk 
assessment will enrich both disciplines and enhance public health decision-making. 
Keywords: environmental health, environmental policy, epidemiology, Matrix 
 
T3B-03: Are we speaking the same language? A communication case study of mortality 
and NO2 

C. J. Burns; Burns Epidemiology Consulting, Sanford, MI. 

Can epidemiologists improve the “translation” of our research for human health risk assessment? The 
answer to this question may lie within recent approaches, as summarized in the Matrix tool. We undertook a 
case study to demonstrate how existing epidemiology data can be described in a risk assessment context 
using the elements of the Matrix. This review focused upon studies of mortality and long term NO2 exposure 
that were used in the US National Ambient Air Quality Standard Integrated Science Assessment. This 
presentation will summarize elements of these and other epidemiology studies that may increase their 
contribution to policy decisions. The purpose of this case study was not to critique the quality of the existing 
literature but rather to summarize aspects of the data from a risk assessment perspective. This presentation 
will highlight areas in which elements of the Matrix, i.e. asks of risk assessors, were or were not incorporated 
in the publications. While many epidemiology studies are not conducted with risk assessment in mind, they 
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could be. Small changes to design, report and/or analyses could have a large impact upon the relevancy for 
risk assessment. 
Keywords: epidemiology, air pollution, risk assessment, NAAQS  

 
T3B-04: Exposure assessment, risk assessment and epidemiology: exploring the 
missing link 

M. Greiner1, C. Müller-Graf2, S. Knüppel2, A. Gervelmeyer3, T. Halldorsson4 

1German Federal Institute for Risk Assessment (BfR), Department of Exposure  and University of Veterinary Medicine Hannover, 
Foundation, Berlin, GERMANY, 2German Federal Institute for Risk Assessment (BfR), Department of Exposure, Berlin, GERMANY, 
3European Food Saftey Authority (EFSA), Parma, ITALY, 4University of Iceland, Faculty of Food Science and Nutrition, Reykjavik, 
ICELAND. 

Epidemiological studies in humans can support chemical risk assessment in many ways. In this presentation 
we will outline the types of questions that can be answered with epidemiological evidence. In this context it 
is useful to reflect on similarities and differences between epidemiological and chemical risk assessment 
approaches. Besides the strengths and weaknesses, we will also look at the complementarity of these 
approaches. Finally, we will address the challenges and requirements of using epidemiological evidence in 
the practical context of risk assessment and inform about the activities of the European Food Safety 
Authority (EFSA) and the Federal Institute for Risk Assessment (BfR) in this field.  

Reference: M Greiner (2020). Epidemiology and exposure. Chapter 2.7. In: G Heinemeyer, M Jantunen, Pertti 
Hakkinen (Eds.) The practice of Consumer Exposure Assessment, ISBN 978-3-319-96147-7, Springer, 584p. 
Keywords: epidemiology, risk assessment, other (specify), evidence 
 
T3B-05: Unconventional Oil and Natural Gas Development: Improving the Integration of 
Exposure and Health Research 

D. Vorhees1, A. Rosofsky1 

1Health Effects Institute, Boston, MA. 

Successful implementation of environmental health research depends on interdisciplinary collaboration to 
maximize the utility of results. For example, epidemiologists can work with exposure scientists to identify 
environmental exposures that gave rise to any observed adverse health effects and simultaneously gather 
the information needed to mitigate the exposures. This talk illustrates the importance of collaboration in the 
context of oil and natural gas development from shale and other unconventional resources (UOGD) in the 
United States. This development began around the turn of the century and continues near communities 
across the country. The range of potential environmental exposures associated with UOGD has led to 
questions about possible effects on health. The Health Effects Institute-Energy (HEI-Energy), a non-profit 
affiliate of the Health Effects Institute, plans to competitively fund exposure research in the coming years, 
which will be overseen by its Energy Research Committee. To support planning for exposure research, the 
Committee and HEI-Energy staff recently completed a multi-year review of exposure and health literature 
published since 2010 and consulted with a broad range of stakeholder groups, including individuals 
representing community groups, academia, environmental and public health nongovernmental 
organizations, the oil and gas industry, and all levels of government. Informed by the literature reviews and 
consultations with stakeholders, this talk will describe the complexities in assessing human exposures to 
UOGD, current approaches to quantifying environmental exposures in the epidemiology and risk assessment 
literature, and a path toward improving assessment of exposures associated with UOGD to strengthen future 
epidemiology studies and risk assessments. 
Keywords: environmental health, environmental policy, epidemiology 
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Session: T3C 

The Chemical Space in Exposure Assessments, PART II  
 
Session Co-Chairs: Thomas Metz, Pacific Northwest National Laboratory; Oliver Fiehn, U.S. Environmental 
Protection Agency and David Wishart, University of Alberta 
 

T3C-01: Mapping the Chemical Space of the Blood Exposome 

D. K. Barupal; Icahn School of Medicine at Mt Sinai, New York, NY. 

The composition, complexity and diversity of the chemical space for the blood exposome are needed to be 
characterized for achieving the exposome’s ultimate aim to improve human health. Blood can contain 
chemicals originating from metabolic systems in healthy and sick organs, diet, drugs, life-style factors and gut 
microbiota. Blood specimens are routinely collected for measuring a range of analytes in a hospital or in a 
research setting. While clinical catalogues have established assays for around 1000 chemicals for routine 
analysis, research labs have measured ten of thousands other chemicals in blood specimens using analytical 
techniques such as mass spectrometry. The knowledge about these blood related chemicals is available in 
electronic health records, published literature, clinical catalogs, patents and toxicology specific chemical 
databases. We have begun to comprehensively map the composition and diversity of the blood chemicals, 
and primary efforts have yielded a map of up to 42,000 distinct chemical structures from one million 
publications on the blood analyses. This was published as the Blood Exposome Database 
(www.bloodexposome.org). This database is growing rapidly as we 1) discover and publish new chemicals 
using untargeted metabolomics assays 2) measure low abundant chemicals using sensitive targeted assays 
and 3) utilize modern natural language processing methods for mining the biomedical text data in EHR and 
literature. The Blood Exposome Database is serving as a key resource for expanding exposome mass spectral 
libraries, targeting phenotype specific blood biomarkers, annotating LC/GC MS peaks in untargeted 
metabolomics and assessing chemical hazards. Moving forward, the database is geared to be a rich 
knowledge-base for providing integrated information about blood chemicals in the exposome research. 
Keywords: environmental health, metabolism, epidemiology, Toxic/Toxicology, metabolomics 

 
T3C-02: In Silico Prediction and Identification of Metabolites with BioTransformer - 
Enabling Exposure Science 

Y. Djoumbou-Feunang1, M. Sullenberger1, J. Balcer1, D. Tomandl1 

1Corteva Agriscience, Carmel, IN. 

Increased reliance on chemicals in both industrialized and developing countries has led to a dramatic change 
of our exposure patterns to both natural and synthetic chemicals. This diverse plethora of xenobiotics, some 
of which have become nearly ubiquitous, includes among others, pesticides, pharmaceuticals, food 
compounds, and their largely unknown chemo-/biotransformation products. To accurately assess the various 
environmental health threats they may pose, it is crucial to understand how they are biologically produced, 
activated, detoxified, and eliminated from various biological matrices. As it turns out, understanding the 
biological and environmental fate of xenobiotics is a major step towards deciphering the aforementioned 
mechanisms. Moreover, it contributes significantly to the development of safer and more sustainable 
chemicals. Over the past decade several in silico tools have been developed for the prediction and 
identification of metabolites, most of which are only commercially available and significantly biased towards 
drug-like molecules. In this presentation, we will describe BioTransformer, an open source software and 
freely accessible server for the prediction of human CYP450-catalyzed metabolism, human gut microbial 
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degradation, human phase-II metabolism, human promiscuous metabolism, and environmental microbial 
degradation. Moreover, we will present an assessment of its performance in predicting the metabolism of 
agrochemicals, conducted at Corteva Agriscience. Furthermore, we will illustrate a few examples of its 
application as demonstrated by various published scientific studies. Finally, we will share future perspectives 
for this open source project, and describe how it could significantly benefit the exposure science and 
regulatory communities. 
Keywords: metabolism, artificial intelligence (AI), pesticides, occupational exposure, cheminformatics; machine 
learning; biochemistry 
 
T3C-03: Computational methods for assessing chemical space  

R. S. Renslow1, M. Y. McGrady1, J. R. Nuñez1, S. M. Colby1, T. O. Metz1 

1Biological Sciences Division, Pacific Northwest National Laboratory, Richland, WA, USA 

When considering exposomic and metabolomics data, or large sets of molecules in general, it is helpful to 
place them in the context of a “chemical space” – a multidimensional space defined by a set of descriptors 
(e.g. molecular properties) that can be used to visualize and analyze groups of related compounds. Chemical 
space analysis can be used to 1) lower false discovery rates for complex sample characterization through 
improved and/or expanded sets of decoy molecules, 2) contribute to identifying currently unknown 
molecules based on where a chemical feature may reside in chemical space, and 3) create representative 
subsets of molecules that can be used for testing new analytical instruments and for training AI/ML models. 
Toward this end, our group has developed software tools to expand the accessibility and usefulness of 
chemical space analysis. First, a Python-module, chespa, was created which streamlines prediction of various 
molecular descriptors (chemical properties, molecular substructures, AI-based chemical space, and chemical 
class ontology) to easily assess different chemical space definitions through clustering of compounds in these 
spaces and visualizing trends of these clusters. Furthermore, new AI-based chemical software tools for 
compound generation contribute to more accessible and explorable regions of chemical space without the 
hinderance of ‘big data’ required by brute force methods (e.g. enumeration of all possible compounds in a 
space). We developed and used one such tool, a deep-learning software called DarkChem, which learns a 
representation of the molecular structure of compounds by compressing them into a latent space wherein 
similar data points cluster together in space, to target sparse areas of small molecule chemical space and  
generate potentially novel molecules. By creating a 1 million compound sample of small molecules (less than 
1000 Da) and plotting it in two different chemical space representations – one defined by molecular 
properties and one by DarkChem’s latent space – we were able to ascertain a region with few or no 
compounds, sample known compounds that bordered the region of interest, and use these as input for 
DarkChem generation. DarkChem generated novel molecules (99% represent molecules not found in public 
databases) that filled previously empty areas and are structurally valid. AI tools such as DarkChem can be 
used to explore areas of chemical space more quickly than brute force methods, and because DarkChem 
uniquely targets specific regions, novel compounds in the same neighborhood as compounds of interest can 
be generated for uses in metabolomics, drug discovery and exposomics/forensics applications. 
Keywords: AI, chemical space, deep learning, Python 
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Session: T4A 

Research Trends for Identifying Emerging Contaminants, their Effects, and 
Potential for Exposure  
 
Session Chair: Annette Guiseppi-Elie, U.S. Environmental Protection Agency 
 

T4A-01: Coordinated Federal Efforts to Address Emerging Contaminants’ Research 
Gaps: An Overview 

J. Orme-Zavaleta1, C. P. Weis2 

1US Environmental Protection Agency, Research Triangle Park, NC, 2National Institute of  Health/NIEHS, Bethesda, MD. 

Numerous scientific papers have suggested that human exposure to some emerging contaminants, also called, 
contaminants of emerging concern (CECs) may result in public health effects. However, a lack of research on 
potential health effects has hindered U.S. Federal and State decision-making. This presentation will provide an 
overview of the Federal effort to address research gaps for identifying CECs, their health effects and exposure 
routes from the presence of CECs in drinking water. Specifically, the presentation will provide an overview of 
the cross-agency plan entitled “Plan for Addressing Critical Research Gaps Related to Emerging Contaminants in 
Drinking Water” which was completed in October 2018. The plan covers five elements: (1) identification of 
critical CEC research gaps, (2) alignment of agency missions with CEC research gaps, (3) thematic areas for 
collaboration and coordination, (4) timeline, and (5) actions to enhance research efficiency. Also, the 
presentation will introduce the three general research focus areas (contaminant identification, exposure 
characterization and health impacts) covered in the plan and to be detailed by other speakers in this 
symposium. Through the 2018 overarching framework and a follow up effort currently underway, Federal 
agencies will be able to identify shared interests in CEC research gaps, existing activities and programs related 
to the gaps, actions to enhance research efficiencies, and opportunities for strategic partnerships. 
Keywords: environmental health, water, other (specify), Contaminants of Emerging Concern 
 
T4A-02: The Water We Drink 

M. Focazio1, P. Bradley1, D. Kolpin1, K. Smalling1, K. Lee1, E. Furlong1 

1U.S. Geological Survey, Reston, VA. 

Approximately 100 primary drinking water standards have been promulgated by the US Environmental 
Protection Agency. In addition, the Unregulated Contaminant Monitoring Rule requires monitoring of up to 
30 other contaminants every five years. Treatment followed by “compliance monitoring” form a cornerstone 
to maintaining safe public drinking water in the United States. However as novel pathogens emerge, new 
industrial and agricultural chemicals, pharmaceuticals and personal care products are manufactured, 
demographics shift, and infrastructure ages the public wonders if our drinking water supplies could be 
compromised due to contamination. Scientists and regulators refer to “contaminants of emerging concern” 
to acknowledge the work already present that keeps drinking water safe and turn focus instead towards the 
potential for other contaminants that might be health hazards now or in the future. Except for lead and 
copper, compliance and research monitoring of public drinking water supplies is almost exclusively executed 
before, or at, the point of entry to conveyance infrastructure. Potential changes in water contaminants and 
low levels (less than parts per billion) of complex mixtures as the water moves through the distribution 
system and premise plumbing are not commonly reflected in current monitoring data. In addition, 
approximately 60 million Americans living in rural areas who supply their own drinking water rarely, if ever, 
have their water tested. Consequently, data at the point-of-exposure (the tapwater) is virtually non-existent 
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throughout the United States. These and other factors continue to challenge the science needed to address 
“concerns”, warranted or not, about contaminants in our drinking water supplies. New research by the U.S. 
Geological Survey and partners in academia and other government agencies is addressing these data gaps by 
collecting tapwater directly from residential and workplace locations followed by laboratory analyses of over 
400 potential contaminants (including regulated as well as unregulated contaminants) in each tapwater 
sample. These study results are beginning to provide information about potential changes in contaminants as 
water moves from sources in watersheds and aquifers, additions or removals through chemical and other 
treatment processes are made, and as the water moves through infrastructure and premise plumbing to the 
point of exposure where it matters the most from a health perspective. Exposure-based monitoring and 
research are “big data” gaps that represent opportunities to enhance deeper understandings related to 
drinking-water contaminant concerns. 
Keywords: big data, water, public health 
 
T4A-03: Federal Efforts to Characterize Exposures to Contaminants of Emerging 
Concern 

A. Guiseppi-Elie; US Environmental Protection Agency, Research Triangle Park, NC. 

Contaminants of emerging concern (CECs), can be introduced into drinking water prior to, during, or after 
treatment. To successfully identify and quantify exposure, data on the occurrence, transformation, fate and 
transport of CECs are needed across the life cycle from source to tap. In the 2018 cross-agency plan entitled 
“Plan for Addressing Critical Research Gaps Related to Emerging Contaminants in Drinking Water”, exposure 
characterization research included assessments in distribution systems, drinking water treatment plants, and 
source water. Current Federal and State research activities for characterizing exposure has a similar focus to 
inform mitigation efforts to reduce or eliminate human exposure. As outlined in the research plan, research 
covers a variety of technical topics including contaminant-specific parameters that govern the mobility of 
CECs through complex water systems; science and technology to model and identify the spatial and temporal 
distribution of the occurrence, transport and fate of specific CECs; and evaluating how exposures differ based 
on pathways, i.e., not only by direct ingestion but also inhalation and dermal absorption. In addition to 
exposure routes, the timing and duration of an individual’s exposure to CECs in drinking water has been 
studied to model and predict human health implications for acute, sub-chronic, and chronic exposure time-
frames. Additional research has shown that susceptible sub-populations may be more vulnerable to certain 
CECs. While significant progress continues to be made by individual federal and state agencies, coordination 
among the agencies would provide a mechanism for facilitated and complementary research. Further, it is 
recognized that data should be collected and communicated in a manner that is timely and informative to 
regulators, local decision makers, and the public, particularly for decision-making with CECs which are likely 
to have incomplete information. This presentation on the 2018 Plan and current federal efforts will describe 
research areas and how coordinated research can help develop and inform evaluations to prevent, prepare 
for, recover from, and adapt to public health emergencies with a long-term goal of reducing health risks by 
minimizing the likelihood of exposure. The views expressed in this abstract are those of the author and do 
not necessarily represent the views or policies of the U.S. Environmental Protection Agency. 
Keywords: exposure models, water, Contaminants of Emerging Concern 

 
 
 
 
 



 
 

I S E S  2 0 2 0  S E S S I O N  A B S T R A C T S     |    S - 87 
 

T4A-04: Federal Research Efforts to Identify Health Impacts from Contaminants of 
Emerging Concern 

E. Perkins; US Army Engineer Research and Development Center, Vicksburg, MS. 

Contaminants of emerging concern, CECs, represent a wide variety of chemicals including newly 
manufactured chemicals and chemicals produced for decades that only recently have become potential 
health concerns. Because CECs are of emerging concern, often little toxicological information is available for 
these chemicals. Confounding this lack of information, is the potential for large numbers of related 
compounds that might occur in a single exposure (e.g. PFASs) or complex mixtures of individual CECs in the 
presence of legacy contaminants such as polyaromatic hydrocarbons. The federal community including the 
Environmental Protection Agency, National Institute for Environmental Health, US Fish and Wildlife Service, 
US Geological Survey, the Department of Defense, and others have been developing research efforts to 
identify potential human and environmental health impacts from CECs. Strategies are being developed using 
New Approach Methodologies (NAMS) including combinations of modified in vivo models, computational 
models, batteries of high throughput cell-based assays, differentiated tissue assays, organs-on-chip, and 
alternative animal models. Here, we will present an overview of different federal agency efforts related to 
assessing health hazards of CECs, discuss their advantages and disadvantages, and offer recommendations on 
how CEC health hazard assessment could be improved. 
Keywords: Toxic/Toxicology, multiple stressors, PFAS, personal care products 

 
T4A-05: Panel Discussion on Data Needs and Availability for CECs 

J. Zambrana, Jr1, D. Charters2, K. Isaacs3, K. Palmer4  

1US EPA Office of Research and Development, Los Angeles, CA, 2US EPA Office of Land and Emergency Management, Washington, DC, 
3US EPA Office of Research and Development, RTP, NC, 4California Department of Toxic Substances Control, Sacramento, CA. 

When it comes to contaminants of emerging concern (CEC), there are several challenges with respect to data 
needs necessary to inform decision making. Some CECs may be well known but re-emerge with new 
information about exposure. This new information may be focused at the local level where knowledge of an 
exposure situation arises, and this data may not be available in a timely manner to potentially wider 
stakeholders in similar situations. Other CECs may be ‘data poor’ with needs for additional information about 
hazard and exposure, including data on the occurrence, transformation, fate and transport of CECs across 
their lifecycle. This panel will feature a facilitated discussion with federal and state experts working in diverse 
arenas such as emergency response, research, and state oversight. Topics include data needs for short term 
decision making, approaches for assessing and filling key data gaps for CECs, ideas for increased coordination 
among the states and federal government for data sharing, and approaches for communicating effectively to 
help decision makers and the public, especially when information on CECs may be lacking. The interactive 
session will include questions to be taken from audience. 
Keywords: emerging contaminants 
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Session: T4B 

Fire and Water: Investigating Benzene Contamination in Drinking Water After 
California Wildfires 
 
Session Chair: Gina Solomon, Public Health Institute 
  

T4B-01: Initial Investigations of Benzene Contamination in Potable Water Lines after a 
Wildfire 

Y. Heaney1, R. Hinrichs2, W. Draper3, J. Ladrine4, W. Taylor4, J. Roberts5 

1State Water Resources Control Board, Richmond, CA, 2State Water Resources Control Board, Sacramento, CA, 3California Department 
of Public Health, Richmond, CA, 4Paradise Irrigation District, Paradise, CA, 5Del Oro Water Company, Magalia, CA. 

In 2017, benzene contamination was discovered in the drinking water in a small area in Santa Rosa after the 
Tubbs Fire, with the majority of detections above the Federal and California maximum contaminant level 
(MCL), of 5 µg/L and 1 µg/L, respectively. This was the first time that benzene was ever identified in a water 
system after a fire. On November 8, 2018, the Camp Fire decimated the Town of Paradise and surrounding 
unincorporated areas, destroying roughly 14,000 service connections. The CA State Water Board, Division of 
Drinking Water (DDW), aware that benzene contamination could occur, began testing in December 2018 for 
benzene and other volatile organic chemicals (VOCs), once water lines were refilled. Eight samples were 
taken, and three came back with benzene. Health advisories were issued, and an investigation began. Four 
community water systems were affected: Paradise Irrigation District (PID) and three districts of the Del Oro 
Water Company (DOWC). PID uses surface water from areas that were not significantly affected by the fire. 
The treatment plant continued to operate without interruption. However aside from one main transmission 
line that was isolated to serve firefighting purposes, water could not be kept in the system, due to multiple 
points of major leakage. Trihalomethanes (THMs) were known to occur in the PID treated water due to 
chlorine disinfection, but no other VOCs had been found pre-fire, or in the post-treatment water at the 
treatment plant after the fire.Two of the DOWC systems use groundwater, and the third uses both surface 
water and groundwater. Treatment consists of disinfection. Levels of THMs have historically been very low or 
non-detect in the two groundwater systems. No detections of benzene or other VOCs were ever found in any 
of the DOWC water sources. Intensive benzene/VOC testing was done in the four water systems, identifying 
multiple benzene detections at varying concentrations. Other VOCs and organics were detected as well. 
However, levels for these other chemicals were typically well below their MCLs or co-occurred with benzene. 
Therefore, benzene became an indicator for contamination. Based on data obtained during the Camp Fire, 
pathways for benzene and VOC contamination in water lines appears to occur via depressurization of water 
lines, thermal degradation of pipes and water meters, and entry of combustion byproducts into the 
depressurized pipes. The timing of the fire and porosity of pipe material also contribute to contamination. 
Keywords: VOCs, water, community, Wildfire 

 
T4B-02: Fire and Water: Testing at the Tap to Assess Exposure to Returning Residents 

G. M. Solomon1, S. Hurley2, P. Reynolds3, P. English4 

1Public Health Institute, Oakland, CA, 2Office of Environmental Health Hazard Assessment, Oakland, CA, 3University of California San 
Francisco, San Francisco, CA, 4California Department of Public Health, Richmond, CA. 

The discovery of benzene in the drinking water system in the town of Paradise and surrounding areas 
following the 2018 Camp fire raised questions about human exposure. Returning residents were worried if it 
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was safe to use tap water for showering and other activities, and concerned that water quality at the tap 
could differ from in the distribution system.  

We collected tap water samples from approximately 10% of homes still standing within the burn zone of the 
Camp fire in October and November of 2019. Because both local water utilities reported benzene detections, 
we selected from all standing homes served by the two utilities in the area. Homes on private wells were 
excluded. We collected some samples outside the burn zone, for comparison purposes. We recruited 
participants through a community meeting, flyers at local businesses, outreach through social media, and 
word-of-mouth. Participants were instructed not to use their kitchen tap for a minimum of 12 hours prior to 
sample collection. 

Sampling teams visited homes to obtain written consent, administer a questionnaire, collect observational 
information on the home and water system, and collect samples from the kitchen tap. Water samples were 
analyzed using gas chromatography/mass spectrophotometry, according to EPA Method 524.2 for 103 VOCs. 
We collected samples at 136 homes in the targeted area. 36 samples had no detected VOCs. All other 
samples had at least one VOC, most commonly the trihalomethanes chloroform and bromodichloromethane. 
Benzene was detected in only 2 samples (1%), and the concentrations were below the MCL. Methylene 
chloride (MeCl) was detected in 26 samples (19%), with four samples significantly above the MCL. 
Tetrahydrofuran was detected in only 3 samples (2%), but concentrations ranged as high as 3,000 ug/L; there 
is no MCL for tetrahydrofuran but this level far exceeds advisory levels set by several states. Other VOCs 
were detected only at trace concentrations in small numbers of samples. Our study failed to detect benzene 
in the tap water of standing homes one year after the fire. Potential reasons for the low detection frequency 
include: (1) significant time elapsed between the fire and the sampling; and (2) the water to standing homes 
may not be as likely to be contaminated compared to the water in service lines to burned structures. The 
unexpected detections of methylene chloride and tetrahydrofuran may not be directly related to the fire but 
may indicate a broader risk to drinking water. 
Keywords: VOCs, water, environmental health, Wildfire 
 
T4B-03: Spatial Analysis of Benzene Contamination After the Camp Fire 

C. Carpenter1, G. M. Solomon1, J. Howell1, P. English1 

1Public Health Institute, Oakland, CA. 

Water testing soon after the Camp fire in 2018 identified benzene contamination in the drinking water 
system in Paradise, California. The concentrations varied widely, but many samples exceeded the legal 
maximum contaminant level (MCL), sometimes by nearly 1000-fold. The local water utility, the Paradise 
Irrigation District (PID) conducted extensive testing over more than 18 months to identify and address this 
virtually unprecedented contamination. Within the PID service area, approximately 9,800 of 11,000 service 
connections were destroyed. 

In the first six months after the fire, PID conducted over 2,000 tests for benzene and other volatile organic 
compounds (VOCs). They collected 830 samples in main lines with 19 benzene detections and 15 over the 
MCL (1.8%); 494 samples from service lines to destroyed structures, with 168 benzene detections and 120 
over the MCL (24%), and 435 samples from standing structures with 24 benzene detections and 13 over the 
MCL (3%). These evaluations suggested that the greatest risk of benzene contamination was in service lines 
to burned structures. 

Geographic information systems (GIS) mapping of the samples was conducted to attempt to identify any 
patterns that could further identify the sources of contamination. The maps showed a diffuse pattern of 
contamination, with no clear associations with local benzene sources such as gas stations. Contamination 
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was also not associated with any specific portion of the distribution system. GIS mapping can help to 
evaluate potential spatial associations and can thereby aid in the investigation of a contamination incident. 
Keywords: water, geospatial analysis/GIS, VOCs, Wildfire 

 
T4B-04: Nontarget Analysis of Drinking Water Samples from Wildfire Impacted Homes 

T. M. Young1, L. Wong1, C. Alaimo1, G. M. Solomon2 

1University of California Davis, Davis, CA, 2Public Health Institute, Oakland, CA. 

Recent California wildfires have highlighted the potential for water quality degradation in municipal 
distribution lines after intense fires. Causes of contamination may include entry of fire-related debris into 
damaged service lines or leaching of chemicals from heat stressed piping materials. In this study 10 water 
samples collected in October and November 2019 from standing homes in the aftermath of the Camp Fire 
were analyzed for a suite of 48 target semivolatile organic compounds; the data was also used to identify 
suspect/nontarget compounds present in the samples with the aim of providing further information about 
the chemical signatures and possible sources of the water contamination. Semivolatile compounds were 
concentrated on solid phase extraction cartridges, eluted with organic solvent, and analyzed using gas 
chromatography with quadrupole time-of-flight mass spectrometry (GC-Q/TOF-MS). A total of 15/48 target 
compounds exceeded the limits of detection in any of the samples. These included polycyclic aromatic 
hydrocarbons (PAHs) known to be important combustion products (fluorene, naphthalene, pyrene), phenolic 
compounds (phenol, methylphenols, nitrophenol, and dichlorophenol), other substituted benzene 
derivatives (dichlorobenzene), and phthalates (di-n-octylphthalate, benzyl butyl phthalate) potentially 
leached from damaged service lines. GC-Q/TOF-MS data were aligned across the data set of 15 samples (10 
household samples, 2 method blanks and 3 standard mixtures) and 51 of the detected compounds were 
present in household samples at more than twice the abundance of blank samples (p<0.05). Tentative 
identifications based on retention index and mass spectral matching were produced for 50/51 of these 
compounds. This group included disinfection byproducts (bromodichloromethane, dibromochloromethane, 
dichloroacetonitrile), target compounds identified independently via nontarget approaches (isophorone), 
and compounds potentially related to degradation of plastic service lines (phthalic anhydride; terephthalic 
acid, methyl vinyl ester). Principal components analysis identified two samples (P108 and P113) as having 
chemical signatures significantly different from those of the other 8 household water samples. These samples 
also had the largest number of target compounds exceeding method detection limits (11 for P108, 5 for 
P113) suggesting that these households had water supplies most severely impacted by the wildfire. 
Additional work is ongoing to confirm compound identifications and to gain additional information about 
likely sources. The ultimate goal of this work is to understand the causes of drinking water contaminantion 
episodes sufficiently to prevent or mitigate them following future fires. 
Keywords: water, chemical prioritization, SVOCs, Wildfire 
 
T4B-05: Organic Chemical Contaminants in Drinking Water Service Lines Damaged by 
Wildfire 

W. M. Draper1, E. Chandrasena1, N. Li1, G. M. Solomon2, Y. Heaney3, R. Crenshaw4, R. Hinrichs4 

1California Department of Public Health, Richmond, CA, 2Public Health Institute, Oakland, CA, 3State Water Resources Control Board, 
Richmond, CA, 4State Water Resources Control Board, Sacramento, CA. 

Water system infrastructure (e.g., water mains, hydrants and services lines) may become contaminated with 
chemicals including benzene and other volatile organic compounds (VOCs) after wildfires. The causes of this 
phenomenon, first recognized in residences destroyed by the 2017 Tubbs fire, are not established although 
fire damage to plastic pipes and intrusion of incomplete combustion products are proposed mechanisms. 
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Subsequent to the 2018 Camp fire our laboratory undertook specialized studies to better characterize the 
fire-related contaminants and to investigate sources and contamination mechanisms.In preliminary 
experiments we simulated pyrolysis and combustion of plastic pipes (e.g. PVC, HDPE and PEX polymers) in 
the lab and found a complex mixture of organic chemical transformation products. These substances were 
identified by targeted and non-targeted, mass spectroscopic analysis of volatile and semi-volatile substances. 
Transformation products were released over a period of days by immersion of the charred pipes in purified 
reagent water. Several of the pyrolysis products were reactive towards chlorine, limiting their persistence in 
chlorinated drinking water. Many additional substances of interest were catalogued by reviewing fire 
literature including known products from pyrolysis of PVC and polyethylene plastics as well as by-products 
known to leach from virgin plastics. To address alternate contamination sources, we also assembled data on 
air toxics released during uncontrolled burning of biomass (e.g., wood smoke, grassfires) or uncontrolled 
burning of waste materials. The databases were useful for suspect screening and data interpretation (e.g., 
source attribution). Last, we analyzed a service line water sample from the Camp fire burn zone. Ninety-five 
organic compounds were identified in this sample including VOCs (benzene, naphthalene, toluene, styrene, 
indene, benzofuran, and ethylbenzene) and SVOCs (benzonitrile, acetophenone, benzaldehyde, 
methylbenzoate, 2-chlorophenylethanol and phenol). Many additional substances were tentatively identified 
including substituted benzenes, polycyclic aromatic hydrocarbons, N-, O-, and S-heterocycles, 
phenols/alcohols, ketones, aldehydes, chlorine- and cyano- compounds and carboxylate esters. Among these 
thirty organic compounds associated with PVC pyrolysis and twenty-four organic compounds also associated 
with the pyrolysis of polyethylene plastic pipes were found. The service line sample also contained fifty-four 
compounds associated with biomass burning and uncontrolled burning of waste materials. These laboratory 
findings support the view that wildfires contaminate drinking water service lines by both posited 
mechanisms: pyrolysis of plastic pipes as well as intrusion of incomplete combustion products from wildfire 
and residential fire. 
Keywords: water, VOCs, SVOCs, analytical methods, Wildfire 
 
 

Session: T4C 

Identifying At-Risk Populations through Biomonitoring Investigations  
 
Session Chair: Daniel Mandel, Centers for Disease Control and Prevention 
 

T4C-01: NHANES Exposure Assessment in Children - Pilot Study 

A. Calafat; CDC, Atlanta, GA. 

Background: The National Health and Nutrition Examination Survey (NHANES) collects data and 
biospecimens from Americans aged one year or older to evaluate their health and nutritional status. Some 
NHANES biospecimens are used to assess exposure to environmental chemicals; levels of non-persistent 
organic compounds are normally measured in urine. Information on young Americans’ exposure to 
environmental chemicals is scarce. Methods: A convenience group of 122 3-5 year old American boys and 
girls were recruited in 2013 for a pilot study to assess the feasibility of collecting urine from young children 
and analyzing it for select chemical exposure biomarkers for future NHANES. We analyzed the urine for 
environmental chemical biomakers using mass spectrometry. For each biomarker, we calculated descriptive 
statistics. We also calculated the number of biomarkers detected within each child and performed principal 
components analysis (PCA). Results: Most (83%) children successfully provided the target volume of 60 mL 
urine. We determined the urinary concentrations of 52 metabolites of select organic compounds, and 
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detected 24 individual biomarkers of pesticides, phenols and parabens, phthalates/non-phthalate 
plasticizers, and polycyclic aromatic hydrocarbons (PAHs) in 95-100% of children. The median number of 
biomarkers detected was 37: nine pesticides, five phenols and parabens, 13 phthalates and non-phthalate 
plasticizers, and 10 PAHs. Biomarkers concentrations appear to be similar to national estimates among 6-11 
year old children from previous NHANES. PCA suggested high within-class correlations among biomarkers. 
Conclusions: These children successfully adhered to the collection protocol and produced enough urine for 
the quantification of environmental biomarkers. Using the same analytical methods employed for the 
analysis of samples collected from older NHANES participants, in this sample of pre-school aged children we 
detected multiple chemicals including plasticizers, combustion products, personal-care product chemicals, 
and pesticides. Starting with NHANES 2015-2016, the NHANES biomonitoring program includes urinary 
biomarkers for 3-5 year old children to provide exposure data to select chemicals at the national level among 
this age group. 
Keywords: biomonitoring, children  
 
T4C-02: Assessing Exposure in the Asian Pacific Islander Community Exposure Project 

L. Baehner1, D. Kauffman2, K. Choe1, L. Johnson1, F. Saephan3, S. Hoover2, N. Wu1 

1California Department of Public Health, Richmond, CA, 2Office of Environmental Health Hazard Assessment, Oakland, CA, 3APA Family 
Support Services, San Francisco, CA. 

Background: Higher levels of metals have been measured in Asians compared to other racial/ethnic groups. 
However, there is little data on these exposure levels among Asian sub-populations. The current study 
measured four metals in Chinese and Vietnamese populations. 

Objectives: The ACE Project used a convenience sampling strategy to biomonitor two Asian populations. 
Participants were 18 years or older, lived in the SF Bay Area for the prior year, and self-identified as Chinese 
(ACE 1) or Vietnamese (ACE 2). Study staff collaborated with community-based organizations to design study 
protocols, recruit participants, and communicate findings to communities. Exposure survey data and blood 
and urine samples were collected from 100 participants for each community.<br />Methods: Blood and/or 
urine samples were analyzed for arsenic, cadmium, lead, and mercury by inductively coupled plasma mass 
spectrometry (ICP-MS). Individual results and educational information about each metal were returned to 
participants. A metal level exceeding a Level of Concern (LOC) triggered participant notification and use of a 
follow-up questionnaire to identify potential exposure sources.Geometric means (GMs) were calculated and 
compared to 2013-2014 National Health and Nutrition Examination Survey (NHANES) data. Participants with 
a metal level exceeding the LOC were compared to those without an exceedance to identify differences 
between these groups. Demographic, diet, and immigration variables will be examined in logistic regressions 
to identify predictors of exposure to specific metals or having an exceedance of an LOC. 

Results: Results show that metal GM concentrations were higher in ACE than both NHANES adult all-races 
and NHANES Asian participants for blood mercury and cadmium, and urinary inorganic arsenic and 
creatinine-adjusted cadmium. GM concentrations for blood lead were higher in ACE than NHANES adults all-
races. GM concentrations for urinary mercury were higher for ACE 2 than for ACE 1 and both NHANES 
comparison groups. Thirty to 40% of ACE participants had an exceedance of at least one metal, and up to 
10% had an exceedance of more than one metal. Certain demographic, diet, and immigration characteristics 
had statistically significant associations with having an exceedance of any metal as compared to participants 
without an exceedance. Additionally, certain characteristics were associated with having a blood mercury or 
a urinary inorganic arsenic result exceeding the LOC. 
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Conclusions: Demographic and immigration characteristics identified as having an association with or being a 
predictor for a metal exceedance will help us assess and respond to the unique needs of specific 
communities and develop exposure reduction interventions. 
Keywords: biomonitoring, metals, susceptible/vulnerable, environmental health 

 
T4C-03: Reducing Lead & Mercury Exposure in High-Risk Mothers and Babies 

E. P. Bind1, A. Steffens1, A. Krasley1, M. McConico1, D. Haltmeier1, T. Fan1  

1New Jersey Department of Health, Ewing, NJ. 

The New Jersey Biomonitoring Program (NJ Biomonitoring), within the NJ Department of Health (NJDOH), 
used the State Biomonitoring Cooperative Agreement from the Centers for Disease Control and Prevention 
to establish the Prenatal Screening Program. NJ Biomonitoring forged partnerships to help design and 
implement standard-of-care screening of expectant mothers at their first prenatal visit and cord blood 
screening at birth for the University Hospital (UH) patient population. UH serves Newark, NJ and surrounding 
areas, a predominantly low-income, urban, high-risk, minority population. The population is also comprised 
of several large immigrant communities. The area has a well-established lead crisis and a history of 
environmental mercury contamination. Additionally, NJDOH and other government agencies are actively 
working to address the country’s worst disparities in Black maternal and infant mortality rates. 

Others have considered prenatal screening for toxic metals in the past but were unable to overcome 
obstacles including the costs associated with participant recruitment and how to handle elevated samples 
within the limitations of their states’ policies. NJ Biomonitoring was able to overcome these challenges and 
the Program was launched in June 2019 testing 400-500 specimens per month. This presentation will cover 
the increased risks and disparities faced by our patient population, why the Program is necessary, and what 
the benefits of the approach taken are. It will provide a brief overview of the Prenatal Screening Program 
procedures, focusing on the partnerships established and measures taken to minimize risks and maximize 
benefits to the babies. As communication is a vital part of any biomonitoring project, the presentation will 
cover results and educational material dissemination to patients and medical professionals. 

The presentation will provide a summary of program outcomes including how the collaborative team 
addressed emergency cases, the overall summary statistics of what we are finding, and the surprises in 
exposure patterns we uncovered. It will cover how the NJ Biomonitoring and its partners are helping address 
racial and other disparities through the Program. It will conclude by going over why the data indicate that 
there are State policy implications from this work for these vulnerable, high-risk subpopulations, and possibly 
national policy implications beyond NJ and how the program can be expanded or adopted by others. 
Keywords: biomonitoring, prenatal, susceptible/vulnerable, metals, policy 

 
T4C-04: Assessing Environmental Exposure in People with Disabilities 

M. A. Nascarella1, M. Blanchet1, J. Clemmer1, N. Daniels1, L. Fogarty1, M. Seeley1 

1Massachusetts Department of Public Health, Boston, MA. 

Environmental exposure studies involving biomonitoring are often designed to identify “high risk” groups within 
a sampling frame, often by identifying the individuals most likely to be exposed (or “vulnerable”), or those most 
likely to suffer an effect from a putative exposure (“susceptible”). While certain disabilities may leave 
individuals both vulnerable to environmental chemical exposure and susceptible to the effects, disabled people 
are often under-represented in environmental exposure studies involving community-based participatory 
research and biomonitoring. This presentation will describe an approach to specifically recruit, collect 
specimens, and interpret biomonitoring results for people with disabilities while conducting a statewide 



 
 

I S E S  2 0 2 0  S E S S I O N  A B S T R A C T S     |    S - 94 
 

biomonitoring study to assess exposure to metals, metalloids, and polychlorinated biphenyls (PCBs) in blood 
and urine. The presentation will include a description of how traditional recruitment methods, field-based 
specimen collection protocols, results reporting, and program evaluation were all adapted to accommodate the 
specific abilities of this community in a statewide study conducted in Massachusetts. 
Keywords: biomonitoring, environmental justice, environmental health, metals, PCBs 

 
T4C-05: Minnesota Healthy Kids Program 

J. W. Nelson1, C. Huset1, S. Saravia1  

1Minnesota Department of Health, St. Paul, MN. 

The Minnesota Biomonitoring Program conducted the Healthy Rural and Urban Kids Project in 2018 to assess 
environmental exposures to preschool-age children in two Minnesota communities and determine whether 
inequities exist in children’s exposure. Recruitment was conducted by partners at Early Childhood Screening 
(ECS) Programs in local public health agencies and school districts in three north-central Minnesota counties 
(Becker, Todd, and Wadena counties) and Minneapolis. ECS is a required, universal pre-kindergarten screening 
for children in Minnesota. A total of 232 children were recruited and provided a urine sample for analysis. 

Urine samples were analyzed for five metals, eight pesticides and their metabolites, and eight air pollution 
metabolites. Results reveal important differences in exposure to these analytes between the urban and rural 
children in the project, and indicate that some groups of children may be having significantly higher 
exposures to some chemicals than others. 

The Healthy Rural and Urban Kids Project is currently being expanded into Healthy Kids Minnesota, an 
ongoing statewide, population-based biomonitoring program focused on children’s environmental health 
and health equity. The program will work with ECS partners in one non-Twin Cities Metro region and one 
Twin Cities Metro region each year, aiming to recruit 250-300 kids from each area. It will move recruitment 
systematically through different regions of the state over a 5-year period. Results will help inform families, 
address community concerns, and promote policies that reduce childhood exposures and create healthy 
neighborhoods and homes for kids. 

Statewide biomonitoring can provide critical information to identify groups at risk for chemical exposure, and 
to inform and evaluate policies and programs that reduce exposures. 
Keywords: biomonitoring, environmental justice, susceptible/vulnerable 
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Exposure science, STEM education, and the community, PART I  
 
Session Chair: Ben Greenfield, Southern Illinois University Edwardsville 
 

T5B-01: Middle School Student Engagement in Exposure Science Research: Fostering 
Science Interest and Identity 

B. K. Greenfield1, G. Bracey1, A. E. Martinez1, J. L. Zuercher1, S. M. Locke1 

1Southern Illinois University Edwardsville, Edwardsville, IL. 

Although exposure science is not typically incorporated into K-12 STEM education, exposure science models 
and methods have much to offer STEM educators, and vice versa. As such, the intersection between 
exposure science, participatory research, and K-12 STEM education merits empirical examination. To that 
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end, this talk will review two recently funded projects that employ exposure science research methods to 
achieve STEM education goals: Environmental Health Investigators (EHI; NIH funded) and A Youth-Led Citizen 
Science Network for Community Environmental Assessment (YCITYSCI; NSF funded). These projects are out-
of-school programs that recruit and train 6th through 9th graders to monitor neighborhood environmental 
health in their own communities. Participating school districts are located in low income, predominantly 
African American neighborhoods situated near heavy industries. Both projects apply participatory science 
models, including co-created citizen science and community based participatory research. Student 
participants receive training in several monitoring strategies, including environmental PhotoVoice to identify 
their personal concerns; PurpleAir low-cost sensors for airborne particulate matter; datalogging sound level 
meters for ambient noise; handheld x-ray fluorescence spectroscopy for soil metal contamination; and 
camera-equipped drones to examine land cover and environmental hazards. After training, student 
participants will work with graduate student mentors to co-develop research projects on topics that interest 
them. Co-principal investigators with expertise in exposure science strongly contribute to curriculum 
development and participant training. Each project applies a project-specific educational paradigm, and 
employs mixed-methods to test hypotheses regarding educational outcomes. EHI focuses on STEM interest 
development. This project hypothesizes that 6th and 7th grader participants will develop a strong interest in 
science if they have four experiences: 1. authentic participation in real-world exposure science; 2. 
understanding scientific content and its connection to their community; 3. regular interaction with 
professional scientists; and 4. opportunities to act and be seen by others as scientists. YCITYSCI hypothesizes 
that 8th and 9th graders who participate in citizen science centered on exposure assessment will develop 
identity as scientists. Science identity development includes multiple factors: competence (developing 
scientific skills), performance (applying these skills to scientific problems), recognition (acknowledgement by 
others), and participation (becoming a part of the scientific community). We will analyze results of student 
surveys, student and parent interviews, and student observations during the programs. The ultimate 
objective of these two projects is to develop and evaluate models for underrepresented K-12 student 
participation in authentic exposure science data collection, thereby fostering STEM career interest and 
education pathways. 
Keywords: other (specify), children, environmental justice, sensor technology, STEM education 

 
T5B-02:  A Day in the Life: Youth participatory air monitoring in environmental justice 
neighborhoods 

J. Johnston; University of Southern California, Los Angeles, CA. 

Air pollution in Southern California does not impact all communities equally; communities of color are 
disproportionately burdened by poor air quality and more likely to live near industrial facilities. Government 
regulatory monitors do not have the spatial resolution to provide air quality information about specific 
communities at the neighborhood-level nor do they report episodic acute pollution events. In the face of 
environmental injustice, communities are increasingly building capacity to collect their own exposure data 
and characterize personal exposure to air pollution. In collaboration with three community-based 
organizations, the University of Southern California developed a participatory air monitoring and digital 
storytelling program called A Day in the Life. This four part program implemented in Los Angeles, California 
aimed to build the capacity of youth leaders to understand the sources of air pollution and its relationships to 
health, develop technical skills with respect to air monitoring and storytelling, facilitate critical conversations 
to assess air monitoring results, and communicate the results back to their communities through personal 
narratives. Participating Latinx and Asian high school youth were affiliated with local environmental justice 
organizations and concerned about freeways, refineries and industrial activity near their homes and school. 
We will describe the first wave of participants where high school youth of color collected over 520 hours of 
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PM2.5 data using the Air Beam. The PM2.5 exposure during the day for participants averaged 10.7 µg/m3, 
although the range stretched from <1 µg/m3 to 180 µg/m3. One-third of all measurements were taken <300 
m from a freeway. Overall, we demonstrate a method to increase local youth-centered understanding of 
personal exposures, pollution sources, and vulnerability to air quality. Participatory air pollution monitoring 
activities can help increase environmental health literacy, raise awareness, inform policymakers and 
contribute to decisions to improve public health. 
Keywords: air quality sensor, community, environmental justice, air pollution 

 
T5B-03: Sensor Stories in the Classroom: Engaging elementary students in air quality 
education through citizen science 

K. Rubio; Women for a Healthy Environment, Pittsburgh, PA. 

Particle pollution impairs air quality and can cause significant health problems, especially among vulnerable 
populations. As our understanding of the health impacts that result from either acute or chronic exposure to 
air pollution increases, interest in local air quality grows. With the advent of low-cost personal air quality 
sensors, educators are opting to engage students in investigating local air quality issues by monitoring local 
air quality data to identify sources of air pollution and consider patterns of exposure. Thus, access to 
affordable and relevant technology is inspiring educators to integrate air quality-related citizen science 
opportunities into formal and informal educational settings. Based on the Air Sensor Stories Workshop 
Project, a recent collaborative project among four National Institute of Environmental Health Sciences 
(NIEHS) Environmental Health Science Core Centers (University of Rochester, University of North Carolina-
Chapel Hill, University of Texas Medical Branch and Columbia University) and their community partner, WE 
ACT for Environmental Justice, program staff adapted this project to empower youth to create their own 
sensor stories by providing a hands-on experience to learn about and monitor personal exposure to particle 
pollution. It will highlight how Women for a Healthy Environment’s Healthy Schools PA program, based in 
Pittsburgh, developed a 5-lesson interactive, place-based instructional unit that is being piloted with schools 
located in environmental justice communities in Pittsburgh. We will describe the benefits and challenges of 
incorporating air sensors into an educational setting to inform others’ efforts. We will also highlight recent 
efforts to adapt this curriculum for use in out-of-school time, distance learning, and summer camp settings 
through the use of activity kits, virtual learning platforms, and community partnerships. 
Keywords: air quality sensor, environmental health, children, fine particlate matter, education, citizen science 
 
 

Session: T5C 

Accelerating public health solutions for climate change  
 
Session Chair: Emily Coren, Freelance 
 

T5C-01: Comedy accelerating public health solutions for climate change 

C. Gurney, Climate Nexus, New York, NY 

Managing the complexities of both individual and collective action for climate mitigation and adaptation are an 
ongoing area of development in science communication. Fear and humor play integral roles in community 
engagement with climate change. Representations of climate change need to be grounded in present realities, 
neither separated by time and space, nor exaggerated. Fear does not motivate long-term behavioral changes 
towards pro-environmental behaviors. Due to the catastrophic possible outcomes of climate change mental 
health impacts, like anxiety, paired with fearful framing of the issues, reduce enthusiasm for media content 
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about climate change as well as reducing participation in climate change mitigation activities. Comedy, 
especially positive humor, softens scary topics making the scope of the problem smaller and the solutions more 
doable improve participation in climate change mitigation behaviors. In conversation with this tension is 
#9for2019, an experimental series of short, funny PSAs that presents viewers with nine different climate actions 
they can undertake on their own. The series “ladders up” to an action that is self-evidently collective: “Be a 
Climate Voter.” Upright Citizens Brigade-trained writer and director Celia Gurney will share insights from the 
project that highlight the benefits of using comedy and the importance of embedding digital marketing tactics 
like SEO optimization and keyword analysis into development from day one. 

 
T5C-02: Entertainment-education as a public health communication tool for climate 
change solutions 

D. Safer, Stanford University, Sanford, CA 

Climate change is a public health emergency. With the current COVID-19 pandemic, we are experiencing 
firsthand how threats to physical health are inextricably linked to threats to its psychological well-being. Not 
only are psychiatric disorders (e.g.,  PTSD, depression, anxiety) increasingly prevalent, but widespread anxiety 
and decreases the sense of control are being experienced community-wide in response to inconsistent 
information, inadequate supplies/testing, exposure to traumatic images, and cascading economic impacts. 
Levels of aggression (e.g., domestic violence, child abuse) are higher, exacerbated by engagement in risk-
behaviors (e.g., alcohol). Lack of preparedness and leadership reduce trust and enable rumors that feed 
stigmatization and shunning. Efforts to mitigate contagion via physical distancing isolate us from protective 
sources of social support (e.g., work, school, religious, social gatherings, etc.). COVID-19 offers us the 
opportunity to more clearly identify not only the vulnerabilities within our larger society and organizational 
structures but also to more fully appreciate the key role that accurate and timely public education campaigns 
can have to create collaboration, social resilience, and protective health behaviors that we need to respond 
to the threats that climate change poses both currently and to our future.  In this talk, we will introduce and 
provide an overview of Entertainment-Education, a public health communication strategy with the potential 
to powerfully address climate change engagement. We will briefly summarize its theoretical foundation and 
review its global successes. We will end with a vision, aided by audience participation, of next steps in 
adapting Entertainment-Education as a tool to support needed public health solutions for climate change. 
 
 

Session: T6A 

Integrating Multi-Scale Air Pollution and Environmental Exposure Data in Health 
Studies  
 
Session Chair: Rima Habre, University of Southern California, and Yuxia Cui, National Institute of Environmental  
Health Sciences 
 

T6A-01: Reconstructing Historic Environmental Exposures to PFOA using GIS 

V. Vieira; UC Irvine, Irvine, CA. 

Estimating environmental exposures at a population level can be challenging. Simulating the population 
distribution within the small geographic area is one approach. For example, when reconstructing historic 
exposures to PFOA (perfluorooctanoic acid) in a community living near the Ohio River (U.S.A), we estimated 
drinking water exposure for each postal code by digitizing paper maps of pipe networks and integrating PFOA 
water concentrations for the area public water districts using GIS. The model also estimated PFOA exposure 
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for shallower private drinking water wells located in the study area. Multiple sources of drinking water 
existed for some postal codes. We then used Monte Carlo simulation to assign alternate geographic locations 
within the postal code rather than relying on a single population-weighted centroid to generate an exposure 
distribution for that area. Similarly, exposure data on a small subset of the population can be used to predict 
a distribution of possible exposures at the area level using generalized additive exposure models that include 
a smooth for geocoded location. In this example, prediction models were built using measured biomarkers, 
demographic information, and residential histories. The model was then predicted at the population level 
using available demographic data. Rather than relying on a single prediction of the exposure for 
epidemiologic analyses (which would underestimate the standard errors and p-values), we account for the 
uncertainty associated with exposure prediction in the health effect estimation by bootstrapping the entire 
procedure to obtain correct standard errors. 
Keywords: geospatial analysis/GIS 
 
T6A-02: GOES16-Based Estimation of Hourly PM2.5 Levels during the Camp Fire Episode 
in California 

B. N. Vu1, J. Bi1, A. Huff2, S. Kondragunta3, Y. Liu1 

1Emory University, Atlanta, GA, 2Pennsylvania State University, University Park, PA, 3NOAA/NESDIS Center for Satellite Applications 
and Research, College Park, MD. 

Wildland fires release vast amounts of PM2.5 into the atmosphere, which may be transported via smoke 
plumes to a long distance downwind, resulting in excess mortality and morbidity. Although many studies 
have shown positive associations between exposure to ambient PM2.5 and adverse health outcomes, few 
studies investigate the effects of acute and intense exposures during wildfire events due to lack of hourly 
exposure measurements. We investigate the feasibility of using aerosol optical depth (AOD), smoke mask, 
and aerosol detection parameters retrieved by GOES16, a geostationary satellite, to estimate hourly PM2.5 
levels in California between October 1 and November 30 2018 at 3 km spatial resolution to capture the Camp 
Fire wildfire event. We trained a Random Forest Model to fit GOES16 AOD, smoke mask, and aerosol 
detection parameters, meteorological variables from the High-Resolution Rapid Refresh (HRRR) atmospheric 
model, and land use data including percent of various vegetation, road distance, and elevation to existing 
ground measurements from Purple Air sensors and EPA Air Quality System (AQS) monitors. A convolutional 
layer derived from existing ground measurements for each hour is added to enhance spatial and temporal 
correlation in the model. There were 255,936 hourly measurements from a total of 921 combined Purple Air 
sensors and AQS monitors during the study period. The out of bag R2 (RMSE) was 0.88 (8.75 μg/m3). 
Importance ranking indicated that aside from the convolutional layer, AOD and land use variables including 
percent herbaceous and forest were the top predictors. Hourly predictions from the model also aligns well 
with true color imagery from MODIS. Our study showcases the feasibility and utilization of GOES16 products 
for modeling PM2.5 at finer spatial and temporal resolution. It also allows for construction of historical hourly 
PM2.5 levels during a significant wildfire event to support air pollution epidemiological studies that investigate 
the effects of acute and intense exposure to smoke PM2.5. 
Keywords: particulate matter (PM), climate change, exposure models, wildfire 
 
T6A-03: Combining mobile and fixed sensing to map air pollution patterns at fine 
spatiotemporal scales 

J. Apte1, S. Chambliss2, C. Preble1, J. Caubel1, T. Cados1, K. Messier3, R. Alvarez4, B. LaFranchi5, M. Lunden5, J. Marshall6, A. Szpiro6, T. 
Kirchstetter1 

1UC Berkeley, Berkeley, CA, 2UT Austin, Austin, TX, 3National Institutes of Health, RTP, NC, 4Environmental Defense Fund, Austin, TX, 
5Aclima, San Francisco, CA, 6University of Washington, Seattle, WA. 
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Human exposures to air pollution can vary sharply in space and time. Recent advances in measurement 
technology enable a rich understanding of the spatiotemporal patterns of outdoor air pollution that influence 
population exposures and environmental inequities. Relative to conventional regulatory monitoring 
techniques, densely deployed mobile and fixed sampling approaches are both capable of offering additional 
insights into the spatiotemporal patterns of pollution in neighborhoods, yet the relative strengths of these 
two measurement paradigms are still incompletely understood. 

Here, we present data from multiple years of air pollution monitoring in West Oakland, California, a 
community with persistent environmental justice concerns that has been extensively studied over the past 
decade. Using two specially equipped Google Street View cars, we mapped spatial patterns of air quality 
between May 2015 and December 2017. The cars were outfitted with reference-grade instruments to 
measure NO, NO2, black carbon (BC) and ultrafine particle number count at high time resolution (~ 1 Hz). 
Then, during an intensive sampling window (100 days in Summer 2017), we deployed a dense network of 100 
stationary BC samplers in the same neighborhood. We then undertook a systematic comparison of the spatial 
patterns of air pollution derived on the basis of these two complementary measurement paradigms, devoting 
particular attention to issues of measurement error, detection limit, and uncertainty. 

In this symposium presentation, we will discuss the relative strengths of each measurement paradigm, and 
offer insights into how future advances in mobile and fixed air pollution sampling strategies can inform 
understanding of the spatial and temporal dynamics of neighborhood air quality. 
Keywords: aerosol, sensor technology, sampling methods, air pollutants 

 
T6A-04: Dynamic versus static measures of air pollution exposure and their effects on 
insulin resistance in Hispanics/Latinos compared to non-Hispanics 

M. M. Jankowska1, T. Benmarhnia1, D. D. Sears2, S. Zamora1, J. Yang1, C. Spoon1  

1University of California San Diego, La Jolla, CA, 2Arizona State University, Tempe, AZ. 

Background: Recent studies have linked residential air pollution such as PM2.5 and N02 to metabolic 
outcomes including insulin resistance in Hispanics/Latinos, who have disproportionately higher risk for type 2 
diabetes compared to non-Hispanic whites. Air pollution exposure may be a driver of metabolic health 
disparities. Exposure occurs throughout the day in different activity spaces and may not be accurately 
assessed when considering the home environment only. Capitalizing on minute-level global positioning 
system (GPS) data, we assess differences in exposure to PM2.5 and N02 in a population of Hispanic/Latino 
(n=252) and non-Hispanic (n=350) adults using static and dynamic measures of exposure as associated with 
insulin resistance. Methods: We estimated daily census tract PM2.5 and N02 in ug/m3 from EPA AQS 
monitoring stations using inverse distance weighting interpolation for San Diego County (2014-2017). Static 
exposure was measured using the average annual pollution value for a 1600m buffer around the participant’s 
home. Dynamic exposure was calculated by multiplying the kernel density estimates of each participant’s 
movement tracked by GPS for one-to-two weeks with annual pollution. A general mixed effect model 
(accounting for census tracts) was fitted to quantify pollution exposure effects of insulin resistance 
(measured by HOMA-IR), adjusted for age, sex, ethnicity, income, smoking status, and BMI. Interaction terms 
between pollution exposure and Hispanic/Latino ethnicity were assessed. Results: For static measures, 
Hispanics/Latinos on average had higher exposure to PM2.5 (0.36) and lower exposure to N02 (-0.45) than 
non-Hispanics (PM2.5 -0.20, N02 0.32) (p<0.0001 for both comparisons). With dynamic measures, 
Hispanic/Latinos had an average lower exposure of both PM2.5 and N02 (-0.23, -0.22) than non-Hispanics 
(0.16, 0.15) (p<0.0001 for both comparisons). We did not identify precise estimates regarding air pollution 
effects on insulin resistance for both static and dynamic PM2.5 and static N02 exposure measures. However, 
greater dynamic exposure to N02 was found to increase HOMA-IR (β=0.30, 95%CI: 0.03 – 0.54). When 
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including an interaction term between dynamic exposure to N02 and Hispanic/Latino ethnicity, the coefficient 
increased (β=0.53, p=0.04), while the non-Hispanic interaction term was not significant. Conclusions: 
Compared to non-Hispanics, Hispanics/Latinos had lower air pollution exposure throughout the day. 
Although Hispanics/Latinos had lower dynamic exposure to NO2 overall, insulin resistance in this group was 
significantly increased by NO2 exposure in contrast to non-Hispanics, where the association between 
exposure and insulin resistance was not significant. These results highlight the need for fine-tuning exposure 
measures to better understand racial and ethnic vulnerabilities to air pollution. 
Keywords: air pollution, aggregate exposure, health disparities, GIS 
 
T6A-05: Personal PM2.5  air pollution exposure, time-activity patterns and momentary 
geospatial exposures across pregnancy and early postpartum in low income, Hispanic 
women 

R. Habre1, L. Yi1, Y. Xu1, S. O'Connor2, J. Cabison1, D. Chu1, C. Naya1, T. Chavez1, T. Mason1, T. Bastain1, C. Breton1, G. Dunton1  

1University of Southern California, Los Angeles, CA, 2National Cancer Institute, Bethesda, MD. 

Background: Exposure to particulate matter air pollution (PM2.5) is associated with obesity and weight gain in 
pregnancy. Low income, Hispanic women living in Los Angeles, CA, experience disproportionately higher 
exposures, yet very little is known about their personal PM2.5 exposures, how they vary across pregnancy, 
and to what extent are they influenced by time-activity patterns and exposures encountered along actual 
activity spaces. Methods: We conducted 4-day continuous, personal PM2.5 and geolocation monitoring in 63 
pregnant, Hispanic women enrolled in the MADRES cohort during the 1st and 3rd trimester and 4-6 months 
postpartum using the RTI MicroPEM v3.2A and our madresGPS app, respectively. We constructed activity 
space polygons, assigned time-weighted geospatial exposures, and derived time-activity patterns based on 
GPS trajectories. We examined the variation of these parameters within and across person and pregnancy 
and investigated their association with personal PM2.5 exposure. Results: Mean (std) daily personal PM2.5 
exposure was 13.6 (23) µg/m3 (n=493 days). Differences between participants, across pregnancy, and across 
days contributed 29%, 14% and 57% of the variance in daily PM2.5, with no significant differences across 
pregnancy. Time at home increased from 78.5% in 1st trimester to 85.6% in 3rd trimester, and women’s 
activity space footprints (area) shrunk in the 3rd trimester suggesting reduced mobility. Estimates of activity 
space-derived greenness and traffic exposure are underway, and their contribution to 24-hour personal PM2.5 
exposure will be presented. Conclusions: Our findings highlight the large discrepancy in exposure estimates 
when considering actual activity space compared to the typical assumption of stationary, residential 
exposure, with important implications for exposure measurement error in pregnancy studies. 
Keywords: exposure models, particulate matter (PM), air pollution, prenatal 
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T6B-01: Engaging Youth to Reduce Exposures to Household Cleaning Chemicals: The 
LUCIR Study 

K. Harley1, L. Calderon1, J. Nolan1, K. Roman2, S. Mayo-Burgos2, J. Cabrera2, N. Morga3, R. Maddalena4, A. Bradman1 

1Center for Environmental Research and Children's Health (CERCH), UC Berkeley, Berkeley, CA, 2CHAMACOS Youth Council, Salinas, CA, 
3Clinica de Salud del Valle de Salinas, Salinas, CA, 4Lawrence Berkeley National Laboratory, Berkeley, CA. 



 
 

I S E S  2 0 2 0  S E S S I O N  A B S T R A C T S     |    S - 101 
 

Background: Household cleaning products may be a significant source of chemical exposures. We engaged 
high school youth in a predominantly Latino, farmworker community to help design and implement an 
intervention study to characterize and reduce chemical exposures to women during routine household 
cleaning.  Methods: The CHAMACOS Youth Council is a group of high school students in Salinas, California 
that are trained in environmental health research, education, and advocacy. Youth Council members help 
identify environmental health topics and conduct research relevant to their community. The Lifting Up 
Communities with Interventions and Research (LUCIR) Study is a youth-led intervention project that enrolled 
Latina women and investigated whether changing their cleaning products reduced exposures to suspected 
endocrine disruptors or carcinogens. Youth researchers recruited 50 women to participate in the study, 
scheduled data collection visits in their homes, and fitted them with a personal air monitoring backpack to 
collect air samples in their breathing zone while they cleaned their homes. Participants then received 
education about chemicals in cleaning products, were given lower chemical, replacement, cleaning products. 
The research team returned one week later and collected air samples while the participant cleaned with the 
alternate products. Pre- and post-intervention air samples were analyzed for volatile and semi-volative 
organic compounds using gas chromatography mass spectrometry (GC-MS) and high performance liquid 
chromatography (HPLC). We compared pre- and post-intervention air concentrations of 59 chemicals of 
concern that were identified a priori as being either on California’s Proposition 65 list of carcinogens or 
reproductive/developmental toxicants or suspected endocrine disruptors. We also measured 15 terpenes, 
which are plant derived cleaning and fragrance agents. All data collection was conducted by youth 
researchers. The youth also contributed to data analysis, interpretation, and dissemination of findings. 
Results: We observed statistically significant decreases in air concentrations of 19 chemicals of concern when 
participants switched to “green” cleaning products, including decreases in geometric mean concentrations of 
1,4-dioxane (-48.6%), chloroform (-86.4%), benzene (-25.7%), naphthalene (-39.2%), toluene (-25.4%), and 
hexane (37.0%). However, we observed significant increases in air concentrations of several terpenes. Almost 
all participants (98%) said the replacement products worked as well as their original products and 90% said 
that they would consider buying the replacement products in the future. Conclusion: This study 
demonstrates that choosing cleaning products that are marketed as “green” may reduce exposure to key 
carcinogens and endocrine disruptors. 
Keywords: SVOCs, VOCs, consumer and personal care products, built/indoor environment, Cleaning products 

 
T6B-02: Promoting STEM education at Philadelphia schools through participatory 
exposure science 

K. M. Shakya1, J. Hickey1, S. Goldsmith1, T. Enes1 

1Villanova University, Villanova, PA. 

Learning about the surrounding environment and how it affects our lives can be an important method to 
increase minority students’ participation in Science, Technology, Engineering, and Math (STEM). 
Traditionally, student curriculum focus heavily around math and “hard” sciences such as chemistry and 
physics. Environmental education emphasizes the relevance of other components of STEM education and 
generate awareness of environmental issues. The main objectives of this project were to improve students' 
understanding of environmental problems among students and increase environmental stewardship through 
citizen science. Philadelphia is one of the regions with the highest prevalence of asthma cases in the country. 
Asthma, as well as other health outcomes, can be adversely affected by exposure to high particulate matter 
levels. In this study we used a combination of environmental education and citizen science to inform school 
students about the importance of particulate matter pollution and its health effects. Additionally, students 
will gain hands-on experience in building an inexpensive particulate matter sensor using Raspberry Pi. We 
used surveys to assess students’ initial understanding of general environmental issues and scientific inquiry 
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skills at two schools serving minority communities in Philadelphia. We found a general understanding of 
STEM and environmental education objectives, but a lower comprehension of specific materials such as 
particulate matter among the students. Additionally, students identified climate change as the most pressing 
environmental threat. Finally, we found lack of confidence to be a major hindrance to their interests in STEM 
education. This study is important as it provides a unique, yet accessible approach for implementing 
environmental education experiences which promote environmental knowledge and stewardship. 
Keywords: fine particlate matter, air quality, community, Education 

 
T6B-03: Environmental Photovoice: A Tool to Promote Student Engagement 

 J. L. Zuercher; Southern Illinois University Edwardsville, Edwardsville, IL. 

Engaging students in science at a young age can contribute to and enhance long-term science interest. 
Presenting science topics in ways that are personally relevant, such as investigating contaminants present in 
the community in which one lives, can make the science more real and understandable. In support of this, 
qualitative methods of research may be used to gather insight into what and how students perceive their 
environment, and to help to further engage them in the work and topics which they are learning about. 
Environmental photovoice is a qualitative research method in which community members use photographs 
and narratives to document observations of the concerns and strengths found in their living environment, 
and promote change in their community. This type of engagement can involve students in a way that both 
allows them to learn about their communities from an environmental perspective as well as to engage policy 
and decision makers, increasing their awareness of these issues as well. Following a brief introduction to 
environmental photovoice, the development and implementation of an environmental photovoice pilot 
curriculum for middle school students, used as a means of gaining students’ perspectives while familiarizing 
them with noise, soil, and air pollution, will be discussed. Perspectives gained by students and researchers, 
and lessons learned from this semester-long project will be presented. Further, logistical and ethical issues 
will be discussed. 
Keywords: children, community, Photovoice 
 
 

Session: T6C 

Measuring Exposure to Particulate Matter from Secondhand Cannabis Smoke 
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T6C-01: Measuring PM2.5 Concentrations Produced by Different Marijuana Sources 

W. R. Ott1; K. Cheng1, L. Wallace1, T. Zhao1, and L. Hildemann1  

1Stanford University, Redwood City, CA. 

Eleven U.S. states have legalized the sales of recreational marijuana. California legalized recreational 
cannabis on January 1, 2018, and 358 state-licensed stores are selling recreational cannabis products in 
California. Popular ways to smoke marijuana include a pre-rolled joint similar to a cigarette or a cigar, a water 
bong containing water in a reservoir with cannabis buds in a bowl, a glass pipe filled with cannabis buds, a 
vaping pen that vaporizes cannabis liquid, and a blunt, which is a hollowed out cigar filled with marijuana. All 
these marijuana smoking methods produce fine particles (PM2.5), which also is produced by conventional 
tobacco cigarettes and is of concern because of its possible health effects. There is a surprising lack of 
published measurement data on exposure to particulate matter from marijuana smoking in everyday 
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locations, and this research seeks to fill this gap. We conducted controlled experiments with a human smoker 
in three occupied residences, and we also investigated an automatic smoking machine that can smoke 
marijuana joints. In this presentation, we discuss a variety of real-time measuring instruments including 
piezobalances, TSI AM510 SidePak monitors with their calibration factors derived from gravimetric filter 
studies, condensation particle counters, the TSI 3330 optical particle sizer, and PurpleAir monitors. We 
review the basic methodology used to estimate source strengths, decay rates, and emission rates, illustrating 
the methodology with experimental data. Our findings indicate smoking a single marijuana joint in one room 
can produce relatively high PM2.5 concentrations in most of the rooms of a large home. Of the common 
methods of smoking marijuana, marijuana joints were found to have the greatest PM2.5 emission rates, 
usually greater than the emission rates of popular tobacco cigarettes. Although vaping does not utilize 
combustion, we found it also produces elevated PM2.5 mass emissions. 
Keywords: secondhand smoke, particulate matter (PM), air pollution, aerosol, indoor air 
 
T6C-02: Measuring the Spatial Variation of Secondhand Cannabis Aerosols in 
Residences 

K. Cheng1, W. Ott1, L. Wallace2, L. Hildemann1 

1Stanford University, Stanford, CA, 2Retired, Santa Rosa, CA. 

Studies have shown that secondhand exposure close to tobacco smoking is substantially higher than farther 
away - this “proximity effect” will also be an issue near marijuana smoking. This talk will involve two field 
monitoring studies in two California residences. The first study aimed to examine the variation of exposure 
that occurs across different rooms inside a home with marijuana smoking. A smoke machine produced 
controlled puffs of smoke from a burning joint inside a two-story single family house. SidePak monitors 
measured PM2.5 in the living room, family room, kitchen, and bedrooms on both floors during and after 
controlled smoking. This whole-house study indicated all the rooms of the home with open doors showed 
relatively high PM2.5 concentrations. The second study was intended to investigate the variation of exposure 
within a room due to different proximity distances from active smoking. A range of marijuana sources, such 
as joint smoking and vaping were investigated in a marijuana smoker’s home. SidePaks were placed at 
different angles facing the smoker, measuring PM2.5 levels at 1-3 m horizontal distances from the source. 
Cumulative frequency plots revealed the probabilities of exceeding different short-term exposure levels 
during smoking or vaping activities. 
Keywords: aerosol, spatial, secondhand smoke, air sensor, marijuana 

 
T6C-03: Using PurpleAir Monitors to Measure Particle Concentrations from Cannabis 
Smoking in Residences 

L. A. Wallace1, W. R. Ott2, T. Zhao3, K. Cheng4, L. Hildemann2 

1Retired, Santa Rosa, CA, 2Stanford University, Palo Alto, CA, 3Stanford, Palo Alto, CA, 4Stanford, Palo alto, CA. 

Low-cost particle monitors may be useful in measuring indoor and outdoor PM2.5. Among their advantages 
besides low cost are the ability to run effectively forever with no maintenance given a steady power source. 
Another advantage for a few monitors is the ability to retrieve data at any time from the Internet. They can 
potentially be useful for long-term monitoring studies of marijuana smoking in participants’ homes. But a 
fundamental question is how they perform compared to research-grade or regulatory particle monitors. A 
further question is whether their performance degrades after a period of time. STUDY DESIGN. In this paper, 
we focus on one manufacturer (PurpleAir.com), whose monitors contain PMS5003 sensors manufactured by 
Plantower, a Chinese company (Plantower.com). We compare four PurpleAir monitors to several different 
research-grade or regulatory procedures: (gravimetric, piezoelectric, and optical). We choose a single particle 
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source (vaping marijuana), which was legalized for recreational use in California on Jan 1, 2018. Several 
experimental rooms with known volumes and air exchange rates were employed. The authors themselves 
were the only vapers. METHODS. Because the Plantower manufacturers of the PMS5003 sensors provide no 
information on their calibration aerosol or the algorithms used to develop their PM2.5 estimates, we use 
standard methods of calculating PM2.5 employed by other manufacturers of optical instruments to develop 
our own estimates of PM2.5. From these estimates, we develop calibration factors (CFs) for the PurpleAir 
monitors compared to PM2.5 gravimetric procedures, Piezobalances, and SidePak optical monitors. Using 
these CFs, we compare the PurpleAir results for bias, bias-corrected precision, coefficient of variation, and 
limit of detection vs. the research-grade instruments. We also search for degradation of instrument 
performance over time by comparing two new PurpleAir instruments to two instruments in uninterrupted 
operation for 15 months (324,000 observations).RESULTS. 124 experiments were completed. For the metrics 
mentioned above, the PurpleAir instruments performed about equally as well as the research-grade 
instruments. The degradation over 15 months was 7%. The source strength varied according to the time 
heating the marijuana liquid before inhaling, rising from 2.8 to 6.5 mg/puff as the heating time is increased 
from 6 to 15 seconds. These estimates can be coupled with room volumes, air exchange rates, and 
deposition rates to estimate secondhand exposure to PM2.5 from vaping marijuana. 
Keywords: air sensor, secondhand smoke, built/indoor environment, fine particlate matter, exposure assessment 
 
 

Session: T7A 

Exposure science studies from Asian perspectives - Environmental and study 
diversities among Asian countries  
 
Session Chair: Satoshi Nakai, Yokohama National University 
 

T7A-01: Chemical exposures assessment of slime products in several Asian countries 

M. Lim1, S. Guak1, N. Y. Cheong2, K-F. Ho3, K. Tantrakarnapa4, S. Nakai5, S-C. C. Lung6, K. Lee1 

1Department of Environmental Health Sciences, Graduate School of Public Health, Seoul National University, Seoul, Korea; 2KATRI, 
Korea; 3JC School of Public Health and Primary Care, The Chinese University of Hong Kong, Hong Kong; 4Mahidol University, Thailand; 
5Yokohama National University, Japan; 6Sinica Academia , Taiwan 

This study investigated the boron migration levels and MIT, CMIT concentrations in 124 slime products from 
5 Asian countries and estimated children’s exposure to boron and biocides in Korea. Slime products in online 
and offline stores in 5 countries were purchased for boron and MIT, CMIT analysis. The migration levels of 
boron in each slime were analyzed using ICP-OES, according to EN 71-3. CMIT and MIT were analyzed using 
LC-MS/MS. The exposure doses of boron, MIT and CMIT were calculated using exposure algorithm for 
children slime users in Korea. 70.1% of the slime products migrated boron exceeding the EU limit level for 
toys made with sticky material of 300 mg/kg. Slime products purchased in Japan and Thailand exceeded 
boron standards by more than 80%. Korea's boron regulation effect, which began in January 2019, was not 
significant. MIT and CMIT were detected from 51.2% and 36.2% of the products, respectively. MIT and CMIT 
tended to be detected simultaneously in one slime product. The exposure doses of Korean children for 
boron, MIT and CMIT were estimated by the concentration of chemicals detected in Korean products. Total 
exposure doses combined with oral (hand-to-mouth) and dermal routes was highest in infant (0-2 years), 
school kids (7-9 years), and toddler (3-6 years). Oral exposure accounted for 97.8% of boron, 31.3% for MIT, 
and 18.2% for MIT in 95 percentile of infants with the highest total exposure doses. 
Keywords: slime, boron, MIT, CMIT, dermal exposure, hand-to-mouth, children’s exposure 
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T7A-02: Simultaneous determination of urinary cotinine and 8-OHdG in a Japanese 
national birth cohort study. 

Y. Nishihama, T. Isobe, S. Liang, S. Nakayama 

Japan Environment and Children’s Study Programme Office, National Institute for Environmental Studies, Tsukuba, JAPAN. 

Maternal smoking and/or exposure to environmental tobacco smoke (ETS) have been found to have adverse 
effects on the health and development of children. Thus, maternal smoking status is an important covariate 
in a birth cohort study. In this presentation, we introduce a method for the simultaneous determination of 
urinary cotinine and 8-hydroxy-2'-deoxyguanosine (8-OHdG) and its application for a large-scale national 
birth cohort study in Japan. 

A 100 µL aliquot of urine in mixture solutions of internal standard and ammonia solution was loaded onto an 
Oasis MAX 96-well plate. Cotinine was eluted with 200 µL of 50% (v/v) methanol and dissolved in 300 µL of 
water. After the cotinine elution, 8-OHdG was eluted from the same plate with 500 µL of 2% formic acid in 
methanol. This eluate was evaporated and dissolved in 100 µL of 10% (v/v) methanol. A 10 µL aliquot of each 
was injected into a high-performance liquid chromatography-tandem mass spectrometer (LC-MS/MS). 

Ten-point calibration curve showed coefficient of determinations (R2) higher than 0.992 for both 
compounds. The percent recoveries of target compounds were calculated by fortifying a pooled urine sample 
with known concentrations of cotinine and 8-OHdG standard solutions and measuring these concentrations 
in seven replicates, resulting in 106% and 88% overall recoveries of cotinine and 8-OHdG, respectively. The 
standard reference material, SRM 3673 (Organic Contaminants in Non-Smokers’ Urine, National Institute of 
Standards and Technology) was analysed in seven replicates to determine the accuracy of the measurement. 
Mean (standard deviation [SD]) of urinary cotinine concentration in the SRM was 23.3 (0.3) ng/ml (relative 
standard deviation, 1.4%), in agreement with the reference values (24 [1] ng/ml). The method detection limit 
(MDL) and method reporting limit (MRL) of cotinine and 8-OHdG were 0.005 and 0.031 ng/ml (MDL), and 
0.03 and 1 ng/ml (MRL), respectively. The reproducibility and intermediate precision for cotinine and 8-OHdG 
analysis were 4.0% and 4.4% (reproducibility), and 4.7% and 5.7% (intermediate precision), respectively. 
Keywords: biomarkers, environmental tobacco smoke (ETS), public health 
 
T7A-03: Use of smart technology on personal exposure assessment 

A. K. H. Lau1, W. W. Che1, H. C. Frey2 

1The Hong Kong University of Science and Technology, Hong Kong, HONG KONG, 2North Carolina State University, Raleigh, NC. 

Numerous cities are installing “smart” infrastructure or monitoring systems. Big data generated from low-
cost smart sensors and high-resolution models enable new approaches to characterize and manage urban air 
pollution, and personal exposure to air pollutants, for improved public health protection. We present an 
example of how to fuse existing and new sensors with state-of-the-art modelling tools and big data analytics 
to quantify and forecast street-level air quality. The example is based on Hong Kong. The methodological 
approach is on detailed land-use and urban morphology, weather, traffic and other emission information. 
Current and projected spatial variability in air quality and health risk are provided to citizens through a smart-
city mobile phone app, Personalized Real-time Air-quality Informatics Systems for Exposure - Hong Kong 
(PRAISE-HK) (http://praise.ust.hk). Large-scale air quality variation is quantified in PRAISE-HK by coupling 
Weather Research and Forecasts (WRF) and Community Multiscale Air Quality (CMAQ) modeling systems, 
with the latter nested down to 1km by 1km. In the complex morphology of the Hong Kong urban 
environment, which includes 355 skyscrapers (the most of any city globally), Urban Atmospheric Dispersion 
Modelling System (ADMS-Urban) is used to quantify steep concentration gradients in street canyons and 
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other complex terrain by incorporating urban morphology and variations in vehicles simulated using the 
Multi-Agent Transport Simulation (MATSim) model. MATSim is configured for the Hong Kong road network 
including 4 million users, 8,797 nodes and 18,207 links. Big data analytics are used to incorporate real-time 
traffic, air quality and weather data to correct for factors not captured by the modeling system, such as 
short-term local changes in traffic emission caused by traffic jams. High resolution air quality predictions 
from the WRF/CMAQ/ADMS-Urban system have 20% to 30% higher index of agreement (IOA) for NO2 
compared with WRF/CMAQ alone. With further enhancement from big data analytics, the complete PRAISE-
HK system, has IOAs over 0.80 for all simulated pollutants in both winter and summer. The PRAISE-HK project 
is a solid example of how to combine smart sensor information with conventional domain expertise to 
provide real-time and highly accurate and valuable information to individual citizens to help reduce their air 
pollution exposure and the related health impacts. 
Keywords: air pollutants, big data, exposure models, public health, personalized exposure 

 
T7A-04: Determination of TVOC exposure warning criteria in Korean electronic 
equipment manufactory 

S. W. Kim1, K. Lee2 

1Keimyung University, Daegu, Korea; 2Department of Environmental Health Sciences, Graduate School of Public Health, Seoul National 
University, Seoul, Korea 

When pollutant concentration is measured by real-time monitoring, immediate warning or intervention are 
possible. However, there is no standard method to define peaks or identify short-term high concentration. 
This study was to evaluate various methods of warning criteria by applying them to the real time workplace 
measurement. TVOC concentrations in 6 electronic equipment manufacturing factories were measured for 
consecutive 10 days. The TVOC concentration was measured using Airguard K (K-Weather, Seoul, Korea), a 
real-time air quality monitor. Peaks were identified using the following three methods: 1) a fixed criteria, 2) 
distribution of the previous measurement data, 3) Z score of the previous real time concentration. During the 
measurement period, the average min concentration of TVOC at the manufactory was 322.3±1295 ppb and 
the daily average of each measurement ranged from 15.8 to 2143 ppb. Assuming 1000 ppb of TVOC criteria, 
the point exceeding criteria occurred 22.0±62.1 times a day, and the point exceeding 3 and 5 times of criteria 
occurred 4.1±15.2 and 1.8±7.6 times, respectively. The mean and SD were applied to set the criteria using 
the second method. The mean, mean±SD and mean±2*SD of the daily average per place were 120.9 – 729.9 
ppb, 186.1 – 2506 ppb and 251.4 – 4283 ppb, respectively. Peaks for 6 days measurements with real-time 
monitoring were identified at the change rate of 83.7 – 604 μg/m3/min and at the Z-score ranging from 3.53 
to 5.39. The peak concentration and real-time pattern differed considerably depending on the date and place 
of the measurement. It is necessary to understand the characteristics of exposure through long-term 
monitoring and to control the exposure pattern through intervention in order to set appropriate exposure 
warning criteria. 
Keywords: TVOC, exposure warning criteria, electronic equipment manufactory, peak exposure 

 
T7A-05: Phthalates in house dust and their metabolites in children's urine summary of 
the finding in Japan 

Y. Ait Bamai1, A. Araki1, R. Kishi1 

Hokkaido University Center for Environmental and Health Sciences, Sapporo, JAPAN. 

Phthalates are widely used as plasticizers in consumer products, such as building materials, food packaging, 
medical devices, and personal care products (PCP). The main exposure rout of phthalates is thought to be 
diets. However, people spend most of their time in indoors, phthalates through the house dust is also known 
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to be an important exposure routs from indoor environments. Since phthalates are not chemically bound to 
products, they can diffuse within the materials and then disperse in air or adhere to dust. Exposure 
assessments of phthalates in house dust are a good surrogate of the external exposure, especially for high 
molecular phthalates, such as benzyl butyl phthalate (BBzP), di-(2-ethylhexyl) phthalate (DEHP), and di-
isononyl phthalate (DiNP). Whereas, to examine the adverse health effects of phthalates on humans, the 
measurements which can assess phthalates levels from multiple exposure sources and routs are 
recommended. Currently, measurements of urinary phthalate metabolites are a standard for the internal 
exposure assessments of phthalates.We have measured urinary phthalate metabolites in Japanese children 
and their house dust phthalates levels. Level of DEHP in house dust was higher than other previous studies 
from Europe and US, on the other hand, BBzP was lower. Levels of DEHP and DiNP in house dust were higher 
in the dwellings using PVC as the floor and wall materials than the dwellings without PVC. Among the 
children, clearer dose-response relationships were found between the levels of BBzP and DEHP in house dust 
and the prevalence of atopic dermatitis and allergic conjunctivitis than the adults. Phthalate metabolite 
levels were significantly higher in younger age group such as toddlers and school children than the adults. 
Daily intakes of BBzP and DEHP estimated from urinary metabolites were significantly positively correlated 
with those estimated from house dust. The concentrations of DEHP in house dust were positively correlated 
with sum of DEHP metabolites concentration and its daily intake among children, but not among 
mothers/fathers. Furthermore, positive correlations of daily intakes of phthalates were found between the 
children and their mothers, but not their fathers. Suggesting that the exposure to phthalates via household 
dust showed an important role of the contributions of internal exposure from indoor environment especially 
for the children.Further studies are needed to determine what kinds of lifestyle can be contributed to higher 
exposure level of phthalates on children. This will be able to be useful scientific knowledge for reducing 
phthalates exposure from our daily life. 
Keywords: phthalates, environmental health, children, epidemiology 
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T7B-01: PFAS Exposure in Contaminated communities, Exposure Assessment Challenges 

J. Hoppin1, J. Adgate2, H. Stapleton3 

1NC State, Raleigh, NC, 2University of Colorado, Denver, CO, 3Duke University, Durham, NC. 

Per- and polyfluoroalkyl substances (PFAS) are often referred to as “forever chemicals” due to their stability 
and persistence in the environment. As high production volume chemicals, they are used in a variety of 
products, primarily as stain and water-repellents, but are also found in some fluorinated polymers and in 
firefighting foams used to fight fuel fires. Additionally, industrial wastewater and air discharges may lead to 
contamination of surface and ground waters with chemicals for which there is no available toxicity data. 
Their high solubility has also led to wide-ranging contamination of multiple drinking water supplies, and as a 
consequence, there is increased attention to human health effects following exposure. While several studies 
have now documented ubiquitous exposure to PFAS world-wide, the predominant exposure pathways for 
various PFAS are not well understood and sources vary depending on industrial and consumer product use 
activities, diet, and other factors. PFAS are measured in a variety of environmental media (e.g., water, dust, 
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and food), as well as in serum samples of exposed individuals. New tools, such as wristbands, are being 
employed to assess ambient exposure. A key issue is how all these metrics can be used to define sources. 
Diet is presumed to play a major role for the average consumer without outside industrial sources; however, 
the relative proportion of exposure from drinking water and contaminated food products have not been well 
researched, and likely vary from region to region depending on the contamination of the local water supply. 
Therefore, there is a need to understand the primarily exposure pathways in the general and highly exposed 
populations to develop exposure reduction strategies and reduce health risks. 
Keywords: PFAS, biomarkers, cumulative exposure, sampling methods 

 

T7B-02: Predictors of Per- and Polyfluoroalkyl Substances (PFAS) in Children's Serum 
from the Toddlers Exposure to Semi-Volatile Organic Compounds in Indoor 
Environments (TESIE) Study 

J. A. Craig1, B. Claus Henn1, H. Kate2, S. Hammel2, C. Hoyo3, S. Murphy2, H. M. Stapleton2, T. F. Webster1 

1Boston University, Boston, MA, 2Duke University, Durham, NC, 3North Carolina State University, Raleigh, NC. 

Background: Per- and polyfluoroalkyl substances (PFAS) are a group of widely used chemicals that are 
resistant to stains, grease, water, and other agents. Many persist within both indoor and outdoor 
environments leading to human exposure. We examined environmental, demographic, and behavioral 
predictors of serum PFAS concentrations in children aged three to six years enrolled in a North Carolina-
based prospective cohort study. 

Methods: Mothers from the Newborn Epigenetics STudy (NEST) (n=73) and their 3 to 6 year old children 
(n=84) enrolled in the Toddlers Exposure to Semi-Volatile Organic Chemicals (SVOCs) in Indoor Environments 
(TESIE) study. Maternal prenatal serum samples were collected during pregnancy (2009-2011). During home 
visits (2014-2016), we collected data on child, maternal, and housing characteristics via questionnaire and 
also collected dust, handwipe, and child serum samples. A subset of participants were asked to wear silicone 
wristbands for 7 days (n=26), and/or to have a sorbent-impregnated passive air sampler (SIP) placed in their 
home for 21 days (n=17). We used multivariable robust regression models to estimate associations of child 
serum PFAS concentrations with predictors. 

Results: Children that ate out (e.g. a restaurant or take out foods) at least once per week averaged 0.41 
ng/mL higher serum PFOA concentrations than those that ate out less frequently (95% CI=0.03, 0.79), and 
those that ate microwave popcorn more than one time per month averaged 0.14 ng/mL higher serum PFHxS 
concentrations than those that ate less (95% CI=0.004, 0.27). Compared to children that drank primarily well 
water, children that drank municipal water averaged 0.58 ng/mL higher serum concentrations of PFOA (95% 
CI=0.05, 1.1). PFAS detected in maternal serum was positively associated with several PFAS detected in child 
serum, including: PFHxS (β=0.13, 95% CI=0.01, 0.26) and n-PFOS (β=0.10, 95% CI=0.02, 0.19). PFAS detected 
in air was positively associated with several PFAS detected in child serum, including: MeFOSE in air and child 
serum PFHxS (β=0.21, 95% CI=0.08, 0.35), PFOS (β=2.2, 95% CI=1.7, 2.8), n-PFOS (β=1.6, 95% CI=1.1, 2.1), and 
Sm-PFOS (β=0.64, 95% CI=0.55, 0.73) and EtFOSE in air and child serum Sm-PFOS (β=3.6, 95% CI=1.5, 5.8). 

Discussion: We found that several behaviors and characteristics in children, their mothers, and their home 
environment influenced child serum PFAS. Eating habits, drinking water source, maternal serum PFAS 
concentrations, and air concentrations inside the home were predictive of child serum PFAS concentrations. 
Taken together, our results suggest that exposure to PFAS is multi-faceted. 
Keywords: children, PFAS, biomonitoring 
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T7B-03: Characterizing Per- and Polyfluoroalkyl Substances (PFAS) in an Exposed 
Population in Central North Carolina: Associations Between Drinking Water and Serum 

S. M. Hall1, K. Hoffman1, G. H. Tait1, S. Zhang1, N. J. Herkert1, H. M. Stapleton1 

1Duke University, Durham, NC. 

Per- and polyfluoroalkyl substances (PFAS) are widespread environmental contaminants linked to numerous 
human health effects. Drinking water is one primary source of exposure to PFAS as most drinking water 
treatment technologies do not efficiently remove these contaminants. However, we do not have clear data 
on the relationship between PFAS levels in water and serum, especially for the less well-characterized 
shorter-chain compounds. This study focuses on a community in central North Carolina that has been 
exposed to PFAS through drinking water, and specifically exposed to several short-chain (C4-C7) 
perfluoroalkyl acids (e.g., perfluorohexanoic acid, PFHxA). Analysis of tap water samples collected from this 
community found that the sum of 13 different PFAS was as high as 760 ng/L. To further understand the 
exposure potential in the community, we recruited 50 local participants from this community and asked each 
participant to provide paired drinking water and blood samples for PFAS analysis. Paired water and serum 
samples were collected at two timepoints, two months apart, in order to study the temporal variability in 
exposure. Samples were quantified for a suite of PFAS using liquid chromatography-tandem mass 
spectrometry (LC-MS/MS). Our results demonstrate that the most abundant PFAS in this community’s 
drinking water are PFPA, PFHxA, and PFHpA. Ranges in total PFAS concentration from this population varied 
from non-detectable to 460 ng/L, with variation likely due to differences in water filtration. Of the most 
abundant PFAS detected in water, PFHxA contributed on average about 33% of the total median PFAS, while 
PFPA contributed about 24%, and PFHpA about 16%. Other PFAAs, such as PFBA and PFOA, contributed to 
most of the remaining 27%. Median levels of sum PFAS in water declined from 105 ng/L in November 2019 to 
32 ng/L in February 2020. Data will also be analyzed to evaluate differences by sex and water filtration as 
these are important variables that affect the relationship between PFAS levels in water and serum. For 
example, participants using reverse-osmosis filters or bottled water had no detectable PFAS (i.e., less than 
the method detection limit) in their water samples. This study provides important information on the 
contribution of drinking water exposure to serum PFAS levels and the contribution of temporal variability in 
PFAS water levels, and it is particularly novel because it provides important exposure information on shorter-
chain PFAS compounds beyond PFOS and PFOA. 
Keywords: PFAS, water, community, exposure factors 
 
T7B-04: Silicone wristbands as method to measure PFAS in contaminated groundwater 
community 

C. E. Critchley1, N. Kotlarz1, H. M. Stapleton2, D. Knappe1, C. F. Wise1, M. Breen1, J. A. Hoppin1 

1North Carolina State University, Raleigh, NC, 2Duke University, Durham, NC. 

Introduction: Per- and poly-fluoroalkyl substances (PFAS) were emitted into the air from a chemical 
manufacturing facility in Fayetteville, North Carolina and detected in water from private wells. Silicone 
wristbands have previously been used as a method of measuring passive environmental exposure to other 
environmental chemicals. The GenX Exposure Study, designed to assess GenX and other PFAS exposures in 
residents of the Cape Fear River Basin, NC, utilized silicone wristbands to determine if PFAS were present in 
Fayetteville participants’ ambient environment. Methods: We recruited 90 GenX Exposure Study participants 
to wear pre-cleaned silicone wristbands for five consecutive days in February 2019. Wristbands were 
analyzed for 20 PFAS via LC-MS/MS. Method Detection Limits (MDL) ranged from 0.36 pg/g (GenX) to 
8353.37 pg/g (PFBS). GenX had the highest detection rate and was the focus of this analysis. Exposure data 
were collected via questionnaire; ground and tap water samples were analyzed for PFAS using LC/MS-MS. 
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We used non-parametric tests to evaluate environmental predictors of wristband GenX concentration and 
linear regression to evaluate the relationship with water PFAS concentrations. Results: Wristband 
participants were 57% female and 83% white; 11 children were included. Nine PFAS were detected on the 
wristbands. GenX (89%, MDL=0.36 pg/g), PFNA (87%, MDL=30.72 pg/g) and PFOS (57%, MDL=7.12 pg/g) were 
the most frequently detected. PFOA, PFBA, PFDA, 6:2 PFS, PFHxA, and PFHxS were also detected (<30%). 
Median wristband GenX concentration was 10.88 pg/g (IQR 4.11-24.55). GenX levels did not vary by 
demographic characteristics. In linear regression models, GenX concentration in tap water explained 25% of 
the variance in wristband GenX concentrations. In evaluation of behaviors related to GenX levels, we 
observed that people who used bottled water had higher levels of GenX in wristbands, likely due to higher 
levels of GenX in well water for users of bottled water. GenX was not detected on wristbands from a 30-
person comparison sample from the Raleigh-Durham area, 70 miles northeast of Fayetteville. Conclusion: 
GenX was detected on wristbands worn by residents near Fayetteville, NC; likely due to tap water exposure 
levels. GenX was not detected in the Raleigh-Durham wristbands, indicating participants in Fayetteville were 
uniquely exposed. These results suggest PFAS were present on the skin of study participants in the 
Fayetteville area, probably as the result of contaminated water for washing and bathing. At this time, we do 
not have evidence that PFAS travel across skin barriers at the concentrations detected. 
Keywords: PFAS 

 
T7B-05: Source Apportionment of Serum PFAS in Two Highly Exposed Communities 

K. E. Barton1, D. Wallis2, N. Kotlarz2, C. P. Higgins3, J. Hoppin2, J. L. Adgate1 

1Colorado School of Public Health, Aurora, CO, 2North Carolina State University, Raleigh, NC, 3Colorado School of Mines, Golden, CO. 

Background: Per- and Polyfluoroalkyl Substances (PFAS) are a class of chemicals that are ubiquitous in the 
environment and human serum and associated with a range of adverse health effects. PFAS measured in 
serum are typically derived from multiple sources, pathways, and routes of exposure. Common sources 
include diet, consumer products, and contamination from production or use, such as aqueous film forming 
foam (AFFF) impacted drinking water. Because of this identifying key sources of exposure at the local and 
individual level are important in order to develop targeted interventions. Objectives/Hypotheses: The study 
objective was to estimate and compare relative contributions and sources of PFAS exposure in human serum 
in two highly exposed communities: one in Colorado (CO), another in North Carolina (NC). At the CO site, 
drinking water was contaminated by AFFF used at a nearby Department of Defense facility. In NC, one source 
of exposure was PFAS contamination of drinking water upriver from Wilmington, NC. However, due to the 
industrial nature of the Cape Fear River there is potential for several other PFAS sources, making 
disentanglement of sources complex. Methods: We conducted source apportionment analyses using three 
methods to estimate relative contributions and identify potential exposure sources at each site. Two 
methods are U.S. Environmental Protection Agency (USEPA) models originally developed for environmental 
media analyses: UNMIX and positive matrix factorization (PMF). The third is a combination of two statistical 
methods: principal component analysis and multiple linear regression (PCA-MLR). PFAS detected in greater 
than 50% of samples were included in analyses. The CO dataset, from the PFAS-AWARE Study, included 
samples from 220 adults ages 19 to 93 and a set of 11 PFAS. The NC dataset, from the GenX Exposure Study, 
included 344 samples from participants ages 6 to 86 with a set of 10 PFAS. Using existing literature observed 
model outputs were assigned to a source, for example, drinking water or diet. Results from the three models 
were compared for consistency between and within each modeling approach. 

Results/Conclusions: In the CO dataset all three models indicated a dominant source driven by sulfonates and 
a secondary source driven by longer chain PFAS such as perfluorodecanoate (PFDA). The NC analyses 
indicated two sources driven by the novel fluoroethers and two additional sources driven by legacy PFAS. We 
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discuss differences in relative source contributions across models and sites as well as applicability of these 
methods for future research and policy development. 
Keywords: PFAS, environmental health, exposure factors, exposure models, source apportionment 
 
T7A-06: Novel and known PFASs in human serum and drinking water from El Paso 
County, CO 

C. A. McDonough1, K. Barton2, A. Starling2, J. Adgate2, C. Higgins3 

1Stony Brook University, Stony Brook, NY, 2Colorado School of Public Health, Denver, CO, 3Colorado School of Mines, Golden, CO. 

Public water systems serving communities in El Paso County, Colorado were found to be contaminated with 
AFFF-associated PFASs at levels exceeding the EPA health advisory level of 70 ppt between 2013 and 2016, 
with contamination likely beginning before 2013. In this study, untreated drinking water and human blood 
serum samples from throughout the region were analyzed via high-resolution mass spectrometry (HRMS) to 
understand how exposure to PFASs from AFFF-contaminated drinking water leads to accumulation of known 
and novel PFASs in human serum. Raw drinking water samples were collected from private and public wells 
throughout the region in 2018. Blood serum samples were also collected from a cohort of 220 individuals 
living in the area. Serum from 50 individuals was sampled again one year later to analyze changes in PFAS 
serum concentrations after ceasing exposure. Water and serum samples were analyzed using untargeted 
liquid chromatography with quadrupole-time-of-flight mass spectrometry (LC-QToF-MS). Quantitative data 
were obtained for PFASs for which analytical standards were available. C3-C8 perfluoroalkane sulfonates 
(PFSAs) and C4-C8 perfluoroalkanoic acids (PFCAs) were frequently detected in raw drinking water samples 
and exhibited a clear north-south gradient, with greatest PFAS concentrations in the northern region. 
Drinking water contamination was dominated by the C6 PFSA (PFHxS). Additionally, C5-C11 PFCAs and C3-C8 
PFSAs were frequently detected in serum from residents, with greater serum levels seen in residents from 
the northern water district. Data were also screened for >1000 previously characterized and theoretical 
PFASs. HRMS suspect screening suggests the presence of several sulfonamide precursors in raw drinking 
water, though these compounds are absent in human serum. Semi-quantitative analysis of drinking water 
samples showed that these PFAS precursors followed a similar north-south gradient as targeted PFCAs and 
PFSAs. A novel substituted sulfonate, tentatively identified as unsaturated PFOS (UPFOS) was also detected in 
both raw drinking water samples and human serum with >80% detection frequency in both sample sets. 
Here, composition of known and novel PFASs in human serum compared to a known exposure source 
(drinking water) will be discussed. 
Keywords: PFAS, water 
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T7C-01: An Overview of Ultrafine Particle Exposures to Populations Living Near Airports 

T. Larson; University of Washington, Seattle, WA. 

An Overview of Ultrafine Particle Exposures to Populations Living Near AirportsAlthough it has been known 
for some time that jet aircraft emit ultrafine particles(ufps) that impact air quality in residential areas 
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adjacent to major airports, it hasonly been in recent years that the full spatial extent of these ufp air 
qualityimpacts has been recognized. These more recent studies have used severalmethods for characterization 
of this ufp “footprint” in the presence of othersources of ufps, notably traffic. To this end, analysis of stationary 
ufp monitoringdata has included use of the potential source contribution function as well asmultivariate source 
attribution methods. Analysis of mobile monitoring data hasemployed time series filters to eliminate the 
contribution from individual vehicleplumes, as well as multivariate methods to distinguish ufp emission 
sources.Development of models that capture the details of this ufp exposure footprint isuseful in both 
epidemiological studies and in future mitigation efforts. Morework is needed to assess the effect of fuel 
composition (e.g. sulfur content) onprimary emission intensity, to examine the use of Lagrangian vs 
Euleriandescriptions of time averaged ground level concentrations, to account fordownwind transport of on-
site emissions from other ufp sources, to separate theimpacts of aircraft landings versus take-offs, to account 
for downward motionsdue to reinforcing aircraft wing-tip vortices especially during landing, to accountfor 
chemical and physical aging of the primary particles as they descend to groundlevel. In the meantime, the 
feasibility of using simpler spatial models that cancapture the observed footprint needs to be explored for use 
in ongoingepidemiological work.Additional work is also needed to: 1) characterize exposures to these 
uniquelysmall ufps, including their infiltration efficiency into indoor environments; 2) engage with communities 
to develop sustainable solutions including indoorparticle filtration strategies; 3) assess the mitigation potential 
of alternativeaircraft fuels including the increased use of biofuels and the reduction in fuelsulfur content. 
Keywords: fine particlate matter, exposure models, nanoparticles, airports 

 
T7C-02: Modeling aviation-related ultrafine particle concentrations in communities 
along a runway trajectory near a major airport 

K. J. Lane1, J. I. Levy1, C. Kim1, M. Simon1 

1Boston University School of Public Health, Boston, MA. 

Background: Ultrafine particles (UFP; <100 nm diameter) are of concern due to their adverse health impacts. 
UFP are highly variable in space and time, given their intermittent source emissions, formation, and removal 
processes, leading to challenges in accurate characterization of source contributions. Our aim was to use 
generalized linear models (GLM) and machine-learning regression modeling approaches to better understand 
ground-based UFP contributions from in-flight aircraft during landings at Boston Logan International Airport 
(MA, USA) along a main runway trajectory. Methods: We measured particle number concentration (PNC; a 
proxy for UFP) and meteorology from April to September 2017 at six sites that were varying distances from 
an arrival flight path. Concurrent flight activity data were obtained from the U.S. Federal Aviation 
Administration. We aggregated PNC by hour using the mean, median and 95thpercentile of 1-sec PNC. Within 
GLM of natural log-transformed PNC [ln(PNC)], spatial-temporal covariates were included such as flight 
activity, meteorology, and weekday/weekend. We used random forest (RF) regression to identify key 
covariates and optimize prediction of PNC. Results: Hourly PNC was significantly elevated when monitors 
were downwind of arrival flight trajectories during high arrival flight periods, with non-linear associations 
with wind speed. GLM models of 1-hr ln(PNC) had R2 between 40% and 59%, while RF models had R2 
between 54% and 67%. Meteorology explained most of the PNC variability at both near-airport and 
background sites. Arrival flight frequency explained more variance at near-airport sites compared to 
background sites and increased in model importance when comparing the 95thpercentile to the median.  
Conclusions:  Our results suggest that arrival aircraft contribute intermittently but significantly to UFP 
concentrations near flight paths in closer proximity to the airport. Collection of real-time PNC and flight 
activity data enhance the ability to quantify contributions from aircraft, and machine learning approaches 
such as RF can help explain variability given complex interactions among predictors. 
Keywords: aerosol, particles, nanoparticles, air quality, Aviation 
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T7C-03: Aviation-related Ultrafine Particle Exposure and Acute Inflammation in  
Los Angeles 

R. Habre, H. Zhou, S. Eckel, T. Enebish, S. Fruin, T. Bastain, E. Rappaport, F. Gilliland 

University of Southern California, Los Angeles, CA. 

Background: Exposure to ultrafine particles (UFP, particles with aerodynamic diameter less than 100nm) is 
associated with reduced lung function and airway inflammation in individuals with asthma. Recent studies 
have documented significantly elevated UFP number concentrations downwind of major airports including 
the Los Angeles International Airport (LAX), with potentially large exposure and health risk implications for 
downwind communities. Methods: We conducted a randomized crossover study of 22 non-smoking adults 
with mild to moderate asthma in Nov-Dec 2014 and May-Jul 2015 to investigate short-term effects of 
exposure to LAX airport-related UFPs. Participants conducted scripted, mild walking activity on two occasions 
in public parks inside (exposure) and outside (control) of the high UFP zone. Spirometry, multiple flow 
exhaled nitric oxide, and circulating inflammatory cytokines were measured before and after exposure. 
Personal UFP PN and lung deposited surface area (LDSA) and stationary UFP PN, black carbon (BC), particle-
bound PAHs (PB-PAH), ozone (O3), carbon dioxide (CO2) and particulate matter (PM2.5) mass were measured. 
Source apportionment analysis was conducted to distinguish aircraft from roadway traffic related UFP 
sources. Health models investigated within-subject changes in outcomes as a function of pollutants and 
source factors. Results: A high contrast of ~ 34,000 particles.cm-3was achieved with mean (std) PN 
concentrations of 53,342 (25,529) and 19,557 (11,131) particles.cm-3 and mean (std) particle size of 28.7 (9.5) 
and 33.2 (11.5) at the exposure and control site, respectively. Principal components analysis differentiated 
airport UFPs (PN), roadway traffic (BC, PB-PAH), PM mass (PM2.5, PM10), and secondary photochemistry (O3) 
sources. A standard deviation increase in the ‘Airport UFPs’ factor was significantly associated with IL-6, a 
circulating marker of inflammation (single-pollutant model: 0.21, 95% CI=0.08 - 0.34; multi-pollutant model: 
0.18, 0.04 - 0.32). The ‘Traffic’ factor was significantly associated with lower Forced Expiratory Volume in 1 
second (FEV1) (single-pollutant model: -1.52, -2.28 - -0.77) and elevated sTNFrII (single-pollutant model: 
36.47; 6.03 - 66.91; multi-pollutant model: 64.38; 6.30 - 122.46). No consistent associations were observed 
with exhaled nitric oxide. Conclusions: This is one of the first studies to demonstrate acute effects of 
aviation-related UFPs on systemic inflammation. Recommendations for future studies estimating population 
exposures and health risks include careful consideration of multipollutant mixtures and co-occurring 
exposures (e.g, traffic UFPs, noise), confounders (e.g. socioeconomic status), and the impact of time-activity 
patterns, indoor sources, and spatial resolution on accurately estimating personal exposures. 
Keywords: aerosol, asthma, air pollution, Ultrafine particles 

 
T7C-04: Impacts of aviation emissions on air quality in and around residences near a 
major airport 

J. Durant1, M. Simon2, N. Hudda1 

1Tufts University, Medford, MA, 2Volpe National Transportation Systems Center, Cambridge, MA. 

Background: Relatively few studies have investigated the impacts of aviation-related emissions (landings, 
takeoffs, and ground activities at airport terminals) on air quality in and around residences near airports. 
Further, the extent and conditions under which aviation emissions infiltrate residences remains largely 
unaddressed. Our goal was to characterize outdoor and indoor impacts of aviation emissions in near-airport 
neighborhoods to more accurately estimate residential exposures. Methods: We conducted our study in 
several neighborhoods near Logan International Airport in Boston (MA, USA) between 2013 and 2017. We 
measured the number concentration of ultrafine particles (<100 nm), a marker of jet aircraft emissions, both 
outdoors and indoors at 16 residences at different distances from the airport under different wind and 
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runway-use conditions. To better understand the influence of temporal factors including meteorology and 
aviation activity intensity and operation type (landings and takeoffs) on infiltration, we concurrently 
monitored outdoor and indoor ultrafine particle concentrations at a residence in Winthrop (just west of 
Logan) for one month. We also measured CO, CO2, NO, NO2, black carbon, particle-bound aromatic 
hydrocarbons, and PM2.5 outside the residence. Results: We observed that during impact-sector winds (i.e., 
when winds were from the direction of Logan airport), there was an increase in outdoor and indoor ultrafine 
particle number concentrations (PNC) at all seven of the residences investigated in Chelsea (∼4−5 km 
northwest of the airport) and three out of the nine residences in Boston (∼5−6 km southwest of the airport). 
For all 16 residences, during impact-sector and other winds, median outdoor PNC were 19,000 and 10,000 
particles/cm3, respectively, and median indoor PNC were 7,000 and 4,000 particles/cm3, respectively. At the 
Winthrop residence, we found that during impact sector winds the outdoor concentrations of all gaseous and 
particulate pollutants (except PM2.5) were higher (1.1- to 4.8-fold) than when the residence was not 
downwind of the airport. NO2 concentrations at the residence exceeded those measured at nearby 
regulatory monitoring sites. Comparing impact-sector and non-impact-sector winds, median outdoor PNC 
were 17,000 and 4,000 particles/cm3, respectively, and median indoor PNC were 13,000 and 4,000 
particles/cm3, respectively. Controlling for runway usage and meteorology, the impacts were highest during 
overhead landing operations: average outdoor and indoor PNC were both 7.5-fold higher from overhead 
landings versus takeoffs on the closest runway. Implications: Our results highlight the need for detailed 
characterization of outdoor and indoor impacts of aviation emissions at the neighborhood scale to more 
accurately estimate residential exposures. 
Keywords: air pollutants, aerosol, built/indoor environment, particulate matter (PM), aviation emissions 
 
T7C-05: Attributing community ultrafine exposures to aircraft and on-road sources; 
description of the approach developped for the Mobile ObserVations of Ultrafine 
Particles Study (MOV-UP) 

E. Austin1, J. Xiang1, M. Yost1, J. Shirai1, T. Gould1, T. Larson1, E. Seto1 

University of Washington, Seattle, WA. 

The Mobile ObserVations of Ultrafine Particles Study (MOV-UP) was a two-year project funded by 
Washington State to analyze potential air quality impacts of ultrafine particles from aircraft traffic for 
communities near and underneath Seattle-Tacoma International Airport (Sea-Tac) flight paths. The study 
assessed ultrafine particle concentrations (UFPs) within 10 miles of the airport in the directions of aircraft 
flight. The aims were to investigate the implications of aircraft traffic at Sea-Tac by (1) assessing the 
concentrations of UFPs in areas surrounding and directly impacted by aircraft traffic; (2) distinguishing and 
comparing UFP concentrations attributable to aircraft-related and other sources and; (3) coordinating with 
local governments, and sharing results and soliciting feedback from community stakeholders. Over the 
course of four seasons, a mobile sampling schemes was conducted to collected time-resolved measures of 
UFP, CO2, and black carbon (BC) concentrations, and UFP size distributions. Multi-pollutant analysis of the 
spatially resolved data determined that UFPs derived from both roadway traffic and aircraft sources, with the 
highest UFP counts found nearest major roadways (I-5). Total concentrations of UFP alone (10 - 1000 nm) did 
not distinguish roadway and aircraft features. However, key differences were identified in the particle size 
distribution and the black carbon concentration for distinct roadway and aircraft features. Emissions factors 
were derived to estimate the particle contributions from roadway and aircraft traffic. These results 
demonstrate the value of mobile monitoring in distinguishing the spatial impact of roadway traffic and 
aircraft UFP emissions allowing impacted communities to develop resiliency plans. 
Keywords: spatial, air pollution, community, aircraft 
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T7C-06: The Relationship Between Flight Traffic, Ultrafine Particles and Noise from the 
Seattle Aircraft Air and Noise Study 

E. Seto; University of Washington, Seattle, WA. 

The Beacon Hill Neighborhood of Seattle is not immediately adjacent to the Sea-Tac Airport, nor does it lie 
within the Part 150 Study noise contours for the airport. However, there is considerable concern from this 
community’s residents over the impacts of aircraft landing at Sea-Tac due to the frequency of flights and the 
concentration of aircraft along a single flightpath over the community. Using a community-engaged research 
approach, university researchers worked with members of a local community-based organization to identify 
sites of concern where measurements of ultrafine particle air pollution (UFP) and noise were collected. Based 
on considerations of population vulnerability and potential variation in exposures, schools within the 
community were selected as monitoring sites. A hybrid monitoring campaign consisting of both fixed-sites for 
longer term sampling, and mobile sampling that involved an instrumented vehicle driving along a prescribed 
route that visited each school, was used to collect size-resolved UFP, black carbon, and frequency-specific 
noise measures over the course of a season in which aircraft landed over Beacon Hill. For comparison, 
measurements were also collected closer to Sea-Tac. Results of the monitoring campaign suggested that 
schools varied in their exposures to UFP, with some schools experiencing exposures to higher black carbon 
levels than others, which may be indicative of not only exposure to aircraft emissions, but to air pollution 
from roadway traffic. Despite being outside of the Part 150 Study noise contours, elevated levels of noise 
were observed at sites within Beacon Hill, and noise was correlated with flight traffic overhead. This case 
study illustrates the importance of community-engaged research in identifying the impacts of airport traffic 
that may not be readily inferred from proximity to the airport. 
Keywords: acoustics/noise, particles, nanoparticles, community 
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T8A-01: Exposure to Phthalates and Respiratory Morbidity among Predominantly Low-
income Patients with Chronic Obstructive Pulmonary Disease 

L. Quiros-Alcala1, H. Woo2, W. Lorizio2, D. Belz2, M. Maisonet3, N. Putcha2, K. Koehler1, M. Mccormack2, N. Hansel2 

1Johns Hopkins University, Bloomberg School Of Public Health, Baltimore, MD, 2Johns Hopkins University, School of Medicine, 
Baltimore, MD, 3East Tennessee State University, Johnson City, TN. 

BACKGROUND: Chronic Obstructive Pulmonary Disease (COPD) affects approximately 16 million U.S. adults 
with increased disease prevalence and morbidity observed among individuals in low-income households. Air 
pollution disproportionately affects low-income populations and increases COPD morbidity risk; however, 
whether exposures to other environmental agents disproportionately impacting low-income populations 
pose additional risks remains unknown. Phthalates are endocrine disrupting agents present in consumer 
products, including processed foods, cosmetics, and building materials. Exposure to phthalates is widespread 
and disproportionately higher among low-income populations. While studies suggest that phthalates may 
adversely impact pulmonary function and airway inflammation, no studies have evaluated their association 
with COPD morbidity. OBJECTIVE: We examined associations between phthalate exposure and COPD 
morbidity in 40 adults enrolled in the Comparing Urban and Rural Effects of Poverty on COPD study. 
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METHODS: Biomarker concentrations for 8 phthalates were quantified in urine samples. Participants were 
≥40 years, had moderate-severe COPD with (post-bronchodilator) FEV1/FVC <70% and FEV1%-predicted 
<80%, and were former smokers. COPD morbidity measures included: quality of life using the St. George’s 
Respiratory Questionnaire; respiratory symptoms; lung function; and health care utilization. We also 
examined exacerbations over the prior 12 months and during a 9-month follow-up period; exacerbations 
were defined as worsening of respiratory symptoms requiring hospitalization (severe), antibiotics or oral 
corticosteroids (moderate), or increased inhaler use (mild). We used multivariable linear regressions for 
continuous outcomes, logistic regression for binary outcomes, and Poisson regression for count outcomes. 
Models were adjusted for age, sex, race, education, pack-years, and neighborhood poverty. Phthalate 
concentrations were specific gravity-adjusted and modeled as log2-transformed values based on their 
distribution. RESULTS: Overall, we observed consistent evidence to suggest that exposure to Di(2-ethylhexyl) 
phthalate (DEHP) and Di-isononyl phthalate (DiNP) may be associated with increased COPD morbidity risk. 
Concentrations of Mono(2-ethyl-5-carboxypentyl)(MECPP), Mono(2-ethyl-5-hydroxyhexyl)(MEHHP), and 
Mono(2-ethyl-5-oxohexyl)(MEOHP), DEHP-devolving metabolites, were associated with an increased relative 
risk (incidence rate ratios, IRR) of moderate to severe exacerbations during the follow-up period (IRR=1.6; 
95% CI, 1.2-2.1; IRR=1.6; 95%CI,1.2-2.2,IRR=1.8; 95%CI,1.2-2.5, respectively). We also observed an increased 
odds of moderate to severe exacerbations in the prior 12 months with increasing concentrations for these 
metabolites (Odds ratio=OR=9.3; 95%CI,1.9-45.4,OR=5.5;95%CI,1.3-22.8,OR=3.6; 95%CI,1.3-8.6, respectively) 
as well as for Monocarboxyoctyl (MCOP)(OR=4.1;95%CI,1.0-16.5). Monobenzyl phthalate(MBZP) and MCOP 
were also positively associated with other validated COPD morbidity measures. 

CONCLUSIONS: We observed evidence to suggest that select phthalates may pose an increased risk of 
morbidity among adults with COPD. Our findings warrant replication given widespread phthalate exposures 
and potential implications on COPD patients. 
Keywords: phthalates, respiratory health, biomarkers, health, chronic diseases, COPD 
 
T8A-02: High-resolution PM2.5 exposures using satellite MAIAC AOD and land use 
regression: Investigation of urban vs. rural, within-urban vs. between-urban variability, 
and social vulnerability 

H. Lee; California Air Resources Board, Sacramento, CA. 

This study estimated ambient annual average PM2.5 concentrations using satellite Multi-Angle 
Implementation of Atmospheric Correction (MAIAC) aerosol optical depth (AOD) and land use regression at 
the spatial resolution of 1 km in California for the year 2016. Daily PM2.5  concentrations were first estimated 
by employing a mixed effects model, and then the annual averages of daily concentrations were calculated at 
each of 1 km grids (cross-validation R2= 0.73 (site-based) and 0.81 (observation-based)). Exploiting the high-
resolution PM2.5  data, this study addressed PM2.5  exposure assessment with respect to (1) PM2.5  in urban vs. 
rural areas, (2) within-urban vs. between-urban variability of PM2.5, and (3) social vulnerability related to 
PM2.5  exposures. In the densely populated air basins (i.e., San Francisco Bay Area, San Joaquin Valley, and 
South Coast), the urban enhancements of PM2.5 concentrations varied by region, 1.43–2.77 µg/m3. The 
within-urban variability of PM2.5  was 31.4–35.6% of between-urban variability of PM2.5  across California. 
Though between-urban variability of PM2.5 was larger than within-urban variability of PM2.5  on average, the 
relative magnitude of the variabilities were regionally diverse and even the opposite (i.e., larger within-urban 
PM2.5  variability in the San Francisco Bay Area). The PM2.5  exposure burdens were greater in more socially 
vulnerable population groups. Among the demographic factors examined to indicate social vulnerability (i.e., 
% people of color, % poverty, and % low education), PM2.5  concentrations were the most strongly associated 
with % people of color, showing the increases of 1.05 and 2.72 µg/m3 per the increases in interquartile 
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ranges and ranges of % people of color, respectively. The high-resolution PM2.5  estimates are expected to 
enhance our understanding of PM2.5  exposures particularly in rural areas and for vulnerable populations and 
also PM2.5  exposure misclassification that may be caused without considering the distributions of rural and 
within-urban PM2.5. This study further enables the assessment of PM2.5  disparity to be representative of the 
entire populations, not just populations near ground PM2.5 monitors, which helps the regulatory efforts of 
mitigating PM2.5 disparity more targeted and effective. 
Keywords: fine particlate matter, environmental justice, environmental policy, exposure models, Satellite remote 
sensing 
 
T8A-03: A 15-year comparison of air pollution change by race/ethnicity, 
socioeconomics, and segregation in the United States 

K. Dang1, M. Haan1, M. Glymour1, J. Weuve2, M. Brauer3, K. Lane2 

1University of California San Francisco, San Francisco, CA, 2Boston University, Boston, MA, 3University of British Columbia, Vancouver, 
BC, CANADA. 

Mean concentrations of NO2 and PM2.5 have steadily decreased since the United States’ passage of the Clean 
Air Act. We compared trajectories in exposure to NO2and PM2.5 from 2000 to 2015 by race/ethnicity, 
socioeconomics, and segregation in the conterminous US. Methods: For each year from 2000-2015, satellite-
derived estimates of annual average ambient NO2and PM2.5 concentrations were merged at the census-tract 
level with publicly-available Census and American Community Survey data to obtain population-weighted 
NO2and PM2.5. Concentration estimates were analyzed by urban/rural (USDA Rural-Urban Commuting Area 1 
= urban, all other values = rural), race/ethnicity (non-Hispanic Black, non-Hispanic White, non-Hispanic Asian, 
Hispanic), educational attainment (< high school, high school graduate, some college, college graduate, any 
graduate education), and annual household income (low = <$20K, high = >$125K). To measure census tract 
racial segregation, we employed the Index of Concentration at the Extremes (ICE), which quantifies how the 
most privileged (White) and most disadvantaged (Black) are distributed. Results: Overall, mean 
concentration across census tracts of NO2and PM2.5 decreased from 2000 to 2015, but the within-
racial/ethnic group absolute and relative change over time remained largely unchanged. Additionally, 
compared to Whites, Black people are exposed to 6% excess NO2 over time on the relative scale, and a 
greater proportion of this inequality occurred in the urban population. In rural areas, the Hispanic population 
had the greatest relative excess exposure to NO2 (7% increase from 2000 to 2015) compared to non-Hispanic 
White population. We observed a greater difference in NO2and PM2.5 exposures by racial/ethnic categories 
and racial segregation than by education, income, or age. When comparing pollutant concentrations by ICE for 
racial segregation, exposure to NO2was higher in the worst-off group than in the best-off group in urban 
populations, but not in rural populations; we did not have an observable difference in PM2.5. Conclusions: Even 
though the average concentrations of NO2and PM2.5 have decreased over time, the relative percentage 
difference in inequitable exposures between the different racial/ethnic groups has remained the same, or in 
some cases has increased. We found greater inequitable exposure in urban areas compared to rural. 
Examination of the relative change in addition to the absolute by traditional health disparities and segregation 
measures can identify sustained environmental justice issues as air pollution overall is decreasing. 
Keywords: air pollution, environmental justice, health disparities, susceptible/vulnerable 
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Session: T8B 

PFAS in the Home Environment  
 
Session Chair: Francis Ramacciotti, GHD 
 

T8B-01:  Accumulation of Per- and Polyfluoroalkyl Substances (PFAS) in Clothing in 
Indoor Environments 

C. M. A. Eichler1, J. Zhou1, B. J. Turpin1, G. C. Morrison1  

University of North Carolina at Chapel Hill, Chapel Hill, NC. 

Per- and polyfluoroalkyl substances (PFAS) are a group of chemicals that have been widely used as water- 
and stain-resistant coatings for consumer products such as cookware, food packaging, carpets, and outdoor 
textiles. Existing measurements of PFAS in indoor air and dust support the hypothesis that PFAS may also 
partition to other indoor materials, including clothing and textiles, thereby facilitating exposure by dermal or 
other routes. In this research, we investigated the accumulation of PFAS in clothing in indoor environments. 
Used adult and baby clothing was collected from different homes. The clothing had either been stored for 
several months or a few weeks, been recently washed, or had just been used. An additional piece of clothing 
was purchased at a sporting goods store. The main fiber type for all samples was cotton. Based on the 
clothing type and history, we believe that none of the clothing originally contained PFAS, i.e. that they were 
not treated with any PFAS-containing stain-resistant coatings. We extracted the clothing items and analyzed 
the extract for ionic PFAS by SCIEX Triple-Quad Ultra-High-Performance Liquid Chromatography (UPLC)-
Tandem Mass Spectrometry (MS/MS). Several PFAS compounds were measured above their detection limits 
in the clothing samples. Perfluorotetradecanoic acid (PFTA) and perfluorononanesulfonic acid (PFNS) were 
observed above the quantification limits, yielding concentrations in the clothing of 3.0 ng/g and 0.8 ng/g, 
respectively. Combining these results with information on mouthing from the U.S. EPA’s Exposure Factors 
Handbook (2011) shows that PFNS and PFTA were present at levels that, if the clothing was mouthed by a 
child, would result in exposure levels close to or even exceeding those levels established by the U.S. EPA as 
Lifetime Health Advisory levels for perfluorooctanoic acid (PFOA) and perfluorooctanesulfonic acid (PFOS) in 
drinking water. PFOA and PFOS were detected most frequently, and were present in five out of seven and 
four out of seven clothing items, respectively. PFOA was also detected in the new clothing item. The largest 
number of different PFAS compounds was detected in two of three clothing items that had been stored for a 
longer period of time in the homes. The presence of a range of PFAS in this set of convenience samples 
suggests the possibility of significant PFAS reservoirs in homes, in addition to dust, that have not been 
sufficiently studied to date. Thus, a more comprehensive approach is warranted in future studies for a more 
complete understanding of human exposure to PFAS indoors. 
Keywords: PFAS, SVOCs, consumer and personal care products, air, clothing 

 
T8B-02: Does type of flooring predict serum PFAS concentrations? 

Y. Zhu, A. Ro, S. Bartell;  

University of California, Irvine, Irvine, CA. 

Background: Per- and polyfluoroalkyl substances (PFAS) are ubiquitous in the serum of the general US 
population. They have been detected in a variety of environmental media, biota, and consumer products. 
Food, drinking water, consumer products, dust, and air have been assessed as PFAS exposure sources for 
humans. The effects of different types of carpeting on serum PFAS concentrations have been less studied, 
despite the known use of PFAS in stain-resistant carpet treatments. Objectives: This study aimed to examine 
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the associations between serum concentrations of perfluorooctanoic acid (PFOA), perfluorooctane sulfonic 
acid (PFOS), perfluorohexane sulfonic acid (PFHxS), 2-(<i>N</i>-methyl-perfluorooctane sulfonamido) acetic 
acid (MeFOSAA), perfluorodecanoic acid (PFDA), and perfluorononanoic acid (PFNA) and type of residential 
flooring among those aged 12 years or older in the US general population using the 2005-2006 National 
Health and Nutrition Examination Survey (NHANES). Methods: We used multiple linear regressions adjusted 
for complex survey design to analyze the relations between serum PFAS concentrations and type of floor 
covering in the household (smooth surface, low pile carpet, medium to high pile carpet, and mixed surface). 
We used multivariate imputation by chained equations (MICE) to deal with missing values. Results: 
Accounting for the complex survey design, missingness, and relevant covariates, we found higher serum 
concentrations of PFHxS and MeFOSAA in people using low pile carpets than those using smooth surfaces. 
However, the effects of medium to high pile carpets and mixed surfaces on serum PFAS concentrations are 
less clear. 
Keywords: PFAS, consumer and personal care products, built/indoor environment, statistical methods, public health 
 
T8B-03: Assessing PFAS presence and mobility in household children's products 

L. A. Schaider1, C. Swartz1, K. Rodgers1 

1Silent Spring Institute, Newton, MA. 

PFAS (per- and polyfluoroalkyl substances) are a broad class of over 4,700 chemicals and polymers commonly 
used in waterproof, stain-resistant, and grease-proof consumer products. PFAS are extremely persistent, and 
low molecular weight PFAS in consumer products can migrate to the indoor environment and accumulate in 
people’s bodies, where they have extended human half-lives in blood from months to years. PFAS are 
associated with a number of health effects, including increased cholesterol, thyroid disease, obesity, and 
cancer. Children are especially vulnerable to the harmful effects of PFAS exposures, including impaired 
antibody respond to routine vaccinations. The goals for this study were to evaluate the prevalence of PFAS in 
common household products marketed to children, identify low molecular weight PFAS that can be mobilized 
from these products, and evaluate the extent to which product labels can be used to identify products 
without PFAS additives. We purchased 80 household products marketed to and commonly used by children, 
including rugs, furniture, bedding, and clothing, including school uniforms. We selected products with a 
range of PFAS-related marketing terms (Scotchgard, stain-resistant, waterproof) as well as products with 
certifications indicating “non-toxic” criteria, such as GREENGUARD® or OEKO-TEX®, even if those 
certifications do not claim to preclude PFAS. Overall, 58% percent of samples had ≥10 ppm total fluorine, as 
measured using oxygen flask combustion and ion-selective electrode, indicative of the presence of PFAS, up 
to 3,700 ppm in a girl’s school uniform. Methanol extracts of these samples were analyzed for 36 PFAS using 
an extended version of US EPA’s LC-MS/MS Method 537.1. PFAS were more likely to be found in products 
with PFAS-related marketing terms on the label, indicating that consumers can take steps to avoid PFAS-
containing products. However, some products without PFAS-related marketing terms also contained PFAS, 
highlighting the limitations of relying on product labels alone to avoid PFAS-containing products. 
Keywords: PFAS, consumer and personal care products, children   
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Session: T8C 

Climate Change Impacts On Air Quality and Health  
 
Session Chair: Allison Patton, Health Effects Institute 
 

T8C-01: Projection of Temperature-Related Excess Mortality by Integrating Population 
Adaptability under Changing Climate in China 

T. Li, Z. Sun, Q. Wang, C. Chen 

National Institute of Environmental Health, Chinese Center for Disease Control and Prevention, Beijing, CHINA 

Rising temperature under changing climate is one of the major public health concerns in the 21st century. 
Given the need to better estimate local burdens of diseases related to temperature, this study aims to 
project the future temperature-related mortality risk in 105 counties of China with united socioeconomic 
scenarios. We used two-stage analyses to obtain effect-modifiers between temperature-mortality 
relationships, and set three united socioeconomic development scenarios integrating eight effect-modifiers 
between temperature and mortality: the total population, birth rate, mortality, Gross Domestic Product 
(GDP), air conditioning, heating in winter, latitude and provinces, and make the projection based on the 

temperature projections 
from the GCMs and RCPs. 
The future temperature-
mortality relationship curves 
were fitted for each 
scenario. The number of 
excess deaths attributed to 
the net effect of 
temperature, heat effect 
and cold effect in 105 
counties were estimated 
through the projection 
models. The future curves of 
temperature and mortality 
projected for the 2050s and 
2080s of all the scenarios 
show that, compared with 
the baseline period, the 
minimum mortality 
temperature (MMT) would 

rise, the future cold effect had an upward trend, and the heat effect had a decreasing trend, indicating that 
the adaptability to cold would decrease while to heat would increase under changing climate. The future 
temperature-related excess mortality was projected to increase in the 2050s and decrease in the 2080s. In 
the mid-level IPSL model as an example, the number of temperature-related excess mortality would increase 
7.5%, 46.6% and 31.5% in the 2050s and decrease 28.2%, 5.3% and 16.7% in the 2080s, for the low, medium 
and high speed scenarios, compared with the baseline period (2013-2017). The cold-related excess mortality 
has a similar trend with the temperature-related excess mortality, but the heat-related excess mortality 
shows a continuous rising trend, except for the low-speed scenarios. Different GCMs used in this study 
generally have the same trends in the same scenario, which suggests that multi-model introduced in this 

Figure. Changes in temperature-related annual mortality in seven regions of China 
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study may help reducing the uncertainty of the projection results. Different geographic regions of China have 
show different changing trends of the future temperature-related mortality. This indicates that relevant 
mitigation measurements should be made considering the spatial heterogeneities. Our study also 
recommends that the medium-speed scenario was projected to have the least temperature-related excess 
mortality, which could be the most appropriate scenario for future China, providing an important policy 
implication. 
Keywords: climate change, temperature-related mortality, adaptability 

 
T8C-02: Examining the joint effects of heatwaves, air pollution, and green space on the 
risk of preterm birth in California 

Y. Sun1, S. D. Ilango2, L. Schwarz2, Q. Wang3, J. Chen4, J. M. Lawrence5, J. Wu1, T. Benmarhnia2 

1University of California, Irvine, Irvine, CA, 2University of California, San Diego, San Diego, CA, 3Sun Yat-sen University, Guangzhou, 
CHINA, 4University of Southern California, Los Angeles, CA, 5Kaiser Permanente Southern California, Pasadena, CA. 

Background: Exposure to high temperature is increasingly recognized as a risk factor for preterm birth (PTB, 
< 37 completed gestational weeks). However, the combined effects of heatwaves with air pollution and 
green space are still unclear. In the context of climate change, investigating the interaction between 
environmental factors and identifying communities at higher risk is important to better understand the 
etiological mechanisms and design targeted interventions during pregnancy. Objectives: To examine the 
combined effects and potential interaction of heatwaves, air pollution and green space exposure on the risk 
of PTB. Methods: California birth certificate records for singleton births from May through September 2005 -
2013 were obtained. Residential zip code-specific daily temperature data during the last week of gestation 
was used to create 12 definitions of heatwave with varying temperature thresholds (75th, 90th, 95th, or 98th 
percentiles) and durations (at least 2, 3, or 4 consecutive days). We fit multi-level Cox proportional hazard 
models with time to PTB as the outcome and gestational week as the temporal unit, adjusting for maternal 
characteristics, infant sex, and season. Relative risk due to interaction (RERI) was applied to estimate the 
additive interactive effect of air pollution [fine particulate matter <2.5 µm (PM2.5) and ozone (O3)], and green 
space [Normalized Difference Vegetation Index (NDVI)] on the effect of heatwaves on PTB. Results: In total, 
1,967,300 births were included in this study, in which 127,039 (6.72 %) were identified as PTB. For both PM2.5 

and O3, we found consistent positive additive interactions (RERIs >0) between heatwaves and higher air 
pollution levels. Combined effects of heatwaves and NDVI-based green space indicated negative additive 
interactions (RERIs <0) for less intense heatwaves (i.e., shorter duration or relatively low temperature), 
whereas there were potential positive interactions (RERIs >0) for more intense heatwaves. Conclusion: This 
study found synergistic harmful effects for heatwaves with air pollution, and potential positive interactions 
with lack of green space on PTB. Implementing interventions, such as heat warning systems and behavioral 
changes, targeted toward pregnant women with high air pollution and low green space exposures may 
optimize the benefits of reducing acute exposure to extreme heat before delivery. 
Keywords: public health, prenatal, air pollution, built/indoor environment, heatwave; temperature; preterm birth 
 
T8C-03: Health and Equity Impact Assessment of the Transportation Climate Initiative 

C. Arter1 S. Arunachalam1, A. Berberian2, L. Buckley3, J. Buonocore4, C. Chang1, P. Kinney3, K. Fallon Lambert4, F. Perera2, M. Raifman3, 
J. Levy3 

1University of North Carolina at Chapel Hill, Chapel Hill, NC, 2Columbia University, New York City, NY, 3Boston University, Boston, MA, 
4Harvard T.H. Chan School of Public Health, Boston, MA. 

In the United States, the transportation sector generates the largest share (28.2%) of greenhouse gas (GHG) 
emissions. Given this fact, twelve East Coast states and the District of Columbia have joined the 
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Transportation Climate Initiative (TCI) to create a regional cap-and-invest program aimed at ratcheting down 
transportation-sector GHG emissions. TCI policy measures would have a number of health co-benefits, 
including through reduced air pollution and increased physical activity, and evaluating both the magnitude 
and distribution of those co-benefits can inform policy decision-making. To investigate the health benefits of 
TCI policy scenarios, we implemented a multi-model approach to estimate the air quality, physical activity, 
health, and equity implications of a number of different cap-and-invest scenarios. To assess the air quality 
impacts, we modeled how changes in SO2, NOx, NH3, VOC, and PM2.5 emissions from each scenario would 
impact air quality across the region using the Community Multiscale Air Quality (CMAQ) model version 5.2 
with the Decoupled Direct Method (DDM). We then synthesized the epidemiological literature to develop 
concentration-response functions for both child and adult health outcomes, and implemented our health 
impact calculations in a version of the USEPA BenMAP tool in R. We used the Atkinson Index, a relative 
inequality measure, to quantify how these changes in concentrations and corresponding health outcomes 
would ameliorate or exacerbate inequalities across different racial, ethnic, and income groups. Finally, as the 
TCI cap-and-invest program is expected to shift transportation modes to more active forms of mobility, 
namely cycling and walking, we also conducted an analysis of the mortality benefits of additional physical 
activity in each county based on the World Health Organization HEAT methodology. For all outcomes, we 
calculated an estimate of the monetized benefits. Our model results indicate that substantial health benefits 
for both adults and children can be realized by 2032 across the region under cap and invest scenarios that 
reduce GHG emissions by 20%, 22%, and 25%, primarily driven by changes in PM2.5 and O3 concentrations. 
Inequality analyses indicate exposure and health outcome inequalities associated with baseline 
concentrations, with differential effects on inequality across different policy options. Mortality benefits 
associated with physical activity generally exceeded those associated with air pollution reductions in urban 
areas. Our analyses reinforce the value of multi-model health impact assessments for estimating the 
magnitude and distribution of health co-benefits of policies options for reducing GHG emissions. 
Keywords: air quality, environmental justice, health disparities, transportation 
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Informing COVID Exposure and Risk Assessments  
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OD-01: Characterizing hand-to-face contact frequency and sequence for adults 

A. M. Wilson1, M. P. Verhougstraete1, P. I. Beamer1, M. King2, K. A. Reynolds1, C. P. Gerba1 

1University of Arizona, Tucson, AZ, 2University of Leeds, Leeds, UNITED KINGDOM. 

Introduction: While it is understood that hand-to-face contacts are important behaviors to incorporate into 
chemical and microbial risk assessments, few data currently exist describing hand-to-face contact 
frequencies for adults. The study objective was to characterize hand-to-face (-mouth, -eyes, -nose, and -
other facial areas) contact frequency and sequence of contacts for adults in multiple locations. Methods: 
Thirty-minute direct observations were conducted for 199 adults (99 males, 100 females), where hand-to-
mouth, -eyes, -nose, and -other facial area contacts were recorded in the order in which they were made on 
observation documentation forms. Comparisons of contact frequency were made between males and 
females and between eating and non-eating behaviors using Wilcoxon rank sum tests (alpha=0.05). A 
comparison among locations for eating and non-eating behaviors, separately, was conducted using a Kruskal-
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Wallis test and Dunn’s post hoc tests. Contact sequences were compared using discrete Markov chains and 
comparisons of transitional probability heatmaps. 

Results: There were no statistically significant differences in hand-to-face contacts between males and females, 
with the exception of hand-to-nose contacts (p=0.0014), where males tended to touch their nose more 
frequently than females. Significant differences in hand-to-face and -mouth contacts were seen between eating 
and non-eating behaviors, with greater frequency during eating behaviors. There were no significant 
differences in contact frequencies among locations for eating activities. However, there were for non-eating 
activities for hand-to-face, -mouth, -eyes, and -other contacts (p<0.05). For all hand-to-face contacts, some of 
the significant differences included differences between the airport and classroom, and airport and zoo. During 
non-eating activities, hand-to-head contacts transitioned to hand-to-other contacts with high probability 
relative to other transitions, while eating activities included repetitive hand-to-mouth contacts. 

Discussion:  These data can be used to inform chemical or microbial risk assessments with current 
applicability to COVID-19 exposure modeling. For example, based on differences in hand-to-mouth, -eyes, 
and -nose contact frequencies for eating vs. non-eating behaviors, microbial dose equations from the 
literature indicate that these differences could relate to 1.6 times greater doses for eating behaviors than for 
non-eating behaviors. More data are needed to evaluate the influence of culture and age on hand-to-face 
contact frequencies to inform more scenario-specific risk assessment human behavior assumptions. 
Keywords: activity patterns, microbial agents, behavior, environmental health 
 
OD-02:  Indoor aerosol exposure assessment for transmission of SARS-CoV-2 virus 

A. A. Mofakham1, D. M. Brown2, G. Ahmadi1, B. Helenbrook1, T. Ahmed1, B. D. Erath1, A. R. Ferro1 

1Clarkson University, Potsdam, NY, 2Trudeau Institute, Saranac Lake, NY. 

There is growing evidence that aerosol transmission of the SARS-CoV-2 virus is an important exposure 
pathway. Therefore, understanding aerosol transmission is critical to informing decisions on how to protect 
public health. This work seeks to elucidate and quantify the aerosol transmission of the SARS-CoV-2 virus in 
indoor environments where exposure primarily occurs, both from direct human emissions and from 
resuspended particles containing one or more virions. For this work, we validate a computational fluid 
dynamics (CFD) model for transport of human expiratory droplets from human speech across a room with 
experimental data. The deposition of the droplets are then inputs for a human activity based resuspension 
model. The CFD model is developed using ANSYS-Fluent with additional user-defined functions to track the 
motion, dispersion, evaporation and deposition of droplets arising from specific speech utterances. The 
experimental work is conducted in a biosafety level 2 laboratory at Trudeau Institute (Saranac Lake, NY) using 
influenza as a model RNA virus. Following the initial emission and return to background concentrations, three 
successive resuspension events are conducted followed by quiescent periods to allow for particle settling. 
Both air and surface samples are collected in an array at distances in the downstream and upstream 
directions from the source and analyzed for the presence of the virus using qPCR and viability of the virus 
using a high throughput viability assay. The validation of the models with experimental data is critical to 
being able to extend the models to assess the effectiveness of various mitigation scenarios. In addition, by 
adjusting input parameters in the models for expiratory emission rates, virus size, and viral stability under 
different environmental conditions, the findings of the study should be broadly applicable to transmission of 
many similar viruses, including the SARS-CoV-2 virus. 
Keywords: aerosol, infectious disease, fine particlate matter, exposure models 
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OD-03: Addressing Decontaminated Respirators: Some Methods Appear to Damage 
Mask Integrity and Protective Function 

R. Peltier, J. Wang; University of Massachusetts, Amherst, MA. 

N95 respirator shortages during the pandemic led to a rush by hospitals and commercial suppliers to 
alternative strategies to increase availability. Reuse of decontaminated respirators was a possible solution to 
improving the supply chain to protect health care workers. Decontamination of respirators, which are 
normally used once and discarded, was urgently sanctioned by Emergency Use Authorization by the US FDA 
in March 2020. However, this action mandated no additional testing of decontaminated respirators and 
many sterilizing companies issued their own guidance based on internal assessments. Our work evaluated 
filtration efficacy of decontaminated respirators across a variety of decontamination techniques, including 
vaporized hydrogen peroxide, gas plasma hydrogen peroxide, and ultraviolet irradiation. After these 
treatments, respirators often appear qualitatively unchanged, and able to pass in-field ‘fit testing’, and thus 
viewed as protective by a user. We assessed respirator performance using full particle size resolving 
instrumentation, rather than reliance on basic particle counting equipment which meets NIOSH performance 
criteria. Our data show that there are critical differential effects to a respirator’s performance in protecting a 
wearer from exposure. Gas plasma hydrogen peroxide, and multiple treatments of ultraviolet irradiation, 
induced damage to respirators, which would unknowingly increase risk to a wearer. We also compare these 
results against N95 alternatives, such as various KN95 respirators that were provided to some hospitals. The 
results further illustrate the potential shortcomings of NIOSH testing methodology in assessing protective 
performance of medical respirators, and leaves open the question whether these standards remain the 
appropriate assessment metric for respirator users. 
Keywords: particulate matter (PM), occupational exposure, fine particlate matter, infectious disease 
 
OD-04: Urban Air Pollution May Enhance COVID-19 Case-Fatality and Mortality Rates in 
the United States 

D. Liang1, L. Shi1, J. Zhao2, P. Liu3, J. Schwartz4, S. Gao5, J. Sarnat1, Y. Liu1, S. Ebelt1, N. Scovronick1, H. Chang1 

1Emory University, Atlanta, GA, 2American Cancer Society, Atlanta, GA, 3Georgia Institute of Technology, Atlanta, GA, 4Harvard 
University, Boston, MA, 5University of Wisconsin–Madison, Madison, WI. 

Background: The novel human coronavirus disease 2019 (COVID-19) pandemic has claimed more than 
500,000 lives worldwide, causing tremendous public health, social, and economic damages. While the risk 
factors of COVID-19 are still under investigation, environmental factors, such as urban air pollution, may play 
an important role in increasing population susceptibility to COVID-19 pathogenesis. Methods: We conducted 
a cross-sectional nationwide study using zero-inflated negative binomial models to estimate the association 
between long-term (2010-2016) county-level exposures to NO2, PM2.5 and O3 and county-level COVID-19 
case-fatality and mortality rates in the US. We used both single and multipollutant models and controlled for 
spatial trends and a comprehensive set of potential confounders, including state-level test positive rate, 
county-level healthcare capacity, phase-of-epidemic, population mobility, sociodemographics, socioeconomic 
status, behavioral risk factors, and meteorology. <b>Findings</b>: 1,807,565 COVID-19 cases and 104,276 
deaths were reported in 3,122 US counties from January 22, 2020 to June 2, 2020, with an overall observed 
case-fatality rate of 5.8%. County-level average NO2 concentrations were positively associated with both 
COVID-19 case-fatality rate and mortality rate in single-, bi-, and tri-pollutant models (p-values<0.05). Per 
inter-quartile range (IQR) increase in NO2(4.4 ppb) was associated with an increase of 10.1% (95% CI 3.6% to 
17.1%) and 22.0% (95% CI 13.0% to 31.7%) in COVID-19 case-fatality and mortality rates, respectively. We did 
not observe significant associations between COVID-19 case-fatality and long-term exposure to PM2.5 or O3 
(p-values>0·05), although per IQR increase in PM2.5 (2.6 ug/m3) was associated with 18.0% (95% CI: 4.1% to 
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33.8%) increase in COVID-19 mortality rate. <b>Interpretation: </b>Long-term exposure to NO2, which 
largely arises from urban combustion sources such as traffic, may enhance susceptibility to severe COVID-19 
outcomes, independent of long-term PM2.5 and O3 exposure. The results support targeted public health 
actions to protect residents from COVID-19 in heavily polluted regions with historically high NO2 levels. 
Continuation of current efforts to lower traffic emissions and ambient air pollution may be an important 
component of reducing population-level risk of COVID-19 case-fatality and mortality. 
Keywords: air pollution, infectious disease, epidemiology, other (specify), COVID-19 
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PO-01: Fine particulate matter pollution in Greater Accra: Spatial-temporal patterns and 
influence of land-use and socioeconomic factors 
 A. S. Alli; University of Massachusetts, Amherst, Amherst, MA. 
 
Background: As cities in sub-Saharan Africa continue to grow the fastest in the world, ambient air pollution from 
transport, industrial, commercial and household energy sources is becoming a public health concern. However, 
very little is known about within-city disparities at fine spatial-temporal resolution. We described the space-time 
patterns of ambient fine particle pollution (PM2.5 ) in relation to land-use variables and socioeconomic factors in 
Greater Accra, Ghana’s capital, and evaluated trends over a decade. 

Methods: In a large field measurement between April 2019 - February 2020, we collected weekly gravimetric and 
minute-by-minute PM2.5  (optical sensor) concentrations data from 119 unique locations (10 fixed [1-year] and 109 
weekly [7-day] sites) covering a range of land-use, socioeconomic features and source influences. 

Results: Across the 109 rotating sites, weekly PM2.5  concentrations ranged from less than 10 μg/m3 to 87 μg/m3. 
Spatially, commercial/ business/industrial (CBI) and high-density (poor and high biomass use) residential areas 
had the highest mean (SD) PM2.5  concentrations (25 (8) and 25 (12) μg/m3), while peri-urban background areas 
had the lowest PM2.5  concentrations (20 (7) μg/m3). Annual mean (SD) PM2.5  across the 10 fixed sites was (39 (43) 
μg/m3) with site-specific mean PM2.5  concentrations ranging from 28 (45) μg/m3 at a peri-urban background area 
to 42 (44) μg/m3 at CBI areas. Seasonally, PM2.5  levels were highest between December-February, during the 
“Harmattan” when transported dust and changes in regional and local meteorology affect Accra. In this period, 
mean (SD) PM2.5  concentration (98 (70) μg/m3) was about four times higher compared to the non-harmattan 
season (24 (7) μg/m3). PM2.5  concentrations on weekdays (33 ± 25 μg/m3) and weekends (33 ± 25 μg/m3) were 
similar, and this was consistent across all sites. Diurnally, average daily PM2.5  pollution at all sites rose at dawn 
and peaked at daybreak, followed by a gradual decline until modest peak at late afternoon; indicative of the 
timings of community biomass use and traffic rush-hours. A decreasing trend in annual PM2.5  concentrations was 
observed when compared to matching data from residential sites over a decade ago (71± 38 vs 39 ± 3 μg/m3), 
suggesting likely reductions in biomass emissions. 

Conclusion: Ambient fine particulate matter pollution in Accra may be decreasing over time but remains 2 to 4 
folds higher than the WHO guideline with significant variations in relation to spatial, socioeconomic, and land-use 
factors. Equitable local policies and interventions are needed to reduce air pollution levels and protect public 
health. 
Keywords: fine particlate matter, air pollution, air quality, public health, Sub-Saharan Africa 
 

PO-02: Chemical Characteristics and Oxidative Potential of PM2.5 in Densely Populated 
Urban Slums 
A. Anand1, S. Yadav1, H. Phuleria1 
 
1IIT Bombay, Mumbai, INDIA. 
 
Located along the major roadways, most of the Mumbai slums, which house ~10 million people, face a higher risk 
of air pollution. Recent studies have reported that toxicity is induced by oxidative processes, mediated by the 
water-soluble PM chemical components which lead to reactive oxygen species production leading to 
inflammatory disorders. However, no study has been yet conducted to assess the chemical composition and 
oxidative potential of the indoor and outdoor fine PM in the densely populated slums. This study focuses on 
assessing indoor PM chemical characteristics and its association with oxidative potential in two slums in Mumbai, 
India. Daily gravimetric PM2.5  was measured in ~40 homes and a concurrent fixed outdoor location each in a low- 
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and a high-traffic slum during Jan-Mar 2017 using a low volume air sampler. The collected PM2.5  filters were 
analysed for 17 water-soluble elements and organic carbon (WSOC). Subsequently, oxidative potential (OP) was 
assessed through the Dithiothreitol (DTT) assay. The indoor slums WSOC was 4.1 ± 3.7 µg/m3 and 5.4 ± 2.5 µg/m3 
for total water-soluble elements with S, K, Ca, Na and Zn being the most abundant elements. Similar to outdoor 
PM2.5 , the contributions of Cd, Fe and Al to indoor PM2.5 were 1.5-1.7 times higher in high-traffic slum compared 
to low-traffic slum suggesting the increased influence of resuspended road dust in heavy traffic areas. The within-
slum distribution of indoor Cd, Al, Fe, Zn and BC were influenced majorly by the local traffic characteristics and 
lesser by any indoor emission activities, influence being higher in homes with higher ventilation. Larger influence 
of non-exhaust emissions and road dust resuspension resulted in higher non-carcinogenic health risk for indoor 
PM2.5  in high-traffic slum (Hazard Quotient, HQ=1.60) as compared to low-traffic slum (HQ=0.43). The OP of 
indoor PM2.5  was also significantly higher in the high-traffic slum (0.13 ± 0.07 nmol min-1 m-3) as compared to the 
low-traffic slum (0.08 ± 0.05 nmol min-1 m-3, p<0.05). In comparison, the OP was higher for outdoor PM2.5  (0.19 ± 
0.11 and 0.17 ± 0.14 nmol min-1 m-3 in high- and low-traffic slums, respectively). OP showed statistically significant 
correlation with Fe (r=0.36) and Ba (r=0.37), the tracers of outdoor road dust emissions. Our results indicate that 
the indoor PM2.5  and its chemical constituents in Mumbai slums are largely of outdoor origin with higher non-
carcinogenic health risk and toxicity in high-traffic slums. 
Keywords: fine particlate matter, metals, risk assessment, Oxidative Potential, Urban Slums 
 

PO-03: High-throughput estimates for mouthing exposure and related risk from chemicals 
in children’s products 
N. Aurisano1, L. Huang2, O. Jolliet2, P. Fantke1 
 
1Technical University of Denmark, Kgs. Lyngby, DENMARK, 2University of Michigan, Ann Arbor, MI. 
 
There are public concerns about the possibility of children’s products (e.g., pacifiers, toys) releasing during 
mouthing toxic chemical substances, which can pose serious risks to children’s health. However, in various 
assessment frameworks and tools, mouthing exposure is often missing, mainly due to the lack of chemical 
migration rates data from products into saliva. Measured migration rates are available only for few chemical 
groups (e.g. phthalates, brominated flame-retardants) and materials. Since conducting migration experiments is 
costly and time-consuming, mathematical estimation methods are needed to estimate migration rates for the 
thousands of marketed chemical-product combinations. We thus aim to develop a high-throughput mouthing 
exposure model to estimate chemical migration rates into saliva from different materials and quantify subsequent 
mouthing exposure and related risk. 

We collected data of chemical migration into saliva for substances found in different children’s products, and built 
a harmonized dataset. We then analyzed and identified the main properties influencing migration rates: chemical 
concentration in the products, chemical diffusion coefficients within materials and material-saliva partitioning 
coefficients. Adapting a food migration model to the specific case of saliva based on the identified properties, we 
developed a model able to estimate chemical-material specific migration rates and tested it against the collected 
experimental results. For different mouthing scenarios, we finally determine exposure doses expressed in 
μg/kgBW/d and Hazard Quotients (HQ) for each chemical-material combination. 

We collected 398 data points of measured migration rates covering 62 different chemical-material combinations 
at different chemical concentrations. Migration rates range widely from a median of 0.0034 µg/10cm2-min to a 
maximum of 32.7 µg/10cm2-min, with phthalate and other plasticizers in PVC showing the highest migration rates. 
Resulting mouthing exposure doses with experimental migration rates vary from a median of 0.005 µg/kgBW/d to 
50.6 µg/kgBW/d for an average mouthing duration of 3.4 min/h. Combining exposure estimates with toxicity 
information, we derive widely ranging HQs of up to 15 across chemical-material combinations and average and 
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worst-case mouthing scenarios. The developed model for estimating migration rates shows good fitting of the 
experimental dataset (adjusted R2=0.88). Our results demonstrate that we are able to systematically estimate 
mouthing exposure from chemicals in different chemical-material combinations and rank possible alternatives 
based on common chemical function. In addition, the results show that mouthing exposure is limited for most 
chemical-material combinations, but still a relevant exposure pathway that need to be assessed for children risks 
associated with plasticizers in PVC and high exposure durations. 
Keywords: exposure models, consumer and personal care products, children, risk assessment 
 

PO-04: Multiplex Immunoassay for Detection of Enteric Pathogen Exposure and Infection 
in Epidemiological Studies 
 L. N. Avolio, N. Pisanic, C. D. Heaney 
 
Johns Hopkins Bloomberg School of Public Health, Baltimore, MD. 
 
The health burden of enteropathogens is commonly measured in epidemiological studies through self-reported 
symptoms of acute gastrointestinal illness (AGI) or through use of pathogen detection tests. While providing a 
wealth of data, both methods pose challenges in capturing and characterizing pathogen-specific enteric disease. 
As many enteric infections are transient, with time-dependent antibody responses, pathogen-specific antibody 
assays have the potential to supplement other methods to provide a more complete assessment of enteric 
pathogen burden in a population. Blood-based testing protocols are commonly used to characterize systemic 
immune responses to enteric pathogens, but challenges associated with blood sampling, particularly in resource 
constrained environments, can create barriers for community participation in studies of population exposure, 
infection, and immunity. Saliva also contains pathogen-specific antibodies that can provide quantitative 
information on the type and temporality of infection, allowing use of oral fluids to non-invasively assess 
immunoconversion to infectious pathogens. A multiplex immunoassay has been developed to assess exposure to 
or infection with a suite of enteric pathogens and negative outcome pathogens in serum and oral fluid. 
Immunodominant antigens from enterotoxigenic Escherichia coli (ETEC), Shigella, Campylobacter, Cholera, 
Hepatitis E Virus, Adenovirus, Norovirus, Rotavirus, Cryptosporidium, and Giardia were coupled to uniquely 
labeled magnetic polymer microspheres in the Luminex system. Coupling efficiency was assessed using 
monoclonal antibodies for each antigen and the assay validated with known positive and negative sera. This 
platform is readily modifiable and can be designed to simultaneously include antigens from negative control 
pathogens such as Influenza or human endemic corona viruses, in which any immunoconversion event would not 
be expected to correlate with an incident enteric infection. The multiplex nature of this assay combined with the 
compatibility for use with non-invasive oral fluid samples offers the potential for broad application in 
epidemiological studies, including in low-resource environments or among vulnerable populations. 
Keywords: biomarkers, infectious disease, microbial agents 
 

PO-05: Random Forest Model based Fine Scale Spatiotemporal O3 Trends in the Beijing-
Tianjin-Hebei region in China, 2010 to 2017 
R. Ma, J. Ban, Q. Wang, T. LI 
 
China CDC, Beijing, CHINA. 
 
Background: ambient ozone (O3) concentration has shown an upward trend in China and its health hazards have 
also been recognized in recent years. High-resolution exposure data based on statistical models are needed. 
Objectives: we aimed to build a high-performance random forest model and estimated ambient O3 concentration 
from 2010-2017 in the Beijing-Tianjin-Hebei region in China at a 0.01°×0.01° resolution.  
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Method: multi-parameter random forest models were developed for the daily maximum 8h average 
concentration (O3-8hmax), maximum per hour concentration (O3-1hmax), and daily average concentration (O3-
mean) concentration. Model variables included meteorological data, chemical transport model output, 
geographic variables, population data and dummy parameters. Test validation, spatial validation and temporal 
validation were used to evaluate the model performance.  

Results: the R2 of O3-8hmax, O3-1hmax and O3-mean models were all greater than 0.80. Meteorological 
parameters, especially temperature and solar radiation, showed high contribution to the model. 2010-2017 O3 
concentrations in the Beijing-Tianjin-Hebei area, especially in more developed regions, showed an overall 
increasing trend. The long-term spatial distribution of O3 concentration was similar to altitude, where high 
concentration levels were distributed in regions with higher altitude.  

Conclusion: our model provided a list of important variables and can further trace the O3 concentration in the 
historical period of the Beijing-Tianjin-Hebei region. Long-term time series modeled data with high resolution 
could reduce exposure measurement error in future epidemiologic studies. 
Keywords: air pollution, ecological exposure, statistical methods 
 

PO-06: Characterizing infiltration and indoor contribution of PM2.5  based on volunteer-
generated monitoring data at large spatial and temporal scales 
J. Bi1, L. Wallace2, J. Sarnat1, Y. Liu1 
 
1Emory University, Atlanta, GA, 2United States Environmental Protection Agency, Washington, D.C., DC. 
 
Epidemiological research on the adverse health outcomes due to PM2.5  exposure typically relies on measurements 
from regulatory outdoor monitors to provide exposure estimates. While establishing the linkage of health 
endpoints with ambient PM2.5  exposure will support the development of emissions control policies, personal 
PM2.5  exposure may deviate from ambient levels due to differential infiltration and contribution of indoor 
sources. Therefore, it is important to quantify infiltration factors (Finf) and the contribution of indoor sources. 
Research in this area has been historically limited in space and time due to the high labor and capital costs of 
deploying and maintaining collocated indoor/outdoor monitors. Recently, the growth of volunteer-generated 
PM2.5  data provides an unprecedented opportunity to characterize Finf> and indoor contribution at large spatial 
and temporal scales. In this study, 94 volunteer-maintained PurpleAir indoor/outdoor PM2.5  monitor pairs with 
~1.1 million hourly measurements were identified within a distance of 500 m from each other during a 20-month 
period (Nov. 2018 to June 2020) in California. A data-driven method was developed based on local polynomial 
regression to estimate site-specific Finf with an assumption that indoor-generated sources were negligible when 
outdoor levels were sufficiently high (the highest 20 hourly outdoor measurements for each site). The estimated 
site-specific Finf had a mean of 0.25 (25th, 75th percentiles = [0.13, 0.32]) with a mean standard error of 0.05, the 
scale of which generally agreed with those reported in previous studies. A seasonal analysis (dry [Apr. to Oct.] and 
wet [Nov. to Mar.] seasons) showed no significant difference in Finf across seasons probably because the seasonal 
changes were mild in California. The Finf estimates were also similar for different building types (homes or 
buildings). By applying the Finf estimates, we found that the indoor-generated PM2.5  contributed an average of 
~50% (25th, 75th percentiles = [35%, 65%]) of the total indoor levels. By analyzing the relationship between indoor 
contributions and outdoor levels, we further identified outdoor level thresholds for individual sites above which 
the indoor sources were not substantial for personal exposure assessment. This is the first time the indoor 
contribution for multiple sites monitored over thousands of hours were characterized at a large spatial scale. 
Keywords: aerosol, air pollution, big data, fine particlate matter, infiltration 
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PO-07: Exposure to Particle Beta Radiation in Greater Massachusetts 
A. J. Blomberg, L. Li, J. D. Schwartz, B. A. Coull, P. Koutrakis 
 
Harvard T.H. Chan School of Public Health, Boston, MA. 
 
Particle radioactivity is a property of airborne particles caused by the presence of naturally-occurring or 
anthropogenic radionuclides. Recent studies have found associations between particle radioactivity and adverse 
health outcomes, including changes in blood pressure, lung function, and gestational diabetes. However, the 
spatiotemporal distribution of particle radioactivity and factors influencing its variability have not been 
extensively studied. We address these knowledge gaps using measurements of gross beta activity, collected at 
seven Environmental Protection Agency (EPA) RadNet monitors located in and around Massachusetts. We apply 
back-trajectory analysis to identify prevailing air mass trajectories and find that these trajectories strongly 
influence seasonal trends in beta activity. We also evaluate the effects of different meteorological predictors on 
daily beta activity concentrations using a mixed-effect model. Important predictors of beta activity include air mass 
trajectories, temperature and relative humidity. Finally, we create a series of random forest models to impute missing 
beta activity concentrations at each RadNet monitor for use in future health studies. This is the first study to analyze 
spatiotemporal trends in particle radioactivity using measurements from the EPA RadNet system. 
Keywords: air pollutants, radiation, radon, exposure models 
 

PO-08: Silicone Wristband Samplers Used to Evaluate Firefighter PPE Designs to Mitigate 
Fireground Chemical Exposures 
E. Bonner1, G. Horn2, K. Anderson1, S. Kerber2, D. Smith3 
 
1Oregon State University, Corvallis, OR, 2UL Firefighter Safety Research Institute, Columbia, MD, 3Skidmore College, Saratoga Springs, NY. 
 
Firefighters are tasked with the protection of others, yet they face occupationally related increased cancer 
incidence. It is suspected that exposure to polycyclic aromatic hydrocarbons (PAHs) contributes to increased 
cancer rates in firefighters. PAHs have been found in the air on the fireground and on firefighter’s skin. This study 
evaluated PAH protection provided by two different configurations of firefighting personal protective equipment 
(PPE). The control condition utilized standard PPE commonly worn by firefighters in 2020. An intervention PPE 
condition was constructed with a one-piece liner to eliminate interface gaps between the coat and pants, and the 
coat and hood. This study was conducted in a Fireground Exposure Simulator (FES), with a central combustion 
area and adjacent chambers where mannequins were exposed to smoke from a common residential couch fire. 
Silicone wristbands were used as passive samplers to evaluate PAH exposures in the air and underneath the two 
configurations of PPE, during four burns in the chamber. Samplers were deployed on co-located mannequins in 
the chamber, one wearing standard PPE, and one wearing the one-piece liner PPE. Additionally, paired air 
samplers were placed outside of the PPE to characterize workplace protection factors (WPF - concentration of a 
compound outside PPE divided by the concentration under PPE). For each burn, mannequins were placed at 
different positions within the chamber. Bioavailable gas phase PAHs were determined by gas chromatography-
tandem mass spectrometry. Out of 63 target PAHs, we found 51 PAHs to be present in at least one of the samples. 
Many of these PAHs are not currently evaluated as firefighter exposures since methods are often limited to the 
EPA’s 16 priority PAHs. This supports results of a previous study using silicone samplers on firefighters, in which 45 
PAHs were detected, 18 of which were novel detections on the fireground. This study revealed an additional nine 
PAHs not previously detected on the fireground. Of the sites we measured, the neck had highest concentrations, 
suggesting particular vulnerability at this site. Preliminary results indicate increased protection against many PAHs 
with the one-piece liner PPE. The degree of protection varies by compound; for example, in the first burn, the 
difference in mean WPFs between one-piece and standard PPE at the neck ranged from 0.05 (naphtho[2,3-
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k]fluoranthene) to 1281 (anthracene). While we were measuring volatile PAHs, differences in protection might 
also indicate increased protection against particulate matter in smoke. 
Keywords: occupational exposure, emergency response, PAHs 
 

PO-09: Evaluating the Impact of the National Academies of Sciences, Engineering, and 
Medicine’s Committee on the Use of Emerging Science for Environmental Health Decisions 
E. B. Boyle; NASEM, Washington, DC. 
 
Background:  Evaluating the impact of scientific convening activities such as the National Academies of Sciences, 
Engineering, and Medicine’s (NASEM) Standing Committee on the Use of Emerging Science for Environmental 
Health Decisions is critical to ensure that these efforts are meeting their goals. 

Objectives: We aimed to develop a methodical approach that would yield a broad assessment of the Standing 
Committee on the Use of Emerging Science for Environmental Health Decisions’ effectiveness. This review may inform 
evaluations of other Standing Committees at the NASEM or other institutions that have similar convening activities. 

Methods: A conceptual model was developed with defined activities, outputs, outcomes, and impacts of the 
Standing Committee on the Use of Emerging for Environmental Health Decisions. We used the conceptual model to 
determine metrics that could be calculated to measure the outcomes and impacts. Short-term outcomes were 
measured by counting attendance and the emerging science workshops, and views and downloads of the written 
summaries. Long-term outcomes were measured by bibliometric analysis or references to the Standing Committee’s 
work in funding announcements, grants, or within the prospectuses for new National Academies activities. 

Results: The approach identified awareness of the Standing Committees’ work by many different scientific 
communities. The work of the Standing Committee on Emerging Science for Environmental Health Decisions has 
informed several different studies of the National Academies, which have informed further research activities 
within the NIH and other agencies. 
Keywords: environmental regulation, risk assessment, public health, environmental health 
 

PO-10: High-Throughput Toxicokinetics Inhalation Exposure Inferences for Organic 
Chemicals 
M. Breen1, J. Arnot2, A. Sangion3, K. Isaacs1, M. Linakis4, M. Sfeir5, J. Wambaugh1 
 
 1U.S. Environmental Protection Agency, Research Triangle Park, NC, 2ARC Arnot Research and Consulting, Toronto, ON, CANADA, 3University 
of Toronto Scarborough, Toronto, ON, CANADA, 4United States Air Force, Wright-Patterson Air Force Base, Fairborn, OH, 5Oak Ridge 
Institute for Science and Education (ORISE) fellow at U.S. Environmental Protection Agency, Research Triangle Park, NC. 
 
Toxicokinetics (TK) data needed for chemical risk assessment are not available for most chemicals. In order to 
support a greater number of chemicals, the freely available R package High Throughput Toxicokinetics (HTTK) 
includes functions and data tables for simulation and statistical analysis of chemical TK. The HTTK-pop Monte 
Carlo (MC) simulator, one of the functions in HTTK package, simulates toxicokinetic variability by drawing from the 
National Health and Nutrition Examination Survey (NHANES) biometrics. The NHANES provides both biometric 
and chemical exposure biomonitoring data that are statistically representative of the modern U.S. population. 
However, the current version of HTTK package utilizes data only up to the 2011-12 NHANES cohort. To update the 
HTTK-pop MC, the most recently available NHANES biometrics (up to the 2017-18 NHANES cohort) were obtained. 
A comparison of the previous cohort (2007-12 NHANES cohort) and updated cohort (2013-18 NHANES cohort) 
indicates some increase in mean and median body weights for the updated cohort with no change or a slight 
decrease in body heights. In addition to biometrics, we examined steady-state human exposure rates for the 
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median and upper 95th percentile of the U.S. population inferred using reverse dosimetry from the NHANES 
chemical exposure biomarker data in blood and plasma (total of 54 organic chemicals with 6 above detection 
limits for the median and 18 above detection limits for the 95th percentile). We also expanded the HTTK reverse 
dosimetry beyond oral exposures using the recently added HTTK inhalation model. To do this a steady-state 
solution was found for the HTTK generic inhalation Physiologically Based Toxicokinetic (PBTK) model, allowing for 
inhalation exposure inferences. The exposure inferences and updated MC simulator are used to place ToxCast in 
vitro bioactivity data and in silico predictions of hazardous tissue concentrations in the public health risk context 
of Bioactivity:Exposure ratios (BERs). The inclusion of volatile chemicals is a key improvement over previous 
efforts as they have previously not been addressed with a BER approach. By placing volatile chemicals into 
context with semi- and non-volatile chemicals, priorities might be better identified. The views expressed here are 
those of the authors and do not necessarily reflect the views or policies of the U.S. EPA. 
Keywords: PBPK Modeling, exposure models, VOCs 
 

PO-11: U.S- Mexico Border Air Pollution; Fine Particulate Matter (PM2.5 ) in Tijuana Measured 
by Low Cost Sensors at Sensitive Receptor Sites in the Community 
B. Caceres1, J. E. C. Quinoñes2, L. Jaime3, P. J. E. Quintana3, E. Austin4, J. Shirai4, C. Hsuan Huang4, A. Amador5, S. Vega5, E. Seto4 
 
1San Diego State University- School of Public Health, San Diego, CA, 2Facultad de Ciencias Químicas e Ingeniería de la Universidad Autónoma 
de Baja California, Baja California, MEXICO, 3San Diego State University, San Diego, CA, 4University of Washington School of Public Health, 
Seattle, WA, 5Casa Familiar, San Ysidro, CA. 
 
The US EPA Border 2020 program is a binational effort that addresses environmental and public health issues along 
the U.S- Mexico Border. One priority area is air pollution, especially fine particulate matter pollution (PM2.5 ). This 
Border 2020-funded project involved multiple binational air quality stakeholders, and deployed low-cost community 
air sensors to investigate air pollution in Tijuana adjacent to the San Ysidro Port of Entry (POE) - the busiest land POE 
in the world. Residents who live near the border on both sides are predominantly low-income and particulate 
matter is a health risk to these communities. Monitors used in this study were the Edimax EdiGreen Airbox, 
(Taipei, Taiwan) measuring PM2.5 , temperature, and humidity, and the University of Washington (UW) Community 
Air Monitor measuring PM2.5 , CO, NO, NO2, O3, temperature, and humidity. Data were transmitted by the 
monitors via cellular or Wi-Fi network to UW servers, which applied calibration equations and computed hourly 
averages. PM2.5 data was obtained intermittently between January- December 2019 from 9 sites in Tijuana. These 
sites included the San Ysidro and Otay POE’s, government air quality monitoring sites (La Mesa), and 5 community 
sites, which included 2 childcare facilities (S) and (C), which are particular sites of interest since they are sensitive 
receptors. For months where comparison between childcare sites and other sites were available, (April- 
September 2019), hourly PM2.5 data was examined and compared to regulatory hourly data provided from San 
Diego Air Pollution Control District (SDAPCD) Donovan site at Otay Mesa, CA. The child care facilities reported the 
highest overall PM2.5 values (median, 25th-75th percentiles): childcare (C) 15.3 μg/m3,12.1-19.9 μg/m3 , childcare 
(S) 19.9 μg/m3, 14.1- 26.8 μg/m3, compared to Donovan (11.3 μg/m3, 8.0- 15.8 μg/m3), La Mesa (11.9 μg/m3, 9.3- 
16.0 μg/m3) and SYPOE (13.3 μg/m3, 10.2- 17.3 μg/m3). Temporal patterns showed higher PM2.5 at night which 
persisted into morning school hours. High peaks of PM2.5 at the childcare sites raises concern as children are 
especially susceptible to adverse health effects of PM2.5 exposure, due to their high activity levels which increase 
their dose and their developing organs. Sources near the childcare facilities include traffic emissions from the 
POEs, as well as industry and open burning activities in the area. This demonstrates the need for more air quality 
monitoring and mitigation efforts by POE’s and in Tijuana, such as reducing border wait times, emission controls, 
and community exposure reduction directed to the most sensitive populations. 
Keywords: environmental justice, air pollution, air quality sensor, fine particlate matter, U.S Mexico border- communities 
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PO-12: In-vehicle exposure to traffic-related air pollutants: the impact of leading vehicles 
and several traffic scenarios 
D. Campagnolo1, S. Lioi1, M. Keller1, F. Borghi1, S. Rovelli1, A. Spinazzé1, A. Cattaneo1, L. Boniardi2, S. Fustinoni2, D. M. G. Cavallo1 
 
1RAHH – Risk Assessment for Human Health, Department of Science and High Technology, Università degli Studi dell’Insubria, Como, ITALY, 
2EPIGET – Epidemiology, Epigenetics, and Toxicology Lab, Department of Clinical Sciences and Community Health, Università degli Studi di 
Milano - Fondazione IRCCS Cà Granda Ospedale Maggiore Policlinico, U.O.S. Tossicologia, Milan, ITALY. 
 

Traffic-related air pollutant 
concentrations inside vehicle cabins 
are often higher compared to 
background levels. The present study 
was focused on the exposure 
assessment to several traffic-related 
air pollutants: black carbon, carbon 
monoxide, fine (PM0.3-1, PM1-2.5) and 
ultra-fine (PM0.1) airborne particulate 
matter, nitrogen dioxide. The 
objective of this work was to 
investigate the effects of several 
traffic scenarios on in-cabin traffic-
related air pollutant exposure levels in 
a study vehicle, with particular 
emphasis on the role of the leading 
vehicle’s emissions.The research was 
performed using an instrumented 
study vehicle (always to be considered 

as the following vehicle) on a fixed round-trip of about 110-km or 160-min long, where a total of 10 repeated tests 
were conducted, in summer and autumn seasons. On-line monitoring of the traffic-related air pollutant 
concentrations was carried out inside the study vehicle’s car cabin with fixed ventilation settings: windows closed, 
air conditioning off, recirculation fan off and the fanned ventilation system on a medium setting (2 on a scale of 1-
4). Simultaneously, the traffic conditions and the license plate numbers of the leading vehicles along the route 
were recorded to collect information pertaining to both the different traffic situations (i.e., queue, overtaking) 
and the leading vehicle’s characteristics (i.e., light- or heavy-duty). The results clearly showed that the in-cabin 
traffic-related air pollutant exposure levels were affected by the presence of the leading vehicles: for each 
pollutant, a significant increase was observed in the presence rather than in absence of leading vehicles. The main 
results are summarized hereafter: (1) the traffic-related air pollutant median exposure concentrations were 
statistically higher in presence of a leading vehicle (from +7% for carbon monoxide to + 42% for nitrogen dioxide 
with respect to empty roads); (2) in presence of heavy-duty leading vehicles, the median exposure concentrations 
of all traffic-related air pollutants (except nitrogen dioxide) were statistically higher than in presence of light-duty 
leading vehicles (from 10% for carbon monoxide to 58% for black carbon); (3) the most impacting traffic scenarios 
were “overtaking”, especially for nitrogen dioxide (+36%) and “presence of queues”, for nitrogen dioxide, ultra-
fine particles, black carbon, fine PM fractions (+23%, +20%, +13%, +11%, respectively). 

In conclusion, primarily heavy-duty leading vehicles have a strong impact on in-cabin exposures to black carbon, 
ultra-fine and fine particles. This finding can be directly related to the fact that this type of vehicles were mainly 
diesel-fuelled, which caused the highest particle exposure levels inside vehicle cabins.  
Keywords: air quality, fine particlate matter, sampling methods, environmental policy 
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PO-14: Mercury and methylmercury in hair: a dynamic relationship 
A. Cañas, M. Á. Lucena, E. Soto, C. Navarro, M. Esteban, A. Castaño 
 
Instituto de Salud Carlos III, Majadahonda, SPAIN. 
 
Human hair is frequently used as a matrix for measuring mercury exposure. It is assumed that 80% of total 
mercury (THg) in hair is constituted by methylmercury (MeHg). Total mercury in hair has been used as a surrogate 
of MeHg exposure, achieved through fish consumption. Nevertheless these assumptions are based on averages 
and we found discrepancies in some samples. In order to further analyse the relationship between THg, MeHg, 
and inorganic mercury (IHg) in hair, we have measured the mercury concentrations in hair samples from a 
population of 605 volunteers recruited in two different studies carried out in Spain from 2009 to 2012 
(Bioambient.es project (n=345) and Democophes project (n=260)). The study population included children from 6 
to 12 years and adults from 18 to 65. The Spanish population has a significant exposure to MeHg through a diet 
rich in seafood, 58% of the study population consumed fish several times per week. DMA mercury direct analyzer 
was used to determine THg and MeHg, after liquid extraction of hair samples. IHg was calculated from the 
difference between THg and MeHg. The levels of THg ranged from 0,2 to 8 µg Hg/g hair, with a the geometric 
mean (GM) of 1,6 µg Hg/g hair (1,8 and 0,9 µg Hg/g for adults and children, respectively). On average, 85% of 
mercury found in the hair was in the form of MeHg. The percentage of MeHg increased from 80% to 92% when 
THg increases. This indicates that individuals with high THg have a higher percentage of MeHg than those with 
lower THg concentrations. Correlation between three different forms of mercury analysed were high with p-
values <0.001, showing strong Spearman’s coefficients. Significant differences were found between adults and 
children in the levels of THg, MeHg and IHg. The proportion of MeHg was lower in children than in adults at the 
same THg level. Among adults, men had higher levels of all mercury forms than women, showing possible gender 
differences in mercury metabolism. In addition to fish consumption, an attempt has been made to assess the 
contribution of IHg from dental amalgams to THg, in order to distinguish between different exposure routes and 
the degree of demethylation of MeHg. 
Keywords: mercury, exposure factors, methylmercury, hair, fish consumption 
 
PO-15: Total fluorine measured in cloth diapers indicate PFAS presence, migration, and 
dermal exposure 
R. Bauer1, A. Gonzalez2, G. Peaslee2, C. Carignan1 
 
1Michigan State University, East Lansing, MI, 2University of Notre Dame, Notre Dame, IN. 
 
Per- and polyfluoroalkyl substances (PFASs) are a class of chemicals used to impart water, stain, and fire-
resistance that are used in many products including textiles. They are mobile in the environment, highly 
persistent, and toxic at relatively low levels to multiple endpoints including developmental and immune. Ingestion 
of PFAS-impacted water and food are primary exposure pathways. Dermal exposure from contaminated water is 
likely very low, but has not been well characterized for other scenarios such as textiles. Modern reusable cloth 
diapers contain a waterproof shell that could contain PFAS, which could be an important exposure pathway for 
infants and young children. Therefore, we aimed to investigate the likely presence and mobility of PFAS in cloth 
diapers. Total fluorine, as an indicator of the likely presence of PFAS, was quantified in both the waterproof cover 
and absorbent layer of 15 used and new diapers using Particle-Induced Gamma-ray Emission (PIGE) spectroscopy. 
Results were consistent with both the presence and mobility of PFAS in the waterproof covers. Total fluorine 
measurements corresponded to expected high or low PFAS concentrations in all tested covers (>200 and >65 ppm 
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total fluorine, respectively). Fleece liners of only the used, and not the new, cloth diapers had total fluorine 
measurements corresponding to expected non-detect PFAS concentrations (<65 ppm total fluorine) ─ suggesting 
migration of PFAS from the waterproof cover during washing. This finding was further supported among a subset 
of three brands of used and new all-in-one cloth diapers, among which total fluorine was significantly higher in 
waterproof covers compared to fleece liners of new (p=0.02, 1035 ppm mean difference) but not used (p=0.49) 
diapers. Migration of PFAS from the waterproof liners over time is plausible based on recent findings for water-
resistant clothing as well as recommendations to wash the covers gently to retain waterproofness. The fleece liner 
lies directly against baby’s skin, posing a route for dermal absorption. We will present these data along with 
estimates of exposure and risk. 
Keywords: consumer and personal care products, children, PFAS, dermal  
 

PO-16: Simultaneous indoor and outdoor Black Carbon measurements in the facilities of 
three schools located in the air basin of Tijuana, Mexico 
I. Gomez Ruiz1, R. Zurita Frias1, L. Aguilar Dodier1, P. Quintana2, J. Castillo Quiñones1 
 

1Universidad Autónoma de Baja California, Tijuana, MEXICO, 2San Diego State University, San Diego, CA. 
 
Soot or black carbon (BC) is a form of particulate air pollution that contributes significantly to climate change and 
also causes adverse human health effects. Levels of BC in Tijuana's air have been previously monitored, but indoor 
BC levels in relation to outdoor BC levels have never been reported. Indoor pollution is a major public health risk 
as people spend much of their time indoors, whether in home, schools, offices, public facilities, etc. We 
simultaneously measured BC concentrations inside and outside the facilities of three schools of different 
educational levels, a preschool (S1), an elementary school (S2), (both inside and outside one of the classrooms), 
and the Autonomous University of Baja California (S3) (inside and outside the campus cafeteria). BC 
measurements (1 minute averages) were made with microAethalometers, model AE51 (Aethlabs, San Francisco, 
CA) from Monday to Friday between March 27 and April 28, 2017, and hourly averages computed following data 
processsing. The hourly average (median) concentration of BC indoors were (S1) 3.08 (1.87) µg/m3, (S2) 1.01 
(0.79), and (S3) 4.57 (2.91) and while outdoors were (S1) 3.38 (1.39) µg/m3, (S2) 1.13 (0.91), (S3) 2.43 (0.90). 
Indoors levels were not significantly different from outdoor levels for S1 and S2, and indoor levels and outdoor 
levels were highly correlated (Spearman correlations, (S1) rho=0.818 (p <0.05) and (S2) rho=0.818 (p <0.05), 
idicating that outdoor concentrations significantly influenced indoor concentrations. At S3 indoor levels were 
significantly higher than outdoor levels, likely due to cooking activities and poor ventilation. The lowest levels of 
BC indoors and outdoors were identified in S2, and this facilitiy is located in an área with very low vehicular traffic 
and no close industrial sources, as well as being near the Pacific Coast, which often provides on-shore breezes. 
The high BC levels in S1, both indoors and outdoors, are likely due to heavy border-related vehicle traffic, 
including commercial trucks bringing goods to the US-Mexico border, as well as clandestine burning of garbage 
and plastic materials, common in this study area. Our finding that outdoor BC pollution is associated with 
significant indoor pollution in sensitive groups indicates that measures to improve particulate air pollution in 
Tijuana are urgently needed to protect public health. Such measures would include banning of open burning of 
trash, tires and other materials and enforcement of burning regulations already in place, and emissions controls 
for vehicles, especially commercial vehicles involved in US-Mexico border transportation. 
Keywords: air pollution, environmental justice, fine particlate matter, ventilation, black carbon 
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PO-17: National Asbestos Profile for Colombia, a baseline of the current asbestos situation 
in the country 
M. F. Cely-García1, M. Giraldo1, B. Lysaniuk2, J. M. Larrahondo3, J. C. Guerrero-Bernal4, L. Briceño-Ayala5, L. Miranda1, F. Viadero3, E. Cruz4, J. 
P. Ramos-Bonilla1 
 
1School of Engineering, Universidad de Los Andes, Bogotá, COLOMBIA, 2IRD (MàD par le CNRS), UMR Prodig, Paris, FRANCE, 3School of 
Engineering, Pontificia Universidad Javeriana, Bogotá, COLOMBIA, 4School of International, Political and Urban Studies, Universidad del 
Rosario, Bogotá, COLOMBIA, 5School of Medicine and Health Sciences, Universidad del Rosario, Bogotá, COLOMBIA. 
 
Introduction: Colombia has a history of 78 years of asbestos use, production, and consumption. In June 2019, a 
complete asbestos ban was approved in Colombia, which will come into effect on January 1st, 2021. The asbestos 
ban mandates the elaboration of a National Programme for the Elimination of Asbestos-Related Diseases 
(NPEAD), which requires as an initial step the generation of the National Asbestos Profile (NAP). The NAP serves as 
a baseline of the asbestos situation in the country. The aim of this study is to present baseline information of the 
asbestos situation in Colombia that has been collected for the elaboration of the NAP.  

Methods: An interdisciplinary and inter-institutional research team had gathered and organized national 
information required to address the 18 chapters that the World Health Organization recommends should be 
included in a NAP. Some of the sources of information reviewed include legal databases, aerial photographs, 
satellite images, geological and mining information, health databases (e.g., SISPRO), and technical documents 
available from governmental repositories.  

Results: To date, 13 out of the 18 items of the NAP have been completed. Some of the most important findings 
include: 1- The Colombian asbestos legal framework started in 1979 and has a total of 42 legal interventions. 2- 
The asbestos industry began operations in Colombia in 1942, and currently involves five asbestos-cement 
facilities, one friction-products plant, and one chrysotile-mine. 3- The mine produced 104.668 tons of chrysotile 
asbestos fibers from 2000 to 2017. 4- Between 2009 and 2019, total asbestos imports and exports (i.e., mineral 
and products) were 115.235 tons and 259.626 tons, respectively. 5- CAREX Colombia reported for 2012, 92.210 
exposed workers. 6- Between 2015 and 2019, 212 mesothelioma cases and 44 asbestosis cases were registered 
for Colombia in SISPRO.  

Conclusion: This is the first NAP elaborated for Colombia, an instrumental tool to guide the implementation of the 
asbestos ban. The elaboration of the NAP is a dynamic process in which information is constantly updated. 
Important information gaps have been identified regarding historic asbestos use, production, and consumption. 
Moreover, the number of workers exposed to asbestos and patients with asbestos-related diseases are clearly 
underestimated based on the volume of asbestos that has been used in Colombia. Colombia has to implement 
major improvements in both the quality and availability of the information needed to determine historic and 
current asbestos use, and the consequences that this use have had in the country. 
Keywords: environmental policy, public health, respiratory health, policy, National Asbestos Profile 
 

PO-18: Geocoding and spatio-temporal modeling of long-term NO2 exposure: the Mexican 
Teachers’ Cohort 
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Autonomous University, Mexico City, MEXICO, 4Ministry of Health, Mexico City, MEXICO. 
 
Background/Aim: Epidemiological studies on the effects of air pollution in Mexico often use the environmental 
concentrations of monitors closest to the home as exposure proxies, yet this proximity approach disregards the 
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space gradients of pollutants and assumes that individuals have no intra-city mobility. Our aim was to develop a 
high-resolution spatial and temporal model for predicting long-term exposure to NO2 in a population of ~16 400 
participants from the Mexican Teachers’ Cohort study.Methods: We geocoded the home and work addresses of 
participants living in Mexico City Metropolitan Area (MCMA). Using information from secondary sources on 
geographic and meteorological variables as well as other pollutants, we fitted a generalized additive model (GAM) 
to predict monthly NO2 concentrations in the 2004-2019 period. It was evaluated through 10-fold cross validation 
(CV). To predict the concentration of NO2in a 1x1-km grid over the study area, we used the GAM coefficients and a 
3000 simulation replicates of predictive variables under the Geostatistical Conditional Simulation method. To 
maximize exposure estimate precision, we considered the intra-city mobility. We assigned the predicted monthly 
values of NO2 in the grid cell where the home and work addresses of each teacher were located. Both were 
weighted assuming eight-hour workdays.Results: The NO2 predictors were the vehicle motorization index, wind 
speed, temperature, season and year, in addition to the PM10, O3, and SO2 pollutants. The percentage of explained 
deviance by the model was intermediate (ED =74.4 %) and the root mean square error (RMSE) in the sample 
indicated a low level of error (RMSE = 4.406). The model showed high predictive accuracy with out-of-sample data 
and no overfitting (CV RMSE = 4.497). Participants were exposed to a monthly average (SD) of 28.34 (8.59) ppb of 
NO2 during the study period. The differences between home addresses exposures solely and a mobility approach 
did not equal zero and were statistically significant (p<0.0001).Conclusion: Our results suggest that the developed 
GAM offers a solid alternative for estimating NO2 exposure with high spatio-temporal resolution for 
epidemiological studies in the MCMA region for the 2004-2019 period. 
Keywords: exposure models, air pollution, geospatial analysis/GIS, Nitrogen dioxide 
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monitoring campaign 
S. E. Chambliss1, C. P. R. Pinon1, K. P. Messier2, S. Gani3, B. LaFranchi4, M. M. Lunden4, J. D. Marshall5, R. Alvarez6 , J. S. Apte7 
 
1The University of Texas at Austin, Austin, TX, 2National Institute of Environmental Health Sciences, Raleigh-Durham-Chapel HIll, NC, 
3University of Helsinki, Helsinki, FINLAND, 4Aclima, San Francisco, CA, 5University of Washington, Seattle, WA, 6 Environmental Defense Fund, 
Austin, TX, 7University of California, Berkeley, Berkeley, CA. 
 
High-resolution pollution maps based on mobile measurements can provide insights into local exposure to traffic-
related air pollutants (TRAP) beyond the capabilities of other techniques such as remote sensing, land-use 
regression, or chemical transport models. These maps allow us to investigate the extent to which exposure is 
affected by highly local patterns—emissions hot spots or sharp near-road gradients—compared to spatially 
broader patterns based on land use and traffic intensity. This work investigates whether highly localized 
concentration variability contributes more to urban exposure disparity than urban-scale variation. 

We utilize mobile monitoring of ultrafine particles (UFP), black carbon (BC), NO, and NO2 in eighteen 
neighborhoods within the San Francisco Bay Area representing a variety of meteorological patterns and land-use 
characteristics. Mobile laboratories were deployed on weekdays throughout a 32-month campaign, recording 
over 3,100 hours of data. We use a temporal aggregation algorithm to recognize distinct drive passes within 10 m 
of each census block and calculate median values over all passes to derive long-term spatial patterns. We 
calculate the distribution of concentrations among the entire population of each neighborhood and among five 
census-based racial-ethnic groups: Hispanic/Latino, and non-Hispanic Asian, Black, White, and Other groups. 

We find high within-neighborhood heterogeneity in census block-based exposure concentrations relative to 
between-neighborhood differences. Even with a 10-fold difference in median NO between “background” and 
high-emission neighborhoods, the interquartile range of NO in highly polluted neighborhoods is of similar 
magnitude to the absolute difference between neighborhoods. BC shows a similar trend. For UFP there are 
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several distinctly high and distinctly low neighborhoods and a high degree of exposure overlap among 
intermediate-concentration areas. Concentrations of NO2 show the least overlap among neighborhoods but still 
exhibit substantial within-neighborhood heterogeneity. 

Considering racial-ethnic exposure disparity, we find that the White non-Hispanic group experiences lower 
average concentrations for all pollutants, especially in comparison with the Black and Hispanic/Latino populations. 
Population-weighted average concentrations for those groups are 10% higher for BC, over 25% higher for UFP and 
NO2, and over 50% higher for NO. Majority non-White neighborhoods tend to be ranked highest in median 
concentrations, and within some high-concentration neighborhoods the White population constitutes a 
disproportionate share of the lowest exposure categories. This work illustrates the complementary interaction 
between spatially dense measurements and coverage of a large, diverse set of neighborhoods to better 
understand population exposure and identify issues of environmental justice. 
Keywords: sampling methods, air pollution, environmental justice, geospatial analysis/GIS 
 
PO-20: Exposure and Risk Assessment of Parabens in Young Taiwanese 
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Parabens are widely used as preservatives in foods, cosmetics, and pharmaceuticals. However, exposure to 
parabens may modulate or disrupt the endocrine system in animals and humans. In this study, 327 urine samples 
collected from children (≥7- <12 years old, n=184) and adolescent (12-18 years old, n=143) and then analyzed for 
four parabens [methyl-(MP), ethyl-(EP), propyl-(PrP), butyl-parabens (BuP)] by high-performance liquid 
chromatography-tandem mass spectrometry. Based on the measured urinary concentrations of parabens and a 
simple steady-state toxicokinetic model, the estimated daily intake (EDIi) of individual parabens exposure to 
parabens was calculated. MP and BuP were the two major paraben analogues found in above 88 % samples. 
However, EP and PrP were detected in only 53.5 and 61.2 % of the samples, respectively. The geometric mean 
(GM) level and range of MP was 6.17 ng/mL (0.1-1053 ng/mL), followed by BuP (0.827, 0.1-267.9 ng/mL), EP 
(0.568, 0.1-111.1 ng/mL), and PrP (0.66, 0.1-177.6 ng/mL). The concentration of the sum of the four parabens 
ranged from 0.20 to 1097.7 ng/mL with a GM value of 20.2 ng/mL. Urinary concentration of parabens was 1.6 to 
1.8-fold greater in girls than in boys. However, Urinary concentration of MP and PrP for Taiwanese children and 
adolescent were lower than those reported for United States and Korea. The median EDI values for MP, EP, PrP 
and BuP in children were 17.2, 0.9, 1.75 and 1.79 μg/kg bw/day, and in adolescent were 12.1, 0.2, 1.50 and 1.00 
μg/kg bw/day, respectively. Compared with males, girls had 3-4 times greater EDI values for MeP and PrP in 
children and adolescent (all p-value<0.05). For EP and BuP, a similar EDI value was found between females and 
males in two age groups. Overall, EDIurine values for Taiwanese children and adolescent were lower than the ADI 
(10 mg/kg/day) (MP + EP) published by the EFSA in 2004. The multiple linear regression results show the adjusted 
proportional changes of MP based on sex (considering covariates) were 0.81 times higher in females than in 
males. The adjusted proportional changes of urinary level of MP were associated with personal care products 
usage [0.281, 95%CI:0.048-0.566]. In summary, our study indicates that parabens were frequently found in urine 
from young Taiwanese population, thus indicating ubiquitous exposure to these compounds in Taiwan. Analysis of 
parabens in cosmetics (personal care products) and pharmaceutical products (drugs) is needed to assess 
exposures through nondietary sources. 
Keywords: biomonitoring, children, personal care products 
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PO-21: Benefits on energy, thermal comfort and indoor air quality from building retrofit 
W. W. Che, A. K. H. Lau 
 
The Hong Kong University of Science and Technology, Hong Kong, HONG KONG. 
 
Buildings are a major source of energy consumption, both globally and locally. In 2015, existing buildings 
accounted for approximately 30% of global final energy use and 28% of energy-related greenhouse gases 
emissions. Meanwhile, people spend on average 80% of their time in buildings. Building environment, such as 
thermal comfort and indoor air quality are of concerns to people’s health and working productivity. Heat, 
ventilation and air conditioning (HVAC) systems are responsible for a substantial proportion of energy use in 
buildings and are closely related to indoor environment quality. This study examined the energy consumption and 
indoor environment in a commercial office building with a retrofitted HVAC system in Hong Kong. The retrofitting 
measures included a sensor-based building management system, dehumidification of outdoor air, and a two-stage 
particle filtration system. Energy data were collected before and after the retrofit. Field measurements were 
conducted in both winter and summer to evaluate the thermal comfort and indoor exposure to air pollutants in 
the retrofitted area. An experiment was designed to assess the benefits of upgraded filters on exposure to 
ambient particles during the summer. By combining all of these measures, the retrofitted HVAC system was able 
to reduce the energy use by 50% while maintaining generally acceptable indoor thermal comfort. Most of the 
time, the indoor air quality complied with the World Health Organization’s guidelines. The upgraded filtration 
system with a pleated filter reduced outdoor PM ingress by 30% to 60% more than the aluminum filter used 
before the retrofit. Besides, the retrofitted HVAC system also serves as a city air purifier to help remove outdoor 
particles. While energy efficiency and indoor environment are sometimes viewed as incompatible, there are in fact 
many strategies that can achieve both ends. This study has demonstrated that a careful design and adopting proper 
measures in a building retrofit make the co-benefits of energy saving and a healthy indoor environment achievable, 
even under unfavorable context of humid climate and outdoor air pollution such as cities in Hong Kong. 
Keywords: air quality sensor, built/indoor environment, green buildings/LEED, thermal environment, ventilation 
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Hospitalizations in Beijing, China 
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Background:  Hazardous fine particle (PM2.5 ) episodes have frequently occurred across China since January 2013. 
Given the well-recognized threat that PM2.5 -pollution episodes pose to human health, identifying the duration 
and intensity of episode exposure on health has become an important issue for public health and air pollution 
mitigation decision-making.  

Methods: Using quasi-Poisson generalized additive models, we assessed the acute effects of episodes of 
sustained high concentrations of PM2.5 pollution on hospital admissions from 2013 to 2018 in Beijing, China. We 
defined 14 types of PM2.5  episodes with daily mean concentrations of 75th, 80th, 85th, 90th, or 95th percentiles of 
city-wide exposure and durations of 2, 3 or 4 consecutive days, and included 12 causes of PM2.5 -related 
hospitalizations. Acute effects were estimated as percent increases of admission risks in selected admission 
endpoints associated with each type of episode relative to non-episode days.  
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Results: The city-wide daily mean PM2.5  concentrations were 74.8 ± 63.2 μg/m3, varying from 97.7-μg/m3 for the 
75th percentile to 211.6-μg/m3 for the 95th percentile. The number of episodes, defined as daily concentrations 
exceeding the 75th percentile for 2 days or more (75th_2d) and exceeding the 95th percentile for 3 days or more 
(95th _3), were 144 and 11, respectively. PM2.5 -pollution episodes characterized by high intensify and long 
duration were associated with higher risk of cardiovascular hospitalization than episodes with low intensify and 
short duration. The risk of non-accidental hospitalizations increased from 3.81% (95% CI: 1.10%, 6.60%) over 
75th_2d to 6.94% (95% CI: 0.12%, 14.23%) over 95th_3d, compared with non-episode days. Multiple health 
endpoints, such as admissions for cardio-cerebrovascular, nervous system and lower respiratory diseases, and 

type-2 diabetes, are sensitive to 
episodes’ exposure. After 
adjusting for daily PM2.5 

concentrations, the acute effects 
of episodes on hospitalization 
declined greatly. The duration of 
severe episodes with 
concentrations exceeding the 
90th percentile has an additive 
impact after adjusting for daily 
PM2.5 exposure.  

Conclusions: Our study adds new 
evidence that the intensity of 

exposure has a leading function in acute effects of episodes on triggering admissions for multiple health 
endpoints, and there is an additive impact from duration at extremely high exposure. Our findings highlight the 
need for stricter clean air actions to reduce PM2.5 -pollution episodes in China. 
Keywords: fine particlate matter, environmental health, epidemiology, pollution episode 
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Epidemiological and experimental studies have provided extensive evidence about significant associations 
between traffic-related air pollution and adverse health outcomes. Characteristics of personal exposure to fine 
particles (PM2.5) in transport microenvironments and their toxicological properties remain to be investigated. 
Commuter exposure measurements were conducted in public transport systems (including the buses and Mass 
Transit Railway (MTR)) along two sampling routes (e.g., East Rail Line, Island Line) in Hong Kong. Real-time 
sampling for PM2.5 and black carbon (BC), along with integrated PM2.5 sampling, were performed during the 
warm and cold season of 2016-2017, respectively. The average commuter exposure to BC during 3-hour 
commuting time exhibited a wider range, from 3.4 to 4.6 μg/m3 on the bus and 5.5 to 8.7 μg/m3 in MTR cabin (p 
< 0.05), throughout the study period. Also, PM2.5 mass and major chemical components (including organic carbon 
(OC), elemental carbon (EC), and metal components) were analyzed. Cytotoxicity, including PM2.5-induced 
cellular reactive oxygen species (ROS) production, was determined in addition to acellular ROS generation. PM2.5 
treatment promoted the ROS generation in a concentration-dependent manner. Consistent diurnal variations 
were observed for commuter exposure to BC, PM2.5, and its components along with cellular and acellular ROS 
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generation, which marked with two peaks during the morning (08:00-11:00) and evening rush hours (17:30-
20:30). Commuters’ exposure in the MTR system was characterized by higher levels of PM2.5, and elemental 
components (e.g., Ca, Cr, Fe, Zn, Ba) compared to riding the bus, along with higher cellular and acellular ROS 
production (p < 0.01). These metals were attributed to different sources: rail tracks, wheels, brakes, and crustal 
origin. Weak to moderate associations were shown for the analyzed transition metals with PM2.5-induced cell 
viability and cellular ROS. Multiple linear regression analysis revealed that Ni, Zn, Mn, Fe, Ti, and Co in transport 
systems attributed to cytotoxicity and ROS generation. Our findings underscore the importance of linkage 
between commuter exposures and PM2.5 toxicological responses in urban areas, urging effective mitigating 
strategies targeting these pollutants in transport microenvironments. 
Keywords: fine particlate matter, metals, cumulative exposure, Toxic/Toxicology, black carbon 
 

PO-24: Assessment of environmental exposure to asbestos around living spaces, a GIS tool 
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Introduction: Exposure to asbestos is a risk factor for several diseases, including mesotheliomas, that follows an 
average latency of 40 years, with a life expectancy for patients of two years. It is therefore essential to deal with 
the problem at the source: exposure. Because around 20% of pleural mesotheliomas in men and 60% in women 
occur among people who have never been occupationally exposed to asbestos, this study focused on the assessment 
of environmental (non-occupational) exposures to asbestos. In this context, a specific tool has been developed.  

Methods: After a literature review of the various indicators used in France and abroad to assess environmental 
exposure to asbestos, we listed relevant sources and parameters as well as available French data, and included 
them in a Geographic Information System (GIS). The GIS was then tested on subjects suffering from mesothelioma 
and non-occupationally exposed to asbestos, included in a French pilot study. A multidisciplinary group of experts 
(including epidemiologists, experts on occupational and environmental exposures to asbestos, industrial 
hygienists, meteorologists…) was set up in order to list relevant criteria allowing the classification of these 
asbestos sources, according to their potential for asbestos emission in the environment. 

Results: The following sites: natural sources, quarries, shipyards, harbors, landfills and factories, potentially 
exposing to asbestos, were identified via geographic government databases or specific study reports from the 
French geological and mining research office (BRGM). They were integrated into a GIS, after geocoding their 
locations. In addition, the environmental hazard (mapping of asbestos-rich soils on French territory) was included. 
A preliminary list of criteria, including type of site (natural, factory…), activity, asbestos species and forms is under 
study to assess each source’s potential regarding the release of asbestos fibers into the environment. Thanks to a 
collaboration with the weather services, Météo-France, the prevailing wind speeds and directions for the stations 
closest to the sites should soon be integrated into the GIS, to better target the potential fiber dispersion zone. 
Different levels of exposure of subjects living nearby those sources will be qualitatively assessed. 

Conclusion: This GIS, including multiple sources of potential environmental asbestos exposures and making it possible 
to estimate different parameters (distance to sites, asbestos releasing potential according to meteorological data) will 
allow the assessment of the environmental exposure to asbestos of subjects on whole French territory. 
Keywords: exposure factors, GIS, public health, epidemiology, asbestos 
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PO-25: The influence of benzene in the ambient air on the neoplasms morbidity in the adult 
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Aims: to assess the influence of ambient air pollution with benzene (in long-term inhalation exposure) on the 
formation of "Neoplasms"(C00-D48) among the adults (in the Perm region).  

Methods: the hygienic assessment of atmospheric air pollution with benzene under the long-term exposure; studied 
primary morbidity of neoplasms among the adults in Perm region; applied assessment of carcinogenic health risk 
under chronic inhalation exposure and methods of mathematical modeling of causal relationships in the system 
"primary morbidity - atmospheric air pollution " in the framework of a general linear model using regression analysis 
methods. The general form of the linear model: y=ax+b, where y is the dependent variable (the incidence/1000 
pop.); x - independent variable (concentration of benzene in ambient air (mg/m3)); a - coefficient characterizing the 
effect of exposure of the environmental factor on health; b - absolute term of the model, characterizing the limit of 
the controllability of health due to changes in environmental quality. The reliability of differences in indicators was 
assessed using the Mann-Whitney (U) test (for abnormal distribution). The differences were considered significant at 
the significance level p less than 0.05. The mathematical models met Fischer's criterion of statistical adequacy. Study 
period: 2013-2017 Study population: adults (18 years and older).  
Results: At the hazard identification stage, it was established that benzene (a) pyrene, benzene, nickel, lead, 
formaldehyde, hexavalent chromium and ethylbenzene contained in the ambient air and can cause a carcinogenic 
effect. Unacceptable levels of total individual carcinogenic risk ICR up to 2.24×10-4 have been established for the 
adult population. The main contribution to total individual carcinogenic risk for the adults is made by benzene (up 
to 55.62%). The content of benzene in the atmospheric air varied in the range from 0.002 to 0.273 mg/m3. The 
average daily excess of benzene in the atmospheric air was up to 2,73 MPC (average daily maximum permissible 
concentration is 0.1) on the 47 territory of the Perm region. Observed an unfavorable situation of primary 
neoplasms morbidity of the adults in the Perm region (it is ranged from 3.72 to 77.74 cases per 1,000 population; 
the growth rate in 2017 compared to 2013 was +21.06%). Model of dependence of neoplasms primary morbidity 
and the level of atmospheric air pollution with benzene y=234.3x+13.97 (R2=0.15; p=0.04).  

Conclusion: according to the results of epidemiological studies, it is established that chronic ambient air benzene 
exposure significantly effects on the incidence of neoplasms in the adults. 
Keywords: air pollution, environmental health 
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The conventional approach of using sparse measurement stations for exposure assessment provides insufficient 
data to understand spatio-temporal variabilities in the exposures, required for research on health effects. 
Emerging low-cost air sensors with improved performance provide unprecedented opportunities to fill the gap, 
especially when leveraged by citizen science. Citizen scientists in Globeville, Elyria Swansea (GES), an 
environmental justice community in Denver, Colorado, USA, with help of researchers, conducted air quality and 
personal exposure measurements for PM2.5  through a longitudinal study. 
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Citizens (n=19) wore the RTI MicroPEMTM Particulate Matter (PM) sensor-a miniaturized nephelometer, to 
measure their exposures indoors and outdoors and completed detailed time-activity diaries for a 72-hour 
monitoring period in each summer and fall of 2018 and winter of 2019. The MicroPEM sensors were also placed at 
12 sites within a 4 km × 4 km domain of the community as a neighborhood-scale ambient PM monitoring network, 
including three sites collocated with reference monitors. 

Overall, individual’s personal PM2.5  exposure levels varied significantly by day and season. For the individuals with 
high exposure events, the personal levels were 6-24 times higher than nearby ambient sensor levels. Real-time 
peak concentrations matched with participant-reported exposure events such as proximity to combustion sources 
and cleaning in indoor environments. Based on participants’ time-activity diaries, personal PM exposures between 
indoor and outdoor microenvironments varied between different seasons. In the winter, the highest exposure 
level was measured during indoor activities, 28.5 µg/m3 on average, and the lowest level outdoors, 12.9 µg/m3, 
resulting in an indoor/outdoor (I/O) exposure ratio of 2.7. In the fall, the average indoor and outdoor exposure 
levels were 25.0 and 21.3 µg/m3 (the highest outdoor exposure), respectively, with the I/O exposure ratio of 2.4. 
In the summer, the average indoor exposure level was 14.8 µg/m3, with the lowest I/O exposure ratio of 1.3. On 
the other hand, ambient PM levels showed high temporal correlation (r> 0.7) with peaks at morning-evening 
commuting hours at most sites, suggesting prevalent traffic pollution’s influence on the community air quality. 

This study indicates the significance of indoor exposure measurements to better assess exposure patterns and 
develop accurate exposure-health outcome models. Portable low-cost sensors are effective tools for monitoring 
exposures in various microenvironments and identifying activities and lifestyles that are associated with high 
exposure conditions. These data can be used to develop and improve indoor air quality models and conduct 
behavioral intervention for exposure reduction. EPA Grant Number: RD83618701 
Keywords: air quality sensor, exposure factors, sensor technology, environmental health, Microenvironments 
 

PO-27: A Space/Time Data Fusion Approach for Evaluating Smoke Exposure: Estimating 
Ground-Level PM2.5 Concentrations During the October 2017 California Wildfires 
S. E. Cleland1, J. J. West1, Y. Jia2, S. Reid2, S. Raffuse3, S. O'Neill4, M. L. Serre1 
 
1Gillings School of Global Public Health, UNC Chapel Hill, Chapel Hill, NC, 2Bay Area Air Quality Management District, San Francisco, CA, 3Air 
Quality Research Center, UC Davis, Davis, CA, 4United States Department of Agriculture Forest Service, Seattle, WA. 
 
Exposure to wildfire smoke causes a range of adverse health outcomes. This health risk in combination with a 
predicted increase in the frequency and severity of wildfires due to climate change suggest the importance of 
accurately estimating smoke concentrations. While chemical transport models (CTMs) and the spatial 
interpolation of observations are often used to assess smoke exposure, geostatistical methods can combine 
surface observations with modeled and satellite-derived concentrations to produce more accurate exposure 
estimates during wildfires. Here we estimate ground-level PM2.5  during the October 2017 California wildfires, 
using the Constant Air Quality Model Performance (CAMP) and Bayesian Maximum Entropy (BME) methods to 
bias-correct and fuse together three concentration datasets: permanent and temporary monitoring stations, a 
chemical transport model (CTM), and satellite observations. Four different BME space/time kriging and data 
fusion methods were evaluated for accuracy. All BME methods produce more accurate estimates than the 
standalone CTM and satellite products, emphasizing the importance of combining multiple datasets. Performing a 
non-linear bias correction on the modeled and satellite-derived concentrations, via the CAMP method, notably 
improves accuracy. Adding temporary station data to the BME estimation increases the R2 by 35%. The data 
fusion of observations with the CAMP-corrected CTM provides the best overall estimate (R2=0.73), especially in 
station-scarce, smoke-impacted regions. Including satellite data does not improve performance. Using these 
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ground-level PM2.5  estimations, we estimate that approximately 60,000 people were exposed to very unhealthy 
air (daily average PM2.5 ≥150.5 µg/m3) during the October 2017 California wildfires. 
Keywords: statistical methods, geospatial analysis/GIS, particulate matter (PM), environmental health, wildfire 
 

PO-28: Access to Daylight and View Improves Cognitive Performance, Satisfaction with the 
Environment, and Eyestrain: A Crossover Study in a Simulated Office at a Living Lab 
N. Clements1, A. Jamrozik1, S. Hasan1, J. Zhao2, R. Zhang1, C. Campanella1, V. Loftness3, P. Porter1, S. Ly1, S. Wang1, B. Bauer1 
 
1Well Living Lab, Rochester, MN, 2Delos Labs, New York, NY, 3Carnegie Mellon University, Pittsburgh, PA. 
 
Offices with windows provide access to daylight and view of the outside, which benefit office workers by 
improving satisfaction, well-being, and performance. However, shades or other technologies must be 
implemented to mitigate glare from the sun. A controlled crossover experiment was conducted in a living lab to 
evaluate the impact of providing office workers access to daylight and view via two modern glare control systems, 
manually-controlled motorized mesh shades and dynamically tinting glass, as compared to an office without 
windows. Participants were able to control mesh shade height and window tint level to their preference. Ten 
participants spent fourteen weeks working in a living lab, during which daylight was controlled by mesh shades, 
dynamic window tint, or blackout shades for two non-consecutive two-week periods per condition. Executive 
function tasks commonly used in cognitive psychology, headache and eyestrain surveys, and environmental 
satisfaction surveys were collected daily, and linear mixed models were used to compare outcomes measured 
during the baseline blackout shade condition to the mesh shade and dynamic tint conditions. Spatial variability in 
lighting conditions, as measured through a network of wireless lighting sensors, was consistent between daylit 
conditions due to uniformity in how participants adjusted shades or window tint. In the conditions in which 
participants had access to daylight and view, two aspects of executive function were improved, working memory 
and inhibition, while task switching was not affected. Multiple aspects of environmental satisfaction improved 
during the mesh shades and dynamic tint conditions, including satisfaction with lighting for working tasks, while 
eyestrain symptoms were reduced. No differences were observed in outcomes between daylit conditions. This 
study demonstrates that access to daylight and view benefits office workers’ cognitive performance, satisfaction, 
and eyestrain when glare is controlled with mesh shades or window tinting. 
Keywords: built/indoor environment, behavior, light/lighting, occupational 
 

PO-29: The IMAGE project: Ireland’s bioMonitoring Assessment of Glyphosate Exposures 
A. Connolly1, H. M. Koch1, S. Koslitz1, D. Bury1, M. Kolossa-Gehring2, A. Conrad2, M. A. Coggins3 
 
1Institute for Prevention and Occupational Medicine of the German Social Accident Insurance, Bochum, GERMANY, 2German Environment 
Agency (Umweltbundesamt), Berlin/Dessau-Roßlau, GERMANY, 3Centre for Climate and Air Pollution Studies, School of Physics and the Ryan 
Institute, National University of Ireland, Galway, Galway, IRELAND. 
 
Glyphosate is a non-selective herbicide that is used extensively in agriculture, horticulture and amateur gardening, 
resulting in ubiquitous detection in the environment. Human exposures can occur through occupational or 
amateur pesticide uses or from dietary or environmental exposures. In 2015, glyphosate was classified as a ‘2A 
probably carcinogenic to humans’ by the International Agency for Research on Cancer (IARC), which has 
intensified the international interest in this chemical. Glyphosate has been classed as a priority substance for 
evaluation under the Human Biomonitoring for Europe (HBM4EU) initiative, with the aim of advancing human 
biomonitoring in Europe. Numerous human biomonitoring studies have identified glyphosate exposures among 
populations in Europe and the United States. In 2017, a pilot human biomonitoring study among the Irish 
population reported detectable glyphosate levels of between 0.80 - 1.35 μg L−1in 20% of the urine samples 
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collected (LOQ 0.5 μg L−1), glyphosate’s main environmental metabolite, aminomethylphosphonic acid (AMPA), 
was not measured in that study. Reviewing published HBM data on glyphosate exposures, the need to quantify 
both glyphosate and AMPA in urine below levels of 0.5 μg L−1was identified, to reliably describe population 
medians.Following on from the pilot study, the IMAGE research project aims to conduct an environmental 
assessment of glyphosate exposures among Irish farm and non-farm families using human biomonitoring. Along 
with urine sample collection, participants are asked to complete study questionnaires which were developed in 
line with HBM4EU protocols, to collect contextual information on diet, occupation, lifestyle and health will be 
collected from study participants. An analytical method, with improved sensitivity (LOQ 0.05 μg L−1) has been 
developed, and project samples will be analysed for both glyphosate and AMPA. Details of the new novel 
chemical analytical method and the applicability of this method, demonstrated from analysing samples from a 
German population group, will be presented at the conference. 
Keywords: biomonitoring, analytical methods, pesticides, biomarkers, Glyphosate AMPA 
 

PO-30: Future climate impacts on indoor air quality and energy costs in a multi-family 
home in Boston, MA 
C. L. Connolly1, C. W. Milando1, I. S. Wing1, D. Li1, W. S. Dols2, J. I. Levy1, M. Fabian1 
 
1Boston University, Boston, MA, 2NIST, Gaithersburg, MD. 
 
Climate change will exert adverse impacts on urban residents living in aging housing stock where vulnerable 
populations are more likely to reside in multi-family homes. Given predicted increases to ambient temperatures, a 
key question is whether the present housing stock is able to sustain increases in the indoor cooling demand 
during hotter weather. Our objective is to study the impact of future climate scenarios on indoor temperature, air 
pollution, and corresponding building energy use in a multi-family home in Boston, MA. We ran a coupled energy 
simulation (EnergyPlus) and a multi-zone indoor air quality and ventilation analysis model (CONTAM) for a typical 
1960s four-story mid-rise multi-family home at present-day and in two future scenarios: 2026-2055 and 2066-
2095. For the current temperature profile, we used a typical meteorological year (TMY) file for Boston, MA. We 
used observed surface temperature data to calculate hourly coefficients and multiplied by daily global climate 
model temperatures for present and future. We added the difference of these modeled data to the TMY in 
respective scenarios. The co-simulation continuously tracks indoor temperatures, PM2.5 concentrations, and 
energy consumption for heating and cooling. Mean ambient temperatures changed by 0.62°C and 0.75°C in the 
two future scenarios, respectively, with similar changes in summer and winter. In each period, there was a 
decrease in total energy use of 1.8% and 2.2% (31GJ, 38GJ) and in gas heating of 6.2% (-38GJ) and 7.6% (-44GJ), 
outweighing the additional electricity of 10.6% (7GJ) and 12.8% (12GJ). The net decline in energy consumption 
was not accompanied by a reduction in greenhouse gas (GHG) emissions with an increase by 434 kg CO2 (2418 
from electricity, -1984 from gas) and 458 kg CO2 (2889 and -2441), respectively. Each scenario yielded 
approximately 200 additional hours required for cooling, balanced by 200 fewer hours for heating demand. Indoor 
apartment temperatures exceeded cooling set points and remained above the heating set points for more hours 
in both future scenarios. Total indoor PM2.5 concentration changed by less than 1%. These results illustrate the 
built environment tradeoffs between maintaining comfortable indoor temperatures and increasing GHG 
emissions in a typical multi-family home. Despite modest changes in ambient temperatures, this highlights 
potential problems with older homes, particularly for vulnerable populations, and the increased contributions to 
GHG if the housing stock remains unchanged. Cities should consider ways to update existing housing to minimize 
GHG emissions, while maintaining residential indoor environmental quality. 
Keywords: climate change, built/indoor environment, thermal environment, heat  
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PO-31: Internal Exposure to Polycyclic Aromatic Hydrocarbons (PAH) in the Young 
Generation - Results of the German Environmental Survey for Children and Adolescents 
2014-2017 (GerES V) 
A. Murawski1, A. Roth2, A. Conrad1, M. Schmied-Tobies1, E. Rucic1, N. Pluym3, M. Scherer3, G. Scherer3, M. Kolossa-Gehring1 
 
1German Environment Agency (UBA), Berlin, GERMANY, 2Berlin School of Public Health (BSPH), Berlin, GERMANY, 3ABF Analytisch-
Biologisches Forschungslabor GmbH, Planegg, GERMANY. 
 
The German Environmental Survey (GerES) is a large-scale, cross-sectional population study carried out since the 
mid-1980s. Because of the well-known health relevance of polycyclic aromatic hydrocarbons (PAH), human 
biomonitoring (HBM) of PAH metabolites was performed in GerES V (2014-2017). The goal was to provide up-to-
date information on exposure levels of children and adolescents and give first insight into potential exposure sources 
as a basis for targeted risk communication and public health action. 

First-morning void urine samples of 516 participants aged 3-17 years living in 167 locations in Germany were 
analyzed for nine metabolites of PAHs (fluorene, naphthalene, phenanthrene, and pyrene) by ultra-performance 
liquid chromatography-tandem mass spectrometry. Limits of quantification ranged from 0.001 to 0.05 µg/L. 
Standardized interviews on possible residential sources of PAH exposure and specific behavior were performed with 
participants and/or their parents. GerES V was conducted in close cooperation with the second follow-up to the 
German Health Interview and Examination Survey for Children and Adolescents (KiGGS Wave 2) of the Robert Koch 
Institute (RKI). Hence, HBM data could be evaluated in combination with various additional information such as 
socio-demographics and food consumption collected in KiGGS Wave 2. 

Geometric mean concentrations were i.a. 0.785 μg/L for 1-OH-naphthalene, 0.139 μg/L for 1-OH-phenanthrene, and 
0.099 μg/L for 1-OH-pyrene. All urinary concentrations decrease by age and are higher in females. Comparison with 
previous cycles of GerES documents declining time trends for pyrene and phenanthrene. 1-OH-pyrene was found to 
have reduced by two thirds compared to 1990-1992. Differences between former East and West Germany 
decreased as well, but are still significant for 1-OH-naphthalene and some phenanthrene metabolites. Multivariate 
regression analysis revealed urinary cotinine being major predictor of internal PAH exposure. Consumption of grilled 
food and chocolate were positively associated only with some of the metabolite levels. 

GerES V data demonstrate the still high relevance of tobacco smoke exposure for the PAH body burden. Moreover, 
younger children frequently consuming grilled food or chocolate should also receive particular attention in public 
health. Differences by region of residence turned out to be an important topic of further evaluation of GerES V data. 

Acknowledgements: We are grateful to all participants of GerES V and their parents. We thank the RKI for 
cooperation and support and Kantar Health for performing the fieldwork. Funding by the German Ministry for the 
Environment, Nature Conservation and Nuclear Safety and of the German Ministry of Education and Research is 
gratefully acknowledged. 
Keywords: biomonitoring, biomarkers, children, environmental health 
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PO-32: Comparative analysis of visible mold and moisture damage areas, species-specific 
quantitative PCR, the microbiome, and health outcomess 
J. Cox1, T. Stone1, P. Ryan2, J. Burkle2, R. Jandarov1, M. Mendell3, S. Vesper4, C. Niemier-Walsh1, T. Reponen1 
 
1University of Cincinnati, Cincinnati, OH, 2Cincinnati Children's Hospital Medical Center, Cincinnati, OH, 3Indoor Epidemiology, El Cerrito, CA, 
4U.S. Environmental Protection Agency, Cincinnati, OH. 
 
Background:  The objective of this study was to examine and compare qualitative and quantitative metrics of 
dampness and mold, including visible mold and moisture damage, species-specific quantitative PCR, the bacterial 
and fungal microbiome, and respiratory health outcomes.  

Methods: In-home visits were conducted at age 7 for children enrolled in the Cincinnati Childhood Allergy and Air 
Pollution Study. Trained study staff evaluated the primary residence and measured the total area of moisture 
damage and mold in the home. Floor dust was analyzed for 36 species of mold using quantitative polymerase 
chain reaction (qPCR) to generate the Environmental Relative Moldiness Index (ERMI). In addition, species were 
grouped as associated with water-damaged buildings (Group 1, n = 26) or commonly found without water damage 
(Group 2, n = 10). Archived dust samples (n=178) were extracted and analyzed using bacterial (16S) and fungal 
(ITS) sequencing. Microbiome analyses were compared with previously collected data and between children with 
and without rhinitis, wheeze, and asthma at age 12 using Spearman’s correlation, Wilcoxon, Kruskal Wallis, 
Permanova, and DESeq. Alpha-diversity measures were performed with rarefied data, beta-diversity with relative 
abundance, and for specific taxa comparisons with absolute abundance (adjusted with qPCR data from universal 
bacterial and fungal primers).  

Results: As fungal measures of alpha-diversity (Shannon, Observed and Phylogenetic Diversity indices) increased, 
the sum of Group 2 species decreased significantly (correlation coefficients (r) = -0.21, -0.28, -0.31, respectively, 
[p<0.01]). Alternatively, as bacterial diversity increased, Group 2 species increased significantly (r = 0.25, 0.29, 
0.26, respectively, [p<0.01]). Fungal and bacterial alpha diversity measures were not significantly different with 
continuously measured mold damage, moisture damage, ERMI, or sum of Group 1 species. Bacterial taxa that 
significantly decreased from no to high moisture damage were Aerococcus, Acinetobacter and Desemzia incerta. 
Bacterial taxa that significantly decreased from low to high ERMI were Staphylococcus, Aerococcus, 
Exiguobacterium, and Desemzia incerta and, for fungal taxa, Wallemia. Permanova analysis showed a significant 
difference in species beta diversity of fungal communities between children with and without rhinitis at age 12.  

Conclusion: Our data suggest that Group 2 fungal species increased moderately with increasing bacterial diversity 
and decreased moderately with increasing fungal diversity. The decrease of taxa, including Acinetobacter, 
Staphylococcus, Aerococcus, Exiguobacterium, and Desemzia incerta for bacteria, and Wallemia for fungi within 
ERMI and moisture damage categories should be explored. Individuals who had rhinitis at age 12 had significantly 
different fungal communities at age 7 than those without rhinitis. 
Keywords: built/indoor environment, dampness/mold, health, health, Microbiome 
 

PO-33: Effect of wind on ultrafine particle and black carbon levels in Melbourne 
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Mobile monitoring is a widely used method to capture small-scale variations of air pollutants in urban areas. To 
what extent wind speed and direction affect the temporal variation of particulate air pollutants when conducting 
these mobile campaigns, however, has not been fully characterized. We present a study that characterizes the 
between-site (spatial) and within-site (temporal) variation in ultrafine particles (UFP) sized 10-700 nm and black 
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carbon (BC), and quantifies the effect of wind speed and direction on within-site variation of near-traffic sites. We 
conducted an extensive mobile monitoring campaign (200 sites × 2 repeats × 3 seasons) in the greater Melbourne 
area (9,990 km2) between 2019-2020. Sites were randomly selected according to land use (airport, port, industry, 
residential, green, water), traffic volume (low, medium, high), built environment (street canyons, intersections) 
and dwelling and restaurant density. For each site and visit, we simultaneously measured UFP (DiSCmini) and BC 
(MicroAeth AE51) for 30 min. All data were corrected for within-device variability. We collected real-time 
meteorological data from the nearest weather station. To determine between- and within-site variation in all 
sites, we fitted linear mixed-effect models including site as a random effect. To explore the effects of the 
interaction between wind direction and speed on UFP and BC, we built generalized linear mixed models with 
Gamma family and log link for near-traffic sites (n= 70). Average concentrations of UFP (pt/cm3) and BC (µg/m3) 
were greater for near-traffic sites (21135, 2.5), followed by industrial (18568, 2.4) and commercial sites (17205, 
2.1), respectively. Northern (15%) and Southwestern winds (11%) were the most prevalent. Mean wind speed was 
18.9 km/h, ranging from 0 to 61.1 km/h. For UFP and BC the within to between site variance ratios were 6.72 and 
1.99. Unlike BC, wind direction and wind speed significantly impacted UFP levels, with the highest levels (28180 
pt/cm3) occurring downwind of the road with no wind (0 km/h) and the lowest levels (2895 pt/cm3) occurring 
upwind of the road with high winds (60 km/h). We found greater within-site variation than between-site variation 
for UFP and BC, highlighting the importance of the temporal component over the spatial component for short-
term assessments. Future short-term mobile monitoring campaigns should consider including wind characteristics 
to account for their effect on temporal variation of particulate air pollutants. 
Keywords: air pollutants, nanoparticles, concentration, regression 
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PO-35: Probabilistic Modeling of Leaching from Coal Ash Impoundment Liners: A Case 
Study in Science Informing Policy Development 
A. L. Dale1, J. M. Kondziolka1, C. de Lassus1, A. B. Bittner1, B. Hensel2 
 
1Gradient, Boston, MA, 2Electric Power Research Institute, Palo Alto, CA. 
 
Coal combustion residuals (CCR) contain trace quantities of metals. As such, impoundments designed for the 
storage and disposal of CCR have the long-term potential to leach metals into groundwater. In 2015, the United 
States Environmental Protection Agency (USEPA) published a final rule regulating CCR disposal (the "CCR rule"), 
which establishes closure requirements for CCR impoundments on the basis of whether they are lined or unlined. 
Under the 2015 rule, impoundments are classified as lined if they have a composite liner that contains a 
geomembrane or are underlain by two or more feet of compacted soil. In 2018, the District of Columbia Circuit 
Court vacated this portion of the 2015 CCR rule, stating that only composite liners qualify as lined. In order to 
provide information for further rulemaking, Gradient was retained by the Electric Power Research Institute (EPRI) 
to compare the relative performance of various liner technologies. We used the USEPA fate and transport model 
EPACMTP to perform a risk-conservative, probabilistic (Monte Carlo) analysis of the concentrations of lithium and 
arsenic(III) downgradient of a CCR impoundment as a result of leaching through the following liner types: unlined 
impoundments, engineered clay liners, natural clay liners, and composite liners. Our analysis, which was 
submitted to the USEPA in 2019, demonstrated that a significant percentage of natural clay liners can be 
protective of human health and the environment. In 2020, the USEPA cited our work in the revised CCR rule, 
which creates a site-specific variance program for natural clay liners. For ISES 2020, we present this work as a case 
study in the real-world application of exposure modeling to policy development. 
Keywords: exposure models, environmental regulation, coal ash 
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PO-36: Assessment of the Variability in Aerosols Generated from e-Cigarettes 
D. Das, S. Alam El Din, J. Pulczinski, J. Mihalic, R. Chen, J. Bressler, A. Rule, G. Ramachandran 
 
Johns Hopkins University, Baltimore, MD. 
 
Introduction:  While some in vitro and in vivo experiments have studied the toxic effects of e-cigarette (e-cig) 
components, the typical aerosol properties released from e-cigarettes have not been well characterized. In the 
present study, we characterized the variability in mass concentration and particle size distribution associated with 
the aerosol generation of different e-liquids in an experimental setup. 
 
Methods: E-cig aerosols were generated into 4 exposure chambers designed for whole-body exposure of mice. 
Aerosols were generated using refillable Suorin Air Plus (SurorinUSA, CA) devices with 0.7 Ohm cartridges at 4.2 V. 
Four different aerosol types were generated (one type into each chamber) consisting of (i) 30:70 (v/v) solution of 
propylene glycol/vegetable glycerin (PG:VG) alone, (ii) a solution of 30:70 PG:VG with 5 mg/mL ethyl maltol (EM); 
(iii) 30:70 PG:VG with 5 mg/mL EM plus 12 mg/mL nicotine salts, and (iv) 30:70 PG:VG with 12 mg/mL nicotine 
salts. Real-time particle number and mass distributions were measured for 15 minutes using a Scanning Mobility 
Particle Sizer (SMPS) (3936 SMPS, TSI Inc, MN) and Aerosol Particle Sizer (APS) (TSI Inc, St. Paul, MN); time-
resolved PM2.5  mass distribution was measured in each chamber for over 5hours using a personal DataRAM (pDR-
1200, Thermo Scientific) with 37 mm mixed cellulose ester filters (GN-4 Metricel, 0.8 um, Pall) at 4 L/min for 
gravimetric analysis. All experiments were repeated four times.  

Results: Gravimetric PM2.5  (average+Stdev) mass concentration was 34.26+59.5 mg/m3 for PG:VG, 16.20+18.4 
mg/m3 for PG:VG+EM, 28.11+39.3 mg/m3 for PG:VG+EM+Nicotine, and 7.44+6.1 mg/m3 for PG:VG+Nicotine. 
Number size distribution measured by SMPS indicate a unimodal distribution of particles with a mode size of ~300 
nm, irrespective of the e-liquid used. Geometric mean (GM) and Geometric standard deviation (GSD) of the 
number data were calculated from the size distribution plot. GM (GSD) was 269+5 (1.78+0.08) for PG:VG, 258+15 
(1.86+0.04) for PG:VG+EM, 286+6 (1.75+0.08) for PG:VG+EM+Nicotine, and 296+18 (1.71+0.08) for 
PG:VG+Nicotine respectively. GM(GSD) determined from APS data were 920(1.45) for PG:VG, 870(1.42) for 
PG:VG+EM, and 980(1.45) for PG:VG+EM+Nicotine. One-way ANOVA of real-time measurements (pDR) indicate 
statistically significant differences (p<0.05) between repeated experiments on different days.  

Discussion: The findings of this study indicate a large inter-day variability in the experiments, likely due to poor 
quality control in e-cig devices, pointing to the need for a better understanding of all the factors affecting 
exposures in in vitro and in vivo experiments, and the development of standardized protocols for measurement of 
aerosols generated from e-cigs. 
Keywords: aerosol, particulate matter (PM), concentration, environmental tobacco smoke (ETS) 
 

PO-37: VOC emissions and exposure from e-cigarettes 
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E-cigarettes or electronic nicotine delivery systems (ENDS) are becoming more popular in use. Many, young 
adolescents especially, are starting to use ENDS with the perception that it is a safer alternative to cigarettes and 
other traditional tobacco products. However, the number of cases that the users end up in the hospital due to 
severe lung illnesses and other health problems after e-cigarette use is continuing to rise. Past studies have found 
that ENDS is a major source of particulate matter and volatile organic compounds (VOCs), impairing air quality. 
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Several studies have characterized VOC emissions from ENDS, but with limited identified chemicals. This study 
characterized and quantified VOC emissions from ENDS using an environmentally controlled chamber. An ENDS 
device was operated inside the chamber, mimicking a person taking one puff a minute. Chamber air samples were 
collected directly from the chamber once the concentration inside reached steady state. VOC sorbent tubes were 
analyzed by gas chromatography-mass spectrometry, and aldehyde sampling media were analyzed by high 
performance liquid chromatography. A total of 65 chemicals was identified from the ENDS emissions. Glycerin and 
propylene glycol were detected much higher than any other VOCs. Other VOCs emitted included alcohols, ethers, 
ketones, esters, acids, alkanes, cyclosiloxanes, and nitriles. Acetaldehyde, 3- and/or 4-methylbenzaldehyde, and 
formaldehyde were the three aldehydes detected but at a factor of 10-3 of the levels of glycerin and propylene 
glycol. Personal and room (or second-hand) exposure levels in typical indoor settings were predicted from the 
measured VOC emission factors using an indoor exposure model. Comparisons of these predicted exposure 
concentrations to global indoor air quality regulations and guidelines will be presented. 
Keywords: respiratory health, VOCs, environmental tobacco smoke (ETS), exposure models 
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Perfluoroalkyl substances (PFAS) are a diverse group of man-made chemicals that are known to be widely 
distributed in the environment and commonly found in body tissues. The long in-vivo half lives (t1/2) and 
environmental persistence of some PFAS’s are a factor in the increasing focus to this group of compounds. 
Understanding and modeling the toxicokinetics of PFAS’s is of interest for both risk prioritization and risk 
assessment. However, in-vivo assays of PFAS’s have demonstrated that t1/2 in plasma, a key toxicokinetic 
parameter, can vary widely between species, and between sexes of the same species for a given chemical. Thus 
read-across methods of predicting t1/2 for non-assayed PFAS chemicals are unreliable. In this study, we use a 
machine learning approach to construct a model of in-vivo PFAS t1/2. From a curated set of literature, we 
assembled a training set of in-vivo plasma t1/2 data for 11 PFAS chemicals across 4 species (human, monkey, rat, 
mouse). We also assembled a diverse predictor set that included kidney characteristics, fatty acid and albumin 
binding coefficients, critical micelle concentrations, similarity values with endogenous metabolites, and a suite of 
predicted physio-chemical characteristics from the EPA OpeRa Suite. We fit random forest classification and 
regression models (10x cross-validation, 10 reps apiece) using 29 (27 numeric, 2 categorical) predictors. The 
classification model used data points (66) binned t1/2 into fast (<1 Day), slow (>1 Day and < 1 Year), and very slow 
(>1 Year). The classification model had an average accuracy of 96.2% ± 0.018% SE, while the regression model had 
an average R2 = 0.81 ± 0.07 SE. For the classification model, the relative importance of variables dropped sharply 
after the first 3 variables, while variable relative importance dropped steadily for the regression model. When the 
classification model is applied to 6648 chemicals of the DSSTox PFAS list, approximately 90% are predicted fall into 
the very slow bin, with the remainder falling into the slow bin. This effort represents a first pass at a complex 
problem, the reliability of which can only be assessed against more data. In particular, regression model results 
suggest that the t1/2 of PFAS’s with very rapid decay may be overestimated by the model. Overall, however, our 
results indicate that a large number of PFAS chemicals would be expected to persist for long periods of time 
within human tissues. 
Keywords: PFAS, artificial intelligence (AI), chemical prioritization, PBPK Modeling, Toxicokinetics 
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PO-39: Real-world traffic characterisation on an inter-city expressway and its impact on air 
pollutant emissions 
S. Debbarma, N. Raparthi, C. Venkataraman, H. C. Phuleria 
 
Indian Institute of Technology, Bombay, Mumbai, INDIA. 
 
Road transport accounts for almost 90% of passenger and 65% of freight traffic in India. In urban areasvehicles are 
one of the most dominant sources of air pollution adversely affecting the regional air qualityand the climate. This 
study aims to quantify old, poorly maintained and overloaded vehicles (likely superemitters), measure air 
pollutant concentrations inside a roadway tunnel, and examine its associationwith traffic and meteorological 
parameters. We measured gaseous and particulate emissions for amixed vehicular fleet under real-world driving 
conditions inside the Kamshet-I tunnel on Mumbai-Puneexpressway for two consecutive weeks during 7am to 
5pm in December, 2019. Concurrently, thevehicular traffic in the tunnel was characterized through video 
surveillance. Vehicle registration numberplates were used to determine the fleet fuel distribution as well as the 
share of older vehicles in termsof age and BS (Bharat Stage) emission standards. The fleet was dominated by 
passenger cars (~75%),and the rest comprised of trucks (16%), light-duty goods vehicles (LDGVs) (5%), and buses 
(4%). Thefuel composition of the vehicles was 64% diesel, 30% petrol and 6% compressed natural gas (CNG).The 
hourly averaged traffic volume was 1480±350 and the average speed was 78±6.2 km.hr-1. Fromthe 1680 vehicles 
surveyed, the average fraction of older vehicles (age ≥10) were 15%±4.3% (of totalcar fleet), 16%±5.5% (of total 
bus fleet) and 29%±4.8% (of total truck fleet) respectively. Similarly, theaverage fraction of vehicles with older 
emission standards (BS-II and BS-III) were 23%±3.8 (cars),35%±6.2% (LDGVs), 41%±4.1% (buses) and 46%±7.5% 
(trucks). The older vehicles with olderemission standards, likely super-emitters accounted for 32%±3.2% in total 
vehicle population. Theaverage concentration of CO2, NO2, CO, TVOCs, PM2.5  and BC at the exit of the tunnel was 
801±19(ppm), 573±90 (µg.m-3), 1648±188 (µg.m-3), 543±38 (µg.m-3), 141±44 (µg.m-3) and 59±25 (µg.m-

3)respectively, which was 1.2 (CO2), 2.5 (NO2), 2.3 (CO), 1.7 (TVOCs), 1.4 (PM2.5 ) and 2.4 (BC) timeshigher than at 
the tunnel entry. Significant association was found between total traffic volume and CO2,CO and BC (Pearson 
r=0.60, 0.64 and 0.72, respectively) whereas, NO2 was associated with vehiclespeed (r=0.51), temperature 
(r=0.57) and relative humidity (r=-0.70). Our findings suggest that aboutone-third of the real-world traffic fleet is 
likely responsible for a high share of air emissions and thuswarrant targeted vehicle inspection programmes and 
retrofit initiatives to reduce the emissions fromthese vehicles. 
Keywords: air pollution, particulate matter (PM), environmental policy, air quality, transport emissions 
 

PO-40: Sex and gender in human biomonitoring - state of the art, challenges and future 
perspectives 
K. Groth, N. Fiedler, M. Kolossa-Gehring, M. Debiak, o. INGER study group 
 
German Environment Agency, Berlin, GERMANY. 
 
Introduction: Sex and gender-related differences in chemical exposure and sensitivities have been reported for a 
number of substances. However, systematic assessments of socioeconomic and gender inequalities in 
environmental health studies are still rare and remain one of the key challenges in environmental health 
protection. The aim of this project was the evaluation of the state of the art of sex/gender involvement in human 
biomonitoring (HBM) studies. 
 
Methods: Following a systematic approach, questionnaires of large global HBM studies were searched and 
evaluated for the integration of sex/gender, based on the multidimensional sex/gender concept of the 
collaborative research project INGER (Integrating sex/gender into environmental health research). Its concept 
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integrates individual and contextual sex/gender characteristics by addressing the intersectionality and 
embodiment perspective and distinguishes “sex assigned at birth”, “current sex/gender identity”, “internalized 
sex/gender roles”, “externalized sex/gender expressions” and “sex/gender relations”, including social dimensions. 
This multidimensional recording enables a consideration of sex/gender beyond an assumed binarity. In a 
structured reflection of the surveys, the use, arrangement and content of the questions have been analyzed. The 
biological (sex) and the social constructed (gender) terms were considered separately.  

Results:The five identified HBM studies with available questionnaires lack a standardization of the sex and gender 
operationalization. Even the basic categories such as the binary assessment of biological sex as male or female are 
approached differently, namely on the basis of administrative data, participant’s or the interviewer’s information. 
The sex-based variables are collected routinely in HBM studies, but the specification and the number of the 
questions and physical examinations depend on the focus of the study (e.g. adults or children) and the financial 
power of the survey. Within the gender-based variables questions concerning “sex/gender relations” were 
included in all studies e.g. by collecting data on income, sexual orientation, health-related behavior or experience 
of stress. The “internalized sex/gender roles” and “externalized sex/gender expressions” were insufficiently or not 
at all addressed in the surveys reviewed.  

Conclusion/Outlook: A comprehensive interview on socioeconomic status, lifestyle and living conditions are 
routinely included in high quality HBM studies. The surveys are chemical exposure oriented and therefore the 
involvement of gender theory and profound integration of sex and gender aspects in HBM studies are still missing. 
As a guideline for future studies, a questionnaire for the assessment of sex/gender variables was developed within 
the INGER project and is currently tested for acceptance and feasibility in the study population of the German 
Environmental Specimen Bank. 
Keywords: biomonitoring, environmental health, epidemiology, behavior, Sex/gender 
 

PO-41: Chronic exposure to heavy metals from informal e-waste recycling plants and 
children's attention, executive function and academic performance 
J. Delgado-Saborit1, F. Soetrisno2 
 
1Universitat Jaume I, Castellon, SPAIN, 2BP Berau Ltd, Tangguh LNG, West Papua, INDONESIA. 
 
E-waste contains valuable metals that require appropriate waste management plans. However, rudimentary e-
waste processing methods are a source of heavy metals environmental pollution. This study has characterised 
concentrations of heavy metals in soil (n = 10), water (n = 10) and hair (n = 44) of children in areas surrounding 
Jakarta (Indonesia), where e-waste is being or has been conducted in the past, and in a reference unexposed site. 
Chronic exposure to Mn, Pb, Hg, As and Cd and its associations with attention and executive function, 
characterised with the Trail Making Test (TMT), along with academic performance scores was conducted using 
multivariate regression analysis. Models were adjusted for age, gender, parental education, environmental 
tobacco smoke and residential traffic. Lead (3653 ± 3355 mg/kg), cadmium (3.4 ± 0.9 mg/kg) and mercury (15.2 ± 
28.5 mg/kg) concentrations from soil and manganese concentrations in water (1.43 ± 0.64 mg/L) in the exposed 
sites were higher than current regulations. Heavy metal concentrations in hair of children living near e-waste 
facilities was higher than for children living in non-exposed areas (Pb: 0.155 ± 0.187 vs 0.0729 ± 0.08 mg/g; Mn: 
0.130 ± 0.212 vs 0.018 ± 0.045 mg/g; Hg: 0.008 ± 0.0042 vs 0.002 ± 0.0011 mg/g) suggesting chronic exposure to 
heavy metals. Manganese exposure was associated with worse cognitive performance in the domains of attention 
(TMT-A score: 66 s, 95% CI 0.09, 132), executive function (TMT-B score: 105 s, 95% CI 11.5, 198) and social 
sciences (−29%, 95% CI −54, −4.7) (per unit of Mn in hair mg/g). These results suggest that informal e-waste 
activities contribute to local heavy metal soil contamination, and could be an important source of metal exposure 
to children living in the vicinity of these facilities with putative impacts on their cognitive performance. E-waste 
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management regulation and remediation programmes should be implemented to reduce environmental pollution 
and associated health effects. 
Keywords: biomonitoring, children, metals, soil, electronic waste (e-waste) 
 

PO-42L Environmental Chronic Exposure to Metals and Effects on Attention and Executive 
Function in the General Population 
A. Rafiee1, J. Delgado-Saborit2, P. Sly3, B. Quémerais1, F. Hashemi4, S. Akbari5, M. Hoseini6  
 

1Department of Medicine, University of Alberta, Edmonton, AB, CANADA, 2Universitat Jaume I, Castellon, SPAIN, 3Children's Health and 
Environment Program, Child Health Research Centre, The University of Queensland,, South Brisbane, AUSTRALIA, 4Department of 
Environmental Health, School of Health Shiraz University of Medical Sciences,, Shiraz, IRAN, ISLAMIC REPUBLIC OF, 5Trauma and Injury 
Research Center, Iran University of Medical Sciences, Tehran, IRAN, ISLAMIC REPUBLIC OF, 6 Research Center for Health Sciences, Institute of 
Health, Department of Environmental Health, School of Health, Shiraz University of Medical Sciences, Shiraz, IRAN, ISLAMIC REPUBLIC OF. 
 
Heavy metals are neurotoxic, associated with brain dysfunction, and have been linked with cognitive decline in 
adults. This study was aimed to characterize chronic exposure to metals (Cd, Be, Co, Hg, Sn, V, Al, Ba, Cr, Cu, Fe, Li, 
Mn, Ni, Pb, and Zn) and metalloids (As, B, Sb) and assess its impact on cognitive performance of Tehran's 
residents, capital of Iran. Scalp hair samples gathered from 200 volunteered participants (110 men and 90 
women), aged 14-70 years and quantified by inductively coupled plasma atomic emission spectroscopy (ICP-OES). 
Attention and executive function, two measures of cognitive performance, were characterized using the trail 
making test (TMT) part A and B, respectively. Mental flexibility was characterized as the Delta TMT B-A scores and 
cognitive efficiency or dissimulation as the ration between TMT B and A scores. A comprehensive questionnaire 
was used to gather information on demographic and socioeconomic as well as lifestyle and health status. The 
highest and lowest mean concentrations were observed for B (325 μg/g) and As (0.29 μg/g), respectively. Results 
indicated that chronic metal exposure measured in hair changed significantly based on gender and age (p < 0.05). 
The levels of Cr, Fe, Ni, Si, Hg, Pb and B were significantly higher in males' hair, whereas those of Ag and Ba were 
greater in females' hair (p < 0.05). The results of the cognitive TMT test were significantly different between 
gender and age groups (p < 0.05). Moreover, results revealed that As, Hg, Mn, and Pb levels in hair were 
significantly associated with poorer participants' performance scores in the TMT test (p < 0.05). Age, gender, 
cigarette smoking, water-pipe smoking, traffic density in the area of residence, and dental amalgam filling were 
significant factors affecting the TMT test scores. The results suggest that chronic exposure to metals has 
detrimental effects on attention, executive function, mental flexibility and cognitive efficiency. 
Keywords: metals, biomonitoring, epidemiology, health effects: cognitve performance 
 
PO-43L Assessing pesticides exposures for residents living close to vineyards in France 
C. Dereumeaux1, F. Mercier2, P. Soulard2, C. Fillol1, P. Quenel3, S. Denys1 
 
1Santé publique France, Saint-Maurice, FRANCE, 2EHESP, Rennes, FRANCE, 3Univ Rennes, Inserm, EHESP, Irset, Rennes, FRANCE. 
 
Residents living close to vineyards might be exposed to pesticides through non-occupational pathways including 
spray drift and volatilization of pesticides beyond the treated area. Due to the intrinsic toxicity of pesticides, the 
assessment of the related potential health consequences is a matter of necessity. However, few epidemiological 
studies have considered this population, and the exposure assessment is still a key issue. With regard to the latter, 
several approaches have been used for exposure characterization, including self-administered questionnaires, 
interviews and geographic information system (GIS) models. These indirect indicators of exposure are potential 
sources for inaccuracy due to subjects’ lack of knowledge about pesticide use, recall bias and errors in the real 
distance between homes and vineyards. Therefore, more refined measurements of pesticide exposure are needed 
in order to provide more specific exposure indicators for large-scale epidemiological health studies and to build 
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appropriate prevention strategies for non-farmworker residents living close to vineyards. The aim of our study 
was to identify relevant exposure biomarkers for pesticides specifically used in vineyards, and to compare 
biomarker distributions between residents living close to vineyards and controls. The study population was based 
on a selection of 60 adults and 60 children, selected from of a national cross sectional survey (Esteban study) 
based on a representative sample (2 503 adults 18-74 y.o and 1 104 children 6-17 y.o) of the French population 
conducted between 2014-2016. It included 30 adults and 30 children living within 500 meters of vineyards and 30 
adults and 30 children living at 2 kilometers or more of vineyards. Biomarkers of exposure to folpel (phthalimide, 
phthalic acid), tebuconazole (hydroxytebuconazole[TEB-OH]), mancozeb / metiram (ethylene thiourea[ETU], 
ethylene urea[EU]), and boscalid were measured in urine and hair samples collected among the study population. 
Descriptive statistics were run for each biomarker levels when detection rate was above 40%. Then two sample t-
test was used to test whether log-transformed biomarker levels differed between residents living close to 
vineyards and controls. Phthalic acid was detected in all urinary samples, whereas phthalimide, ETU and EU were 
detected in nearly one sample in two. Tebuconazole, TEB-OH and boscalid were almost never detected in urinary 
samples. Comparisons between residents and controls showed slight differences in phthalimide (children) and 
ETU (adults) urinary levels. These results will be useful to define the best biomarker-matrix pairings and highlight 
requirements for future epidemiological studies in order to accurately measure pesticide spray-drift exposure in 
residents living close to vineyards. 
Keywords: pesticides, biomonitoring, biomarkers, exposure factors 
 

PO-44: Taking Stock Study: Documenting personal care product use by women of diverse 
race/ethnicity 
R. Dodson1, B. Cardona1, J. Robinson Flint2, S. Navarro3, A. Zota4, B. Shamasunder5 
 
1Silent Spring Institute, Newton, MA, 2Black Women for Wellness, Los Angeles, CA, 3Promotora de Salud, Los Angeles, CA, 4George 
Washington University, Washington, DC, 5Occidental College, Los Angeles, CA. 
 
Women of color often have higher levels of consumer product chemicals in their bodies. These exposure 
disparities may be driven by differences in product use. However, there are many data gaps on racial/ethnic 
differences in beauty product use. Through a community-academic study collaboration, we surveyed 360 women 
(18-34 years old) living in California on their use of cosmetics (13 products), feminine hygiene products (12 
products), hair products (11 products) and other personal care products (20 products). Participants completed the 
survey online and were primarily recruited through our community-based networks. To increase data on product 
use among women of color, we targeted recruitment of women who identify as Black (20% of survey 
respondents) or Latinx (28% of survey respondents). Women reported using an average of 8 cosmetic products, 5 
hair products, 2 hygiene products and 10 other personal care products currently or within the past year. Of the 13 
cosmetics in the survey, 44% of women reported using at least one cosmetic per day (maximum of 10 cosmetics 
reported per day). The majority of women report using fragranced personal care products, with 69% reporting 
more than half of products used as fragranced. Use of feminine hygiene products not related to menstruation was 
less common; however, 11 women reported using douche, feminine sprays or feminine powders in the last week. 
Product use varied by race/ethnicity for half of the 56 products in the survey. Black women reported using a 
greater number of and different types of hair products compared to other women. More Latinx reported using 
lipstick or other lip color compared to Black and White women. Use of mouthwash was less common among 
White and Asian women compared to Black women and Latinx. These data represent the most comprehensive 
assessment of product use across multiple races/ethnicities and are important for developing evidence-based 
intervention studies to reduce exposures. 
Keywords: consumer and personal care products, environmental justice  
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PO-45: Evaluating differences in rater agreement between occupational subgroups to 
identify where to prioritize additional expert assessments 
P. J. Dopart1, H. A. Katki2, M. Friesen3 
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Background: The validity of expert-based exposure ratings can be improved by using multiple raters, but this is 
costly and time-consuming. To improve validity while maximizing resources, additional raters could be directed to 
subgroups where raters disagree more frequently and multiple expert review is likely to be most informative. 
However, identifying subgroups with lower agreement is hampered by limitations of the traditional metric of 
agreement, kappa, which is sensitive to differences in ratings’ marginal distributions and difficult to interpret 
within the context of absolute magnitudes of agreement.  

Methods: To compare rater agreement across subgroups, we adapted a novel statistic, Mean Risk Stratification 
(MRS), originally developed to evaluate the ability of screening tests to stratify disease risk. MRS equals kappa’s 
numerator – the difference between observed and expected agreement – and is interpreted as the number of 
observations (per 100) two raters agree on beyond chance. Lower magnitudes of MRS identify subgroups where 
raters are more likely to disagree, resulting in the potential for the greatest gain in information from multiple expert 
review. We used MRS to compare agreement of expert-based ratings across subgroups of jobs in three industries 
(electroplating, textile, and foundry) classified by four dichotomous job characteristics. Within each industry and 
subgroup, we evaluated MRS for each pair of six experts’ ordinal, 4-category exposure intensity ratings.  

Results: The largest difference in median quadratically-weighted MRS (MRSw) across the 15 rater pairs was 
observed for the foundry industry, where raters agreed beyond chance on a median of 12.6 jobs (per 100) with 
one work location but only 2.7 jobs (per 100) with multiple work locations.  Similar patterns for one vs. multiple 
work locations were also observed for the electroplating (16.8 vs. 11.8) and textile (9.6 vs. 7.1) industries. MRSw 
was also consistently lower in all industries for jobs in near vs. far proximity to the exposure source, with the 
largest difference in median MRSw again observed for the foundry industry (14.6 vs. 6.0).  Some differences 
between subgroups were observed in only one industry, such as for jobs with non-visible (11.9) vs. visible 
contaminant accumulation (17.4) in the electroplating industry and jobs in non-production (6.4) vs. production 
(12.4) in the foundry industry.  

Conclusion: MRS allowed for the identification of job characteristics associated with lower rater agreement.  
When used alongside kappa, MRS can improve validity of expert-based estimates by allowing for subgroup 
comparisons, which are crucial for prioritizing use of limited exposure assessment resources. 
Keywords: occupational exposure, statistical methods, industrial hygiene, exposure assessment 
 

PO-46: Health risk assessment of disinfection by-products of drinking water of 16 cities in 
China 
Y. Du, T. Li 
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Introduction: Disinfect is essential to ensure the safety of drinking water. Several epidemiologic studies have 
suggested links between disinfection by-products (DBPs) exposure and adverse health outcomes such as bladder 
cancer, colon cancer, etc. The purpose of this study is to estimate the health risk of DBPs by major oral route in 
representative districts in China and analyze the characters of the health risk, so that to provide a reference for 
taking intervention measures to reduce the health risks of DBPs exposure.  
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Methods: We collected DBPs concentrations from 16 representative cities during 2013-2019. We used the CRPF 
approach to estimate the cumulative health risk of the mixture of DBPs through oral ingestion. Then we analyzed 
the characters of health risk of DBPs in drinking water by hierarchical analysis in China.  

Results: The average concentrations of CHCl3, CHBrCl2, CHBr2Cl, CHBr3, CCl3COOH, CHCl2COOH were 13.73±12.35 
μg/L, 8.15±5.73 μg/L, 3.83±5.13 μg/L, 1.15±2.16 μg/L, 5.13±4.87 μg/L, 4.46±6.27 μg/L respectively. The total oral 
hazard index was 0.104. The total oral carcinogenic risk was 1.24×10-5. The health risk by oral route was far more 
high than dermal absorption route and inhalation absorption route. The health risk of DBPs in wet season was higher 
than in dry season. The health risk of DBPs in urban area was higher than in rural. The health risk of male was higher 
than female. The disinfect patterns can affect the concentrations of DBPs and the health risk of DBPs exposure. 
Conclusion: The non-carcinogenic risk of DBPs exposure in drinking water was lower in China. The carcinogenic risk 
of DBPs exposure in drinking water was slightly higher than EPA's recommended acceptable risk level 106. 
Keywords: water, risk assessment, cumulative exposure, cumulative impacts 
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In occupational settings, hygiene samples of air, dermal or dust are often insufficient to evaluate the subsequent 
health risks due to exposure. Biomarkers analysis in biological samples, also called human biomonitoring (HBM), is 
an important asset to determine directly the concentrations of the substances or their metabolites in the body. 
 
In this context, we investigated workers exposed to solvents in different occupational settings in Belgium and 
Luxembourg by means of HBM in urine, complemented with air and dermal exposure measures. 

We distinguished two exposure scenarios: 1) constant levels of exposure to known specific compounds used in 
the production process of a polyester resin-processing factory and 2) varying levels of exposure to a wide range of 
solvents, with unpredictable peaks of exposure, during the remediation works in an old industrial site polluted by 
solvents. In the first scenario, we collected urine samples multiple times during a workweek (pre and post-shift), 
and assessed inhalation and dermal exposure in each worker during normal daily tasks. In the second scenario, we 
collected urine samples multiple times during several months (pre-shift at the beginning and post-shift at the end 
of the workweek) and performed continuous air monitoring using photoionization detectors for solvents (because 
of high variability in exposure levels). We collected information about the performed tasks and personal 
protective equipment (PPEs) in the two scenarios. 

Concentrations of urine metabolites were highly related with the exposure scenarios. In scenario 1, HBM in urine 
showed striking differences in styrene metabolites (mandelic + phenylglioxylic acid) between two workers 
performing identical tasks but using different PPEs (respectively 1185 vs 1925 μg/mL). This was mainly due to 
differences in dermal exposure (0.4 vs 3.0 mg/cm2 styrene), since inhalation exposures were similar. In scenario 2, 
we observed substantial differences at group level when there were unexpected solvent exposure peaks in 
combination with a new team of workers that came on-site. In contrast with their colleagues who had been 
carrying out the remediation work for months, the new team showed higher concentrations in the urinary 
metabolite of benzene (S-phenylmercapturic acid) at the end of the workweek (98.6 ±12.7 μg/L) as compared to 
the beginning of the workweek (5.0 ±2.1 μg/L). The increased levels did not persist in the following weeks in the 
new team. 
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In conclusion, HBM is a highly relevant tool for occupational exposure and risk assessment, highlighting 
differences in working conditions and providing important information at individual and group level. 
Keywords: biomonitoring, occupational exposure, risk assessment, VOCs 
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This work is part of an early effort to understand community exposure to air pollution in general and to fine 
particulate matter (PM2.5 ) specifically at the Western Carolina University (WCU) campus in Cullowhee, NC. WCU is 
located in a valley in a rural mountainous setting about an hour west of Asheville, NC. The closest federally 
equivalent PM2.5  monitor is approximately 20 miles away on the other side of a mountain range on Eastern Band 
of the Cherokee Indian lands. In an effort to understand particulate matter concentrations in Cullowhee valley, in 
2017, the nonprofit Clean Air Carolina installed a Purple Air monitor on the university’s Health and Human 
Sciences building. However, this building is up a hill and is approximately 1.5 miles from the main campus. It is 
expected that PM2.5 concentrations will vary greatly across campus from sources such as cars, construction sites, 
and cooking activities. WCU is also a smoking campus with smoking allowed 50 feet from buildings. Between 
November 2019 and January 2020, real-time air quality measurements were collected on campus using Habitat 
Map’s AirBeam2 monitor. This monitor utilizes a Plantower PMS7003 light scattering particle sensor. PM2.5 

concentrations were corrected for temperature and relative humidity using equation 2 from the Magi et al. 2019 
Aerosol Science and Technology paper in which they compared these particle sensors with a federal equivalent 
method. The AirBeam2 was deployed to a variety of locations including dining halls, classrooms, along roads, and to 
a university football tailgate event. PM2.5  concentrations in classroom buildings were overall low (less than 5 µg/m3), 
but sometimes were elevated (such as adjacent to indoor construction areas (17.5 µg/m3)). An evaluation of PM2.5 in 
a major dining area yielded an average concentration of 45 µg/m3 and peaked at 344 µg/m3 near a poorly ventilated 
grill area. Walks outdoors through campus yielded concentrations less than 10 µg/m3, however, PM2.5 concentrations 
at an outdoor tailgate event were as high as 217 µg/m3. These data show PM2.5 concentrations that are quite high 
and may result in personal exposures exceeding the EPA’s 24-hour standard of 35 µg/m3. 
Keywords: air quality sensor, particulate matter (PM) 
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Accurate exposure classification is critical for assessing the associations between air pollution exposure and health 
outcomes. Many of current methods estimate an individual’s exposure to air pollution using residential location 
alone. Use of this limited approach is largely due to the lack of data on individual-level historical time-activity 
patterns. The purpose of this study is to investigate the potential for the Significant Location data of the iPhone 
(the iSL) to capture historical geospatial movement of individuals for the purpose of estimating exposure to 
ambient air pollutants. In this study, one subject carried an iPhone in tandem with a reference GPS tracking device 
for a duration of one month, and the GPS device recorded locations in 10 second intervals. The retrieved GPS and 
iSL location data were compared to evaluate the performance and accuracy of the iPhone data in capturing 
individual mobility. To further understand the availability of iSL data, an online survey was conducted among 310 
iPhone users. Our results suggest a favorable performance of the iSL data; it accurately captured the time spent in 
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16 microenvironments (all locations visited more than once), which comprised 93% of all time during the study 
period. Among the surveyed iPhone users, 75% have iSL data available. With the popularity of iPhone, itemized 
significant location data could be available for a considerable portion of the population, providing important 
potential for improving retrospective air pollution exposure estimation. 
Keywords: air pollution, exposure models, air quality, environmental justice, time-activity pattern 
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D. Ebeling1, J. Werner1, J. Erbe1, S. Ebeling1, Q. Miao1, A. Ebeling1, D. Peaslee2, L. Ploense3, R. Ploense3, E. Stetter3, M. Findlay3, B. 
Meulendyk3, M. Lee3, V. Patel3, J. Stetter3 
 
1Wisconsin Lutheran College, Milwaukee, WI, 2Spec Sensors LLC, Newark, CA, 3KWJ Engineering Inc., Newark, CA. 
 
The rapid spread of the COVID-19 pandemic worldwide has taxed the availability of N95 masks and other personal 
protective equipment (PPE). Widespread ability to sterilize and re-use N95 masks will help relieve this critical issue 
in the short-term. It is also clear that additional long-term benefits of sterilization and re-use will include lowering 
operating cost, improving material supply chain logistics, and reducing waste. KWJ Engineering is leading 
development of inexpensive modular sterilizer design which requires no toxic chemical consumables, generating 
the ozone on demand as needed in precisely controlled concentrations and cycle times. The unit will be 
inexpensive and portable enough to provide sterilization of PPE to virtually all types of healthcare facilities, clinics 
and emergency response teams, regardless of size or location. Additionally, this capability to sterilize N95 and 
medical masks will allow other, non-emergency care users to sterilize and reuse masks and PPE rather than 
disposing of them. This will reduce the demand, allowing more ready access to new PPE for emergency healthcare 
workers.Using off-the-shelf components, KWJ fabricated a benchtop sterilization chamber, with controlled 
relative humidity (RH) and ozone, to develop and validate the ozone sterilization protocol for deactivation of 
surrogate viruses on N95 masks. Preliminary experiments have been performed using an E. coli bacteriophage 
(TLS) to provide initial estimates of effectiveness for variables such as time, ozone and viral concentrations, 
temperature, relative humidity, and virus-contaminated substrate. Initial experiments have confirmed previous 
reports that bacteriophage are susceptible to inactivation by ozone treatment. We have demonstrated that the 
effectiveness of ozone treatment is relative to the amount of water either in the sample or in the air. Wet samples 
of TLS bacteriophage on cellulose disks, FFP3 N95 mask material, or on vinyl sheets showed a 2-3 log reduction in 
active bacteriophage when treated with greater than 200 ppm ozone and ambient RH (45-55%) but less than one 
log reduction in activity if the bacteriophage sample is dried on the material before ozone treatment. However, if 
the experiments are repeated with close to 100% RH in the chamber, there is a greater than 4-5 log reduction in 
active bacteriophage within one hour regardless of material and whether the initial sample was wet or dry. This 
demonstrates that this ozone sterilization chamber is capable of inactivating TLS bacteriophage as designed but it 
is necessary for ozone to be combined with high RH to effectively work in a variety of conditions. 
Keywords: sensor technology, exposure factors, infectious disease, microbial agents, environmental exposure 
 

PO-51: Transdermal uptake of oxybenzone from sunscreens based on measured fugacity 
A. Eftekhari, G. Morrison 
 
University of North Carolina, Chapel Hill, NC. 
 
Oxybenzone (benzophenone-3;BP-3) is an ultraviolet light inhibitor used commonly in sunscreens. Due to 
concerns about health effects, the US and EU both limit the amount allowable in lotions and cosmetics. Several 
human subject studies have shown that BP-3 is readily absorbed through the skin from commercially available 
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sunscreens. We showed in a previous study that fugacity is a reliable measure of the dermal driving force for 
uptake of target chemicals from lotions. We also showed that we can predict transdermal uptake of chemicals 
from lotions by coupling a transdermal uptake model with a measured chemical driving force, or fugacity, of the 
target species (phthalates and a paraben in that case) in a lotion. 
 
In this study, we aimed to develop a similar formulation-independent method for predicting dermal uptake of BP-
3 from lotions. To do so, the relative fugacity (RF) of BP-3 in non-commercial and commercial sunscreen lotion 
formulations was measured using solid-phase micro-extraction. We then used these measured values of fugacity 
in a dynamic transdermal uptake model to simulate the results of previously published human subject 
experiments.The relative fugacity of BP-3 in lotions is generally much higher than predicted by Raoult’s law and 
non-linearly related to the mass fraction present in the lotion. Among the lotions tested, the relative fugacity 
ranged from 0.08 to 0.4 for sunscreens that reported BP-3 composition from 3-6%, although most commercial 
lotions had relative fugacities close to 0.2. The dynamic transdermal model and measured relative fugacities were 
applied to simulate urinary excretion rates of BP-3 and a second metabolite for four previously published human 
subject studies, accounting for area applied, time applied, showering etc. The simulated range of cumulative 
excretion overlapped with the measured values for two of those studies, and nearly overlapped with that of a 
third. However, the model underpredicted the amount absorbed by almost a factor of 100 for the oldest of the 
four studies (from 1997). Although it is not possible now to identify what may have differed, the cumulative 
uptake (normalized by skin area) is much higher than reported for any recent study. Considering individual 
differences in uptake and metabolism of BP-3, differences in the conditions of human subject experiments, and 
uncertainties in the measurement of excreted BP-3 in urine samples, we believe the model framework with 
measured fugacities are sufficient to provide order-of-magnitude accurate predictions of transdermal uptake of 
BP-3 from daily application of sunscreen products. 
Keywords: exposure models, SVOCs, analytical methods, consumer and personal care products, sunscreen 
 

PO-52: Heavy metals in tap water, toenails, and blood in U.S. women 
E. G. Elliott1, X. C. Hu1, E. M. Sunderland2, B. Coull1, S. A. Korrick3, F. Laden1 
 
1Harvard T.H. Chan School of Public Health, Boston, MA, 2Harvard John A. Paulson School of Engineering and Applied Sciences, Cambridge, 
MA, 3Brigham and Women’s Hospital, Boston, MA. 
 
Background:  A potentially important source of environmental heavy metal exposure is tap water. However, 
information on the association between concentrations in tap water and exposure biomarkers in the U.S. 
population is limited. In a pilot study, we assessed the relationships between Arsenic (As), Cadmium (Cd), and 
Lead (Pb) concentrations in tap water and their levels in exposure biomarkers over time.  

Methods: Among 25 female participants of the nationwide Nurses’ Health Study who had not moved during study 
follow-up, we used ICP-MS to measure As, Cd, and Pb concentrations in tap water (µg/L) collected in 1990, 
toenails (ng/g) collected in 1984, and red blood cells (ng/g) collected in 1990 and 2000. We calculated Spearman 
correlation coefficients for metal concentrations in water, toenails, and blood and used multivariable linear 
regression models with robust variance to examine associations of tap water metal concentrations or tap water 
source with each metal biomarker, adjusted for age, smoking status, and dietary sources of metal exposure.  

Results: Mean (standard deviation [SD]) tap water concentrations (μg/L) were: As: 0.7 (0.9), Cd: 0.2 (0.5), and Pb: 4.2 
(8.2). Tap water and biomarker concentrations of different metals were not correlated. For a given metal, 
concentrations (ng/g) were highly correlated between first and second blood samples: As rs: 0.65, Cd rs: 0.91, Pb rs: 
0.73 (all p < 0.001). In adjusted models, tap water concentrations were modestly associated with higher first blood 
sample As (β 95% confidence interval [CI]: 0.52 (-0.40, 1.43), Cd (β [95% CI]: 0.18 (-0.05, 0.42), and Pb levels (β [95% 
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CI]: 1.57 (-0.14, 3.29). Associations between tap water concentrations and non-concurrent biological samples 
differed across metals and biomarkers. In adjusted models, metal concentrations in municipal water compared to 
private well water were modestly associated with lower levels of As and higher levels of Cd in all biological samples, 
and higher levels of Pb in toenails and first blood sample but lower levels in the second blood sample.  

Conclusion: In this pilot study of U.S. women, we found suggestive associations between tap water metal 
concentrations and concentrations in concurrently collected biological samples, but not biological samples 
collected at other time points. Associations between tap water source and metal concentrations were modest, 
but largely consistent across biomarkers and time. These findings suggest that tap water concentration and 
source are important predictors for exposure biomarkers, but biological half-life and environmental changes may 
lessen their contribution over time. 
Keywords: water, metals, biomarkers 
 
PO-53: Validation of proximity-based estimates of residential exposure to emissions of 
dioxins and dioxin-like compounds in the U.S. 
J. Fisher1, M. Ward1, M. Friesen1, N. Deziel2, B. Graubard1, J. Sampson1, R. Jones1 
 
1National Cancer Institute, ROCKVILLE, MD, 2Yale School of Public Health, New Haven, CT. 
 
Background: Polychlorinated dibenzo-p-dioxins (PCDDs), dibenzofurans (PCDFs), and polychlorinated biphenyls 
(PCBs) are persistent organic pollutants emitted from industrial combustion facilities and as byproducts of various 
manufacturing processes. Though some studies have shown associations between residential distance to dioxin-
emitting facilities and cancer and other health outcomes, the relationship between proximity to emissions from 
these sources and personal exposure is poorly understood. 

Methods: We linked geocoded residential addresses and serum measurements of PCDDs, PCDFs, PCBs, and their 
derived TEQ (toxic equivalency quotient) for 5,725 participants in the 1999-2004 U.S. National Health and 
Nutritional Examination Survey (NHANES) to a U.S. Environmental Protection Agency database of 4,478 historical 
emission sources of dioxins and dioxin-like compounds (e.g., coal-fired power plants, solid waste incinerators). We 
calculated continuous and categorical (3, 5, 10km) exposure metrics reflecting distance to the nearest facility and 
estimated intensity of exposure with a distance- and toxicity-weighted average emissions index (AEI [ng TEQ/km2]). 
We used linear regression models to evaluate associations between proximity metrics and log-transformed sums 
of serum PCDDs, PCDFs, PCBs, and TEQ and used logistic regression to determine the extent these metrics 
predicted high (top quartile) serum levels. Both linear and logistic regression models were adjusted for potential 
confounders, including age, race/ethnicity, body mass index, income level, and smoking status. 

Results: Overall, 16%, 30%, and 53% of participants lived within 3, 5, or 10km of one or more facility, respectively. 
No consistent associations were observed between serum levels and simple proximity metrics reflecting distance 
to nearest facility. Mean serum concentrations of total PCDDs/PCDFs/PCBs and total TEQ were highest among 
participants in the top AEI5k quartile; an increasing trend was statistically significant only for PCBs (p<0.01). In 
adjusted models, participants in the highest AEI5k quartile had increased odds of having high levels of total PCBs 
(OR=1.8; 95%CI:1.3-2.5) and TEQ (OR=1.6; 95%CI:1.0-2.5) compared to those with no facilities within 5km. 

Conclusion: In this nationally representative population, we demonstrated that residential proximity to emissions 
was positively associated with serum total PCBs and TEQ. Findings from this effort support the use of distance- 
and emissions-based exposure proxies to estimate personal exposure. 
Keywords: hazardous air pollutant (HAP), GIS, environmental health, exposure validation 
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PO-54: What do my test results mean? Developing a data interpretation tool for PFAS-
impacted communities 
M. Fitzstevens1, E. Haugjsaa1, P. Brown2, C. Carignan3, A. Amico4, S. Kasper5, A. Goho1, C. Osimo6 , M. Powers2, L. Schaider1 
 
1Silent Spring Institute, Newton, MA, 2Northeastern University, Boston, MA, 3Michigan State University, East Lansing, MI, 4Testing for Pease, 
Portsmouth, NH, 5Toxics Action Center, Boston, MA, 6 Massachusetts Breast Cancer Coalition, Franklin, MA. 
 
Per- and polyfluoroalkyl substances, or PFAS, are a class of highly persistent, mobile, toxic, and bioaccumulative 
chemicals used in certain firefighting foams and to make consumer products nonstick, stain resistant, and 
waterproof. PFAS have contaminated water supplies nationwide, affecting water quality for over 100 million 
Americans. Exposure has been linked to lowered immune responses, testicular and kidney cancer, reproductive 
health issues, low birth weight, and thyroid disruption, among other health impacts. PFAS Research, Education 
and Action (PFAS-REACH) is a researcher-community partnership focused on determining the immune health 
effects of PFAS exposure on young children, developing resources for PFAS-impacted communities, and learning 
about the experiences of PFAS-impacted communities through a sociological lens. Project partners include 
environmental health researchers, social scientists, and community activists. 

Community members impacted by PFAS contamination express concern that the results of PFAS blood and water 
test results are often poorly contextualized, leaving community members confused, instead of empowered. In 
response to these concerns, we developed an online data interpretation tool, called What’s my Exposure, where 
anyone with a PFAS blood or water test can enter their results into the tool and immediately obtain a context-rich 
exposure report, with personalized graphs and key statements, plus information to help tool users understand 
and reduce their exposure. This presentation will include a demonstration of the tool, along with information 
about the framework created to generate context-rich, personalized graphs, and discussions of the challenges of 
communicating the complexity of the PFAS regulatory landscape. We will also discuss the opportunities created 
by biomonitoring report-back to improve environmental health literacy, health outcomes, and advocacy for policy 
change to reduce exposures. 
Keywords: PFAS, environmental health, other (specify), biomonitoring, exposure report-back tools 
 
PO-55: Measuring Vulnerability to Climate Change in New Mexico 
T. Fristachi; New Mexico Department of Health, Environmental Public Health Tracking Program, Santa Fe, NM. 
 
New Mexico has experienced an average annual maximum temperature increase of 3.3°F since 1970, making it the 
second-fastest warming state in the nation. Between 1979 and present there were, on average, 88 days each year 
when the daily maximum temperature exceeded 100°F; NOAA predicts an increase at a rate of one additional day 
per year. More than two-thirds of New Mexico is now in the severe to exceptional drought. These changes in climate 
directly affect the health of people across the state, increasing the risk of injury, illness, disease or death. However, 
communities or individuals are affected disproportionally, influenced by environmental and demographic factors. 
The New Mexico Department of Health created a Climate Vulnerability Index (CVI) to assess the impact of climate 
change at the census tract level on human health. The CVI identifies how socioeconomic status, population/housing 
density, household composition, minority status, primary language, housing conditions, access to transportation, 
access to healthcare, extreme heat days, emergency department visits for heat stress and the number of weeks in 
extreme drought conditions can affect vulnerability to climate change impacts such as wildfire, drought, and heat. 
The purpose is to give policymakers and public health professionals a tool to be incorporated in the decision-making 
process towards focusing outreach initiatives and allocating resources to communities that have a lower capacity to 
respond to the stress that climate change brings.The CVI is broken down into several domains: (1) socioeconomic 
status, (2) density, (3) household composition, (4) minority status & language, (5) housing & transportation, (6) 
access to healthcare and (7) exposure and climate. A percentile rank is estimated for each factor within a domain 
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with each rank summed across each domain and the sum of the domains denotes overall vulnerability. With higher 
ranks representing greater vulnerability, they are categorized based on quintiles as: not vulnerable, less vulnerable, 
moderately vulnerable, vulnerable and highly vulnerable.The Northwestern region was most vulnerable overall as 
well as for socioeconomic, household and healthcare domains where many residents are older, experiencing poverty 
and have a large number of residents living on tribal lands, and was the state’s most vulnerable in terms of sensitive 
populations. The southwestern region was most vulnerable for density, minority and housing domains. The 
southeastern region was the most vulnerable in the exposure domain due to its relatively high temperatures and 
percentage of weeks when part of the population was living in extreme drought. 
Keywords: climate resilience, climate change, epidemiology, susceptible/vulnerable 
 

PO-56: Spatiotemporal Variations of PM2.5 Using a Network of Low-cost Sensors 
J. D. Gingrich1, M. J. Campmeir1, A. Byereddy1, S. Charolia1, H. Howton1, B. Mai1, M. Kushwaha2, E. Savio2, A. Updaya2, P. Agrawal2, S. 
Vakacherla3, J. D. Marshall4, J. S. Apte1 
 
1University of Texas at Austin, Austin, TX, 2ILK, Bangalore, INDIA, 3Center for Study of Science, Technology and Policy, Bangalore, INDIA, 
4University of Washington, Seattle, WA. 
 
While fine particle (PM2.5 ) concentrations can vary in space and time, the spatial density of most monitoring 
networks is low, especially in many developing world cities. Lower-cost (<$500) sensors could fill critical data gaps 
for PM2.5 . We report the initial results from a year-long deployment of a dense network of PurpleAir II (PA) 
sensors in Bangalore, India. 

Pre-deployment evaluation of the PA sensors demonstrated high reproducibility, low unit-to-unit variability, and 
low bias among sensors. 60 PA sensors were collocated with a Beta Attenuation Monitor (BAM 1022, MetOne 
Inc.) for 440 hours. PA Sensor-to-sensor comparisons showed good agreement, with an hourly median R2 of 0.99 
and an hourly normalized root-mean-square error (NRMSE) of 5.1%. Compared to the BAM, hourly median R2 and 
NRMSE values for the PA sensors were 0.65 and 3.4%, respectively. 

Sensors were distributed to the field in August 2019. Based on two sensors remaining at the collocation site, a 
univariate calibration curve using orthogonal regression was developed and applied to all sensors in the field. A 
subset of sensors was repeatedly returned to the reference monitors to assess measurement drift, which we 
determined to be minimal. Following routine quality control on the distributed sensors, a median of 74% of each 
sensor’s data remained available for analysis. 37 of the sensors in 36 sites reported data from August 23, 2019 
through July 1, 2020. The median daily concentration of the 36 sensors ranged from 27 to 42 μg/m3, suggestive of 
substantial spatial variability in PM2.5  across Bangalore. The median pairwise R2 of hourly concentrations in the 
network was 0.7, while the coefficient of divergence (COD) ranged from 0.037 to 0.14. In combination, these results 
suggest that both urban-background conditions and more localized sources contributed to the spatiotemporal 
patterns of PM2.5 . Diurnal patterns were also compared between the 37 sensors. In these yearly averaged patterns, 
all sensors showed a general pattern with morning and afternoon peaks, though some sensors saw lagging peaks 
compared to the majority of sensors. Morning average peak concentrations ranged from 32-55 μg/m3 and afternoon 
peak concentrations ranged between 28 and 52 μg/m3. Overall, we observed the highest average concentrations 
and larger diurnal variability for sensors sited near major roads and in the urban core, while diurnal patterns 
exhibited lower concentrations and less variability for sensors located on the urban periphery. 

Keywords: aerosol, fine particlate matter, sensor technology, particulate matter (PM) 
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PO-57: The impact of COVID-19 on U.S.-Mexico border wait times and fine particulate 
matter (PM2.5) concentrations at and near the San Ysidro Port of Entry 
M. Glorioso1, E. Austin2, P. J. E. Quintana1, L. Jaime1, J. Castillo Quiñones3, J. Shirai2, C. Huang2, B. Caceres1, A. Amador4, S. Vega4, E. Seto2 
 
1San Diego State University School of Public Health, San Diego, CA, 2University of Washington School of Public Health (UW), Seattle, WA, 
3Facultad de Ciencias Químicas e Ingeniería de la Universidad Autónoma de Baja California (UABC), Campus Tijuana, Tijuana, MEXICO, 4Casa 
Familiar, San Ysidro, CA. 
 
In March 2020, the COVID-19 pandemic caused by the novel coronavirus led to the reduction of human activities 
in order to attenuate its spread in California. On March 21, 2020, the US severely restricted travel across the US-
Mexico border, including at the Port of Entry at San Ysidro, CA (SYPOE) that crosses into Tijuana, Mexico. 
Communities located near the SYPOE -the busiest land crossing in the Western Hemisphere-- have complained 
about elevated levels of air pollution caused by idling vehicles waiting to cross on both sides of the border and 
border goods movement. Fine particulate matter (PM2.5 ) is a major pollutant of concern because it can deposit 
deep in the lung and cause acute and chronic respiratory health effects. Long wait times and extensive idling 
traffic at the POE increase concentrations of PM2.5  in air. This study examines data from a network of low-cost 
sensors deployed throughout San Ysidro and Tijuana, funded by the EPA Border 2020 program. For this project, 
PM2.5 hourly data was collected intermittently from February 2019 to June 2020 from multiple low-cost air 
monitors located at the San Ysidro POE. Border wait times and open lanes posted in real time on the U.S. Customs 
and Border Patrol website were archived by the University of Washington on an hourly basis. The R statistical 
software was used to compare the differences in wait times at the SYPOE and PM2.5  concentrations before and 
during COVID-19-related US-Mexico border restrictions. Overall, northbound wait times at the SYPOE decreased 
in March 2020 relative to March 2019 (median -50% decrease), especially after March 21, when US-Mexico border 
restrictions were put in place. A variable used as a surrogate for vehicle emissions from the vehicle delay – lanes 
open times delay minutes - decreased only 6% between March 1-20, 2019 compared to March 1-20, 2020 but by 
83% comparing March 21-31, 2019 and March 21-31, 2020. Data cleaning and calibrations of PM2.5 concentrations 
at SYPOE are still ongoing. At the closest regional monitor at Otay Mesa, PM2.5 levels decreased 54% from March 
2020 to March 2019. If confirmed with further analysis, changes in PM2.5 due to COVID-19 related travel 
restrictions in the US-Mexico border region would indicate that immediate reductions in air pollution are possible. 
This project can inform future policies to mitigate border wait times and promote increased air quality within the 
San Ysidro and Tijuana area. 
Keywords: environmental justice, air pollution, fine particlate matter, community, US-Mexico border 
 
PO-58: Characterization of PAHs, Dioxins, and VOCs as Result of Garbage Burning in Rural 
Arizona. 
E. Gonzalez Figueroa1, A. Bates1, S. Hadeed1, L. Stone2, M. Lindsey1, M. O'Rourke1 
1University of Arizona, Tucson, AZ, 2SCAT, San Carlos Apache, AZ. 
 
This study characterizes the production of air pollutants as by-products of garbage burning in rural Arizona. We 
measured Polycyclic Aromatic Hydrocarbons (PAHs), Particulate Matter 2.5 (PM2.5 ), Volatile Organic Compounds 
(VOCs), and dioxins in summer and winter, by using a combination of real-time monitors and air impactors located 
between 1.52 to 3.04 meters from the burn barrel. Garbage was sorted and classified into five main groups 
organics, plastics, metal, paper, and others. We sent collected air samples to ALS environmental for chemical 
analysis. The real-time concentrations in air of ∑PAHs ranged from 2 ng/L ~ 600 ng/L, and ∑VOCs from 31 ppb ~ 

99,000 ppb. Daily PM2.5 estimates suggest that the community might exceed the established USEPA standard for 
particulates (35 µg/m3/day). Loading factors obtained through principal component analysis shows that the first 
two principal components explain more than 95% for both sampling seasons. Naphthalene, acenaphthylene, 



 
 

I S E S  2 0 2 0  P O S T E R  A B S T R A C T S     |    P-39       
 

pyrene, and phenanthrene were highly correlated with the observed loading vectors. Further statistical analysis 
and risk assessment analysis will be crucial to determine the risk that this population might experience. 
Keywords: air pollution, community, VOCs, SVOCs 
 
PO-59: The impact of exposure to cooking particles on heart rate and blood pressure 
S. Gorjinezhad1, M. Naseri1, R. Gabdrashova1, S. Nurzhan1, Z. Bekezhankyzy1, A. Gimnkhan1, M. Amouei Torkmahalleh1, G. Buonanno2 
 
1Nazarbayev University, Nursultan, KAZAKHSTAN, 2University of Cassino and Southern Lazio, Cassino, ITALY. 
 
Indoor air is very important from the exposure point of view as we spent more than 80% of our time indoors. 
Cooking is known as a major source of PM2.5 and ultrafine particles (UFPs) inside homes. High exposure to PM2.5 

and potential to UFPs can cause cardiovascular and pulmonary diseases including lung cancer. Studies exist in the 
literature that addressed the impact of exposure to cooking fumes on the human blood pressure and heart rate. 
However, such studies lack a controlled design of the experiments and showed no attempts towards 
understanding the most influential particle characteristics. Experiments were conducted to study the 
cardiovascular effects of the exposure to UFPs including frying beef on an electric stove and frying chicken on a 
gas stove. Blood pressure (for gas stove cooking) and heart ECG (for the electric stove cooking) were monitored 
before cooking, during cooking and after the end of the cooking up to 30 minutes and two hours, respectively. 
Fifteen non-smoking and healthy volunteers ranged between 18 to 36 years old, participated in the experiments 
using electric stoves and their heart rate were monitored using a clinical ECG. Ten healthy volunteers ranged from 
20 to 65 years old were recruited for the blood pressure study. A questionnaire including a consent form was 
distributed among the volunteers on the day of the interview to exclude ineligible participants. During the 
experiments, PM1, PM2.5 , PM10, UFPs,CO2, Indoor RH, Oil and meat temperature were monitored with time. On 
average no statistically significant changes in the systolic and diastolic blood pressure of the volunteers were 
observed during gas stove frying and up to 30 minutes after the cooking compared to before cooking. For the 
electric stove frying, we found that exposure to cooking fume increased the heart rate. We are performing 
multivariable regression analysis to understand the most influential particle characteristics on the heart ECG and 
the results will be presented to the conference. 
Keywords: aerosol, health, chronic diseases, air quality 
 

PO-60: The Comparative Toxicogenomics Database: Advancing Understanding of 
Environmental Exposures on Human Health 
C. J. Grondin; North Carolina State University, Raleigh, NC. 
 
The Comparative Toxicogenomics Database (CTD; http://ctdbase.org) is a public resource that integrates manually 
curated data on chemical, gene, phenotype, disease, and population-based exposures with functional and 
pathway data to promote understanding of how environmental exposures affect human health. CTD includes data 
on more than 16,000 chemicals, 50,000 genes, 5,000 phenotypes and 7,000 diseases that are arranged in four 
content areas: chemical-gene interactions, chemical-disease and gene-disease relationships, chemical-induced 
phenotypes, and environmental exposures. Exposure content contains details of chemical stressors as they relate 
to human subjects, exposure events, and disease or phenotypic outcomes. Using controlled vocabularies and 
community-based ontologies, these content areas are integrated with each other and with external data sets to 
provide a knowledgebase of over 44 million toxicogenomic relationships for generating testable hypotheses. 
These data can be accessed with custom queries, while user-friendly tools enable comparisons among data, 
enrichment analyses, and custom downloads. We present two case studies which show how CTD can be used as a 
discovery tool: a) construction of molecular mechanisms underlying air pollution-induced cardiovascular diseases 
and b) identification of potential health outcomes associated with chemical constituents of e-cigarette aerosols. 
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CTD’s centralization of exposure data, integration with toxicogenomic, disease and phenotype modules, and 
additional analysis tools provide a unique resource to advance our understanding of the molecular mechanisms of 
action by which environmental exposures affect human health. 
Keywords: air pollutants, other (specify), Toxic/Toxicology, respiratory health, vaping 
 

PO-61: Prediction models for real-time indoor PM10  concentration in daycare center, 
kindergarten, and elementary school 
S. Guak1, K. Kim1, S. Won1, W. Yang2, K. Lee1, A. Bataa1, S. Kang1 
 
1Seoul National University, Seoul, KOREA, REPUBLIC OF, 2Catholic University of Daegu, Gyeongsan, KOREA, REPUBLIC OF. 
 
Indoor is an important environment for personal exposure because people generally spend more than 85% of 
their times in indoors. Especially, children stayed long time in daycare centers, kindergartens, and elementary 
schools. Poor indoor air quality (IAQ) in educational facilities can affect children’s health and impair their 
academic performance. To protect children from the poor IAQ, it is necessary to conduct a study for appropriate 
controlling IAQ in the educational facilities.Objective: The aim of this study was to develop prediction model for 
real-time indoor PM10 concentration at daycare center, kindergarten, and elementary school. Indoor PM10 
concentrations were measured in 54 daycare centers, 12 kindergartens, and 21 elementary schools in Seoul, 
South Korea, using a real-time monitor (AirGuard K) over one year. Multiple linear regression models were 
developed to predict indoor PM10 concentration at daycare centers, kindergartens, and elementary schools. The 
explanatory variables were outdoor PM10 concentration, meteorological data, time, weekday, seasonal variables, 
and interaction effects between a weekday and hours in a day. Four formations (original, ratio of indoor to 
outdoor, root-transformation, and log-transformation) for dependent variables were compared to determine the 
best performance of the model. A 10-fold cross-validation method was used to evaluate the accuracy of 
prediction models. Prediction models with root-transformation were developed to predict indoor PM10 
concentration at each facility evert 10 minute. Daycare centers showed the highest indoor PM10 concentration. 
The R2 of the prediction models were 0.64 at the daycare center, 0.45 at the kindergarten, and 0.43 at the 
elementary school. The 24 h profile of the predicted indoor PM10 was similar to the measured PM10 concentration. 
However, the predicted values were slightly underestimated at high concentrations (>75 μg/m3). We developed 
models to predict indoor PM10 concentration at three educational facilities for children in Seoul, South Korea. 
These models could provide immediate understanding of the poor IAQ without direct indoor measurements. 
Keywords: particulate matter (PM), statistical methods, sensor technology, exposure models, Real-time 
 

PO-62: Non-Occupational Exposures to Risk Factors of Mesothelioma in the French Do-
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L. Guldner1, D. Grange1, S. Audignon2, D. Jezewski-Serra1, A. Rigou1, A. Guillet1, M. Sabastia1, J. Le Moal1, L. Chérié-Challine1, M. Le Barbier1 
 
1Santé publique France (French Public Health Agency), Saint Maurice, FRANCE, 2Université de Bordeaux, BPH Inserm U1219, EpiCEnE-Essat, 
Bordeaux, FRANCE. 
 
Introduction: Around 20% of pleural mesotheliomas in men and 60% in women occur among people never 
occupationally exposed to asbestos. Among these subjects, as among those with non-pleural mesothelioma, it is 
important to search for extra-occupational sources of asbestos exposure and exposure to other risk factors for 
mesothelioma than asbestos. The objective of this study is to describe potential non-occupational exposures to 
different risk factors for mesothelioma among subjects suffering from mesothelioma and without any obvious 
occupational exposure to asbestos.  
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Material and method: As part of the DO-Mésothéliome pilot study, conducted in eight French regions, 78 subjects 
non occupationally exposed to asbestos were included. The diagnosis of mesothelioma (all locations) was made 
between 2013 and 2015 and notified via mandatory notification (MN). Asbestos exposures, as well as other risk 
factors for mesothelioma suggested in the literature (including exposure to other types of fibers or radiations), 
were assessed by questionnaires, expertise and a geographic information system (GIS). For these subjects, non-
occupational exposures related to the proximity with occupationally exposed co-residents (para- occupational 
exposures), DIY activities, home itself, proximity to environmental sources, possible occupational exposures as 
well as medical and therapeutic history are described.  

Results: Among the 78 subjects, 53% had potentially been exposed to asbestos due to the proximity of their living 
areas to environmental sources (<2 km), 46% by para-occupational exposures, 22% by possible occupational 
exposures, 17% through home and 17% through DIY activities. In addition, 20% had a risk of non-occupational 
exposure to mineral wool. In the end, 90% of the subjects had non-occupational exposure to asbestos and/or 
mineral wool, 10% of subjects having no known exposure to fibers. The percentage of cases affected by para-
occupational exposures was higher in women than in men, while possible occupational exposures or those linked 
to DIY activities were more frequent in men. One in 10 subjects had been exposed to ionizing radiation, 
occupationally or for medical purposes.  

Conclusion: This study emphasis the hypothesis of the possible role of para-occupational exposures, DIY activities 
or residential proximity to potential sources of environmental asbestos emissions, among subjects suffering from 
mesothelioma (pleural and non-pleural) without known occupational exposure. The method will be further used 
on a larger number of National Surveillance Program of Mesothelioma (PNSM) subjects and in the future National 
Mesothelioma Surveillance System (DNSM). 
Keywords: epidemiology, geospatial analysis/GIS, ecological exposure, exposure factors, asbestos 
 
PO-63: Exploring Dynamics of Personal Chemical Exposure in China with Wearable Air 
Pollutant Samplers 
P. Guo1, E. Z. Lin1, J. P. Koelmel1, Y. Gao2, F. Deng2, H. Dong2, Y. Liu2, Y. Cha2, J. Fang2, X. Shi2, S. Tang2, K. J. Godri Pollitt1 
 
1Department of Environmental Health Sciences, Yale School of Public Health, new haven, CT, 2China CDC Key Laboratory of Environment and 
Population Health, National Institute of Environmental Health, Chinese Center for Disease Control and Prevention, Beijing, CHINA. 
 
Background:  Understanding dynamics of personal exposure to airborne chemicals has been a challenge. 
Wearable air pollutant monitors are promising approach to characterising these exposures. Using the newly 
developed FreshAir wristband, we conducted a longitudinal study among 80 elderly residents aged 60-69 years in 
Jinan, China, as part of the Biomarkers for Air Pollutants Exposure (China BAPE) study to: 1) evaluate correlations 
across chemical exposures; 2) identify time-varying personal chemical exposures; 3) explore individual variation in 
exposure patterns.   

Method: The FreshAir wristband is a wearable air pollutant passive sampler which was worn by participants for 3 
days each month from September 2018 to January 2019. Similar air samplers were deployed at a fixed location at 
a local outdoor air monitoring station. A novel gas chromatography high resolution mass spectrometry workflow 
was developed for data processing. During the exposure assessment period, personal time-activity and ambient 
temperature were recorded. Spearman’s Rho trend test and trajectory cluster analysis were used to identify 
exposure trends and variation patterns, respectively.  

Results: Out of 76 targeted analytes of the FreshAir wristband, 26 chemicals from 10 chemical classes were 
included in this study (non-detects<30%). Major chemical exposures included nine PAHs, four phthalates, three 
nitroaromatics, and two VOCs. Levels of personal exposures between and within chemical classes were correlated 
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and the strength of these relationships varied by sampling season. Overall, PAH levels increased with decreasing 
temperatures while the inverse relationship was observed for phthalates (|rs|<0.30). Specifically, 1,3-
dichlorobenzene (rs=0.40) and dimethyl phthalate (rs=0.31) decreased with decreasing temperatures significantly. 
In contrast, nitrobenzene (rs=-0.35) and naphthalene (rs=-0.40) increased as temperature went down. Personal 
phthalate exposures were higher than levels measured at the outdoor site (100% time spent outdoor). In contrast, 
personal exposures to hexachlorobutadiene (HCBD) were lower than outdoor site levels. Personal exposure levels 
were weakly associated with daily outdoor time in these chemicals. Principal component analysis identified the 
same time-varying exposures: nitrobenzene, naphthalene, HCBD, BCEE, 1,3-dichlorobeneze, and phthalates. The 
overall seasonal trend of time-varying exposures could be deconvolved into several distinguishable trajectory 
patterns according to different individual variation.  

Conclusion: We present use of wearable air passive sampler to detect a broad panel of personal chemical 
exposures. While extensive correlations among compounds, each class of chemicals exhibited distinct exposure 
trends across ambient temperature. Individuals were further found grouped by exposure patterns that were 
independent of temperature/season variation observed across the population. 
Keywords: air pollutants, air sensor, longitudinal metrics, sampling methods 
 

PO-64: Ensemble-Based Deep Learning for Estimating PM2.5 over California 
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Introduction: Estimating PM2.5  concentrations and their prediction uncertainties at a high spatiotemporal 
resolution is important for air pollution health effect studies. This is particularly challenging for California, which 
has complex variability in natural (e.g, wildfires, dust) and anthropogenic emissions, meteorology, topography 
(e.g. desert surfaces, mountains, snow cover) and land use.  

Methods: We developed a PM2.5  prediction model with uncertainty estimates at a high spatial (1km x 1km) and 
temporal (weekly) resolution for a 10-year time span (2008-2017). We used ensemble-based deep learning and 
fused big data from multiple sources including measured air quality data, remote sensing observations, and 
deterministic model outputs. We leveraged autoencoder-based full residual deep networks to model complex 
nonlinear interrelationships among PM2.5  emission, transport and dispersion factors and other influential 
covariates. These included remote sensing data (MAIAC aerosol optical depth (AOD), normalized difference 
vegetation index (NDVI), impervious surface), MERRA-2 GMI Replay Simulation (M2GMI) output, wildfire smoke 
plume dispersion estimates, meteorology, land use/cover, traffic, elevation, and spatiotemporal trends 
(geocoordinates, temporal basis functions, time index). As a primary predictor of interest with substantial missing 
data in California related to bright surfaces, cloud cover and other known interferences, missing MAIAC AOD 
observations were imputed and adjusted for relative humidity and vertical distribution. Wildfire smoke 
contribution to PM2.5  was also calculated through HYSPLIT dispersion modeling of smoke emissions derived from 
MODIS fire radiative power using the Fire Energetics and Emissions Research version 1.0 (FEER.v1) model.  

Results: Ensemble deep learning, i.e., bootstrap aggregating (bagging) of full residual deep networks achieved 
mean training RMSE of 1.54 μg/m3 (training R2: 0.94) and test RMSE of 2.29 μg/m3 (test R2: 0.87) in PM2.5  
predictions, an improvement of ~>7% in R2 compared to existing models. The top six predictors were M2GMI 
PM2.5  sea salt mass concentration, year, length of major roads, temporal basis functions and M2GMI carbon 
monoxide mixing ratio in the bottom layer. In an independent test during wildfire season at one Los Angeles site, 
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our model achieved a high correlation (>0.8) and a low RMSE (<3 μg/m3), indicating good capture of PM2.5  peaks 
due to wildfire events.  

Conclusion: Our method can be generalized to other regions having a mix of major urban areas, deserts, intensive 
smoke events, snow cover and complex terrains where PM2.5  has previously been challenging to predict. 
Prediction uncertainty estimates can also inform further model development and measurement error evaluations 
in exposure and health studies. 
Keywords: air pollution, particulate matter (PM), exposure models, big data, wildfire smoke 
 

PO-65: Imputation methods for addressing missing data in short-term monitoring of air 
pollutants 
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Monitoring of environmental contaminants is a critical part of exposure sciences research and public health 
practice. Missing data are often encountered when performing short-term monitoring (<24 hours) of air 
pollutants with real-time monitors, especially in resource-limited areas. Approaches for handling consecutive 
periods of missing and incomplete data in this context remain unclear. Our aim is to evaluate existing imputation 
methods for handling missing data for real-time monitors operating for short durations. In a current field-study, 
real-time PM2.5 monitors were placed outside of 20 households and ran for 24-hours. Missing data was simulated 
in these households at four consecutive periods of missingness (20%, 40%, 60%, 80%). Univariate (Mean, Median, 
Last Observation Carried Forward, Kalman Filter, Random, Markov) and multivariate time-series (Predictive Mean 
Matching, Row Mean Method) methods were used to impute missing concentrations, and performance was 
evaluated using five error metrics (Absolute Bias, Percent Absolute Error in Means, R2 Coefficient of 
Determination, Root Mean Square Error, Mean Absolute Error). Univariate methods of Markov, random, and 
mean imputations were the best performing methods that yielded 24-hour mean concentrations with the lowest 
error and highest R2 values across all levels of missingness. When evaluating error metrics minute-by-minute, 
Kalman filters, median, and Markov methods performed well at low levels of missingness (20-40%). However, at 
higher levels of missingness (60-80%), Markov, random, median, and mean imputation performed best on 
average. Multivariate methods were the worst performing imputation methods across all levels of missingness. 
Imputation using univariate methods may provide a reasonable solution to addressing missing data for short-term 
monitoring of air pollutants, especially in resource-limited areas. Further efforts are needed to evaluate 
imputation methods that are generalizable across a diverse range of study environments. 
Keywords: statistical methods, fine particlate matter, air pollutants, susceptible/vulnerable 
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PO-67: Evaluating an appropriate biomarker for flame retardant tris(1-chloro-2-propyl) 
phosphate (TCIPP) in children 
S. Hammel, H. Stapleton, K. Hoffman 
 
Duke University, Durham, NC. 
 
Tris(1-chloro-2-propyl) phosphate (TCIPP) is an organophosphate ester frequently applied to polyurethane foam, 
textiles, and other materials as a flame retardant. Bis(1-chloro-2-propyl) phosphate (BCIPP) is typically measured 
as the primary urinary biomarker for TCIPP, but it is infrequently detected in adult urine and thus often 
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considered unreliable. However, BCIPP is frequently detected in urine samples from younger children, suggesting 
that it could still be effective for monitoring children’s exposure to TCIPP. More recently, bis(2-chloro-isopropyl) 
hydroxy-isopropyl phosphate (BCIPHIPP) was identified as another TCIPP metabolite and is considered to be an 
improved biomarker compared to BCIPP due to its high detection in urine from all age groups. We compiled 
individual urinary biomarker data from children ages 1-73 months recruited from two U.S. cohorts and analyzed in 
our laboratory from September 2014 to January 2018 (n=292). Individual concentrations of BCIPP and BCIPHIPP as 
well as their ratio were examined for changes based on child’s age and demographic characteristics. Both TCIPP 
biomarkers were detected frequently (>80% of all samples). Children’s ages were significantly associated with the 
BCIPHIPP:BCIPP molar ratio, with each month increase in age being associated with a 0.10 increase in the ratio 
(95% CI: 0.08, 0.13; p<0.001). Patterns appeared to be driven by a significant decrease in urinary BCIPP 
concentrations with age (p<0.0001), as the concentration of BCIPHIPP was not significantly associated with age. 
Increased exposure to TCIPP via breastfeeding may contribute to the higher BCIPP observed among the youngest 
children. Alternatively, metabolism differences during the first few years of life, particularly as they relate to 
child’s race/ethnicity, may explain observed patterns. Also, children with a parent who graduated from college 
had a lower ratio (ß = -6.9, 95% CI: -10.6, -3.2; p=0.0003). These results suggest that current analyses utilizing only 
BCIPP as a biomarker could underestimate individual exposures to TCIPP. Further, this study could have broader 
implications for biomonitoring as these results demonstrate that the selection of an appropriate exposure 
biomarker could change based on demographics of the study population. 
Keywords: biomarkers, flame retardants, children, susceptible/vulnerable 
 

PO-68: Young Infants’ Exposure to Organophosphate Esters and Associations with 
Vaccination Responses 
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Duke University, Durham, NC. 
 
Organophosphate esters (OPEs) are applied as flame retardants and plasticizers to many consumer items such as 
home furnishings and children’s products. Little is known about OPE exposure among infants, who are a 
vulnerable population due to their rapid development. Here, we collected spot urine samples from 6-week-old 
(n=100) and 12-month-old infants (n=63), with about half of the infants evaluated at both ages (n=52), to 
characterize OPE exposure and assess factors contributing to higher exposures. In addition, we evaluated serum 
for tetanus and diphtheria antibody titers at 12 months (n=93; among children receiving the DTaP vaccine). Five of 
six OPE urinary metabolites analyzed were detected frequently (>70%). Diphenyl phosphate was detected in every 
urine sample, while bis(2-chloro-isopropyl) phosphate (BCIPP) was the most abundant metabolite measured 
overall. Concentrations of BCIPP and a second tris(2-chloroisopropyl) phosphate (TCIPP) metabolite, BCIPHIPP, 
were significantly greater among 6-week-olds compared to 12-month-olds (p<0.0001). Levels of other OPE 
metabolites were not statistically different in the first year of life. Infants who were currently breastfed had higher 
levels of TCIPP metabolites in their urine, with BCIPP levels 6.2 times higher at 6 weeks and BCIPHIPP 2.2 times 
higher at 12 months (10β=7.2; 95% CI: 1.6-32.1 and 10β=3.2; 95% CI: 1.2-8.1, respectively). After adjusting for 
demographics, each log10-increase in BCIPP concentrations at 12 months of age was associated with a 0.6 IU/mL 
decrease in tetanus antibodies (95% CI: -1.1, -0.02; p=0.04). A similar association was observed for log10-increases 
in urinary BDCIPP measured at 6 weeks and corresponding diphtheria titers (ß= -0.07; 95% CI: -0.11, -0.03; 
p=0.0003). Cumulatively, results suggest levels of OPE exposure are higher for infants than older children, and 
these increased exposures could be associated with indicators of adverse immune function. 
Keywords: children, flame retardants, health, other/general, breast milk 
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PO-69: A Systematic Review of Silicone Wristband Studies with Special Attention to 
Polycyclic Aromatic Hydrocarbon (PAH) Exposure Assessment 
L. Hamzai1, P. Quintana1, E. Hoh1, N. Dodder2, P. Olguin1 
 
1School of Public Health, San Diego State University, San Diego, CA, 2San Diego State University Research Foundation, San Diego, CA. 
 
Exposure assessment is important for connecting exposures to health outcomes, and determining the effects of 
interventions or environmental policies. Silicone wristbands have been shown to absorb a wide range of 
compounds which can later be extracted and analyzed, making them a simple and exciting tool for multi-pollutant 
exposure assessment. One use of silicone wristbands has been to measure personal exposure to polycyclic 
aromatic hydrocarbons (PAHs), including PAHs beyond the EPA 16 Priority PAHs. PAHs are ubiquitous throughout 
the environment and are harmful to human health. Some PAHs are known carcinogens or mutagens. PAHs are 
toxic to pregnant women and children, and, in utero exposure has also been associated with respiratory and 
neurocognitive issues. This review first presents an overview of all studies published to date (n=29) that have used 
silicone wristbands to measure personal exposure in humans. Details such as class of analytes studied (e.g. PAHs, 
pesticides, flame retardants), subjects (e.g. children vs. adults; workers), location, other concurrent 
measurements (e.g. biological, handwipe, or air samples), time of wearing (e.g. hours vs. days), transportation of 
wristbands (e.g. domestic vs internationally shipped) are included and compared. Then, the studies which 
measured PAHs are summarized and discussed (n=14). A list of all PAHs measured and detected using silicone 
wristbands is presented, along with their chemical properties, so that comparisons can easily be made across 
studies. There is a need for this detailed review as multiple studies do not publish all PAHs measured and/or 
detected in the main article but instead publish them as supporting materials. This review can help inform future 
studies to make effective use of wristbands for exposure assessment purposes. Lastly, the frequency of exposure 
detection of PAHs across studies may inform future policies for regulating a wider range of PAHs. 
Keywords: Silicone Wristbands, PAHs, Personal exposure 
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PO-73: Determinants of pesticide concentrations in carpet dust collected from child care 
centers in Northern California 
K. Hazard; University of California, San Francisco, San Francisco, CA. 
 
Studies show pesticide contamination in child care facilities and young children exhibit many exposure-prone 
behaviors, such as contact with floors and hand-to-mouth activity. Young children exposed to pesticides are at risk 
for long-term cognitive, neurological, respiratory, and developmental problems. The objectives of this analysis are 
to (1) determine if pesticide concentrations in dust samples collected from child care classrooms are associated 
with nearby agricultural pesticide use; and (2) determine whether child care program characteristics and 
directors’ self-reported practices are associated with pesticide concentrations in classroom carpet dust samples. 

Data for this analysis come from the UCSF Healthy Children and Environments Study, a randomized-control trial 
comparing changes in pesticide exposure among child care centers assigned to an integrated pest management 
(IPM) intervention compared to an attention control in four Northern California counties. Baseline carpet dust 
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samples were collected using a high-volume surface sampler (HVS3) in 32 child care centers in 2017 and 2018. 
Information on program characteristics came from director interviews and observational checklists. Multivariable 
regression models were developed for the six pesticides with detection frequencies over 50%. Geospatial analysis 
of agricultural pesticide use within a 1 km and 3 km buffer was performed using California Department of 
Pesticide Regulation (DPR) Pesticide Use Report (PUR) data 1-2 years prior to sample collection and was 
proportionally weighted. The multivariate linear regression for bifenthrin showed that higher concentrations in 
carpet dust was associated with building age (β = 0.04, CI 0.01 - 0.07), spraying pesticides within the past year by a 
pest management professional (β = 2.11, CI 0.67 - 3.55), and density of pesticide use within 3 km over previous 
730 days (β = 0.26, CI 0.11 - 0.42). The regression for chlorpyrifos showed that higher concentrations in carpet 
dust was associated with building age (β = 0.02, CI 0.003 - 0.03).This analysis suggests that pesticide levels in 
classroom carpet dust are associated with factors that child care directors may have control over (e.g. the use of a 
pest management professional) and those that are beyond their control (such as building age and proximity to 
agricultural pesticide application). 
Keywords: pesticides, children, exposure factors, regression  
 

PO-74: A Mixed-Methods Project to Explore Heat Exposure for Urban-Dwelling Older Adults 
in Boston: A Pilot Study 
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In order to design the best cities and programs for climate adaptation, it is necessary to consider the needs, 
experiences, and perspectives of those most vulnerable to the effects of a changing climate. With heat events 
increasing in frequency, intensity, and duration, and the number of very hot days predicted to increase 
dramatically, rising temperatures pose an urgent threat to health, especially in cities. The City of Boston’s Age-
Friendly Boston initiative, through the Age Strong Commission, and faculty and a student at Boston University 
School of Public Health partnered to engage a senior center in Boston located in an area urban heat island. We 
recruited 12 seniors to participate in a mixed-methods, participatory action research project to characterize the 
experiences and thermal health needs of a population particularly vulnerable to heat, older adults. Participants 
used temperature sensors to capture personal and in-home temperature measurements, as well as wore 
wristbands to track heart rate, sleep, and physical activity. In addition to these quantitative measures, participants 
used cameras and Photovoice to represent their lived experience and perspectives on heat. Photovoice 
participants characterized heat as a health hazard, identified the barriers and facilitators to coping with heat, 
specifically around cool spaces, air conditioning use, home environments, and the role of community support. 
One such barrier to coping with heat was participants’ perceptions and considerations around their personal 
safety. In one specific example, a participant showed how she uses only a fan on her first floor and an air 
conditioner in her second-floor, for security concerns. At the conclusion of the project, participants shared their 
photos and messages with their community at a public event. These results were also shared with city-level 
stakeholders involved in climate adaptation planning. The quantitative temperature data collection allowed for 
identification of trends and patterns over time, which can be useful for assessing their experiences in coping with 
heat. On average, we observed higher indoor than ambient temperatures, and with smaller diurnal ranges indoors 
than outdoor. In this pilot project, we found that participatory action research provides an important way to 
address vulnerability, by emphasizing the perspectives and experiences of those directly impacted. In the next 
iteration of this work, we plan to scale up as well as expand our communication of results and calls for action. 
Keywords: thermal environment, aging/elderly, climate resilience, public health 
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PO-75: PFHxS and PFNA in California Drinking Water: Potential Notification Levels & 
Implications for Human Exposure 
T. Hoang, B. R. Winters, L. C. Hall 
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In 2019, the California State Water Resources Control Board (SWRCB) began requiring water suppliers to sample 
per- and polyfluoroalkyl substances (PFAS) in California drinking water. The publicly-available results reflect 
drinking water detections and concentrations for 18 PFAS collected over four quarters of sampling. Since the 
SWRCB finalized Notification Levels (NLs) for perfluorooctanoic acid (PFOA) (5.1 parts per trillion [ppt]) and 
perfluorooctanesulfonic acid (PFOS) (6.5 ppt) last year, California water suppliers have taken numerous drinking 
water wells offline due to exceedances of the PFOA and PFOS NLs. These suppliers face millions of dollars in costs 
to either purchase alternative water sources or treat their contaminated supplies. Presently, the SWRCB has asked 
the California Office of Environmental Health Hazard Assessment (OEHHA) to develop NLs for seven additional 
PFAS (perfluorobutane sulfonic acid [PFBS], perfluorohexane sulfonic acid [PFHxS], perfluorohexanoic acid 
[PFHxA], perfluoroheptanoic acid [PFHpA], perfluorononanoic acid [PFNA], perfluorodecanoic acid [PFDA], and 
4,8-dioxia-3H-perflourononanoic acid [ADONA]). These NLs may have wide-reaching implications for California’s 
water supply if additional wells are taken offline due to NL exceedances. In its initial NL recommendations for 
PFOA and PFOS, OEHHA based interim NLs on an existing analysis from the state of New Jersey.  If OEHHA utilizes 
existing drinking water criteria standards from other states for the seven additional PFAS, the agency will find that 
limited toxicity data preclude the development of chemical-specific drinking water criteria for PFHpA, PFDA, and 
ADONA. For the four remaining PFAS, OEHHA may select the most stringent drinking water criterion developed by 
other states to identify interim NLs (ppt) of 18 (PFHxS), 420 (PFBS), 400,000 (PFHxA), and 6 (PFNA). We analyzed 
the SWRCB PFAS drinking water database and found that PFAS concentrations met or exceeded the potential 
interim NLs for two compounds: PFHxS and PFNA. Both PFHxS and PFNA have long half-lives and historic and 
ongoing environmental inputs, leading to their widespread detection in the blood of the U.S. population. The 
potential interim NL exceedances for PFHxS and PFNA NLs occurred in 90 drinking water wells from water system 
providers that serve nearly six million Californians. We will explore the distribution of PFHxS and PFNA in 
contaminated drinking water wells in California and discuss the implications for human exposure. 
Keywords: PFAS, water, PFC 
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The objective of our study was to identify new chemical compounds that indicate the presence of residual 
tobacco smoke and effectiveness of current methods of remediation in homes. Toxic components of tobacco 
smoke, known as thirdhand smoke accumulate in house dust and on surfaces, and persist long after tobacco is 
smoked in the home. Involuntary exposure to thirdhand smoke occurs when these compounds are inhaled, 
ingested or absorbed into skin. Identification of new environmental markers may provide more sensitive and 
robust detection of thirdhand smoke compared to conventional methods, and provide greater knowledge of 
exposure pathways and environmental fate. Remediation effectiveness was tested to ensure that clean-up 
interventions are effectively mitigating thirdhand smoke exposure. Household dust samples collected in thirdhand 
smoke contaminated homes were analyzed to identify chemicals relevant to thirdhand smoke via nontargeted 
analysis and statistical comparisons between thirdhand smoke contaminated household dust samples and control 
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(non-smoker’s homes) dust samples. We identified 15 compounds with the potential to be thirdhand smoke 
markers. These include known tobacco constituents such as nicotine and tobacco alkaloids, but also include 
previously unreported chemical compounds in household dust with known tobacco smoke as a source. We tested 
remediation effectiveness in house dust from low-income multi-unit homes in San Diego County by examining 
these markers before and after remediation by a professional cleaning company. The cleaning intervention 
includes three groups of homes: 1) wet cleaning and then dry cleaning; 2) dry cleaning and then wet cleaning; and 
3) wet and dry cleaning together. Household dust samples were collected prior to the cleaning, right after 
cleaning, one week later and 3 months later. The fifteen chemicals and overall chemical profiles are measured in 
the collected house dust samples. Temporal trend of chemical profiles in household dust samples from the three 
groups are investigated. The information collected from this project can be used to support indoor smoking bans 
and mitigate thirdhand smoke exposure. 
Keywords: environmental tobacco smoke (ETS), analytical methods, built/indoor environment, Nontargeted chemical 
analysis 
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In attempts of capturing the impacts of multiple environmental stressors, environmental indices like the Air 
Quality Index (AQI), Toxic Release Inventory (TRI) and Environmental Quality Index (EQI) have been used to 
investigate environmental quality and its association with public health issues. However, there is a lack of 
examination on their predictive capabilities for health outcomes over large population and multiple years. In 
addition, individual factors are often not considered in such studies. Based on data availability, we assessed the 
predictive capability of these indices for prevalent asthma across 323 - 919 U.S. counties from 2003 to 2012. We 
gathered asthma data from the U.S. CDC Behavioral Risk Factor Surveillance System by county and used 
multivariable generalized linear mixed models to estimate the associations between the environmental indices 
and asthma, adjusting for individual factors such as smoking, income level, obesity, etc.. We found the 
environmental indices offered very weak associations with the health outcomes, while many individual risk factors 
were more substantially associated with asthma. 
Keywords: air pollution, big data, epidemiology, odds ratio (OR) 
 

PO-78: Organophosphate Pesticide Dose Estimation from Spot and 24-hr Urine Samples 
Collected from Children in an Agricultural Community 
C. Hyland1, K. Kogut1, R. B. Gunier1, R. Castorina1, C. Curl2, B. Eskenazi1, A. Bradman1 
 
1Center for Environmental Research and Children's Health, School of Public Health, University of California at Berkeley, Berkeley, CA, 
2Department of Community and Environmental Health, Boise State University, Boise, ID. 
 
Background:  Spot urine samples are often used to assess exposure to organophosphate (OP) pesticides in place 
of “gold standard” 24-hr samples, which are cumbersome to collect. Assessment of non-persistent chemicals, 
such as dialkyl phosphate metabolites (DAPs) of OPs, from spot urine samples may result in exposure 
misclassification that could bias epidemiological analyses towards the null hypothesis. Few studies have examined 
the validity of spot samples to estimate daily OP dose or the potential implications of reliance on spot samples for 
risk assessments.  
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Objective: We examined the validity of using first morning void (FMV) and random non-FMV urine samples to 
estimate cumulative 24-hr OP pesticide dose among children living in an agricultural region.  

Methods: We collected urine samples over seven consecutive days, including two 24-hr samples, from 25 children 
living in an agricultural community. We used urinary DAP concentrations, data on nearby agricultural pesticide 
applications, and daily dietary intake data to estimate internal dose from exposure to a mixture of OP pesticides 
according to the U.S. Environmental Protection Agency Cumulative Risk Assessment guidelines. Dose estimates 
from volume- and creatinine-adjusted same-day FMV and non-FMV spot urine samples were compared to the 
“gold standard” estimates from 24-hr samples.  

Results: Non-FMV samples had relatively weak ability to predict 24-hr dose (R2=0.09-0.38; Root Mean Squared 
Error (RMSE)=0.35-0.43 for total DAPs) and tended to underestimate the percentage of samples exceeding 
regulatory guidelines. For example, 18% of dose estimates based on total DAPs from 24-hr samples exceeded 
regulatory guidelines, compared to 6-12% of dose estimates from non-FMV spot samples, depending on the 
volume adjustment method. The best-fitting models were obtained when either an FMV sample or the arithmetic 
mean of an FMV and non-FMV sample was used to predict the 24-hr dose (R2 for total DAPs=0.40-0.68 and 0.40-
0.80, respectively, depending on volume adjustment method). The best model fit was observed for the mean of 
an FMV and non-FMV sample adjusted for observed 24-hr creatinine excretion (R2=0.80; RMSE = 0.22). 

Conclusion: We found that 24-hr OP dose was best predicted by models including either an FMV sample or the 
arithmetic mean of an FMV and non-FMV sample. Reliance on non-FMV samples for risk assessments may 
underestimate daily OP dose and the percentage of children with dose estimates exceeding regulatory guidelines. 
Keywords: cumulative exposure, pesticides, children, biomonitoring  
 

PO-79: Development of an Exposure-Focused Workflow for Screening Drinking Water 
Contaminants of Concern 
K. Isaacs1, J. Wall1, K. Dionisio1, J. Wambaugh1, M. Linnenbrink1, J. Lambert1, A. Singh1, A. Williams1, H. Goeden2, C. Greene2 
 
1Center for Computational Toxicology and Exposure, U.S. Environmental Protection Agency, Research Triangle Park, NC, 2Minnesota 
Department of Health, St. Paul, MN. 
 
The number of chemicals present in the human environment far exceeds the capacity of government bodies to 
fully characterize their risk. Therefore, scientifically sound processes are needed for screening chemicals and 
prioritizing them for further assessment. The Minnesota Department of Health (MDH), under its Contaminants of 
Emerging Concern (CEC) initiative, uses a standardized process to screen potential drinking water contaminants 
based on exposure potential. Recently, MDH partnered with the U.S. EPA Office of Research and Development 
(ORD) to accelerate this process via development of an automated workflow to collect and report relevant 
exposure data, including New Approach Methodologies (NAMs) for exposure from ORD’s ExpoCast project and 
other relevant chemical data included in ORD’s CompTox Chemicals Dashboard. The workflow incorporated 
information from 23 broad data sources, covering chemical identify and use, property, emission and disposal, 
environmental occurrence, and human exposure domains. The workflow also incorporated data sources and 
criteria specific to MDH’s regulatory authority. The collected data were used to score chemical candidates using 
quantitative algorithms previously developed by MDH. The new workflow was tested via application to 14 
chemicals currently undergoing screening by MDH and 10 data-rich chemicals that were previously manually 
evaluated. This proof-of-concept study confirmed agreement between the automated and manual results for 
most of the data domains; however, additional environmental monitoring data sources that would improve 
concurrence were identified. This workflow will allow MDH health scientists to speed up screening evaluations 
and expand the number of chemicals assessed, freeing resources to complete the more complex aspects of 
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exposure assessment. When fully developed, the automated workflow will be applied in the future to screen large 
libraries of chemicals relevant to MDH for identification of chemical candidates for further hazard and risk 
assessment. 
Keywords: chemical prioritization, exposure models, water, environmental policy 
 
PO-80: Informatics-Based Approaches for Managing and Curating Exposure Data 
K. Isaacs1, D. Lyons1, J. Wall1, A. Larger2, L. Koval2, A. Jackson2, B. Horton2, A. Williams1, C. Grulke1 
 
1Center for Computational Toxicology and Exposure, U.S. Environmental Protection Agency, Research Triangle Park, NC, 2Oak Ridge 
Associated Universities, Oak Ridge, TN. 
 
Exposure data, including chemical use and consumer product information, are required to inform chemical 
prioritization workflows and other assessments. As such the demand for transparent, curated, and high-quality 
exposure data is increasing. Under EPA’s ExpoCast project, new informatics-based methods and tools are being 
developed to facilitate collection, curation, and management of exposure-relevant information. We present here 
ChemExpoDB, an integrated family of exposure databases linking data across multiple exposure domains. A web-
based software application (called Factotum) has been developed to facilitate manual and automated 
management and annotation of data included in ChemExpoDB. Currently ChemExpoDB includes nearly 470,000 
primary source documents linked to >3.5 million chemical records, each containing consumer product 
composition, functional use, or general chemical use information. Reported chemical identifiers were curated to 
unique chemical substances (identified by DTXSIDs in the EPA CompTox Chemicals Dashboard; 
https://comptox.epa.gov/dashboard) using automated and manual techniques. The Factotum application allows 
for tracking of data extraction processes, documentation of randomized QA checks, and tracking of the original 
chemical records mapped to over 25,000 DTXSIDs. Machine learning-based natural language classifiers are being 
used to assign documents associated with consumer products to standard categories for linking with exposure 
models. In addition, elastic search algorithms have been implemented for rapidly identifying documents relevant 
to evaluation of individual chemicals. The ChemExpoDB/Factotum framework is being expanded to incorporate 
additional exposure data domains, including multimedia monitoring measurements, exposure factor data (e.g., 
consumer product use data), and benchmarked model predictions; webservices have also been developed to 
deliver these data to stakeholders. These tools can increase the volume, scope, and quality of chemical 
information available for use in Agency decision-making. 
Keywords: chemical prioritization, consumer and personal care products, artificial intelligence (AI), exposure factors 
 

PO-81: Communities at the US-Mexico border potentially affected by particulate pollution 
associated with the San Ysidro and Otay Mesa Ports of Entry at the US-Mexico border 
L. Jaime1, E. Austin2, J. Castillo Quiñones3, P. J. Quintana1, B. Caceres1, J. Shirai2, C. Huang2, A. Amador4, S. Vega4, E. Seto2 
 
1San Diego State University, San Diego, CA, 2University of Washington School of Public Health (UW), Seattle, WA, 3Facultad de Ciencias 
Químicas e Ingeniería de la Universidad Autónoma de Baja California (UABC),, Tijuana, MEXICO, 4Casa Familiar, San Diego, CA. 
 
High levels of air pollution are a concern along both sides of the US-Mexico border. One major pollutant with 
significant sources along the border is fine particulate matter (PM2.5). The Ports of Entry (POEs) at the San Diego-
Tijuana interface bring high levels of vehicular traffic through local communities, in addition to long lines of idling 
vehicles waiting to cross the border. The San Ysidro POE (SYPOE) is the busiest passenger border crossing in the 
world, while the Otay Mesa POE is the second busiest commercial POE along the US-Mexico border, but routine 
governmental air pollution data is not collected at these locations. We utilized two low-cost monitors, the 
University of Washington (UW) Community Air Monitor and a commercial monitor (Edimax EdiGreen Airbox, 
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Taipei, Taiwan), both of which transmitted real-time pollution, temperature, and relative humidity data over a 
cellular or Wi-Fi network. Hourly PM2.5 data was also obtained from San Diego Air Pollution Control District at the 
Donovan site close to Otay Mesa. We examined hourly PM2.5 from intermittent time periods between 2/1/2019 
through 12/15/2019 from monitors located at the SYPOE, Otay Mesa POE and the La Mesa government air quality 
monitoring site in Tijuana. Forward trajectories of pollution originating at the Otay Mesa and SYPOE’s were 
plotted for all months in 2019 using the SplitR package for Rstudio® a statistical program which uses NOAA-
HYSPLIT to determine locations near the border that could be disproportionately affected by PM2.5 from idling 
vehicles from the Otay Mesa and SYPOEs. Overall, for months when comparisons between sites were available 
(April - September 2019), PM2.5 concentrations at the Otay Mesa POE (median, 25th-75th percentiles) were 47% 
greater than Donovan (16.6 µg/m3, 12.3-24.4 µg/m3 vs. 11.3 µg/m3, 8.0-15.8 µg/m3) and 38% greater than La 
Mesa (12.0 µg/m3, 9.3-16.0 µg/m3), with the highest median in July 2019 (19.0 μg/m3). PM2.5 concentrations at 
the SYPOE (13.3 µg/m3, 10.3-17.4 µg/m3) were 16% greater than Donovan and 9% greater than La Mesa, with the 
highest median in July 2019 (15.7 μg/m3). Based on forward trajectory analysis, both sides of the border can 
receive pollution arising from either POE. Trajectories indicate that the Otay Mesa and SYPOEs most heavily 
impact the US community of San Ysidro from December to February, and south/southeast Tijuana during the 
summer months. Reductions in the border wait times and reductions in commercial vehicle emissions, such as 
particle filters, would reduce community exposures in the region. 
Keywords: air quality sensor, environmental justice, community, particulate matter (PM), US-Mexico Border 
 

PO-82: Evaluation of Air Pollutant Reduction Efficiency by Air Purifier Based on Bioaerosols 
in Hospital Spaces 
H. Jeon, J. Kim, J. Sohn, J. Kim, J. Choi 
 
Korea University, Seoul, KOREA, REPUBLIC OF. 
 
According to the recent results of indoor air quality guidance (2016-2017) conducted by the Ministry of 
Environment in Korea, total airborne bacteria (82.3% and 149 cases) were the highest among facilities exceeding 
the maintenance standards for each pollutant, raising the importance of indoor air quality in hospitals. In 
particular, interest in the hospital environment is increasing as it is a place where patients who are relatively 
vulnerable to pollutants live. This research aims to evaluate the on-site application of air purifiers in hospitals 
facilities, and the basis for implementation is based on Article 3 of the Enforcement Rules of the Indoor Air Quality 
Control Act(Ministry of Environment, Korea). Indoor air pollutants we measured for the field application 
evaluation are fine dust, total airborne bacteria, fungi, temperature and humidity. And the measuring equipment 
for each pollutants is Grimm Dust Spectrometer(model 1.108), Mars-10 and HOBO MX 101. In the case of 
particulate matter, the change can be seen through light-scattering measurement, and in the case of bio-aerosols 
(total airborne bacteria, fungi) they were collected, cultivated and quantified by the collision method specified in the 
Indoor Air Quality Process Test Standards(Ministry of Environment, Korea). In the case of temperature and humidity, 
data were collected to be converted into CFU(Colony Forming Unit) after bio-aerosol incubation and counting. 

The measurement location was designated as two waiting rooms for medical treatment in Korea University's 
Anam Hospital (Department of Internal Medicine and Ophthalmology) and two general rooms (five-person rooms, 
six-person rooms) where patients live, and the measurement was conducted by dividing the time zones before 
and after the operation of the air cleaner. Time zones were divided before and after the operation of the air 
cleaner to examine the changes in the concentration of particulate matter(PM10, PM2.5) and bioaerosol. 
Keywords: air cleaning, air pollutants, particulate matter (PM), built/indoor environment 
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PO-83: Application of low-cost sensor devices for monitoring indoor air quality in hospital 
N. Jeong, J. Seo, J. Kim, J. Sohn 
 
Korea University, Seoul, KOREA, REPUBLIC OF. 
 
As increasing the interest in indoor air quality, the numerous devices, which are low-cost and wireless, to monitor 
indoor air quality in real-time have come into the market. Although the accuracy of their value is poor, compared 
with conventional measurements, the use of them has beneficial due to simultaneously monitoring rapid variation 
of concentration in multi-site. Therefore, we assessed the utility of low-cost sensor devices for detect the spatio-
temporal variation of indoor air pollutants. We installed them in multi sites of a general hospital, which included 
the lobby, the outpatient spaces and patient's room. We monitored contaminants for four season in 1-minute 
intervals. They showed that each pollutant had different changing patterns according to the location, time and the 
number of occupants. Therefore, we confirmed that by analyzing the spatio-temporal variations with big data 
obtained from low-cost sensor devices we could figure out the transition of pollutants and manage the indoor air 
quality with their information. 
Keywords: air quality sensor, aerosol, built/indoor environment 
 

PO-84: Exposure assessment using Normalized Difference Vegetation Index (NDVI): The 
impact of methodological decisions on greenness exposure misclassification 
R. B. Jimenez, P. Fabian 
 
Boston University School of Public Health, Boston, MA. 
 
Background: Environmental health research analyzing the relationship between urban vegetation and health 
commonly use remote sensing derived Normalized Difference Vegetation Index (NDVI) to assess greenness 
exposure. In this study, we analyze how methodological decisions regarding spatial resolution of data, aggregation 
areas, and variable construction impact greenness exposure assessment using NDVI and its potential for exposure 
misclassification.  

Methods: Greenness exposure for 31,328 children between 5 and 18 years old living in the Greater Boston Area 
during 2016 (MA, USA) was estimated using summer NDVI from four remote sensing data products: MODIS 
(250m), Landsat 8 OLI/TIRS (30m), Sentinel 2 (10m), and the National Agricultural Imagery Program (NAIP, 1m). 
We derived exposure estimates for each data product across buffers of 50m, 250m, 500m, and 1000m radii using 
two approaches for treating NDVI negative values prior to aggregation: setting negative values to zero and 
retaining negative values. Categorical exposure variables were created using four different quantile cutoff 
structures, following methods used in epidemiological studies. We adopted an inter-rater reliability assessment 
framework to quantify differences in participants’ exposure estimates across NDVI data products. Absolute 
agreement and consistency between continuous estimates were evaluated using intraclass correlation 
coefficients derived from two-way mixed models. Absolute agreement between categorical estimates was 
evaluated using Light’s kappa.  

Results: NAIP data presents lower estimates compared to Sentinel-2, Landsat 8, and MODIS data, regardless of 
buffer size and treatment of negative values. For continuous exposure estimates in general, absolute agreement 
was poor (ICC less than 0.5) while consistency ranged from fair (ICC: 0.5-0.75) to excellent (ICC greater than 0.9), 
with both agreement and consistency improving with increasing buffer size. However, when negative values were 
set to zero, absolute agreement decreased and consistency improved. In general, agreement in categorical 
estimates increased with buffer size and lower number of categorical cutoffs, with the lowest agreement 
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observed for quintiles at 50m buffer, and the highest agreement, for median at 1000m buffer. However, Light's 
kappa values were lower when negative NDVI pixels were not set to zero.  

Conclusion: Greenness exposure estimates are not invariant to spatial resolution of NDVI data, data treatment, 
aggregation area, and categorical structure of variables. Exposure estimates are most sensitive at smaller buffer 
sizes and greater number of categorical cutoffs. Researchers should consider the impact of methodological 
decisions on greenness exposure assessment in study design in order to reduce the risk of exposure 
misclassification in environmental health studies. 

 
Keywords: built/indoor environment, environmental health, spatial, Greenness, Normalized Difference Vegetation Index 
 

PO-85: Screening for Chemical Sources in Building Materials Using the Pharos Database 
R. D. Johnson; Healthy Building Network, St. Paul, MN. 
 
In the U.S. people spend about 90% of their time indoors. Identifying sources of chemical exposures in the indoor 
environment often involves a degree of guesswork. Air and dust samples contain pollutants from multiple 
sources, and knowledge of potential emissions sources is key to mitigating exposure to harmful chemicals. 
Chemical data on building materials including flooring, insulation, paints, countertops, and woodwork were 
collected from over 5,000 publicly available sources. The sources included but were not limited to safety data 
sheets, Health Product Declarations, Declare labels, Environmental Product Declarations, and patents. These data 
were summarized into data records for 151 building products that are publicly available in Healthy Building 
Network’s Pharos database. This presentation will cover how these data records can be used to quickly identify 
potential sources of chemical exposures. It will demonstrate how Pharos can be used to identify materials that 
have fewer health hazards associated with them. It will also cover how Pharos can be used to explore some of the 
hidden environmental costs of using different types of building products. These costs may manifest as the release 
of ozone-depleting substances or greenhouse gasses during production, or as health hazards to workers and local 
communities where the raw materials are extracted or manufactured into products. 
Keywords: building materials, built/indoor environment, hazard assessment 
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PO-86: Collecting Self-Reported Information on Intermittent Agricultural Activities Using 
Smartphones 
P. Josse1, S. Locke1, H. Bowles1, J. Moon2, L. Beane-Freeman1, J. Hofmann1, M. Friesen1 
 
1National Cancer Institute, Rockville, MD, 2MEI Research, Edina, MN. 
 
Objective: We developed and deployed a smartphone activity logging application (app) to evaluate the feasibility 
of using smartphones to collect real-time information on intermittent agricultural activities and to characterize 
agricultural task variability. 

Methods: We contacted 143 male Iowa farmers, aged 50-60 years who had previously participated in the 
Biomarkers of Exposure and Effect in Agriculture Study by mail followed by phone call to determine eligibility 
(farm ≥2 days/week for ≥4 hours/day during peak farming seasons and use smartphone frequently) and 
willingness to participate. Farmers were asked to participate in a training phone call and then to log their farming 
activities on 24 randomly selected days over 6 months. We characterized factors related to eligibility and 
participation and evaluated task variability. 

Results: Sixteen farmers were not reached or refused eligibility questions. Of the 69 ineligible farmers, 59 were 
related to low smartphone use. Of the 58 eligible farmers, 39 refused to participate because of uneasiness with 
the app (14), time commitment (12), both (6), or not interested/other (7). Nineteen farmers participated; 14 
participated through 12 weeks of the study and 12 through the end. We received 283 daily farming activity logs 
≥30 minutes in duration. The median proportion of the assigned logs completed by a participant was 75% 
(interquartile range, IQR: 21-88) with a median log duration of 620 minutes (IQR: 480-880). Farmers submitted 
85% of the logs on the day farming activities were conducted. Overall, 1,365 activities were submitted, with a 
median of 4 activities per log (maximum 17). Over 90% of activities were submitted on the day they were 
conducted. The most frequently reported categories of farming activities were animal work (36%), transportation 
(12%), crops (10%), equipment (9%), building and miscellaneous work (5%), and pesticide/fertilizer application 
(3%). The median duration per activity was 70 minutes (IQR: 30-150). The three activities that were longest in 
duration were mixing/loading pesticides, applying pesticides, and planting crops with a median duration of 550, 
550, and 480 minutes, respectively. The three shortest activities were collecting/storing eggs, fueling farm 
equipment, and checking corn bin with a median duration of 20 minutes for each of these activities. 

Conclusion: Modest participation was largely due to low smartphone use and uneasiness with the app, which may 
be specific to this older population. Among those who participated, we observed good compliance with the 
activity logging protocol. Logs captured most of the farming day and reflected substantial variability in tasks. 
Keywords: occupational exposure, sampling methods, exposure factors, smartphone 
 
 
PO-87: Usage Patterns of Food and Beverage Products in Korean Population 
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Food containers and packages were commonly used for various food and beverage products. They were made of 
various materials like plastics, paper and metals. This study was conducted to determine the usage patterns of 
food and beverage products in Korean population. Usage patterns for 5 kind of food products (cup noodle, paper 
packed food, vinyl packed food, plastic packed food, canned food) and 6 kind of beverage products (plastic cup 
drink, paper cup drink, vinyl packed beverage, pouch drink, plastic bottle drink, can drink) were collected through 
face-to-face interview of 1,001 adult participants. Participants were selected by proportional random sampling for 
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national representative data. User rate and use frequency of the products were calculated. User rates in can 
drink, plastic cup drink, and paper cup drink were higher than other products. Older participants had lower user 
rate in all food and beverage products except vinyl packed beverage. Use frequency was higher in beverage 
products than food products. Older participants had lower use frequency in all food products except canned food. 
Usage patterns of food and beverage products were not different by gender. This study presented the usage 
patterns of food and beverage products in Korean population. The data could be useful for chemical exposure 
assessment related to food contact materials. 
Keywords: exposure factors, food containers, food contact materials 
 
PO-88: Characteristics of disinfectants against List A livestock diseases and COVID-19 
D. Kim, M. Lim, K. Lee 
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Foot-and-Mouth Disease (FMD), Avian Influenza (AI), and African Swine Fever (ASF) were serious livestock 
diseases categorized as List A by the Korea Law Information Center. Coronavirus Disease-19 (COVID-19) pandemic 
has caused the death of 490,000 people over the world as of June 2020. Animal and Plant Quarantine Agency of 
Korea and Korea Centers for Disease Control and Prevention are providing ingredient information and usage 
instructions of disinfectants against those infectious diseases. The purpose of this study was to provide 
information of chemical ingredients in those disinfectant products against List A livestock diseases and COVID-19. 
The public website of Animal and Plant Quarantine Agency of Korea was searched for efficacy certified 
disinfectant products against List A livestock diseases. Disinfectant products against COVID-19 was provided by 
the Korea Centers for Disease Control and Prevention. The 216 disinfectant products against List A livestock 
diseases were classified by mode of action into 5 categories of acidic, oxidic, aldehydic, alkaline, and etc. There 
were 89 acidic (41%), 88 oxidic (41%), 30 aldehydic (14%), 3 alkaline (1%), and 6 etc (3%) disinfectant products. 
The 76 disinfectant products against COVID-19 were classified by major chemical ingredients into 5 categories of 
benzalkonium, peroxide, alcohol, chlorine, and phenol. There were 60 benzalkonium (79%), 7 peroxide (9%), 6 
alcohol (8%), 2 chlorine (3%), and 1 phenol (1%) disinfectant products. The common livestock disease disinfectant 
products were based on acidic or oxidic actions. The common COVID-19 disinfectant products were benzalkonium 
compounds. Since the disinfectants included many chemicals, understanding of chemical characteristics could be 
critical to prevent unintended human exposure or environmental exposure. 
Keywords: Infectious Disease, Disinfecting chemicals 
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A study of firefighter exposures to combustion products was conducted with the cooperation of the Puget Sound 
RFA. Participants in the study were on regular duty, and were trained to self collect skin wipe samples. Post-fire, 
pre-wash skin PAH loads and post field-wash skin PAH loads were statistically elevated compared to background 
(off-duty) skin samples. This is affirmative evidence that firefighters do experience measurable dermal exposure 
to carcinogenic PAHs (on faces, necks and hands) during fire suppression and that field decontamination 
strategies employed here were not 100% efficient. However, no-wash samples were also found to be statistically 
elevated over field-wash samples, indicating reduction of contamination by field washing. The superiority of 
either decontamination method employed here (soap and water or baby wipe) could not be statistically 
established. When comparison was restricted to persons who indicated interior attack as their primary duty at the 
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fire scene, a significant difference was again found between no-wash and wash (pooled soap and water and baby 
wipe) samples. The apparent reduction in recoverable skin load of carcinogenic PAHs (expressed as 
benzo[a]pyrene equivalents) in this sub-population was roughly 80% at the mean and 50% at the median. This is 
consistent with an expectation that removal efficiency would increase at higher loads. No regulatory method has 
been established for estimation of skin cancer risk due to PAH exposure. Nevertheless, an approximation was 
made here based on extrapolation from available mouse dose response data. Results suggest that risks of short-
term post-fire contamination of skin by PAHs are not negligible, but can be reduced via hygienic practice. 
Keywords: dermal exposure, decontamination, firefighter, PAH 
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Arbor, MI. 
 
The Reducing Air Pollution in Detroit Intervention Study (RAPIDS) was designed to evaluate cardiovascular health 
benefits and personal PM2.5 exposure reductions via indoor portable air filtration units among senior citizens in 
Detroit, Michigan. This double-blind randomized crossover intervention study has shown that compared to sham, 
air filtration for 3 days decreased 3-day average brachial systolic blood pressure by 3.2 mmHg. The results showed 
that HEPA-type and true HEPA air filtration units mitigated median indoor PM2.5 concentrations by 58% and 65%, 
respectively. A source apportionment analysis was recently completed using a positive matrix factorization model 
on outdoor and indoor PM2.5 data collected during the study. The major sources for outdoor PM2.5 were 
secondary aerosols (34%), traffic (29%), iron/steel industries (18%), sewage/municipal incineration (12%), and oil 
combustion/refinery (7%). The major indoor sources were organic compounds (56%), traffic (17%), secondary 
aerosols (16%), smoking (9%), and iron/steel industries/urban dust (2%). Infiltration of outdoor PM2.5 for sham, 
HEPA-type and true HEPA air filtration was 69%, 49% and 40%, respectively. The results of this study provide 
insights into what types of major PM2.5 sources this community is exposed to and what levels of air quality and 
systolic blood pressure improvements are possible in a real-world setting through the use of economical portable 
air filtration units. 
Keywords: particulate matter (PM), air pollution, intervention 
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Collins, CO. 
 
Purpose: Household air pollution (HAP) from solid fuel use remains a large public health concern in the developing 
world. Carbon monoxide (CO) is often used as a surrogate for PM2.5, especially for personal samples, due to the 
relative ease of sample collection when compared to PM. The HAPIN (http://www.hapintrial.org/) randomized 
controlled trial measures the effects of an intervention package (liquefied petroleum gas (LPG) stove, fuel, and 
behavior change messaging) on personal CO exposure and health outcomes in India, Guatemala, Peru, and 
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Rwanda. Mid-trial, we observed poor agreement between duplicate CO measurements from calibrated Lascar 
real-time exposure monitors. We hypothesized that the low agreement is attributable to specific artifacts that can 
be visually identified in CO time-series plots. Design: To classify the validity of CO time-series, 14 HAPIN 
investigators reviewed 120 twenty-four-hour time series plots of 60 duplicate personal exposure concentration 
measurements. For each plot, they completed a survey to provide their opinion of artifact presence (yes, no, or 
maybe) and a description of the potential anomaly (e.g. long extended hills instead of short-term spikes when 
cooking). We compared the Pearson correlation between duplicates before and after restricting the dataset to 
measurements that did not contain observable artifacts according to majority of raters. Following, the 14 
investigators were unblinded to work to standardize the themselves and establish specific criteria to assess future 
plots. All uncalibrated CO data was log transformed to assess Pearson Correlation between duplicates. No 
statistically significant difference was found using calibrated versus uncalibrated data. Results: Twenty-three 
(38%) duplicate pairs had a percent difference in average CO level greater than 50%. Prior to visual inspection, the 
full dataset of duplicates had a correlation of 0.56. After removing duplicate pairs that were flagged as 
anomalous, we found 15 pairs (30%) with percent difference greater than 50% and removed them. The 
correlation of the remaining pairs increased to 0.87.Conclusions: CO is strongly correlated with PM2.5 and 
childhood pneumonia, therefore, accurate CO measures are valuable in HAP exposure assessment and related 
HAP epidemiologic studies of health. Our preliminary data suggests that we may be able to reduce CO 
measurement error in HAPIN through the approach described above. We are exploring the development of an 
automated algorithm that flags CO plots with potential artifacts based on observations made by our 14 reviewers. 
These findings could have direct implications for this and other studies using the Lascar monitor or other 
electrochemical CO dataloggers. 
Keywords: air pollutants, air quality sensor, epidemiology, environmental health 
 

PO-92: Spatio-Temporal Analysis of the Roadside Transportation Related Air Quality and 
Neighborhood Characterization 
J. Kwon1, Y. Ahn1, S. Chung1, E. M. Noth2, K. Zografos1, J. Capitman1, S. Hammond2 
 
1California State University, Fresno, Fresno, CA, 2University of California, Berkeley, Berkeley, CA. 
 
To promote active transportation modes (such as bike ride and walking), and to create safer communities for 
easier access to transit, it is essential to provide to the public that the consolidated data-driven transportation 
information. The relevant and timely information from data facilitates the opportunity for improving decision-
making processes for the establishment of public policy and urban planning for sustainable growth and promoting 
public health in the region. For the characterization of the spatial variation of transportation-emitted air pollution 
in the Fresno/Clovis neighborhood, various species of particulate matters emitted from traffic sources were 
measured using real-time monitors and GPS loggers at over 100 neighborhood walking routes within 58 census 
tracts from the previous research, Children’s Health to Air Pollution Study - San Joaquin Valley (CHAPS-SJV). 
Neighborhood air pollution data show that PM2.5 and PAHs were significantly higher in neighborhood walking air 
samples compared to indoor air or Garland data. The simultaneous measurements in two neighborhoods which 
are distinctively different areas (High diesel High poverty vs. Low diesel Low poverty) showed that the higher 
pollution levels were observed when more frequent vehicular activities were around the neighborhoods. The 
sharp elevations of air pollutant concentrations were observed when the air pollutant monitors were closer to 
roadways with high volume of vehicles. Neighborhood walking air samples were influenced by immediate 
roadway traffic conditions, such as encounters with diesel trucks, approaching in close proximity to freeways 
and/or busy roadways, passing cigarette smokers, and gardening activity. 
Keywords: air pollution, spatial, particulate matter (PM) 
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PO-93 - WITHDRAWN  

 
PO-94: Changing patterns of human chemical exposures in Korea 
J. Lee1, E. Ha2, C. Lee1, J. Yoo1 
 
1National Institute Of Environmental Research, Incheon, KOREA, REPUBLIC OF, 2Ewha Womans University, College of Medicine, Seoul, 
KOREA, REPUBLIC OF. 
 
Background: The demand of biomonitoring continues to rise as the number of chemicals in the marketplace 
increases. National biomonitoring program can is a useful tool in assessing Korean population exposure to chemicals 
in the environment. With limited number of studies evaluating types of chemical mixtures, this study investigated 9 
years exposure patterns through national biomonitoring program to pursue the exposure complexity over general 
population and to assess multipollutant exposure burden.  

Methods: We obtained data from the Korean National Environmental Health Survey from all cycles (2009-2011, 
2012-2014, 2015-2017) and total of 16,576 adult participant (19 and older) were included. All subjects were sampled 
for urinary levels of mercury, cadmium, polycyclic aromatic hydrocarbon(PAH) metabolites, volatile organic 
compound(VOC) metabolites, phthalate metabolites, parabens, environmental phenols, pyrethroid metabolite and 
cotinine. Additionally, blood lead and blood mercury levels were measured. In total, 26 chemicals were included in 
the analysis. We conducted several exposure load calculations with binary values for each individual analyte with 
different chemical groups and thresholds(limit of detection(LOD), 50th, 75th ,95th percentile). 

Results: Using LOD as exposure thresholds, 20% of all participants(age 19 to 91) were exposed to more than 17 
chemicals. With 50th, 75th ,95th percentile thresholds, 20% of each population were exposed to more than 14, 9 and 2 
chemicals, respectively. For all cycle, cadmium was the most frequent chemical in the highest exposure group(95th 
percentile) but mercury was a close second for the first cycle, environmental phenols were prevalent for the second 
cycle and phthalate metabolites were common for the for the third cycle. Overall, 35% of all population had more 
than at least one heavy metal(mercury, lead, cadmium) exposure but it subsided over the years; 38% in the first 
cycle, 30% in the second cycle, and 28% in the third cycle. 

Conclusions: These results can assess multipollutant exposure burden assessment, especially for the highly 
susceptible population and can strengthen national chemical management practice providing policy guidance. 
Keywords: biomonitoring, exposure factors, exposure models 
 

PO-95: Suspect screening of environmental chemicals in urine of Korean adult 
N. Lee1, H. Moon2, J. Park3, Y. Kho4, S. Kim1 
 
1Seoul National University, Seoul, KOREA, REPUBLIC OF, 2Hanyang University, Ansan, KOREA, REPUBLIC OF, 3Soonchunhyang University, 
Ansan, KOREA, REPUBLIC OF, 4Eulji University, Seongnam, KOREA, REPUBLIC OF. 
 
[Background/Aims]:Many countries adopted nationwide biomonitoring programs (NBP) to check status and trends of 
exposure to environmental chemicals among the general population. Most NBPs measure exposure biomarkers of the 
chemicals, which were pre-determined for public health and chemical management. However, peoples are exposed to 
various other chemicals. In the present study, we aimed to identify emerging chemicals with suspect screening in 
strored samples of a Korean NBP project. 
[Methods]: About 10% of urine samples were selected from adult participants (n = 3787) to the Korean National 
Environmental Health Survey (KoNEHS), a nationwide cross-sectional biomonitoring survey, conducted for 2015-2017. 
The individual samples (n = 398) were stratified by age and sex, and combined into 40 pooled samples (9-10 individual 
urine samples per 1 pooled sample) for analysis. The suspect lists were constructed from exposome researches 
database: Exposome-Explorer, Toxin and Toxin Target Database and analytes of US National Health and Nutrition 
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Examination Survey, Canadian Health Measure Survey and KoNHES. We compared the detected spectra and the 
monoisotopic mass values in the suspect lists of candidate exogenous environmental chemicals. Sample preparations 
were adopted from the measurement methods for three groups of endocrine disruptors: phthalates, phenols, 
organophosphates. The ultra-performance liquid chromatography-quadrupole time-of-flight mass spectrometry (UPLC-
qTOF/MS) was utilized for determination.  

[Results]: Analytes’ spectra were compared to those of the suspect list (n = 1958). Finally, twenty-six exposure 
biomarkers were identified after confirmation with chemical standards (e.g. parabens, polycyclic aromatic hydrocarbon 
metabolites, organophosphate metabolites). Most compounds were detected evenly by sex and age, but some differed 
by group. 

[Conclusions]: We found environmental chemicals, confirmed by reference standards, which could be potential 
candidate analytes of next KoNEHS. Suspect screening could support reasonable criteria of chemical selection for NBPs. 
Keywords: biomarkers, biomonitoring, environmental health, environmental policy, suspect screening 
 

PO-96: Renal function impairment in relation to NO2 exposure: A prospective study of older 
adults without chronic kidney disease 
A. Li, Y. Mei, M. Zhao, J. Xu, J. Zhao, Q. Zhou, X. Ge, Q. Xu 
 
Chinese Academy of Medical Science, Beijing, CHINA. 
 
Objective: We evaluated the impact of ambient air pollution exposure on renal function among older adults with 
non-chronic kidney disease (non-CKD) in real-world exposure scenarios.  

Methods: We conducted a longitudinal study on a triple repeat basis of 169 older adults with non-CKD in Beijing, China 
from 2016 to 2018. The Modification of Diet in Renal Disease (MDRD) equation and the Chronic Kidney Disease 
Epidemiology Collaboration (EPI) equation were both used to derive estimated glomerular filtration rate (eGFR). A 
linear mixed effects model with random effects was employed to quantify the effects of air pollutants across a 
comprehensive set of renal functions evaluated according to eGFR and urinary albumin/creatinine ratio (UACR).  

Results: Alterations of eGFR (by both MDRD and EPI equation) were inversely associated with interquartile range 
(IQR) increases in PM10  and NO2 . After possible confounding factors were controlled for, the association between 
PM10  and eGFR disappeared. However, the results for NO2  exposure remained consistent, and eGFR 
monotonically decreased as NO2 concentrations increased. An IQR increase in NO2  was associated with a 
significant decrease of 2.84% (95% CI: −5.52, −0.08) in eGFR (MDRD equation) and 1.44% (95% CI: -2.76, -0.10) in 
eGFR (EPI equation) at 7 days prior to measurement. Stratification analysis of health status and participant 
characteristics indicated stronger associations in those diagnosed as having hypertension or diabetes.  

Conclusions: Our findings suggest that NO2  exposure is associated with eGFR reduction among older adults with 
non-CKD, which indicates NO2  exposure may contribute to renal function impairment. 
Keywords: air pollutants, aging/elderly, environmental health, longitudinal metrics 
 

PO-97: Effects of incorporating non-linearity in human health characterization in life cycle 
assessment 
D. Li1, M. Tao2, J. Vieira2, S. Suh2 
 
1University of Nevada, Reno, Reno, NV, 2University of California, Santa Barbara, Santa Barbara, CA. 
 
Processes that govern environmental mechanisms are generally non-linear. Characterization models in life cycle 
impact assessment (LCIA), however, often linearize these processes, while their implications to life cycle 
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assessment (LCA) practice have not been fully evaluated. Here, we test potential effects of incorporating three types 
of non-linear processes into characterization: emission, environmental fate, and exposure-response. Characterized 
results of human health impact from USEtox, a conventional, steady-state model are compared against those from 
CLiCC suite, which employs dynamic emissions profile, non-steady state fate and transport, and no-effect exposure 
thresholds. Under constant emission rates, our results show that the two approaches display comparable results 
over a long period of time. When significant temporal variations are introduced to emission rates, however, the 
results from the two approaches start to deviate. On the one hand, pulse emissions averaged over time tend to 
show lower results under USEtox as compared to CLiCC, as the level of exposure shortly after the pulse emission 
temporarily shifts the dose-response regime to a steeper territory in the curve. On the other hand, USEtox, in the 
absence of no-effect exposure thresholds, tends to show higher results compared to CLiCC for low-level emissions 
with little temporal variation. Our results call for a careful interpretation of characterized results, especially when the 
emissions are known to exhibit high temporal variations. 
Keywords: concentration, environmental health, exposure models, lifecycle analysis 
 

PO-98: Walking Exposure to Air Pollutants in Cities 
L. Li1, N. Clements1, A. Mullan2 
 
1Well Living Lab, Rochester, MN, 2Mayo Clinic, Rochester, MN. 
 
As human spend the majority of their time indoors, it is important to characterize exposure to indoor air 
pollutants within a variety of built environment typologies. Indoor walkways protect pedestrians from inclement 
weather in many urban areas but are often connected to common sources of indoor pollutants, including stores, 
restaurants, and parking garages. A mobile monitoring platform was developed and deployed at least once per 
month for a year-long campaign to measure the air quality and environmental conditions within the indoor 
skyways and subways in downtown Rochester MN, USA. Nineteen segments of each walkway type were 
measured for 5-min intervals twice per sampling day and were characterized by adjacent possible pollutant 
sources (parking garages, restaurants, over/under streets, and hair salons). Elevated PM2.5 and O3 concentrations 
occurred adjacent to parking garages, which for skyways and subways averaged (±SD) 9.7±5.9 and 8.6±13.8 ug/m3 
for PM2.5 and 18.2±6.4 and 12.7±6.9 ppb for O3, respectively, compared to overall averages of 6.0±4.8 ug/m3 for 
PM2.5 and 8.1±5.1 ppb for O3. Peak PM10-2.5 concentrations occurred in walkways above or below streets, 
measuring 26.4±31.6 μg/m3 and 34.0±21.6 μg/m3 in the skyways and subways, respectively, compared to 
16.1±14.3 μg/m3 on average. Adjacent restaurants elevated peak TVOC concentrations to 123±100 ppb in skyways 
and 167±123 ppb in subways, compared to 79±88 ppb on average. Temporally, PM2.5 concentrations peaked in 
winter and summer, while PM10-2.5 and TVOC concentrations were highest during winter. Based on measured 
spatiotemporal variability, exposure scenarios were estimated by simulating inhalation dose of air pollutants for a 
range of walking routes. Compared to a baseline exposure case, estimated for a healthy middle-aged male 
walking all identified routes, median inhalation exposure increased by 179-457% when the route included a dining 
event; increased by 15-18% for an elderly individual; and increased by 11-37% when walking during peak 
concentration periods. 
Keywords: Indoor air quality, personal exposure, mobile monitoring, indoor walkways 
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PO-99: The Saliva Metabolome for Monitoring the Impacts of Air Pollution Exposure on 
Human Health 
Z. Li1, C. Chang1, R. Golan2, S. Ebelt1, R. Greenwald3, D. P. Jones1, H. H. Chang1, J. A. Sarnat1, D. Liang1 
 
1Emory University, Atlanta, GA, 2Ben-Gurion University of the Negev, Beersheba, ISRAEL, 3Georgia State University, Atlanta, GA. 
 
Background: Blood metabolomics is a sensitive tool for measuring complex environmental mixtures and biological 
responses. it is possible that saliva, a filtrate of blood, may serve as an alternative, non-invasive biospecimen to 
blood plasma, although its use for specific metabolomic applications requires validation. 

Methods: to compare metabolomic features in saliva and plasma, we examined longitudinal biospecimens from 53 
college students living at various distances to a traffic hotspot over four months, as well as their exposure to traffic 
related air pollutants (trap). all samples were analyzed using liquid chromatography with high-resolution mass 
spectrometry. we compared metabolic features detected in saliva and plasma and examined the impacts of trap on 
saliva and plasma metabolome using an advanced untargeted metabolome wide association study workflow.  

Results: using hydrophilic interaction liquid chromatography with positive electrospray ionization, we extracted a 
total of 13,604 metabolic features from 156 pairs of saliva and plasma samples, with 5,699 in plasma and 7,905 in 
saliva. we detected 1,975 unique metabolic features in both plasma and saliva, with a pearson’s correlation 
coefficient of the overlapping features of 0.53. using linear mixed effect models, 727 and 466 overlapping features 
were found to be associated with at least one or more trap indicators in plasma and saliva, respectively, with 81 
features consistently significant in both biometrics. four and eight biological pathways were independently 
associated with traps among saliva and plasma features, respectively, where carnitine shuttle and lysine 
metabolism are the commonly perturbed pathway in both biometrics.  

Conclusions: with moderate-to-strong correlation with plasma metabolome, and similar patterns of perturbed 
metabolic pathways, we found saliva to serve as a moderately sensitive, non-invasive biometric for short-term 
exposure to elevated air pollution. while providing a less comprehensive signal of response, these results are 
promising and supportive of future validation for its use in environmental exposure applications. 
Keywords: air pollution, big data, biomonitoring 
 

PO-100: Systematic Review on Untargeted Metabolomics Application in Air Pollution 
Health Research: Current Progress, Analytical Challenges, and Future Direction 
D. Liang1, Z. Li1, J. Vlaanderen2, Z. Tang1, R. Vermeulen2, J. Sarnat1 
 
1Emory University, Atlanta, GA, 2Utrecht University, Utrecht, NETHERLANDS. 
 
Background: Understanding the mechanistic basis of air pollution toxicity is dependent on accurately 
characterizing both exposure and health along a complete dose-to-response pathway. Untargeted high-resolution 
metabolomics, an analysis of small-molecule metabolic phenotypes, may offer improved estimation to complex 
environmental mixtures. The field remains nascent, however, with questions concerning the coherence and 
generalizability of findings across study cohorts and analytical platforms.  

Methods: We conducted a systematic review to 1) summarize recent research of air pollution studies utilizing 
untargeted metabolomics and; 2) identify gaps in the peer-reviewed literature and opportunities for addressing 
these gaps in future designs. Using PRISMA guidelines, we screened articles published within MEDLINE and Web 
of Science between 1/1/05 and 12/31/19. Two reviewers independently screened a total of 1,074 abstracts, with 
discrepancies resolved by a third reviewer.  



 
 

I S E S  2 0 2 0  P O S T E R  A B S T R A C T S     |    P-62       
 

Results: 22 studies fulfilled eligibility criteria and were included in this review. Over 300 metabolic features were 
associated with at least one or more air pollutant, with 52 features validated using authentic reference standards. 
Hypoxanthine, arginine, and histidine were among 12 metabolites consistently exhibiting associations with fine 
particulate matter and nitrogen dioxide exposure in at least three independent studies. Oxidative stress and 
inflammation related pathways, including glutathione, leukotriene and vitamin E metabolism, were the most 
commonly perturbed pathways reported in over 55% of studies. Challenges and gaps exist in metabolite 
annotation; over 80% of the reported features were not chemically annotated, limiting interpretability and 
generalizability of the findings.  

Conclusions: Numerous investigations have demonstrated the feasibility of using untargeted metabolomics as a 
platform linking exposure to internal dose and biological response. Metabolic perturbations in oxidative stress 
and acute inflammation pathway were associated with both short- and long- term air pollution exposure. Future 
directions should focus on validation of these findings via hypothesis-driven protocols and technical advances in 
metabolic annotation and quantification. 
Keywords: air pollution, big data, metabolism, biomarkers, metabolomics 
 

PO-101: Development of a Sampler Combined with Adenosine Triphosphate 
Bioluminescence Assay for the Rapid Measurement of Bioaerosols 
L. Liao1, J. Byeon2, J. Park1 
 
1Purdue University, West Lafayette, IN, 2Yeungnam University, North Gyeongsang, KOREA, REPUBLIC OF. 
 
Bioaerosols are airborne particles that are biological in origin (e.g., bacteria, fungi, pollen, viruses). They are 
ubiquitous in ambient environments and associated with adverse health effects including infectious diseases, 
acute toxic effects, and allergies. To protect people against these biological threats, the first step is measuring the 
concentration of bioaerosols. To assess the exposure to bioaerosols, they are generally collected in the culture 
media by sampling and then incubated in favorable conditions at least for 24 hours. However, these conventional 
culture methods are time-consuming and complicated. To overcome these limitations, we developed a bioaerosol 
sampler combined with adenosine triphosphate (ATP) bioluminescence assay to rapidly measure the bioaerosol 
concentration. The bioaerosol sampler consisted of a respirable cyclone (cut-off diameter of 4 μm), a 3-jet 
impactor (cut-off diameter of 0.5 μm) to collect bioaerosols onto the head of a swab used for ATP assay, a swab 
holder, and a sampling pump. The collection efficiency of 3-jet impactor was tested using aerosolized salt 
particles. The experimental cut-off diameter of 3-jet impactor was 0.44 μm and slightly smaller than the designed 
one. Since the size of single bacteria is about 1 μm, the bioaerosol sampler can theoretically collect most 
bioaerosols. The performance of the bioaerosol sampler was evaluated and compared with a conventional 
Andersen impactor in the lab and the field. In the lab, concentrations of aerosolized Escherichia coli (E. coli) were 
measured. The results from the bioaerosol sampler were highly correlated to those from the Anderson impactor 
(R2 = 0.85). In the field, bioaerosols in the horse barn were measured. The bioaerosol sampler showed better 
performance than Andersen impactor. 
Keywords: sampling methods, aerosol, environmental health, occupational health, microbes 
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PO-102: Application and validation of aggregate exposure assessment for phthalates based 
on cosmetic co-use scenarios 
M. Lim1, K. Lee2 
 
1Institute of Health and Environment, Seoul National University, Seoul, KOREA, REPUBLIC OF, 2Gaduate School of Public Health, Seoul 
National University, Seoul, KOREA, REPUBLIC OF. 
 
Aggregate exposure assessments using co-use scenarios could provide realistic estimations than single product 
exposure assessment. Co-use scenarios for cosmetic products were determined from a ranking of the frequency 
of occurrence of co-use patterns and the number of cosmetics used. We conducted aggregate exposure 
assessments using the co-use scenarios and validated the new methodology by comparing the results to those of 
a receptor-based aggregate exposure assessment. The Korean national representative exposure factor database, 
which includes simultaneous usage patterns of 31 cosmetics by 1,001 subjects, was used to analyze the co-use 
patterns by Koreans. Frequent pattern mining was performed using the eclat algorithm. The number of cosmetics 
used and co-use pattern were influenced by gender and age of the population. The co-use patterns exhibited an 
additive property in that new cosmetics were added to previous cosmetic combinations. A co-use scenario was 
proposed using the rank of occurrence frequency in co-use patterns and percentile values of the number of 
cosmetics used. The 16 co-use scenarios represented to the 25th, 50th, 75th, and 95th percentiles of the co-use 
patterns for four gender-age groups. The aggregate exposures of di(2-ethylhexyl)phthalate (DEHP), di-n-butyl 
phthalate (DnBP) and diethyl phthalate (DEP) in cosmetics were estimated by co-use scenarios for cosmetics. The 
co-use scenario-based aggregate exposure dose (AED) increased with the number of cosmetics in the co-use 
scenarios, and was higher in female and younger groups. The major contributors in females were facial cream for 
DEHP, nail polish for DnBP, and shower cologne or perfume for DEP. The major contributors in males were body 
lotion for DEHP, facial sunscreen for DnBP, and hair styling product for DEP. The co-use scenario based AEDs were 
slightly higher than the receptor-based AED values at the 25th, 50th, and 75th percentiles of the test populations, 
and slightly lower that at the 95th percentile. Because the co-use scenario based aggregate exposure assessment 
required relatively few resources, it could be useful as an alternate method of receptor based aggregate exposure 
assessment. 
Keywords: aggregate exposure, consumer and personal care products, exposure models, phthalates  
 

PO-103: The FreshAir Wristband: the location of passive sampler placement on personal 
exposure profiles 
E. Z. Lin1, J. P. Koelmel1, A. Nichols1, P. Guo1, Y. Zhou2, K. J. G. Pollitt1 
 
1Yale University, New Haven, CT, 2Xi'an Jiaotong University, Xi'an, CHINA. 
 
Organic air pollutants are emitted from various indoor and outdoor sources, including building materials, personal 
care, household products, and combustion processes. Studies have linked exposure with adverse health. 
Techniques traditionally used to measure personal exposure to organic air pollutants (e.g. filters/pumps) are not 
contusive to long-term assessment periods and unit cost of each sampling system is high. The FreshAir samplers 
were developed as a lightweight and low-cost alternative to capture a wide range of airborne organic compounds, 
allowing for large scale deployments in longitudinal studies. These wearable passive samplers can be positioned 
on different parts of the body. The objective of this study was to perform a comparative assessment of exposures 
detected by FreshAir samplers simultaneously worn by individuals on their head, chest, wrist, and foot. 
Participants from the Yale community (n=32) wore four of these samplers over a 24-hour period during summer 
2019 and winter 2020. Personal exposure to 56 airborne organic contaminants was determined using thermal 
desorption gas chromatography high resolution mass spectrometry. The largest number of compounds were 
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detected on the shoe while the fewest were found on chest samplers. Positive compound-by-compound 
correlations (Spearman’s rho > 0.8, p < 0.05) were found within and between samplers worn at different 
locations. Across the four positions, exposure levels were dominated by five phthalates; the highest 
concentrations were found for samplers positioned on the head. Exposure levels of 17 compounds, including 
nicotine and delta-9-tetrahydrocannabinol, were found to significantly vary across season for samplers worn on 
the foot and chest; no significant difference was found for exposures evaluated using head and wrist samplers. In 
conclusion, our results suggest FreshAir samplers worn at different locations of the body can be used to detect 
similar exposure sources given the strong positive correlations between sampling positions. 
Keywords: air sensor, environmental health, air toxics, SVOCs, Personal Exposure Assessment 
 

PO-104: Characterizing Spatiotemporal Variability in Airborne Heavy Metal Concentration: 
Changes After 17-Years in Baltimore, MD 
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Introduction: Baltimore is a populous port city along the mid-Atlantic transport corridor with a rich industrial 
history. Until the early 2000s, shipping and manufacturing dominated the harbor and contributed a considerable 
proportion of local particulate matter (PM) emissions. However, there have since been tremendous changes to 
the city’s urban and industrial profile. This study investigates the impact of changes in local industry and urban 
development and proximity to suspected emission sources on airborne metal concentration in Baltimore, 
Maryland between 2002 and 2019.  

Methods:Integrated PM2.5 and PM10  monitors were set up at five locations in the Baltimore City metropolitan 
area to assess variation in airborne metal concentration by proximity to suspected metal emission sources. 
Harvard Impactors were set up in weeklong sampling sessions and cycled through the five sites from January - July 
2019. PM2.5 and PM10  were collected on Teflon filters and analyzed for a panel of 12 metals (As, Cd, Co, Cr, Cu, Fe, 
Mn, Mo, Ni, Pb, Sb, and Zn) using ICP-MS. The findings were compared against airborne metal concentrations 
reported by the Baltimore Supersite in 2002 to assess changes over the 17-year period.  

Results/Discussion: Metal concentrations ranged from 36% (Cd) to 478% (Cr) higher in PM10  compared to PM2.5 
suggesting that metals are predominantly bound to larger particles and may be products of secondary particle 
formation rather than primary combustion. Compared to the reference site, concentrations of Co, Cr, Cu, Fe, Mn, 
Mo, and Pb were 80%, 73%, 64%, 111%, 65%, 32%, and 42% higher respectively at near-road sampling sites 
though these differences were not statistically significant. Statistically significant decreases in As (-64%), Cd (-
92%), Co (-97%), Cr (-79%), Ni (-82%), Pb (-66%), and Sb (-94%) concentration were observed over the 17-year 
period at two sites located roughly two miles apart. Temporal differences for Cd and Co must be interpreted with 
caution as >50% of samples were below the limit of detection for these metals in 2002.  

Conclusion: Decreases in airborne As, Cr, Ni, Pb, and Sb concentration since 2002 appear to coincide with 
industrial decline but may be mitigated by a rise in vehicular traffic which appears to explain most of the 
variability in airborne metal concentration in 2019. 
Keywords: air pollution, metals, particulate matter (PM) 
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PO-105: The exploration of PM2.5 source and health risk in Changping district, Beijing 
Y. LIU; National Institute of Environmental Health, Chinese Center for Disease Control, Beijing, CHINA. 
 
Objective: In the few years, based on national policies of China, air quality in Beijing has been greatly improved. 
However, the composition and source of particulate matter in the air are still the focus of research. The aim of this 
research is to explore the major PM2.5 source of Changping district from 2015-2017, and in order to give evidences 
of “pollutant source reduction” policy, it is important to assess the risk of PHAs and metal elements in PM2.5, 
which could understand the harmful effect to health. 

Methods:The membrane monitoring PM2.5 component data (ion, metal elements, PHAs) of Changping District 
from October 2014 to December 2017, which is continuous 7 days (10th - 16th) in every month, were collected for 
analysis. Using Positive Matrix Factorization (PMF) method to analyze the component data, the results is the type 
of PM2.5 sources and their concentration. According to the components’ concentration of PM2.5 source and EPA 
risk assessment method, the inhalational carcinogenicity assessment of PAHs and metal elements in particulate 
matter was calculated.  

Results: According to the PMF model analysis, there are three major kinds of PM2.5sources, which are combustion 
source (6.6%), secondary source (69%) and industrial source (15.7%). The concentration of PAHs and elements in 
combustion and the toxicological coefficient IUR would be put into the equation of EPA risk assessment, the risk 
of combustion source, secondary source and industrial source are 1.81*10-3, 3.09*10-5 and 6.15*10-5 respectively. 

Conclusion: As the Chinese government pays more attention to air pollution and various policies are introduced, 
the concentration of PM2.5 is decreasing year by year. However, some special source of PM2.5 has an ability to lead 
to high risk of human health. According to the results of our research, the carcinogenic risks of PAHs and metal 
elements in the combustion sources in Changping District are high. Therefore, focusing on the emission reduction 
of fuel oil and coal burning is still the top priority of air pollution control at present. 
Keywords: air pollutants, risk assessment, particulate matter (PM), source control, PMF 
 

PO-106: Using a super-dense sensor network to observe strong variation in exposure to 
woodsmoke from home heating across a community 
I. Longley, A. Kachhara, G. Olivares, F. Barraza 
 
National Institute of Water & Atmospheric Research, Auckland, NEW ZEALAND. 
 
Whereas whole cities can experience episodes of poor air quality, more commonly areas of degraded air quality 
are more localised and more dynamic in space and time. In the past atmospheric dispersion models have been 
used to predict localised effects because we cannot measure everywhere. More complex urban environments are 
more challenging for models leading to model conservatism and public wariness over model validity and 
resistance to actions that will improve air quality. During winter 2019 we deployed a super-dense network of 
outdoor particulate matter sensors (Plantower 3003) across across Arrowtown (pop. 2200) - a town that, each 
winter, records some of the highest PM10 levels in Australasia. 48 sensors were deployed in a regular grid with an 
average spacing of 150 m in three waves. Data products developed from this network were used to recruit 
householders to conduct concurrent monitoring in 85 homes. The indoor and outdoor data were combined to 
drive a simple box-model to predict infiltration of smoke into each home. The data revealed and quantified a very 
strong diurnally-varying spatial gradient in concentrations across the town consistent with transport and 
accumulation of domestic woodsmoke emissions in a river valley due to weak drainage winds. Infiltration rates 
also varied substantially, as did the contribution of indoor sources to indoor PM. More airtight homes tended to 
have higher relative indoor PM overall due to the retention of infiltrated woodsmoke from outdoors. The ability 
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to quantify exposures for individual homes with relative ease also readily supported dialogue with the 
householder and willingness to explore options for reducing exposure. Initial results from similar campaigns 
during 2020 in three other towns of different sizes and topography will also be presented. 
Keywords: air pollution, air quality sensor, built/indoor environment, community, fine particulate matter 
 

PO-107: Effects of number of monitoring sites on predictive capacity in land use regression 
models 
N. Lothrop, R. A. Canales, M. O'Rourke, S. Guerra, P. Beamer 
 
University of Arizona, Tucson, AZ. 
 
In air pollution epidemiology, land use regression (LUR) models are used extensively to predict ambient air 
pollution exposures for study participants. While external validation provides the most accurate measure of LUR 
model predictive capacity, most LUR models are only validated internally. LUR models developed with relatively 
fewer sites may falsely inflate measures of predictive capacity (e.g., R2), resulting in weak health associations. We 
are unaware of any research investigating the relationships between internal and external validation and number 
of sites with spatially and temporally independent data. Our study uses air pollutant measurements from two 
studies with comparable methods in the same geographic area 30 years apart: the Pima County Workers Study 
(PCWS; 1987-1991) and the Tucson Air Pollution Study (TAPS; 2015-2016). We developed LUR models for NO2  and 
PM10 , and then externally validated the models using the opposing dataset (e.g., an LUR model built from PCWS 
data predicted TAPS values and vice versa). NO2  concentrations were significantly lower in TAPS, but PM10  
measures were not significantly different between studies. Models developed with fewer measurement sites 
explained more variability during internal validation and less during external validation. The reverse was true for 
models with more measurement sites. The PCWS NO2  LUR model (324 sites) explained 18% of the variability 
internally and 52% externally, while the model derived from TAPS NO2  measurements (38 sites) explained 66% 
and 13% of the variability during internal and external validation, respectively. While these findings may in part be 
related TAPS’ narrower distribution of NO2  concentrations, we also found that a PCWS NO2  LUR model derived 
from a subset of sites sampled multiple times (38 sites) explained 74% and 28% of the variability during internal 
and external validation, respectively. For PM10 , which had similar distributions between datasets, we found the 
LUR model built from PCWS measures (56 sites) explained 26% and 57% of the variability during internal and 
external validation, respectively, while the TAPS LUR model (19 sites) explained 83% and 3% of the variability 
during internal and external validation, respectively. Researchers should increase geographic coverage of 
samplers and adjust expectations of LUR model predictive capacity with external or hold-out validation. Our 
results suggest that relationships between with air pollution exposures and health outcomes are underestimated 
by relying on predictions from LUR models built with relatively fewer sites and validated only internally. 
Keywords: air pollution, geospatial analysis/GIS, epidemiology, exposure models 
 

PO-108: Exposure to low levels of ambient air pollution at birth and the risk of wheezing 
from birth into adulthood 
N. Lothrop, P. Beamer, S. Guerra, R. A. Canales, M. O'Rourke, D. A. Stern, D. Billheimer, A. L. Wright, F. D. Martinez 
 
University of Arizona, Tucson, AZ. 
 
Half of children in the United States experience wheezing before their 6th birthday, and while many outgrow this 
condition, those who do not are at increased risk for persistent decrements in lung function and the development 
of asthma. Findings are mixed on the relationship between ambient air pollution exposure and wheezing 
outcomes from birth through adolescence, and we are unaware of any studies on the association of early-life 
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exposures with wheezing into adulthood. We utilized respiratory health data from the Tucson Children’s 
Respiratory Study (TCRS), one of the longest on-going, prospective respiratory birth cohorts in the world, with 
follow-up data into the fourth decade of life. Participants were enrolled from 1980-1984 (n=1246). Using data 
from two independent air pollution studies in the Tucson, AZ area, we developed land use regression models for 
NO2 , NOx, PM2.5, and PM10  and predicted TCRS participants’ ambient, home-based exposures at birth and age 6. 
We estimated relationships between air pollutant exposures at birth and age 6 and: 1) preschool wheezing 
phenotypes (multinomial logistic regression; n=659) and 2) wheezing frequency from age 8-32 years (ordinal 
mixed effects logistic regression; n=726). Preschool wheezing phenotypes were defined as: transient early (a 
wheezing lower respiratory illness [LRI] by age 3 and no wheezing illness at age 6); late-onset (no LRI by age 3; 
wheezing illness at age 6); and persistent (an LRI by age 3; wheezing illness at age 6); and never wheezing (no 
wheezing illnesses). Wheezing frequency was categorized as no, 1-3, or >3 wheezing events in the past year. 
Models were adjusted for atopy at age 6, race/ethnicity, neighborhood housing quality, and concurrent smoking. 
For one interquartile range (IQR) increase of PM2.5 exposure at birth (6.11 μg/m3), participants were more likely to 
have transient early (Adjusted Odds Ratio [aOR]=1.34 [95% CI 1.01 – 1.78]) and persistent (aOR=1.39 [95% CI 0.90 
– 1.88]) wheezing. For wheezing frequency from ages 8-32 years, we found limited associations, potentially 
because of low early-life air pollution exposures and limited data on concurrent air pollution exposures after age 
6. In conclusion, children exposed to air pollution concentrations that were less than half of current standards 
were more likely to wheeze in early life. Reduction of ambient air pollution is likely to have a major impact on 
respiratory morbidity in infants and young children. 
Keywords: air pollution, respiratory health, children 
 

PO-109: A characterization of non-occupational organochlorine (OC) insecticide exposures 
among the Agricultural Health Study (AHS) female farm spouses 
L. Louis1, L. Beane Freeman1, N. Deziel2, M. Friesen1 
 
1National Cancer Institute, Bethesda, MD, 2Yale School of Public Health, New Haven, CT. 
 
BACKGROUND: Women living in agricultural areas may be exposed to pesticides via multiple pathways including 
occupational exposures from personal use of pesticides on the farm, as well as non-occupational exposures, such 
as from their husband’s pesticide activities and from living in close proximity to treated fields. For the first time, 
we applied a newly developed quantitative active ingredient-specific algorithm to capture cumulative non-
occupational organochlorine (OC) insecticide exposures for female farm spouses of pesticide applicators enrolled 
in the Agricultural Health Study (AHS) prospective cohort.  

METHODS: The AHS spousal non-occupational algorithm calculates exposure for three non-occupational 
pathways of exposure: take-home, agricultural drift and residential pesticide use. Each equation incorporates 
subject-specific questionnaire information and data-driven quantitative weights derived from published pesticide 
dust concentrations. In the present analyses, these equations were applied to the study population to obtain 
exposures estimates for the three pathways for seven OCs including, aldrin, chlordane, DDT, dieldrin, heptachlor, 
lindane and toxaphene. The residential use pathway was applied to chlordane and heptachlor, the only OCs 
approved for home use. The pathway estimates were then summed together for an overall non-occupational 
exposure estimate for each OC. Median and interquartile ranges (IQRs) of non-zero OC exposure estimates were 
calculated overall and stratified by the spouses’ self-reported personal use (i.e., mixing/applying) of the seven 
individual OCs. Spearmen rank correlations were calculated between the exposure estimates for the three non-
occupational pathways and their sum.  

Results: Among the female farm spouses, OC exposures based on self-reported personal use alone ranged from 
0.34 - 3.39% (101 - 1,082). We identified an additional 1.2 - 10.0% (379 - 2,776) female farm spouses exposed to 
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individual OCs through non-occupational pathways. In addition, we captured variability in OC exposure intensities 
among the AHS spouses, with ratios of the 75th to 25th percentiles ranging from 2.8 to 8.5. The take-home and 
agricultural drift pathways were highly correlated with each other across all OCs (rs ≥ 0.98), while the residential 
use pathway was not correlated with either the agricultural drift nor take-home pathways for chlordane or 
heptachlor (rs <0.02).  

CONCLUSIONS: We observed an increase in prevalence of OC exposures through non-occupational paths, 
compared to exposure through the spouse’s personal use alone. In addition, we captured variability in OC 
exposure intensities among the spouses. Moreover, this first application of the algorithm allows us to better 
characterize relative OC exposure differences among the AHS spouses. 
Keywords: pesticides, environmental health, multiple stressors 
 

PO-110: Variability and determinants of organophosphate ester (OPE) exposures among 
urban school-aged children in Baltimore City, MD 
L. Louis1, L. Quiros-Alcala1, N. Hansel2, M. McCormack2, G. Diette2, J. Meeker3, J. Buckley1 
 
1Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, 2Johns Hopkins School of Medicine, Baltimore, MD, 3School of Public 
Health, University of Michigan, Ann Arbor, MI. 
 
BACKGROUND: Organophosphate esters (OPE) are used as flame retardants and plasticizers in a wide range of 
consumer products. While African American (AA) children may be at greater risk of adverse health outcomes due 
to disparate environmental exposures, few studies have characterized OPE exposures among AA children. We 
sought to assess variability and determinants of OPE exposures among AA children enrolled between 2009-13 in a 
panel study of 179 children with asthma (5-12 years) in Baltimore City.  

METHODS: The study design included up to 4 seasonal week-long in-home study visits. Urine samples were 
collected on days 4 and 7 of each week-long visit (nsamples=618). We quantified concentrations of 9 urinary OPE 
metabolites: bis(2-chloroethyl) phosphate (BCEtp), bis(1-chloro-2-propyl) phosphate (BCPP), bis(1-chloro-2-
propyl) phosphate (BDCPP), di-benzyl phosphate (DBuP), di-benzyl phosphate (DBzP), di-o-cresylphosphate 
(DOCP), di-p-cresylphosphate (DPCP), di-(2-propylheptyl) phthalate (DPHP), 2,3,4,5-tetrabromo benzoic acid 
(TBBA). We captured information on potential determinants of exposure in interviewer-administered 
questionnaires. Demographic factors were determined at baseline. Time-varying factors included household 
characteristics, season and visit day of sample collection. Spearman correlations were used to compare highly 
detected OPE metabolite concentrations on visit days 4 and 7, stratified by season. Generalized estimating 
equations assessed OPE predictors using linear models for continuous natural log concentrations of BDCPP and 
DPHP, and logistic models for BCEtP, DBuP, and DPCP due to low detection frequencies (DFs).  

RESULTS: DFs were >95% for BDCPP and DPHP, 4.6-31.1% for BCEtP, DBuP and DPCP, and <3% for BCPP, DBzP, 
DCOP, and TBBA. Day 4 and 7 samples of BDCPP and DPHP were moderately correlated depending on season 
(rs=0.4-0.7). BDCPP and DPHP concentrations were higher in the summer months when compared to all other 
seasons. DPHP concentrations were lower among males vs. females (%diff:-55.2%; 95%CI: -64.2,-43.0). Compared 
to children aged 5-7 years, 8-10 and 11-13-year-olds had lower BDCPP concentrations (%diff: -35.8%; 95%CI:-55.3,-
7.7 and -44.6%; 95%CI: -62.5,-18.1, respectively). Detectable BCEtP concentrations were associated with a child’s 
primary caregiver having a high school education and at least some college compared to having less than a high 
school education (OR:2.9; 95%CI:1.4,5.78 and OR:2.3; 95%CI:1.1,5.1, respectively). Households with an annual 
income ≥$25,000 vs. <$25,000 were less likely to have detectable BCEtP concentrations (OR:0.5; 95%CI:0.32,0.94 
and OR:0.5; 95%CI:0.25,1.01 respectively).  
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Conclusions: Higher BDCPP and DPHP concentrations were observed in the summer, and both metabolites had 
moderately within-week variability. Overall, we did not observe consistent patterns of association between 
demographic and household characteristics and OPE metabolites. 
Keywords: children, environmental health, flame retardants, health disparities 
 

PO-111: Temporal variation of total mercury levels in the hair of pregnant women from the 
Maternal-Infant Research on Environmental Chemicals (MIREC) Study. 
A. Lukina1, M. Fisher1, C. Khoury1, J. Than1, M. Guay1, J. Paradis1, T. Arbuckle1, M. Legrand2 
 
1Health Canada, Ottawa, ON, CANADA, 2GMF Wakefield, Wakefield, QC, CANADA. 
 
Mercury is a volatile and odorless transition metal that is naturally present in the earth’s crust. It can be released 
into the environment via natural sources (i.e., forest fires and volcanos) or due to human activity (i.e., fossil fuel 
combustion or incorporation to commercial products like medical and measuring devices, batteries, fluorescent 
light bulbs or dental by-products). Once in the environment, mercury is very persistent and mobile, and is also 
known to accumulate in wildlife and bio-magnify in food webs to humans. Mercury can cross the blood-brain and 
placental barriers, and may be associated with future neurological and physiological dysfunctions. Scalp hair is an 
optimal and non-invasive indicator of chronic mercury (T-Hg) exposure. As part of the Maternal-Infant Research 
on Environmental Chemicals (MIREC) Study, hair samples from 350 women were collected within weeks after 
giving birth, to determine temporal variations in T-Hg levels from preconception to delivery, and to compare 
these levels to corresponding levels measured in other matrices (i.e., maternal and umbilical cord blood, and 
infant’s meconium). Sequential hair samples were collected at 1 cm intervals (assumption of 1 cm hair 
growth/month), starting at the scalp and up to 12 cm. For proper comparison, the hair segments were matched 
with the collection dates for other matrices. Geometric mean hair T-Hg levels greatly decreased during pregnancy, 
from 0.26 µg g-1 (preconception) to 0.18 µg g-1 (at delivery). In other words, lower T-Hg levels were found in hair 
closer to scalp and higher levels were found at full-length hair. A similar decreasing trend was found for T-Hg in 
maternal blood: 1st trimester (0.60 µg L-1) to 3rd trimester (0.47 µg L-1). The median hair-to-blood ratios of T-Hg 
levels varied from 364 (1st trimester), to 408 (3rd trimester), to 229 (cord blood). Although, higher mean T-Hg in 
cord blood was detected (0.72 µg L-1), very low T-Hg levels were found in meconium samples. Mercury levels in 
blood and hair correlated with consumption of large predatory fish (e.g., bass, pickerel, marlin, swordfish, orange 
roughy, shark, and/or mackerel). Women mostly consumed one-two meals/months of large fish species. In 
comparison to reference levels, both geometric mean and the 95th percentile (0.81 µg g-1) of T-Hg level in hair 
were lower than the health-based reference level defined by the US EPA (1 µg g-1) and the health-based reference 
level set by the WHO (2 µg g-1). 
Keywords: biomonitoring, mercury, prenatal, other (specify), temporal trends 
 

PO-112: Contributors to soil exposure among fruit and vegetable growers: A framework for 
collection activity-pattern data to estimate soil ingestion 
S. N. Lupolt, R. D. Kennedy, K. E. Nachman 
 
Johns Hopkins Bloomberg School of Public Health, BALTIMORE, MD. 
 
Background: Exposure to contaminants in soils among agricultural workers who engage in frequent, direct contact 
with soil is not well characterized. The US EPA defines activity pattern data as “description of the activity, 
frequency of activity, duration spent performing the activity, and the micro-environment in which the activity 
occurs.” Activity pattern data can be useful in exposure assessment to estimate rates of soil ingestion. To date, 
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collection of activity pattern data has been rare and collected at general population level and thus are not specific 
to occupational populations like agricultural workers who have frequent, direct contact with soil.  

Objective: This study aims to develop a framework to characterize the activities of fruit and vegetable growers 
and describe unique behavioral factors that may modify soil exposure and impact soil ingestion estimates. 

Methods: We conducted qualitative in-depth interviews with 15 fruit and/or vegetable growers in Maryland to 
characterize the micro-environments, activities, behaviors, and factors that may impact their soil exposure. 

Results: Participants discussed several activities (e.g., planting, harvesting, pest management) and a range of 
factors (crop type, farm size, mechanization and tool use) that may impact the frequency, duration, and timing of 
those activities. In addition, participants also described a range of activity and receptor-specific behavioral factors 
(e.g., use of personal protective equipment, grower preferences) that may impact soil ingestion and soil contact 
rates in an agricultural setting. These discussions yielded a conceptual framework that will guide future activity 
pattern data collection activities in the agricultural sector. 

Significance: Our study suggests a more nuanced time-activity pattern assessment framework can be used to 
refine/improve estimates of exposure to environmental contaminants in soils for agricultural workers as well in 
other populations and settings. This framework will facilitate the collection of data that can be used to improve 
future assessments of risk resulting from soil contact pathways (incidental ingestion and inhalation of soil and 
dust, and dermal exposure) in the agricultural context. 
Keywords: activity patterns, soil, behavior, exposure factors 
 

PO-113: Understanding soil exposure experiences of fruit and vegetable growers for the 
exposure science community 
S. N. Lupolt, R. D. Kennedy, K. E. Nachman 
 
Johns Hopkins Bloomberg School of Public Health, BALTIMORE, MD. 
 
Background: Soil ingestion is a critical, yet poorly characterized, route of exposure to contaminants particularly 
for agricultural workers who have frequent direct contact with soil.  

Objective: This study aims to identify and characterize key considerations for translating agricultural workers’ soil 
ingestion experiences into traditional exposure science terms and concepts. 

Methods:We conducted qualitative in-depth interviews with 15 fruit and vegetable growers in Maryland to 
characterize farmers’ behaviors and concerns regarding soil contact in order to characterize the nature of soil 
ingestion in the agricultural context.  

Results: We identified four themes representing key considerations for future research on soil ingestion rates in 
agricultural settings: 1) the nature of soil ingestion, 2) occupation-specific notions of key terms (e.g., among soil, 
dirt, and dust), 3) farmers’ knowledge about the risks of soil contact, and, 4) practices for reducing soil exposure. 

Significance: Our investigation fills an important gap in occupational exposure science methodology by providing 
a holistic framework for estimating soil ingestion rates in the agricultural context. This approach may be useful in 
other occupational populations and beyond. 
Keywords: soil, ingestion, exposure factors, occupational health 
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PO-114: Examining the impact of open-field biomass burning on regional air quality in 
North India 
P. Manwani, T. S. Kapoor, C. Venkataraman, H. C. Phuleria 
 
IIT Bombay, Mumbai, INDIA. 
 
Open-field biomass burning (BB) is one of the major contributing sources of fine particulate matter (PM2.5) and 
affects the air quality of the region, public health and climate change. In the past decade, BB in North-Northwest 
India has appeared as a major concern characterized by intense haze events, thus impacting the regional air 
quality. As most of the ambient air pollution studies in India are urban-centric, very little is known about the 
regional air quality and aerosol composition. Thus, the aim of this study is to examine seasonal variability in PM2.5 
and Black Carbon (BC) and investigate the impact of seasonal open-field BB on regional air quality in North India. 
A 5-channel low volume air sampler is used to collect 24-hour integrated PM2.5 from Jan - Dec 2019, operating 
every other day at a regionally representative background location at Rohtak in Northern-India. Post-gravimetry, 
optical attenuation (babs) is measured at two wavelengths in the IR and UV region, and BC is calculated. Real-time 
gaseous pollutants are obtained from a nearby air quality regulatory monitoring station. Elemental and organic 
carbon (EC-OC) are quantified using the thermal-optical-transmittance method. Active fire count data (MODIS, 
NASA), wind rose, and back-trajectory analysis together with identifier species and diagnostic ratios are used to 
identify BB periods and study their impact on regional air quality. Daily PM2.5 exceeded the regulatory standard, 
NAAQS, (60 μg/m3) for 132 of the 163 sampling days. Average PM2.5 (BC) were 181±79 (6.2 ±1.9), 85±38 (5.4±1.7), 
73.8±33.6 (4.5±2.3) and 169.2±127.3 μg/m3 for winter, summer, monsoon, and post-monsoon seasons, 
respectively. Positive significant correlation were found between 2-day lagged Fire Radiative Power (FRP) and 
PM2.5 (Pearson R=0.65), BC(R=0.57) and OC/EC(R=0.56). PM2.5 and BC were ~2.1 (2.6) and 1.7 (2.1) times higher 
during the peak BB period than the Pre- (Post-) harvest seasons, respectively. Also, high Char-EC/Soot-EC 
(23.7±20.4), OC/EC (2.8 ±0.8) and lower peak BB to pre-harvest ratio of CO/PM2.5 (0.5±0.2) indicate the influence 
of long-range transported BB carbonaceous aerosols on the regional air quality in North India, Cost-effective 
technology and immediate mitigation steps are thus suggested. Impact of the autumn time BB and the role of 
meteorology on regional air quality is currently underway. 
Keywords: fine particlate matter, climate change, public health, statistical methods, regional air quality and biomass 
burning 
 

PO-115: Social and Spatial Distribution of Soil Pb Concentrations in City of Santa Ana, 
California - Implications for Health Inequities 
S. Masri1, A. LeBrón1, M. Logue1, E. Valencia2, A. Ruiz3, A. Reyes1, J. M. Lawrence4, J. Wu1 
 
1UCI, Irvine, CA, 2Orange County Environmental Justice, Santa Ana, CA, 3Jóvenes Cultivando Cambios, Santa Ana, CA, 4Kaiser Permanente 
Southern California, Pasadena, CA. 
 
Background: Lead (Pb) exposure is a problem that disproportionately impacts low-income communities and 
communities of color. We applied a community-based participatory research approach to assess the distribution 
of soil Pb concentrations and social vulnerabilities to soil Pb exposures across Census tracts in Santa Ana, CA.  

Methods: Soil Pb samples (n=1,528) were collected by the ¡Plo-NO! Santa Ana! Lead-Free Santa Ana! partnership 
in 2018 across Santa Ana, CA, at a high spatial resolution and measured using XRF analysis. Using GIS, a 
continuous smoothed map of soil Pb concentrations was mapped across the city. American Community Survey 
data was used to examine Pb across Census tracts based on social and economic factors, and to allow for the 
development of a Cumulative Risk Index to identify areas at high risk of health impacts. 
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Results: Soil Pb concentrations varied by landuse type and socioeconomic factors. Census tracts with median 
household income < $50,000 had over five times higher soil Pb concentrations than high-income Census tracts. 
Soil samples collected in tertiles with the highest percent children, residents without health insurance, renter-
occupied housing units, and lowest percent college educated residents had 90.0%, 96.1%, 75.2%, and 87.0% 
higher Pb concentrations on average, respectively, compared to their counterparts. Overall, 52.7% of residential 
samples had Pb concentrations above the 80 ppm California EPA recommendation, and 11 Census tracts were 
characterized as high risk according to our Cumulative Risk Index.  

Discussion: This study underscores the need for precautionary measures relating to disturbances of the soil, 
particularly for areas where children play, given children’s higher absorption of lead. It also informs environmental 
justice initiatives and identifies vulnerable subpopulations at greater risk of Pb exposure, thus warranting 
community-driven recommendations for policies and initiatives to remediate soil Pb and protect public health and 
health equity. 
Keywords: lead (Pb), environmental health, environmental justice, soil 
 

PO-116: Risk Assessment of Eight Soil Heavy Metals in the City of Santa Ana, CA, by Census 
Tract: Implications for Environmental Justice 
S. Masri1, A. LeBrón1, M. Logue1, E. Valencia2, A. Ruiz3, A. Reyes1, J. M. Lawrence4, J. Wu1 
 
1University of California, Irvine, Irvine, CA, 2Orange County Environmental Justice, Santa Ana, CA, 3Jóvenes Cultivando Cambios, Santa Ana, 
CA, 4Kaiser Permanente Southern California, Pasadena, CA. 
 
Background: Exposure to Pb, As, Cr and other heavy metals is a problem that disproportionately impacts low-
income communities and communities of color. We applied a community-based participatory research approach 
to assess the distribution of eight soil heavy metals and socioeconomic vulnerabilities to heavy metal exposures 
across Census tracts in Santa Ana, CA.  

Methods: Soil Pb samples (n=1,528) were collected by the ¡Plo-NO! Santa Ana! Lead-Free Santa Ana! partnership 
in 2018 across Santa Ana, CA, at a high spatial resolution and measured using XRF analysis. Using GIS, a 
continuous smoothed map of soil metal concentrations for eight heavy metals was mapped across the city and 
their enrichment relative to background levels was calculated. American Community Survey data was used to 
examine heavy metals across Census tracts based on social and economic factors, and to allow for an 
understanding of community vulnerability to exposure. Using methods developed by the Environmental 
Protection Agency, we calculated cumulative non-carcinogenic risk from ingestion, inhalation, and dermal 
exposure to all eight metals.  

Results: Soil Pb concentrations varied by landuse type and economic factors. Census tracts with median 
household income < $50,000 had statistically higher soil concentrations of all eight metals compared high-income 
Census tracts. Moderate enrichment of Pb, As, and Zn relative to background concentrations was evident in over 
30% of soil samples. Risk assessment showed the potential for non-carcinogenic risk in over 20% of Census tracts.  

Discussion: This study demonstrates the need for soil remediation and the aversion of disturbances to the soil, 
particularly for areas where children play, since children are at a greater risk of exposure and health impacts to 
metals such as Pb. This study also informs environmental justice initiatives and identifies vulnerable populations 
and regions at greater risk of exposure. 
Keywords: soil, metals, environmental health, environmental justice 
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PO-117: Multi-Pullutant Concentration Patterns of Poor Air Quality 
S. R. McDow1, P. Byerly1, K. Boaggio2, B. Rice1, M. Lein3 
 
1US EPA, Research Triangle Park, NC, 2Oak Ridge Institute for Science and Education, Research Triangle Park, NC, 3Oak Ridge Associated 
Universities, Research Triangle Park, NC. 
 
Recent changes in source emissions and concentration patterns of air quality indicators include declines in 
nationwide emissions of sulfur dioxide and nitrogen oxides, increases in wildland fire emissions and atmospheric 
ammonia concentrations, fluctuations in intercontinental transport of ozone precursor emissions, compression of 
the national ozone concentration distribution, and shifts in the season of highest concentration for both ozone 
and particulate matter with diameter smaller than 2.5 micrometers (PM2.5). We examine the impacts of these 
changes on the relative abundance of air pollutant concentrations as a function of season and airshed at times 
and locations with poor air quality. Air quality indicators like PM2.5, ozone, and nitrogen oxides are always present 
as part of a multi-pollutant mixture. For example, we identify at least 10 geographically diverse airsheds that 
include monitors reporting greater than 90th percentile concentration for at least 3 well-established air quality 
indicators. We further evaluate national air quality monitoring network data, including pollutant concentrations 
as well as diagnostic ratios between indicators from these airsheds on their poorest air quality days. We 
investigate: 1) what are the strongest associations between air quality indicators for each season and airshed and 
what factors influence their relationship? 2) how consistent is the relative abundance of air quality indicators 
within and across seasons and airsheds, and what factors influence this consistency? 3) how many readily 
recognizable patterns of relative abundance are there across seasons and airsheds, and when and where are they 
most likely? The overall objective is the practical identification of a set of consistent multi-pollutant concentration 
profiles representative of current air pollution characteristics, and a quantitative assessment of their frequency 
and consistency within and across seasons and airsheds. The views expressed are those of the authors and do not 
necessarily reflect the views or policies of the EPA. 
Keywords: air pollutants, multiple stressors, concentration, public health 
 

PO-118: Using public data to customize multi-zone housing models of indoor air pollutant 
exposure 
C. W. Milando, M. Fabian 
 
Boston University, Boston, MA. 
 
Many techniques for estimating exposures to air pollutants stop at the “front door” of indoor microenvironments 
where people spend most of their time. For large cohorts, personal measurements are logistically infeasible to 
collect, so exposures are often estimated at the address-level using outdoor monitoring data, satellite data, or 
predictions from dispersion or land-use regression models. Exposure estimates based on outdoor concentrations 
can be augmented by various statistical techniques (e.g., hybrid methods), but nevertheless, they typically do not 
account for building characteristics and resident behaviors that can drastically influence indoor exposure levels, 
e.g., infiltration, ventilation, and indoor sources. There is a need for estimates of residential exposure to air 
pollutants that incorporate different building layouts and constructions that can further modify residential 
exposures. We matched addresses for pediatric patients that lived in apartment buildings and received care at 
Boston Medical Center between 2000 and 2017 with public tax assessor’s parcel data. The assessor’s database 
included age, number of floors, and number of units in taxed buildings. Based on building characteristics, we 
selected dimensioned floor plans from a public database of US houses (CONTAM). We then ran 1-year simulations 
and generated hourly profiles of PM2.5across the most common matched building templates. Of 18,181 patient 
addresses in apartment buildings, 93% matched to one of 12 public floor plans, with 76% of matches occurring for 
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the most common typology. As expected, our modeling highlighted large differences in the distribution of 
apartment-average PM2.5 across typologies and high room-level variance in PM2.5levels from various sources (e.g., 
smoking, cooking). Indoor levels on any building floor were higher than outdoor levels. We developed a method 
to customize housing models and predict indoor pollution exposure for an urban pediatric asthma cohort. These 
models can be used to test interventions on the range of building factors and resident behaviors that may 
exacerbate respiratory disease, as exposure metrics in environmental epidemiology studies, and to aide in city-
specific risk calculations related to indoor air pollution exposure. 
Keywords: exposure models, built/indoor environment, particulate matter (PM) 
 

PO-119: Dietary Exposures and Intake Doses to Bisphenol A and Triclosan in 188 Duplicate-
Single Solid Food Items Consumed by Adults 
M. Morgan, M. Clifton 
 
United States Environmental Protection Agency, Research Triangle Park, NC. 
 
Few data are available on bisphenol A (BPA) or triclosan (TCS) residue levels in the foods consumed by adults in 
everyday settings. The main objectives of this research were to 1) determine BPA and TCS residue concentrations 
in duplicate-single solid food items consumed by adults and 2) estimate dietary exposure and dietary intake doses 
per food item. A convenience sample of 50 adults was recruited in the Piedmont region of North Carolina 
between 2009-2011. Participants completed 24-h food diaries and collected 24-h duplicate-diet solid food 
samples consumed on days 1 and 2 of sampling weeks 1, 2, and 6. Based on the participant’s food diaries, a total 
of 188 of the collected 776 duplicate-diet solid food samples contained a single, solid food item. BPA and TCS 
residue concentrations were quantified in the 188 different food items using gas chromatography/mass 
spectrometry. BPA and TCS were detected in 37% and 58% of these food items, respectively. Residues levels for 
both chemicals occurred the most often in various types of sandwiches. BPA concentrations were highest in a 
cheese and tomato sandwich (104 ng/g) whereas the highest TCS concentrations were in a burrito (22.1 ng/g). In 
addition, these chemicals co-occurred in 20% of the total food items. The maximum dietary exposure (28,622 
ng/day) and dietary intake dose (429 ng/kg/day) for BPA were in a participant’s vegetable soup with tortilla. For 
TCS, the maximum dietary exposure (9,328 ng/day) and dietary intake dose (72.0 ng/kg/day) were in a 
participant’s burrito sample. The results also showed that certain food items typically prepared and/or consumed 
by hand (i.e., sandwiches, bagels, and/or pizzas) had some of the highest participant intake doses to BPA (63.3-
240 ng/kg/day) and TCS (18.5-72.0 ng/kg/day). In conclusion, these participants were exposed to BPA and TCS in a 
variety of food items consumed in their everyday environments. In addition, the dermal (hand) transfer of BPA 
and TCS from some consumer goods (e.g., personal care products) to foods may be a significant pathway of 
exposure in the diet. 
Keywords: food, consumer and personal care products, ingestion, dose 
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PO-121: PurpleAir Low Cost Air Monitoring Sensor Network in California: Spatiotemporal 
Evaluation of Long-term Performance 
A. Mousavi, J. Wu 
 
University of California, Irvine, Irvine, CA. 
 
Low-cost air monitoring sensor networks are designed with a huge potential to improve local air monitoring and 
increase the resolution of spatiotemporal analysis for environmental health policy. However, very few long-term 
performance evaluations of networks exist in large scales. We thoroughly evaluated the performance of the 
PurpleAir (a previously EPA-evaluated sensor) network with approximately 4000 implemented sensors throughout 
the state of California. PupleAir Network publishes real-time concentration data of ambient particulate matter 
(PM) (i.e., PM1, PM2.5, PM10 ) and metrological data (i.e, temperature and humidity). In order to evaluate the long-
term performance of the sensor network, we focused on 50 sensors across the state that had co-located (i.e., 
within 5 meters) US EPA’s air quality system (AQS) stations in both urban and rural areas. Average daily PurpleAir 
PM2.5 concentrations were calculated from 10-min resolution data using a 75% completeness criterion during 
2017-2019 and were further compared to daily average PM2.5 concentrations at the AQS stations. Monthly mean 
levels of PM2.5 were not statistically different between sensor network and regulatory stations data (α= 0.067), 
however, daily mean levels were statistically different between the two air monitoring networks (α= 0.002). R2 
from ordinary least square regression between the co-located samplers across California ranged between 0.49 to 
0.65. Interestingly, the R2 values decreased during the large wildfire events that occurred in 2018 in certain areas. 
Initial evidence confirmed better identification of wildfire pollution episodes by the PurpleAir Network in 
comparison to the regulatory monitors. Ongoing analysis will examine the effect of meteorology, especially 
atmospheric stability (i.e., mixing height), Santa Ana winds, temperature, and humidity on the performance of the 
PurpleAir sensor network. In addition to collocated sites, we will compare the PM2.5 exposure estimates on the 
continuous spatial surface based on the data from the two networks through spatial interpolation. This project 
can be used as a foundation to evaluate the performance of implemented air monitoring sensor networks in air 
pollution exposure analysis at local, regional, and global scales. 
Keywords: air quality sensor, fine particlate matter, geospatial analysis/GIS, wildlife 
 

 
PO-122: The Effect of Socioeconomic Status and Geographic Location on Children’s Health 
A. S. Mullikin1, R. J. Slover1, E. Hubal1, D. Reif2 
 
1Environmental Protection Agency, Durham, NC, 2North Carolina State University, Raleigh, NC. 
 
Children’s health can be significantly impacted by direct exposure to different chemical hazards in the physical 
environment. Previous research has linked biological factors to an increase in vulnerability, but there are other 
factors that may affect exposures and health outcomes. Income, geographic location, race, sex, and age can all 
increase a child’s exposure to chemicals. To investigate these factors further, an analysis was conducted to 
evaluate children’s environmental health based on indicators of health status, the physical environment, as well 
as the social environment. A vulnerability index was developed and demonstrated for children in North Carolina 
counties using ToxPi (http://toxpi.org/ Toxicological Prioritization Index), an analytical framework that was 
developed to enable integration of multiple sources of evidence by transforming data into integrated, visual 
profiles. A vulnerability index is a measure of the exposure of a population to some hazard. The index included 
two indicators of child health (asthma, low birth weight), indicators of environmental chemicals (TRI facilities, 
Superfund sites), and indicators of social environment (income, education). Data was collected at the county level 

http://toxpi.org/
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for geographic locations of these known chemical hazard sites, income, education, and population. The ToxPi 
vulnerability index was ranked, clustered into locations with similar associations, and superimposed over a 
choropleth base map made in ArcGIS that shows percentage of the county population under age five. This created 
an interactive map on the ToxPi GIS platform, representing the North Carolina counties’ vulnerabilities. 
Relationships were determined for children’s health outcomes relative to chemical facility locations and 
socioeconomic factors. The results indicated a strong relationship between lower levels of education, lower 
income, and higher vulnerability to the health outcomes observed. While some counties with more chemical 
facilities had a slightly higher vulnerability, a more significant relationship was found between socioeconomic 
status and health outcomes. This analysis provides an example of how disparate data streams can be integrated 
to inform understanding of the complex factors impacting children’s environmental health. The results suggest 
the importance of socioeconomic factors on children’s health and highlight the need to consider additional 
sources and indicators of chemical exposure to evaluate children’s environmental health vulnerability. Disclaimer. 
The views expressed in this article are those of the authors and do not necessarily represent the views or policies 
of the U.S. Environmental Protection Agency. 
Keywords: susceptible/vulnerable, public health, health disparities, environmental health, 
 

PO-123: The impact of cooking nanoparticles on the human brain activity during gas stove 
frying 
M. Naseri1, S. Sadeghi1, R. Khanbabaie2, M. Amouei Torkmahalleh1, S. Gorjinezhad1, G. Giorgio Buonanno3, M. Malekipirbazari4 
 
1nazarbayev university, Nur sultan, KAZAKHSTAN, 2Babol Noshirvani University of Technology, Babol, IRAN, ISLAMIC REPUBLIC OF, 
3University of Cassino and Southern Lazi, Casiono, ITALY, 4Bilkent Univer, Ankara, TURKEY. 
 
Since people spend the vast majority of their time indoors, investigating the exposure of indoor occupants to air 
pollutants is of utmost importance. Cooking is the most important source of the ultrafine particles in residential 
apartments and commercial restaurants. Animal studies showed that nanoparticles can translocate to the brain 
via olfactory bulb or cross the blood-brain barrier (BBB) through the blood circulation. Nanoparticles can cause 
toxicological effects on neurons given their chemical composition, size, surface area, morphology, and charge. 
Studies suggest a link between exposure to ultrafine particles and neurodegenerative disease. The impact of 
cooking particles on the human brain is poorly investigated and understood. This abstract summarizes a 
controlled clinical study that investigated the impact of cooking (frying beef) ultrafine particles (nanoparticles) 
using an electric stove on the human brain. The brain electrical waves were recorded using quantitative 
electroencephalography (QEEG). PM1, PM2.5, PM4, and PM10  concentrations were simultaneously measured using 
a DustTrak DRX, TSI. Thirty healthy volunteers were exposed to cooking fumes in an experimental apartment and 
their brain electrical activity was measured at several steps before cooking, during cooking and after the cooking 
up to 2 hours. A control experiment was conducted to monitor the brain activities in the absence of the cooking 
fumes. A multivariable regression analysis will be conducted to understand the most influential particle 
characteristics on the human EEG due to exposure to UFPs. The PM2.5 concentration increased approximately 
from 0.105 to 3.149 mg/m3. We are currently analyzing the results and they will be presented to the conference. 
Keywords: Electroencephalography, oxidative stress, blood br 
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PO-124: Characterization of Linear and Non-linear Associations between Physiological 
Indicators and All-Cause Mortality 
V. K. Nguyen1, J. Colacino1, J. M. K. Chung2, A. Le Goallec2, B. Zhao1, M. Xu1, O. Jolliet1, C. Patel2 
 
1University of Michigan, Ann Arbor, MI, 2Harvard University, Boston, MA. 
 
Numerous epidemiological and in vivo studies have documented associations between toxicant exposure and 
altered physiological indicators, but it is unclear how such chemical-mediated effects increase the risk of death. 
Characterization of the type of association (e.g., linear dose-response or non-linear) between physiological 
indicators and mortality will provide the foundation to understand how chemical exposures result in physiologic 
dysfunction associated with increased risk for death. In this study, we applied a machine learning approach to 
characterize the linear and non-linear associations between physiological indicators and mortality to identify 
populations who are at risk to physiologic dysfunction. We studied 27 biomarkers and physiological 
measurements in 47,025 participants of the US CDC National Health and Nutrition Examination Survey (NHANES) 
sampled from the US population from 1999-2014. We selected these particular indicators as they characterize 
physiological strain from a wide range of regulatory systems, have high sample size (&gt 10,000 participants), and 
high overlap with the mortality data (&gt 12 years). We used linked National Death Index to ascertain mortality 
status and time to death. We assessed linear associations with death and non-linear associations by discretizing 
each indicator into 9 quantiles, using a weighted sum of cubic polynomials ("spline”), and applying random forest 
with 500 decision trees. We conducted 10-fold cross validation (while adjusting for age, sex, and race/ethnicity) to 
compare the predictive capability of the linear versus non-linear models. Linearity was the worst at describing the 
associations between mortality and biomarkers of inflammation such as C-reactive proteins, white blood cell 
counts, and alkaline phosphatase with R2’s of 0.06, 0.04, and 0.001, respectively and non-linearity improved the 
fit of the model by 3, 5, and 150 folds, respectively. For HDL, LDL, and a biomarker of renal function Glomerular 
Filtration Rate, we found that higher risk of death is associated with being in either extremes of the distributions 
instead of being in just one extreme. Overall, we observed 24 out of 27 indicators showing non-linear associations 
with all-cause mortality, while height, triglycerides, and 60-second pulse show linear associations. We present a 
framework to systematically characterize the type of association that best explains the relationship between a 
given physiological indicator and mortality. To better characterize toxicity associated with chemical exposures, 
understanding the associations between physiological indicators and mortality is salient to evaluate how toxicant 
exposure disrupts physiologic function that leads to higher risk of death. 
Keywords: health, other/general, biomarkers, relative risk (RR), environmental health 
 

PO-125: Estimating the Impact of Freshwater Fish Harvest Location on Mercury Exposures 
in Dene Communities of the Northwest Territories 
S. Packull-McCormick, H. Swanson, K. Skinner, B. Laird 
 
University of Waterloo, Kitchener, ON, CANADA. 
 
Elevated mercury levels in some fish species and lakes in the Northwest Territories led to the release of lake-
specific consumption notices recommending a limit on the consumption of specific fish species. To address Dene 
community concerns regarding the health risks posed by fish mercury levels, a human biomonitoring project was 
launched in nine communities. Results indicated that generally human exposure to mercury remained relatively 
low. Follow-up questions were asked, however, about the extent to which this could change depending on where 
people harvested their fish for subsistence consumption. To investigate this, a series of probabilistic mercury 
exposure assessment models were created. Models predicting human mercury exposure were created for five 
age/sex categories (under 18 years, women 18-39 years, men 18-39 years, 40-59 years, and over 60 years) using 
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human dietary and demographic data from the human biomonitoring project and fish mercury data from research 
partners and the literature. The most commonly consumed fish species in participating communities (Lake 
Whitefish, Lake Trout, Northern Pike, and Walleye) were included. Lakes were assigned to categories based on the 
species-specific geometric mean fish mercury concentrations and the presence or absence of consumption 
notices. Based on these categories, models were created to represent seven scenarios of fish consumption. In all 
models, the majority of estimated exposures were below relevant tolerable daily intakes for mercury, even in a 
model that specified that 50% of fish were harvested and consumed from high mercury lakes (geometric mean 
fish mercury concentrations >0.5 ppm). However, since children and women of childbearing age are most 
sensitive to mercury, increased consumption of fish from lakes with moderate (geometric mean 0.4-0.5 ppm) or 
high mercury levels had a particularly large impact on the exceedance rates for these groups. Based on the 
commonly consumed fish in these communities, frequently harvesting fish from lakes with low mercury levels 
(geometric mean <0.4 ppm, including those with consumption advisories) and occasionally harvesting fish from 
lakes with moderate mercury levels appears unlikely to affect typical mercury exposures. Further, general 
messages and recommendations about the fish species that are most safe to eat may have the largest impact on 
mercury exposure in Dene communities in the Northwest Territories. It is particularly important that such 
messages and recommendations regarding fish mercury focus on women of child-bearing age and children. Site-
specific messages appear most warranted for lakes and waterbodies with high mercury levels (geometric mean 
fish mercury concentrations >0.5 ppm). 
Keywords: mercury, environmental health, exposure models, probabilistic model 
 
PO-126: Commuter’s Exposure to Different Particle Size Ranges inside Transportation 
Modes 
A. Patra, H. Phuleria 
 
Indian Institute of Technology Bombay, Mumbai, INDIA. 
 
Increasing urbanization, as well as higher costs of living in cities, has extended urban sprawls, leading to more 
people commuting long distances. This results in their high exposure to traffic-related air pollutants, specifically 
particulates for considerable durations. Due to the differences in cabin structure and ventilation, the exposure 
levels in different commute modes are also different. The present study aims to assess the particulate 
concentration inside multiple transportation modes for different size ranges and its variation with traffic 
conditions. Also, we have estimated the differential respiratory deposition doses (RDD) based on standard 
inhalation rates. Real-time particle size distributions were measured using a portable light-scattering-based device 
during Mar-Apr, 2019 in Mumbai, India. The sampling was conducted inside buses, cars, auto-rickshaws, sub-
urban trains, and motorbikes on a pre-defined route resulting in a total of 98 trips. Monitoring was done during 
the morning rush (8:00-11:00), afternoon non-rush (14:00-17:00), and evening rush hours (18:00-21:00). 
Particulate measurements are reported into three size bins i.e. sub-micrometer (0.3 µm - 1µm), fine (1 µm -2.5 
µm) and coarse (2.5 µm -10 µm). Among all commute modes, suburban trains had the lowest PM levels (p<0.05) 
(irrespective of the size bins), which were 8±3µg/m3, 15±4 µg/m3, 75±28 µg/m3, for the three size bins, 
respectively. Buses had a higher concentration of sub-micrometer (10±3µg/m3), and fine particles (52±5 µg/m3), 
whereas the coarse particles were highest inside auto-rickshaws (238±36 µg/m3). Afternoon non-rush hours had 
25%-36% lesser concentration than the rush hours. A significant negative association (Pearson R= 0.72) was 
observed with the particulate levels and vehicle speeds. We observed the largest particle sizes are inside buses 
(Dp = 5.8µm), resulting in a higher RDD of bus commuters (98-122 µg.hr-1). On the other hand, inside suburban 
trains, the mean particle diameter was the lowest (Dp =2.8µm), resulting in lower inhalation (66-84 µg.hr-1). The 
present study concludes differential particulate exposure risks inside the commute modes in urban areas. Mass 
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concentrations of different size particles vary within modes, primarily driven by vehicular (speed, cabin) and non-
vehicular (traffic hours) factors. 
Keywords: exposure factors, air pollution, ventilation, dose 
 

PO-127: Can the socio-economic variables discriminate against the air pollution exposure? 
A. Patra, H. Phuleria 
 
Indian Institute of Technology Bombay, Mumbai, INDIA. 
 
A number of commute options are available to urban population in developing countries; however, the real 
choices may be restricted due to various socio-economic factors. The 2011 census of India documented the 
differences in travel patterns among the daily office commuters; still how the socio-economic factors affect the 
usages is not well explored. The present study aims to quantify the variables affecting the commute choices of 
urban Mumbai residents. Additionally, the study also assesses the variation in daily air pollution exposures among 
high and low socio-economic groups. Based on different Human Development Index (HDI), four wards are 
selected in Mumbai in each of which commuter surveys were conducted in ~200 people half each from high 
(multi- rise buildings) and low SES (slums). Demographic information (age, education, monthly family income, 
etc.), job (the type of job, workplace information, etc.), and job-related trips (frequency, time of commute, mode 
of commute, etc.) were collected. Among the commute options, sub-urban trains are most popular (~43%) while 
walking is the least (~7%). The commute choices are affected by job-type, age, commute distance, as well as 
monthly family income. People without any fixed office location (~24% of the total surveyed) prefer to travel with 
private vehicles (~94%) for work-related trips, with motorbike as the most convenient commute option. 
Commuters in the highest family income group (income> 1,88,000 INR/month) primarily rely on private cars for 
work-related trips regardless of the commute distances. The middle-income group, relies on both private and 
public transports with their choices governed by the commute distances and availability of the nearest public 
transport option. Two-third of them travel a one-way distance of more than >15 km daily, with sub-urban trains as 
the predominant mode of commute. The lowest monthly income group (< 20,000 INR), travels the least with~60% 
of them commuting< 8km using public buses or walking. For the same commute distance, we estimate that the 
people commuting with sub-urban trains will have 25-30% more PM2.5exposure than traveling on a car (with 
windows open). Our findings suggest that air pollution exposure risks should also be considered while choosing 
the commute options for daily work-related trips. 
Keywords: air pollution, behavior, exposure factors, particulate matter (PM) 
 

PO-128: Systematic Review on Selected Health Effects of Long-term Exposure to Traffic-
Related Air Pollution 
H. Boogaard, A. P. Patton, D. Crouse, E. van Vliet, A. M. van Erp 
 
H. E. I. Panel on the Health Effects of TRAP; Health Effects Institute, Boston, MA. 
 
The health effects of traffic-related air pollution continue to be of important public health interest. Following its 
well-cited 2010 critical review, the Health Effects Institute (HEI) and a new expert Panel are conducting a 
systematic review of the epidemiological literature on the health effects of long-term exposure to traffic-related 
air pollution. The Panel consists of 14 experts in epidemiology, exposure assessment and biostatistics, and is 
chaired by Francesco Forastiere (King’s College London) and Fred Lurmann (Sonoma Technology). Results are 
being combined quantitatively to evaluate the strength of evidence, where appropriate. The quantitative results 
of the review may be useful for future risk and health impact assessments.The Panel is using a systematic 
approach to search the literature, assess study quality, summarize results, and reach conclusions about the body 
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of evidence. To this end, a review protocol was developed and registered in Prospero. An extensive search was 
conducted of literature published between January 1980 and July 2019. Selected health outcomes include all-
cause and cause-specific mortality, respiratory effects, cardiovascular effects, diabetes, and adverse birth 
outcomes. In addition, the Panel has developed an exposure framework to guide the selection and evaluation of 
epidemiological studies based on the level of confidence that the exposure contrasts are indicative of exposure to 
traffic-related air pollution. The review is now well underway, and preliminary results will be presented. After a 
broad search, the Panel has identified 1100 studies relevant for further screening; about 350 of which met the 
inclusion criteria and will be considered in the systematic review. Effect estimates were reported for all-cause and 
cause-specific mortality (58 papers), cardiovascular effects (58 papers), respiratory effects (168 papers), and birth 
outcomes (89 papers). The systematic review will undergo peer-review in 2020 and publication is aimed for 2021. 
The new review will be an authoritative update of HEI’s most-cited report for use by researchers and 
policymakers. 
Keywords: air pollution, epidemiology, health, chronic diseases, traffic 
 

PO-129: Comparative evaluation of home-usable minimally invasive dried blood 
microsamplers for exposome research 
L. M. Petrick1, M. M. Niedzwiecki1, G. Dolios1, M. Yu1, P. Tu1, G. P. Page2, R. O. Wright1, R. J. Wright1 
 
1Icahn School of Medicine at Mt. Sinai, New York, NY, 2RTI International, Atlanta, GA. 
 
Background: Once dried, blood samples collected at home using minimally-invasive methods such as 
microsamplers can be shipped by regular mail if not infectious. Because COVID surrogates in blood, for example, 
can be quickly inactivated on dry surfaces, dried capillary blood may present a safer sampling alternative to 
venous blood. However, the compatibility of microsampler technologies with untargeted metabolomics assays 
has not been fully evaluated. 
Methods: Using commercially purchased whole blood, we performed untargeted metabolomics profiling of 
Volumetric Absorptive Microsampling (VAMS®) tips (10 µL of whole blood), HemaXisTM whole spots (10 µL of 
whole blood), Noviplex™ plasma discs (2.74 µL of plasma), and 5-mm Guthrie card punches (~8-10 µL of whole 
blood, DBS). Samples were analyzed using Liquid Chromatography-High Resolution Mass Spectrometry (LC-HRMS) 
for measurement of polar compounds (ZHP) and semi- and non-polar compounds (RPN). To simulate field 
conditions, we examined the effect of drying times (3, 4, 8, and 18 h) at room temperature on metabolite 
intensities. Molecular features with fold-changes > 3 compared to equivalent matrix blanks were retained for 
analysis. Analysis was performed using two-way ANOVA models with interaction. 

Results:In all four methods, 4690 and 1605 peaks were measured in ZHP and RPN chromatography, respectively, 
including endogenous and exogenous metabolites and environmental chemicals. An additional 3669 and 1848 
peaks, measured in ZHP and RPN, respectively, were shared by VAMS, Guthrie and HemaXis, but not found in 
Noviplex. Since better reproducibility between replicates (n=3) was observed in VAMS and DBS, compared to 
HemaXisTM and Noviplex™, only VAMS and DBS were examined further. Using chemical suspect screening, we 
detected 117 and 150 metabolites in RPN and ZHP chromatography, respectively. Approximately one-quarter of 
the metabolite intensities were significantly affected (p<0.05) by drying time (32/117 in RPN, 30/150 of ZHP), 
many of which were lipids. Compared to 3 h, few metabolites had significantly different (p<0.05) intensities at 4 h 
(2/32 RPN, 2/30 ZHP) and 8 h (9/32 RPN, 4/30 ZHP). However, most of the unstable metabolite intensities differed 
at 18 h (30/32 RPN, 24/30 ZHP). While metabolite intensities were higher in VAMS compared to DBS across all 
storage time points, the effect of drying time on metabolite intensity was similar between the two methods. 
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Conclusions: Our results suggest that VAMS and DBS can be used for at-home collection to obtain robust 
untargeted metabolite measurements, particularly when room temperature drying time is minimized to <8 h 
before long-term storage under freezing conditions. 
Keywords: exposure factors, biomarkers, epidemiology, sampling methods 
 

PO-130: Exploring the external exposome using wearable passive samplers - the China 
BAPE study 
J. Koelmel1, E. Lin1, P. Guo1, J. Zhou1, J. He1, A. Chen1, Y. Gao2, F. Deng2, H. Dong2, Y. Liu2, Y. Cha2, J. Feng2, C. Beecher3, X. Shi2, S. Tang2, K. Pollitt1 
 
1Yale University, New Haven, CT, 2Chinese Center for Disease Control and Prevention, Beijing, CHINA, 3IROA Technologies, Chapel Hill, NC. 
 
Environmental exposures are one of the greatest threats to human health, yet we lack tools to answer simple 
questions about our exposures: what are our personal exposure profiles and how do they change overtime 
(external exposome), how toxic are these chemicals, and what are the sources of these exposures? To capture 
variation in personal chemical exposures and determine chemicals which pose the greatest health risk, wearable 
exposure monitors can be deployed. In this study, we deployed passive air sampler wristbands with 76 healthy 
participants (aged 60-69 years) as part of the Biomarkers for Air Pollutants Exposure (China BAPE) study. 
Participants wore the wristband samplers for 3 days each month for five consecutive months. Passive samplers 
were analyzed using a novel gas chromatography high resolution mass spectrometry data-processing workflow to 
overcome the bottleneck of processing large datasets and improve confidence in the resulting identified features. 
The toxicity of chemicals prevalent in personal samples were predicted to identify exposures of potential concern. 
Three exposures were highlighted based on elevated toxicity: dichlorvos from insecticides (mosquito/malaria 
control), naphthalene partly from mothballs, and 183 polyaromatic hydrocarbons from multiple sources. Other 
exposures explored in this study are linked to diet and personal care products, cigarette smoke, sunscreen, and 
antimicrobial soaps. We highlight the potential for this workflow employing wearable passive samplers for 
prioritizing chemicals of concern at both the community and individual level, and characterizing sources of 
exposures for follow up interventions. 
Keywords: air sensor, activity patterns, analytical methods, sampling methods, exposome 
 

PO-131: Characterization of Iron and Manganese Nanoparticles in the Spark Discharge 
System to Simulate Welding Fumes 
K. Prasad; Purdue University, West Lafayette, IN. 
 
Abstract: A significant portion of metal fumes emitted from welding, smelting, soldering, and laser cutting 
operations are comprised of nanoparticles (<100 nm). Exposure to these metal fumes can result in a variety of 
cardiopulmonary health effects: pneumonia, asthma, fibrosis, and lung cancer. The nanoparticle compositions of 
these metal fumes are dependent on the operational conditions, the proportions of metals in the welding 
electrodes, and the materials being welded. Although metal fumes are known to be toxic, the specific evaluation 
of the nanoparticle components has been challenging due to the difficulties in generating stable aerosolized 
nanoparticles in a controlled laboratory exposure setting. In this study, a spark discharge system (SDS) was utilized 
to simulate welding fumes with varying contents of manganese (Mn). We measured the total number 
concentration (TNC) and the size of generated particles from the SDS. An applied voltage of 5 kV and a loading 
current of 0.5 mA were used to produce the nanoparticles for two continuous hours. Separate experiments were 
conducted for electrodes consisting of pure iron (Fe), 90% Fe + 10% Mn, 50% Fe + 50% Mn, and pure Mn. A 
scanning mobility particle sizer was used to obtain the TNC and geometric mean diameters, thus creating a 
particle size distribution. The TNC and geometric mean diameter of particles ranged from 7.13 × 106 - 8.60 × 106 
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particles/cm3 and 46.3 - 67.4 nm, respectively. The particles were collected on a mixed cellulose ester filter, which 
was later analyzed by using X-ray fluorescence to measure the metal contents in the nanoparticles. The data 
revealed that higher Mn content resulted in higher TNC of particles, geometric mean diameter, and generation 
rate. The SDS and these results will be used in future toxicology studies regarding welding fume exposure. 
Throughout this project, a multidisciplinary outlook was adopted to monitor, collect, and evaluate the results 
using statistical models. The integration of aerosol science and nanotechnology made it possible to gain new 
insight into the toxicity associated with the emitted particulate mixtures. Overall, this study will benefit exposure 
science by identifying the mechanisms of toxicity and allowing for more accurate risk assessments regarding 
occupational human exposure. 
Keywords: nanoparticles, occupational exposure, aerosol, industrial hygiene, welding fumes 
 

PO-132: Toenail and Hair as Biomarkers of Exposure to Environmental Manganese 
P. Prathibha1, G. Nelson2, B. A. Racette3, J. R. Turner1 
 
1Dept. of Energy, Environmental & Chemical Engineering, Washington University in St. Louis, Saint Louis, MO, 2School of Public Health, 
University of Witswatersrand, Parktown, SOUTH AFRICA, 3Dept. of Neurology, Washington University School of Medicine, Saint Louis, MO. 
 
Background/Approach. Toenail and hair are convenient and non-invasive biomarkers used in occupational 
manganese (Mn) exposure studies. To explore their viability in assessing environmental Mn exposures, this work 
evaluated Mn concentrations in toenail (MnT) and hair (MnH) of adults residing within 1-3.5 km of a large Mn 
smelter in Meyerton, South Africa, and a reference community ~70 km away. These participants represent a 
subset of a study investigating the association between environmental Mn exposure and motor, cognitive control, 
and mood dysfunction. Mn in ambient fine particulate matter (PM2.5), routinely collected at one settlement 
beginning in October 2015 and intermittently at other two settlements since September 2017, served to 
distinguish Mn exposure among the exposed populations.  

Results. PM2.5 mass concentrations at the Meyerton long-term monitoring site ranged from 18±13 µg/m3 in 
summer to 43±28 µg/m3 in winter, and contemporaneous measurements across the three exposed settlements 
were highly correlated (0.88<r<0.92). However, Mn in the PM2.5 (PM2.5-Mn), ranging from 0.12±0.14 µg/m3 in 
summer to 0.26±0.20 µg/m3 in winter, correlated poorly (0.02<r<0.17). Geometric mean MnT in the exposed and 
control populations were 11.0±2.6 ppm (n=175) and 3.73±2.5 ppm (n=12), respectively, and MnT was 30% lower 
in big toenails than small toenails. While it could distinguish between exposed and control populations 
(F(1,183)=12.8, p<0.001)), MnT could not differentiate residents by settlement (F(2,171)=0.02, p=0.97) or by 
distance from the smelter stratified into tertiles (F(2,171)=0.18, p=0.84). Geometric mean MnH, only measured in 
the exposed population to date, was 22.4±2.1 ppm (n=67, only from women between 40-50 years to ensure 
compare hair growth rates) and 20% higher in residents within 2.5 km of the smelter than those farther away.  

Conclusion. The high correlation in PM2.5 across the exposed settlements implies that its variations, unlike those 
of PM2.5-Mn, which varied by a factor of two in this 2.5-km range, were not driven by smelter emissions. The 
lower MnT in big toenails relative to small toenails was consistent with the former’s faster linear growth rate; 
studies should use clippings from either big or small toenails—but not mix them—to ensure consistent data across 
participants. The higher MnH in proximal residents suggests hair may better capture differences consistent with 
dispersive, point-source fugitive emissions. This will be investigated further by expanding hair and PM2.5-Mn 
analyses to the reference community; upcoming work will also include non-Mn metals to inform the use of toenail 
and hair in characterizing exposure to other ambient air toxic metals. 
Keywords: biomarkers, air pollution, hazardous air pollutant (HAP), geospatial analysis/GIS, Environmental exposure, 
Manganese 
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PO-133: Prediction and Evaluation of Aggregate Exposures to Parabens from Use of 
Consumer Products 
P. Price1, K. Isaacs2 
 
1Retired, Chapel Hill, NC, 2United States Environmental Protection Agency, Research Triangle Park, NC. 
 
The four parabens (methyl, ethyl, propyl, and butyl parabenzoic acid) are used as preservatives in a wide range of 
consumer products. These uses are believed to be the major sources of exposure for these chemicals. This 
presentation compares estimates of interindividual variation in the aggregate exposures to the four parabens 
derived from simulation modeling and from biomonitoring data. The U.S. EPA has developed a probabilistic model 
of interindividual variation in aggregate chemical exposures that occur as a result of the use of consumer products 
(Chemical Human Exposure Model or CHEM). The model allows the user to define a population of interest in 
terms of age and other demographics. The characteristics of each simulated individual (physiology, housing, 
location, and family structure) are then randomly selected by CHEM to reflect variation in the U.S. population. 
Based on these characteristics and known or assumed consumer product use patterns, CHEM simulates a time 
series of product uses in the individual’s residence and the route-specific intake doses that the individual receives 
for the chemicals in the products, via both direct (during use) and indirect (post-use) pathways. Doses associated 
with each product type are then summed to give the individuals’ aggregate systemic doses. Data for individuals’ 
characteristics are taken from national surveys of physiology and residential characteristics, data on composition 
of consumer products from EPA’s Chemicals and Products Database, and chemical properties from EPA’s 
Chemistry Dashboard. Interindividual variation in aggregate exposure to the four parabens in the general 
population can also be estimated from biomonitoring of the compounds’ metabolites in urine. The NHANES 
biomonitoring survey tested for the metabolites of four parabens in urine samples collected in 2005 and 2006. 
Levels of metabolites were lower in children than adults and large fractions of the samples did not have 
detectable levels of metabolites for two of the four parabens. Because of this, comparisons of the CHEM and 
NHANES predictions were based on the 75th, 90th, and 95th percentiles of the range of exposure predictions in 
adults. The CHEM estimates were within a factor of two for each of the three percentiles of ethyl paraben, a 
factor of three for methyl and butyl paraben, and a factor of five for propyl paraben. These findings suggest that 
simulation models can characterize the upper portions of the distributions of aggregate doses for parabens in 
adults. This abstract does not reflect EPA policy. 
Keywords: aggregate exposure, biomonitoring, exposure models, distribution 
 

PO-134: Silicone wristbands worn by children exposed to secondhand tobacco smoke and 
e-cigarette vapor record multiple pollutants, including tobacco-specific carcinogens. 
P. J. E. Quintana1, N. Lopez-Galvez2, N. Dodder2, E. Hoh1, G. E. Matt3, J. M. Zakarian4, M. Vyas1, L. Chu1, B. Akins1, S. Padilla4, K. A. 
Anderson1, M. Hovell1 
 
1San Diego State University School of Public Health, San Diego, CA, 2San Diego State University Research Foundation, School of Public 
Health, San Diego, CA, 3San Diego State University Department of Psychology, San Diego, CA, 4San Diego State University Research 
Foundation, San Diego, CA. 
 
Simple silicone wristbands are easy to wear, acceptable to children, and can assess exposure to multiple 
pollutants. We investigated differences in wristband chemical concentrations among three groups of children, 
those exposed to secondhand tobacco smoke from conventional cigarettes (CC), those exposed to secondhand 
vapor from electronic cigarettes (EC), and children living with non-users of either of these products (NS). Children 
(n=53) wore 3 wristbands and carried a passive air monitor for 7 days, wore 1 wristband for 2 days, and gave a 
urine sample on day 7. Caregivers were contacted daily to record daily exposures during the 7-day period, and 
texted daily photos to verify wearing. We determined nicotine, cotinine, and tobacco-specific nitrosamine (TSNA) 



 
 

I S E S  2 0 2 0  P O S T E R  A B S T R A C T S     |    P-84       
 

concentrations in wristbands, air nicotine in passive monitors, and urine cotinine through isotope-dilution liquid 
chromatography with triple quadrupole mass spectrometry (LC-MS/MS). Both wristband (WB) nicotine and 
cotinine levels and urine cotinine (UC) differentiated between children not exposed to tobacco products and 
children exposed to secondhand EC or CC at the group level. The CC group’s WB and UC measurements were 
significantly higher than those in the EC group (CC WB nicotine median 233.8 ng/g silicone, WB cotinine 36.8 
ng/g., UC median 3.6 ng/ml, n=15, vs. EC WB nicotine median 28.9 ng/g, WB cotinine 7.4, UC 0.5 ng/ml, n=19), 
and both CC and EC group levels were higher than the NS group (WB nicotine median 3.7 ng/g, WB cotinine 
median 0.3 ng/g, UC 0.1 ng/ml, n=19, all p<0.01). TSNAs, including the known carcinogen NNK, were detected in 
39% of wristbands and were significantly elevated in CC group wristbands compared to EC and NS groups 
(p<0.05). Urine cotinine was significantly correlated with WB nicotine (rho = 0.92), WB cotinine (rho = 0.84) and 
WB TSNAs (rho = 0.64), all p<0.01. Silicone wristbands show promise for sensitive detection of complex exposures 
in children encountered in daily settings. 
Keywords: environmental tobacco smoke (ETS), SVOCs, children, sampling methods, Silicone wristbands 
 

PO-135: Biomonitoring of exposures to volatile organic compounds among hairdressers 
serving a primarily ethnic clientele 
L. Quirós-Alcalá1, L. Kavi2, L. Louis1, M. Boyle2, W. Pool3, V. De Jesús4, D. Bhandari4, A. Pollack5, S. Thomas2, A. Sun2, S. McLean2, A. Rule1 
 
1Johns Hopkins University, Baltimore, MD, 2University of Maryland, College Park, MD, 3Centro de Apoyo Familiar, Riverdale, MD, 4Centers for 
Disease Control and Prevention, Atlanta, GA, 5George Mason University, Fairfax, VA. 
 
Background: Hairdressers are continuously exposed to volatile organic compounds (VOCs) which have been linked 
to adverse health effects, yet biomonitoring studies in this workgroup are sparse. There are also concerns that 
hairdressers serving an ethnic clientele may experience elevated exposures to VOCs and other chemicals from 
products and services marketed to this population. While these exposures may reflect potential health disparities, 
little is known about VOC exposures in this worker population. 

Objective: We sought to characterize biomarker concentrations for VOCs in post-shift urine samples and 
determinants of VOC exposure among hairdressers serving an ethnic clientele. 

Methods: We recruited 23 minority female hairdressers predominantly serving an ethnic clientele from 
African/African American (AA) and Dominican salons, and 17 office workers who served as controls in the 
Maryland/DC metro area. We quantified concentrations of 28 biomarkers, representing exposure to 20 VOC 
parent compounds, in urine samples using isotope dilution ultra-performance liquid chromatography-tandem 
mass spectrometry. We compared biomarker concentrations in hairdressers to those among office workers and 
women in a representative sample of the U.S. general population. To assess exposure determinants, we collected 
information on potential predictors via questionnaires. 

Results: The majority of hairdressers (65%) were black with a mean(SD) age of 40(10.6) years, while half of office 
workers were black with a mean(SD) age of 34(7.9) years. Biomarkers for 68% of the VOCs quantified were 
detected in all hairdressers. Median concentrations for 54% of the biomarkers quantified were statistically 
significantly higher in hairdressers working in AA salons compared to Dominican salons; geometric mean 
biomarker concentrations among hairdressers working in African/African American salons were up to 12 times 
higher compared to hairdressers working in Dominican salons. Concentrations for the majority of VOC biomarkers 
were also higher in hairdressers compared to office workers and to women in the U.S. general population. For 
example, median biomarker concentrations for acrolein,1,3-butadiene, and xylene were 50% higher in 
hairdressers compared to office workers; and >4 times higher than women in the U.S. general population for 1-
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bromopropane, acrolein, and 1,3-butadiene. Select services, like semi-permanent hair coloring and hair 
extensions with glue, were associated with higher toluene, xylene and acrylonitrile biomarker concentrations. 

Conclusions: This is the first study to characterize exposures to a large suite of VOCs usingbiomonitoring among 
minority female hairdressers serving an ethnic clientele. Larger studies are warranted to confirm findings, assess 
potential adverse health effects, and inform exposure mitigation interventions in this understudied and 
underrepresented worker population. 
Keywords: occupational exposure, biomonitoring, consumer and personal care products, biomarkers, Exposure factors 
 

PO-136: Estimating real-world emission factors for on-road vehicular fleet and their 
dependence on traffic and meteorological parameters 
N. Raparthi, N. Manikyala, H. C. Phuleria 
 
Environmental Science and Engineering Department, Indian Institute of Technology Bombay, Powai, Mumbai-400076, INDIA. 
 
In urban areas, road transport is the major source of air emissions causing adverse health, environmental, and 
climate-related problems. But in India, there is uncertainty in vehicular emissions estimation due to dearth of 
reliable emission factors (EFs) which can represent the true characteristics of vehicles plying on the road. In this 
study, we aim to estimate real-world fleet average hourly EFs through twin-site (a kerb-side and an urban 
background) ambient air pollutant measurements. Additional interest is to examine the influence of the traffic 
and the meteorological parameters on the developed EFs. Real-time PM2.5, black carbon (BC), CO, and CO2  were 
measured at the kerbside of a major road and an urban background location in Mumbai, India simultaneously 
during 22-28 May, 2018. The carbon mass-balance method was used to estimate the fuel-based EFs. Multiple 
linear regression was used to investigate the influence of traffic and meteorological parameters on the estimated 
real-world EFs. The average (±SD) hourly traffic volume and speed was 7917 (±1463) vehicles hr-1 and 35 (±4) km 
h-1, respectively. The fleet was dominated by passenger vehicles (~90 %) along with ~10% freight vehicles (LCVs 
and HCVs,). At the kerbside PM2.5, BC, CO, and CO2  concentrations were 1.7 (±0.6), 3.8 (±1.2), 2.1 (±0.5), and 1.12 
(±0.04) folds higher than the background levels, respectively. Hourly- averaged fleet EFs were 719.4 ±385.5 mg kg-

1 (EFPM2.5), 329.8 ±135.6 mg kg-1 (EFBC), and 24.0 ±5.9 g kg-1(EFCO). The hourly variation of the EFCO followed the 
trend of total traffic, whereas, EFPM2.5 and EFBC followed the trend of freight vehicles. About 40% variability in 
EFPM2.5 was predicted by average temperature and % freight, whereas, ~37% of the variability in EFCO was 
predicted by total traffic and % freight vehicles. For EFBC, on the other hand, 48% of the variability was predicted 
by %RH and % freight. Our study suggests that along with vehicular traffic, meteorological parameters can 
significantly affect the real-world estimated vehicular EFs which may lead to uncertainty in the EFs estimation. 
Keywords: air pollution, traffic, emission factor, meteorology, kerbside 
 

PO-137: Tetrachloroethylene (PCE) Groundwater Contamination and Vapor Intrusion in 
Martinsville, Indiana 
A. Rasti1, S. Katta1, E. Yan1, E. Aikins1, S. Neky1, W. Catt2, D. Corcoran3, S. Liu1 
 
1Purdue University, West Lafayette, IN, 2Mold Diagnostics, Monrovia, IN, 3Martinsville Indiana Superfund Site Association, Martinsville, IN. 
 
Groundwater in Martinsville, Indiana has been contaminated with volatile organic compounds (VOCs), mainly 
tetrachloroethylene (PCE) and trichloroethylene (TCE), for almost two decades. The area containing a 
contaminated groundwater plume (a mass of pollutant material spreading from a source) was declared an EPA 
superfund site in 2013. The city of Martinsville has the second highest rate of cancer in the state of Indiana, 
believed to be related with VOC exposures. The objective of this pilot project was to investigate the extent, level, 
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and pathways of exposure to VOCs in Martinsville. The findings of the study have the potential to inform future 
policy in order to mitigate chemical exposure, ultimately improving the health of the residents in the community. 
Two sampling trips were made to Martinsville on December 7-8, 2019, and January 5, 2020. Samples of indoor air 
(24-hrs), tap water and exhaled breath were collected from 10 homes (located along the EPA plume) and 39 
individuals living in (n=36) and outside (n=3) plume areas. Samples were analyzed for 11 VOCs including PCE and 
TCE using Gas Chromatography and Mass Spectrometry. PCE was detected in 67% of indoor air samples and 
ranged from 1.6 to 70 μg/m3, exceeding a Cancer Risk Evaluation Guide of 3.8 μg/m3 (two homes) and the EPA 
removal action level of 42 μg/m3 (one home). PCE was detected in 100% of tap water samples (0.39 - 0.92 μg/L) 
and exhaled breath samples (2.2 - 44 μg/m3). Mean PCE concentrations in the exhaled breath was higher among 
individuals living in than those living outside the plume areas (6.78 vs. 3.9 μg/m3). Elevated PCE breath levels 
were observed among residents in the EPA Superfund site and other plume areas. Breath sample was correlated 
with the indoor air sample (r = 0.77). TCE was not detected in any samples. Some community members are 
exposed to PCE at levels much higher than others. Besides the indoor air, PCE in tap water is also of concern. 
Further investigations with larger sample sizes are warranted to characterize members’ exposure, assess potential 
health effects, and identify exposure mitigation strategies to improve community health. 
Keywords: VOCs, environmental health, environmental regulation, exposure factors 
 

PO-138: Longer commutes are associated with increased human exposure to tris(1,3- T 
dichloro-2-propyl) phosphate 
A. Reddam1, G. Tait2, N. Herkert2, S. C. Hammel2, H. M. Stapleton2, D. C. Volz1 
 
1University of California, Riverside, CA, 2Duke University, Durham, NC. 
 
Organophosphate esters (OPEs) are a class of semi-volatile organic compounds (SVOCs) used as flame retardants, 
plasticizers, and anti-foaming agents. Due to stringent flammability standards in vehicles and the ability of OPEs to 
migrate out of end-use products, elevated concentrations of OPEs have been found in car dust samples around 
the world. As many residents of Southern California spend a significant amount of time in their vehicles, there is 
potential for increased exposure to OPEs associated with longer commute times. As approximately 70% of the 
University of California, Riverside’s undergraduate population commutes, the objective of this study was to use 
silicone wristbands to monitor personal exposure to OPEs and determine if exposure was associated with 
commute time in a subset of these students. Participants were asked to wear wristbands for five continuous days 
and complete daily surveys about the amount of time spent commuting. Data were then used to calculate a 
participant-specific total commute score. Components of Firemaster 550 (triphenyl phosphate, or TPHP, and 
isopropylated triaryl phosphate isomers) and Firemaster 600 (TPHP and tert-butylated triaryl phosphate isomers) - 
both widely used commercial flame retardant formulations - were strongly correlated with other OPEs detected 
within participant wristbands. Moreover, the concentration of tris(1,3-dichloro-2-propyl) phosphate (TDCIPP) was 
significantly correlated with the concentration of several Firemaster 500 components and tris(2- chloroisopropyl) 
phosphate (TCIPP). Finally, out of all OPEs measured, TDCIPP was significantly and positively correlated with total 
commute score, indicating that longer commutes are associated with increased human exposure to TDCIPP. 
Overall, our findings raise concerns about the potential for chronic TDCIPP exposure within vehicles and other 
forms of transportation, particularly within densely populated and traffic-congested areas such as Southern 
California. 
Keywords: flame retardants, activity patterns, SVOCs, wristbands 
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PO-139: Assessment of multi-pollutant ambient air composition on type 2 diabetes mellitus 
using machine learning 
N. O. Riches, R. Gouripeddi, J. C. Facelli 
 
University of Utah, Salt Lake City, UT. 
 
Type 2 diabetes mellitus (DM) is a complex multifactorial disease affecting over 30 million people in the United 
States (9.4% of the population). The last two decades have seen an increasing volume of research on the effects 
of air pollution (AP) on numerous health outcomes, including DM, with varied results. To address this, we 
employed an unsupervised ML algorithm, k-means clustering, to assess multiple AP components, which may show 
interactions between the constituents on health that traditional regression models don’t capture.K-means was 
performed on 53,284 observations collected by the US Environmental Protection Agency during 2005-2015 and 
downloaded from their website. The following are the AP constituents used for partitioning: carbon monoxide 
(CO), nitrogen oxide (NO), nitrogen dioxide (NO2), ozone (O3), sulfur dioxide (SO2), particulate matter with a 
diameter of 10µm or less and 2.5µm or less (PM10 and PM2.5, respectively). Change in annual DM incidence, data 
from the US Center for Disease Control and Prevention, was calculated by subtracting annual DM incidence from 
the following year for each US county, then matched to AP by year. The k-means analysis resulted in six clusters. 
The change in annual DM incidence was statistically different in all but two clusters. The cluster with the greatest 
change in DM incidence (0.19 per 1000) also had the highest concentrations of CO, NO, NO2, PM10, and PM2.5. 
Additionally, the mean SO2 level was greater than twice the mean SO2 for all observations. The cluster with the 
largest decrease in DM incidence (-0.19 per 1000) also had the lowest levels of CO, NO, NO2, PM10, PM2.5, and 
SO2. Using an unsupervised k-means algorithm, we showed multiple AP components were related to increased 
incidence of DM even when average concentrations were below the National Ambient Air Quality Standards. 
Keywords: air pollution, environmental health, health, chronic diseases 
 

PO-140: A Comprehensive Comparison of Indoor vs Outdoor Air Quality in the United States 
B. N. Rivera, C. Ghetu, D. Rohlman, K. Anderson 
 
Oregon State University, Corvallis, OR. 
 
Americans spend approximately 90% of their time indoors, with vulnerable populations (children, elderly, 
individuals with chronic illnesses) spending even more of their time inside. Indoor pollutants have been identified 
at concentrations 2 to 5x higher than outdoors, and are influenced by indoor emission rate, rate of transport from 
outdoors, and removal via ventilation or filtration. Additionally, shifts in building construction, composition of 
building materials, and increases in use of consumer products indoors has resulted in increased exposure to 
volatile (VOCs) and semi-volatile organic compounds (SVOCs). Health effects associated with exposure to VOCs 
include, but are not limited to, irritation of the eyes, nose and throat, damage to the liver, kidney, and central 
nervous system, and cancer. Certain SVOCs are classified as endocrine disruptors, immunotoxicants, 
neurotoxicants, and carcinogens. Traditionally, researchers have focused on the presence of VOCs or individual 
classes of SVOCs. However, few studies have investigated a broad range of chemical compounds in indoor air, and 
the influences of consumer and household behavior, and geographic location in the United States. In this study, 
low density polyethylene stationary air samplers were deployed at 25 different locations, with representation in 
each region in the United States. Stationary samplers were placed inside and outside the home, and participants 
completed a survey evaluating household and consumer behavior. In order to have a thorough understanding of 
chemical composition, a comprehensive chemical analysis was conducted. The presence of over 1,630 individual 
analytes, and nine different chemical categories was evaluated including: VOCs, oxygenated polycylic aromatic 
hydrocarbons (OPAHs), PAHs, Flame Retardants, Pesticides, Phthalates, Industrial Chemicals, and Personal Care 



 
 

I S E S  2 0 2 0  P O S T E R  A B S T R A C T S     |    P-88       
 

Products. Differences in chemical profiles and concentrations, as well as the influence of housing characteristics 
and consumer behavior were compared at each location, and between each location. Future directions include a 
human health risk assessment for VOCs and SVOCs indoors, to elucidate potential health effects associated with 
prolonged exposure to these chemical compounds. Data from this study identify which chemical categories are 
more likely to occur indoors, as well as influences of these exposures, and potential health effects associated with 
these exposure profiles. 
Keywords: air quality, built/indoor environment, health impact assessment (HIA), VOCs 
 
PO-141: A Toolbox for Exposure Assessment of Large Chemical Releases and Spills 
H. Robinson1, G. Bauer1 
 
1Ramboll, Arlington, VA. 
 
Exposure assessment is challenging for large or multi-site chemical releases and spills because of the increased 
likelihood that confounding factors will be present and that impacts will affect a variety of geographies and 
populations. For example, a widespread release may itself encompass unrelated sources of the same chemicals of 
concern or spread to areas that are not part of routine monitoring. Events such as oil spills, chemical fires, and 
accidental releases into soils upstream of waterways can continue to release chemicals for weeks or months, which 
makes it valuable to incorporate ongoing monitoring into a strategic assessment. In particular, significant amounts of 
data may be generated during long duration events, including disparate, messy datasets collected for various 
purposes. There are a number of available approaches for assessing the impact of large chemical releases on the 
environment and potential receptors. For example, more traditional approaches, such as air modeling, spill 
modeling, real-time monitoring, and chemical sampling and fingerprinting, can be integrated using strategies for 
tracking multi-media transport in complex conceptual site models. Additional approaches exist for identifying third-
party sources affecting chemical concentrations and for analyzing how different receptors may be impacted over 
time as the event continues to progress. This presentation seeks to develop these approaches into a toolbox for 
evaluating environmental contamination and exposures during large or long-duration chemical releases and spills. 
Keywords: emergency response, risk assessment, multimedia 
 

PO-142: ATSDR’s PFAS Exposure Assessments: Results from Communities with Known Past 
Drinking Water Concentrations Greater than EPA’s Health Advisory 
R. Rogers, B. Goodwin, K. Scruton, P. Kowalski, J. Sautner, A. Pomales, C. Reh 
 
CDC/ATSDR, Atlanta, GA. 
 
The Agency for Toxic Substances and Disease Registry (ATSDR) is conducting exposure assessments (EAs) for per- 
and polyfluoroalkyl substances (PFAS) in selected communities with known PFAS contamination in drinking water 
near current or former military installations in the United States. Concentrations of PFAS were measured in serum 
and urine and exposure information was collected through a questionnaire. Tap water and indoor dust samples 
from a subset of participant homes were also analyzed for PFAS. These EAs provide the first large scale, multi-site 
analysis of PFAS body burden in communities with known PFAS concentrations in drinking water above the US 
Environmental Protection Agency’s (EPA’s) health advisory. ATSDR will completed data collection in June 2020. 

ATSDR compared aggregate EA concentrations of PFAS in serum and urine to national averages from the most 
recent National Health and Nutrition Examination Survey (NHANES). ATSDR compared tap water concentrations of 
PFOA and PFOS to EPA’s health advisory. ATSDR presents PFAS concentrations in indoor dust to show the range 
found in participant homes. There is currently no benchmark to which PFAS dust concentrations can be 
compared. Biomonitoring results are interpreted using exposure data collected from the questionnaire (drinking 
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water consumption rate, demographics, duration of residence, occupational history, etc.). In this presentation, 
ATSDR will present and discuss aggregate community-level results for four exposure assessment sites. 

The preliminary findings and conclusions are those of the authors and do not necessarily represent the views of the 
Agency for Toxic Substances and Disease Registry/Centers for Disease Control (ATSDR/CDC). The full manuscript is 
currently under development and has not yet been approved by ATSDR/CDC. 
Keywords: biomonitoring, PFAS, environmental health 
 

PO-143: Measurement of Dermal Exposure to Consumer Products in Human Volunteers 
Using an Integrated Conceptual Model for Quantitative Skin Surface Sampling 
J. Sahmel1, G. Ramachandran2 
 
1Insight Exposure and Risk Sciences, Boulder, CO, 2Johns Hopkins University, Baltimore, MD. 
 
Exposure modeling is an important tool to assess exposures in the absence of measured data. A number of 
models have been developed to help improve the characterization of the dermal exposure pathway to substances 
of concern; the most comprehensive of these take a systematic approach to characterizing the multiple 
compartments and pathways of potential dermal exposure. However, many of the identified compartments have 
been only minimally studied to determine the potential for measurable transfer of different substances between 
each of the compartments. Further, the transfer efficiency between the different compartments has not been 
well characterized. As a result, few data are available to inform the relative importance of each compartment. 
Factors influencing transfer such as environmental conditions, skin hydration, and repeated contacts are also 
often poorly understood. The purpose of this study was to evaluate quantitative transfer between different 
compartments that may contribute to dermal exposures, including: object(s) to skin, skin to skin, skin to clothing, 
skin to gloves, skin to surfaces, and skin to saliva using elemental metallic lead in the solid form to systematically 
collect a series of skin and surface measurements using human subjects to quantitatively characterize dermal 
transfer efficiency between the different compartments. The results demonstrated that some transfer pathways 
and compartments are significantly more important than others. Based on the analysis, no transfer could be 
measured from the skin to cotton clothing or to laminate countertop surfaces, while transfer could be consistently 
measured between the skin and the surface of nitrile gloves and skin to saliva, suggesting that these 
compartments are more important sources of transfer and exposure. The results of this study also confirmed 
useful findings with respect to repeated contacts with the skin surface, including that with initial repeated 
contacts up to approximately five, the results of transfer may be additive or approximately linear, but appear to 
approach a steady state with additional repeated contacts. And finally, the results of this study demonstrated that 
there are important nuances with respect to the effects of normal skin hydration on the quantitative dermal 
transfer to the skin, and suggested that increasing hydration of the skin appeared to result in a decrease in 
quantitative loading. 
Keywords: exposure models, risk assessment, consumer and personal care products, lead (Pb) 
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Hurricane Harvey was a category four storm that induced catastrophic rainfall-triggered flooding in the Houston 
metropolitan area. Multiple industrial complexes released excess emissions due to unplanned shutdowns or 
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infrastructural damage as a result of the hurricane. Additionally, 13 of the 41 superfund sites within Harris County 
flooded. Public health concerns were immediately raised regarding potential exposure to toxic chemicals from the 
excess industrial releases and flooded superfund sites. Here we focus on endocrine disrupting chemicals, since 
this class of compounds is under investigated after an environmental disaster and many of the 
superfund/industrial sites that flooded are either confirmed or suspected to have EDC’s present. In collaboration 
with Baylor College of Medicine and UT Health, Oregon State University deployed personal passive sampling 
wristbands immediately after the hurricane to flood impacted geographic regions within Harris County (n=4 + 
unaffiliated). Participants wore a wristband for seven days and completed a questionnaire to determine their 
home flooding status and whether they participated in flood clean up. This questionnaire was used to conduct an 
assessment of the association between flooding and chemical exposure. We analyzed each wristband (n=173) for 
1,530 chemicals. Additionally, we compared the list of chemicals we analyzed to the TedX list of potential 
endocrine disrupting chemicals (pEDC’s), and the United Nations and Danish EPA list of endocrine disrupting 
chemicals (EDC’s). Total detections and detections of pEDCs and EDCs were further compared to other wristband 
studies conducted by FSES within the U.S. using the same analytical method. Seventeen chemicals were detected 
in over 50% of the participants, of which eight are designated as EDCs and five more are designated as pEDCs. 
When analyzed across study sites (n=5), the number of pEDC and EDC detected and the concentration 
(ng/wristband) at which they were detected were different across geographic regions (Kaplan Meier survivability-
Mantel-Haenszel, Kruskall-Wallis, Tukey Kramer). Similar exposure profiles existed across participants, 
independent of flooding status, except for the pEDC butylated hydroxyanisole, which was associated with home 
flooding (Wilcoxen Rank Sum and unadjusted odds ratios, p<0.05). Finally, samples collected as part of the 
Hurricane Harvey project had more chemicals and pEDCs detected per wristband (p<0.05) than any other 
wristband study done in the U.S. using the same analytical method. There were no differences between the 
number of EDC’s detected between studies done in the U.S. with the same analytical method. 
Keywords: cumulative exposure, exposure factors, odds ratio (OR), Natural Disaster, Endocrine Disrupting Chemicals 
 

PO-145: Determining Representative National Surface Water Chemical Concentration 
Ranges for Risk Prioritization 
R. R. Sayre1, M. Serre2, R. W. Setzer1, J. F. Wambaugh1 
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Thousands of chemicals can be observed in surface waters, but it is a complex task to prioritize which of those 
chemicals may pose a higher relative risk to freshwater aquatic environments in the United States, considering 
inconsistent data availability on both the hazard and exposure sides. Although thousands of measurements of 
organic chemical concentrations are taken across the country, they are collected for different purposes, so many 
aspects of the samples vary widely. This project evaluates the influence of different data curation and statistical 
conventions on aggregating organic surface water measurements into concentration distributions. Millions of 
rows of data were available in the National Water Quality Monitoring Council’s Water Quality Portal for over 1700 
chemicals sampled in 2114 of 2270 hydrologic subbasins across the United States from 1999 to 2019. First, we 
provide an overview of the variability of surface water chemical concentrations within categories provided from 
the metadata such as sampling activity type, time, and location, or analytical chemistry method. These factors are 
not necessarily compatible; to give an example, samples measured using different analytical chemistry methods 
may possibly be combined if they are designed for complementary concentration ranges, however it may not be 
reasonable to combine them (depending on the chemical’s properties) if one is designed for bulk water and one is 
designed for a dissolved concentration. We explore the effect of grouping sample sets across these categories, 
striving to include as many samples as possible while maintaining data quality and applicability to aquatic 
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ecotoxicity. A combination of knowledge-based judgments and statistical tests are used to make grouping 
decisions. Finally, we evaluate the effect of applying different parametric and nonparametric statistical methods 
to estimate per-chemical central tendencies and their uncertainty intervals for our chosen samples, given the left-
censoring and right-skew of the data. Based on these investigations, we develop concentration variability ranges 
to prioritize chemicals on the basis of risk through comparison with in vivo and in silico ecotoxicity lowest-effect 
concentrations to identify cases where water concentrations exceed effect threshold levels. The workflow is 
available as a Python script for reproducibility. 
Keywords: water, Bayesian, statistical methods, ecological exposure, risk prioritization 
 

PO-146: Co-exposure Amplification Bias (CAB) in Chemical Mixture Models 
S. Schildroth, T. F. Webster 
 
Boston University, Boston, MA. 
 
Background: Studying the health effects of chemical mixtures is an important public health objective. Several 
statistical models have emerged to estimate the effects of chemical mixtures, including Weighted Quantile Sum 
(WQS) regression, quantile-based g-computation (qgComp), and Bayesian Kernel Machine Regression (BKMR). 
Due to their often highly correlated nature, confounding by co-exposure is common in mixtures research. 
However, recent literature has shown that bias in adjusted models may be amplified with highly correlated data in 
linear models. We investigated the susceptibility of WQS, quantile g-computation and BKMR to co-exposure 
amplification bias (CAB).  

Methods: We simulated normally distributed datasets with a mean of 0 and standard deviation of 1 for two 
exposure variables (X1 and X2), a continuous outcome variable (Y), and an unknown confounder (U) of the X1-Y 
association. The sample size for datasets was 500. We ran 25 simulations with 100 iterations for increasing betas 
for X1 and X2, increasing correlation between X1 and X2, and increasing betas for the U-X1 and U-Y associations. 
Datasets were run through mixture models and quantiled linear regression. Mean coefficients and standard 
deviations were extracted from all models. 

Results: Under no correlation between X1-X2 where there is no expected co-exposure confounding, we found 
that the X1 and X2 estimates for WQS and qgComp were comparable to unadjusted and adjusted quantiled linear 
regression coefficients. WQS and qgComp betas were comparable to adjusted quantiled linear regression 
coefficients when the X1-X2 correlation increased from 0.25-0.9 and the X1-U and U-Y associations remained zero. 
In simulations where the X1-X2 correlation was zero and the X1-U and U-Y associations were >0, the adjusted X2 
coefficients remained unbiased while the adjusted X1 betas were biased by U. In simulations with >0 correlation 
for X1-X2 and associations for X1-U and U-Y, we found that X1 and X2 coefficients were both biased in opposite 
directions and the coefficients from linear regression, WQS and qgComp were all comparable. Similarly, the 
coefficients from BKMR were biased with an X1-X2 correlation and X1-U and U-Y associations that were >0. Biases 
from all models increased as the X1-X2 correlation and X1-U and U-Y associations increased. The magnitude of 
bias in the WQS and qgComp indices was equivalent to the sum of the biases in X1 and X2. 

Conclusions: We found that WQS, qgComp and BKMR are susceptible to CAB for linear data with no interaction. 
Further simulations should explore CAB under non-linearity and interaction specifications. 
Keywords: statistical methods, environmental health, epidemiology 
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PO-147: Correlates of Persistent Endocrine Disrupting Chemical Mixtures among 
Reproductive-aged Black Women 
S. Schildroth1, L. A. Wise1, A. K. Wesselink1, O. R. Orta1, J. Weuve1, V. Fruh2, D. Baird3, B. Claus Henn1 
 
1Boston University, Boston, MA, 2Harvard T.H. Chan School of Public Health, Boston, MA, 3National Institute of Environmental Health 
Sciences, Durham, NC. 
 
Background: Per-and polyfluoroalkyl substances (PFAS), polychlorinated biphenyls (PCBs), polybrominated 
diphenyl ethers (PBDEs), and organochlorine pesticides (OCPs) are persistent endocrine-disrupting chemicals 
(EDCs) that are widespread in the environment. Demographic characteristics and aspects of diet have been 
associated with exposure to individual EDCs, but few studies have examined correlates of EDC mixtures.  

Methods: We evaluated cross-sectional data from a Detroit-based prospective cohort of Black women aged 23-35 
years. At baseline, we measured PFAS, PCB, PBDEs, and OCPs in non-fasting plasma samples of 765 women. 
Socioeconomic, demographic, and dietary data were collected through self-administered questionnaires, 
interviews, and clinic visits. We conducted a principal component and k-means clustering analysis to characterize 
chemical mixture profiles using log-transformed concentration z-scores. Four principal components (PCs) 
explained ~75% of the variance; selection indices identified two optimal clusters. We used multivariable linear 
regression to estimate mean differences (β) and 95% confidence intervals (CIs) in PC scores and multinomial 
logistic regression to estimate odds ratios (ORs) and 95% CIs for cluster membership for each correlate, adjusted 
for confounders determined a priori. 

Results: PC-1 accounted for 43%, PC-2 for 13%, PC-3 for 11%, and PC-4 for 7% of the variance of chemical 
concentrations. PC-1 explained the most variance in OCPs and PCBs; PC-2 for PFAS and PBDEs; PC-3 for PFAS, 10 
PCBs, and 4 PBDEs; and PC-4 for 9 PCBs and 4 PBDEs. Older age at enrollment corresponded to higher PC-1 scores 
(β per 1-year increase=0.48, 95% CI=0.39,0.56), lower PC-2 scores (β=-0.04, 95% CI=-0.09,0.01), and lower PC-3 
scores (β=-0.12, 95% CI=-0.16,0.07). Higher BMI was associated with lower PC-1 scores (β per unit increase=-0.14, 
95% CI=-0.17,-0.12) and higher PC-3 scores (β=0.03, 95% CI=0.02,0.05), and higher PC-4 scores (β=0.04, 95% 
CI=0.02,0.05). Having been breastfed in infancy, lactation duration and diet were associated with all PCs. Cluster-1 
indicated lower-than-cohort-average chemical concentrations, whereas cluster-2 indicated the opposite. Older 
age at enrollment (1-year increase, OR=1.21, 95% CI=1.15,1.28) and alcohol consumption in the past year 
(moderate consumers: OR=1.35, 95% CI=0.91,2.02; heavy consumers: OR=2.57, 95% CI=1.55,4.26) compared to 
non-drinkers were more likely to be in cluster-2, indicating these factors were associated with higher 
concentrations of persistent EDCs. Women who breastfed longer durations (1-month increase, OR=0.96, 95% 
CI=0.93,0.99) and had higher BMIs (OR=0.92, 95% CI=0.90,0.94) were less likely to be in cluster-2 compared to 
cluster-1. 

Conclusions: In a Detroit-based cohort of Black women, we characterized distinct profiles of EDC mixtures that 
may help elucidate exposure pathways and target interventions. 
Keywords: PFAS, pesticides, flame retardants, epidemiology 
 

PO-148: Biomarkers and Indoor Air Quality: A Translational Research Review 
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Air pollution exposure is linked to mortality and morbidity, particularly from cardiovascular and pulmonary 
diseases. Since humans spend nearly all their time indoors, improving indoor air quality (IAQ) is an effective 
method of mitigating air pollutant exposure. Measuring biomarkers that respond to changes in air pollution 
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exposure serve as a useful means of investigating whether an intervention to reduce air pollution exposure may 
be effective for improving health outcomes. However, there is limited knowledge about the type of biomarkers 
that can be used for the purpose of conducting IAQ studies. The purpose of the present study is to address this 
gap in knowledge by conducting a detailed review of the existing literature on the association between indoor air 
pollution exposure and human biomarkers measured in blood, urine, and saliva. A literature search in several 
databases was conducted from 1/1/2000 to 9/17/2019 to identify studies measuring blood, urine, and/or salivary 
biomarkers that respond to changes in indoor air pollutant exposure. Articles published from 2010 forward were 
assessed. Thirty articles were included in the final analysis. The collected body of literature identified one hundred 
and thirteen biomarkers. Numerous reviewed studies aimed to measure an association between IAQ exposures 
and human biomarkers, but when comparing study designs and the types of biomarkers measured, the existing 
literature varies widely. Biomarkers were categorized based on biological pathways studied, including 
inflammation, thrombosis and coagulation, oxidative stress, organic compounds, and other biological pathways. 
The biomarkers that exhibit the most consistent association with IAQ were high sensitivity C-reactive protein, von 
Willebrand Factor, 8-Oxo-2'-deoxyguanosine, and 1-hydroxypyrene. After a comprehensive review of the 
literature, we identified thirty papers reporting on one hundred and thirteen biomarkers in blood, urine, and 
saliva. This summary provides a guide for researchers to select biomarkers for translational studies evaluating the 
impact of indoor air pollutants on human health. 
Keywords: air quality, biomarkers, air pollutants 
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Indoor air quality becomes more critical as people stay indoors for longer, particularly children and elderly who 
are vulnerable to air pollution. Natural ventilation has been recognized as the most economical and effective 
means of improving indoor air quality, but its benefit is questionable when the external air quality is poor or even 
worse than the indoor air quality. Such risk-risk tradeoffs would require science-based guidelines for households 
and policy-makers, but there is a lack of research that examines spatiotemporal trends of outdoor air quality, 
which leads to unclear guidelines on when and how to ventilate. This study aims to suggest the most appropriate 
time slots for ventilation by analyzing the hourly and quarterly concentrations of PM10 and PM2.5 in seven 
metropolitan cities and Jeju islands in South Korea from January 2015 to September 2019. It is found that the 
levels of both PM10 and PM2.5 decreased until 2018 and rebounded in 2019. Overall, the average concentrations 
of PM10 were lowest in the early morning (3-7am), peaked in the morning to early afternoon (9am-2pm) and 
declined afterwards, while those of PM2.5 were peaked in the morning (9am-noon) and lowest in the late 
afternoon (2-6pm). As for seasonal changes, the highest concentrations were generally found in spring (March to 
May) and summer (June to August). However, substantial differences were observed across the eight regions, 
suggesting intervention strategies tailored to regional risk factors. The findings from this study suggest that the 
ventilation is recommended in the early morning or in the late afternoon, but should be avoided between 9am to 
2pm. Although further studies would be needed to confirm this suggestion and implement in practice, the results 
of this study can be used as basic information for designing a comprehensive environmental health policy in 
consideration 
Keywords: particulate matter (PM), ventilation, air pollution, environmental health 
 



 
 

I S E S  2 0 2 0  P O S T E R  A B S T R A C T S     |    P-94       
 

PO-150: Predicting Personalized Risk of Respiratory Disease Exacerbation 
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Forecasting personalized risk of respiratory disease exacerbation is very valuable for patients. This provides an 
advanced notice for the patients to take proper medication to prevent from falling sick as well as help them to 
plan their mobility. Ability to forecast risk based on spatial, temporal and personal data is so powerful that it 
provides people with risk assessment of their respiratory disease exacerbation based on the place, time of the 
year and their general health condition. Beside vital signs used by medical practitioners in diagnosing diseases, 
measurements of other factors that affect the health status of individuals and populations, for example, weather 
and air quality are also important, particularly in forecasting asthma and COPD emergency events. Despite ample 
research that demonstrates a link between air pollution level and respiratory disease exacerbation, the efforts to 
forecast personalized risk based on real-time indoor and outdoor air quality monitoring data are still at their 
infancy. Most existing studies have used one-time data based on questionnaire survey or monthly/quarterly 
measurements of air pollutants, rather than hourly or real-time monitoring. Such approach may be useful to 
identify a static correlation between air quality and aggregate health outcomes but cannot be utilized for practical 
prevention and intervention such as early warning or alert systems tailored to vulnerable individuals or 
communities which require constant monitoring of real-time air conditions. The recent advancement of IoT and 
machine learning technologies facilitate real-time monitoring of indoor quality and AI-based forecasting. In this 
study, we constructed spatiotemporal big data framework integrating indoor and outdoor air quality 
measurements with other environmental data and medical records of patients including the IoT-based lung 
function measurements in order to forecast personalized risk of respiratory disease exacerbation. With successful 
development and implementation of accurate predictive modeling, this provides an advanced notice for the 
patients to take proper medication or treatment to prevent from falling sick as well as help them to plan their 
mobility based on real-time risk assessment of their respiratory disease exacerbation. 
Keywords: particulate matter (PM), asthma, environmental health, sensor technology, IoT 
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Background/Objective: Changes in indoor dust concentrations of semivolatile organic compounds (SVOCs) are 
known to be small compared to those in air concentrations. However, the role of chemical properties and 
sampling season on temporal variability of SVOC dust concentrations remains mostly unexplored. We examined 
temporal variability of dust concentrations and factors affecting dust concentrations for a wide range of SVOCs.  

Methods: We collected dust samples three times from 29 California homes during a period of 22 months and 
quantified concentrations of 47 SVOCs in 87 dust samples. We computed intraclass correlation coefficients (ICCs) 
using three samples collected within the same house. To examine the effect of sampling season on dust 
concentrations, we calculated Pearson correlation coefficients (r) of natural log-transformed concentrations using 
samples collected between two seasons with similar climate (spring and fall) and between two seasons with 
opposite climate (summer and winter).  

Results: Among 47 detected SVOCs, 26 compounds were detected in more than 50% of the samples at all three 
visits. Among the 26 compounds, 5 compounds had ICCs above 0.75, 15 compounds had ICCs of 0.50-0.75, and 6 
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compounds had ICCs below 0.50. For 19 out of 26 compounds, the coefficients between spring and fall (r = 0.48-
0.98) were higher than those between summer and winter (r = 0.09-0.92), implying seasonal effects on dust 
concentrations. For non-phthalate plasticizers, insecticides and UV filters, ICCs tended to increase with increasing 
values of octanol-air partition coefficients (log Koa) within the same use category. 

Conclusions: Our study showed that within-home temporal variability of dust concentrations was small (ICC > 
0.50) for most SVOCs, but dust concentrations may vary over time for some SVOCs with seasonal variations in 
source rates, such as product use. 
Keywords: concentration, SVOCs 
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Several studies evaluating exposure to pollutants in microenvironments (MEs) are available in the scientific literature, 
but studies that evaluate the inhaled doses of pollutants are less in number, due to technical and logistic problems. 
Moreover, despite the time spent in daily commutes is limited, commuters are continuously exposed to different 
traffic-related pollutants and the evaluation of the exposure levels and the estimation of the inhaled dose of selected 
pollutants may be of particular interest, mainly because some physiological parameters (i.e. pulmonary ventilation 
rate) may change across MEs and commuting type, influencing the inhaled dose of pollutants. Therefore, this study 
aimed to evaluate the exposure of commuters to different pollutants (i.e., nitrogen dioxide [NO2 ] and fractionated 
particulate matter [PM], including ultrafine particles [UFPs]) using miniaturized and portable real-time monitoring 
instruments in selected MEs. The inhaled doses of these pollutants were then estimated for each of these MEs. 

Measurements were performed along a typical commute route, considering different traffic and non-traffic MEs. 
Experimental data were collected over four working weeks in two different seasons (winter and summer). Different 
portable and miniaturized instruments were used to evaluate PM and NO2  exposure. Furthermore, physiological 
parameters were evaluated using a heart rate monitor. 

The principal results show that higher exposure levels were measured in the Underground (for all PM fractions and NO2 

) and in the Car (UFP), while the lower levels were measured in the Car (PM and NO2 ) and in the Train (UFP). In 
contrast, higher values of the inhaled cumulative dose were estimated in environments defined as Other, followed by 
Walking (in high traffic conditions), while lower values were observed in Walking (in low traffic conditions) and in Car. 
Keywords: fine particlate matter, particulate matter (PM), air sensor, air quality sensor, miniaturized sensors 
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As part of the assessment and management of chemical risk and occupational hygiene, retrospective exposure 
assessment (REA) to chemical agents can be defined as the estimate of exposure associated with a person's work 
history. The estimates of previous exposure are based on two main key exposure factors (duration of exposure 
and concentration of the chemical agent), and refined based on the work history of the examined subject (e.g. 
tasks performed during the work history), considering therefore a certain number of specific elements (work 
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period, type of job, job position, department/workplace, etc.) and exposure determinants (use of personal and 
collective protection devices, etc.), which should be used to obtain a quantitative and detailed retrospective 
assessment. The fundamental problem underlying the reconstruction of the exposure is that of transforming this 
type of information in quantitative terms to obtain an accurate estimate. REA can follow various approaches, 
some of which are technically complicated and both time and resource-consuming. 

In order to carry out an evaluation of methods and techniques used in the retrospective exposure assessment 
studies, a systematic review of the scientific literature was conducted. The study involved a systematic review 
process carried out according to the PRISMA criteria, using three of the main scientific databases (Scopus, 
PubMed and ISI Web of Knowledge). 

Forty-four studies were identified (published 2010 – to date), and we report the complete information concerning 
REA methods, with particular interest in REA-Asbestos studies. In exposure reconstruction studies, quantitative 
approaches should be the preferred route, especially if these estimates are used in the context of health impact 
assessment studies or in epidemiological studies, although it is important to underline how, ideally, the experimental 
data available for the scenario considered should be used whenever possible as the main starting information base 
for further processing. To date, there is no single approach capable of effectively and accurately providing an 
estimate of the exposure for each reasonably foreseeable condition and situation: the best approach to use 
generally depends on the level of information available for the specific case to analyze. The use of a combination of 
different estimation techniques can therefore represent a powerful tool for weighting and integrating data obtained 
through qualitative and quantitative approaches, in order to obtain the best possible estimate. 
Keywords: exposure models, cumulative exposure, industrial hygiene, occupational exposure 
 

PO-154: Mining of Consumer Product and Purchasing Data to Identify Potential Chemical Co-
exposures 
Z. Stanfield1, C. Addington2, K. Dionisio1, D. Lyons1, R. Tornero-Velez1, K. Phillips1, T. Buckley3, K. Isaacs1 
 
1Center for Computational Toxicology and Exposure, U.S. Environmental Protection Agency, Research Triangle Park, NC, 2Oak Ridge Institute 
for Science and Education, Oak Ridge, TN, 3Center for Public Health and Environmental Assessment, Environmental Protection Agency, 
Research Triangle Park, NC. 
 
Consumer products are a major contributor to human chemical co-exposures. Consumers purchase and use a 
wide variety of products containing potentially thousands of chemicals. There is a need to identify potential real-
world chemical co-exposures in order to prioritize in vitro toxicity screening. However, due to the vast number of 
potential chemical combinations, this has been a major challenge. Here we aim to develop and implement an 
evidence-based procedure for identifying prevalent chemical combinations to which humans are exposed through 
purchase and use of consumer products. We applied frequent itemset mining on an integrated dataset linking 
consumer product chemical ingredient data with product purchasing data from sixty thousand households to 
identify chemical combinations resulting from co-use of consumer products. We identified co-occurrence patterns 
of chemicals over all households as well as those specific to demographic groups based on race/ethnicity, income, 
education, and family composition. We also identified chemicals with the highest potential for aggregate 
exposure by identifying chemicals occurring in multiple products used by the same household. Lastly, a case study 
of endocrine disrupting chemicals revealed priority chemical combinations co-targeting receptors involved in 
important biological signaling pathways. These results will help identify candidate mixtures for testing in high-
throughput screening programs. 
Keywords: consumer and personal care products, chemical prioritization, big data, aggregate exposure, high-throughput 
screening 
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Background: There are various sources, scales and types of green space indicator used in epidemiological studies. 
Compared to commonly-used green space from downward-facing remotely sensing imagery, green space from 
street view images may capture different types of green space and represent how eye-level environments are 
perceived and experienced by people on the ground, which is important to better understand the underlying 
mechanisms linking green space and various health outcomes.  

Objectives: We have two objectives in this study: 1) to test and evaluate machine learning models that can 
reliably and efficiently classify the type of vegetation (e.g. tree, low-lying vegetation, grass) based on high 
resolution street view image data; and 2) to apply this model to examine green space exposure of disadvantaged 
communities in southern California, U.S.  

Methods: We tested an efficient neural network (ENet) model, which is a deep neural network architecture for 
real-time semantic segmentation. Two hundred annotated street view images from ADE20K dataset were 
obtained as the training and validation data for the model. Additionally, we annotated1,300 street view images 
from Google map and Tencent map. Green space was categorized into three types: tree (e.g., tree canopy), low-
lying vegetation (e.g., shrub, bush), and grass. The total number of pixels of each green space type were identified 
and the proportion was determined (in %) for each image. Intersection over Union (IoU) was used to evaluate the 
performance of the models. 

Preliminary results: The ENet model can predict reasonably well the percentage of overall and three types of green 
space from street view images. The model trained with 200 ADE20K images had a high level of accuracy, with around 
90% mean IoU. The IoU values for tree, low-lying vegetation and grass were 92%, 78% and 94%, respectively.  

Plan for the full analysis: In this summer, the model will be trained using 1,300 additional street view images. The 
model will then be applied to estimate vegetation types in disadvantaged communities in southern California. We 
will examine exposure to green space in relation to sociodemographic factors (e.g. age, education, socioeconomic 
status, race/ethnicity) at small integrated spatial units (e.g. Census block) and evaluate the inequitable 
distribution of green spaces which is a potential cause of socioeconomic health inequalities. 
Keywords: built/indoor environment, public health, green space, machine learning, exposure assessment 
 

PO-156: Do chemical resistant gloves adequately protect agricultural workers from 
exposure to formulated dimethoate pesticide under changing workplace climate 
conditions? 
Y. Tefera, S. Gaskin, L. Thredgold, D. Pisaniello 
 
Adelaide Exposure Science and Health, The University of Adelaide, Adelaide, South Australia, AUSTRALIA. 
 
Exposure to organophosphate (OP) insecticides in agriculture constitutes a major occupational health concern. 
Skin, specifically the hands and forearms, are the principal sites of OP exposure in agriculture, which makes glove 
use one of the most important intervention mechanisms. Although hot working conditions are common to both 
greenhouses and open field agricultural systems, it is not fully understood how chemical resistant gloves perform 
in hot work environment conditions. Furthermore, no information is available on glove permeation potential of 
dimethoate, despite its widespread use. The aim of this study was therefore to evaluate if there are differences in 
chemical resistance between glove material types under a range of in-use temperature conditions (25-60ºC). 
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Commonly used/recommended glove materials (polyvinylchloride-PVC, nitrile butadiene rubber-NBR and nitrile-
neoprene-NN) were studied for chemical resistance against dimethoate formulation. Permeation experiments 
were performed to simulate two exposure scenarios: a typical spraying scenario in which gloves come in contact 
with diluted formulation product, and a worst-case scenario which involves handling concentrated product (e.g. 
during mixing). The results demonstrate that for spraying dilution, PVC and NBR had similar and adequate 
chemical resistance to dimethoate. In contrast, for highly concentrated dimethoate (i.e. mixing concentration), 
although PVC and NBR showed similar permeation resistance initially, extended time of exposure resulted in 
complete degradation of NBR membrane. NN glove exhibited comparatively inferior chemical resistance to 
dimethoate across a range of temperatures, irrespective of the concentration applied. Elevated temperature 
played an important role in chemical resistance to dimethoate, for all glove materials examined, i.e. the higher the 
temperature the lower the resistance. Overall, of the three gloves examined, PVC offered the widest range of 
protection from exposure to formulated dimethoate. The NBR and NN glove materials could not offer sufficient 
protection to neat dimethoate formulation. Elevated temperature was shown to be a significant factor for 
diminished chemical resistance of gloves. The ultimate suitability of each glove material can be discussed in 
relation to the intrinsic nature of the glove materials, in-use exposure scenarios (i.e. concentration and exposure 
duration), and temperature conditions. Based on the results, recommendations can be made on product label 
instructions as well as the procedures of testing, selecting and re-using chemical resistant gloves, to improve risk 
assessment and exposure management in agriculture. 
Keywords: occupational exposure, pesticides, thermal environment, climate change, glove permeation 
 

PO-157: Targeted and Non-Targeted Analysis of E-Cigarette Aerosols for the Identification 
of Potentially Toxic Compounds 
M. Tehrani, M. Newmeyer, A. M. Rule, C. Prasse  
 
Johns Hopkins University, Baltimore, MD. 
 
Significance: Aerosols generated from e-cigarette liquids (e-liquids) have been shown to contain known human 
toxicants such as aldehydes, metals, phthalates, flame retardants, and volatile organic compounds. These 
compounds may originate from several sources, including flavorants and humectants in e-liquids, the device itself, 
and transformation processes during aerosolization. Given the prevalence of e-cigarette use, the complexity of e-
cigarette exposure, and growing concerns about black market products and proprietary formulations, a non-
targeted approach can provide valuable information about potentially toxic substances in these products that 
would otherwise be missed. Targeted analysis of aldehydes was also conducted in this study using a novel 
derivatizing agent.  

Methods:Commercial and in-house e-cigarette aerosol samples were analyzed using a non-targeted high-
resolution mass spectrometry approach. Compounds were separated by liquid chromatography and then 
analyzed by electrospray ionization mass spectrometry in both positive and negative modes. Detected chemicals 
were identified based on accurate mass and MS/MS information which was aided by online database searches. 
For the measurement of aldehydes produced during vaping, we used a novel derivatizing agent that has been 
shown to be more reliable in the measurement of some toxic α,β-unsaturated aldehydes compared to traditional 
derivatizing agents. 

Results: Almost 100 compounds were detected and identified in Juul tobacco, mint and menthol-flavored e-liquid 
aerosols based on fragmentation and isotope pattern matching (over 70% match) and mass accuracy (bias under 
3ppm) using online databases. Abundant (chromatographic peak areas over 10^6) compounds across Juul e-liquid 
flavors and replicates included flavoring agents (e.g., cuminaldehyde), other food additives (e.g., citroflex 2), and 
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industrial chemicals (e.g., tributylphosphine oxide). Acrolein was detected in the e-liquid aerosols and confirmed 
using an authentic standard.  

Conclusions: These results demonstrate the potential of both non-targeted and targeted analytical approaches for 
characterizing the chemical contents of e-cigarette products and predicting possible toxic effects.  

Funding information: This work was supported by grant R01ES030025-02 from the National Institutes of 
Environmental Health Sciences. 
Keywords: consumer and personal care products, respiratory health, analytical methods, Toxic/Toxicology 
 

PO-158: Assessment of dietary exposure to organophosphate pesticides in Japanese 
women based on duplicate diet analysis 
T. Tsuchiyama1, Y. Ito2, N. Oya2, K. Nomasa2, H. Sato2, K. Minato2, K. Niwa1, M. Katsuhara1, K. Fukatsu1, H. Miyazaki1, T. Ebara2, M. 
Kamijima2 
 
1Nagoya City Public Health Research Institute, Nagoya, JAPAN, 2Department of Occupational and Environmental Health, Nagoya City 
University Graduate School of Medical Sciences, Nagoya, JAPAN. 
 
Background: Diet is considered to be the main source of organophosphate (OP) exposure, however, limited 
information is available on the levels and patterns of OP contamination in the diets consumed by general 
populations. Many epidemiological studies suggest that in utero exposure to OP may negatively impact the 
neurodevelopment and cognitive abilities of children, even at low to moderate levels. Therefore, the objective of 
this study is to assess the practical intake of OP residues in Japanese women of reproductive age. 

Methods: Duplicate diet sampling was used to investigate dietary OP exposure. We recruited 73 women aged 21–
23 years and living in Aichi prefecture, Japan. Written informed consent was obtained from each subject. Diet 
samples were collected from each participant for two consecutive days. Dishes of breakfast, lunch, dinner, and 
snacks were collected separately and freeze-dried. A total of 489 duplicate samples were subsequently analyzed 
for the presence of 84 OP pesticides by gas and liquid chromatography coupled to mass spectrometry (GC-MS and 
LC-MS). 

Results: We found that ≥30% of the collected diet samples contained at least one OP. Chlorpyrifos, chlorpyrifos-
methyl, and fenitrothion were frequently detected (≥10% of all samples), followed by pirimiphos-methyl and 
parathion. Levels of OP tended to be higher in samples containing fruits or vegetables than samples without these 
types of foods. The distribution of the OP levels in the collected food samples was strongly right-skewed (positive 
skewness). Most residue levels of OP were less than 1% of Acceptable Daily Intake (ADI) values established by the 
European Food Safety Authority in most participants. 

Conclusions: Our study revealed the levels of dietary OP exposure in Japanese women with the use of duplicate 
diet sampling and a multiresidue analytical method. The amount of OP intake was widely varied among 
participants, which supports the need for further research to elucidate the possible health impact of OP exposure. 

Acknowledgment: The present study was supported by the Environment Research and Technology Development 
Fund (JPMEERF20185051) of the Ministry of the Environment, Japan. 
Keywords: children, pesticides, food 
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PO-159: Exposure To New Particles (1-3nm) In Two Daycares In Nur-Sultan, Kazakhstan 
M. Amouei Torkmahalleh, K. Turganova, Z. Zhigulina, T. Madiyarova, E. Adotey 
 
Nazarbayev University, Nur-Sultan, KAZAKHSTAN. 
 
One of the indoor environments that has been given less attention in terms of air quality monitoring is the 
preschool to which children starting from the age of 2 attend on a daily basis. Few studies exist in the literature 
that investigated indoor/outdoor ratios for UFPs and fine particles in the preschools. In the present study, the 
concentrations of fine, ultrafine particles and black carbon inside and near two preschools in Nur-Sultan, 
Kazakhstan from October 28 to November 27, 2019 were investigated. This study identified major sources of 
particles in the Preschools including dust resuspension, candle burning and outside smoking. For the preschool I 
the average daily (6 hours) indoor (outdoor) PM1 , PM2.5 , PM10 concentrations over three weeks measurements 
were 13.78 ± 6.12 (4.10 ± 2.16) µg/m3, 32.37 ± 12.34 (2.72 ± 2.11) µg/m3, 43.66 ± 14.12 (1.33 ± 0.14) µg/m3 
respectively.. Average indoor/outdoor (I/O) ratios for particulate matter (PM) and particle number (PN) 
concentrations in Preschool I were higher than 1 indicating the significant contribution of indoor sources 
neglecting the influence of the traffic from the outside highway and parking lot. In the second preschool average 
PM2.5 and PM10 were 27.78±20.06 µg/cm3 and 42.77±28.26 µg/cm3.. Dust resuspension elevated the coarse 
fraction of the particles as well as PM2.5 concentration. Candle burning contributed to both PM2.5 and UFPs 
elevating UFPs concentration 13 times as much. The major sources of the indoor particles in Preschool I were 
found to be the indoor activities including dust-resuspension and candle burning while in Preschool II the major 
source of the indoor particles were infiltrated outdoor particles originated from smoking. Given the very cold 
winter climate in Nur-Sultan city of Kazakhstan, we recorded a quite high temperature difference between indoor 
and outdoor in Preschool I and II (18 and 30oC, respectively) that could be a driving force for the infiltration of the 
outdoor particles. The considerable difference between indoor and outdoor temperature in Preschool I and II (18 
and 30oC). 
Keywords: particulate matter (PM), children, air pollutants, VOCs, preschools, ultrafine particles 
 

PO-160: In vitro degradation of composite resins for dental restorations 
P. Vervliet1, S. De Nys2, R. C. Duca3, I. Boonen4, L. Godderis5, M. Elskens4, K. L. Van Landuyt2, A. Covaci1 
 
1Toxicological Centre, University of Antwerp, Wilrijk, BELGIUM, 2BIOMAT, Department of Oral Health Sciences, KU Leuven, Leuven, 
BELGIUM, 3Environmental Hygiene and Human Biological Monitoring, Department of Health Protection, National Health Laboratory (LNS), 
Dudelange, LUXEMBOURG, 4Department of Analytical, Environmental and Geo-Chemistry, Vrije Universiteit Brussel, Brussels, BELGIUM, 
5Environment and Health, Department of Public Health and Primary Care, KU Leuven, Leuven, BELGIUM. 
 
Resin-based materials have replaced amalgam fillings as first-choice material in restorative dentistry for worn, 
traumatized or decayed teeth. These composites are a mixture of (meth)acrylic acid-based monomers, inorganic 
filler materials and additives. As the monomers often consist of a bisphenol A backbone, the safety of the resin-
based materials during their use is questioned. During clinical applications, these materials are light-cured to 
initiate the polymerization. However, the conversion of monomers during curation ranges between 53 and 86 %. 
As a result, patients are exposed to non-polymerized residual monomers after restoration. In addition, polymers 
can be biodegraded over time resulting in additional exposure for patients to monomers and their degradation 
products.We have setup an in vitro study to simulate the degradation of polymerized dental resin materials by 
human saliva after restoration. Twelve commonly used resins were exposed to human pooled saliva for 24h. A 
liquid-liquid extraction method was developed with available standards of commonly used dental monomers and 
degradation products to extract leachates and degradation products from saliva for analysis on LC-QTOF-
MS.Acquired data files were analyzed using complementary suspect and non-target screening data mining 
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workflows in order to identify a maximal number of monomers and degradation products. In all materials, the raw 
unpolymerized monomers could be identified in the saliva samples after 24h. BisGMA was the most commonly 
identified BPA-based monomer, followed by BisEMA. UDMA and TEGDMA were equally present among tested 
samples (n = 5). Other identified chemicals included the photo initiator EDMAB. In addition, several degradation 
products were also present in the samples from the tested materials, such as ethoxylated bisphenol A and 
BisHPPP, the degradation products of respectively BisEMA and BisGMA or BADGE.Gaps in the information of the 
materials’ safety data sheet could only be filled using the combined information on degradation products and 
monomers, as several monomers have common moieties in their molecular structure. By doing so, the use of 
BisGMA could be proven in materials which only stated the use of “bismethacrylate” in the safety data sheet. 
Abnormalities in the ratios between the monomers and their degradation product (eg BisGMA and BisHPPP) can 
help to confirm other sources for the formation of the degradation product such as structurally related chemicals 
used in either dental resins or from other sources of exposure.In the future, these results will facilitate the in vivo 
monitoring of patients’ exposure to dental monomers and degradation products after multiple dental 
restorations. 
Keywords: public health, other (specify), dental resins 
 
PO-161: Risk Management for VOCs in Indoor Air and Building Evacuation Decisions 
A. H. Verwiel1, D. Proctor2 
 
1ToxStrategies, Inc., San Rafael, CA, 2ToxStrategies, Inc., Mission Viejo, CA. 
 
EPA’s guidance for human health risk assessment focuses on a “reasonable maximum exposure,” defined as “the 
highest exposure that is reasonably expected to occur at a site.”.1 With respect to vapor intrusion guidance, U.S. 
EPA and other agencies have elected to focus on “possible” maximum exposures to address potential uncertainty 
when developing screening levels. This is fine for a screening process, but can result in unnecessary actions when 
screening levels are used as action levels, which include mitigation requirements for perceived but not actual 
vapor intrusion risks, unnecessary expenditures on building evacuations, and challenges to property development 
where affected groundwater migrated from upgradient sources. For example, screening levels for soil gas include 
attenuation factors developed for measurements immediately beneath a building slab, which are likely to result in 
screening levels for soil gas that are much lower than necessary to protect human health. These conservative 
attenuation factors ignore opportunities for dispersion, dilution, and advection in the vadose zone prior to 
reaching the building slab. Particularly with regard to building evacuations, the use of more realistic screening 
levels and an understanding of relevant health endpoints should be used to fully consider whether actual health 
protection is being advanced. A case study in a high school in Oakland, California, is reviewed to evaluate whether 
more realistic assumptions regarding potential health risks could have been used to avoid the disruption and 
anxiety of evacuating a school particularly considering the rapid rate at which indoor air data can be collected and 
analyzed. In this case, screening criteria based on long-term exposure and conservative attenuation factors for 
groundwater and subsequent soil gas data resulted in the evacuation, when indoor air measurements indicated 
that the chemical of potential concern was not even detected in indoor air. Notwithstanding the perception of 
risk, the potential for actual health effects would not have materially changed by waiting to make the evacuation 
decision based on actual indoor air measurements, considering the rapid sampling and analysis technologies 
available. And had that been done, a three-week evacuation of a school that extended through the end of the 
school year because of Covid-19 could have been avoided. 

Footnotes1 U.S. Environmental Protection Agency, 1989, Risk Assessment Guidance for Superfund, Volume 1, 
Human Health Evaluation Manual (Part A), Interim Final, December. 
Keywords: air toxics, built/indoor environment, environmental policy, risk assessment, vapor intrusion 
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PO-162: The Human Health Exposure Analysis Resource (HHEAR) - Expanded Capabilities 
S. M. Viet1, B. O'Brien1, L. Merrill1, D. Balshaw2, C. Thompson2, G. Collman2 
 
1Westat, Rockville, MD, 2Division of Extramural Research and Training, National Institute of Environmental Health Sciences, Durham, NC. 
 
The Human Health Exposure Analysis Resource (HHEAR) is an infrastructure developed to advance understanding 
of the influence of environment on human health over a lifetime. HHEAR provides NIH researchers access to high-
quality, exposure-assessment services, including state of the art laboratory analysis of biological and 
environmental samples, statistical analysis, and expert consultation on exposure analysis, study design and data 
analysis and interpretation. HHEAR measures exposures that cover the breadth of the “exposome,” which 
encompasses all environmental exposures including chemical, physical, and biological stressors, as well as lifestyle 
and social environments, from conception through adulthood. The primary HHEAR goal is to incorporate 
environmental exposure into relevant human health studies that would not normally have considered 
environmental exposures. HHEAR expands on its predecessor program - the Children’s Health Exposure Analysis 
Resource (CHEAR) - in a number of ways. Health studies of all life stages, not just children studies, are supported. 
Thus new health outcomes will be addressed, including cancer, heart disease, and other diseases not occurring 
until later in life. In addition to the broad suite of environmental exposures measured under CHEAR - brominated 
flame retardants, per- and polyfluoroalkyl substances (PFAS), pesticides, phenols, phthalates, polycyclic aromatic 
hydrocarbons (PAH), tobacco products, trace elements, and volatile organic compounds (VOC), HHEAR provides 
analysis of organophosphate ester (OPE) flame retardants and plasticizers, and pharmaceuticals and drugs of 
abuse, as well as exposure measures of nutrients and stress and inflammation. Analysis of both biospecimens and 
environmental samples is offered; so direct exposure to air, water, dust, and soil contaminants can also be 
assessed. Finally there is a stronger focus on untargeted analyses, i.e., hypothesis-free exploratory analyses using 
advanced technologies to discover new associations between chemicals or metabolites and health. 
Characterization of hundreds to thousands of compounds is possible in a given environmental (e.g., surface water 
or house dust) or biological (e.g., blood, urine, or saliva) sample. HHEAR continues the CHEAR emphasis on quality 
control, adding to required proficiency testing and improving on harmonization of analytical methodologies, core 
analytes, and quality control materials and procedures across the laboratory hubs. Goals will include cross-
validation of targeted and untargeted analyses and harmonization of data in the HHEAR public use repository. 
Keywords: epidemiology, analytical methods, Exposome 
 

PO-163: Examining the spatial and temporal variation in the indoor gaseous, PM2.5, BC in 
urban homes in India 
P. Vijay; Indian Institute of Technology Bombay, Mumbai, India. 
 
Exposure to outdoor air pollution in urban areas has been linked with various cardio-respiratory morbidity and 
mortality. However, as people spend a majority of their time indoors, indoor air pollution is an equally important 
concern, in particular in low- and middle-income countries such as India, where the residential neighbourhoods 
are near to major roads, densely packed and with sub-optimal ventilation. Present study aims to investigate the 
spatio-temporal variation in indoor air quality in selected households in three metropolitan cities in India. 
Household questionnaire survey was conducted in ~60 homes each in Mumbai, Bangalore and Delhi to capture 
the individual and household demographics, built environment, kitchen characteristics and other indoor air 
pollution sources. Portable real-time monitors were employed in 5-7 homes/city for 24 hours to measure gaseous 
- Total Volatile Organic Carbon (TVOC), Nitrogen dioxide (NO2 ), Carbon Monoxide (CO) as well as fine particulate 
matter (PM2.5) and Black Carbon (BC) pollutants. Of the surveyed homes ~75% in Delhi, ~43% in Bangalore and 
~10% in Mumbai have kitchens with partition and cross ventilation. Cooking, mainly with LPG (3-4 times/day), use 
of incense burning, candles, mosquito coils and floor cleaning (sweeping and liquid mopping) are identified as 
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major indoor sources. The mean ± SD indoor levels in Mumbai were 720.1±221.1µg/m3 (TVOC), 380.5±64.5 µg/m3 
(NO2 ), 1.2±1.2 ppm (CO) and 111.2±185.5 µg/m3 (PM2.5). The levels of the pollutants were 626.1±260.9 
(682.6±281.4) TVOC, 223.7±49.4 (53.4±33) NO2 , 0.9±1.1 (1.7±1.2) CO, 62.6±63.2 (187.7±109.8) PM2.5 and 3.2±4.1 
(10.5±5.8) BC for Bangalore (Delhi), respectively. While high indoor levels of NO2  and CO were associated with 
cooking, use of incense and candles elevated CO and BC, cleaning activities increased TVOC and sweeping 
activities increased PM2.5. Indoor pollutant levels in these homes are further affected by factors such as chimney 
in homes (Mumbai-~ 0.03%, Bangalore-~15%, Delhi-~37%), operating exhaust fan (Mumbai-~35%, Bangalore-
~40%, Delhi-~78%) and cross-ventilation characteristics (Mumbai-~65%, Bangalore~62%, Delhi-~75%). Pearson 
correlation coefficient among the five pollutants in individual homes ranged between 0.08-0.84 for Mumbai, 0.02-
0.91 for Bangalore and 0.03-0.94 for Delhi. Significant differences in pollutant levels were observed between as 
well as within the cities. Our first results suggest that apart from indoor sources, infiltration from outdoor sources 
also governs the indoor concentration of pollutants of outdoor origin. 
Keywords: Indoor air pollution, urban slums, TVOC 
 

PO-164: A transparent and reproducible method of calculating PM1 and PM2.5 from low-
cost PurpleAir particle monitors 
L. A. Wallace; US EPA (Retired), Santa Rosa, CA. 
 
Low-cost particle monitors are in use worldwide and give promise of extending our knowledge of both indoor and 
outdoor PM1 and PM2.5 concentrations. A popular monitor is the PurpleAir monitor, with more than 5000 
monitors in use in the United States. Each monitor employs two independent PMS 5003 sensors manufactured by 
Plantower, a Chinese company. Plantower provides no information on the calibration aerosol used to calibrate 
their monitors. Nor do they supply any information on the algorithm used to arrive at their estimates of PM1 or 
PM2.5 concentration. They also offer a choice of two different datasets for their PM1 and PM2.5 estimates, 
without much indication of how these datasets differ or which should be used in different situations. The result is 
an unsatisfactory “Black Box” situation in which the user has no insight into the dependability of the results. 
However, it is possible using the Plantower information on particle numbers in several size categories to develop a 
completely transparent and reproducible methodology for calculating PM1 and PM2.5 concentrations. The 
alternative method presented here is a standard method employed in many optical particle monitors with 
multiple particle size measurement capabilities. It depends on the particle numbers in three size categories (0.3-
0.5 um, 0.5-1 um, and 1-2.5 um). The basic approach is to select an intermediate particle diameter within each 
size category, calculate the number of particles and the associated particle volume (assuming sphericity) and 
resulting particle mass (assuming an arbitrary density). The resulting estimates of particle mass (e.g. PM2.5) can 
then be compared to those supplied by Plantower. The results of this comparison show that the alternative 
method has better precision, less bias, smaller coefficient of variation, and a lower limit of detection (LOD) than 
either of the alternatives offered by Plantower. The size distribution resulting from the alternative method also 
avoids the massive distortion caused by the Plantower choice to censor low concentrations. A comparison of 
PurpleAir results with regulatory and research-grade instruments provides an estimated calibration factor of 2.4 
and indicates that the PurpleAir monitors can achieve comparable precision with the research-grade instruments. 
Keywords: air sensor, particulate matter (PM), aerosol, air pollutants, exposure assessment 
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PO-165: A study on total human environmental exposure of arsenic and lead in typical areas 
of China 
D. Wang, X. Zhao  
 
Chinese Research Academy of Environmental Sciences, beijing, CHINA. 
 
Background: Heavy metal elements enter the human body through air, water, soil, diet, etc., causing sub-chronic 
or chronic effects on human health. The Global Burden of Disease study concluded that 9% of all deaths are due 
to environmental pollution, with heavy metals accounting for 11% of those. In recent years, although there are 
policies and measures to control the emission of heavy metals to the environment and reduce their emission 
levels in China, but we cannot ignore the environmental health problems caused by heavy metals.Objective: This 
study was investigated the exposure effect to humans of arsenic and lead for the Chinese population, and 
examining the characteristics of exposure and health risk between different age, gender and urban/rural 
locations. The aim is to make recommendations for the relevant environmental health management of the 
government of China. Method: We conducted an extensive field and analytical campaign (>4100 samples) to 
estimate the human exposure and health risk to arsenic and lead from air, water, soils, diet in six typical areas of 
China. Volunteers participated to provide survey data and exposure media samples. We use the exposure and risk 
assessment model of EPA to calculate the exposure and risk levels, via inhalation, ingestion, and dermal contact of 
each exposure media. Results: It shows that the differences between regions, urban-rural locations, gender and 
age were statistically significant (p<0.01). According to exposure assessment, diet intake was the dominant route 
of arsenic and lead total human exposure (with the contribution at 87.81% and 95.40% of arsenic and lead, 
respectively). Overall, the dietary exposure influence declined with increased age and the non-dietary (air, water, 
soil) exposure influence rose as age increased. According to health risk, the risk levels are all within the maximum 
acceptable level of non-carcinogenic risk (1) and carcinogenic risk (1×10-4),and the non-carcinogenic risk and 
carcinogenic risk levels of arsenic was higher than lead. The non-carcinogenic risks of all metals were mainly from 
diet and decreased with age. The carcinogenic risk of As and Pb are mainly from Non-dietary and dietary, 
respectively. Conclusion: In general, the total human exposure study of arsenic and lead provided detailed 
information on exposure and health risk. The unique characteristic of exposure and risk assessment of arsenic and 
lead is very important to environmental exposure and health risk control and carrying out targeted risk prevention 
and control work and we need to do more to provide support. 
Keywords: aggregate exposure, arsenic, lead (Pb) 
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Background. As the world’s fastest urbanizing region, rapid economic growth in Sub-Saharan Africa (SSA) is raising 
levels of urban air pollution from diverse local and regional sources. While measurement data on particulate 
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matter pollution are now emerging, there is limited information on major combustion related gaseous pollutants 
in SSA cities. In a large measurement campaign, we examined the levels, spatial, seasonal, and socioeconomic 
patterns as well as sources of oxides of nitrogen (NOx: NO2 /NO) in Accra, Ghana’s capital and one of SSA’s largest 
metropolitan cities. 

Methods. Between July 2019 and February 2020, we collected 347 weekly integrated ambient NO2  and NOx 
samples using OGAWA passive samplers at 99 unique sites, consisting of a yearlong (n=10) and week-long (n=89) 
locations which included a range of land-uses and emissions sources. 

Results. The mean annual NO2  across yearlong sites was 59 µg/m3. NO2  concentrations vary substantially by 
season - it was highest between November and February, the ‘Harmattan’ period when local and regional 
meteorology is altered (mean: 74 µg/m3) compared to the non-Harmattan (mean: 51 µg/m3). By land-use 
categories, mean levels were 48 µg/m3 at commercial/business/industrial (CBI) sites, 41 and 30 µg/m3 in the high-
density and low-density residential neighborhoods, respectively, and 22 µg/m3 at sub-urban background sites. NOx 
concentrations followed the same pattern as NO2 . The overall mean annual NO2 /NOx ratio was 0.35 with no 
seasonal difference, and CBI areas have the lowest ratio (0.31) than other site types (~0.35). 

Conclusion. NO2  in Accra is higher than the WHO Air Quality Guidelines, especially during the Harmattan seasons 
with the highest pollution in areas dominated by traffic and biomass burning. Seasonal changes in local 
meteorology and regional sources may be enhancing local NO2  pollution in Accra. 
Keywords: air pollution, spatial, environmental health 
 

PO-167: Estimating PM2.5 Concentration Across China with High Spatio-temporal 
Resolution Using Random Forest Model 
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The ambient fine particulate matter (PM2.5) pollution is a big public health concern in China at. An accurate 
estimate of PM2.5 exposures is essential for environmental and public health risk analysis. For the epidemiological 
studies on assessment of PM2.5 related health effects in China, one of the biggest obstacles is the lack of long-
term historical exposure data, and the insufficient spatial and temporal accuracy of existing exposure data. In 
order to solve this problem, our study collected multi-source data, including PM2.5 monitoring data, satellite-
based aerosol optical depth (AOD) data, meteorological parameters, geographic variables and land-use-related 
parameters, and simulate the daily PM2.5 concentrations at 1 km resolution of 2005-2017 in China using random 
forest method. The cross-validation results indicated that PM2.5 simulations through our model matched well 
with PM2.5 measurements, with high fitted R2. The daily, monthly and yearly simulation had an average model 
fitting R2 as 0.85, 0.88 and 0.90, according to our randomly-selected verification. The multi-variable random 
forest model in our study demonstrates high performance than previous studies and the advantages are more 
obvious in the simulation of large-scale daily PM2.5 concentrations. The ranking of variable importance of our 
random forest model show that the meteorological factors such as the boundary layer height and the evaporation 
and their lagged values have significant impact on the model, as well as the interpolated AOD and Digital Elevation 
Model (DEM). The relative contribution of variables of land-use, NDVI, population density and GDP are much less. 
The high-resolution simulation maps of China in multi-years successfully show national and local-scale variability 



 
 

I S E S  2 0 2 0  P O S T E R  A B S T R A C T S     |    P-106       
 

in PM2.5 concentrations. The national population-
weighted PM2.5 concentration shows a generally 
declining trend during the studying period, 
especially after the year of 2013. The PM2.5 
concentrations in the densely-populated and more 
developed regions like Beijing-Tianjin-Hebei 
regions and Chengdu-Chongqing are high, and 
PM2.5 concentrations in the less populated and 
less developed regions like the Tibet Autonomous 
Region, Guangxi Zhuang Autonomous Region and 
Yunnan Province. Our study show the advantage 
and high performance of random forest model in 
the simulation of large-scale and high-resolution 
PM2.5 concentration across China, and can provide 
high-resolution and long-term exposure data for 
PM2.5-related health study. Maps of annual 
average PM2.5 concentration in 2005-2017 across 
China. 
Keywords: air pollutants, exposure models, spatial, 
concentration, random forest; ambient particulate 
matters 
 

 

 

 

 

 

PO-168: Acculturation and Endocrine Disrupting Chemical-Associated Personal Care 
Product Use Among Chinese Women living in the U.S. 
V. Wang1, M. T. Chu1, L. Chie2, S. A. Gaston3, C. L. Jackson4, N. Newendorp5, E. Uretsky6, R. E. Dodson7, G. Adamkiewicz1, T. James-Todd1;  
 
1Harvard TH Chan School of Public Health, Boston, MA, 2Beth Israel Deaconess Medical Center, Boston, MA, 3National Institute of 
Environmental Health Sciences, Research Triangle Park, NC, 4National Institute on Minority Health and Health Disparities, Bethesda, MD, 
5Harvard University, Cambridge, MA, 6Brandeis University, Waltham, MA, 7Silent Spring Institute, Newton, MA. 
 
Background: Endocrine disrupting chemicals (EDCs) are linked to adverse reproductive health outcomes. Recent 
evidence suggests associations between EDCs found in personal care products (PCPs) and acculturation measures. 
Chinese women have a particularly high risk of developing certain adverse reproductive health outcomes 
compared to non-Hispanic Whites. Few studies have evaluated acculturation and PCP use as an important source 
of EDCs among Chinese women. 

Methods: We assessed 227 foreign-born Chinese women ages 18-45 years, who were living in the US and seeking 
obstetrics-gynecology care at community health centers (Boston, MA 2017). Language acculturation categorized 
as English-speaking ability and language use with friends and at home, adjusting for length of time in the U.S. and 
age of U.S. entry. Use of nine major PCP types (i.e. crème rinse/conditioner, shampoo, perfume/cologne, bar 
soap/body wash, liquid hand soap, moisturizer/lotion, colored cosmetics, sunscreen, and nail polish) in the past 
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48 hours was self-reported. We conducted multivariable logistic and Poisson regressions to determine the cross-
sectional associations of language acculturation with prevalence of PCP types and total number of PCPs types, 
respectively. Latent class analysis was used to identify PCP usage patterns. 

Results: Median age of U.S. entry was 24.0 (range: 5.0-44.2) years, and median length of U.S. residence was 7.0 
(range: 0.2-34.0) years. Most participants did not speak English (61.2%), with the majority speaking other 
languages with friends (75.8%) or at home (91.2%). Those who used more PCP types, overall and by each PCP 
type, tended to speak English at home and with friends. Higher language acculturation was associated with higher 
odds of using colored cosmetics, nail polish, and perfume/cologne in the past 48 hours. Women who could speak 
English used 1.15 (95% CI: 1.01-1.31) times the number of PCP types than their non-English speaking 
counterparts. Participants were classified into 2 latent groups (high and moderate PCP users). High PCP users 
showed a higher degree of language acculturation than moderate PCP users (42.2% versus 20.0% could speak 
English). They also had a pattern of greater PCP use, including use of perfume/cologne and nail polish, while a 
moderate pattern of PCP use did not include perfume/cologne or nail polish use. 

Conclusions: A higher degree of language acculturation among Chinese women of reproductive age was 
associated with greater EDC-associated PCP use. These results suggest the role of acculturation as a social factor 
affecting EDC exposure, with implications for disparities in EDC-related reproductive outcomes. 
Keywords: personal care products, environmental health, environmental justice, susceptible/vulnerable 
 

PO-169: Ambient Black Carbon Particle Concentration and Source Study in Jinan, China 
Y. Wang1, W. Zhang2, T. Li1 
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Nanjing, CHINA. 
 
Background: Black carbon (BC) is product of incomplete combustion from coal, biomass burning or internal 
combustion engines. The emission of BC can aggravate ambient air pollution, influence environment climate and 
have adverse effects on human health. Yet the reported pollution level of BC in China was limited, and the source 
types of BC particles were currently unclear. 

Methods: We conducted ambient BC concentrations monitoring on the rooftop of a primary school during 
December, 16th -18th, 2019. The concentrations were monitored using multi-wavelength aethalometer MA200 
(Magee Scientific, United States), which has five wavelengths (λ=370, 470, 528, 625, and 880 nm) to observed the 
light absorption of the carbon aerosols. We calculated the absorption angstrom exponent (AAE, α) to determine 
the combustion sources of BC particles (Sankhyan, 2017). The AAE value closed to 1 indicating a vehicle 
combustion source, the value closed to 2 indicating a coal combustion source, and the value in between indicating 
a mixed combustion source (Wang et al., 2019). 

Results and Discussions: The BC at UV wavelength (λ=370 nm) showed concentration ranged from 2.5 to 13.8 
μg/m3, and the IR wavelength (λ=880 nm) ranged from 2.2 to 8.4 μg/m3, with an average concentration of 6.7 
μg/m3, which indicating a high level of carbonaceous aerosol emissions. The AAE value ranged from 0.96 to 1.94, 
indicating a variety of combustion sources. During daytime of Dec 17th, the AAE values were around 1 showing a 
domination of motor vehicle emissions, and during midnight of Dec 18th, the AAE values were around 2, showing a 
domination of coal combustion. The pattern was consisted with the coal burning conditions during winter time in 
eastern China. And the source analysis also supported the contribution of vehicle emissions. 

Conclusion: The combustion sources of BC varied from vehicle emission to coal burning in study area. The source 
investigation of BC can be used to support air pollution-related health effects studies, especially in heavy polluted 
regions of China. 
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Figure 1. Black carbon (BC) concentration at five wavelength and absorption angstrom exponent (AAE, α) value during study period. 
Keywords: air pollution, source control, sensor technology, black carbon 
 

PO-170: Regulation for the control of exposure to pesticides among the general population 
- A comparative analysis between the Australian and European regulatory frameworks 
M. Waras; College of Science and Engineering, Flinders University, South Australia, AUSTRALIA. 
 
Pesticide regulations play an important role in controlling the population’s exposure to pesticides. For example, in 
the United States, the ban of chlorpyrifos (CPF) in 2000 has been shown to reduce i) its use, ii) the level of CPF 
metabolite in urine and blood of the general population and iii) the level of CPF in indoor air in homes The 
objective of this paper is to review and compare the Australian pesticides regulatory system. The European Union 
pesticide regulatory system was chosen for comparison with the Australian’s pesticide regulatory system in the 
aspect of protecting the population from pesticide exposure. The comparison shows that the assessment to 
authorize a pesticide in Australia is based on the risk of the pesticides while the assessment to authorize a 
pesticide in the EU is based on the hazard of the pesticide. A registered active substance in Australia can be 
authorized for use indefinitely until it is nominated for reconsideration. In contrast, the period of registration of 
an active substance in the EU lasts for 10 years only. Another matter that is of concern is there are neither routine 
systematic chemical residue surveys for food commodities nor human biological monitoring studies conducted in 
Australia. The results highlight areas to improve in the Australian pesticide regulatory system from the 
perspective of controlling undue exposure among the general population. 
Keywords: public health, policy, environmental regulation, health, other/general, pesticides policy 
 

PO-171: COVID-19 Infection Risk: Are there differences between eating and non-eating 
behaviors? 
A. M. Wilson1, M. King2, M. H. Weir3, M. P. Verhougstraete1, P. I. Beamer1, K. A. Reynolds1 
 
1University of Arizona, Tucson, AZ, 2University of Leeds, Leeds, UNITED KINGDOM, 3The Ohio State Univeristy, Columbus, OH. 
 
Introduction: While hand-to-face contacts are important for characterizing viral infection risks, little is known 
about adults’ hand-to-face contact frequencies and the implications of differences in frequency during eating vs. 
non-eating behaviors. The study objective was to relate differences in hand-to-mouth, -eyes, and -nose contact 
frequencies between eating and non-eating behaviors to COVID-19 infection risks through quantitative microbial 
risk assessment (QMRA).  
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Methods:An equation describing steady state accruement of virus on hands was used to estimate concentration 
on hands during hand-to-face contacts. Doses were estimated based on hand-to-mouth, -eyes, or -nose contact 
frequencies and anticipated viral loss from the hand to the mucosal membrane upon contact. Contact frequencies 
during eating vs. non-eating behaviors were used to inform either scenario. It was assumed food was 
uncontaminated and that contaminated hands were the source of SARS-CoV-2 exposure. An exact beta-Poisson 
model fit to pooled SARS-CoV-1 and human coronavirus 229E dose-response data was used to relate estimated 
doses to infection risks. A Monte Carlo approach was used to account for variability and uncertainty in total hand 
surface area, fractional areas of the hand in contact, transfer efficiencies, and fractions of RNA expected to be 
infectious. A wide range of concentrations was used to evaluate infection risks for environments with low to high 
levels of contamination. Ten thousand iterations were conducted for two exposure duration intervals each: 15 
and 30 minutes.  

Results: Infection risks under eating vs. non-eating behavior scenarios were similar, where empirical distribution 
functions of dose and infection risk for eating behaviors demonstrated slightly larger proportions of data with 
larger doses and infection risks than those for non-eating. The average dose during eating behaviors was 1.4 
greater than the average dose for non-eating behaviors, while the average risk for eating behaviors was only 1.1 
times that of the average risk for non-eating behaviors.  

Discussion: This model demonstrates that larger hand-to-mouth contact frequencies during eating behaviors did 
not have a notable effect on infection risks, despite a 1.4 times larger average dose for eating than for non-eating 
behaviors, in part since this is less than a log10  of difference. It is possible this difference in dose may be even less, 
as the effect of hand washing before eating is not yet accounted for in this model. This study emphasizes that 
parameters that affect log10  dose, such as shedding rates, may be more important for characterizing COVID-19 
risks than contact frequencies for short exposure durations. 
Keywords: activity patterns, dose, exposure models, infectious disease, COVID-19 
 

PO-172: Adequate data in REACH exposure scenarios for successful workplace risk 
assessment 
E. Wolf, S. Wothe, N. Godas 
 
Federal Institute for Occupational Safety and Health, Dortmund, GERMANY. 
 
Objective: A key objective of the European chemicals regulation REACH (EC)No 1907/2006 is to improve the 
protection of human health and the environment from the risksposed by chemicals by improving the 
communication of relevant recommendations along thesupply chain.The communication of information along the 
supply chain is ensured by safety data sheets(SDS). For registered substances of tonnages above 10 tonnes per 
year, exposure scenariosfrom the Chemical Safety Report (CSR), including risk management measures (RMM) 
andoperational conditions, must be attached to the SDS as an annex.Subsequent questions are: 

1) Can we use the data & information to improve safety at workplaces? 
2) Are the data & information given in exposure scenarios complete? 
3) Do the data & information enable a risk assessment at workplaces?  
 
Methods:The project REACh2SDS analyses the information on the quality of data transferbetween registration 
dossier and SDS and extended SDS for chemical substances with regardto their usability for workplace risk 
assessment.In order to examine the usability for risk assessment at workplace, the RMM of the SDS arecompared 
with the results of the Easy-to-use Workplace Control Scheme for HazardousSubstances (EMKG). The EMKG is a 
tool developed by BAuA to support companies with therisk assessment of hazardous substances. It is based on a 
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control banding approach and withthe help of a few initial parameters from the SDS and the site; suitable 
protective measurescan be selected for activities involving hazardous substances.  

Results: Preliminary results show that the RMM from the SDS are mostly not consistent withthe recommended 
protective measures of the EMKG. This can complicate the employer'sresponsibility to carry out risk assessments 
and implement appropriate RMM to protectemployees working with hazardous substances. Furthermore, it may 
also arouse conflictsregarding the employers’ down-stream user duties resulting from the REACH regulation. 
 
Conclusion: Apparently, the communication of appropriate RMM is currently not working asexpected. In the 
further course of the project, these partial results will be linked to thecomparison between CSR and the 
corresponding extended SDS. It will be interesting todiscuss if the discrepancy in communication only happens 
between the SDS and workplacerisk assessment or if it already starts with the interaction between CSR and the 
correspondingSDS and how this challenge can be addressed in the future. 
Keywords: risk assessment, workplace, occupational exposure, Safety Data Sheets 
 

PO-173: Comparison of different test methods to determine emission rates of VOCs from 
consumer products 
D. Won1, W. Yang1, W. Chan2, C. Campbell2, A. Zidek2  
 
1National Research Council Canada, Ottawa, ON, CANADA, 2Health Canada, Ottawa, ON, CANADA. 
 
Consumer products (CPs) are an important source of volatile organic compounds indoors (VOC). However, there is 
no standardized method to test chemical emissions from CPs. This study was to investigate the relationship 
between different test methods that can support developing a standard test method for chemical emissions from 
CPs. A total of 10 CPs (e.g., air fresheners, candle, wax melt, nail polish, body lotion and sun screen spray) were 
tested in in a full-scale chamber (FSC) and research house (ReH). Replicate FSC tests showed excellent 
repeatability within 10% based on mean emission rates (ERg). FSC tests provided comparable results to ReH tests 
within a factor of 2 for most CPs. However, the ERg from ReH tests was lower for compounds with low 
concentrations from weak sources. The opposite was observed for a compound with high background level in 
ReH. This study indicates that FSC test can be a good candidate for a standard method to investigate VOC 
emissions from CPs with good repeatability and acceptable agreement with ReH test. 
Keywords: VOCs, consumer and personal care products, Research house 
 

PO-174: The US EPA's Human Exposure Model, Version 4 (HEM4) 
M. Woody1, T. Palma1, M. Morris1, D. Smith1, S. Fudge2, C. Stolte2, D. Lindsey2, J. Mozier2 
 
1US EPA, Durham, NC, 2SC&A Incorporated, Chapel Hill, NC. 
 
The U.S. Environmental Protection Agency (EPA) has released an updated version of its Human Exposure Model 
(HEM). EPA uses HEM to perform risk assessments for sources emitting air toxics to ambient air by combining (1) 
the atmospheric dispersion model, AERMOD, with included meteorological data, and (2) U.S. Census Bureau 
population data at the Census block level. Based on the inputs for source parameters and the meteorological 
data, AEMROD estimates the magnitude and distribution of ambient air concentrations in the vicinity of each 
source. Exposure estimates generated in HEM are based on the ambient air concentrations predicted by 
AERMOD. These exposure estimates are combined with pollutant health reference values (a library of which is 
also included) to estimate cancer risks and noncancer hazards, cancer incidence, and other risk measures. 



 
 

I S E S  2 0 2 0  P O S T E R  A B S T R A C T S     |    P-111       
 

New features in HEM4 will include the ability to model outside the US (with user-supplied receptors), additional 
mapping and data viewing functionality, and the latest version of AERMOD with additional AERMOD options 
beyond those available in the previous version. This presentation will showcase the features of the new HEM4 
and demonstrate the usefulness of the model and the summary programs. 
Keywords: air toxics, exposure models, hazardous air pollutant (HAP), risk assessment 
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Background: The European Regulation (EC) No 1907/2006 on the Registration, Evaluation, Authorisation, and 
Restriction of Chemicals (REACH) requires manufacturers/importers of chemical substances upon registration 
(≥10 tonnes per year) to assess the risks and hazards of substances identify and implement necessary risk 
management measures (RMMs) and pass on relevant recommendations along the supply chain. Information of 
the Chemical Safety Assessment are summarised in the Chemical Safety Report (CSR) by the registrant whereas 
relevant information and recommendations are communicated via the safety data sheets (SDS) and the extended 
SDS (eSDS) supplied to the downstream users (DUs). The information in these two documents is required to be 
consistent. We investigate the fulfilment of information requirements concerning the communication of risk and 
risk management and the consistency of the information between CSR and (e)SDS. Methods: (i) Assessment of 
availability and quality of information in the CSR (~ 1700 dossiers) of substances registered in the tonnage band of 
100-1000 tonnes per year. (ii) Investigation of translation of exposure information and RMMs from the 
registration dossier to (e)SDS. Preliminary results: We are presenting results of the assessment of 50 CSRs and 
their corresponding (e)SDS. In the majority of CSRs, shortcomings were identified. Common issues included, but 
were not limited to: (i) lack of information on personal protective equipment, (ii) absence of a quantitative or 
qualitative risk assessment, (iii) absence of the complete CSR, (iv) inadequate use of exposure models and of 
inadequate reduction factors within models. The (e)SDS analyses showed that the vast majority did not meet ≥1 
out of 28 of the selected information requirements under REACH considered in this project. Most common issues 
included differences in classification (hazard & precautionary statements) between CSR and SDS and the lack of 
information on personal protective equipment. Conclusion: Our preliminary results suggest that there are 
multiple information gaps and inconsistencies in communicating information along the supply chain highlighting 
the need for strategies to address those issues. 
Keywords: occupational exposure, occupational, policy, risk assessment, risk communication 
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1Federal Institute for Occupational Safety and Health (BAuA), Dortmund, GERMANY, 22Fraunhofer Institute for Toxicology and Experimental 
Medicine, Hannover, GERMANY. 
 
Background: Work clothing should in principal protect the worker from or reduce dermal exposure to hazardous 
substances. Contaminated work clothing in turn can be a considerable source of dermal exposure to hazardous 
substances and might even result in contamination of workers’ homes when carried home. It is one of the duties 
of the employer to ensure the provision of clean protective work clothing. Latter can be achieved by effective 
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organisational measures at the workplace, such as providing a regular laundry service. We investigated the 
efficacy of (i) dry cleaning and (ii) aqueous based cleaning using detergents in removing polycyclic aromatic 
hydrocarbons (PAH) from protective work clothing contaminated due to reprocessing of PAH-contaminated soil 
and working in a coking plant. 

Methods:The 1st part of the analysis encompassed work garments (n = 5 per cleaning procedure) that were 
artificially contaminated with either PAH-containing soil or bitumen. For the determination of the efficacy of each 
cleaning procedure, pre-defined patches (n=6 per garment) were extracted with isopropyl alcohol (IPA) before 
and after the cleaning procedure. The IPA extracts were analysed for their PAH content, applying gas 
chromatography-mass spectrometry analysis. The 2nd part of the analysis involved the sample collection, 
extraction and analysis of 2 garments from workplaces in a coking plant for the assessment of the efficacy of the 
dry cleaning procedure. 

Results: The examination of artificially contaminated work garments showed that >99 % of the PAHs were 
removed by aqueous based cleaning procedures using detergents. The cleaning efficacy of dry cleaning was above 
97 %. The small sample size and the initial low PAH contamination of the real-world clothes were limiting factors 
to allow generation of reliable data regarding the efficacy of the cleaning procedure. Cleaning of real-world 
sample 1 from the coking plant showed no significant difference in PAH-concentrations before and after cleaning; 
with respect to sample 2 cleaning efficacy varied between 56 and 97 % depending on the analysed area of the 
work garment. 

Conclusion: Our results with respect to the artificially contaminated work clothes suggest that the cleaning 
efficacies of both methods are comparable. However, results with respect to the real-world samples from the 
coking plant showed little consistency indicating a non-satisfactory cleaning result, whereas inhomogeneous 
distribution of the contaminants and overall low contamination of those samples hampered the determination of 
the cleaning efficacy. 
Keywords: industrial hygiene, occupational exposure, occupational health, workplace, efficacy of organisational measures 
 

PO-177: Exposure of Wildland Firefighters to Air Pollutants in Fire Smoke Emissions in the 
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1The Ohio State University, Columbus, OH, 2RTI International, Research Triangle Park, Durham, NC, 3University of Georgia, Athens, GA. 
 
Background: Wildland firefighters are occupationally exposed to elevated levels of wildland fire smoke (WFS) due 
to their proximity to wildland fires. Studies reporting exposure levels of air pollutants in WFS have been 
geographically limited to the western and southeastern United States. No occupational exposure information is 
available in the midwestern region where vegetation and weather conditions could be quite different from the 
others. Therefore, the objective of this study is to assess exposure concentrations of air pollutants in WFS 
emissions for wildland firefighters who conducted prescribed burns in the Midwest. 

Methods: Between 2016 and 2019, a total of 39 wildland firefighters (34 males and 5 females, 35.63 ± 9.31 years) 
employed by the USFS-Wayne National Forest and the Ohio Department of Natural Resources-Division of Forestry 
participated in the study. Personal exposure concentrations of particulate matter 2.5 (PM2.5) and carbon 
monoxide (CO) were measured during prescribed burn shifts. After the sampling, smoke particulate constituents, 
black carbon (BC) and heavy metals, were quantified using the light absorption technique and ICP-MS, 
respectively. Exposure concentrations of air pollutants were further categorized based on work tasks (holding, 
lighting, and others) in prescribed burn shifts. 
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Results: Geometric means for PM2.5, CO, and BC concentrations were 1.43 ± 0.13 mg/m3, 7.15 ± 0.70 ppm, and 
58.79 ± 5.46 µg/m3, respectively. Ten personal PM2.5 exposure concentrations, ranging from 3.08 to 4.59 mg/m3, 
were higher than the Threshold Limit Value (TLV) (3 mg/m3), while one wildland firefighter had a PM2.5 exposure 
concentration (5.25 mg/m3) that exceeded the Permissible Exposure Limit (PEL) (5 mg/m3). PM2.5 and CO 
concentrations were about 2-to-5 times higher in the Midwest than observations in other regions. Wildland 
firefighters who performed holding task had higher PM2.5 and CO exposure concentrations compared to lighting 
firefighters (p<0.10). However, the level of BC was significantly higher in lighting firefighters (p<0.01). The most 
abundant metal in WFS particulates was potassium followed by aluminum, chromium, and zinc. The levels of trace 
metals in WFS particulates were below the corresponding occupational exposure limits and no task-related 
difference was observed except for manganese. 

Conclusions: Results suggest that wildland firefighters working in the midwestern region had a relatively higher 
WFS exposure level during prescribed burn shifts compared to those who worked in the western and 
southeastern United States. Task-related difference in the exposure concentrations was observed for PM2.5, CO, 
and BC, possibly due to differences in emission sources and combustion stages. 
Keywords: occupational exposure, occupational health, air pollutants, wildland firefighter 
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Particulate matter consists of both organic as well as inorganic aerosols. Organic aerosols have significant roles in 
several atmospheric processes as well as have adverse impact on human health, thus are of high concern. The 
formation and composition of organic aerosol especially secondary organic aerosol (SOA) are poorly 
characterised. Thus, the present study aimed to determine organic aerosol compositional characteristics by the 
identification of functional groups using proton nuclear magnetic resonance (1H-NMR). NMR is a non-destructive 
method that provides information on the different types of non-exchangeable organic hydrogen in solution. 
Different types of aerosol were collected namely vehicular exhaust emitted aerosol (tunnel measurements), urban 
residential aerosols, vehicular traffic kerbside and urban background aerosol (SOA) (both at morning and 
afternoon period), on quartz filters and NMR analysis was performed on these aerosols. Half of the quartz filters 
were extracted in ultrapure water and water-soluble organic carbon (WSOC) was measured using a TOC analyser 
while the other half was extracted in methanol to determine hydrophobic organic aerosols. Before recording the 
NMR spectra both the water extracts and methanol extracts were lyophilised and re-dissolved in deuterated 
water/deuterium oxide (D2 O) and dueterated methanol (d-methanol). The Nuclear Magnetic Resonance (NMR) 
spectrum was obtained using a Bruker 750 MHz NMR instrument with a probe of 5mm Triple resonance H/C/N 
nuclei with 2H lock and 50 G/cm gradient along Z axis. The extracted WSOC and MSOC showed NMR peaks in four 
main categories of functional groups carrying C-H bonds: (i) unfunctionalized alkyls (H-C), (ii) aliphatic carbons 
bound to an unsaturated carbon atom (H-C-C=), (iii) aliphatic alcohols, ethers, and esters (H-C-O), (iv) aromatic 
rings (H-Ar). For a further understanding of the 1H NMR data, a quantitative integration of each spectral region 
was performed in order to assess the abundance of each functionality in samples. Overall, our first results of 
urban background and kerbside aerosols collected during morning and afternoon periods depict decrease in the 
abundance of aromatic protons in the afternoon and increase in either of three types of protons especially 
oxygenated protons which show the effect of photochemical oxidation and secondary organic aerosol formation. 
Conclusions are difficult to be made at this stage of analysis and further the analysis of remaining samples is 
underway and the results, source profiles and characteristics of the other aerosol types will be discussed. 
Keywords: air pollutants, analytical methods, climate change, Nuclear magnetic resonance technique 
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PO-179: Assessing PFNA Body Burden Following Drinking Water Intervention for 
Communities in New Jersey 
C. Yu1, C. Weisel2, P. Georgopoulos2, S. Alimokhtari2, Z. Fan1 
 
1NJDOH, Ewing, NJ, 2EOHSI, Piscataway, NJ. 
 
Elevated perfluorononanoic acid (PFNA), one of the man-made per/poly-fluoroalkyl substances (PFAS), was 
detected in public water systems and private wells in Paulsboro and West Deptford communities in New Jersey 
(NJ). Interventions were carried out in these communities by installing granular activated charcoal (GAC) filters in 
public water system and private wells. To evaluate whether the interventions effectively reduced the body burden 
of the affected residents, a community exposure study was initiated. This study, using a convenience sampling 
approach, measured PFNA and an additional 11 PFAS (listed in CDC Method) in serum for three consecutive years, 
once per year, for a target population size of 100-120 volunteers. The selection criteria for subjects were 
residents, between the ages of 20-74, who lived in the affected communities for at least two years prior to the 
interventions. Drinking water and house dust were also measured for PFNA and additional 13 PFAS (listed in EPA 
Method 537) in the first year to confirm that their water was no longer contaminated with PFNA and identify 
potential additional sources. Questionnaires were administered to collect information on demographics and 
potential PFNA sources. During the first-year 120 subjects were recruited and 105 home visits were made. A total 
of 120 sera, 105 tap waters, and 74 house dust samples were analyzed. The first-year’s PFNA sera levels were 
elevated in 85 subjects compared to the 95% of the general US population (1.90 ng/mL; NHANES in 2015-2016). 
All PFNA water levels were lower than NJDEP PFNA drinking water standard (<13 ng/L) and PFNA levels in house 
dust for the homes with contaminated water were not significantly higher than measured in control homes 
(n=20). The second year’s PFNA sera levels (89% subject retention rate) were on average 12% lower than the first 
year. The third year (82% retention from initial enrollment - with one outlying datum point removed) had an 
average serum PFNA level decline -27% compared to year 1 with a range of -37% (Q1) and -19% (Q3). Based on 
measurements and questionnaire data, PFNA half-life and serum:water ratio will be further estimated by a 
physiologically-based pharmacokinetic (PBPK) modeling approach that will be conducted later. These study results 
indicate that the interventions implemented in this NJ community was effective in reducing PFNA body burdens 
and the approach can be applied for other communities where drinking water contaminated with PFAS is the 
dominant source of PFAS exposure. 
Keywords: PFAS, other (specify), water, community, PFNA 
 

PO-180: Medical waste risk response of COVID-19: lessons from China's experience 
G. Cao, W. Yang, Z. Xu, H. Li, F. Yu  
 
Chinese Academy of Environmental Planning, Beijing, CHINA. 
 
Abstract: This paper comprehensively reviews the generation, removal, and disposal of medical waste during the 
COVID-19 pandemic in China. It makes a Gap-analysis on China’s medical waste disposal capacity from an 
environmental exposure risk perspective and focuses on the measures for the unconventional solid waste disposal 
in the most severe pandemic area in Wuhan city and Hubei Province. The paper also summarizes the joint 
prevention and control mechanism and specific measures adopted under the national environmental emergency 
in response to the pandemic outbreak. Based on the analysis and judgment of the medical and municipal solid 
waste disposal pressure brought by the global pandemic to various countries, with enlightened experiences and 
lessons of China, it provides policy recommendations on the environmental risks caused by major public health 
events in three dimensions: decision-making, coordination mechanisms as well as treatment capacity. 
Keywords: risk assessment, COVID-19, Medical Waste, Environmental Risk, China 
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PO-181: Concentration of the neonicotinoids and their metabolites in Taiwan tea leaves. 
T. Yuan1, M. Yu1, Y. Ikenaka2, Y. Chen1, S. Nakayama3, C. Chan1 
 
1National Taiwan University, Taipei, TAIWAN, 2Hokkaido University, Sapporo, JAPAN, 3National Institute for Environmental Studies, Tsukuba, JAPAN. 
 
Background: Neonicotinoids is a well-known and widely used neuro-active insecticides. Recently, several studies 
found that the neonicotinoids remaining on crop led to the death of beneficial insects such as honey bee. These 
results precipitated the prohibition of using neonicotinoids in European Union (EU). Tea is a popular non-alcoholic 
beverage in worldwide. Also, Taiwan is known around the world for its teas. Cultivating tea should notice pests 
which badly influence the quality of tea. However, the concentration of the neonicotinoids in Taiwan tea leaves 
still unclear. Therefore, this study aims to evaluate the remaining of neonicotinoids and their metabolites residues 
in Taiwan tea leaves. 

Methods: This study collected 12 tea leaves classified into 4 types of tea (Oolong, Jin Xuan, black tea, and 
Paochong) from the 4 abundant tea producing areas in Taiwan. The samples were extracted by solid-phase 
extraction (SPE) and analyzed 7 neonicotinoids and 20 derived metabolites by liquid chromatography-tandem 
mass spectrometry (LC-ESI/MS/MS). In addition, we further compared the levels of neonicotinoids in our tea 
samples with the maximum residue level (MRL) standards from EU, China, Japan, and Taiwan. 

Results: It showed that there were 5 of 7 neonicotinoids (imidacloprid, dinotefuran, acetamiprid, clothianidin, and 
thiamethoxam) detectable in Taiwan tea leaves. The detection frequency and maximum concentration of 
neonicotinoid insecticides were highest for imidacloprid (92%, 751.1 ng/g). And, 7 of 20 neonicotinoid metabolites 
were detectable in the Taiwan tea leaves which separately derived from acetamiprid, dinotefuran, imidacloprid, 
and thiamethoxam. The highest detection frequency of neonicotinoid metabolites were N-acetyl-Acetamiprid 
(66.7%, derived from acetamiprid) and Dinotefuran-urea (66.7%, derived from dinotefuran). In addition, the 
results pointed out that the neonicotinoids and their metabolites in the semi-fermented tea (Oolong, Jin Xuan, 
and Paochong) were obviously higher than those in fully-fermented tea (black tea). Compared with the MRL 
standards in different countries, the acetamiprid level in 2 of 12 tea leaves exceeded the EU standard. And, the 
imidacloprid level in 4 of 12 tea leaves exceeded the EU standard and 1 of 12 samples exceeded the China 
standard. 

Conclusion: In this study, we observed the remaining of neonicotinoids and their metabolites in tea leaves in 
Taiwan. Some residual levels in tea leaves exceeded the international MRL standards, but didn’t exceed the 
standard in Taiwan. Therefore, we should pay more attention on the content of neonicotinoids in tea and other 
agricultural products, and we should re-examine the standard of neonicotinoids for those agricultural products in 
Taiwan. 
Keywords: food 
 
PO-182: Associations of exposure to Perfluoroalkyl Substances with Metabolic syndrome 
among a highly exposed population of young adults in the Veneto region, Italy 
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Background: Studies on the association between perfluoroalkyl substances (PFASs) and metabolic syndrome 
(MetS) are limited and results are inconsistent. The objective of this study was to examine the extent to which 
PFASs are associated with the prevalence of MetS among highly exposed community residents of a large area of 
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the Veneto Region (North-Eastern Italy). The community residents were exposed to drinking water contaminated 
by PFASs for decades.  

Methods: A cross-sectional study was performed on 15,876 participants (51.4% women, 48.6% men, aged 20-39 
years) from the Regional Health surveillance program. The harmonized definition of MetS reported by Alberti 
2009 was used. Based on the modified harmonized definition of MetS, the presence of 3 of the following 5 factors 
established the diagnosis: abdominal obesity (modified to body mass index (BMI)≥30), elevated triglyceride (TG) 
(modified to non-fasting TG ≥175 mg/dL), reduced high-density lipoprotein cholesterol (HDL-C:<40 mg/l, males; 
<50 mg/l, females), elevated blood pressure (≥130 mmHg systolic and/or ≥85 mmHg diastolic), and elevated 
fasting glucose (modified to HBA1c ≥ 6.1% or self-reported diabetes mellitus or drug treatment for 
hyperglycemia). We quantified plasma PFASs concentrations by HPLC-MS. Multivariable generalized additive 
models adjusted for potential confounders were performed to identify possible associations between four PFAS, 
including perfluorooctanesulfonic acid (PFOS), perfluorooctanoic acid (PFOA), perfluorohexane sulfonic acid 
(PFHxS), and perfluorononanoic acid (PFNA), with MetS prevalence. 

Results: The prevalence of MetS was 8.1% among the community residents. The number of men with MetS was 
significantly higher than women. Prevalences of elevated blood pressure (hypertension) and overweight were 
higher than other components of MetS. PFOS was consistently associated with decreased risk for MetS. The 
adjusted odds ratio for MetS per ln-unit (µg/L) increase in PFOS was 0.76, (95% CI: 0.69-0.85; p<0.0001). 
Furthermore, there was no apparent association between PFOA, PFHxS, PFNA exposure, and MetS prevalence, 
regardless of gender. We found small but statistically significant positive associations of serum concentrations of 
PFASs with individual components including hypertension and elevated TG. Negative associations were observed 
between most of the PFASs and reduced HDL-C, diabetes, and obesity. 

Conclusion: Although none of the studied PFASs were associated with increased risk of MetS, statistically 
significant associations were observed with PFASs and increased risk for certain individual components of MetS, a 
finding that warrants further investigation. 
Keywords: epidemiology, PFAS, biomonitoring, health, chronic diseases, contaminated community 
 

PO-183: Impacts of Dynamic Lighting Exposure on the Well-being and Experience of 
Occupants in the Office Environment 
R. Zhang1, C. Campanella1, S. Aristizabal1, A. Jamrozik1, J. Zhao1, P. Porter1, S. Ly1, B. Bauer2 
 
1Well Living Lab, Rochester, MN, 2Mayo Clinic, Rochester, MN. 
 
Previous research across static lighting conditions suggests that both lighting illuminance and correlated color 
temperature (CCT) affect occupants’ physiological and psychological functioning. However, little research has 
been conducted on the non-visual impacts of dynamic lighting with daily-variant illuminance and CCT levels. The 
purpose of the study is to better understand the impact of dynamic lighting on office occupants’ health, well-
being and experience. A diverse group of office workers (n=15) were recruited to work in three office modules in a 
living lab for four months. Four lighting conditions were designed and implemented, including two static lighting 
conditions and two dynamic lighting conditions with a specific predefined control scheme. A prototype lighting 
system with enhanced control capabilities was configured to ensure the desired lighting environment protocol. 
Both objective methods and subjective surveys were used to assess the behavioral and physiological outcomes of 
interest, including mental stress, sleep, productivity and several secondary outcomes. The results showed a 
significant effect of dynamic lighting schemes on various daytime and nighttime occupant outcomes. The daytime 
behavioral impacts were either positive or mixed. Specifically, a significant alertness increase was observed in the 
afternoon, indicating a potential solution to reduce the natural feelings of sleepiness during the workday. There 
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was also a marginal benefit for mood. No significant differences were observed for mental stress or productivity. 
The nighttime impacts presented by dynamic lighting were mainly negative, which may include a significant 
decrease in perceived sleep quality and sleep time after subjects being exposed to dynamic lighting. These study 
findings provide valuable guidance for future studies. 
Keywords: behavior, light/lighting, built/indoor environment, environmental health 
 
PO-184: A hybrid approach to predict the daily concentration of ambient nitrogen dioxide 
X. Zhang1, A. Just1, H. Hsu1, I. Kloog1, M. Woody2, Z. Mi3, P. Georgopoulos3, R. Wright1, A. Stroustrup1 
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New Brunswick, NJ. 
 
Estimating the concentration of ambient nitrogen dioxide (NO2 ) is challenging because NO2  generated by local 
fossil fuel combustion varies greatly in concentration across space and time. This study demonstrates a novel 
hybrid approach combining dispersion modeling and land use regression (LUR) to predict daily NO2  
concentrations at a high spatial resolution (e.g., 50m) in the New York tri-state area. The daily concentration of 
traffic-related NO2  was estimated at federal Air Quality System (AQS) monitoring network sites in the study area 
for the years 2015-2017, using the Research LINE source (R-LINE) model with inputs of traffic emission and 
meteorological data. We used the R-LINE-estimated daily concentrations of NO2  to build mixed-effects regression 
models including additional variables representing land use features, geographic characteristics, weather, and 
other important factors. The mixed model was selected by Elastic net method. Each mixed model's performance 
was evaluated using out-of-sample coefficient of determination (R2) and square root of mean squared error 
(RMSE) from ten-fold cross-validation (CV). The optimal mixed model showed a good prediction performance (CV 
R2: 0.77-0.81, RMSE: 3.5-4.0 ppb). R-LINE outputs improved the overall, spatial, and temporal CV R2 by 7%, 2%, 
and 10%, respectively. Given the output of R-LINE has no limited spatial resolution, this hybrid approach allows 
prediction of daily NO2  at a geographic scale as small as a city block. NO2  concentrations predicted by this 
approach will facilitate future epidemiological studies investigating the short-term effects of ambient NO2  
exposure on human health and development. 
Keywords: nitrogen dioxide 
 
PO-185: Exposure to fine, ultrafine particles and black carbon in two preschools in Nur-
Sultan city, Kazakhstan 
M. Amouei Torkmahalleh, Z. Zhigulina, T. Madiyarova, K. Turganova, E. Adotey 
 
Nazarbayev University, Nur-Sultan, KAZAKHSTAN. 
 
One of the indoor environments that has been given less attention in terms of air quality monitoring is the 
preschool to which children starting from the age of 2 attend on a daily basis. Few studies exist in the literature 
that investigated indoor/outdoor ratios for UFPs and fine particles in the preschools. In the present study, the 
concentrations of fine, ultrafine particles and black carbon inside and near two preschools in Nur-Sultan, 
Kazakhstan from October 28 to November 27, 2019 were investigated. This study identified major sources of 
particles in the Preschools including dust resuspension, candle burning and outside smoking. For the preschool I 
the average daily (6 hours) indoor (outdoor) PM1 , PM2.5, PM10 concentrations over three weeks measurements 
were 13.78 ± 6.12 (4.10 ± 2.16) µg/m3, 32.37 ± 12.34 (2.72 ± 2.11) µg/m3, 43.66 ± 14.12 (1.33 ± 0.14) µg/m3 
respectively.. Average indoor/outdoor (I/O) ratios for particulate matter (PM) and particle number (PN) 
concentrations in Preschool I were higher than 1 indicating the significant contribution of indoor sources 
neglecting the influence of the traffic from the outside highway and parking lot. In the second preschool average 
PM2.5 and PM10 were 27.78±20.06 µg/cm3 and 42.77±28.26 µg/cm3. Dust resuspension elevated the coarse 



 
 

I S E S  2 0 2 0  P O S T E R  A B S T R A C T S     |    P-118       
 

fraction of the particles as well as PM2.5 concentration. Candle burning contributed to both PM2.5 and UFPs 
elevating UFPs concentration 13 times as much. The major sources of the indoor particles in Preschool I were 
found to be the indoor activities including dust-resuspension and candle burning while in Preschool II the major 
source of the indoor particles were infiltrated outdoor particles originated from smoking. Given the very cold 
winter climate in Nur-Sultan city of Kazakhstan, we recorded a quite high temperature difference between indoor 
and outdoor in Preschool I and II (18 and 30oC, respectively) that could be a driving force for the infiltration of the 
outdoor particles. The considerable difference between indoor and outdoor temperature in Preschool I and II (18 
and 30oC) 
Keywords: air quality, aerosol, particulate matter (PM), health, other/general 
 

PO-186: Per- and polyfluoroalkyl substances (PFASs) in ambient fine particulate matter 
(PM2.5) in North Carolina 
J. Zhou1, K. Baumann1, J. D. Surratt1, R. N. Mead2, S. A. Skrabal2, R. J. Kieber2, G. B. Avery2, M. Shimizu2, W. Bodnar1, Z. Zhang1, J. C. DeWitt3, 
M. Sun4, L. B. Collins5, B. J. Turpin1 
 
1UNC-Chapel Hill, Chapel Hill, NC, 2UNC-Wilmington, Wilmington, NC, 3East Carolina University, Greenville, NC, 4UNC-Charlotte, Charlotte, 
NC, 5North Carolina State University, Raleigh, NC. 
 
While per- and polyfluoroalkyl substances (PFASs), especially legacy compounds, have been measured in ambient 
air in urban and rural environments at several locations globally, PFASs concentrations, source contributions and 
atmospheric transformations remain poorly understood. North Carolina (NC) is a good place to study these, given 
the existence of a fluoropolymer and specialty chemicals manufacturing plant (Chemours) and large military 
bases, as well as more typical sources of environmental PFASs contamination (e.g., fluorinated fire-fighting foam 
use, urban waste streams). In addition to ingestion of PFASs as a result of direct contamination of drinking water 
supplies via atmospheric deposition, potential human exposure to PFASs occurs also through inhalation. For these 
reasons, we initiated a one-year sampling campaign involving 5 NC locations and seasonally-composited 6-day 
duration ambient fine particulate matter (PM2.5) samples collected on pre-baked quartz fiber filters downstream 
of a multiple-jet 2.5 μm cut-point impactor. Quarterly composited samples were analyzed for 34 targeted PFASs 
by LC-MS/MS on an AB SCIEX Triple Quad™ 6500 mass spectrometer system. In all, 7 PFASs were above detection 
limits (perfluoro-n-octanoic acid (PFOA), sodium perfluoro-1-octanesulfonate (PFOS), sodium perfluoro-1-
heptanesulfonate (PFHpS), perfluoro-n-dodecanoic acid (PFDoA), perfluoro-n-heptanoic acid (PFHpA), perfluoro-
n-undecanoic acid (PFUnA), ethanesulfonic acid, 2-[1-[difluoro(1,2,2,2-tetrafluoroethoxy)methyl]-1,2,2,2-
tetrafluoroethoxy]-1,1,2,2-tetrafluoro- (Nafion BP2)) and mostly below 1 pg/m3 in respirable PM2.5. PFOA and 
PFOS were most frequency detected. Elevated PFOA and PFOS concentrations were observed in warmer months 
at Charlotte (14.1 pg/m3 for PFOA) and Wilmington (4.75 pg/m3 for PFOS), respectively. Concentrations will be 
placed in context and plausible explanations for the elevated concentrations will be discussed. 
Keywords: PFAS, fine particlate matter, air quality, concentration 
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Per- and polyfluoroalkyl substances (PFASs), with their water- and heat-resistant properties, have been widely 
used in industrial and consumer products, including floor waxes and sealants. Studies have shown adverse health 
effects associated with PFASs exposure, e.g., increased risk of cancer and immunotoxicity. However, little is 
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known about the extent to which PFASs are emitted during floor stripping/waxing, and the potential for 
occupational exposures and subsequent health risks. In our study, we measured PFASs concentrations in fine 
particles (PM2.5) during floor stripping and waxing events performed in a university building and estimated the 
PFASs emission rates. PM2.5 samples were collected on 37mm quartz fiber filters downstream of a multiple-jet 2.5 
μm cut-point impactor before, during, and after floor stripping/waxing activities. Samples were analyzed for 34 
targeted PFASs by LC-MS/MS on an AB SCIEX Triple Quad™ 6500 mass spectrometer system. In total, ten PFAS 
compounds were detected during floor waxing with concentrations ranging from 0.6-29.8 pg/m3. Five of these 
were statistically significantly elevated in concentrations during stripping/waxing, specifically: perfluoro-2-
methoxyacetic acid (PFMOAA), perfluoro-n-butanoic acid (PFBA), perfluoro-n-hexanoic acid (PFHxA), perfluoro-n-
heptanoic acid (PFHpA), and sodium perfluoro-1-octanesulfonate (PFOS). Emission rates and exposure 
implications for workers will be discussed. 
Keywords: PFAS, fine particlate matter, occupational exposure, consumer and personal care products 
 
PO-188: Trihalomethanes are an unreliable indicator of exposure to haloacetonitriles, a 
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Water quality regulations rely on accurate estimates of the health risk posed by waterborne contaminants. Yet 
evaluation of health risk in drinking water has proved a major challenge due to mixtures of co-occurring 
contaminants and their spatiotemporal variation in distribution systems. These problems are particularly acute for 
disinfection byproducts (DBPs), a contaminant family consisting of >700 species and many distinct classes. DBPs 
form in a complex mixture from reactions between disinfectants and dissolved organic matter. Due to the 
dynamic nature of these reactions, concentrations of many DBPs exhibit substantial spatiotemporal variation 
between finished effluents and household taps. Current knowledge of DBP health risk relies heavily on studies 
that used trihalomethanes (THMs) as an indicator of total DBP exposure, based on the assumption that THM 
concentrations are representative of other classes. However, each DBP class is known to have distinct precursors 
and reaction pathways. THMs are less potent toxins in vitro and in vivo than most DBPs tested, particularly 
nitrogen-containing classes which are associated with wastewater- and algal-impacted water supplies. The use of 
THMs as indicators could introduce non-trivial misclassification of exposure levels in epidemiologic studies. 
We estimated the covariance of THMs and haloacetonitriles (HANs), the most commonly measured nitrogen-
containing DBP class, using a large dataset of 412 U.S. water systems (~9,500 samples) to develop 
multilevel/hierarchical linear regression models. Multilevel model structures enabled estimation of the systematic 
variance between water systems, which was found to be ~2x greater than the residual (non-systematic) variance 
in the dataset at large. A notable portion of the variance between water systems was explained by source water 
type, with disinfectant sequence accounting for a smaller but significant portion. Within individual water systems, 
some variance was attributable to distribution system retention time and season. Overall, the variance was too 
high to enable accurate prediction of HAN concentrations using THM concentrations, as demonstrated by the high 
out-of-sample prediction error estimated using several external datasets. The misclassification bias incurred by 
using THMs as an indicator of HANs was estimated by constructing odds ratios, which demonstrated non-trivial 
risk of both false positives and false negatives. These findings underscore the importance of measuring co-
occurring DBP classes in epidemiologic studies of water systems, particularly as climate change exacerbates the 
conditions that enhance formation of toxic unregulated DBPs, such as those that contain nitrogen. 
Keywords: drinking water, mixtures, exposure, modeling  
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PO-189: Personal Exposure Monitoring of PM2.5 in Bandung City, Indonesia  Using Low-cost 
Sensing Device 
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Daily exposure to PM2.5 in developing countries, especially in Indonesia has not been thoroughly studied partly 
due to limited resources available. In this research, daily PM2.5 exposures in urban communities in Indonesia were 
examined using a low-cost sensor, AS-LUNG. A total of 50 subjects were recruited and monitored in both wet and 
dry seasons for 24-h to 144-h periods. Their personal PM2.5concentrations, environmental temperature and 
relative humidity were measured using corrected AS-LUNG Portable (AS-LUNG-P) worn or placed in their vicinity. 
Details on their activities and locations, air quality (air pollution sources), and weather conditions during 
monitoring were recorded in paper-based time-activity diaries (TADs) completed at 30-minute intervals. Major 
exposure sources were found originated from mosquito coil, vehicle, and cooking emissions. Results revealed 
mosquito coil burning as source of the highest exposure, reaching 241.5 μg/m3 but with significant difference 
between wet and dry seasons. With ambient PM2.5 and relative humidity controlled for, mosquito coil burning 
contributed 12.0 μg/m3 of personal PM2.5 exposure in wet season, which was more than eight times than the 
contribution from vehicle emission of merely 1.5 μg/m3. Other important sources was environmental tobacco 
smoke, which contributed 5.0 μg/m3 and 3.2 μg/m3, respectively in wet and dry season. Understanding this 
contributive factors can serve as useful references for formulating policies and recommendations on exposure 
reduction and health protection. 
Keywords: particulate matter (PM), air quality sensor, big data, activity patterns 
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PO-191: Shrinkage estimation of long-term water ingestion rates 
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Abstract: Water consumption is a necessity for human life, but may also be an exposure pathway for harmful 
chemicals or toxins. Drinking water can be contaminated with chemicals such as nitrates, lead, or per- and poly-
fluoroalkyl substances. Such exposures have been associated with thyroid disease, certain cancers, central 
nervous system disorders and many other negative health outcomes. Exposure modeling, risk assessment, and 
epidemiologic research for water contaminants often depend on estimating population variability or upper 
percentiles of water consumption for the general population, but most studies of water consumption rates are 
based on short-term consumption over only a few days, rather than long-term consumption. Such an accurate 
estimate necessitates having a nationally representative sample of individuals residing in the US to report their 
respective water consumption. In this study, we utilize a lognormal mixed effects model to develop shrinkage 
estimates of long-term average daily water consumption for a nationally representative study of US residents 
during 2005-2010, and compare our results to empirical 2-day averages. Shrinkage estimation results in a large 
reduction in estimated water consumption rates across all age and race/ethnicity groups. The mean water 
consumption estimation for the total population is reduced from 1,386 to 788 mL/day when comparing empirical 
estimates to the shrinkage estimates. The 75th percentile of the total included population is reduced from 1,916 
ml/day to 947 mL/day, and the 95th percentile is reduced from 3,428 mL/day to 1,336 mL/day. In addition, 
standard deviation of water consumption for this group decreased from 1,102 to 327 ml/day. Mixed effects 
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models may provide a more accurate measure of long-term daily water consumption than empirical short-term 
averages, and should be utilized for future studies of long-term exposure via water ingestion. 
Keywords: exposure, random effects, NHANES 
 

PO-192: Statistical prediction for removal of flame retardants in wastewater treatment 
J. Shen1, S. Smyth2, D. Delâge3  
 
1Environment and Climate Change Canada, Vancouver, BC, CANADA, 2Environment and Climate Change Canada, Burlington, ON, CANADA, 
3Environment and Climate Change Canada, Gatineau, QC, CANADA. 
 
Ecological exposure is an important aspect in assessing the risk from chemical pollutants in the environment. The 
level of exposure is often estimated and compared to a toxicity threshold to determine if there is a potential for 
adverse effects. This determination appears to be straightforward, but is complicated due to the spatiotemporal 
variability in environmental concentrations. A deterministic approach is commonly adopted to simplify the 
complexity associated with the variability. This approach, however, has limitations. Deterministic exposure 
estimates reflect only part of the whole reality and may not fully characterize the potential for risk due to 
oversimplification. 

This presentation focuses on aquatic exposure and introduces a modelling approach to take into consideration the 
variability in the removal of chemicals during wastewater treatment. As many chemicals are discharged to sewers 
from industrial facilities and consumer product use, domestic wastewater treatment systems are points of entry 
for these chemicals to the aquatic environment. The concentrations of chemicals in the environment are highly 
dependent upon their removal during wastewater treatment. As a result, exposure is greatly influenced by the 
removal variability. The modelling approach discussed addresses the removal variability for an important category 
of environmental pollutants, which are recalcitrant low-volatility neutral organics. Several brominated flame 
retardants were selected as illustrative examples. Conditions (e.g., influent and effluent solids) causing the 
chemical removal variability were identified, and field data were obtained for those conditions. Monte Carlo 
simulations were performed to predict the statistical distribution of the removal. The prediction agreed well with 
measurements from multiple wastewater treatment systems over different seasons. The approach demonstrates 
an ability to statistically characterize the fate of chemicals in wastewater treatment, and can be used to assist in 
probabilistic or in-depth exposure analysis. 
Keywords: ecological exposure, statistical methods, flame retardants, risk assessment, wastewater 
 

LBPO-193: Prevalence of respiratory diseases in relation to smoking rate in adults living in 
four Chinese cities: A comparison between 2017–2018 and 1993–1996 
M. Yan1, J. Gong1,*, Q. Liu2, W. Li2, X. Duan3, S. Cao3, S. Li3, L. He4, Z. Yin4, W. Lin5, J.J. Zhang1,6,7 
 
1Beijing Innovation Center for Engineering Science and Advanced Technology, State Key Joint Laboratory for Environmental Simulation and 
Pollution Control, College of Environmental Sciences and Engineering, And Center for Environment and Health, Peking University, Beijing, 
China;  School of Public Health and Management, Research Center for Medicine and Social Development, Collaborative Innovation Center of 
Social Risks Governance in Health, Chongqing Medical University, Chongqing, China;  School of energy and environmental engineering, 
University of Science and Technology Beijing, Beijing, China;  4Key Laboratory for Urban Habitat Environmental Science and Technology, 
School of Environment and Energy, Peking University Shenzhen Graduate School, Shenzhen, China; 5Department of Occupational and 
Environmental Health, School of Public Health, Sun Yat-Sen University, Guangzhou, China; 6Duke Kunshan University, Kunshan, China; 
7Nicholas School of the Environment and Duke Global Health Institute, Duke University, Durham, USA 

Background: The sustained high prevalence of smoking in China has contributed substantially to the burden of 
chronic diseases, including respiratory diseases. This study compared the prevalence of smoking and respiratory 
diseases in Chinese adults between two time periods spanning over 25 years. 
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Methods: Cross-sectional surveys were performed in four Chinese cities of Chongqing, Lanzhou, Wuhan, and 
Guangzhou in 1993–1996 (Period 1) and in 2017–2018 (Period 2). Participants completed questionnaires asking 
smoking status, the presence of asthma and chronic bronchitis, education attainment and household 
characteristics. Logistic regression models were used to estimate the odds ratios of disease prevalence with 
regard to active smoking status for men and passive smoking status for women. 

Results: Prevalence of asthma, prevalence of chronic bronchitis, and smoking rate, all decreased from Period 1 to 
Period 2. We observed strong evidence that active smoking increased prevalence for both asthma and chronic 
bronchitis in men during Period 1, with spatial heterogeneity and modifying effect by college-level education. 
Home exposure to passive smoking was associated with increased odds of having chronic bronchitis among 
female participants in Chongqing during Period 2, although the association was not statistically significant. 

Conclusions: The prevalences for asthma and chronic bronchitis were lower in 2017–2018 compared to 25 years 
ago in the same four Chinese cities. Decreased smoking rate may have contribution to the improvement of these 
respiratory diseases. Male smokers, especially those without college-level education, showed higher prevalence 
of chronic bronchitis compared to nonsmokers during Period 1. 
Keywords: Asthma, Bronchitis, Smoking 
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Background: Over the past decades, both ambient and household air pollution have changed in several aspects, 
including the emission sources and the concentrations of pollutants, in many Chinese cities. It is unknown 
whether these changes are associated with changes in health conditions, especially given changes in other factors 
due to rapid economic growth.  

Methods: Two cross-sectional surveys were conducted in two periods spanning more than twenty years (1993–
1996 vs. 2017–2018) in four Chinese cities of Chongqing, Wuhan, Lanzhou, and Guangzhou. Data were collected 
regarding adults’ respiratory disease, smoking status, education, occupation, as well as the household 
characteristics. Ambient air pollution data were obtained for each study. We first used logistic regression models 
to construct the district-specific adjusted disease prevalences. In the second stage, first-difference regression 
models were employed to examine whether the change in respiratory diseases prevalences was associated with 
the change in outdoor air pollution and indoor air pollution surrogates. 

Results: Compared to Period 1 (1993-1996), we found substantial reductions in the ambient air pollution 
concentrations, as well as a suggestive improvement in cooking-related indoor air pollution in Period 2 (2017–
2018). We observed decreases in the district-specific covariate-adjusted prevalences of both asthma and chronic 
bronchitis in men and women, respectively. From Period 1 to Period 2, the proportion of cooking with coal 
appeared positively associated with the prevalences of chronic bronchitis in men and negatively associated with 
the prevalence of asthma in women. Little evidence was observed regarding the potential health benefits 
associated with the decreases in ambient air pollution levels. 
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Conclusions: The substantial reduction in household use of coal for cooking might be an important contributor to 
the decrease in adults’ respiratory disease prevalence from 1993–1996 to 2017–2019 in four Chinese cities. 
Changes in this indoor air pollution source, along with other risk factors for respiratory diseases, may have 
masked respiratory health benefits associated with reductions in outdoor air pollution levels. 
Keywords: Asthma, Bronchitis, Household air pollution, Household use of coal 
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Quaternary ammonium compounds (QACs or “quats”) are the major class of chemicals widely used as 
disinfectants in consumer products. While disinfection is necessary for a safe environment during the COVID-19 
pandemic, the increased use of QACs is concerning as exposure to these compounds has been associated with 
adverse effects on reproductive and respiratory systems. We have determined the occurrence of 19 QACs in 61 
residential dust samples collected before and during the outbreak of COVID-19. All QACs were detected in more 
than 90% of the samples collected during the COVID-19 outbreak at concentrations ranging from 1.95 to 531 μg/g 
(median 58.9 μg/g). These concentrations were significantly higher than those in samples collected before the 
COVID-19 crisis (p < 0.05; n = 21, median 36.3 μg/g). Moreover, higher QAC concentrations were found in homes 
with the increased disinfection routine during the pandemic and in those that disinfected more frequently (p < 
0.05). In addition, disinfecting products commonly used in homes were analyzed, and the QAC profiles in dust and 
in products were similar, suggesting that these products can be a significant source of QACs. Our findings indicate 
that indoor exposure to QACs is widespread and has increased during the pandemic. 
Keywords: Quaternary ammonium compounds, the COVID-19, indoor dust, cleaning products 
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BACKGROUND: Previous studies have suggested that long-term exposure to ambient air pollution was associated 
with depression, although the results were limited and remained inconsistent. 

OBJECTIVES: To investigate the association between long-term air pollution exposure and depression prevalence 
in China. 

METHODS: This cross-sectional study used data from baseline survey of Ningbo Cohort on 32735 adults (≥18 
years), which was conducted from January 2016 to December 2017. Based on the individual residential addresses, 
one-year mean concentrations before baseline of particulate matter with a diameter <2.5 μg/m3 (PM2.5), <10 
μg/m3 (PM10) and nitrogen dioxide (NO2) were measured using land-use regression models. Depression cases 
were ascertained using the Health Information System (HIS) of the local health administration by linking the 
unique identifiers. We conducted logistic models to estimate the odds ratios (ORs) and 95% confidence intervals 
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(95% CIs) of depression with each pollutant, and adjusted for a sequence of covariates as demographic 
characteristics, lifestyles, and comorbidity. Subgroup analyses were performed to examine the potential effect 
modification by age group, gender and whether take measures towards haze. Besides, two-pollutant models, 
different air pollution exposure windows, physical activity and multiple interpolation for missing covariates were 
also considered in sensitivity analyses. 

RESULTS: There were totally 953 depression prevalent cases among the 32735 individuals included in this study. 
Interquartile range increments of the air pollutants were associated with higher prevalence of depression, and the 
corresponding ORs (95%CIs) were 1.20 (95%CI: 1.07, 1.34) for PM2.5, 1.15 (95%CI: 1.05, 1.27) for PM10 and 1.20 
(95%CI: 1.11, 1.31) for NO2. Subgroup analyses suggested that female, participants <65 years and those without 
taking any protective measures were more susceptible to air pollution, though some of the differences didn’t 
reach significant level. In two-pollutant models, the effect of NO2 was still significant after controlling PM2.5 and 
PM10, separately. The results remained robust in sensitivity analyses.  

CONCLUSIONS: Long-term exposure to ambient air pollution was identified as a risk factor for the prevalence of 
depression in present cross-sectional study. Strategies to reduce the air pollution are necessary to decrease the 
disease burden of depression 
 
LBPO-198: Longitudinal assessment of PFASs exposure on serum estrogen with repeated 
measurement in Chinese pregnant women 
J. Yang1, H. Wang1, G. He1 
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Previous studies have suggested that perfluoroalkyl and polyfluoroalkyl substances (PFASs) could act as endocrine 
disruptors and affect estrogen levels, but few studies have investigated the association between PFASs exposure 
and estrogen homeostasis during pregnancy. The present study included 557 pregnant women in Tangshan City, 
North China, and determined 11 kinds of serum PFASs in their early term of pregnancy and 3 estrogens (estrone, 
E1, estradiol, E2, estriol, E3) in the early (n=557), middle (n=339), and late (n=286) terms of pregnancy to 
investigate the effects of PFASs on estrogens. Sociodemographic factors and diet information were obtained by 
structured questionnaires and food frequency questionnaire. Multiple linear regression model was used to assess 
the association between PFASs and estrogens in different terms and a mixed effect model was used to assess the 
effect of longitudinal PFASs exposure on serum estrogens. It was found that serum PFOS (β=-0.131, 95% CI: -
0.243~-0.019) and PFUdA (β=-0.073, 95% CI: -0.123~-0.023) were negatively associated with E1 in the early term 
of pregnancy, and PFDA (β=-0.255, 95% CI: -0.438~-0.072) showed negative association with E1 in the middle term 
of pregnancy. PFNA was positively associated with E2 in the early term of pregnancy (β=0.125, 95% CI: 
0.034~0.216) but negatively associated with E2 in the late term of pregnancy (β=-0.141, 95% CI: -0.258~-0.023). 
PFHpS was negatively associated with E3 in the early (β=-0.085, 95% CI: -0.155~-0.015) and late terms of 
pregnancy (β=-0.100, 95% CI: -0.195~-0.005) after adjusting for other covariates. PFDA was negatively associated 
with average E1 in early and middle (EM), middle and late (ML), and early, middle and late (EML) terms of 
pregnancy and average E3 in ML and EML terms of pregnancy. Mixed effect model found that PFDA in the third 
tertile was negatively associated with E1 (β=-0.156, 95% CI: -0.303~-0.010) and fetal sex influenced the 
association between PFASs and estrogen levels. Our study provided evidence for the effects of PFASs on estrogens 
and different period of pregnancy showed different susceptibility. 
Keywords: Perfluoroalkyl and polyfluoroalkyl substances, estrogen, pregnant women, China 
 

 



 
 

I S E S  2 0 2 0  P O S T E R  A B S T R A C T S     |    P-125       
 

LBPO-199: Is long-term exposure to green space associated with hypertension and blood 
pressure? A cross-sectional study with findings from the Henan Rural Cohort Study 
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Background: Health effects of green space on hypertension have been scarcely studied in low- and middle- 
income countries. Furthermore, the evidence is very limited in China. Objective: We aimed to explore the 
associations of long-term exposure to green space with hypertension and blood pressure in China. Methods: This 
study included 39,259 participants aged 18 to 79 years who had completed the baseline survey between July 2015 
and September 2017 from the Henan Rural Cohort Study from five rural counties in Henan province, China. 
Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured according to a standardized 
protocol. Hypertension was defined according to the American Heart Association's recommendations. Individual 
exposure to green space was assessed using  

the normalized difference vegetation index (NDVI) and the enhanced vegetation index (EVI) which were derived 
from the Moderate Resolution Imaging Spectroradiometer (MODIS). We calculated the exposure to ambient 
particulate matter (PM) (PM with an aerodynamic diameter ≤ 1 µm [PM1], ≤ 2.5 µm [PM2.5], and ≤ 10 µm [PM10]) 
and nitrogen dioxide (NO2) using a satellite-based spatiotemporal model. We used two-level logistic mixed models 
and linear mixed models to investigate the associations between green space and hypertension and blood 
pressure. Results: Both two vegetation indices were significantly associated with decreased hypertension 
prevalence and blood pressure. An interquartile range (IQR) increase in NDVI500m was significantly associated with 
8% lower odds of hypertension (OR = 0.92, 95% CI: 0.88, 0.95), reductions in systolic blood pressure (SBP) of 0.88 
mmHg (95% CI: - 1.17, - 0.58), and reductions in diastolic blood pressure (DBP) of 0.64 mmHg (95% CI:- 0.82, - 
0.46) , respectively. Subgroup analysis showed that the effects of greenness are more pronounced in males, 
smokers, drinkers, and people exposed to the lowest quartile PM2.5. Conclusions: Long-term exposure to green 
space was associated with decreased risk of hypertension in a Chinese rural population, and the association was 
affected by behavioral and environmental factors. 
Keywords: Greenness, Air pollution, Hypertension, Blood pressure, Cohort study 
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Background: Air pollution has already become a serious public health problem worldwide, while evidence for the 
association between air pollution and digestive disease is not consistent.  

Aim: To examine the association between air pollution and peptic ulcer bleeding. 

Methods: We performed a time-stratified case-crossover study among 1,246,270 gastroscopy records in Zhejiang, 
China from January 1st, 2013 to June 30th, 2019. Individual exposure to air pollutants was estimated using data 
from 55 fixed-sites with an inverse distance weighted method. Conditional logistic regression models were used 
to estimate the odds ratios (ORs) and 95% confidence intervals (95% CIs) for the peptic ulcer bleeding with 
exposure to air pollutants. Subgroup analyses were performed for season, age and sex.  
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Results: Totally 3,543 patients diagnosed as peptic ulcer bleeding were included in the analyses. Significant 
associations were observed between O3, NO2, CO and PM2.5 and the risk of peptic ulcer bleeding. The main 
pollutants that had single-day effects on peptic ulcer bleeding were NO2 and PM2.5. An IQR increase of the 7-day 
moving average concentrations (lag06) of NO2 resulted in a 39% increase of getting peptic ulcer bleeding (95% CI: 
1.19-1.62) and OR for which of PM2.5 was 1.14 (95% CI: 1.05-1.25). The effects of exposure to air pollutants were 
more obvious on cold days than on warm days (NO2: OR=1.42, 95% CI: 1.29-1.57 per IQR increase, measured as 
lag06 on cold days compare to OR=0.97, 95% CI: 0.88-1.07 on warm days; PM2.5: OR=1.21, 95% CI: 1.09-1.34 per 
IQR increase, measured as lag06 on cold days compare to OR=0.95, 95% CI: 0.79-1.15 on warm days). The young 
suffered higher risks of peptic ulcer bleeding from exposure to NO2, CO and PM2.5, while the elderly suffered 
higher risks from exposure to O3, SO2 and PM2.5. Male were more susceptible to exposure to NO2, CO and PM2.5, 
yet female had higher risks of exposure to O3 and SO2. 

Conclusions: Our findings strengthen the hypothesis that short-term air pollution exposure has adverse health 
effects on digestive system. 
Keywords: Air pollution, Short-term exposure, Peptic ulcer bleeding, Case-crossover study 
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Background: Ambient particles play an important role in inducing adverse effects on the cardio-pulmonary health 
with the biological mechanisms were not fully understood. Facemasks as a personal protective equipment, have 
been widely used to reduce personal exposure to ambient particles. The current study utilized a N95 facemask as 
the intervening measure to explore the acute health effects and potential biological mechanisms of exposure to 
ambient particles on the cardio-pulmonary systems in healthy young adults.  

Method:  We conducted a double-blind randomized crossover trial (RCT) among 52 healthy college students in 
Beijing, China. These volunteers were randomly divided into 2 groups (with real or sham filters in the N95 
facemask) and each of them underwent two clinical visits. During each intervention, each volunteer wore the 
facemask walking in a fixed location for 2h and conducted the other intervention after two weeks. Cardio-
pulmonary health effects were measured and biological samples were collected before and after (up to 6 hours) 
the two-hour walk intervening period to determine changes in the biomarkers of respiratory and systemic 
inflammation, oxidative stress, lung function, and dysfunction of autonomic nervous system. We applied linear 
mixed-effect models to evaluate the effect of the intervention on the outcomes of cardio-pulmonary health. 

Result: There weren’t appreciable decreases in the levels of health endpoint in sham-facemask group compared 
with the real-facemask group. We found significant changes in concentrations of fractional exhaled nitric oxide 
(FeNO) following exposure to PM in subjects wearing real and sham facemasks, but the changes for the real-
intervention group were significantly less than that for the sham-intervention group. The changes in lung function 
(FEV1 and FVC) from the pre-intervention period to the 1 hours after were significantly higher for the real-
intervention group than the sham one. Compared to the pre-intervention level, changes in blood pressure 
(systolic blood pressure and diastolic blood pressure) after 5 hours post the exposure were significantly lower for 
the real-intervention group than the sham one. No statistically significant difference was observed between the 
two group in terms of systemic inflammation, blood glucose and lipid biomarker. 
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Conclusions:  Short-term use of N95 facemasks could reduce the respiratory inflammation in healthy young adults 
caused by ambient particles and lead to beneficial responses on lung function as well. No significant improvement 
was found in systemic inflammation level, blood glucose and blood lipid in the current study. More studies are 
needed to further evaluate the potential health benefits associated with wearing a personal protective equipment 
to prevent the adverse effects of air pollution. 
Keywords: N95 facemask, Ambient particulate matter, Airway inflammation, Endothelial dysfunction, Oxidative stress 
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Background: The effects of air pollution on health are associated with pollutants’ concentration and the 
ventilation (VE). Ventilation is difficult to measure directly and was predicted by heart rate (HR) in exiting studies. 
Heart rate and Basal metabolic rate (BMR) are the popular index to predict minute ventilation. However, it’s 
unclear which method was more accurate and could be applied to an external group. 

Methods: There were 80 non-smoking participants performed an incremental test on a bicycle ergometer, where 
heart rate, minute ventilation and BMR were measured simultaneously. Linear mixed models were constructed 
with the heart rate and natural logarithmic of ventilation data obtained on CPET. Because of difficulty of BMR 
measurement, linear regression was also used to establish the association between BMR and height, and then 
calculate the minute ventilation. For the association between heart rate and VE, an eight-fold cross-validation 
procedure to assesses predictive performance. The difference of measured VE and modeled VE using two 
methods was compared. The concentration of air pollution was monitored during the CPET and the inhaled load 
was calculated. 

Results: The overall estimation of intercept and slope for all the subjects was 5.852e-01±1.289e-02 and 6.651e-
03±1.786e-05 respectively. And the overall fitted R squared (R2) was 0.84. For BMR, the BMR was associated with 
height. BMR=106.77×BW-122.76 and =105.61×BW-22.90 for males and females aged 16-21y. The median 
difference between measured VE and predicted VE using heart rate was 0.3 l/min, and difference was 7.3 l/min. 
The difference of inhaled load calculated based on fitted VE and measured VE was 0.0~0.3ug 2.2~4.4ug and across 
the whole participants when using heart rate and BMR to predict VE, respectively.  

Conclusion: This study illustrates the importance of considering ventilation data when comparing inhaled dose of 
air pollution. The study also showed heart rate would be a more accurate predictor to estimate the ventilation. 
This is the first study to establish the equation between heart rate and ventilation for Chinse and verify the 
external validity, which constitutes an important contribution to assess the inhaled load in the further 
epidemiology studies. 
Keywords: Heart rate, Ventilation, BMR, Inhaled load, Chinese 
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In healthcare settings, it is crucial to maintain the environment sterility and effective disinfection to reduce the 
rate of infection during hospitalization. Increasing evidence suggests that the heating, ventilation and air 
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conditioning (HVAC) contributes to the increased infectious risk in the hospital. Traditional method of using 
culturable microorganisms fail to characterize the complexity and diversity of the microbial community in the 
indoor environment. We applied deep sequencing to ordinarily used HVAC filters acquired from different 
locations in a hospital environment. Both DNA and RNA were extracted from HVAC filters and subjected to whole 
genome shotgun sequencing, which provides better intraspecies diversity information and the addition of 
functional information compared with 16S/18S rDNA/rRNA sequencing. Using metagenomics and 
metatranscriptomics approaches, our results indicated that viridiplantae and bacteria are the most identified 
kingdoms/subkingdoms in DNA and RNA samples, respectively. Moreover, we found that the diversity of microbial 
exposures are different between rooms, possibly due to the difference in the type and amount of traffic. 
Interestingly, we identified species commonly associated with hospital acquired infections from HVAC samples, 
such as Streptococcus pneumoniae and Staphylococcus epidermidis, and common pathogens, such 
as Propionibacterium acnes. Our study demonstrated the diverse microbial community using shotgun sequencing 
and the presence of infection related microbes in hospital air. 
Keywords: Airborne exposures, sequencing, metagenomics, hospital, infections 
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Background: Mitochondria are sensitive to environmental toxicants due to the limited repair capacity. Exposure to 
benzotriazoles (BTRs) and benzothiazoles (BTHs) may contribute to adverse health outcomes through oxidative 
stress, which may interfere with mitochondrial function. However, the mitochondrial effects of exposure to BTs 
(BTRs and BTHs) have not yet been elucidated, particularly in human investigations. Objectives: We examined the 
associations between trimester-specific urinary BTRs and BTHs concentrations and cord blood mitochondrial DNA 
copy number (mtDNAcn) in a prospective birth cohort. Methods: The present study included 742 mother-infant 
pairs who participated in a birth cohort between 2014and 2015 in Wuhan and had data on urinary concentrations 
of BTRs and BTHs and mtDNAcn in cord blood. Concentrations of BTs were repeatedly measured in maternal urine 
samples at different trimesters using high performance liquid chromatography-tandem mass spectrometry. 
Relative mtDNAcn in umbilical cord blood was analyzed by quantitative real-time polymerase chain reaction. 
Generalized estimating equations were used to evaluate the associations between BTs exposure across gestation 
and mtDNAcn in cord blood. Results: In the present study, we observed a positive association between urinary 2-
methylthio-benzothiazole (2-MeS-BTH) concentrations in the first trimester and cord blood mtDNAcn, with 
marginal significance [percent changes (%Δ) = 3.97, 95% confidence interval (CI): −0.05, 8.16, p = 0.05], while 
urinary 2-amino-ben-zothiazole concentrations in the third trimester were significantly negatively associated with 
cord blood mtDNAcn (%Δ=−5.89, 95% CI:−10.32,−1.24). Similar patterns of associations were demonstrated 
between urinary 1-H-benzotriazole (1-H-BTR) and xylyltriazole concentrations in the third trimester and cord 
blood mtDNAcn (%Δ= −4.18 to −3.23). In sex-specific analysis, we identified that maternal urinary 1-H-BTR in the 
first trimester and 2-MeS-BTH in the third trimester were positively associated with cord blood mtDNAcn among 
male infants but not female (P for interaction = 0.05 for 1-H-BTR, P for interaction = 0.05 for 2-MeS-
BTH,respectively). Conclusions: We found evidence that prenatal exposure to BTRs and BTHs were associated with 
cord blood mtDNAcn alternation, and these associations were modified by infant gender. Further investigations 
are needed to corroborate these findings. 
Keywords: Benzotriazoles, Benzothiazoles, Mitochondrial DNA copy number, Repeated measurement, Prenatal exposure 
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Objective: Arsenic is a ubiquitous, naturally occurring environmental toxicant which is highly carcinogenic to human. 
Arsenic exposure levels and metabolism efficiency during pregnancy are closely related to maternal and child health 
which period is vulnerable to external toxicants. This study aims to establish a method for determination arsenic 
species in urine. Then based on a cohort study to evaluate arsenic exposure levels, metabolism efficiency and its 
influencing factors in the 1st , 2nd , and 3rd trimester during pregnancy. Methods: HPLC-ICP-MS method was applied 
to detect the content of arsenobetaine (AsB), arsenite (As 3+ ), arsenate (As 5+ ), dimethylarsinic acid (DMA), and 
monomethylarsonic acid (MMA) in urine. A total of 2,008 pregnant women recruited from April 2014 to December 
2016 and their urinary arsenic species exposure level during three trimesters were measured. Consistent concentration 
of arsenic species during pregnancy was evaluated by the intraclass correlation coefficient (ICC) based on the mixed 
linear model. The effects of physiological and socioeconomic status of pregnant women on the concentration of arsenic 
species in urine during pregnancy were analyzed by the generalized linear model. Results: (1) The limit of 
detection(LOD) of AsB、As 3+ DMA、MMA and As 5+ were 0.1, 0.3, 0.1, 0.1, 0.3 μg/L, respectively. The recovery rate 
of this method was between 98.4-111.4%, the intra-day variation and inter-day variation coefficient were less than 
15%. (2) The geometric means concentrations of arsenic species corrected for specific gravity different in the 1 st ,2 nd , 
and 3rd trimester were as follows: iAs (As 5+ + As 3+ ）were 3.41, 3.03, 3.17 μg/L, respectively. DMA were 10.02, 7.76, 
7.58 μg/L, respectively. MMA were 1.27, 1.00, 0.99 μg/L, respectively. AsB were 2.29, 2.02, 1.80 μg/L, respectively. (3) 
Parity, household income, education level and folate, multivitamin supplements were negatively related to arsenic 
exposure levels and positively correlated with arsenic metabolism efficiency during pregnancy. Conclusion: The 
concentrations of urinary arsenic species were higher in the early pregnancy and lower in the 2nd and 3rd trimesters. 
Urinary arsenic metabolism efficiency in the 1st and 2nd trimesters were higher than in the 3rd trimester. In addition, 
levels of maternal urinary arsenic species during pregnancy were affected by many factors, including maternal 
physiological and socioeconomic status and nutrient supplementation during pregnancy. 
Keywords: arsenic species, urine, HPLC-ICP-MS, pregnancy, predictors 
 
LBPO-207: The effects of maternal high-salt diet during perinatal period on their offspring's 
bile acid 
Q. Guo, Key Laboratory of Environment and Health (Huazhong University of Science and Technology), Ministry of Education & Ministry 
of Environmental Protection, State Key Laboratory of Environmental Health (Incubation), School of Public Health, Tongji Medical 
College, Huazhong University of Science and Technology, Wuhan 430030, Hubei, China 
 
Objective: To explore the effects of high-salt diet during perinatal period on their offspring’s bile acid metabolisms and 
the mechanism of the related gut bacteria changes, we detected the liver bile acids and fecal bile acids in the offspring. 
Methods: Twenty healthy SPF female C57 / BL6 mice and 10 healthy SPF male C57 / BL6 mice were balanced with a 
normal diet at least one week and caged two to one when they were seven-week old. Ten cages of mice were randomly 
divided into a control (ND) group and a high salt (HS) group until their offspring weaned. During this period, we observed 
the food intake and drinking water of pregnant mice and the growth of the offspring after birth. When the offspring 
weaned, collecting their stool samples, recording their body weight, fasting blood glucose, their blood, liver, spleen, 
kidney and intestinal tissues, the organ coefficients, liver tissue biopsies. Results: Compared with the ND offspring, the 
weight of the HS group’s decreased significantly (P <0.05). The fasting blood glucose showed a downward trend and the 
liver and spleen organ coefficients showed a rising trend but all of them had no significant difference. While the kidney 
organ coefficients showed a significant increase (P <0.05). Compared with the ND offspring, there was no significant 
difference in liver tissue biopsies, but the bile acid in the liver such as α-Muricholic acid, β-Muricholic acid, λ-Muricholic 
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acid, Ursodeoxycholic acid, Hyodeoxycholic acid, Glycodeoxycholic acid, Glycolithocholic acid decreased significantly (P 
<0.01). In addition, the expressions of major genes involved in liver bile acid metabolism pathway in the HS group were 
significantly changed. The expression of rate-limiting enzymes Cyp7a1, FXR and SHP genes were significantly down-
regulated (P <0.05), and the expression of Cyp8b1 gene was significantly up-regulated (P <0.05). Compared with the ND 
offspring, the composition of gut bacteria of the HS group showed a different trend but had no significant statistical 
difference. Conclusions: This study found that maternal high-salt dietary interventions during perinatal stage can affect 
the weight of their offspring and reduce the amount of beneficial bile acids in the liver. This experiment aims to provide a 
new research direction and theoretical basis for the intervention and treatment of fetal and post-growth metabolic 
diseases caused by maternal diet during perinatal stage. 
Keywords: High salt diet, Bile acid metabolism, Perinatal stage, bile acid 
 

LBPO-208: Joint Environmental Manganese and Lead Exposure and Pediatric 
Neurocognition in East 
K. Martin1; H. Sucharew2,3; E. Haynes1 

 
1Department of Epidemiology, College of Public Health, University of Kentucky, Lexington, Kentucky, USA; 2Division of Biostatistics and 
Epidemiology, Cincinnati Children’s Hospital Medical Center, Cincinnati, Ohio, USA; 3Department of Pediatrics, College of Medicine, 
University of Cincinnati, Cincinnati, Ohio, USA 

Introduction: Exposure to metal mixtures may lead to health impacts greater than the effects associated with 
singular exposures. Two common childhood environmental exposures, manganese (Mn) and lead (Pb), are 
associated with similar adverse neurodevelopmental effects.; however, the effects surrounding concurrent 
exposure to the metals remain unclear. In this study we explore the effect of concomitant exposure to Mn and Pb 
on cognitive performance in school-aged children living in rural Ohio. Methods: Children who participated in the 
Communities Actively Researching Exposure Study (CARES) and live in East Liverpool, Ohio were included in this 
study. Blood Pb levels were measured for each child (mean = 1.43 µg/dL, range 0.30 µg/dL – 6.64 µg/dL). Mn was 
measured in participant blood, hair, and toenails with means of 10.41 μg/L, 706.47 ng/g, 2.85 μg/g, respectively. 
Trained team members administered the Wechsler Intelligence Scale for Children-IV (WISC-IV) to assess 
intelligence quotient (IQ). The WISC-IV provides scores for Full Scale IQ, Perceptual Reasoning, Processing Speed, 
Working Memory, and Verbal Comprehension. Interactions between blood Pb and all Mn biomarkers were tested 
in linear models. Participants were dichotomized to low/high Mn groups based upon median values for each 
independent Mn biomarker (blood, hair, and toenails) and linear relationships between blood Pb and IQ scores 
were evaluated for each low/high exposure group. Critical confounders such as gender and serum cotinine were 
included. Results: The cohort was comprised of 106 children with a mean age of 8.4 years. Interactions between 
blood Pb and hair Mn were significant (p < 0.05) for four out of the five IQ domains. Additionally, the interaction 
term for blood Pb and toenail Mn was significant for three domains. Among those with higher hair Mn levels, we 
observed significant inverse associations between blood Pb and Full Scale IQ (β = -12.43; 95% CI -21.59, -3.27), 
Perceptual Reasoning (β = -13.93; 95% CI -24.35, -3.52), and Verbal Comprehension (β = -11.34; 95% CI -20.98, -
1.69). Similar results were also observed among those with higher toenail Mn concentrations and Full Scale IQ (β = 
-7.18; 95% CI -14.17, -0.19). No significant associations were observed when characterizing Mn exposure in blood. 
Discussion: Uncovering the health impacts associated with exposure mixtures is critical to understanding the 
impact of real-life conditions. Our findings suggest that joint exposure to Mn and Pb may produce heightened 
neurocognitive impacts. Those children with higher hair and toenail Mn concentrations experienced heightened 
cognitive impacts associated with Pb. 
Keywords: manganese, child health, metal mixtures, cognition 
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LBPO-209: Evaluating Inflammatory Responses to Organic Components of Fine Particulate 
Matter in Personal Exposure: Evidence from a Panel Study in Beijing, China 
X. Jiang1, Y. Han1,2, X. Qiu1, T. Zhu1 

1State Key Joint Laboratory for Environmental Simulation and Pollution Control, College of Environmental Sciences and Engineering, and 
Center for Environment and Health, Peking University, Beijing 100871, P.R. China; 2Department of Epidemiology and Biostatistics, MRC 
Centre for Environment and Health, Imperial College London,London W2 1PG, U.K 

The evidence concerning the acute inflammatory effects exposed to organic components in fine particles with a 
diameter of <2.5 μm (PM2.5) in developing countries is quite limited. It is necessary to evaluate the precise dose-
effect relationship of organic components on human inflammation based on personal exposure. On the basis of a 
panel study in Beijing, China, we have developed a set of GC-TOF-MS omics analysis methods for personal exposed 
organic components in more than 600 samples with the direct thermal desorption technology using trace quartz 
membrane. Effect-oriented models were used to comprehensively evaluate the quantitative relationship between 
inflammation biomarkers and personal exposure to 1300 organic molecules (alkanes, alkenes, alkanoic acids, 
benzenes, PAHs and their analogs, hopans, methyl siloxanes). It was found alkanes, alkanoic acids and methyl 
siloxanes were main components of personal exposed organic molecules from 2013-2015, the proportion of hopans 
and PAHs is small. There were significant differences in the distribution profiles of key organic molecules affecting 
the respiratory tract and systemic inflammation. The proportion of key PAHs were 58% and 42% in eNO and IL-6 of 
exhaled condensate (EBC), respectively, while only 13% in IL-6 and IL-1β serum. To the opposite, the proportion of 
key benzens were 11% and 17% in eNO and EBC IL-6, respectively, and 30% in IL-6 and IL-1β in serum, with similar 
trends also observed for methyl siloxanes and alkanoic acids. Benzo[e]pyrene, as the marker of combustion source 
of ambient PM2.5, had a significant linear exposure-response relationship curves with eNO, while n-octadecanoic 
acid and D14(cyclic siloxane), which are the main personal exposure markers, showed a significant linear relationship 
with systemic biomarkers, suggesting the difference inflammatory effects between high-toxic and low-dose organic 
pollutants of outdoor sources and low-toxicity and high-dose organic pollutants of personal sources. 
Keywords: personal exposure, organic components, GC-ToF-MS, untargeted screening, pro-inflammatory effect 
 
PO-210: Exposure to permethrin used as home insecticide 
S. Park1, H. Lee2, E. Song3, Y. Kim1, D. Kim1, J. Lee4, H. Yoo3, J. Oh2, J. Kwon1 
 
1Korea University, Seoul, KOREA, REPUBLIC OF, 2Pusan National University, Busan, KOREA, REPUBLIC OF, 3Chungbuk National University, 
Cheongju-si, KOREA, REPUBLIC OF, 4EH R&C, Environmental Research Center, Incheon, KOREA, REPUBLIC OF. 
 
Pyrethroids have been widely used as an active ingredient in home insecticide products since 1960s. Although their 
occurrence in indoor environments has been studied, it has not been discovered well how much the use of home 
insecticides contributes to the aggregate exposure to pyrethroids. In this study, we evaluated consumer exposure to 
a model pyrethroid, permethrin, from the use of a home insecticide spray by analyzing its urinary metabolites, (3-
phenoxybenzoic acid (3-PBA) and 3-(2,2-dichlorovinyl)-2,2-dimethylcyclopropan carboxylic acid (cis/trans-DCCA)), for 
a group of consumers (n = 27). The levels of metabolites were also compared with those predicted by a screening 
exposure model reflecting personal exposure parameters. Levels of metabolites increased significantly due to the 
use of for home insecticide products for 14 consumer panels, suggesting that the heavy use of home insecticides 
during the summer season could be an important route of exposure to permethrin in addition to other sources such 
as food consumptions. The total amount of excreted 3-PBA and cis/trans-DCCA was far less than the estimated 
excretion by the exposure model for most of consumer panels. These differences could be attributed to rapid loss of 
permethrin after the application including sorption to indoor surfaces and ventilation during the application. 
However, it should be regarded that the screening model generally performs well because it did not underestimate 
the personal exposure to permethrin during the use of home insecticide sprays. 
Keywords: consumer and personal care products, cumulative exposure, exposure models, PBPK Modeling 
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	1Spec Sensors and University of Missouri, St. Louis, MO, 2KWJ Engineering, Inc. 3DePaul University, 4University of Missouri - St. Louis
	M4C-03:  Predicting Wildfires with Atmospheric Sensors
	 J. R. Stetter1, M. W. Findlay1, D.Peaslee1, V.Patel1
	 KWJ Eng. and Spec Sensors, NEWARK, CA.
	11:30am – 12:00pm
	Networking Lounge 
	Communicating Exposure Science
	Use of Sensors in Exposure Science
	Open Discussion 
	12:00pm – 1:00pm
	Plenary II
	Health Disparity
	Kirsten Bibbins-Domingo, University of California, San Francisco
	Presentation: Social and Environmental Context and Health Equity
	and
	  Maureen Lichtveld, Tulane University 
	Presentation: The impact of exposures to chemical and non-chemical climate stressors 
	on health equity: lessons learned from Caribbean communities
	1:00pm – 2:00pm
	M5A: Mercury adulterated skin creams; pervasive, elusive and dangerous 
	Session Chair: Tracy Barreau, California Department of Public Health
	M5A-01:  Contamination, instrumentation and laboratory considerations
	 T. Barreau; California Department of Public Health, Richmond, CA.
	M5A-02:  Overview of Mercury Cases in California and Community based Partnerships for Cream Surveillance and Exposure Prevention
	 L. Copan; California Department of Public Health, Richmond, CA.
	M5A-03:  Multifaceted Approach to Addressing Mercury Containing Skin-Lightening Creams in NYC
	 P. Hore; New York City Department of Health and Mental Hygiene, New York, NY.
	M5A-04:  Responding to skin lightening products in Minnesota: urine mercury testing and grant program
	 J. Nelson, M. Gin; Minnesota Department of Health, St. Paul, MN.
	M5B: Wildfire Impacts on Public Health, PART II
	Session Co-Chairs: Christina Baghdikian and Lisa Baxter, U.S. Environmental Protection Agency
	M5B-01:  Updates and Insights from the EPA Smoke Sense Citizen Science Smartphone Application
	 S. Prince; Environmental Protection Agency, Research Triangle Park, NC.
	M5B-02:  How Low-Cost Air Sensors are Informing Public Understanding of Wildfire Smoke Impacts
	 M. Gilles; California Air Resources Board, Sacramento, CA.
	M5B-03:  Research and Communication Needs on the Ground (Hoopa Valley Tribe)
	 B. McCaughey; Hoopa Valley Land Management Department, Hoopa Valley, CA.
	M5B-04:  Collaborating and Communicating about Smoke Impacts: California Smoke Blog
	 A. Hobbs; Placer County Air Pollution Control District, Auburn, CA.
	M5C: Built Environment: Impacts on Indoor Air Quality and Health 
	Session Chair: Lei Huang, University of Michigan
	M5C-01:  High-Throughput Screening of Near-Field Exposures and Human Health Risks for Organic Chemicals in Building Materials
	 L. Huang1, O. Jolliet1, P. Fantke2
	 1University of Michigan, Ann Arbor, MI, 2Technical University of Denmark, Lyngby, DENMARK.
	M5C-02:  Spatial and Temporal Variability in Indoor Environmental Quality during Three Simulated Office Studies at a Living Lab
	 N. Clements1, R. Zhang1, A. Jamrozik1, C. Campanella1, B. Bauer1
	 1Well Living Lab, Rochester, MN.
	M5C-03:  Ventilation Analysis of High School Classrooms and Applications for Rooftop Gardens
	 C. L. Connolly1, S. M. Buckley1, N. Phillips1, M. Fabian1
	 1Boston University, Boston, MA.
	M5C-04:  Effect of a multisensory biophilic design approach on occupants’ stress, cognitive performance, environmental and work-related satisfaction in an office setting.
	S. Aristizabal1, K. Byun1, P. M. Porter2, N. Clements1, C. Campanella3, L. Li1, A. Mullan4, S. Ly5, A. Senerat1, I. Z. Nenadic Wood2, B. Bauer4 
	1Well Living Lab, Rochester, MN, 2University of Michigan, Ann Arbor, MI, 3Delos Living LLC, New York, NY, 4Mayo Clinic, Rochester, MN, 5University of St. Thomas, St. Paul, MN.
	2:00pm – 3:15pm
	M6A: New Approach Methodologies for Exposure Science 
	(This session will go to 3:30pm)
	Session Chair: John Wambaugh, U.S. Environmental Protection Agency
	M6A-01:  Bridging the gap between the development and application of exposure models with EASE Suite
	 J. A. Arnot1, A. Sangion1, L. Li2, L. Toose1, J. Armitage1, T. N. Brown1
	 1ARC Arnot Research and Consulting Inc., Toronto, ON, CANADA, 2University of Nevada, Reno, Reno, NV.
	M6A-02:  Characterizing exposure variability to evaluate if exposure models are fit-for-purpose
	 R. Dodson1, R. Rudel1
	 Silent Spring Institute, Newton, MA.
	M6A-03:  Leveraging Non-targeted Analysis of Blood Samples to Characterize the Maternal and Newborn Exposome
	 D. Abrahamsson1, A. Wang1, T. Jiang2, M. Wang2, A. Siddharth1, D. Goin1, R. Morello-Frosch3, J. Park2, M. Sirota1, T. J. Woodruff1 
	1University of California, San Francisco, San Francisco, CA, 2Department of Toxic Substances Control California, Berkeley, CA, 3University of California, Berkeley, Berkeley, CA.
	M6A-04:  Filling Gaps in Exposure Data from Chemical Descriptors with Machine Learning
	 K. Isaacs1, K. Phillips1, K. Dionisio1, J. Sobus1, E. Ulrich1, J. Wambaugh1
	 1Center for Computational Toxicology and Exposure, U.S. Environmental Protection Agency, Durham, NC.
	M6A-05:  Making use of exposure NAMs to support exposure based adaptations of REACH standard information requirements
	 T. Dudzina; ExxonMobil Biomedical Sciences Inc., Machelen, BELGIUM.
	M6B: Innovations and Challenges in Assessing Exposure to Air Pollutants in the San Francisco East Bay 
	Session Chair: Marley Zalay, California Office of Environmental Health Hazard Assessment
	M6B-01:  Findings from the East Bay Diesel Exposure Project (EBDEP): Using low-cost air sensor data, house dust measurements, and biomonitoring to inform exposure reduction efforts
	A. Bradman1, D. Kauffman2, R. Castorina1, D. Sultana2, M. Paulsen3, R. Bartlett2, K. Ranjbar1, R. Gunier1, V. Aguirre1, M. Rowen1, R. Patterson1, J. DeGuzman4, J. Perez4, C. D. Simpson3, S. Hoover2 
	1UC Berkeley, Berkeley, CA, 2California Office of Environmental Health Hazard Assessment, Oakland, CA, 3University of Washington, Seattle, WA, 4California Department of Public Health, Richmond, CA.
	M6B-02:  Richmond community exposures to airborne polycyclic aromatic hydrocarbons
	 E. M. Noth1, C. Perrino1, R. C. Cohen1, S. K. Hammond1; University of California, Berkeley, Berkeley, CA.
	M6B-03:  Using Low-Cost Sensors to Characterize Neighborhood-Level Air Pollution
	 C. Preble1, J. Caubel1, T. Cados1, R. Sugrue1, J. Butler1, T. Kirchstetter1 
	 1University of California, Berkeley, Berkeley, CA.
	M6B-04:  Fingerprinting airborne micro- and nanoparticles to elucidate pollution sources
	 J. Wagner; California Dept.of Public Health, Richmond, CA.
	M6C: The Chemical Space in Exposure Assessments, PART 1
	Session Co-Chairs: Thomas Metz, Pacific Northwest National Laboratory; Oliver Fiehn, U.S. Environmental Protection Agency and David Wishart, University of Alberta
	M6C-01:  What is the exposome
	 S. M. Rappaport; University of California, Berkeley, Berkeley, CA.
	M6C-02:  What chemicals constitute the Exposome? Accessing Data via the US EPA’s CompTox Chemicals Dashboard
	 A. J. Williams1, C. Lowe1, C. Grulke1, J. Sobus1
	1US Environmental Protection Agency, Center for Computational Toxicology and Exposure, Research Triangle Park, North Carolina
	M6C-03:  Measuring the Environmental Exposome
	 E. Schymanski, Luxembourg Centre for Systems Biomedicine (LCSB), University of Luxembourg, Belvaux, Luxembourg
	M6C-04:  The Dietary Exposome
	 Y. Li1, 2, C. Kay1,3, S. Sumner1, 2 
	1North Carolina Human Health Exposure Analysis Resource (HHEAR) Hub; 2Nutrition Research Institute, UNC Chapel Hill, Kannapolis, NC; 3Plants for Human Health Institute, North Carolina State University, Kannapolis, NC
	3:15pm – 3:45pm
	Networking Lounge 
	Climate Change 
	Open Discussion 
	3:45pm – 4:30pm
	M7A: Advances in Technology and Software to Automate Contact Tracing: Implications for Exposure Assessment 
	Session Chair: Paloma Beamer, The University of Arizona
	M7A-01:  PACT: Private Automated Contact Tracing
	 R. Rivest1, D. Weitzner1, L. Ivers2, I. Soibelman3, M. Zissman3
	1MIT CSAIL MIT Internet Policy Research Initiative Cambridge, MA, 2MGH Center for Global Health Harvard Medical School Boston, MA, 3MIT Lincoln Laboratory Lexington, MA
	M7A-02:  Digital contact tracing in response to COVID-19 and the development of a quantitative risk scoring approach
	 J. Petrie1, A. Wilson2, T. White1, N. Aviles3, P. Beamer2, Z. Szabo1, M. Xie1, J. McIllece4, S. Halai1, K. Ernst2, J. Masel5
	1Covid-Watch; 2Mel & Enid Zuckerman College of Public Health, University of Arizona; 3Graduate Interdisciplinary Program in Statistics, University of Arizona; 4World Wide Technology; 5Ecology & Evolutionary Biology, University of Arizona
	M7A-03:  Effective recruitment and engagement strategies for the use of COVID-19 exposure notification applications in disadvantaged communities
	 R. Sinclair1, O. Rodriguez2, J. Elizabeth3
	1Loma Linda University School of Public Health, 2Loma Linda, Loma Linda University Health, Loma Linda, 3COVID-WATCH, Oakland
	M7B: Air Pollution Modeling 
	Session Chair: Dingsheng Li, University of Nevada, Reno
	M7B-01:  A National Monitoring Network and Empirical Model for Nitrogen Dioxide from Road Traffic
	 I. Longley1, A. Kachhara2, E. Somervell1
	1National Institute of Water & Atmospheric Research, Auckland, NEW ZEALAND, 2Golder & Associates, Auckland, NEW ZEALAND.
	M7B-02:  High Resolution Modeling of Air Pollution in Pittsburgh, PA
	 K. Wagstrom1, Y. Li1
	 1University of Connecticut, Storrs, CT.
	M7B-03:  Green Heart Louisville: Community-Level Assessment of Exposure to Air Pollution
	 P. Prathibha1, E. Cross2, R. L. Strehl3, R. Yeager3, A. Bhatnagar4, J. R. Turner1
	1Dept. of Energy, Environmental & Chemical Engineering, Washington University in St. Louis, Saint Louis, MO, 2QuantAQ Inc., Somerville, MA, 3Envirome Institute, University of Louisville, Louisville, KY, 4Environme Institute, University of Louisville, Louisville, KY.
	M7C: Case Studies in Pregnancy: Investigating Fetal  and Maternal Exposures 
	Session Chair: Jamie Schenk, Exponent, Inc.
	M7C-01:  Sources of Personal PM2.5 Exposure in the MADRES Cohort during the Third Trimester of Pregnancy
	 Y. Xu1, J. Cabison1, T. Chavez1, J. Wilson1, T. Bastain1, C. Breton1, R. Habre1;
	 1University of Southern California, Los Angeles, CA.
	M7C-02:  Gestational exposure to Volatile Organic Compounds (VOCs) in Residential Indoor Air and Tap Water in the Exposures in the Peace River Valley (EXPERIVA) study
	 E. Caron-Beaudoin1, M. Verner1
	 1Universite de Montreal - School of Public Health, Montreal, QC, CANADA
	M7C-03:  Metabolomics of Maternal Exposures to Per- and Polyfluoroalkyl Substances (PFASs) among African American Pregnant Women in the Southeastern United States
	 C. Chang1, K. Li1, D. Barr1, P. Ryan1, P. Panuwet1, K. Uppal1, V. Ly1, D. Jones1, E. Corwin1, A. Dunlop1, D. Liang1
	 1Emory, Atlanta, GA.
	4:30pm – 5:30pm
	M8A: Technologies for capture and assessment of environmental exposures implicated in cancer risk 
	Session Co-Chairs: Somdat Mahabir, National Cancer Institute Division of Cancer Control and Population Sciences, Epidemiology and Genomics Research Program and Curt DellaValle, National Cancer Institute
	M8A-01:  Metabolomic technologies to identify biomarkers of poorer prognosis in colorectal cancer patients
	 Y. Cai1, N. Rattray1, P. Paty2, S. Khan3, C. H. Johnson1
	1Yale School of Public Health, New Haven, CT, 2Memorial Sloan Kettering Cancer Center, New York, NY, 3Yale School of Medicine, New Haven, CT.
	M8A-02:  New Technologies for Long-term Environmental Exposure Assessment
	 P. Hystad1, A. Larkin1
	 1Oregon State University, Corvallis, OR.
	M8A-03:  New technologies for personal exposure assessment
	 D. Donaire; Australian Catholic University, Melbourne, AUSTRALIA.
	M8B: Microplastics and Human Exposure: Understanding Measurement Challenges and Data Gaps 
	Session Chair: Gina Solomon, Public Health Institute
	M8B-01:  Microplastics in Food and Drinking Water
	  S. Coffin1, W. Smith2
	 1State Water Resources Control Board, Sacramento, CA, 2Office of Environmental Health Hazard Assessment, Oakland, CA.
	M8B-02:  Microplastics in San Francisco Bay: Abundance, Transport, Fate, and Policy Recommendations
	 R. Sutton1, M. Sedlak1, D. Lin1, A. Gilbreath1, E. L. Miller1, C. Box2, R. C. Holleman3, A. Zhu4, K. Munno4, C. Rochman4
	1San Francisco Estuary Institute, Richmond, CA, 2The 5 Gyres Institute, Santa Monica, CA, 3University of California at Davis, Davis, CA, 4University of Toronto, Toronto, ON, CANADA.
	M8B-03:  Identifying and Addressing Data Needs to Evaluate Human Exposures to Microplastics
	 G. Zarus1, Y. Carroll1, G. Casillas1, C. Hunter1, B. Hubbard1, C. Muianga1, M. Zarate-Bermudez1, S. Pappas1
	 1Agency for Toxic Substances and Disease Registry, Atlanta, GA.
	M8B-04:  Challenges in Understanding Human Exposures to Chemicals in Crumb Rubber
	 J. Claude1, P. Wong1, R. Maddalena2, M. Russell2
	 1Office of Environmental Health Hazard Assessment, Sacramento, CA, 2Lawrence Berkeley National Lab, Berkeley, CA.
	M8C: Electronic Vaping Associated Lung Injury: How Science Informs Policy
	Session Co-Chairs: Jonathan Thornburg, RTI International and Ben Blount, Centers for Disease Control and Prevention
	M8C-01:  Actions to address the 2019-2020 E-cigarette, or vaping, product-use associated lung injury (EVALI) outbreak in California
	K. Attfield1, C. Armatas1, W. Chen1, K. Cummings1, J. Fowles1, A. Heinzerling2, K. Kumagai1, G. Vrdoljak1, P. Wang1, J. Wagner1, J. Wilken2, D. Xu1
	 1California Department of Public Health, Richmond, CA, 2US Centers for Disease Control and Prevention, Richmond, CA.
	M8C-02:  Identification of Vaped Vitamin E Acetate as a Cause of E-cigarette, or Vaping, Product Associated Lung Injury (EVALI)
	 B. Blount; Centers for Disease Control and Prevention, Atlanta, GA.
	M8C-03:  What occurs in the lung to cause acute morbidity and mortality
	M8C-04:  Potential Toxicity of Vitamin E Acetate Thermal Degradation Products
	 J. Thornburg1, E. Dowell1, J. Kim1, A. Kovach1, R. Carter1, M. McCombs1, S. Cho1
	 1RTI International, Research Triangle Park, NC.
	M8C-05:  What insights can social media provide about the EVALI crisis?
	 T. Bukowski1, L. Zitney2, A.Kim2, B.Blount3
	1Center for Health Policy Science and Tobacco Research, RTI International (Berkeley, CA) ; 2Center for Health Policy Science and Tobacco Research, RTI International Research Triangle Park, NC; 3Centers for Disease Control and Prevention, Atlanta, GA.
	5:30pm – 6:30pm
	Plenary III
	Changing Exposure and Health
	Howard Hu, University of Southern California
	Presentation: The Pollution, Climate and Global Burden of Disease Initiative: 
	the Challenge of Estimating Exposures in Countries with Little or No Data
	and
	Jim Zhang, Duke University
	Presentation: The role of exposure science in precision health management
	6:30pm – 7:15pm
	Networking Lounge - Open Discussion
	Scientific Program
	Tuesday, September 22 2020
	All times are listed in PDT
	6:00am – 7:00am
	T0A: Household air pollution exposure and health 
	Session Co-Chairs: Guofeng Shen, Peking University and Ajay Pillarisetti, Emory University
	TOA-01:  Emissions-to-Exposure (E2E) Modeling approaches for estimating personal exposure to household air pollution: a case study in Kenya
	 M. Johnson1, R. Piedrahita1, A. Pillarisetti2, M. Rossanese1, M. Shupler3, R. Chartier4, E. Puzzolo3, D. Menya5, D. Pope3
	1Berkeley Air Monitoring Group, Berkeley, CA, 2Emory University, Atlanta, GA, 3Dept of Public Health and Policy, University of Liverpool, Liverpool, UNITED KINGDOM, 4RTI International, Research Triangle Park, NC, 5Dept of Epidemiology and Biostatistics, School of Public Health, College of Health Sciences, Moi University, Nairobi, KENYA
	T0A-02:  Air pollution exposure during the quarantine -a modelling study on mainland China
	 H. Shen1, G. Shen2, Y. Chen1, A. G. Russell1, Y. Hu1, X. Duan3, H. Amir4, S. Tao2, K. Smith5
	1School of Civil & Environmental Engineering, Georgia Institute of Technology, USA, 2College of Urban and Environmental Sciences, Peking University, CHINA, 3School of Energy and Environmental Engineering, University of Science and Technology Beijing, CHINA, 4Department of Civil and Environmental Engineering, Carleton University, CANADA,  5Environmental Health Studies, University of California Berkeley, USA
	T0A-03:  Strategic exposure monitoring to strengthen the health narrative within The Pradhan Mantri Ujjwala Yojana in India
	 K. Balakrishnan, Department of Environmental Health Engineering, Sri Ramachandra University, Chennai, INDIA
	6:00am – 7:30am
	T0B: Designing and Using Questionnaires/Interviews for Collecting Exposure Factors in Human Biomonitoring Studies: International Experiences and Perspectives 
	Session Co-Chair: Andre Conrad, German Environment Agency and Natalie von Goetz, Swiss Federal Office of Public Health
	T0B-01:  Exposure factors as support for biomonitoring and risk management
	 N. von Goetz1, A. Conrad2 
	1Swiss Federal Office of Public Health (FOPH), Bern, SWITZERLAND, 2German Environment Agency (UBA), Berlin, GERMANY
	T0B-02:  Development and application of online questionnaire for the assessment of personal care product use
	 S. F. Nakayama1, M. Takagi1, Y. Nishihama1, T. Isobe1, J. Yoshinaga2
	 1National Institute for Environmental Studies, Tsukuba, JAPAN, 2Toyo University, Itakura, Gunma, JAPAN.
	T0B-03:  Challenges in collecting key exposure information through questionnaires in the Canadian Health Measures Survey (CHMS)
	 A. St-Amand1, K. Werry1
	 1Health Canada, Ottawa, ON, CANADA
	T0B-04:  The German Environmental Survey (GerES): Combining Questionnaire and Interviews with Human Biomonitoring for Improving Environmental Health
	 A. Conrad1, E. Rucic1, A. Murawski1, J. Peisker1, P. Lampert2, M. Schmied-Tobies1, H. M. Koch3, G. Scherer4, A. Roth5, M. Kolossa-Gehring1
	 1German Environment Agency (UBA), Berlin, GERMANY, 2GreenSurvey – Institut für Marktforschung Prof. Dr. Menrad GmbH, Straubing, GERMANY, 3Institute for Prevention and Occupational Medicine of the German Social Accident Insurance, Institute of the Ruhr-University Bochum (IPA), Bochum, GERMANY, 4ABF Analytisch-Biologisches Forschungslabor GmbH, Planegg, GERMANY, 5Berlin School of Public Health (BSPH), Berlin, GERMANY.
	T0B-05:  Assessing exposure factors by online questionnaires and interviews: Lessons learnt from the Swiss Health Study (SHeS)
	N. von Goetz1, R. Morand Bourqui1, S. Gonseth Nusslé2, M. Bochud2, M. Bourqui-Pittet1
	1Swiss Federal Office of Public Health (FOPH), Bern, SWITZERLAND, 2unisanté, Lausanne, SWITZERLAND
	T0B-06:  Designing and Using Questionnaires/Interviews for Collecting Exposure Factors in Human Biomonitoring Studies: General discussion
	 A. Conrad1, N. von Goetz2
	1German Environment Agency (UBA), Berlin, GERMANY, 2Swiss Federal Office of Public Health (FOPH), Berne, SWITZERLAND
	6:00am – 8:00am
	T0C: Innovative Approaches to Assessing Cumulative Environmental  Exposures to Improve Health: From Science to Policy
	Session Chair: Patricia Koman, University of Michigan 
	T0C-01:  Innovative Approaches to Assessing Cumulative Environmental Exposures to Improve Health: From Science 
	 to Policy
	 P. D. Koman; University of Michigan, Ann Arbor, MI.
	T0C-02:  Assessing Cumulative Environmental Exposures and Social Stressors to Improve Health
	 R. Morello-Frosch; University of California, Berkeley, Berkeley, CA.
	T0C-03:  Bayview/Hunters Point case study: Community perspectives on cumulative environmental exposures
	 M. Pierce; Bayview Hunters Point Community Advocates, San Francisco, CA.
	T0C-04:  Community-participatory research methods for exposure science
	 K. F. Rhoads; University of California at San Francisco, San Francisco, CA.
	T0C-05:  The urban lead burden in humans, animals and the natural world
	 R. Levin; Harvard T.H. Chan School of Public Health, Exposure Epidemiology and Risk Program, Boston, MA.
	T0C-06:  Scientific Approaches to Assessing Cumulative Environmental Exposures in Susceptible Populations
	 T. D. Woodruff; University of California, San Francisco, San Francisco, CA.
	7:00am – 8:00am
	T1A: Highlights from CalEPA's OEHHA: The Intersection of Health and the Environment 
	Session Chair: Xiangmei Wu, California Office of Environmental Health Hazard Assessment
	T1A-01:  CalEnviroScreen: indicators of community exposures and cumulative pollution burden
	 A. Slocombe; CalEPA Office of Environmental Health Hazard Assessment, Sacramento, CA.
	T1A-02:  Use of Exposure Science and Assessment under Proposition 65: from Compliance Assistance to Consumer Education
	 M. Marder1, F. Tsai2, M. Musa2, M. Sandy2
	 1CalEPA Office of Environmental Health Hazard Assessment (OEHHA), Sacramento, CA, 2CalEPA Office of Environmental Health Hazard Assessment (OEHHA), Oakland, CA.
	T1A-03:  Indicators of Climate Change in California
	 T. Kadir1, K. Randles1, C. Milanes1
	 1Office of Environmental Health Hazard Assessment, Sacramento, CA.
	T1A-04:  Air and climate epidemiology research at OEHHA
	 R. Basu; Office of Environmental Health Hazard Assessment, Oakland, CA.
	T1A-05:  Exposure-based human health decision-making for California fisheries and consumers
	 S. Klasing; CalEPA Office of Environmental Health Hazard Assessment (OEHHA), Sacramento, CA.
	8:00am – 9:00am
	Plenary IV
	Emerging Exposure Tools
	Karin Tuxen-Bettman, Google
	Presentation: Data insights for city action: Hyperlocal air pollution mapping at scale
	and
	David Ashley, Georgia State University
	Presentation: How does exposure science influence policy and regulatory decisions?
	9:00am – 10:00am
	T2A: Exposure sciences in disaster preparedness and response 
	Session Chair: Paul Scheepers, Radboudumc
	T2A-01:  Comparative performance testing of respiratory personal equipment used in the hospital care for COVID-19 patients
	 P. T. J. Scheepers1, M. F. P. van Dael1, R. B. M. Anzion1
	 Radboud university medical center, Nijmegen, NETHERLANDS.
	T2A-02:  Burden of Disease of VOC emissions from forest fire in Australia
	 O. Jolliet1, J. Mueller2, X. Wang2
	1University of Michigan, School of Public Health, Environmental Health Sciences, Ann Arbor, MI, 2University of Queensland, Queensland Alliance for Environmental Health Sciences, Brisbane, AUSTRALIA
	T2A-03:  Collecting Timely Exposure and Health Data in Response to a Chemical Disaster: A case study from the Tucson Multi-stakeholder Disaster Research Workshop
	 A. K. Miller1, R. K. Kwok2
	 1NIEHS, Bethesda, MD, 2NIEHS, Research Triangle Park, NC.
	T2B: Estimating chemical exposures for workers: advancing high-throughput approaches for chemical priority-setting
	Session Chair: Kristin Isaacs, U.S. Environmental Protection Agency
	T2B-01:  Prioritization Approaches for Occupational Exposure under the Chemicals Management Plan
	 A. Zidek1, S. Vanden Hoven1
	 1Health Canada, Ottawa, ON, CANADA.
	T2B-02:  Extrapolating the Applicability of Worker Exposure Measurement Data
	 K. McNally1, H. Marquart2, R. Franken3, J. Gorce1, N. Shandilya3, W. Fransman3
	1Health and Safety Executive, Buxton, UNITED KINGDOM, 2Triskelion, Zeist, NETHERLANDS, 3TNO / Netherlands Organisation for Applied Scientific Research, Zeist, NETHERLANDS.
	T2B-03:  Adapting Existing Occupational Exposure Models and Data for High-throughput Application
	 K. Phillips1, J. Minucci1, K. Isaacs1, S. T. Puruker1
	 1United States Environmental Protection Agency, Research Triangle Park, NC.
	T2B-04:  Development of a Generalized Inhalation Model for High-throughput Toxicokinetics
	 M. Linakis; United States Air Force, Dayton, OH.
	T2C: Investigating Exposures of Indigenous Peoples 
	Session Chair: Nicolle Tulve, U.S. Environmental Protection Agency
	T2C-01:  Polychlorinated Biphenyl Levels in Subarctic Regions of the Northwest Territories
	 V. L. R. Gevaert1, B. D. Laird1, M. Ratelle1 
	 1University of Waterloo, Waterloo, ON, CANADA.
	T2C-02:  Evaluation of Indoor PM2.5 Concentrations in a Native American Community: A pilot study
	 N. Ji1, A. Rule2, R. Weatherholtz3, L. Crosby4, J. E. Bunnell4, B. Orem4, R. Reid3, M. Santosham3, L. L. Hammitt3, 
	K. L. O’Brien3
	1Department of Environmental and Occupational Health, Rutgers University School of Public Health, Piscataway, NJ, 2Department of Environmental Health and Engineering, Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, 3Center for American Indian Health, Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, 4United States Geological Survey, Reston, VA.
	T2C-03:  Preliminary Pesticide, PCB, Lead, and Allergen Concentrations Measured in Licensed Tribal Child Care Centers in the Pacific Northwest
	 N. S. Tulve1, C. W. Croghan1, B. Plewe2, H. Thompson-Duffy3, T. Buckley1
	1U.S. Environmental Protection Agency, Research Triangle Park, NC, 2U.S. Environmental Protection Agency, Seattle, WA, 3U.S. Department of Health and Human Services, Portland Area Indian Health Service, Spokane, WA.
	T2C-04:  An Assessment of Persistent Organic Compounds and PFAS for Consumption of Restored 
	 Anadromous Fish
	 L. J. Melnyk1, J. Lin1, J. Lazorchak1, M. Stover2, D. Kusnierz3, G. Perlman4 
	1US Environmental Protection Agency, Cincinnati, OH, 2US Environmental Protection Agency, Boston, MA, 3Penobscot Indian Nation Department of Natural Resources, Indian Island, ME, 4Agency for Toxic Substances and Disease Registry, Boston, MA.
	10:00am – 11:15am
	T3A: Advancing understanding of co-exposure to multiple chemicals: putting the Chemical Exposome puzzle pieces together 
	Session Chair: Tatsiana Dudzina, ExxonMobil Biomedical Sciences Inc.
	T3A-01:  Longitudinal profiling of chemical exposome
	 P. Gao1, X. Shen1, M. Snyder1
	 1Stanford University, Stanford, CA.
	T3A-02:  Interindividual variation in source-specific doses is a determinant of health impacts of combined chemical exposures
	 P. Price; Retired, Chapel Hill, NC.
	T3A-03:  Tiered approach tool to assess risk from combined exposure for the general public to environmental pollution
	 K. De Brouwere1, J. Buekers1, M. Van Holderbeke1 
	 1VITO, 2400, BELGIUM.
	T3A-04:  A pragmatic approach to screening chemicals for co-exposure assessment
	 T. Dudzina; ExxonMobil Biomedical Sciences Inc., Machelen, BELGIUM.
	T3A-05:  Predicting Bioavailability of Mixture Ingredients Upon Dermal Exposure
	 J. Sahmel; Insight Exposure and Risk Sciences, Boulder, CO.
	T3B: Epidemiology, Exposure Science, and Risk Assessment: We need each other 
	Session Chair: Judy LaKind, LaKind Associates LLC
	T3B-01:  Use of Epidemiology Data in Risk Assessment
	 A. Zidek1, S. Blechinger1
	T3B-02:  Moving beyond Babel: The Matrix
	 J. S. LaKind; LaKind Associates, LLC, Catonsville, MD.
	T3B-03:  Are we speaking the same language? A communication case study of mortality and NO2
	 C. J. Burns; Burns Epidemiology Consulting, Sanford, MI. 
	T3B-04:  Exposure assessment, risk assessment and epidemiology: exploring the missing link
	 M. Greiner1, C. Müller-Graf2, S. Knüppel2, A. Gervelmeyer3, T. Halldorsson4
	1German Federal Institute for Risk Assessment (BfR), Department of Exposure  and University of Veterinary Medicine Hannover, Foundation, Berlin, GERMANY, 2German Federal Institute for Risk Assessment (BfR), Department of Exposure, Berlin, GERMANY, 3European Food Saftey Authority (EFSA), Parma, ITALY, 4University of Iceland, Faculty of Food Science and Nutrition, Reykjavik, ICELAND.
	T3B-05:  Unconventional Oil and Natural Gas Development: Improving the Integration of Exposure and Health Research
	 D. Vorhees1, A. Rosofsky2
	 1Health Effects Institute, Boston, MA., 2Health Canada, Ottawa, ON, CANADA.
	T3C: The Chemical Space in Exposure Assessments, PART II 
	Session Co-Chairs: Thomas Metz, Pacific Northwest National Laboratory; Oliver Fiehn, U.S. Environmental Protection Agency and David Wishart, University of Alberta
	T3C-01:  Mapping the Chemical Space of the Blood Exposome
	 D. K. Barupal; Icahn School of Medicine at Mt Sinai, New York, NY.
	T3C-02: In Silico Prediction and Identification of Metabolites with BioTransformer - Enabling Exposure Science
	 Y. Djoumbou-Feunang1, M. Sullenberger1, J. Balcer1, D. Tomandl1
	 1Corteva Agriscience, Carmel, IN.
	T3C-03:  Computational methods for assessing chemical space 
	 R. S. Renslow1, M. Y. McGrady1, J. R. Nuñez1, S. M. Colby1, T. O. Metz1
	 1Biological Sciences Division, Pacific Northwest National Laboratory, Richland, WA, USA
	11:15am – 12:15pm
	Networking Break / Time to Explore On-Demand 
	Future of ISES: Growth / Volunteer Opportunities
	11:15am – 11:45 am
	Environmental Justice and Exposure Science
	11:45am – 12:15 pm
	ISES 2021 Meeting Discussion
	11:45am – 12:15 pm
	Open Discussion 
	12:15pm – 1:30pm
	T4A: Research Trends for Identifying Emerging Contaminants, their Effects, and Potential for Exposure 
	Session Chair: Annette Guiseppi-Elie, U.S. Environmental Protection Agency
	T4A-01:  Coordinated Federal Efforts to Address Emerging Contaminants’ Research Gaps: An Overview
	 J. Orme-Zavaleta1, C. P. Weis2
	 1US Environmental Protection Agency, Research Triangle Park, NC, 2National Institute of  Health/NIEHS, Bethesda, MD.
	T4A-02:  The Water We Drink
	 M. Focazio1, P. Bradley1, D. Kolpin1, K. Smalling1, K. Lee1, E. Furlong1
	 1U.S. Geological Survey, Reston, VA.
	T4A-03:  Federal Efforts to Characterize Exposures to Contaminants of Emerging Concern
	 A. Guiseppi-Elie; US Environmental Protection Agency, Research Triangle Park, NC.
	T4A-04:  Federal Research Efforts to Identify Health Impacts from Contaminants of Emerging Concern
	 E. Perkins; US Army Engineer Research and Development Center, Vicksburg, MS.
	T4A-05:  Panel Discussion on Data Needs and Availability for CECs
	 J. Zambrana, Jr1, D. Charters2, K. Isaacs3, K. Palmer4 
	1US EPA Office of Research and Development, Los Angeles, CA, 2US EPA Office of Land and Emergency Management, Washington, DC, 3US EPA Office of Research and Development, RTP, NC, 4California Department of Toxic Substances Control, Sacramento, CA.
	T4B: Fire and Water: Investigating Benzene Contamination in Drinking Water After California Wildfires
	Session Chair: Gina Solomon, Public Health Institute 
	T4B-01:  Initial Investigations of Benzene Contamination in Potable Water Lines after a Wildfire
	 Y. Heaney1, R. Hinrichs2, W. Draper3, J. Ladrine4, W. Taylor4, J. Roberts5
	1State Water Resources Control Board, Richmond, CA, 2State Water Resources Control Board, Sacramento, CA, 3California Department of Public Health, Richmond, CA, 4Paradise Irrigation District, Paradise, CA, 5Del Oro Water Company, Magalia, CA.
	T4B-02:  Fire and Water: Testing at the Tap to Assess Exposure to Returning Residents
	 G. M. Solomon1, S. Hurley2, P. Reynolds3, P. English4
	1Public Health Institute, Oakland, CA, 2Office of Environmental Health Hazard Assessment, Oakland, CA, 3University of California San Francisco, San Francisco, CA, 4California Department of Public Health, Richmond, CA.
	T4B-03:  Spatial Analysis of Benzene Contamination After the Camp Fire
	 C. Carpenter1, G. M. Solomon1, J. Howell1, P. English1
	 1Public Health Institute, Oakland, CA.
	T4B-04:  Nontarget Analysis of Drinking Water Samples from Wildfire Impacted Homes
	 T. M. Young1, L. Wong1, C. Alaimo1, G. M. Solomon2
	 1University of California Davis, Davis, CA, 2Public Health Institute, Oakland, CA.
	T4B-05:  Organic Chemical Contaminants in Drinking Water Service Lines Damaged by Wildfire
	 W. M. Draper1, E. Chandrasena1, N. Li1, G. M. Solomon2, Y. Heaney3, R. Crenshaw4, R. Hinrichs4
	T4C: Identifying At-Risk Populations through Biomonitoring Investigations 
	Session Chair: Daniel Mandel, Centers for Disease Control and Prevention
	T4C-01:  NHANES Exposure Assessment in Children - Pilot Study
	 A. Calafat; CDC, Atlanta, GA.
	T4C-02:  Assessing Exposure in the Asian Pacific Islander Community Exposure Project
	 L. Baehner1, D. Kauffman2, K. Choe1, L. Johnson1, F. Saephan3, S. Hoover2, N. Wu1
	1California Department of Public Health, Richmond, CA, 2Office of Environmental Health Hazard Assessment, Oakland, CA, 3APA Family Support Services, San Francisco, CA.
	T4C-03:  Reducing Lead & Mercury Exposure in High-Risk Mothers and Babies
	 E. P. Bind1, A. Steffens1, A. Krasley1, M. McConico1, D. Haltmeier1, T. Fan1 
	 1New Jersey Department of Health, Ewing, NJ.
	T4C-04:  Assessing Environmental Exposure in People with Disabilities
	 M. A. Nascarella1, M. Blanchet1, J. Clemmer1, N. Daniels1, L. Fogarty1, M. Seeley1
	 1Massachusetts Department of Public Health, Boston, MA.
	T4C-05:  Minnesota Healthy Kids Program
	 J. W. Nelson1, C. Huset1, S. Saravia1 
	 1Minnesota Department of Health, St. Paul, MN.
	1:30pm – 2:15pm
	T5A: In Memoriam Talks Honoring the late Dr. Kirk Smith
	Opening Remarks and Presenter Introductions given by Thomas McKone, Lawrence Berkeley National Laboratory (LBNL)
	Tributes by:  John Holdren, Harvard University, Boston, MA.
	  Robert Spear, Emeritus Professor, University of California, Berkeley, CA.
	  Jim Zhang, Duke University, Durham, NC.
	  Kalpana Balakrishnan, Sri Ramachandra University in Chennai, India
	  Sir Andy Haines, London School of Hygiene and Tropical Medicine, London UK
	Zoë Chafe, C40 Cities, New York, NY.
	  John Balmes, University of California, San Francisco, CA.
	  L. Drew Hill, AethLabs, San Francisco, CA.
	  Ajay Pillarisetti, Emory University, Atlanta, GA.
	Closing Remarks given by Michael Jerrett, University of California, Los Angeles, Los Angeles, CA.
	T5B: Exposure science, STEM education, and the community, PART I
	Session Chair: Ben Greenfield, Southern Illinois University Edwardsville
	T5B-01:  Middle School Student Engagement in Exposure Science Research: Fostering Science Interest and Identity
	 B. K. Greenfield1, G. Bracey1, A. E. Martinez1, J. L. Zuercher1, S. M. Locke1
	 1Southern Illinois University Edwardsville, Edwardsville, IL.
	T5B-02:   A Day in the Life: Youth participatory air monitoring in environmental justice neighborhoods
	 J. Johnston; University of Southern California, Los Angeles, CA.
	T5B-03:  Sensor Stories in the Classroom: Engaging elementary students in air quality education through citizen science
	 K. Rubio; Women for a Healthy Environment, Pittsburgh, PA.
	T5C: Accelerating public health solutions for climate change 
	Session Chair: Emily Coren, Freelance
	T5C-01:  Comedy accelerating public health solutions for climate change
	 C. Gurney, Climate Nexus, New York, NY
	T5C-02:  Entertainment-education as a public health communication tool for climate change solutions
	 D. Safer, Stanford University, Sanford, CA
	2:15pm – 3:00pm
	ISES Awards Ceremony
	Moderated by 
	Thomas McKone
	Lawrence Berkeley National Laboratory (LBNL); University of California, Berkeley School of Public Health
	Award Presenters
	Xueying Zhang, Icahn School of Medicine at Mount Sinai
	Donghai Liang, Emory University
	Featuring 
	Excellence in Exposure Science Awardee, Rosemary Zaleski, Lumina Consulting
	Presentation: A Look Back to Look Forward
	3:00pm – 3:30pm
	Networking Lounge 
	Non-Academic Careers in Exposure Science
	Open Discussion
	3:30pm – 4:30pm
	T6A: Integrating Multi-Scale Air Pollution and Environmental Exposure Data in Health Studies 
	Session Co-Chairs: Rima Habre, University of Southern California, and Yuxia Cui, National Institute of Environmental 
	Health Sciences
	T6A-01:  Reconstructing Historic Environmental Exposures to PFOA using GIS
	 V. Vieira; UC Irvine, Irvine, CA.
	T6A-02:  GOES16-Based Estimation of Hourly PM2.5 Levels during the Camp Fire Episode in California
	 B. N. Vu1, J. Bi1, A. Huff2, S. Kondragunta3, Y. Liu1
	1Emory University, Atlanta, GA, 2Pennsylvania State University, University Park, PA, 3NOAA/NESDIS Center for Satellite Applications and Research, College Park, MD.
	T6A-03:  Combining mobile and fixed sensing to map air pollution patterns at fine spatiotemporal scales
	J. Apte1, S. Chambliss2, C. Preble1, J. Caubel1, T. Cados1, K. Messier3, R. Alvarez4, B. LaFranchi5, M. Lunden5, J. Marshall6, A. Szpiro6, T. Kirchstetter1
	1UC Berkeley, Berkeley, CA, 2UT Austin, Austin, TX, 3National Institutes of Health, RTP, NC, 4Environmental Defense Fund, Austin, TX, 5Aclima, San Francisco, CA, 6University of Washington, Seattle, WA.
	T6A-04:  Dynamic versus static measures of air pollution exposure and their effects on insulin resistance in Hispanics/Latinos compared to non-Hispanics
	 M. M. Jankowska1, T. Benmarhnia1, D. D. Sears2, S. Zamora1, J. Yang1, C. Spoon1 
	 1University of California San Diego, La Jolla, CA, 2Arizona State University, Tempe, AZ.
	T6A-05:  Personal PM2.5 air pollution exposure, time-activity patterns and momentary geospatial exposures across pregnancy and early postpartum in low income, Hispanic women
	 R. Habre1, L. Yi1, Y. Xu1, S. O'Connor2, J. Cabison1, D. Chu1, C. Naya1, T. Chavez1, T. Mason1, T. Bastain1, C. Breton1, G. Dunton1 
	 1University of Southern California, Los Angeles, CA, 2National Cancer Institute, Bethesda, MD.
	T6B: Exposure science, STEM education, and the community, PART II 
	Session Chair: Ben Greenfield, Southern Illinois University Edwardsville
	T6B-01:  Engaging Youth to Reduce Exposures to Household Cleaning Chemicals: The LUCIR Study
	 K. Harley1, L. Calderon1, J. Nolan1, K. Roman2, S. Mayo-Burgos2, J. Cabrera2, N. Morga3, R. Maddalena4, A. Bradman1
	1Center for Environmental Research and Children's Health (CERCH), UC Berkeley, Berkeley, CA, 2CHAMACOS Youth Council, Salinas, CA, 3Clinica de Salud del Valle de Salinas, Salinas, CA, 4Lawrence Berkeley National Laboratory, Berkeley, CA.
	T6B-02:  Promoting STEM education at Philadelphia schools through participatory exposure science
	 K. M. Shakya1, J. Hickey1, S. Goldsmith1, T. Enes1
	 1Villanova University, Villanova, PA.
	T6B-03:  Environmental Photovoice: A Tool to Promote Student Engagement
	  J. L. Zuercher; Southern Illinois University Edwardsville, Edwardsville, IL.
	T6C: Measuring Exposure to Particulate Matter from Secondhand Cannabis Smoke
	Session Chair: Wayne Ott, Stanford University
	T6C-01:  Measuring PM2.5 Concentrations Produced by Different Marijuana Sources
	 W. R. Ott1; K. Cheng1, L. Wallace1, T. Zhao1, and L. Hildemann1 
	 1Stanford University, Redwood City, CA.
	T6C-02:  Measuring the Spatial Variation of Secondhand Cannabis Aerosols in Residences
	 K. Cheng1, W. Ott1, L. Wallace2, L. Hildemann1
	 1Stanford University, Stanford, CA, 2Retired, Santa Rosa, CA.
	T6C-03:  Using PurpleAir Monitors to Measure Particle Concentrations from Cannabis Smoking in Residences
	 L. A. Wallace1, W. R. Ott2, T. Zhao3, K. Cheng4, L. Hildemann2
	 1Retired, Santa Rosa, CA, 2Stanford University, Palo Alto, CA, 3Stanford, Palo Alto, CA, 4Stanford, Palo alto, CA.
	4:30pm – 6:00pm
	T7A: Exposure science studies from Asian perspectives - Environmental and study diversities among Asian countries 
	Session Chair: Satoshi Nakai, Yokohama National University
	T7A-01:  Chemical exposures assessment of slime products in several Asian countries
	 M. Lim1, S. Guak1, N. Y. Cheong2, K-F. Ho3, K. Tantrakarnapa4, S. Nakai5, S-C. C. Lung6, K. Lee1
	1Department of Environmental Health Sciences, Graduate School of Public Health, Seoul National University, Seoul, Korea; 2KATRI, Korea; 3JC School of Public Health and Primary Care, The Chinese University of Hong Kong, Hong Kong; 4Mahidol University, Thailand; 5Yokohama National University, Japan; 6Sinica Academia , Taiwan
	T7A-02:  Simultaneous determination of urinary cotinine and 8-OHdG in a Japanese national birth cohort study.
	 Y. Nishihama, T. Isobe, S. Liang, S. Nakayama
	 Japan Environment and Children’s Study Programme Office, National Institute for Environmental Studies, Tsukuba, JAPAN.
	T7A-03:  Use of smart technology on personal exposure assessment
	 A. K. H. Lau1, W. W. Che1, H. C. Frey2
	1The Hong Kong University of Science and Technology, Hong Kong, HONG KONG, 2North Carolina State University, Raleigh, NC.
	T7A-04:  Determination of TVOC exposure warning criteria in Korean electronic equipment manufactory
	 S. W. Kim1, K. Lee2
	1Keimyung University, Daegu, Korea; 2Department of Environmental Health Sciences, Graduate School of Public Health, Seoul National University, Seoul, Korea
	T7A-05:  Phthalates in house dust and their metabolites in children's urine summary of the finding in Japan
	 Y. Ait Bamai1, A. Araki1, R. Kishi1
	 Hokkaido University Center for Environmental and Health Sciences, Sapporo, JAPAN.
	T7B: Characterizing PFAS (Per- and and polyfluoroalkyl substances) sources and exposure routes in contaminated communities 
	Session Chair: Jane Hoppin, North Carolina State University
	T7B-01:  PFAS Exposure in Contaminated communities, Exposure Assessment Challenges
	 J. Hoppin1, J. Adgate2, H. Stapleton3
	 1NC State, Raleigh, NC, 2University of Colorado, Denver, CO, 3Duke University, Durham, NC.
	T7B-02:  Predictors of Per- and Polyfluoroalkyl Substances (PFAS) in Children's Serum from the Toddlers Exposure to Semi-Volatile Organic Compounds in Indoor Environments (TESIE) Study
	 J. A. Craig1, B. Claus Henn1, H. Kate2, S. Hammel2, C. Hoyo3, S. Murphy2, H. M. Stapleton2, T. F. Webster1
	 1Boston University, Boston, MA, 2Duke University, Durham, NC, 3North Carolina State University, Raleigh, NC.
	T7B-03:  Characterizing Per- and Polyfluoroalkyl Substances (PFAS) in an Exposed Population in Central North Carolina: Associations Between Drinking Water and Serum
	 S. M. Hall1, K. Hoffman1, G. H. Tait1, S. Zhang1, N. J. Herkert1, H. M. Stapleton1
	 1Duke University, Durham, NC.
	T7B-04:  Silicone wristbands as method to measure PFAS in contaminated groundwater community
	 C. E. Critchley1, N. Kotlarz1, H. M. Stapleton2, D. Knappe1, C. F. Wise1, M. Breen1, J. A. Hoppin1
	 1North Carolina State University, Raleigh, NC, 2Duke University, Durham, NC.
	T7B-05:  Source Apportionment of Serum PFAS in Two Highly Exposed Communities
	 K. E. Barton1, D. Wallis2, N. Kotlarz2, C. P. Higgins3, J. Hoppin2, J. L. Adgate1
	1Colorado School of Public Health, Aurora, CO, 2North Carolina State University, Raleigh, NC, 3Colorado School of Mines, Golden, CO.
	T7A-06:  Novel and known PFASs in human serum and drinking water from El Paso County, CO
	 C. A. McDonough1, K. Barton2, A. Starling2, J. Adgate2, C. Higgins3
	1Stony Brook University, Stony Brook, NY, 2Colorado School of Public Health, Denver, CO, 3Colorado School of Mines, Golden, CO.
	T7C: Community Exposures to Ultrafine Aircraft Emissions; Research findings, Community Engagement and Policy Implications 
	Session Chair: Elena Austin, University of Washington
	T7C-01:  An Overview of Ultrafine Particle Exposures to Populations Living Near Airports
	 T. Larson; University of Washington, Seattle, WA.
	T7C-02:  Modeling aviation-related ultrafine particle concentrations in communities along a runway trajectory near a major airport
	 K. J. Lane1, J. I. Levy1, C. Kim1, M. Simon1
	 1Boston University School of Public Health, Boston, MA.
	T7C-03:  Aviation-related Ultrafine Particle Exposure and Acute Inflammation in Los Angeles
	 R. Habre, H. Zhou, S. Eckel, T. Enebish, S. Fruin, T. Bastain, E. Rappaport, F. Gilliland
	 University of Southern California, Los Angeles, CA.
	T7C-04:  Impacts of aviation emissions on air quality in and around residences near a major airport
	 J. Durant1, M. Simon2, N. Hudda1
	 1Tufts University, Medford, MA, 2Volpe National Transportation Systems Center, Cambridge, MA.
	T7C-05:  Attributing community ultrafine exposures to aircraft and on-road sources; description of the approach developped for the Mobile ObserVations of Ultrafine Particles Study (MOV-UP)
	 E. Austin1, J. Xiang1, M. Yost1, J. Shirai1, T. Gould1, T. Larson1, E. Seto1
	 University of Washington, Seattle, WA.
	T7C-06:  The Relationship Between Flight Traffic, Ultrafine Particles and Noise from the Seattle Aircraft Air and Noise Study
	 E. Seto; University of Washington, Seattle, WA.
	6:00pm – 6:45pm
	T8A: Exploring Disparities in Exposure and Health Outcomes 
	Session Chair: Christine Ekenga, Washington University in St. Louis
	T8A-01:  Exposure to Phthalates and Respiratory Morbidity among Predominantly Low-income Patients with Chronic Obstructive Pulmonary Disease
	 L. Quiros-Alcala1, H. Woo2, W. Lorizio2, D. Belz2, M. Maisonet3, N. Putcha2, K. Koehler1, M. Mccormack2, N. Hansel2
	1Johns Hopkins University, Bloomberg School Of Public Health, Baltimore, MD, 2Johns Hopkins University, School of Medicine, Baltimore, MD, 3East Tennessee State University, Johnson City, TN.
	T8A-02:  High-resolution PM2.5 exposures using satellite MAIAC AOD and land use regression: Investigation of urban vs. rural, within-urban vs. between-urban variability, and social vulnerability
	 H. Lee; California Air Resources Board, Sacramento, CA.
	T8A-03:  A 15-year comparison of air pollution change by race/ethnicity, socioeconomics, and segregation in the 
	 United States
	 K. Dang1, M. Haan1, M. Glymour1, J. Weuve2, M. Brauer3, K. Lane2
	1University of California San Francisco, San Francisco, CA, 2Boston University, Boston, MA, 3University of British Columbia, Vancouver, BC, CANADA.
	T8B: PFAS in the Home Environment 
	Session Chair: Francis Ramacciotti, GHD
	T8B-01:   Accumulation of Per- and Polyfluoroalkyl Substances (PFAS) in Clothing in Indoor Environments
	 C. M. A. Eichler1, J. Zhou1, B. J. Turpin1, G. C. Morrison1 
	 University of North Carolina at Chapel Hill, Chapel Hill, NC.
	T8B-02:  Does type of flooring predict serum PFAS concentrations?
	 Y. Zhu, A. Ro, S. Bartell; 
	 University of California, Irvine, Irvine, CA.
	T8B-03:  Assessing PFAS presence and mobility in household children's products
	 L. A. Schaider1, C. Swartz1, K. Rodgers1
	 1Silent Spring Institute, Newton, MA.
	T8C: Climate Change Impacts On Air Quality and Health 
	Session Chair: Allison Patton, Health Effects Institute
	T8C-01:  Projection of Temperature-Related Excess Mortality by Integrating Population Adaptability under Changing Climate in China
	 T. Li1, Z. Sun1, Q. Wang1, C. Chen1
	 1National Institute of Environmental Health, Chinese Center for Disease Control and Prevention, Beijing, CHINA
	T8C-02:  Examining the joint effects of heatwaves, air pollution, and green space on the risk of preterm birth in California
	 Y. Sun1, S. D. Ilango2, L. Schwarz2, Q. Wang3, J. Chen4, J. M. Lawrence5, J. Wu1, T. Benmarhnia2
	1University of California, Irvine, Irvine, CA, 2University of California, San Diego, San Diego, CA, 3Sun Yat-sen University, Guangzhou, CHINA, 4University of Southern California, Los Angeles, CA, 5Kaiser Permanente Southern California, Pasadena, CA.
	T8C-03:  Health and Equity Impact Assessment of the Transportation Climate Initiative
	C. Arter1 S. Arunachalam1, A. Berberian2, L. Buckley3, J. Buonocore4, C. Chang1, P. Kinney3, K. Fallon Lambert4, F. Perera2, M. Raifman3, J. Levy3
	1University of North Carolina at Chapel Hill, Chapel Hill, NC, 2Columbia University, New York City, NY, 3Boston University, Boston, MA, 4Harvard T.H. Chan School of Public Health, Boston, MA.
	ON DEMAND
	Informing COVID Exposure and Risk Assessments 
	Session Chair: M. Elizabeth Marder, California Office of Environmental Health Hazard Assessment
	OD-01:  Characterizing hand-to-face contact frequency and sequence for adults
	 A. M. Wilson1, M. P. Verhougstraete1, P. I. Beamer1, M. King2, K. A. Reynolds1, C. P. Gerba1
	 1University of Arizona, Tucson, AZ, 2University of Leeds, Leeds, UNITED KINGDOM.
	OD-02:   Indoor aerosol exposure assessment for transmission of SARS-CoV-2 virus
	 A. A. Mofakham1, D. M. Brown2, G. Ahmadi1, B. Helenbrook1, T. Ahmed1, B. D. Erath1, A. R. Ferro1
	 1Clarkson University, Potsdam, NY, 2Trudeau Institute, Saranac Lake, NY.
	OD-03:  Addressing Decontaminated Respirators: Some Methods Appear to Damage Mask Integrity and Protective Function
	 R. Peltier, J. Wang; University of Massachusetts, Amherst, MA.
	OD-04:  Urban Air Pollution May Enhance COVID-19 Case-Fatality and Mortality Rates in the United States
	 D. Liang1, L. Shi1, J. Zhao2, P. Liu3, J. Schwartz4, S. Gao5, J. Sarnat1, Y. Liu1, S. Ebelt1, N. Scovronick1, H. Chang1
	1Emory University, Atlanta, GA, 2American Cancer Society, Atlanta, GA, 3Georgia Institute of Technology, Atlanta, GA, 4Harvard University, Boston, MA, 5University of Wisconsin–Madison, Madison, WI.
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	PO-01: Fine particulate matter pollution in Greater Accra: Spatial-temporal patterns and influence of land-use and socioeconomic factors
	 A. S. Alli; University of Massachusetts, Amherst, Amherst, MA.
	PO-02: Chemical Characteristics and Oxidative Potential of PM2.5 in Densely Populated Urban Slums
	A. Anand1, S. Yadav1, H. Phuleria1; 1IIT Bombay, Mumbai, INDIA.
	PO-03: High-throughput estimates for mouthing exposure and related risk from chemicals in children’s products
	N. Aurisano1, L. Huang2, O. Jolliet2, P. Fantke1; 1Technical University of Denmark, Kgs. Lyngby, DENMARK, 2University of Michigan, Ann Arbor, MI.
	PO-04: Multiplex Immunoassay for Detection of Enteric Pathogen Exposure and Infection in Epidemiological Studies
	 L. N. Avolio, N. Pisanic, C. D. Heaney
	PO-05: Random Forest Model based Fine Scale Spatiotemporal O3 Trends in the Beijing-Tianjin-Hebei region in China, 2010 to 2017
	R. Ma, J. Ban, Q. Wang, T. LI; China CDC, Beijing, CHINA.
	PO-06: Characterizing infiltration and indoor contribution of PM2.5  based on volunteer-generated monitoring data at large spatial and temporal scales
	J. Bi1, L. Wallace2, J. Sarnat1, Y. Liu1; 1Emory University, Atlanta, GA, 2United States Environmental Protection Agency, Washington, D.C., DC.
	PO-07: Exposure to Particle Beta Radiation in Greater Massachusetts
	A. J. Blomberg, L. Li, J. D. Schwartz, B. A. Coull, P. Koutrakis; Harvard T.H. Chan School of Public Health, Boston, MA.
	PO-08: Silicone Wristband Samplers Used to Evaluate Firefighter PPE Designs to Mitigate Fireground Chemical Exposures
	E. Bonner1, G. Horn2, K. Anderson1, S. Kerber2, D. Smith3; 1Oregon State University, Corvallis, OR, 2UL Firefighter Safety Research Institute, Columbia, MD, 3Skidmore College, Saratoga Springs, NY.
	PO-09: Evaluating the Impact of the National Academies of Sciences, Engineering, and Medicine’s Committee on the Use of Emerging Science for Environmental Health Decisions
	E. B. Boyle; NASEM, Washington, DC.
	PO-10: High-Throughput Toxicokinetics Inhalation Exposure Inferences for Organic Chemicals
	M. Breen1, J. Arnot2, A. Sangion3, K. Isaacs1, M. Linakis4, M. Sfeir5, J. Wambaugh1;  1U.S. Environmental Protection Agency, Research Triangle Park, NC, 2ARC Arnot Research and Consulting, Toronto, ON, CANADA, 3University of Toronto Scarborough, Toronto, ON, CANADA, 4United States Air Force, Wright-Patterson Air Force Base, Fairborn, OH, 5Oak Ridge Institute for Science and Education (ORISE) fellow at U.S. Environmental Protection Agency, Research Triangle Park, NC.
	PO-11: U.S- Mexico Border Air Pollution; Fine Particulate Matter (PM2.5 ) in Tijuana Measured by Low Cost Sensors at Sensitive Receptor Sites in the Community
	B. Caceres1, J. E. C. Quinoñes2, L. Jaime3, P. J. E. Quintana3, E. Austin4, J. Shirai4, C. Hsuan Huang4, A. Amador5, S. Vega5, E. Seto4; 1San Diego State University- School of Public Health, San Diego, CA, 2Facultad de Ciencias Químicas e Ingeniería de la Universidad Autónoma de Baja California, Baja California, MEXICO, 3San Diego State University, San Diego, CA, 4University of Washington School of Public Health, Seattle, WA, 5Casa Familiar, San Ysidro, CA.
	PO-12: In-vehicle exposure to traffic-related air pollutants: the impact of leading vehicles and several traffic scenarios
	D. Campagnolo1, S. Lioi1, M. Keller1, F. Borghi1, S. Rovelli1, A. Spinazzé1, A. Cattaneo1, L. Boniardi2, S. Fustinoni2, D. M. G. Cavallo1 1RAHH – Risk Assessment for Human Health, Department of Science and High Technology, Università degli Studi dell’Insubria, Como, ITALY, 2EPIGET – Epidemiology, Epigenetics, and Toxicology Lab, Department of Clinical Sciences and Community Health, Università degli Studi di Milano - Fondazione IRCCS Cà Granda Ospedale Maggiore Policlinico, U.O.S. Tossicologia, Milan, ITALY.
	PO-13 - WITHDRAWN
	PO-14: Mercury and methylmercury in hair: a dynamic relationship
	A. Cañas, M. Á. Lucena, E. Soto, C. Navarro, M. Esteban, A. Castaño; Instituto de Salud Carlos III, Majadahonda, SPAIN.
	PO-15: Total fluorine measured in cloth diapers indicate PFAS presence, migration, and dermal exposure
	R. Bauer1, A. Gonzalez2, G. Peaslee2, C. Carignan1; 1Michigan State University, East Lansing, MI, 2University of Notre Dame, Notre Dame, IN.
	PO-16: Simultaneous indoor and outdoor Black Carbon measurements in the facilities of three schools located in the air basin of Tijuana, Mexico
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	PO-183: Impacts of Dynamic Lighting Exposure on the Well-being and Experience of Occupants in the Office Environment
	R. Zhang1, C. Campanella1, S. Aristizabal1, A. Jamrozik1, J. Zhao1, P. Porter1, S. Ly1, B. Bauer2; 1Well Living Lab, Rochester, MN, 2Mayo Clinic, Rochester, MN.
	PO-184: A hybrid approach to predict the daily concentration of ambient nitrogen dioxide
	X. Zhang1, A. Just1, H. Hsu1, I. Kloog1, M. Woody2, Z. Mi3, P. Georgopoulos3, R. Wright1, A. Stroustrup1; 1Icahn School of Medicine at Mount Sinai, New York, NY, 2Environmental Protection Agency, Research Triangle Park, NC, 3Rutgers University, New Brunswick, NJ.
	PO-185: Exposure to fine, ultrafine particles and black carbon in two preschools in Nur-Sultan city, Kazakhstan
	M. Amouei Torkmahalleh, Z. Zhigulina, T. Madiyarova, K. Turganova, E. Adotey; Nazarbayev University, Nur-Sultan, KAZAKHSTAN.
	PO-186: Per- and polyfluoroalkyl substances (PFASs) in ambient fine particulate matter (PM2.5) in North Carolina
	J. Zhou1, K. Baumann1, J. D. Surratt1, R. N. Mead2, S. A. Skrabal2, R. J. Kieber2, G. B. Avery2, M. Shimizu2, W. Bodnar1, Z. Zhang1, J. C. DeWitt3, M. Sun4, L. B. Collins5, B. J. Turpin1; 1UNC-Chapel Hill, Chapel Hill, NC, 2UNC-Wilmington, Wilmington, NC, 3East Carolina University, Greenville, NC, 4UNC-Charlotte, Charlotte, NC, 5North Carolina State University, Raleigh, NC.
	PO-187: Per- andpolyfluoroalkyl substances(PFASs) in fine particulate matter (PM2.5) during floor waxing
	J. Zhou, K. Baumann, N. Chang, J. D. Surratt, W. Bodnar, Z. Zhang, G. Morrison, J. M. Atkin, B. J. Turpin ; UNC-Chapel Hill, Chapel Hill, NC.
	PO-188: Trihalomethanes are an unreliable indicator of exposure to haloacetonitriles, a disinfection byproduct class associated with impacts of climate change on drinking water supplies
	Kirin E. Furst1*, Jose Bolorinos1,2, William A. Mitch1; 1Department of Civil and Environmental Engineering, Stanford University, 2Department of Statistics, Stanford University
	PO-189: Personal Exposure Monitoring of PM2.5 in Bandung City, Indonesia  Using Low-cost Sensing Device
	D. Sinaga1, W. Setyawati2, S. Lung1; 1Research Center for Environmental Changes, Academia Sinica, Taipei, TAIWAN, 2National Institute of Aeronautics and Space, Bandung, INDONESIA.
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	PO-191: Shrinkage estimation of long-term water ingestion rates
	N. Cuvelier, S. Bartell; UC Irvine, Irvine, CA.
	PO-192: Statistical prediction for removal of flame retardants in wastewater treatment
	J. Shen1, S. Smyth2, D. Delâge3 ; 1Environment and Climate Change Canada, Vancouver, BC, CANADA, 2Environment and Climate Change Canada, Burlington, ON, CANADA, 3Environment and Climate Change Canada, Gatineau, QC, CANADA.
	LBPO-193: Prevalence of respiratory diseases in relation to smoking rate in adults living in four Chinese cities: A comparison between 2017–2018 and 1993–1996
	M. Yan1, J. Gong1,*, Q. Liu2, W. Li2, X. Duan3, S. Cao3, S. Li3, L. He4, Z. Yin4, W. Lin5, J.J. Zhang1,6,7; 1Beijing Innovation Center for Engineering Science and Advanced Technology, State Key Joint Laboratory for Environmental Simulation and Pollution Control, College of Environmental Sciences and Engineering, And Center for Environment and Health, Peking University, Beijing, China;  School of Public Health and Management, Research Center for Medicine and Social Development, Collaborative Innovation Center of Social Risks Governance in Health, Chongqing Medical University, Chongqing, China;  School of energy and environmental engineering, University of Science and Technology Beijing, Beijing, China;  4Key Laboratory for Urban Habitat Environmental Science and Technology, School of Environment and Energy, Peking University Shenzhen Graduate School, Shenzhen, China; 5Department of Occupational and Environmental Health, School of Public Health, Sun Yat-Sen University, Guangzhou, China; 6Duke Kunshan University, Kunshan, China; 7Nicholas School of the Environment and Duke Global Health Institute, Duke University, Durham, USA
	LBPO-194: The effects of indoor and outdoor air pollution on the prevalences of adults’ respiratory diseases in four Chinese cities: A comparison between 2017–2018 and 1993–1996
	M. Yan1, J. Gong1,*, Q. Liu2, W. Li2, X. Duan3, S. Cao3, S. Li3, L. He4, Z. Yin4, W. Lin5, J.J. Zhang1,6,7; 1Beijing Innovation Center for Engineering Science and Advanced Technology, State Key Joint Laboratory for Environmental Simulation and Pollution Control, College of Environmental Sciences and Engineering, And Center for Environment and Health, Peking University, Beijing, China; 2School of Public Health and Management, Research Center for Medicine and Social Development, Collaborative Innovation Center of Social Risks Governance in Health, Chongqing Medical University, Chongqing, China; 3School of energy and environmental engineering, University of Science and Technology Beijing, Beijing, China; 4Key Laboratory for Urban Habitat Environmental Science and Technology, School of Environment and Energy, Peking University Shenzhen Graduate School, Shenzhen, China; 5Department of Occupational and Environmental Health, School of Public Health, Sun Yat-Sen University, Guangzhou, China ;6Duke Kunshan University, Kunshan, China; 7Nicholas School of the Environment and Duke Global Health Institute, Duke University, Durham, USA
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	LBPO-196: Indoor Exposure to Commonly Used Disinfectants during the COVID-19 Pandemic
	G. Zheng,1 Gabriel Filippelli2,3, Amina Salamova1; 1Paul H. O’Neill School of Public and Environmental Affairs, Indiana University, Bloomington, Indiana 47405; 2Center for Urban Health, Indiana University-Purdue University Indianapolis (IUPUI), Indianapolis, Indiana 46202; 3Environmental Resilience Institute, Indiana University, Bloomington, Indiana 47405
	LBPO-197: Long-term exposure to ambient air pollution and prevalence of depression: A cross-sectional study in China
	F. Wei1, J. Li1, M. Tang1, K. Chen1,2; 1Department of Epidemiology and Biostatistics, Zhejiang University School of Medicine, Hangzhou, Zhejiang, China; 2Cancer Institute of the Second Affiliated Hospital, Zhejiang University School of Medicine, Zhejiang, China
	LBPO-198: Longitudinal assessment of PFASs exposure on serum estrogen with repeated measurement in Chinese pregnant women
	J. Yang1, H. Wang1, G. He1; 1School of Public Health/Key Laboratory of Public Health Safety of Ministry of Education, Fudan University, Shanghai 200032, China
	LBPO-199: Is long-term exposure to green space associated with hypertension and blood pressure? A cross-sectional study with findings from the Henan Rural Cohort Study
	J. Jiang1, G. Chen1, B. Li2, Y. Lu3, Y. Guo4, S. Li4, C. Wang5, H. Xiang1; 1Wuhan University and Global Health Institute, Wuhan; 3Karolinska Institute, Stockholm; 3University of Hawaii at Manoa, Honolulu; 4Monash University, Melbourne; 5Zhengzhou University, Zhengzhou
	LBPO-200: Association between short-term exposure to air pollutants and peptic ulcer bleeding: a case-crossover study in a Chinese population
	M.Wu1, M. Tang1, Z. Yu1, X. Mao2, Y. Chen2, J. Wang3, M. Jin4, C. Yu2*, K. Chen4*; 1Department of Epidemiology and Biostatistics, Zhejiang University School of Public Health, Hangzhou, China; 2Department of Gastroenterology, the First Affiliated Hospital, College of Medicine, Zhejiang University, Hangzhou, China; 3Department of Epidemiology and Biostatistics, the Children's Hospital, National Clinical Research Center for Child Health, Zhejiang University School of Medicine, Hangzhou, China; 4Cancer Institute, the Second Affiliated Hospital, Zhejiang University School of Medicine, Hangzhou, China;
	LBPO-201: Changes in the Health effects of wearing a N95 facemask on the cardio-pulmonary system in healthy young adults for a short period
	M. Jiang1, J. Gong1*, X.L. Meng1, L. Qi2, R. Xu1, Y.  Shi1, X. Hu1, X. Meng1, Y. Chen1, Y.  Wang1, F. Ye1, R. Tang1, Y. Xiang1, W.  Li3, Y. Xu1, 
	Tong Zhu1; 1College of Environmental Sciences and Engineering, And Center for Environment and Health, Peking University, Beijing, China; 2School of Food and Biological Engineering, Shaanxi University of Science & Technology, Xi'an, China; 3Peking University Hospital, Beijing, China
	LBPO-202: Comparation of minute ventilation prediction using heart rate and Basal metabolic rate
	Q. Guo1, Y. Zhao1, J. Shao2, S. Cao1, Q. Wang2, W.Wu3, X. Duan1; 1School of Energy and Environmental Engineering, University of Science and Technology Beijing, Beijing 100083, China; 2National Research Institute of Sports Medicine, Beijing 100029, China; 3Department of Otolaryngology-Head and Neck Surgery, PLA Strategic support Force Characteristic Medical Center, Beijing 100101, China
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	X.Zhang1, C.Jiang1, M.Snyder2; 1Stanford University, Stanford CA 94305; 2Stanford Center for Genetics and Personalized Medicine, Palo Alto CA 94304
	LBPO-205: Prenatal exposure to benzotriazoles and benzothiazoles and cord blood mitochondrial DNA copy numb
	X. Chen1, Y. Zhou2, C.Hu1, W. Xia1, S. Xu1 Z. Cai2, Y. Li1 ; 1 Key Laboratory of Environment and Health, Ministry of Education, Ministry of Environmental Protection, State Key Laboratory of Environmental Health, School of Public Health, Tongji Medical College, Huazhong University of Science and Technology, Wuhan, Hubei, People's Republic of China; 2 State Key Laboratory of Environmental and Biological Analysis, Department of Chemistry, Hong Kong Baptist University, Hong Kong, SAR, People's Republic of China
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	X. Wang, State Key Laboratory of Environment Health (Incubation), Key Laboratory of Environment and Health, Ministry of Education, Key Laboratory of Environment and Health (Wuhan), Ministry of Environmental Protection, School of Public Health, Tongji Medical College, Huazhong 
	LBPO-207: The effects of maternal high-salt diet during perinatal period on their offspring's bile acid
	Q. Guo, Key Laboratory of Environment and Health (Huazhong University of Science and Technology), Ministry of Education & Ministry of Environmental Protection, State Key Laboratory of Environmental Health (Incubation), School of Public Health, Tongji Medical College, Huazhong University of Science and Technology, Wuhan 430030, Hubei, China
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	PO-210: Exposure to permethrin used as home insecticide
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	ISES_2020_Pre-conference_Course_List_9.20.2020.pdf
	ISES 2020 Virtual Courses
	Despite the transition to a virtual event mid-way through the planning process, ISES was able to host a record number of online pre-conference courses. Three of these twelve courses were offered to meeting attendees at no additional cost.  ISES and the 2020 Chairs and TOC would like to express their appreciation to each of these dedicated course instructors and volunteer facilitators.  Collectively, these courses had over three hundred participants!
	Advancing Air Quality Monitoring in Environmental Justice Communities of the South Coast Air Basin, CA: Overview of Approaches, Community Engagement, Monitoring Technologies, Preliminary Results, and Lessons Learned
	Instructors:  Sina Hasheminassab, South Coast Air Quality Management District
	Mohammad H. Sowlat, South Coast Air Quality Management District
	Faraz Ahangar, South Coast Air Quality Management District
	Steven Boddeker, South Coast Air Quality Management District
	Avi Lavi, South Coast Air Quality Management District
	Christopher Lim, South Coast Air Quality Management District
	Payam Pakbin, South Coast Air Quality Management District
	Julia Montoya-Aguilera, South Coast Air Quality Management District
	Description:  This workshop introduced and discussed the Enactment of Assembly Bill (AB) 617 air monitoring program in the South Coast Air Basin and discuss the monitoring strategies, novel technologies, community engagement process, preliminary results, and lessons learned.
	Modelling near-field and far-field exposure and impacts for chemical prioritization, substitution and life-cycle assessment based on the USEtox consensus model
	Instructors:  Peter Fantke, Technical University of Denmark
	Olivier Jolliet, University of Michigan
	Description:  This course provided a practical overview of multimedia chemical fate modelling, near-field and far-field multi-pathway human exposure modelling, ecosystem and human health effects dose-response modelling, and comparative indicators for human-toxicological and ecotoxicological impacts.
	Human Biomonitoring Guidance Values: Basis, Applications, and Harmonization
	Instructors:  Sean Hays, Summit Toxicology
	Description:  This workshop uncovers the differences in how biomonitoring guidance values are derived among various groups around the world, explore the unique attributes of each, and examine how the characteristics of a chemical impacts how biomonitoring data for it can be interpreted in the context of the various biomonitoring guidance values.
	Air Sensors and Reference Collocation Data Analysis
	Instructors:  Edmund Seto, University of WashingtonElena Austin, University of WashingtonRon Cohen, UC BerkeleyDarby Jack, Columbia UniversitySteven Chillrud, Columbia UniversityDan Westervelt, Columbia UniversityVikram Rao, UC DavisVasu Kilaru, US EPA
	Description:  This course demonstrated the basic steps of a co-location analysis from air sensors, which not only illuminates the performance of the given sensors but could be used to re-calibrate the instruments to provide improved performance. The analysis considered various performance parameters such as precision, accuracy, error and discuss effects of temperature and relative humidity.
	How to Explore, Access, and Analyze Half a Billion Open Air Quality Data points from 84 Countries
	Instructors:  Chisato Calvert, OpenAQ
	Sruti Modekurty, OpenAQ
	Christa Hasenkopf, OpenAQ
	About OpenAQ: OpenAQ is an environmental tech 501(c)(3) non-profit that has created the world’s first open, real-time and historical air quality platform, aggregating government measured and research-grade data — entirely open-source. We have aggregated more than 471M air quality measurements from 130 data sources, in 84 countries across the globe. The platform has received traffic from 162 countries, serving 22 million requests per month. By providing this foundational data infrastructure, people and organizations from across the globe including scientists, journalists, educators, entrepreneurs, and community activists have access to the data required to further awareness-raising and develop innovative solutions to combat air pollution. The impacts of the OpenAQ platform and OpenAQ community have been wide-ranging, with actions including pushing air pollution policy within local government, developing web applications to raise awareness of health risks associated with air pollution, to seminal studies in atmospheric science and public health research.
	Description:  This workshop will introduce the OpenAQ Platform, Tools, and Community to participants in order to inspire and empower them to apply – and contribute – open air quality data in new ways to their research.
	Peer-Reviewing with Confidence
	Instructors:  Nicole Deziel, Yale UniversityCynthia Curl, Boise State University
	Description:  This workshop provided training on how to approach and structure a strong peer review of scientific journals, discussed dos and don’ts, ethical considerations, and strategies for reviewing more efficiently and effectively.
	Applying Exposure New Approach Methodologies to Chemical Risk Evaluation
	Sunday, September 20, 7 am - 11 am (4 hours)
	Instructors:  Kristin Isaacs, U.S. Environmental Protection Agency, Center for Computational Toxicology and ExposureJohn Wambaugh, U.S. Environmental Protection Agency, Center for Computational Toxicology and Exposure
	Description:  This workshop will teach the scientific basis and provide examples for New Approach Methodologies (NAM) for exposure, including: informatics-based chemical descriptors for chemical uses and other critical parameters; machine-learning models built upon these chemical descriptors; computational models that predict population chemical exposures; and high-throughput models for estimating chemical toxicokinetics.
	EPA’s EnviroAtlas | Leveraging Freely Available Geospatial Data and Interactive Tools
	Instructors:  Jessica Daniel, U.S. Environmental Protection Agency, Office of Research and Development, Center for Public Health and Environmental Assessment
	Jose Zambrana, U.S. Environmental Protection Agency, Office of Research and Development, Center for Environmental Measurement and Modeling
	Description:  This workshop demonstrated how to use EnviroAtlas (https://www.epa.gov/enviroatlas), a data-rich, web-based decision support tool that combines maps, analysis tools, downloadable data, and informational resources to help inform policy and planning decisions that impact the places where we live, learn, work and play.
	Approaches in Community Participatory Air Monitoring: from Personal to Reportback
	Instructors:  Jill Johnston, University of Southern California
	Wendy Gutschow, University of Southern California
	Michael Heimbinder, HabitatMap
	Description:  This workshop will take a practical, hands-on look at how youth and adults can be engaged in community centered participatory air monitoring, including the various considerations in planning and implementing stages, demonstration/activity with several low-cost sensors, and examples of reporting results in both online and printed formats.
	Super spreading events and the development of the COVID-19 pandemic: what is the role of indoor 
	air quality?
	Instructors:  Paul Scheepers, Radboudumc, Nijmegen, The Netherlands 
	Lidia Morawska , Queensland University of Technology
	Atze Boerstra , abb binnenmilileu, Rotterdam, the Netherlands
	Description:  This workshop discussed what we can learn from the super spreading events of SARS-CoV-2 virus about the role of the indoor air quality and related factors (e.g. high occupancy, poor supply of fresh air and some specific activities such as talking loud and singing) in transmission of the virus, how did they contribute to the pandemic in early 2020, and how important are these events for overall future development of the endemic, including their potential role in next waves.
	Sensing to go: Using mobile platforms to monitor air pollution
	Instructors:  Melissa Lunden, Aclima, Inc.
	Description:  This workshop addressed the unique challenges of collecting air quality data using a mobile platform and provided specific examples and best practices for how to conduct a mobile measurement campaign.
	Hands-on Analysis of Mass Spectrometry-based Exposomics Data using Freely Available 
	Software Tools
	Sunday, September 20, 3:00 pm - 5:30 pm (2.5 hours)
	Instructors:  Jianguo (Jeff) Xia, McGill University
	Xiuxia Du, University of North Carolina at Charlotte
	Description:  This course will teach participants about how to use widely used open-source software tools that include MZmine 2, MetaboAnalyst, Mummichog, and NIST MS search for spectral processing, statistical analysis, functional interpretation and compound annotation.
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	Interpreting and communicating human biomonitoring results: per- and polyfluoroalkyl substances as a case study, PART I
	M1A-01: Human exposure to per- and polyfluoroalkyl substances (PFAS): What do biomonitoring data show?
	M1A-02: Biomonitoring of PFAS in California in surveillance and community-focused studies
	M1A-03: Human biomonitoring to inform public health decisions – National Biomonitoring Network (USA) member examples related to PFAS
	M1A-04: Interpretation of Recent Biomonitoring Data for Perfluoroalkyl Substances in Canada

	Applications of Sensors and Personal Samplers, PART I
	M1B-01: Children’s Exposure to Phenols in the Home
	M1B-02: Head, shoulders, knees, and toes: Placement of wearable passive samplers affects chemical exposure dynamics observed
	M1B-03: Exposure assessment of PM2.5 for a community population using sensor-based air monitoring system and similar time-activity groups

	The European Human Biomonitoring Initiative HBM4EU: Current status and latest results, PART I
	M1C-01: Science and policy for a healthy future - HBM4EU, the European Human Biomonitoring Initiative's latest results
	M1C-02: Collection and use of EU wide human biomonitoring data in HBM4EU
	M1C-03: National Hubs: Input, Output and Impact!
	M1C-04: The HBM4U QA/QC program: ensuring the comparability and promoting capacity building

	Interpreting and communicating human biomonitoring results: per- and polyfluoroalkyl substances as a case study, PART II
	M2A-01: Recent occupational biomonitoring activities and the derivation of Human Biomonitoring Guidance values (HBM-GV) under OECD
	M2A-02: Health-related Human Biomonitoring Values for PFOA and PFOS and their application in the German Environmental Survey for children and adolescents 2014-2017 (GerES V)
	M2A-03: Providing Evidence to Environmental Health Policies using National Biomonitoring Data in Korea

	Applications of Sensors and Personal Samplers, PART II
	M2B-01: Longitudinal Cohort of Individual Chemical Exposure to Environmental Contaminates From Hurricane Harvey Flooding
	M2B-02: Microenvironmental Time-Activity Classification Using Smartphone Sensor Data for Personal Air Pollution Exposure Assessment
	M2A-03: Comparing methods for measuring occupational heat stress in Central America
	M2A-04: Discovery of Firefighter Chemical Exposures using Military-Style Silicone Dog Tags

	The European Human Biomonitoring Initiative HBM4EU: Current status and latest results, PART II
	M2C-01: Human biomonitoring in occupational setting - Cr VI
	M2C-02: Extensive information about health and chemical exposure levels through combined health and HBM studies
	M2C-03: Integrated external and internal exposure modeling for HBM data use in chemical risk assessment
	M2C-04: Strategies for suspect and untargeted screening of emerging substances in human matrices

	The Challenge of Understanding how Chemical and Non-Chemical Stressors Interact and Influence Health, PART I
	M3A-01: Interactions of Chemical and Non-Chemical Stressors and Children’s Health: What Do We Know?
	M3A-02: Influence of Drinking Water Source, Exclusionary Zoning Practices, and Socioeconomic Status on Children’s Blood Lead
	M3A-03: Chemical-nonchemical interactions in pregnancy: Animal models of how maternal stress, diet, and obesity affect response to chemical exposure
	M3A-04: How can we move the needle? A cross-disciplinary approach for healthy homes in the US

	Rethinking the evaluation of human exposure studies to improve public health policy decision making
	M3B-01: The evolution of systematic review use in environmental health to inform public health policy
	M3B-02: Assessing Risk of Bias in Human Epidemiologic Studies Using Three Tools: Different Conclusions from Different Tools
	M3B-03: Rethinking the evaluation of human exposure studies to improve public health policy decision making
	M3B-04: Application of the Navigation Guide Systematic Review Method for the WHO/ILO Joint Estimates of the Global Work-Related Burden of Disease and Injury

	Changes in Exposure Resulting from COVID-19 Responses
	M3C-01: Exposure to ultrafine particles while exercising in the city during the COVID-19 lock-down: a repeated measures study in Copenhagen, Denmark
	M3C-02: Application of PurpleAir sensor network to monitor inside and outside air quality: A Case Study of COVID-19 Shutdown in Los Angeles county
	M3C-03: Schools re-opening after the wide lockdown in Cyprus due to COVID-19 and exposome changes in the primary school population of Cyprus: The Exposome@School|COVID-19 study
	M3C-04: Quantifying the impact of traffic on air quality in an urban community before and during COVID-19 lockdowns

	The Challenge of Understanding how Chemical and Non-Chemical Stressors Interact and Influence Health, PART II
	M4A-01: Designing a framework for assessing the influence of physical built environment on respiratory, neurodevelopmental, and injury-related outcomes in children
	M4A-02: The Effects of Exposures from the Natural, Built, and Social Environments on Health and Health Disparities
	M4A-03: The School Environment: Building Healthy, Successful Students

	Wildfire Impacts on Public Health, PART I
	M4B-01: Overview of the public health impacts of wildfires
	M4B-02: Wildland fire impacts on freshwater systems in the Continental United States
	M4B-03: Smartphone App (TracMyAir) to Model Individual Exposures to Ambient Air Pollutants

	Air Quality Sensors in Wearable & Smart City Apps
	M4C-01: Metal-organic frameworks for selective chemical sensing
	M4C-02: Smart Cities: Distributed Sensing of Urban Air Quality with Low Cost Sensors
	M4C-03: Predicting Wildfires with Atmospheric Sensors

	Mercury adulterated skin creams; pervasive, elusive and dangerous
	M5A-01: Contamination, instrumentation and laboratory considerations
	M5A-02: Overview of Mercury Cases in California and Community based Partnerships for Cream Surveillance and Exposure Prevention
	M5A-03: Multifaceted Approach to Addressing Mercury Containing Skin-Lightening Creams in NYC
	M5A-04: Responding to skin lightening products in Minnesota: urine mercury testing and grant program.

	Wildfire Impacts on Public Health, PART II
	M5B-01: Updates and Insights from the EPA Smoke Sense Citizen Science Smartphone Application
	M5B-02: How Low-Cost Air Sensors are Informing Public Understanding of Wildfire Smoke Impacts
	M5B-03: Research and Communication Needs on the Ground (Hoopa Valley Tribe)
	M5B-04: Collaborating and Communicating about Smoke Impacts: California Smoke Blog

	Built Environment: Impacts on Indoor Air Quality and Health
	M5C-01: High-Throughput Screening of Near-Field Exposures and Human Health Risks for Organic Chemicals in Building Materials
	M5C-02: Spatial and Temporal Variability in Indoor Environmental Quality during Three Simulated Office Studies at a Living Lab
	M5C-03: Ventilation Analysis of High School Classrooms and Applications for Rooftop Gardens
	M5C-04: Effect of a multisensory biophilic design approach on occupants’ stress, cognitive performance, environmental and work-related satisfaction in an office setting

	New Approach Methodologies for Exposure Science
	M6A-01: Bridging the gap between the development and application of exposure models with EASE Suite
	M6A-02: Characterizing exposure variability to evaluate if exposure models are
	fit-for-purpose
	M6A-03: Leveraging Non-targeted Analysis of Blood Samples to Characterize the Maternal and Newborn Exposome
	M6A-04: Filling Gaps in Exposure Data from Chemical Descriptors with Machine Learning
	M6A-05: Making use of exposure NAMs to support exposure based adaptations of REACH standard information requirements

	Innovations and Challenges in Assessing Exposure to Air Pollutants in the San Francisco East Bay
	M6B-01: Findings from the East Bay Diesel Exposure Project (EBDEP): Using low-cost air sensor data, house dust measurements, and biomonitoring to inform exposure reduction efforts
	M6B-02: Richmond community exposures to airborne polycyclic aromatic hydrocarbons
	M6B-03: Using Low-Cost Sensors to Characterize Neighborhood-Level Air Pollution
	M6B-04: Fingerprinting airborne micro- and nanoparticles to elucidate pollution sources

	The Chemical Space in Exposure Assessments, PART 1
	M6C-01: What is the exposome
	M6C-02: What chemicals constitute the Exposome? Accessing Data via the US EPA’s CompTox Chemicals Dashboard
	M6C-03: Measuring the Environmental Exposome
	M6C-04: The Dietary Exposome

	Advances in Technology and Software to Automate Contact Tracing: Implications for Exposure Assessment
	M7A-01: PACT: Private Automated Contact Tracing
	M7A-02: Digital contact tracing in response to COVID-19 and the development of a quantitative risk scoring approach
	M7A-03: Effective recruitment and engagement strategies for the use of COVID-19 exposure notification applications in disadvantaged communities

	Air Pollution Modeling
	M7B-01: A National Monitoring Network and Empirical Model for Nitrogen Dioxide from Road Traffic
	M7B-02: High Resolution Modeling of Air Pollution in Pittsburgh, PA
	M7B-03: Green Heart Louisville: Community-Level Assessment of Exposure to Air Pollution

	Case Studies in Pregnancy: Investigating Fetal  and Maternal Exposures
	M7C-01: Sources of Personal PM2.5 Exposure in the MADRES Cohort during the Third Trimester of Pregnancy
	M7C-02: Gestational exposure to Volatile Organic Compounds (VOCs) in Residential Indoor Air and Tap Water in the Exposures in the Peace River Valley (EXPERIVA) study
	M7C-03: Metabolomics of Maternal Exposures to Per- and Polyfluoroalkyl Substances (PFASs) among African American Pregnant Women in the Southeastern United States

	Technologies for capture and assessment of environmental exposures implicated in cancer risk
	M8A-01: Metabolomic technologies to identify biomarkers of poorer prognosis in colorectal cancer patients
	M8A-02: New Technologies for Long-term Environmental Exposure Assessment
	M8A-03: New technologies for personal exposure assessment

	Microplastics and Human Exposure: Understanding Measurement Challenges and Data Gaps
	M8B-01: Microplastics in Food and Drinking Water
	M8B-02: Microplastics in San Francisco Bay: Abundance, Transport, Fate, and Policy Recommendations
	M8B-03: Identifying and Addressing Data Needs to Evaluate Human Exposures to Microplastics
	M8B-04: Challenges in Understanding Human Exposures to Chemicals in Crumb Rubber

	Electronic Vaping Associated Lung Injury: How Science Informs Policy
	M8C-01: Actions to address the 2019-2020 E-cigarette, or vaping, product-use associated lung injury (EVALI) outbreak in California
	M8C-02: Identification of Vaped Vitamin E Acetate as a Cause of E-cigarette, or Vaping, Product Associated Lung Injury (EVALI)
	M8C-03: What occurs in the lung to cause acute morbidity and mortality
	M8C-04: Potential Toxicity of Vitamin E Acetate Thermal Degradation Products
	M8C-05: What insights can social media provide about the EVALI crisis?

	Household air pollution exposure and health
	TOA-01: Emissions-to-Exposure (E2E) Modeling approaches for estimating personal exposure to household air pollution: a case study in Kenya
	T0A-02: Air pollution exposure during the quarantine -a modelling study on mainland China
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