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1. LƴǘǊƻŘǳŎǘƛƻƴ 

In early 2017, Environmental Defense Fund (EDF) set out to design a process to catalyze the innovation 
of, investments in, and, ultimately, the use and adoption of personal chemical exposure monitors 
όt/9aǎύ ǘƘŀǘ ƳŜŀǎǳǊŜ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ ŎƘŜƳƛŎŀƭ ŜȄǇƻǎǳǊŜΦ EDF engaged Research Into Action to assist 
with developing this process. ¢Ƙƛǎ ¸ŜŀǊ ƻŦ LƴƴƻǾŀǘƛƻƴ ǇǊƻƧŜŎǘ όάtǊƻƧŜŎǘέύ ǎƻǳƎƘǘ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ 
existing use and market for PCEMs and then identify key strategies EDF could pursue to accelerate the 
development and use of PCEMs.  

This project consisted of three key actions. 

1. Preparation of an Analysis Brief. This brief provides a summary of findings from expert 
interviews Research Into Action conducted with 20 subject matter experts (SMEs) with unique 
experience in cutting-edge applied public health research and PCEM technology development. 

2. Hosting a Workshop of Experts. EDF convened a workshop of public health, engineering, 
entrepreneur, and policy experts to explore opportunities to enable the development and use of 
lower-cost, portable or wearable PCEMs. 

3. Preparation of Program Design Concept Memo. To distill the learning that occurred in actions 
one and two down to a few strategies EDF could pursue, EDF staff and Research Into Action staff 
met in late November and ultimately prepared a document identifying three interrelated 
strategies to accelerate the development of PCEMs. 

This document is a compendium of the documents, notes, and presentations associated with each of 
these research actions. Each subsequent chapter provides the final documents associated with each 
action and the appendices provide the interview guides used to prepare the analysis brief, workshop 
notes, workshop presentation, and a list of the workshop attendees. 
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2. !ƴŀƭȅǎƛǎ .ǊƛŜŦ 

In early 2017, Environmental Defense Fund (EDF) set out to design a process to catalyze the innovation 
of, investments in, and, ultimately, the use and adoption of personal chemical exposure monitors 
όt/9aǎύ ǘƘŀǘ ƳŜŀǎǳǊŜ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ ŎƘŜƳƛŎŀƭ ŜȄǇƻǎǳǊŜΦ ¢Ƙƛǎ ¸ŜŀǊ ƻŦ LƴƴƻǾŀǘƛƻƴ ǇǊƻƧŜŎǘ όάtǊƻƧŜŎǘέύ 
seeks to: (1) identify key resources, network actors, and network strategies for a successful PCEM 
market acceleration program, and (2) activate network strategies and engage key actors and resources 
in accelerating the PCEM market.  

For the initial stage of the Project, EDF and Research Into Action collaborated to design an expert 
elicitation study to understand the state of the art in PCEMs. Because definitions vary, we began by 
defining PCEMs to include chemical sensors and chemical samplers. Chemical sensors include 
technologies or tools that identify analytes at the point of detection by transforming chemical 
information into a signal; chemical samplers include technologies that collect compounds in a physical 
matrix over a certain time period.  

We collaborated with EDF staff for several weeks to operationalize the study and identify the 
researchable issues that stem from three high-level research questions: 

ð What is known about resolving deployment bottlenecks for similar technologies? 

ð What are the technology capabilities and use needs of public health researchers? 

ð What is the technical and market potential for PCEMs to meet the needs of chemical exposure 
research? 

This brief provides a summary of findings from expert elicitation interviews Research Into Action 
conducted with 20 subject matter experts (SMEs) with unique experience in cutting-edge applied public 
health research and PCEM technology development.1 We supplemented these findings with insights 
from a systematic scan of relevant business case literature. 

Section 2.1 introduces the pipeline model of innovation and discusses specific lessons learned from case 
studies and the experience of SMEs. Section 2.2 provides an overview of the study methodology and 
SME profiles. Section 2.3 provides in-depth discussion of the interview findings. Finally, Section 2.4 
presents conclusions, potential implications of the findings, and areas for further exploration. 

2.1. LƴƴƻǾŀǘƛƻƴ tƛǇŜƭƛƴŜ aƻŘŜƭ 

¢ŜŎƘƴƻƭƻƎȅ ƛƴƴƻǾŀǘƛƻƴ ƛǎ ŀ ŘȅƴŀƳƛŎ ǇǊƻŎŜǎǎΣ ŀƴŘ t/9aǎ ŀǊŜ ƴƻ ŜȄŎŜǇǘƛƻƴΦ wŜǎŜŀǊŎƘ Lƴǘƻ !ŎǘƛƻƴΩǎ 
assessment of the state of the art in PCEMs examines how numerous components fall along a known 
spectrum of development toward commercial readiness. Before assessing the state of the art and user 
needs, we first introduce the generalized innovation pipeline model popularized by Branscomb and 

                                                           

1  See Section 2.2 for more detail on subject composition. 
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Auerswald.2 Additionally, we draw specific insights from similar technology case studies and from the 
professional experience of our interview subjects to better understand the current locations of PCEMs in 
the innovation-commercialization pipeline.  

The innovation pipeline model is a simple framework that describes a generalized path to 
commercialization for technologies like PCEMs. The model consists of four innovation process stages 
that link basic research to technology development; product development and commercialization: 

ð Stage 1: The process of basic research, proof of concept, and invention leading to functional 
inventions and patents. 

ð Stage 2: Early-stage technology development leading to business validation. 

ð Stage 3: Product development leading to the creation of new firms or programs. 

ð Stage 4: Product manufacturing, commercialization, and marketing that leads to continued 
growth of new firms and programs, and, ultimately, to viable businesses. 

9ŀŎƘ ǎǘŀƎŜ ƛǎ ƭƛƴƪŜŘ ōȅ ƭŜŀǊƴƛƴƎ ŀƴŘ ŦŜŜŘōŀŎƪ ǇǊƻŎŜǎǎŜǎ ǘƘŀǘ ǊŜǇǊŜǎŜƴǘ ōƻǘƘ άŘƻǿƴǎǘǊŜŀƳέ ŀƴŘ 
άǳǇǎǘǊŜŀƳέ Ŧƭƻǿǎ ŀŎǊƻǎǎ ǘƘŜ ŎƻƴǘƛƴǳǳƳ ŦǊƻƳ ǊŜǎŜŀǊŎƘ ǘƻ ŘŜǾŜƭƻǇƳŜƴǘ ǘƻ ŎƻƳƳŜǊŎƛŀƭƛȊŀǘƛƻƴΦ ¢ƘŜ 
άƻǾŜǊƭŀǇ ŀƴŘ ǊŜŘǳƴŘŀƴŎȅέ ǘƘŀǘ ǊŜǎǳƭǘǎ ŦǊƻƳ ǘƘŜ ŦŜŜŘōŀŎƪ Ŧƭƻǿǎ ǇǊƻǾƛŘŜǎ ǇŜŜǊ ǊŜǾƛŜǿΣ ǾŜǊƛŦƛŎŀǘƛƻƴ ŀƴŘ 
validation all of which increase the ability for innovations to attract funds and funders. Across the four 
stages, funding sources can vary, with foundational funding coming from government agencies, 
corporate research, and angel investors. As innovation progresses, project funding sources diversify into 
venture capital, equity, corporate venture funds, and commercial debt. Each stage of the innovation 
pipeline has a set of unique challenges that must be overcome to continue to the subsequent stages of 
innovation.  

Early-stage innovation challenges include problems associated with knowledge creation, information 
sharing, lab testing, resource acquisition, team creation, and business analysis. Later stage innovation 
challenges include the potential continuation of early-stage challenges, in addition to obstacles related 
to product assemblage, as well as issues with forming a business management team, defining and 
ƳŀƛƴǘŀƛƴƛƴƎ ǘƘŜ ŦƛǊƳΩǎ ǾŀƭǳŜǎ ŀƴŘ ƭƻƎƛŎΣ ŀƴŘ ŜȄǇŀƴŘƛƴƎ ƛƴǘƻ ǘƘŜ ōǊƻŀŘŜǊ ƳŀǊƪŜǘΦ 

The range of technologies and processes that compose PCEMs currently falls primarily along stages 1 
and 2 of the innovation pipeline model. The following discussion reviews the progression of relevant 
technologies at each of these two stages, as published in case studies or reported by SMEs. 

2.1.1. CƛǊǎǘπƘŀƴŘ ŜŀǊƭȅ ǎǘŀƎŜ ŜȄǇŜǊƛŜƴŎŜ ǿƛǘƘ t/9aǎ ŦǊƻƳ {a9ǎ ŀƴŘ ŎŀǎŜ ǎǘǳŘƛŜǎ 

Most PCEM research and information available in public forums describes the early stages of the 
innovation process. We searched several relevant journals and case study repositories for published 
case studies with insights related to the fundamental components of the Branscomb and Auerswald 
model, as well as issues related to the following: 

ð The impact that firm size has on the commercialization outcomes for PCEM 

                                                           

2  Branscomb, L.M. and P.E. Auerswald. Between Invention and Innovation: An Analysis of Funding for Early-Stage Technology Development, 

2002. 
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ð The outcome of more disruptive technologies, especially those that feature multidisciplinary 
technology components 

ð The inclusion of firms that have experience improving their processes as the underlying science 
evolves 

ð Variation across firms that develop technologies with varying means of analysis 

As we anticipated, the search returned few results that met a minimum threshold of relevance, likely 
due to the emerging state of PCEMs. To supplement case study insights, we reviewed the relevant 
experience of SMEs, which yielded additional insights to help develop an initial understanding of 
development pathway experienced by some PCEM developers to date. The following discussion 
summarizes key takeaways from the review. 

Stage 1 

We identified two case studies that highlighted technologies that were in the process of basic research 
and proof of concept. One study described a PCEM that detects toxic hydrocarbons and acids in the 
environment.3 The developers followed two proof of concept validation processes to contextualize their 
findings on device efficacy. First, the team used an inter-lab validation approach to test device sensitivity 
compared against the standard bearer methodology from the National Institute for Occupational Safety 
and Health (NIOSH). Using this approach, they confirmed device sensitivity was on par with the NIOSH 
standard. Second, the team conducted field testing that demonstrated the spectrum of accurate 
detection as well as real-time detection. Benchmarking against the NIOSH standard was key to the 
ǘŜŀƳǎΩ ǊŜƭŀǘƛǾŜƭȅ ǎǿƛŦǘ ǇǊƻƻŦ ƻŦ ŎƻƴŎŜǇǘΦ  

Another study on ambient measurements of air pollution4 illustrated persistent challenges to chemical 
monitoring technology innovation. One issue identified is a lack of accessible data for calibration, 
validation, and testing, due to the expense and feasibility issues associated with generating personal 
exposure monitoring.5 Separately, the authors found a high prevalence of measurement error, 
disproportionately high for some compounds, while identifying that spatial and environmental 
considerations appear to be the main source of device measurement error. Ultimately, the authors 
determine that new methods are needed to validate the outputs from the current generation of 
detection devices. 

SMEs provided details regarding their own experience relevant to stage 1:  

ð Laboratory technology development involves user experience feedback ς While developing a 
chemical sampler for research practitioners, a team encountered a litany of technical challenges 
related to user experience. With user feedback, it became necessary to address a number of 
issues related to environmental factors such as exposure to sunlight that become salient due to 

                                                           

3  Negi, Indira, et.al., Novel monitor paradigm for real-time exposure assessment, 2011.  

4  Study used daily measurement collected by the EPA of total mass of chemical constituents, including ion chromatography for nitrate 

όbhоύΣ ǎǳƭŦŀǘŜ ό{hнҍ4), ammonium (NH+4), and sodium ion (Na+); thermal optical analysis for elemental carbon (EC) and organic carbon; 
and X-ray fluorescence for silicon (Si). 

5  Bell, Michelle, Ebisu, Keita, and Peng, Roger, Community-level spatial heterogeneity of chemical constituent levels of fine particulates and 

implications for epidemiological research, 2011. 
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mail delivery of the devices and return of samples. In another example, a development team 
found that fine tuning a sensor was expensive but manageable. The more complicated 
challenges for the developer surfaced when trying to develop data protocols that would work 
well for users and lead to quality data for analysis.  Lack of interoperability between analysis and 
data management software impeded the teaƳΩǎ ǇǊƻƎǊŜǎǎƛƻƴ ǘƻ ǾƛŀōƭŜ ǇǊƻǘƻǘȅǇŜǎΦ  

ð Manufacturing practices need to be defined and product-focused during the prototype phase. 
According to one SME, to ensure that a PCEM has the potential to scale, it is necessary to create 
a criteria checklist to help ensure that the considerations involved in developing manufacturing 
ǎǇŜŎƛŦƛŎŀǘƛƻƴ ƛƳǇǊƻǾŜ ŀƴŘ ŘƻƴΩǘ ƘƛƴŘŜǊ ǘƘŜ ǳǎŀōƛƭƛǘȅ ƻŦ ǘƘŜ ŘŜǾƛŎŜΦ ¢ƘŜ ŎǊƛǘŜǊƛŀ Ƴŀȅ ƛƴŎƭǳŘŜ 
reasonable storage and transportation requirements for end-users. 

Stage 2 

We identified two case studies that highlighted some challenges of moving an innovative technology 
into product development. In one case study, a private firm that attempted to gain regulatory approval 
in the U.S. for a device that treats emphysema had to abandon the project and sell its assets after the 
U.S. Food and Drug Administration (FDA) did not approve the device.6 This case highlighted the 
challenges associated with moving an innovative medical technology from Stage 2 into Stage 3 of the 
innovation pipeline model.  

The FDA pushed back on another firm with a warning letter, which developed an innovative technology 
related to personal genetic testing, due to uncertainty on how to regulate the new industry.7 These 
regulatory issues eventually made it difficult for the firm to attract and maintain investors. 

SMEs provided details regarding their own experience relevant to stage 2: 

ð Public funding may shift focus ς Currently, a great deal of funding that supports development of 
PCEMs flows from federal research and development funds. A limitation for technology 
developers has been a lack of alignment between the requirements of funding sources, usually 
tailored toward specific outcomes such as treating asthma or cancer, and technology gaps the 
developers want to close. Usually, some sort of workaround is needed. Once new technologies 
are validated, private funding is more likely to flow the technologies. Private funding sources 
typically expect the technology to be mature and relatively close to being market-ready. 

ð Product validation is a simultaneous up- and downstream challenge ς Organizing structures 
specific to PCEMs that could support market development, like standards and testing 
organizations, are lacking. This makes it difficult to convince funders that a product will align 
with user expectations. Looking downstream, this also poses a problem when conveying to 
potential users that results will be valid and accepted. 

                                                           

6  Denend, Lyn, et. al., Emphasys Medical: Navigating Complex Clinical and Regulatory Challenges on the Path to Market, 2010. 

7 Siegal, Robert and Rosenthal, Sara, 23andMe, 2017 
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2.2. aŜǘƘƻŘƻƭƻƎȅ 

In-depth interviews with SMEs were the main source of data for this study. They provided valuable 
insights surrounding issues that address the central questions of the study. We interviewed 20 SMEs 
between May and July 2017 (Table 2-1). These respondents represented a variety of organizations 
involved in the PCEM market chain, from academia, government, and non-profit and private sectors. 

To ensure that the interviews captured the full range of perspectives and adequately addressed all 
research objectives, we determined that the sampling frame should include input from public health 
practitioners with experience deploying PCEMs in an applied setting, as well as SMEs with broad 
experience in public health and occupational health administration. We also included SMEs with direct 
experience developing PCEM technologies and processes for using and validating device outputs. Table 
2-1 provides a breakdown of the subject composition within each group of SMEs. 

Table 2-1: Respondents by SME Group 

Public Health Technical Developers 
Total 

Respondents Public Health Users 
Public Health or 

Occupational Health Experts 
Developers Process Experts 

4 5 6 5 20 

Study SMEs were invited by email for 30-60 minute phone interviews. The interviews followed a semi-
ǎǘǊǳŎǘǳǊŜŘ ŦƻǊƳŀǘΣ ǘŀƛƭƻǊŜŘ ǘƻ ǘƘŜ {a9ǎΩ ōŀŎƪƎǊƻǳƴŘ ŀƴŘ ŜȄǇŜǊǘƛǎŜΦ8 This interview approach was 
appropriate as a means to address a wide range of research questions for which expertise across several 
distinct disciplines was necessary. 

2.3. CƛƴŘƛƴƎǎ 

¢ƘŜ ŘƛǎŎǳǎǎƛƻƴ ƛƴ ǘƘƛǎ ǎŜŎǘƛƻƴ ƘƛƎƘƭƛƎƘǘǎ ǘƘŜ Ƴŀƛƴ ŦƛƴŘƛƴƎǎ ǘƘŀǘ ŀŘŘǊŜǎǎ ǘƘŜ ǎǘǳŘȅΩǎ ǘƘǊŜŜ ƘƛƎƘ-level 
research questions. Table 2-2 provides a summary of sub-questions the team developed to explore the 
central research questions. 

Table 2-2: Research Questions and Sub Questions 

Research Questions Sub Question 

What is known about 
resolving deployment 
bottlenecks for similar 
technologies? 

What has been the role of network mobilization/engagement? 

What strategies have been used? 

Which have been most successful? 

What cost factors ς such as manufacturing, data processing, and analysis ς were 
meaningful? 

                                                           

8  Additional information about the research questions can be found in Table 2-2 and study questionnaires can be found in Appendix A. 
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Research Questions Sub Question 

What are the technology 
functionalities and use 
needs of public health 
researchers? 

²Ƙŀǘ ŀǊŜ ǇǳōƭƛŎ ƘŜŀƭǘƘ ǊŜǎŜŀǊŎƘŜǊǎΩ ǇǊƛƻǊƛǘƛŜǎ ŦƻǊ ŦǊƻƴǘ-end* functionality? 

²Ƙŀǘ ŀǊŜ ǇǳōƭƛŎ ƘŜŀƭǘƘ ǊŜǎŜŀǊŎƘŜǊǎΩ ǇǊƛƻǊƛǘƛŜǎ ŦƻǊ ōŀŎƪ-end functionality? 

How do the use needs of researchers vary? 

What is the relationship between different use needs and technical requirements of 
a specific technology? 

Do use needs correlate with other fields that, if addressed, would solve a need in the 
research field? 

What is the technical 
and market potential for 
PCEMs to meet the 
needs of chemical 
exposure research? 

What underlying technical components correspond with the spectrum of user 
needs? 

Where do potential features lie on a spectrum from most to least market ready? 

Among the user needs for which there are no market ready solutions, what type of 
R&D or innovation is needed? 

Iƻǿ ƘŀǾŜ ƛƴǾŜǎǘƻǊǎ ǊŜǎǇƻƴŘŜŘ ǘƻ ǿŜŀǊŀōƭŜ άƳƻƴƛǘƻǊŜŘ ǎŜƭŦέ ōǳǎƛƴŜǎǎ ŎƻƴŎŜǇǘǎΚ 

*  Front-end functionality refers to what PCEMs can do, or what data they can collect. Back-end functionality refers to how the PCEMs 
facilitate data management 

As context for the sections below, our SMEs informed us of the following ways a PCEM might be used. 

ð Public health researchers can use PCEMs as part of their research to assess risk factors 
associated with asthma, cancer, and other ailments. 

ð Occupational health specialists and industrial hygienists could use these devices to protect 
workers in hazardous environments. 

ð The military could use them to alert soldiers when they may be exposed to a hazardous 
environment 

ð Police and security professionals could use them to help detect explosives or narcotics at 
airports, train stations, and other public places. 

ð Space research programs and organizations such as NASA could use PCEMs as part of assessing 
risk for astronauts.  

ð Coaches and trainers could use PCEMs to improve athletic performance by minimizing exposure 
to chemicals that may inhibit performance. 

ð Like the activity trackers put on the market over the last several years, the public could use 
them to inform themselves about their exposure to potentially harmful chemicals, particulates, 
or metals. 

The remaining sections go into detail about the issues around PCEMs and their use for these different 
groups. 
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2.3.1. ²Ƙŀǘ ōŀǊǊƛŜǊǎ ŜȄƛǎǘ ǘƻ ōǊƛƴƎƛƴƎ ŀ ǘŜŎƘƴƻƭƻƎȅ ƭƛƪŜ ǿŜŀǊŀōƭŜǎ ǘƻ ǘƘŜ ƳŀǊƪŜǘ 
ŀƴŘ ǿƘŀǘ Ŏŀƴ ōŜ ŘƻƴŜ ǘƻ ŀŘŘǊŜǎǎ ǘƘƻǎŜ ōŀǊǊƛŜǊǎΚ 

Many factors shape the arc of technology development. For technologies like PCEMs, which are largely 
underwritten by public research and public-private efforts, the interplay between key network actors 
(e.g., researchers, practitioners, public and occupational health administrators, and agencies that fund 
research, development and demonstration (RD&D) is as essential to success or failure as any other 
factor. Inadequate network composition can stymie production of social, technological, and economic 
value, while well-cultivated networks can play an outsized role in accelerating development and 
improving outcomes.  

Network Signals and Structure 

The experts in our study devoted a significant amount of time to the topic of network signals and 
structure, pointing to deficiencies and opportunities. Shared efforts, especially across disciplines, benefit 
immensely from clear, shared understanding of the strengths and limitations of the current generation 
of a technology. This shared understanding has been lacking for PCEMs. 

Lƴ ǎƻƳŜ ŎŀǎŜǎΣ ƛǘ Ƙŀǎ ōŜŜƴ ŜŦŦŜŎǘƛǾŜ ǘƻ ƛƴǾƻƭǾŜ ŀ ƘŜŀǾȅǿŜƛƎƘǘ ƛǎǎǳŜ άchampionέ ς one SME mentioned 
organizations like the Kaiser Family Foundation ς to help mitigate the natural silos across the research 
and technology communities. Along the same lines, many SMEs across our study populations noted that 
lack of coordination among federal public agencies, as well as between federal and state agencies, 
impedes the development of effective networks. Experts cited several barriers that may result from this 
lack of coordination, including: 

ð Needlessly redundant efforts 

ð Competing agency goals 

ð Inconsistent priorities 

ð Higher burden around long-term funding and development strategies 

Mobilization Techniques and Elimination of Bottlenecks 

The mobilization technique most cited by the study experts was narrow, focused meetings or workshops 
with professionals with similar interests or potential use needs. These are generally led by early 
technology adopters or methodology pioneers, and tend to be small and loosely structured, or even ad 
hoc. Over time, consortia-level interaction can emerge. Currently in the PCEM space, the organizations 
and customs that facilitate these interactions largely have not formed. 

One expert described a further possible step, which has not yet occurred in the PCEM area. Public health 
agencies in Europe have organized groups to routinely connect interested parties to emerging 
technologies to communicate their potential benefits and facilitate network coordination. 

SMEs discussed several key opportunities to resolve development bottlenecks, including: 

ð Improving coordination across disciplines to develop a PCEM 
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ð Improving access to funding for research and development of PCEMs 

ð Tolerating the long timeline needed to produce PCEMs relative to other recent technologies 

ð Considering all the potential pitfalls a wearable could run into by validating the technology 
extensively 

ð Overcoming skepticism toward new instruments and methods 

ð Accessing personnel who can develop wearables 

Each of these topics is described in further detail below. 

2.3.1.1. Collaboration and coordination across disciplines interested in the development and 
use of wearables is limited. 

Existing PCEM research appears largely to be happening in academic settings, and the development of 
these devices will require academic disciplines to collaborate with groups outside of academia to 
develop devices. Users of data that could come from a PCEM, such as public health researchers and 
those responsible for occupational health in commercial and industrial settings, need to work with 
materials scientists and engineers to develop practical and useful devices. 

SMEs provided vivid examples of the efforts they make to cultivate multidisciplinary relationships, from 
attending material science conferences as the only participant from the public health field, to direct 
outreach to instrumentation experts in other departments. When asked how they kept abreast of 
developments in wearable technologies, most SMEs noted they monitored public health journals and 
the popular press, but overall had little interaction with other disciplines, such as materials science or 
engineering, that may be developing useful wearable technologies. 

Key take-away: Researchers and developers working with PCEMs make ad-hoc efforts to forge 
necessary relationships, but outcomes would improve if more formal multidisciplinary collaborations 
were facilitated. 

2.3.1.2. Funding for research and development is limited. 

Acquiring funds to support research related to developing a device that does not connect to a specific 
ƘŜŀƭǘƘ ǇǊƻōƭŜƳ ǎǳŎƘ ŀǎ ŎŀƴŎŜǊ ƻǊ ŀǎǘƘƳŀ Ŏŀƴ ōŜ ŎƘŀƭƭŜƴƎƛƴƎΦ !ŎŎƻǊŘƛƴƎ ǘƻ ƻƴŜ ǊŜǎǇƻƴŘŜƴǘΣ άbƻ ƻƴŜ 
ǿŀƴǘǎ ǘƻ Ǉŀȅ ŦƻǊ ŘŜǾŜƭƻǇƳŜƴǘ Ŏƻǎǘǎ ƻŦ ŀ ŘŜǾƛŎŜ ǘƘŀǘ ŘƻŜǎ ƴƻǘ ŀŘŘǊŜǎǎ ŀ ǎǇŜŎƛŦƛŎ ŎƻƴŎŜǊƴΦέ ! t/9a ƳƛƎƘǘ 
potentially inform what is associated with cancer, for example, but groups like the National Institutes of 
Health (NIH) want a device they are confident will provide this information. Funders resist investing in 
unproven methods, making it difficult to secure funding for PCEM development. Two respondents 
actively trying to validate PCEMs noted they use their own money or resources to validate so they can 
eventually convince funders that their wearable can be valuable to cancer, asthma, or other public 
health research.  

Key take-away: Fostering support for PCEM research and development among health-related funding 
agencies, independent of outcome-oriented funding, may help developers on a number of fronts, 
including financing to develop practical PCEMs.  
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2.3.1.3. The timeline needed to create a practical PCEM device will take longer than the 
development of other recent advancements in wearables. 

Funding for research and development of a novel, untested product can be difficult. Developing an 
entirely new product takes far longer than modifying an existing product into a wearable.  For example, 
activity monitors such as the FitBit used existing technologies like accelerometers and GPS to create a 
product. There is nothing comparable to an accelerometer or GPS in the PCEM space, and developing 
corollaries for chemical detection will take large sums of money, resources, and time.  

Key take-away: PCEMs have a longer development path because they are largely creating entirely new 
devices and methods, as opposed to devices like activity monitors, which were built largely on existing 
technologies. 

2.3.1.4. Validating data outputs to ensure confidence among users will take time, resources, 
and coordination. 

Validating PCEMs to ensure they work in a variety of settings, can be transported without eroding data, 
and compare favorably to proven methodologies will be costly and time consuming. Furthermore, it may 
require time to overcome the skepticism among a research community accustomed to traditional 
ŀƴŀƭȅǎƛǎ ƳŜǘƘƻŘǎ ŀƴŘ ƛƴǎǇƛǊŜ ŎƻƴŦƛŘŜƴŎŜ ǘƘŀǘ ŀ t/9a ƛǎ άŦƛǘ-for-ǇǳǊǇƻǎŜΦέ9  

Respondents mentioned the following study types that are being done or will need to be done to 
adequately validate PCEMs: 

ð Transportation of devices: Can a sampler be transported via mail for analysis without 
compromising data?  

ð Exposure of devices to different environments: Can a sensor or sampler be left in direct 
sunlight? Can a sensor or sampler be reliable when exposed to large temperature fluctuations? 
How does humidity affect a sensor or sampler? 

ð Replicability of sampler analysis: What is the protocol for analysis to ensure that different labs 
arrive at the same results when analyzing samplers? 

ð Comparison of data from a sensor or sampler to known analytical techniques: For example, how 
PCEMs compare to stationary air pollution monitors? 

Key take-away: Supporting research aimed at validating wearable technology is key to the adoption of 
wearables by public health researchers. 

                                                           

9 άCƛǘ ŦƻǊ ǇǳǊǇƻǎŜέ ŘŜǎŎǊƛōŜǎ ŀ ǇǊƻŘǳŎǘ ŘŜǾŜƭƻǇŜŘ ǘƻ ǎŀǘƛǎŦȅ ǎǇŜŎƛŦƛŎ ǳǎŜǎ ŦƻǊ ƛǘǎ ƛƴǘŜƴŘŜŘ ǳǎŜǊ ŀǳŘƛŜƴŎŜΦ 
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2.3.1.5. Skepticism about generating reliable data from devices inhibits development of PCEMs 
and can limit their uptake.  

According to many of our study experts, consistent data quality and demonstration of accepted results 
across the multiple disciplines likely to use device data is an observed or anticipated challenge. Even 
without observed data quality issues, the risk of inadequate quality data alone is a barrier to 
development, according to SMEs who observed blowback after new devices delivered data of low or 
inconsistent quality. 

In addition to data quality, important cost drivers included end-user acceptance and access to in-
demand labor. Educating potential adopters about the technology potential of an emerging PCEM is a 
non-obvious and acute challenge. On the one hand, the device capabilities, uses, and value-add of a 
device can be difficult to communicate, or differentiate. Presumably, this challenge makes adopter 
άŀŎǉǳƛǎƛǘƛƻƴέ ƳƻǊŜ ŜȄǇŜƴǎƛǾŜΦ {ƻƳŜ ƳƛŘŘƭŜ ƳŀǊƪŜǘ ŎƘŀƭƭŜƴƎŜǎ ŎǊƻǇ ǳǇ ŀǎ ǿŜƭƭΦ CƻǊ ƛƴǎǘŀƴŎŜΣ ŘŜǾƛŎŜ 
users or data users may not understand these new data sources or formats can limit opportunities for 
demonstration and diffusion.  

Key take-away: Work to overcome skepticism of new instruments by continuing to support efforts to 
validate instruments, widely promote how wearables are being validated in scientific literature and 
conferences, and promote the best applications (e.g. occupational health, public health) for specific 
PCEMs. 

2.3.1.6. The pool of staff or researchers qualified to develop PCEMs is very small. 

The skillset required to develop user friendly PCEMs is unique and in demand. To illustrate how in 
demand the talent pool tends to be, one subject described the ideal job candidate as a software 
engineer with expertise in either electro chemistry or molecular biology. In the RD&D space where many 
of the device development teams are working, it can be challenging to secure quality staff. 

Key take-away: The availability of essential personnel may impact the growth of PCEM developers. 

2.3.2. ²Ƙŀǘ Řƻ ǇǳōƭƛŎ ƘŜŀƭǘƘ ǊŜǎŜŀǊŎƘŜǊǎ ǿŀƴǘ ŦǊƻƳ ŀ ǿŜŀǊŀōƭŜ ŘŜǾƛŎŜΚ 

For PCEMs to be useful to public health researchers, they should meet some of the following criteria: 

ð Can accurately detect multiple chemicals, be relatively inexpensive to analyze, and be 
deployable to large populations. 

ð If the device is electronic, it must have a long battery life.  

ð The device should have the ability to provide data in a format that can be easily compared to 
existing, vetted data. 

ð Have multiple applications, including informing public health research, occupational safety, law 
enforcement, and public safety.  

The following discusses each of these needs in further detail. 
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2.3.2.1. Sensitivity to multiple chemicals must become reliable, inexpensive, and deployable to 
large populations. 

We asked the SMEs to identify technical shortcomings of the current generation of PCEMs that need to 
be addressed for the technology to improve. The technical gaps they pointed to were largely a 
consequence of developing devices as part of cause-specific funding, wherein researchers develop 
technology with funding around the edges of purpose-specific research. As a result, technologies tend to 
be tailored for specific purposes and somewhat path dependent.  

Respondents provided some insights into the characteristics of a PCEM they would like to see. 

ð Accurate multiple chemical detection ς Scalable portable chemical detection devices that 
effectively distinguish between priority compounds have not emerged. Stationary devices that 
accurately analyze samples exist, but they are too expensive for widespread deployment, while 
devices at accessible price points lack accuracy, validation, and broad-spectrum capacity.  

ð Cost of analysis ς Accurate and scalable tend to be competing technical gaps. Less accurate 
devices can produce data that is less expensive to access, while more accurate devices, 
especially samplers, have additional steps in the analysis process that add expense. Post-
collection analysis processes, such as analytical chemistry, are difficult to effectively address, 
because, unlike digital-only platforms, the cost can only be reduced but not eliminated. And, 
according to several SMEs, the cost of post-collection analysis has not been falling.  

ð Population scale PCEMs ς Deployment of population-scale data collection has lagged due to 
lack of certainty in data quality and in the reliability of devices. Multiple SMEs conveyed their 
perception that PCEMs, rightly or wrongly, are viewed not to produce sufficiently reliable data 
to justify long-term investment in population scale research. 

Key Take-away: Because PCEM funding flows largely from purpose-specific programs, technology gaps 
that impact widespread usability are persistent.  

2.3.2.2. Developing comparable data formats to existing vetted data are necessary. 

We asked SMEs about the critical device components for PCEMs to meet essential user needs. They 
identified reference materials that allow users to compare results to data previously collected by a 
validated data source, as a priority component of PCEMs.  

Key take-away: To build trust in the community of potential PCEM users, demonstrating how results 
from wearable devices compare to existing trusted sources will be necessary.  

2.3.2.3. For electronic PCEMs, the device must have specific characteristics. 

The other components that our experts tied to improved usability applied to digital platforms. A high-
quality disseminator, paired with processes to produce quantitative data, not limited to threshold levels, 
was a priority component of digital technology platforms. To be used in the public health space, device 
batteries need to be rechargeable, small, light-weight, and have a long lifespan. Battery life should aim 
for five to seven days per charge. 
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Key take-away: Electronic PCEMs must have specific characteristics, including long lasting battery life 
and ability to produce quantitative data easily. 

2.3.2.4. Different users have different threshold needs related to the accuracy of wearable 
devices.  

In general, many public health researchers were willing to sacrifice some accuracy of a wearable device 
for lower cost and the ability to disseminate devices widely. This differs from users interested in 
commercial deployment and occupational health applications, which require higher levels of accuracy.  
Twelve subjects discussed the need to provide different user audiences accuracy levels commensurate 
to their needs. For example, a less accurate, inexpensive, and easily deployable device was preferable to 
a highly accurate yet expensive and cumbersome device. One respondent from an academic 
organization provided a succinct explanation about the accuracy needs of different groups this way: 

άIn ǘƘŜ ǇǳōƭƛŎ ƘŜŀƭǘƘ ŀǊŜƴŀΧwe want to collect data on large populations. Of course, that has 
particular requirements, so we need to have something that is scalable, and we may not be 
concerned about being accurate to a certain decimal... we are more interested in getting 
samplers out and averaging the error across the populationΧ ǿe are interested in the average to 
get it right, not one sampler to get it rightΦέ 

Conversely, respondents interested in occupational health and commercial applications aimed at 
specific audiences, such as soldiers or athletes, reported a greater interest in the accuracy of a single 
device. These populations require a high level of accuracy from the wearable device because the device 
needs to alert an individual to a risk or hazard in real time. Additionally, high accuracy devices are 
required for anyone using PCEMs where data may be reported to a regulatory body such as the 
Occupational Health and Safety Administration (OSHA).   

Key take-away: Do not let imperfect device accuracy hinder development and fielding of devices. 
Populations such as academic health researchers that need devices to be inexpensive and 
distributable can tolerate slightly less accuracy than those that need devices that can alert workers or 
others about a risk. Opportunities exist to develop technology variants that accomplish both on 
parallel paths.  

2.3.3. ²Ƙŀǘ ƛǎ ǘƘŜ ƳŀǊƪŜǘ ǇƻǘŜƴǘƛŀƭ ŦƻǊ ǿŜŀǊŀōƭŜǎΣ ŀƴŘ ǿƘŀǘ ǘŜŎƘƴƛŎŀƭ ŀƴŘ Ŏƻǎǘ 
ōŀǊǊƛŜǊǎ ƴŜŜŘ ǘƻ ōŜ ŀŘŘǊŜǎǎŜŘ ōŜŦƻǊŜ ōŜƛƴƎ ƳŀǊƪŜǘ ǊŜŀŘȅΚ 

Experts identified many potential uses for PCEMs from the very specific, occupational health and safety 
applications, to general consumer use similar to activity trackers. Regardless of the application, there 
are considerable technical barriers to overcome, including developing low-cost analytical techniques and 
putting detected data in context with other data, such as location and time exposure to turn the data 
into useful information. Furthermore, regardless of the market application, PCEMs and the information 
they provide must be in the low hundreds of dollars range per unit to be useful for public health 
researchers. Each of these topics is further described below. 
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2.3.3.1. There are several technical issues with a wearable that need resolution before they 
can be market ready. 

There are several technical barriers that must be overcome before a market for PCEMs is realistic. We 
heard from experts about the following technical issues. 

ð Developing a low-cost process using existing analytical methods to lower the analysis costs. 
The analysis necessary to detect a broad array of chemicals cannot likely be done with one 
process, machine or device. For example, analyzing sampler data requires an expensive and 
time-consuming laboratory environment for analysis. To overcome this problem, one 
ǊŜǎǇƻƴŘŜƴǘ ƴƻǘŜŘ ǘƘŀǘ ŘŜǾŜƭƻǇƛƴƎ ŀ άŎǊƻǿŘǎƻǳǊŎŜŘέ ŀƴŘ ƻǇŜƴ ǎƻǳǊŎŜ ŀǇǇǊƻŀŎƘ ǘƻ ŀƴŀƭȅǎƛǎΣ 
where multiple labs analyze results from a single device and look for specific compounds, may 
offer a way to lower the analytical costs. Another respondent suggested a more traditional 
approach to lowering analytical costs: Negotiating bulk discounts with labs by guaranteeing the 
labs a certain number of items to analyze. 

ð Overcoming the size of instrumentation to make PCEMs useful.  Equipment size is often 
associated with the accuracy and precision of equipment. The larger the equipment, the more 
precise and accurate; the smaller it is, the less precise and accurate. Current PCEMs often have 
limited applications because they identify a limited set of chemicals, and they only provide users 
an indication they may be exposed to something. These PCEMs can alert users that additional, 
more expensive analysis, using larger instruments and specifically trained staff to interpret, may 
be warranted. However, these PCEMs are not useful beyond this rudimentary level and it will be 
a large technical hurdle to develop a small, yet useful instrument. 

ð Linking ancillary data such as exposure time and location to detected chemical data is crucial 
for PCEMs to be useful in public health. Analysis of data from a PCEM includes detection of 
chemicals and the length of time exposed and location of exposure. Understanding what 
detection of a chemical means as it relates to location and duration of exposure is critical.  

ð Devices must be rugged. To be useful, PCEMs must work in a variety of environments, and 
survive activities like being dropped to a hard surface and exposure to direct sunlight for 
prolonged periods of time. While this is a technical hurdle, there is precedent to making rugged 
devices. 

Key take-away: The number and complexity of technical challenges to developing PCEMs is extensive. 
Supporting research aimed at overcoming these barriers, especially development of open-source and 
crowd-sourced approaches to analysis, could accelerate development of PCEMs.  

2.3.3.2. To be widely employed, PCEMs must cost in the low hundreds of dollars, particularly if 
they are to be used in public health research. 

Before devices can be widely employed in public health research, the per-unit cost of PCEMs and 
analysis must be in the low hundreds of dollars. Public health researchers need a device they can 
provide to large populations and easily replace if lost, damaged, or stolen, without dramatically affecting 
project budgets. As alluded to above (section 2.3.2.4), one way to reduce costs for public health 
researchers is by sacrificing some device accuracy for a less expensive readily deployable device. 
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Those designing devices for specific populations, such as employees of a specific kind of manufacturing 
facility or soldiers potentially exposed to hazardous materials, however, might be able to spend more 
ǇŜǊ ǳƴƛǘ ǘƘŀƴ ǇǳōƭƛŎ ƘŜŀƭǘƘ ǊŜǎŜŀǊŎƘŜǊǎ ōŜŎŀǳǎŜ ǘƘŜȅ ŘƻƴΩǘ ƴŜŜŘ ǘƻ ŘŜǇƭƻȅ ǘƘŜ ŘŜǾƛŎŜǎ ǘƻ ƭŀǊƎŜ 
populations. However, SMEs still noted that there is a preference for devices to cost hundreds of dollars 
per unit ς not thousands.  

Key take-away: The cost per unit of a wearable can differ based on the application but the cost has to 
be in the low hundreds of dollars range (or less) to be used by public health researchers. 

2.4. /ƻƴŎƭǳǎƛƻƴǎ ŀƴŘ ¢ŀƪŜŀǿŀȅǎ 

Our interviews with SMEs operating at the cutting edge of wearable monitoring chemical detection 
research and development makes clear a few overall takeaways:  

ð To date, little experience exists commercializing PCEMs. 

ð Most development funding flow from public agencies, and includes purpose-oriented 
restrictions. 

ð The connective fibers that produce enabling environments for innovation and diffusion of 
emerging technologies, such as consortia, trade associations, and standards and testing 
organization, have yet to form and take root for PCEMs. 

ð Validation of the veracity of data outputs, and perceptions of data quality overall, are significant 
barriers to broader uptake of PCEMs, and therefore the current market potential. 

Across the three central research questions that this study posed, a cross-cutting finding is that greater 
clarity is needed around how PCEMs will be used by practitioners across various and unrelated 
disciplines. To clearly align the priorities of technology development and demonstration, the diverse 
spectrum of use needs must be categorized, prioritized, and RD&D focus harmonized accordingly. A 
second cross-cutting finding, which was echoed across all four SME groups, was the extent to which 
purpose-specific funding negatively impacts the development of broadly applicable PCEMs.  

These takeaways and findings are consistent with systemic barriers that are common for emerging 
technology systems. There are, however, favorable conditions that set the stage for addressing these 
barriers. The community of PCEM users and developers have established informal networks of working 
relationships and collaborations. Additionally, SMEs expressed awareness of ancillary applications for 
PCEMs for in fields such as defense, personal health, and sports that could help to broaden the sources 
of funding for technology development. 
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3. ²ƻǊƪǎƘƻǇ {ǳƳƳŀǊȅ 

Chemicals are used to make 96% of products in the United States, from couches and carpets to the 
clothes we wear. While chemicals are a critical part of our economy, they are also released into our 
environmentτand end up in our food, water and airτwhich can result in harmful exposures. Although 
some promising tools exisǘ ǘƻ ƳŜŀǎǳǊŜ ƛƴŘƛǾƛŘǳŀƭǎΩ ŎƘŜƳƛŎŀƭ ŜȄǇƻǎǳǊŜǎΣ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ƭƛƳƛǘŀǘƛƻƴǎ ŀƴŘ 
expense have limited widespread adoption.  

On October 26th and 27th, Environmental Defense Fund (EDF) convened a workshop of public health, 
engineering, entrepreneur, and policy experts (see Appendix F for a list of participants and 
organizations) to explore opportunities to enable the development and use of lower-cost, portable or 
wearable personal chemical exposure monitors (PCEMs). The motivation behind this workshop was to 
accelerate the development of technologies that can ultimately generate increasing amounts of 
individual exposure information across large segments of the population over time. This data can 
subsequently inform scientists, occupational health professionals, and the public about chemical 
exposure and, if needed, help people take corrective actions. 

The objectives of this workshop were as follows.  

1. Identify key challenges and opportunities in developing and scaling (PCEMs);  

2. Identify lessons that can be applied from VOC monitors to the broader PCEM market;  

3. Develop a shared understanding of strategies to drive development and adoption of PCEM 
technologies; and  

4. Activate a diverse network of players to jointly identify priority areas for action.  

The topical scope of the workshop emerged largely out of insights from the research reported in the 
PCEM analysis brief. The workshops covered seven key topics: 

1. Assessing what users want from new technologies 

2. Current and upcoming technologies 

3. Recent developments and opportunities for improving VOC monitoring devices 

4. Lessons from different fields that can be applied to PCEM development 

5. Acquiring funding for PCEMs 

6. Validating and ensuring quality of devices 

7. Ideas for short, medium, and long-term strategies to drive PCEM development 
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Across all topic areas, the workshop led to two key overarching considerations regarding the 
development of PCEMs.  

1. The development of a PCEM that is inexpensive, wearable, applicable to many user-types, and 
provides actionable data is likely many years away. However, there are incremental steps that 
can be taken in the near-term that can serve some specific audiences that will in-turn help to 
accelerate the development of these devices.  

2. Identifying some key audiences and supporting the development of devices serving those key 
groups will likely lead to improvements in instrumentation and data analysis. Establishing 
consortia of stakeholders to develop instrument validation, share ideas across the PCEM space, 
and identify potential user groups of PCEMs are one key way to accelerate the development of 
PCEMs.  

A review of the results of this workshop and the PCEM analysis brief prepared in the summer of 2017 
will contribute to a program design memo in December 2017 providing direction to EDF with a few key 
ways they can facilitate PCEM development. 

3.1. /Ǌƻǎǎπ/ǳǘǘƛƴƎ ¢ƘŜƳŜǎ 

Across all parts of the workshop, there were certain topics and themes that appeared particularly 
relevant to participants. The research brief covered some of these topics and themes and some topics 
and themes emerged or were further emphasized during the workshop discussions. The list below 
covers the themes and topics that appeared particularly salient to participants.  

ð Participant Interests: ²ƻǊƪǎƘƻǇ ǇŀǊǘƛŎƛǇŀƴǘǎΩ interest in PCEMs could be categorized into four 
areas, acknowledging that participants can be interested in one or more of these areas. 
Specifically, there was interest in 1) Technical RD&D advancements, 2) Identifying funding 
strategies to drive PCEM development, 3) Identifying and initiating health research in the near 
term using PCEMs, and 4) Developing community collaboration and engagement strategies to 
share PCEM developments. 

ð Sources of Demand: There was extensive discussion about who are potential sources of demand 
for PCEMs. For example, occupational health experts are interested in PCEMs for monitoring the 
health of workers in environments including offices, industrial clean rooms, warehouses, and 
other commercial facilities. Safety and security experts are interested in PCEMs for immediate 
dangers like detecting explosives and providing firefighters with information about exposure 
when fighting fires. Public health researchers are interested in a variety of exposure questions ς 
ŦǊƻƳ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ŎƘƛƭŘǊŜƴΩǎ ŜȄǇƻǎǳǊŜ ǘƻ ŦƭŀƳŜ ǊŜǘŀǊŘŀƴǘǎ ǘƻ ǇŜŘŜǎǘǊƛŀƴ ŀƴŘ ōƛŎȅŎƭƛǎǘ ŜȄǇƻǎǳǊŜ 
to diesel particulates. Citizen scientists and the public may be interested to know about their 
exposures to specific hazards, for example, particulate matter in the air due to wildfires. 

ð Funding and Development Pathways: There is an unresolved tension between whether 
chemical monitoring is an environmental technology appropriate for cleantech or energy 
commercialization pathways, which usually require a 6-24 month payback, or a health/medical 
device technology, which typically involves a longer time-period for product development, with 
valuation at exit that assumes market advantages conferred by FDA approval. 
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ð User Needs: Different users will have different needs and different standards for PCEMs based 
on their intended application. Therefore, a universal standard for PCEMs is unrealistic and 
unnecessary. However, PCEM specifications need to be made available so users can judge for 
themselves the appropriate use of the device and be able to compare device results with other 
technologies.  

ð Funding Opportunities: Participants generated a list of many different funding sources. These 
included crowd-funding, pre-buying agreements, lending libraries, challenge programs, prizes, 
traditional grant awards from government, and venture capital. Furthermore, participants spoke 
about the need to leverage funding methods into additional funds. For example, crowdfunding 
can demonstrate interest in demand for a product which in turn can be used to access funds 
from a venture capital firm. 

ð Risk Communication: Communicating the results of PCEMS and the risks associated with 
exposure to detected chemicals will require careful attention by those developing PCEMs and 
those first groups of users.  This is particularly important when there is no existing evidence-
based recommendation to reduce personal exposure to the identified chemical(s).  

ð Near Term Goals: Incremental and evolutionary development of PCEMs can and should happen 
before the development of a single device that satisfies multiple stakeholders. It will be 
ƛƳǇƻǊǘŀƴǘ ǘƻ ƘŀǾŜ άearly winsέ ǿƘŜǊŜΣ ŦƻǊ ŜȄŀƳǇƭŜΣ ŀ ŘŜǾƛŎŜ ƛǎ ǳǎŜŘ ǘƻ ƳŜŜǘ ŀƴ ƛƳƳŜŘƛŀǘŜ ƴŜŜŘ 
and to drive interest in further development.  The group emphasized the need to not let the 
perfect be the enemy of the good.  

3.2. aŜŜǘƛƴƎ {ǳƳƳŀǊȅ ōȅ {Ŝǎǎƛƻƴ ¢ƻǇƛŎ 

{мΦ ²Ƙŀǘ Řƻ ǳǎŜǊǎ ǿŀƴǘ ŦǊƻƳ ƴŜǿ ǘŜŎƘƴƻƭƻƎƛŜǎΚ 

Different users may require different functionality from personal chemical exposure monitors (PCEM). 
This session addressed two questions: What key functions do users need? Where is there broad overlap 
between functions needed by various users? A summary of responses to these questions are provided 
here. 

What key functions do users need? 

Users noted several functions they will need from PCEMs, including the ability to collect data about 
ƛƴŘƛǾƛŘǳŀƭǎΩ ŜȄǇƻǎǳǊŜ ŀƴŘ ǘƘŜ ŀōƛƭƛǘȅ ǘƻ ŀƎƎǊŜƎŀǘŜ Řŀǘŀ to the population.  A key function of PCEMs 
noted by multiple participants will be ensuring that the context in which a PCEM is being used is 
attached to the chemical sensing capabilities of the device. Logging characteristics like temperature and 
humidity will be critical to validation of the device and location will be critical to understanding possible 
sources of exposure. 

One strategy for understanding the context in which PCEMs are used would be to integrate the devices 
into other products. For example, a sensor in a grocery cart could measure exposure to specific 
chemicals for employees and customers. In this case, the location would be understood by the 
application of the sensor, a grocery store. Similarly, a sensor in a car seat may help parents understand 
ǘƘŜƛǊ ŎƘƛƭŘΩǎ ŜȄǇƻǎǳǊŜ ŀƴŘ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ ǘƘŜ ŘŜǾƛŎŜ ǳǎŜ ƛǎ ƛƳƳŜŘƛŀǘŜƭȅ ǳƴŘŜǊǎǘƻƻŘΦ 
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Where is there broad overlap between functions needed by various users? 

Understanding the context in which a device is used applies to all potential users of a PCEMs. Public 
health researchers, occupational safety professionals, and consumers will all need to know the context 
in which a device is used in order to accurately analyze the data and take action based on the results.  

{нΦ 9ȄǇƭƻǊƛƴƎ ǘƘŜ ƘƻǊƛȊƻƴΥ /ǳǊǊŜƴǘ ŀƴŘ ǳǇŎƻƳƛƴƎ ǘŜŎƘƴƻƭƻƎƛŜǎΦ 

This exercise was designed to address the following questions: What specific new devices are on the 
horizon?  What are their cost drivers? As noted in Appendix E, this session did not directly address the 
cost drivers question but did result in three examples of devices that could be developed in the relatively 
near term.  

The session moderator divided the participants into three groups and asked each group to develop a 
pitch to a venture capital group promoting a PCEM approach. Each group had to identify a specific 
problem a PCEM could address in the near term and demonstrate how their device could address the 
problem.   

What specific new devices are on the horizon?   

The three groups of participants each identified one product that appeared to be developable in the 
near term. The items were: a formaldehyde sensor for indoor use, a filter and sensor system to detect 
lead in drinking water, and a particulate matter (PM2.5) sensor for outdoor use.  A brief description of 
each device and possible uses is described in the named sections below. 

This exercise ultimately led to a discussion about the importance of identifying a specific market for a 
device. Each participant group chose to develop a device that measured things people are largely 
already aware of as harmful. Detecting particulate matter from wildfires, formaldehyde in consumer 
products, and lead in water are all topics covered widely in the popular media. Each group appeared to 
use that general knowledge of harm to generate interest in a device.  

Additionally, there were specific groups within the public that may have interest in the devices 
discussed. Recreational runners and athletes may have a specific interest in particulate matter in the air, 
pregnant mothers may be particularly concerned about their exposure to formaldehyde, and private 
well owners may have an interest to know if there is lead in their water. 

Formaldehyde sensor 

This group presented the need to develop a sensor to monitor exposure to formaldehyde in consumer 
goods such as furniture and carpeting. Formaldehyde is a major issue and it is something many people 
have heard of is a problem. For example, the trailers used to house people after Hurricane Katrina had 
high levels of formaldehyde which resulted in health consequences for those people.10 These sensors 
could be placed in offices, homes, and other occupied spaces to detect formaldehyde over time and 

                                                           

10  Katrina, Rita Victims get $42.6M in toxic FEMA Trailer Suit. https://www.cbsnews.com/news/katrina-rita-victims-get-426m-in-toxic-fema-

trailer-suit/ , September 28, 2012 (Accessed on 11/28/17). 
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help people limit their exposure to this carcinogen. Property managers and households with concerns 
about exposure (e.g. ς pregnant mothers, people with other health conditions) may have interest in 
such a sensor.  

Water filter and sensor 

This group suggested partnering with a filter manufacturer such as Brita to offer a service where people 
could have their water tested by sending filters to a lab for analysis. The market for this would be 
households using wells, where drinking water regulations do not apply like they do for public water 
systems, and people concerned about their water quality. 

Particulate Matter (PM2.5) sensor 

The group presented the need for a device that will inform the public, specifically runners, walkers, and 
those that spend time outside, about localized air quality information. This device would attach to a 
smartphone and detect harmful levels of PM2.5 and communicate that to the user through an app. This 
data would be aggregated with those of other users and displayed on a website to show PM2.5 levels 
across a region. Public health professionals could use this data to inform the broader public about air 
quality concerns across a region.  

[ǳƴŎƘ 5ƛǎŎǳǎǎƛƻƴ ƻƴ aŀǊƪŜǘ 5ŜƳŀƴŘ 

This session brought together panelists with experience either in developing or in utilizing emerging 
technologies in personal chemical exposure monitoring and the broader monitored-self space for a 
discussion about catalyzing a new market. 

Participants mentioned many possible customers and users of PCEMs based on their experiences as 
researchers, occupational health advocates, and developers. The list of users included the following and 
are in no particular order:  

ð tǊƻǇŜǊǘȅ ƳŀƴŀƎŜǊǎΣ ƘƻǳǎƛƴƎ ŀǳǘƘƻǊƛǘƛŜǎΣ ŀƴŘ ŀƛŘ ŀƎŜƴŎƛŜǎ ƛƴǘŜǊŜǎǘŜŘ ƛƴ ƪƴƻǿƛƴƎ ǘƘŜƛǊ ǘŜƴŀƴǘΩǎ 
exposure. 

ð Military personnel interested in keeping soldiers away from acute dangers like explosives. 

ð Security personnel interested in finding ingredients used to make explosives. 

ð Industrial hygienists interested in protecting products from exposure. 

ð Consumers interested in knowing their exposure to chemicals in their homes. 

ð Companies interested in understanding their supply chain or monetizing the data that can be 
gleaned from broad PCEM use. 

ð Patients interested in understanding if their diseases resulted from exposures. 

ð Vulnerable populations that may have particular risks associated with exposures (e.g. pregnant 
women) 
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Ideally, a device or devices would serve all these users, because, as one participant noted, the goal is not 
to create a device for one company that can afford it, but to create a broad market for devices. To 
achieve that end, incremental advancements will be necessary. 

{оΦ ±h/ aƻƴƛǘƻǊǎΥ wŜŎŜƴǘ ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ŦƻǊ ƛƳǇǊƻǾŜƳŜƴǘǎ 

There are several distinct categories of VOC monitors, broadly including samplers and sensors. This 
session discussed the existing value chain for VOC monitors and discussed ways of communicating the 
value of devices. ¢ƘŜ ǉǳŜǎǘƛƻƴ ά!ǊŜ ǘƘŜǊŜ ƪŜȅ ΨǾŀƭǳŜ-ŎƘŀƛƴΩ ƭŜǎǎƻƴǎ ƭŜŀǊƴŜŘ ǘƘŀǘ ŎƻǳƭŘ ōŜ ŀǇǇƭƛŜŘ ǘƻ 
ŀŘǾŀƴŎŜ ƻǘƘŜǊ ǇŜǊǎƻƴŀƭ ŎƘŜƳƛŎŀƭ ŜȄǇƻǎǳǊŜ ƳƻƴƛǘƻǊǎΚέ ǿŀǎ ƴƻǘ ŘƛǊŜŎǘƭȅ ŀŘŘǊŜǎǎŜŘ ŀƴŘ ǘƘƛǎ ǳƴŀƴǎǿŜǊŜŘ 
question is listed in Appendix E. 

What specific aspects of the value chain present the lowest hanging opportunities for VOC 
monitors? 

There are opportunities and interest in using lower cost and less accurate VOC monitors as a first step in 
understanding exposure. This interest is particularly prevalent among public health researchers and 
occupational health professionals. Lower cost and less accurate monitors could be deployed, and 
thresholds developed to trigger more detailed, sophisticated, and costly VOC monitor deployment to 
investigate specific areas.  Taking this approach could lead to new uses of VOC monitors which in turn 
could lead to new markets. 

The workshop also discussed describing the value of more sophisticated monitors in new ways that 
motivate interest and action. For example, rather than emphasizing the purchase price, a proponent of 
VOC monitoring at a school could describe the value as protecting the health of the students for under 
$5 a year. 

{пΦ t/9a{Υ [Ŝǎǎƻƴǎ ŦǊƻƳ ŘƛŦŦŜǊŜƴǘ ŦƛŜƭŘǎ 

Within research disciplines but outside of the public health system, essential know-how and resources for 
developing PCEMs exist. This session explored ways in which technological and process innovations 
within other disciplines can support PCEM development. Participants addressed the following questions: 
What were the successes and challenges from the advent of other monitored-self technologies? What 
key lessons learn can be applied to the PCEM space? 

This session focused on how the intelligence community, specifically IARPA (the Intelligence Advanced 
Research Projects Activity) worked to develop PCEMs and related technologies and what lessons can be 
learned from their experience developing complex instrumentation. As a result of the discussion, 
participants shared their knowledge of developing instrumentation and methods from other fields.  

What were the successes and challenges from the advent of the environmental monitoring and 
monitored-self technologies? 

Intelligence agencies have traditionally been interested in developing devices with specific end-uses in 
mind. These successes can sometimes lead to an expansion of end uses. For example, the development 
of facial recognition software, which was developed for the intelligence community, now resides in the 
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latest generation of consumer electronics. Similarly, the 23andMe products started as a tool for 
researchers that emerged into a consumer-based product that now feeds back to researchers in the 
form of a massive dataset about the human genome. Broader interests in PCEMs may evolve from more 
narrow and specific applications.  

One challenge faced in developing new devices is getting the intended audience to use the device 
because of practical considerations. For ŜȄŀƳǇƭŜΣ ŀŘŘƛƴƎ ǘǿƻ ǇƻǳƴŘǎ ǘƻ ŀ ǎƻƭŘƛŜǊΩǎ ƘŜŀǾȅ ōŀŎƪǇŀŎƪ Ƴŀȅ 
be met with resistance by those soldiers, particularly if the device is ancillary to their core mission and 
the device is unproven in the field.   

What key lessons learned can be applied to PCEM space? 

Taking risk in developing technologies is a key to success. IARPA exists to take risks and develop 
ǘŜŎƘƴƻƭƻƎƛŜǎ ƻǘƘŜǊ ƛƴǘŜƭƭƛƎŜƴŎŜ ŀƎŜƴŎƛŜǎ ŦŀƛƭŜŘ ǘƻ ŎǊŜŀǘŜΦ L!tw! ƛǎ άƎǊŀŘŜŘέ ƴƻǘ ƻƴ Ƙƻǿ ƻŦǘŜƴ ǘƘŜȅ 
succeed, but on how often they fail. If more than 20% of ideas that come to IARPA result in successful 
projects, they are not taking enough risk to fulfill their mission. While the intelligence community has 
significant budgets to develop tools ς something that public health and environmental researchers often 
do not have ςthe key lesson to take from IARPA is the importance of taking risks in technology 
development. It is those risks and trying multiple ways to achieve a goal that eventually lead to 
successful technologies. Developing a civilian version of the IARPA effort, something akin the ARPA-E 
efforts, could be the foundation of an effort to enhance the capability of those in this space to take risks. 

One way to diffuse the risk away from any one organization, a problem IARPA does not have, is to issue 
challenges to labs, universities, and others asking for their ideas about how to develop devices. With a 
challenge, you may unearth new ideas or creative methods to solve a problem and an organization can 
do this with limited risk to their budgets or reputation. 

{рΦ CǳƴŘƛƴƎΥ ¢ƘƛƴƪƛƴƎ ŎǊŜŀǘƛǾŜƭȅ ŀōƻǳǘ ŦǳƴŘƛƴƎ ǎǘǊŀǘŜƎƛŜǎ 

The funding to develop PCEMs is often part of larger, purpose-specific funding. This can lead to 
inadequate funding for development, testing, and validation. This session addressed two questions: 
Which aspects of the PCEM critical technology path are most likely to need funding support outside the 
current system? What opportunities exist to make underfunded development activities more appealing 
to the PCEM funders? A summary of responses to these questions are provided here. 

Which aspects of the PCEM critical technology path are most likely to need funding support 
outside the current system? 

Workshop participants noted several aspects of developing PCEMs that will require specific support 
from those trying to accelerate the development of these devices. They are as follows. 

ð Organize demand side of PCEMs by assisting developers of specific chemical sensors, not just 
those developing multi-chemical-sensitive devices. The development of multi-chemical-sensitive 
PCEMs will likely be evolutionary starting with a few key chemicals and grow from there. Assist 
those developing specific chemical sensors identify end-user markets. For example, parents 
undergoing in-vitro fertilization (IVF) treatments may want to take every precaution possible to 
ensure a successful pregnancy and would be willing to pay for monitoring devices.  
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ð Develop consortiums of those interested in developing PCEMs to share technological ideas and 
paths to market devices. Create infrastructure and networks among developers, researchers, 
and technicians interested in developing devices by doing things like sponsoring conferences 
and workshops that bring together various stakeholders. 

ð Help researchers and developers understand solicitations for large federal grants that could 
fund PCEM development activities and improve chances of being funded. Some federal 
solicitations require skilled and experienced grant writers who are knowledgeable about 
proposal strategies, approaches, and language to be successful in obtaining funds. 

ð Pitch any federal grants for PCEM development as a tool for monitoring health or improving the 
safety of people like first responders. Devices used for environmental science applications are 
less likely to be funded in the current political and social environment.  

What opportunities exist to make underfunded development activities more appealing to the 
PCEM funders? 

Participants identified several opportunities to make PCEM development attractive to funders and 
investors.  These ideas coalesced around defining a market for devices and limiting their risk. 

ð Define key markets in the near term. 

¶ Two groups identified as possible markets were firefighters and pregnant women. 
Firefighters may be interested in their exposure to specific chemicals at different stages of 
fighting a fire, which could inform what protective equipment to wear and when they 
should wear it. Pregnant women may be particularly concerned about their exposure to 
specific known chemicals that could affect the development of their child. 

¶ To overcome the high cost of PCEM devices which could limit the market size for a device, 
consider developing device sharing platforms. For example, researchers could borrow 
expensive devices instead of purchasing the device. Sharing the device results in a lower 
cost per transaction making the device more affordable for the user but still supporting the 
high cost of the device. 

¶ Targeting specific chemical sensor development in the near term could lead to the 
development of broader chemical sensor technologies that would appeal to a wider 
audience.   

ð Limit the risk associated with funding PCEMs sensors. 

¶ Diffuse risk of supporting PCEM development by using multiple funders so that one funder is 
not disproportionally risking their investment. Strategies to do this include using a sponsor 
such as EDF to support crowdfunding, which in turn can demonstrate broad interest in 
device development to additional funders. 

¶ Make the intellectual property rights clear to investors and provide investors some stake in 
the intellectual property rights to generate interest. Some universities require they keep all 
intellectual property while others share intellectual property. Investors will likely want a 
stake in the intellectual property of the device. 
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{сΦ ±ŀƭƛŘŀǘƛƻƴΥ 9ƴǎǳǊƛƴƎ ǉǳŀƭƛǘȅ ƛƴ ǘƘŜ ǇǊƻƳƛǎŜ ƻŦ ƴŜǿ ǘŜŎƘƴƻƭƻƎƛŜǎ  

The pace of studies to validate PCEM integrity, processes, and data is very slow, due to lack of funding, 
and impedes development and updates of promising new technologies. This session explored the 
opportunity to programmatically call for and fund validation studies in coordination with researchers and 
key organizations in the PCEM ecosystem. 

What approaches to validation are most convincing?  

Validation requires multiple studies, and ideally involves stakeholders in the validation study design. It is 
important that stakeholders such as public researchers understand the strengths and weaknesses of the 
device and understand how the device was validated. This can help inform users about the appropriate 
applications of the device. 

To adequately test and ensure effectiveness, validation must include a series of studies testing a device 
for different thresholds. Devices will have different applications and different applications will have 
different tolerances for error and accuracy. Therefore, there was not support for a universal standard, 
but rather emphasis on the importance of developing specifications for the different applications and 
understanding the performance characteristics. Validation should start with lab testing, but also include 
field tests, keeping the various stakeholders abreast of the results of the validation efforts throughout 
the process. 

What opportunities exist to systematically call for and fund validation studies in coordination 
with researchers and key organizations in the PCEM ecosystem? What is the role of standards 
here? 

EDF or other organizations could issue challenges to researchers in academia and industry to develop 
validation studies for PCEM devices. An organization such as NIST could assist with reviewing the 
validation systems and help develop a standard that all instruments must meet. Developing a common 
language for sensors to share data across platforms could be one best practice to employ. One recent 
ŜȄŀƳǇƭŜ ƻŦ Ƙƻǿ ǘƘƛǎ ǿŀǎ ŘƻƴŜ ǿŀǎ ǘƘŜ bC[ ŀƴŘ ¦ƴŘŜǊ !ǊƳƻǳǊΩǎ ǿƻǊƪ ǿƛǘƘ bL{¢ ƻƴ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ 
a new football helmet designed to limit concussions. NIST created a test bed for the NFL and Under 
!ǊƳƻǳǊΩǎ ŎƘŀƭƭŜƴƎŜ ǘƻ ŘŜǾŜƭƻǇŜǊǎ ǘƻ ŎǊŜŀǘŜ ŀ ƘŜƭƳŜǘ ǘƘat could mitigate concussions. NIST became the 
independent third party that tested the products and prepared the standardized result. 

{тΦ {ƘƻǊǘΣ ƳŜŘƛǳƳΣ ŀƴŘ ƭƻƴƎπǘŜǊƳ ǎǘǊŀǘŜƎƛŜǎ ŀƴŘ ǇǊƻƎǊŀƳƳŀǘƛŎ ƛŘŜŀǎΥ hǾŜǊǾƛŜǿΣ 
ŘƛǎŎǳǎǎƛƻƴΣ ŀƴŘ ǇǊƛƻǊƛǘƛȊŀǘƛƻƴ 

This session sought to explore strategies and programmatic ideas where EDF and other stakeholders 
could make a contribution to the advancement of PCEMs  

Workshop participants identified eleven strategies throughout the workshop and in this session 
narrowed the list of strategies down to two key strategies EDF could pursue. They are: 

1. Organize demand for PCEMs. Target possible user groups for devices to show how these 
devices can serve their interests. Two examples of end-users noted by participants were 
pregnant mothers and first responders.  
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2. Establish test methods that will serve the demand being targeted. Work with researchers, end-
users, and agencies to develop methods to validate devices for the specific group being 
targeted. This could include bringing together stakeholders, both researchers and technicians, at 
conferences to determine the appropriate test methods. 

/ƻƴŎƭǳǎƛƻƴ 

As noted in the beginning of this memo, prior to the workshop, the EDF and Research Into Action teams 
identified eight key questions they wanted answered by the workshop. Table 3-1 provides a brief 
summary of how each of those questions were addressed by workshop attendees. 

Table 3-1: Eight Key Questions and How Workshop Addressed Summary 

Eight Key Questions Summary of How They were Addressed 

1. What is the existing landscape/ are most 
promising technologies? 

¶ Develop sensors that detect limited number of 
chemicals and expand from the development of 
those devices into multi-chemical-sensitive devices 

2. What are the technical capabilities and 
constraints of tools, inclusive of both the 
wearable monitors as well as analytical 
instruments, for non-targeted analysis of 
individual chemical exposures? What are near 
term opportunities for improvement? 

¶ Tools exist to detect small numbers of chemicals. 
Developing methods to make these devices 
wearable, capture measurement context, and 
integrate with other functions (e.g. phone GPS) to 
provide insights into exposure. 

3. What are the current, most pressing barriers and 
challenges to achieving the vision? How can they 
be overcome? 

¶ Acquiring funds is a key and persistent barrier. 
Creatively supporting funding efforts through 
efforts like crowdfunding and building credibility 
around research through sponsorship of promising 
technologies are two ways to achieve the vision. 
Validating technologies, demonstrating the value, 
ŀƴŘ ǇǊƻǾƛŘƛƴƎ άŜŀǊƭȅ ǿƛƴǎέ ǘƻ ŦƛǊǎǘ ŎǳǎǘƻƳŜǊǎ ŀǊŜ 
also essential.  

4. What would it take for researchers to utilize a 
given chemical exposure monitoring tool in their 
research? (e.g., cost considerations, functionality) 

¶ Ability to compare results to existing already 
proven technologies. 

¶ Low cost per unit of measurement.  

¶ A device that includes the context in which it is 
operating so characteristics like location, 
temperature, and humidity are understood in 
addition to exposure to chemicals. 

5. For any chemical monitoring technology, what are 
the major cost drivers at each step along the 
supply chain (e.g., manufacture, analysis, 
distribution), and how might EDF engage to 
reduce costs? 

¶ This question was not addressed. 
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Eight Key Questions Summary of How They were Addressed 

6. What are promising opportunities for 
technological innovation and/or process 
improvement that would 1) improve the 
quality/capability of chemical exposure monitors, 
and/or 2) increase uptake and commercial 
distribution of technologies? 

¶ Continuing to bring stakeholders from various 
disciplines together to share ideas and innovations 
will be critical. 

¶ Supporting the validation of instrumentation will 
be critical to getting a broad spectrum of users to 
value and use devices. 

7. What is the role of an organization like EDF in this 
space? 

¶ Facilitate the development of consortiums of 
technical and financial stakeholders in the PCEM 
space.  

¶ Issue challenges to improve instrumentation and 
methods. 

¶ Define the demand and draw attention to the 
opportunities for innovation. 

8. What is the role of workshop participants ς from 
public health researchers to technology 
innovators ς to advancing the field of wearable 
chemical exposure monitors? 

¶ Continue to participate in efforts to push for 
development, validation, and funding. 

¶ Continue to share expertise in the development of 
these devices with their colleagues and look for 
ways to use devices in existing research. 

Distilling these eight questions into information that EDF can act upon leads us to the following 
understanding of where EDF is in terms of supporting PCEM development.  

How close is EDF to our vision? 

The development of a PCEM that is inexpensive, wearable, applicable to many user-types, and provides 
actionable data is likely many years away. However, there are incremental steps that can be taken in the 
near-term that can serve some specific audiences that will in-turn help to accelerate the development of 
these devices.  

What can EDF do in the near-term to get us closer to the vision? 

Identifying priority audiences and supporting the development of devices serving those key groups will 
likely lead to improvements in instrumentation and data analysis. Establishing consortia of stakeholders 
to develop instrument validation, share ideas across the PCEM space, and identify potential user groups 
of PCEMs is another key way to accelerate the development of PCEMs. Furthermore, the program 
design memo being prepared in late 2017 will provide additional suggestions for ways EDF can 
accelerate the development of PCEMs. 
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4. tǊƻƎǊŀƳƳŀǘƛŎ /ƻƴŎŜǇǘ 

On November 22, 2017 EDF convened a meeting of EDF program staff, EDF managers, and the Research 
Into Action team to review the conclusions of the analysis brief prepared in the summer of 2017 and the 
results of the workshop held in late October 2017. This meeting was designed to distill everything 
learned about PCEM devices and align that learning with EDFs broader mission and goals to identify a 
program design concept for EDF to use to accelerate PCEM development. 

The conversation touched on many possibilities for a program design concept.  Ultimately the group 
settled on these three interrelated strategies for its preferred concept: 

1. Support market research to understand the size of the PCEM market and characteristics of 
demand to generate interest among developers and researchers. Interview respondents and 
workshop participants noted many potential users of PCEMs from specific populations like 
workers in specialized settings to more general groups like recreational athletes concerned 
about air quality. However, no systematic market research about the size of any of these 
markets exist and it will be important to understand the size and scope of markets to stimulate 
interest among developers to create PCEMs. Should PCEMs become a consumer good, market 
research will be particularly important to understand the types of demand. That direct-to-
consumer approach has the potential to be lucrative for the right players in the market, 
although researchers, employers, and other institutions are the most significant sources of likely 
demand for some time to come. In any event, market research would also help focus or inform 
ŀƴȅ ŀŘǾƛǎƻǊȅ ǇŀƴŜƭΩǎ ŜŦŦƻǊǘǎ όǎŜŜ {ǘǊŀǘŜƎȅ оύ ŀƴŘ ǘƘŜ ƛƴƴƻǾŀǘƛƻƴ ŎƘŀƭƭŜƴƎŜǎ όǎŜŜ {ǘǊŀǘŜƎȅ нύΦ 

2. Initiate an EDF-led PCEM innovation challenge. To support and drive PCEM innovation, EDF 
should support challenge grants or awards to encourage developers to design PCEM 
instruments and analytic methods. Solicitations to participate in the challenge(s) would go to 
researchers, startups, and academia. Challenges would be released concurrently or in sequence 
over time and would address design challenges or creation of new markets. Furthermore, 
challenge calls organized around specific problems would result in creative ideas, further 
innovation, and information needed to advance the incremental change required to support 
PCEM development. It would be helpful to use an advisory panel (see Strategy 3) of experts to 
support and provide scientific credibility to these activities, interpret challenge results, and use 
the learning that results from the challenge to support subsequent programmatic events. 

/ƘŀƭƭŜƴƎŜ ŜŦŦƻǊǘǎ ǿƻǳƭŘ ōǳƛƭŘ ƻŦŦ 95CΩǎ ŜȄǇŜǊƛŜƴŎŜ ŀƴŘ ŎǊŜŘƛōƛƭƛǘȅ ƎŜƴŜǊŀǘŜŘ ǘƘǊƻǳƎƘ ƻǘƘŜǊ 
challenges such as the Methane Detectors Challenge and Mobile Monitoring Challenge. 
Additionally, the XPRIZE program is an interesting template for the design of such a challenge 
grant program. To drive interest in the challenges among potential applicants, EDF should 
consider structuring them to include, for successful applicants, access to in-kind resources, 
technical advice, and potentially a guaranteed pre-purchase of their device.  
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3. Establish and maintain a panel of experts about PCEM innovation. This panel, consisting of 
experts in the design and use of PCEMs, would provide direction and support to other 
programmatic strategies. This panel would contribute in the following ways. 

a. Inform the development of innovation challenges (Strategy 2). EDF has experience issuing 
challenges to provide solutions to specific problems and would build off that experience and 
credibility to issue new challenges related to PCEMs. EDF would use the innovation advisory 
panel to inform specific challenges to issue and help EDF understand what challenges may 
generate the most interest among the developer community. The advisory panel would also 
provide expertise during the process of challenge review and acceptance.  

b. Inform market research efforts. An advisory panel would help identify possible user groups 
and help the market research team find the appropriate terminology to use (or not use) 
when preparing data collection instruments. In addition, the panel would be able use 
information gleaned from market research to support future innovation challenges, 
research, and thought leadership efforts. Panel members would also review any market 
research work prepared by EDF to lend it credibility and engage them in possible uses of the 
research. 

c. Promote the development of PCEMs in their respective fields. To drive interest and demand 
in the PCEM space, advisory panel members would promote achievements in PCEM 
development via their work with developing innovation challenges (see 3a. above) and 
informing market research (see 3b. above). Advisory panel members would individually and 
collectively identify high impact opportunities to promote thought leadership, including 
conferences, peer review journals, and mass media. Ensuring that knowledge about PCEM 
development is shared and widely known among potential user groups will be critical to 
driving interest in PCEMs and subsequent development. 

Implementing these strategies will put EDF on a path to accelerating PCEM development which in turn 
will provide better information and insights about potentially harmful exposure to chemicals. Figure 4-1 
provides an overview of the three strategies that constitute the program concept. The icons indicate 
where the strategies overlap. 
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Figure 4-1: Program Theory to Accelerate PCEM Development 

 Strategy 1: Innovation Challenge 
 

Strategy 2: Market Research 
 

Strategy 3: Advisory Group 
 

Rationale 

To acquire knowledge and push market actors 
to innovate, challenge developers to produce 

devices that can be incremental advancements 
towards a PCEM. 

To understand the interest and possible 
uses of PCEMs, research about the size 
of the market and the potential use of 

PCEMs will be necessary. 

To support PCEM development, a group or groups 
of knowledgeable stakeholders can guide efforts 

to accelerate PCEM development. 

Support 
needed 

Money to support challenge winner Money to hire market research experts 
for surveys, focus groups, and other 

data collection. 
Identify and invite stakeholders to serve. 

Expertise in designing challenges 

Working group of potential end-users to 
advise challenge design, test promising 

tools  
Expertise in market research 

aƻƴŜȅ ǘƻ ǎǳǇǇƻǊǘ ƎǊƻǳǇ ƳŜƳōŜǊΩǎ ǘƛƳŜ ŀƴŘ 
travel 

Possible 
Activities 

Implement challenges that will spur developers 
and innovators from a variety of backgrounds 

to create or improve PCEM devices. 
Collect data from potential markets. 

Promote PCEM development and possible uses in 
research and through networks such as 

professional conferences 

Validate performance of promising 
technologies 

Draft report 
 

Subgroup of members to support 
innovation challenge  

Encourage field deployments of 
promising technologies with advisors 

and iterate technologies  

Integrate advisors to design 
research questions and react to 

results.  
Advise new challenges 

 

Promote challenge winner in media and 
via professional networks  

Communicate market research 
results.  

Advise market research 
 

Desired 
Results 

Learn from challenge to develop new round of 
challenges or other initiatives. 

Identify markets for PCEM use. 
Provide ongoing support for PCEM 

development activities like challenges  

Field deployments of promising 
technologies. Improved technologies, 
new relationships between suppliers 
and customers. Pathway to early use-

cases. 

 

Increased attention to and 
investment in development of 

PCEMs  

Faster transition from completion of 
market research to investment in 

development  

Trusted voices joining EDF in advocating for 
focus on PCEMs  

Demonstrated commitment from early customers 
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Appendix A. LƴǘŜǊǾƛŜǿ DǳƛŘŜǎ 

A.1. IŜŀƭǘƘ 9ȄǇŜǊǘ LƴǘŜǊǾƛŜǿ DǳƛŘŜ 

We are conducting research on behalf of the Environmental Defense Fund, exploring the state of the art 
in wearable chemical monitors able to detect diverse array organic compounds, as well as strategies that 
have been used to help reduce cost and improve accessibility for other technologies used for public 
health research.  

Because of your unique experience, we would like to get your perspective on a number of topics under 
consideration for further research.  

We use the term chemical monitors to mean chemical sensors and chemical samplers. Chemical sensors 
are technologies (or tools) that identify analytes at the point of detection by transforming chemical 
information into a signal. Chemical samplers are technologies that collect compounds in a matrix over a 
certain period of time. Subsequent laboratory analysis is then used to identify the collected compounds. 

I would like to record this interview for my note-taking purposes, the recordings will not be released 
outside of our study team and are for reference only. Do I have your permission? Do you have any 
questions before we start? 

A.1.1. {ǳōƧŜŎǘ .ŀŎƪƎǊƻǳƴŘ 

The first portion of the interview will be about your experience with the application of uptake of 
emerging technologies broadly. 

.ŀǎŜŘ ƻƴ ȅƻǳǊ ŜȄǇŜǊƛŜƴŎŜΣ LΩŘ like to hear how public health or research communities have mobilized to 
bring promising new technologies or methodologies into use. To get started, I have a few questions 
about your professional experience 

Q1. Please provide a brief overview of your role at your current organization, and any relevant 
details from previous posts.  

[PROBE ABOUT] Have you also worked in the private / public sector?  

Q2. In your current or prior roles, what experience have you had validating or otherwise 
demonstrating emerging technologies or methodologies?  

A.1.2. LŘŜƴǘƛŦȅƛƴƎ ŀƴŘ wŜǎƻƭǾƛƴƎ ¦ǎŜ .ŀǊǊƛŜǊǎ 

Sometimes new technologies or methodologies are market ready before professionals are aware of 
them or able to use them. I have a few questions about how you and your colleagues come to be aware 
of new technologies or methodologies. 

Q3. How do you normally become aware of promising new technologies or methodologies? 
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Q4. At which point do you or your colleagues begin to make an effort to make a new technology or 
methodology available or accessible to other professionals? 

[PROBE ABOUT] If not you, do other professionals play this role? If so, who?  

Sometimes there are reasons that make it difficult to begin to demonstrate or use new technologies and 
methodologies. These we call use barriers and they can be technological, economic, professional, or 
regulatory, such as need for formal approval. I have a couple questions about your experience with use 
barriers. 

Q5. Whether or not you were involved, can you recall any times that experts in your field needed to 
actively address barriers to using a new technology or methodology? Yes/No - Please explain. 

¶ If yes, what factors made up the barrier(s) ς financial, technological, regulatory?  

Q6. How have you seen different groups of public health professionals brought together to 
accelerate the usability of new technologies or methodologies?  

[PROBE IF NOT ADDRESSED] Which professionals are often early movers in taking action to 
resolve use barriers? 

Do you recall any individuals or organizations who were especially effective at capturing the 
attention of colleagues?  

Q7. How were other professionals identified that could improve the effectiveness of these 
acceleration efforts?  

¶ How were they engaged?  

¶ Were any consortia or outside organizations involved? 

[If YES, PROBE] 

¶ At what stage did they become involved? 

¶ What was their role? Were they effective? 

Q8. !ǇŀǊǘ ŦǊƻƳ ǿƘŀǘ ȅƻǳΩǾŜ ŀƭǊŜŀŘȅ ǘƻƭŘ ƳŜΣ ǿƘŀǘ ǎǘǊŀǘŜƎƛŜǎ Ŏŀƴ ōŜ ŜŦŦŜŎǘƛǾŜ ŦƻǊ ǊŜŘǳŎƛƴƎ ǳǎŜ 
barriers? 

Q9. Some strategies are probably more effective for some barriers than others. What strategies are 
most effective for addressing use barriers stemming from professional or regulatory standards?  

¶ ω What are most effective for addressing economic use barriers? 

¶ ω What are most effective for addressing technologies use barriers? 
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A.1.3. ²ŜŀǊŀōƭŜ /ƘŜƳƛŎŀƭ aƻƴƛǘƻǊƛƴƎ 5ŜǾƛŎŜǎ 

LΩŘ ƴƻǿ ƭƛƪŜ ǘƻ ŘƛǎŎǳǎǎ ǿŜŀǊŀōƭŜ ŎƘŜƳƛŎŀƭ ǎŀƳǇƭŜǊǎ ŀƴŘ ǎŜƴǎƻǊǎΦ ¢ƘŜ 9ƴǾƛǊƻƴƳŜƴǘŀƭ 5ŜŦŜƴǎŜ CǳƴŘΩǎ ¸ŜŀǊ 
of Innovation Program is exploring opportunities to make wearable chemical monitoring devices 
cheaper and increase their functionality. We would like your input on a few related topics. 

Q10. Sampling is important to the study of human exposure to a range of chemicals, and wearable 
samplers and sensors increasingly play a role in environmental health research. In your 
experience, what sampling capabilities are most important? 

Q11. What are the common ways that wearable chemical monitors are used for assessing human 
chemical exposure? 

[PROBE IF NOT ADDRESSED] How do researchers in different research areas differ in how they 
use wearable chemical monitors? 

Q12. In your area of research, how would you use or how else might you use a wearable chemical 
monitor?  

[PROBE IF NOT ADDRESSED] What capabilities would it have to have for you to begin using?  

What price point or range would a device need to meet before you could begin integrating it 
into your work?  

What type of study design would make use of a wearable chemical monitor most valuable, in a 
best-case scenario? 

[Potential follow up: What is the minimum subject cohort size that would be necessary to make 
use of a wearable chemical monitor?] 

²ŜŀǊŀōƭŜ ǎŀƳǇƭŜǊǎ ŀƴŘ ǎŜƴǎƻǊǎ ƘŀǾŜ ōŜŜƴ ǳǎŜŘ ŦƻǊ Ƴŀƴȅ ȅŜŀǊǎ ŀŎǊƻǎǎ ǘƘŜ ǇǳōƭƛŎ ƘŜŀƭǘƘ ŦƛŜƭŘΦ LΩŘ ƭƛƪŜ ǘƻ 
hear your thoughts about the technological potential they hold. 

Q13. For any wearable chemical monitor capabilities that lack broad uptake, to what extent is this a 
consequence of lacking technological capacity?  

[PROBE IF NOT ADDRESSED] 

¶ To what extent is it due to lack of demonstration or validation? 

¶ To what extent is it due to lack of professional or regulatory approval? 

¶ To what extent is it due to the cost of integrating a wearable chemical monitor into the 
study design? 

¶ To what extent is it due to data quality issues? 

Q14. LΩƳ ƎƻƛƴƎ ǘƻ ǊŜŀŘ ŀ ƭƛǎǘ ƻŦ ŀ ŦŜǿ ŀǎǇŜŎǘǎ ƻŦ ǿŜŀǊŀōƭŜ ƳƻƴƛǘƻǊǎΦ CƻǊ ŜŀŎƘ ŀǎǇŜŎǘΣ ǇƭŜŀǎŜ ǘŜƭƭ ƳŜ ƛŦ 
you have observed challenges to successfully using a wearable monitor: [If NEEDED: In your 
ǊŜǎŜŀǊŎƘΣ ƻǊ ŀ ŎƻƭƭŜŀƎǳŜΩǎ ǊŜǎŜŀǊŎƘΦϐ 

¶ Collecting samples 

¶ Developing data from samples 

¶ In the context of sensors, transferring data from the wearable device to a data storage host  
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Q15. Once samples are collected by wearable monitors, the data must be transformed into a 
meaningful, usable dataset. For simplicity, ǿŜ ǘŜǊƳ ŀƭƭ ǘƘŜ ǊŜƭŀǘŜŘ ŎŀǇŀōƛƭƛǘƛŜǎ ŀǎ άōŀŎƪ-ŜƴŘέ 
functionality. In your experience, what back end functionalities are most important? 

[PROBE IF NOT ADDRESSED] 

¶ In what ways could back-end functionality be improved?  

¶ Would tracking of time-activity-exposure improve? 

Q16. LΩƳ ƎƻƛƴƎ ǘƻ ǊŜŀŘ ŀ ƭƛǎǘ ƻŦ Řŀǘŀ ǇǊƻŎŜǎǎƛƴƎ ŀǎǇŜŎǘǎ ƻŦ ōŀŎƪ ŜƴŘ ŦǳƴŎǘƛƻƴŀƭƛǘȅΦ CƻǊ ŜŀŎƘ ŀǎǇŜŎǘΣ 
please tell me if you have observed challenges to successfully using wearable monitors: [If 
b99595Υ Lƴ ȅƻǳǊ ǊŜǎŜŀǊŎƘΣ ƻǊ ŀ ŎƻƭƭŜŀƎǳŜΩǎ ǊŜǎŜŀǊŎƘ.] 

¶ The mechanism for exporting data from the device into a computational format 

¶ The quality of initial data 

¶ The format of initial data 

¶ The ease of identifying the data of interest 

¶ The ease of identifying the completeness of data  

Q17. Wearable chemical monitors have been used in fields other than public health. Are you aware of 
any non-public heath fields using wearable chemical monitors in a manner that could be 
repurposed for public health research? If yes, what are those fields and how are they using the 
monitors? 

Q18. Do you know of any monitor capabilities in development for other fields that, if made operable, 
could also be used in the study of chemical exposure?  

Q19. Do you know of anyone else we should speak with on this topic? Would you be willing to make 
an introduction? 

EDF will be hosting a workshop in late summer or early fall to delve into these issues further. The team 
at EDF may reach out to you in the coming weeks with an invitation to participate. 
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A.2. ¢ŜŎƘƴƻƭƻƎȅ tǊƻŘǳŎŜǊ LƴǘŜǊǾƛŜǿ DǳƛŘŜ 

We are conducting research on behalf of the Environmental Defense Fund, exploring the state of the art 
in wearable chemical monitors able to detect diverse array organic compounds, as well as strategies that 
have been used to help reduce cost and improve accessibility for other technologies used for public 
health research.  

Because of your unique experience, we would like to get your perspective on a number of topics under 
consideration for further research. 

We use the term chemical monitors to mean chemical sensors and chemical samplers. Chemical sensors 
are technologies (or tools) that identify analytes at the point of detection by transforming chemical 
information into a signal. Chemical samplers are technologies that collect compounds in a matrix over a 
certain period of time. Subsequent laboratory analysis is then used to identify the collected compounds.  

I would like to record this interview for my note-taking purposes, the recordings will not be released 
outside of our study team and are for reference only. Do I have your permission? Do you have any 
questions before we start? 

A.2.1. {ǳōƧŜŎǘ .ŀŎƪƎǊƻǳƴŘ 

The first portion of the interview will be about your experience with the application of uptake of 
emerging technologies broadly. 

LΩŘ ƭƛƪŜ ǘƻ ƘŜŀǊ ŀōƻǳǘ ȅƻǳǊ experience with innovative technologies. To get started, I have a few 
questions about your professional experience. 

Q1. Please provide a brief overview of your role at your current organization, and any relevant 
details from previous posts.  

[PROBE ABOUT] Have you also worked in the private / public sector?  

Q2. In your current or prior roles, what experience have you had introducing or demonstrating 
emerging technologies?  

A.2.2. ¢ŜŎƘƴƻƭƻƎȅ .ƻǘǘƭŜƴŜŎƪǎ 

Sometimes new technologies are market ready before professionals are aware of them or able to use 
them. I have a few questions about your experience taking to market wearable devices and other 
innovative technology. 

Q3. Have you been involved in, or privy to, a go-to-market strategy for technologies to be used, at 
least in part, for public health research? 

Q4. Have you been involved in, or privy to, a go-to-market strategy for wearable devices? 

Q5. Please describe any barriers to customer uptake that you encountered? 

Q6. Which barriers to customer uptake were most challenging to resolve? [If NEEDED: Were any 
challenges unresolvable?] 
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In the public health setting, numerous factors can affect costs and play a role in helping or hindering 
acceptance and use of promising new technologies. These cost factors may include regulatory hurdles, 
demonstration of bankability, manufacturing and tooling, cleaning data or performing analysis, or 
handling samples. I now have a few questions about factors that might have hindered your progress 
when developing a technology or getting it to market.  

Q7. /ƻƴǎƛŘŜǊƛƴƎ ŀƭƭ ǘƘŜ ōŀǊǊƛŜǊǎ ǘƻ ŎǳǎǘƻƳŜǊ ǳǇǘŀƪŜ ǘƘŀǘ ȅƻǳΩǾŜ ŜƴŎƻǳƴǘŜǊŜŘΣ ǿƘŀǘ Ŏƻǎǘ ŦŀŎǘƻǊǎ 
helped or hindered the go-to-market strategy? 

[PROBE ABOUT] Was manufacturing or tooling an issue? 

Q8. Did uncertainty about how accepting or trustiƴƎ ǳǎŜǊǎ ǿƻǳƭŘ ōŜ ƻŦ ǘƘŜ ǇǊƻŘǳŎǘΩǎ Řŀǘŀ Ǉƭŀȅ ŀ 
role? 

Q9. Did any factors that slowed down the go-to-market strategy reduce or slow the amount of 
internal development capital invested in the product?  

[If subject is from Tech Developer cohort, proceed to Q10; from Process Expert cohort, skip to Q23] 

A.2.3. ²ŜŀǊŀōƭŜ /ƘŜƳƛŎŀƭ aƻƴƛǘƻǊƛƴƎ 5ŜǾƛŎŜ ¦ǎŜǊ bŜŜŘǎ 

We are investigating the opportunities and barriers to advancing wearable chemical monitors for the 
study of human exposure to chemicals. The remainder of our conversation will focus on wearable 
chemical monitors, include sensing and sampling devices. 

Q10. Wearable chemical monitors have been used in fields other than public health. Are you aware of 
any non-public heath fields using wearable chemical monitors in a manner that could be 
repurposed for public health research? [If YES, what are those fields and how are they using the 
monitors?  

Q11. Do you know of any monitor capabilities in development for other fields that, if made operable, 
could also be used in the study of chemical exposure? 

A.2.4. ²ŜŀǊŀōƭŜ /ƘŜƳƛŎŀƭ aƻƴƛǘƻǊƛƴƎ 5ŜǾƛŎŜ aŀǊƪŜǘ ŀƴŘ ¢ŜŎƘƴƻƭƻƎȅ tƻǘŜƴǘƛŀƭ 

Our current understanding is that wearable chemical monitoring devices are usually made up of various 
component technologies from separate original equipment manufacturers (OEMs), combined to provide 
monitoring, and in some cases data analysis and management functions. I now have a few questions 
about the current and potential product features of wearable chemical monitors.  

Q12. What are the key components of chemical monitoring devices that monitor individual chemical 
exposure?  

Q13. What device functions correspond to each technical component? 

Q14. Based on your understanding of wearable chemical monitors, what current applied research 
uses are you aware of?  
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Q15. Based on your understanding of wearable chemical monitors, what potential applied research 
uses do you think are promising? 

[PROBE ABOUT] Are the limitations for introducing potential research uses technical in nature? 
[IF NO] Are they professional? Regulatory? Cost? Access? Awareness of capabilities?  

Q16. What technology improvements are needed to expand the available research applications of 
wearable chemical monitors? 

[PROBE ABOUT] What type of development activities are needed to carry out the 
improvements? 

Q17. Are there opportunities to broaden geospatial tracking capabilities? 

Q18. Are there opportunities to broaden the ability of chemical monitors to detect multiple classes of 
chemicals, in a non-targeted fashion? 

Q19. Where do potential features lie on a spectrum from most to least market ready? 

Q20. Whether for public health research or other uses, to the best of your knowledge how have 
ƛƴǾŜǎǘƻǊǎ ǊŜǎǇƻƴŘŜŘ ǘƻ ǿŜŀǊŀōƭŜ άƳƻƴƛǘƻǊŜŘ ǎŜƭŦέ ōǳǎƛƴŜǎǎ ŎƻƴŎŜǇǘǎΚ 

[PROBE ABOUT] What end users do you feel are of greatest interest to investors? 

Q21. What wearable device applications have received the most investment? 

Q22. Do you know of anyone else we should speak with on this topic? Would you be willing to make 
an introduction? 

We are investigating the opportunities and barriers to advancing wearable chemical monitors for the 
study of human exposure to chemicals. The remainder of our conversation will focus on the cost and 
quality factors that affect sensing and sampling technologies, that could also apply to wearable chemical 
monitors. 

Q23. What approaches do you use to process and analyze samples in your work? 

Q24. What aspects of processing and analysis drive costs? 

Q25. In your experience, what has helped you to minimize the cost of this analysis? 

Q26. What do see as the tradeoffs between cost and quality of post-collection analysis? 

Q27. What do you see as the barriers to further reductions in cost? 

Q28. What do you see as the barriers to further improvements in quality of analysis? 

Q29. Do you know of anyone else we should speak with on this topic? Would you be willing to make 
an introduction? 

EDF will be hosting a workshop in late summer or early fall to delve into these issues further. The team 
at EDF may reach out to you in the coming weeks with an invitation to participate. 
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Appendix B. ²ƻǊƪǎƘƻǇ !ƎŜƴŘŀ 

 
WORKSHOP 

Understanding Chemical Exposure, Accelerating the Market for Wearable Monitors 
26th- 27th October 2017 

Environmental Defense Fund 
1875 Connecticut Ave NW, Washington DC 

Background 

Chemicals are used to make 96% of products in the United States, from couches and carpets to the 
clothes we wear. While chemicals are a critical part of our economy, they are also released into our 
environmentτand end up in our food, water and airτwhich can result in harmful exposures. Although 
ǎƻƳŜ ǇǊƻƳƛǎƛƴƎ ǘƻƻƭǎ ŜȄƛǎǘ ǘƻ ƳŜŀǎǳǊŜ ƛƴŘƛǾƛŘǳŀƭǎΩ ŎƘŜƳƛŎŀƭ ŜȄǇƻǎǳǊŜǎΣ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ƭƛƳƛǘŀǘƛƻƴǎ ŀƴŘ 
cost barriers have limited widespread adoption. EDF is convening a workshop to explore opportunities 
to enable the development and use of lower-cost, portable or wearable technologies to accurately 
ŀǎǎŜǎǎ ŀ ǾŀǊƛŜǘȅ ƻŦ ŎƘŜƳƛŎŀƭǎ ƛƴ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ ŜƴǾƛǊƻƴƳŜƴǘΦ .ŜŎŀǳǎŜ ǘƘŜǊŜ ƛǎ ǎƛƎƴƛŦƛŎŀƴǘ ƳƻƳŜƴtum 
behind volatile organic compound (VOC) exposure monitoring and an array of technologies at various 
stages of commercialization, certain sessions in the workshop will focus on VOC monitors. 

Meeting Objectives 

1. Identify key challenges and opportunities in developing and scaling personal chemical exposure 
monitors (PCEMs);  

2. Identify lessons that can be applied from VOC monitors to the broader PCEM market;  

3. Develop a shared understanding of strategies to drive development and adoption of PCEM 
technologies; and  

4. Activate a diverse network of players to jointly identify priority areas for action.  
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DAY 1: October 26th  

8:00  Breakfast and coffee 

8:30 ς 9:15  Workshop Opening: Welcome, mission, and vision 
Speakers: Sarah Vogel (EDF) and Aileen Nowlan (EDF) 

9:15 ς 10:00  Highlights and discussion from the analysis brief 

¢Ƙƛǎ ǎŜǎǎƛƻƴ ǿƛƭƭ ǊŜǾƛŜǿ ŦƛƴŘƛƴƎǎ ŦǊƻƳ ŀ ǊŜǇƻǊǘΣ ά95C ¸ŜŀǊ ƻŦ LƴƴƻǾŀǘƛƻƴΥ !ƴŀƭȅǎƛǎ ōǊƛŜŦΣέ 
on the landscape of innovation in personal chemical exposure monitors (PCEMs) 
compiled by Research into Action (RIA). 
Speaker: Erik Funkhouser (RIA) 

10:00 ς 11:00  What do users want from new technologies?  

Different users may require different functionality from personal chemical exposure 
monitors. This session will address two questions: What key functions do users need? 
Where is there broad overlap between functions needed by various users? 
Facilitator: Roel Vermeulen (Utrecht University) 

11:00 ς 11:15  Break 

11:15 ς 12:30  Exploring the horizon: Current and upcoming technologies  

Promising devices may include new arrivals on the scene, or devices that are becoming 
established and accepted. Technologies may differ in their barriers to adoption, 
opportunities, and cost drivers.  In this session, participants will define the space for 
new technologies through a pitch competition. 
Facilitator: David Rejeski (Environmental Law Institute) 

12:30 ς 1:00  LƴǘǊƻŘǳŎǘƛƻƴ ǘƻ 95CΩǎ ǿƻǊƪ ƻƴ ±h/ǎ 
Speakers: Beth Trask (EDF) and David Lyon (EDF) 

1:00 ς 2:30  Lunch and panel discussion on market demand 

This session will bring together panelists with experience in either developing or utilizing 
emerging technologies in personal chemical exposure monitoring and the broader 
monitored-self space in a discussion about catalyzing a new market. 
Facilitator: Roger McFadden (McFadden and Associates, LLC) 
Panelists: Benjamin Bunes (Vaporsens); Davida Herzl (Aclima); Priya Premchandran 
(Google); Janie Shelton (23andMe) 

2:30 ς 2:45  Break 

2:45 ς 4:15  Concurrent sessions 

VOC monitors: Recent developments and opportunities for improvements  

There are several categories of VOC monitors, including samplers and sensors. Across 
emerging and available devices, user applications and technologies vary significantly. 
This diversity provides a wide swath of opportunities to influence technology 
development and deployment at different R&D, supply chain, and use case junctures. 
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Participants will address the following questions: What specific aspects of the value 
chain present the lowest hanging opportunities for VOC monitors?  Are there key 
άǾŀƭǳŜ-chŀƛƴέ ƭŜǎǎƻƴǎ ƭŜŀǊƴŜŘ ǘƘŀǘ ŎƻǳƭŘ ōŜ ŀǇǇƭƛŜŘ ǘƻ ŀŘǾŀƴŎŜ ƻǘƘŜǊ ǇŜǊǎƻƴŀƭ ŎƘŜƳƛŎŀƭ 
exposure monitors? 
Facilitator: Romain Lacombe (Plume Labs) 

PCEMs: Lessons from different fields  

Expertise and resources for developing personal chemical exposure monitors (PCEMs) 
exist across various disciplines. This session will explore ways in which technological and 
process innovation focused on environmental monitoring and the monitored-self can 
support PCEM development for public health applications. Participants will address the 
following questions: What were the successes and challenges from the advent of other 
environmental monitoring and monitored-self technologies? What key lessons learn can 
be applied to the PCEM space? 
Facilitator: Kristin DeWitt (Intelligence Advanced Research Projects Activity) 

4:15 ς 4:30  Break  

4:30 ς 5:30 Keynote and Networking Happy Hour 

MyExposome: A story of entrepreneurship and a case study from Hurricane Harvey   
Speaker: Marc Epstein (MyExposome) 

6:30   Dinner at Mission  

Join us for dinner at Mission, a six minute walk from the office just north of Dupont 
Circle (1606 20th Street NW) 

DAY 2: October 27th  

8:00  Breakfast and coffee 

8:30 ς 9:00  Welcome and recap of day 1 
Speaker: Sarah Vogel (EDF) 

9:00 ς 10:15  Concurrent sessions  

Funding: Thinking creatively about funding strategies 

Funding resources for health studies often do not specifically support the development 
of necessary analytical or exposure tools. Due to inadequate funding for development, 
testing, and validation of such tools, researchers often use or leverage funds allocated 
for specific research projects. This session will address two questions: Which aspects of 
the PCEM critical technology path are most likely to need funding support outside the 
current system? What opportunities exist to make underfunded development activities 
more appealing to the PCEM funders? 
Facilitator: R. Darryl Banks (RIA) 

https://www.missiondupont.com/


Year of Innovation 

 Workshop Agenda | Page B-4 

Validation: Ensuring quality in the promise of new technologies 

Advancement and deployment of promising new PCEM technologies is hindered by the 
slow pace of relevant studies to validate integrity, processes, and data quality. 
Participants will explore the following questions:  What approaches to validation are 
most convincing?  What opportunities exist to systematically call for and fund validation 
studies in coordination with researchers and key organizations in the PCEM ecosystem?  
What is the role of standards? 
Facilitator: Erik Funkhouser (RIA) 

10:15 ς 10:30  Break 

10:30 ς 12:00  Short, medium and long term strategies and programmatic ideas: Overview, 
discussion, and prioritization 
Facilitator: Chris Portier (EDF) 

12:00 ς 1:30 Workshop closing and lunch 
Facilitator: Sarah Vogel (EDF) 
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Appendix C. ²ƻǊƪǎƘƻǇ bƻǘŜǎ 

Nathaniel = Black 

Sam = Blue 

Erik = Red 

 

Analytical Brief Session 

Minutes Objectives 

The recorded minutes for each session will be used to develop formal takeaways from the workshop. To 
do so robustly, the note taker for every session will take narrative notes, capturing as much as possible 
of the spoken content. We have added two other features to improve the uniformity and completeness 
of our records. The descriptions below detail how each feature should be used.  

ð Narrative minutesΦ /ƻƴǾŜƴǘƛƻƴŀƭ ƳŜŜǘƛƴƎ ƳƛƴǳǘŜǎΦ /ŀǇǘǳǊŜ ǘƘŜ ŘƛǎŎǳǎǎƛƻƴΩǎ ŜǎǎŜƴǘƛŀƭ ǎǳōǎǘŀƴŎŜΣ 
but attempt to record verbatim. Prior to start of session, record names and initials of 
participants in space provided. Where possible, track the initials of the speaker in discussion.  

ð Analytical debrief. Immediately following the session, review the transcript and produce a short 
review (one or two paragraphs) assessing the discussion as it relates to the questions and 
outputs.  

ð Participant tracker. It is likely individual participants will have more to say on certain topics than 
others. Use the participant tracker to identify which individuals demonstrated interest or know-
how in a question or output. In the space provided, list the name and a brief description of their 
ƛƴǘŜǊŜǎǘ ό9ΦƎΦΣ ά5ŀǊǊȅƭ .ŀƴƪǎ ς VOC transit methods, thinks out of date, ideas for renewing 
ǇǊƻǘƻŎƻƭǎέύΦ 

C.1. LƴǘǊƻ {Ŝǎǎƛƻƴ ό{ŀǊŀƘ ±ƻƎŜƭύ 

Narrative Minutes 

Sarah Vogel Public Health Lead at EDF provided overview of EDF. 

Participants introduced themselves and what they hoped to understand from workshop. 

Jennifer McPartland ς Senior Scientist at EDF 

¶ Capabilities people are looking for in PCEMs. 

Beizhan Yan - Columbia University 

¶ What kind of technology exists for public health studies? 
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Roger McFadden - Formerly with Staples/Consultant 

¶ Learn how to remove chemicals from consumer products. 

¶ Want to understand how to apply tech in business setting. 

Janie Shelton - 23 and Me 

¶ Wants to offer more consumer opportunities to obtain information about themselves without 
diagnostics needed by physician. Understand how to have products direct to consumer.  

Jessica Reiner - NIST 

¶ Measurement wise ς what is needed for these devices. 

Roel Vermeulen - Utrecht University 

¶ Learn about the impact enviro has on health 

¶ Estimate exposure on the individual level.  

¶ Deploy devices to large pops and design meaningful 

Doug Walker - Emory 

¶ Enviro engineer 

¶ Analytical tech ς how we can use samplers to understand response 

Jon Sobus - EPA 

¶ Done large study across 30 sites  

¶ Sensor alternatives to mass spec ς are we there yet.  

¶ How do we communicate studies to the public. 

Megan Latshaw - JHU  

¶ Create national biomonitoring network. 

¶ Improve health through enviro challenges 

¶ Chair of American Public Health Association ς Environmental Health area 

Chris Pyke - USGBC and Aclima 

¶ [Missed] 

Erik Funkhouser - RIA/University of Texas 

¶ Did research for background paper prepared for this workshop 

¶ Fellow at U. of Texas 

¶ Background in evolutionary economics 

¶ Innovation and diffusion of environmental technology is key interest 

¶ Curious about what network activities will lead to development of devices. 

Darryl Banks - RIA/Independent Consultant 

¶ Work with RIA and EDF on background paper 
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¶ Molecular biophysics background 

¶ Nexus between policy and innovation interest 

¶ How to do better job with enviro health 

¶ Important ς I was dept. commissioner for enviro health in NY. 

¶ More recently ς Center for American Progress ς VP 

¶ Interested in accelerating development and deployment of technology 

Annette Guiseppi-Elie - EPA  

¶ Work with Jon Sobus 

¶ The lab recently changed from fields to more organization around topics 

¶ Civil engineer by training  

¶ Interested in similar things to Jon 

¶ What is in our environment and what is in us? 

Benjamin Bunes - Vaporsens 

¶ Makes things for measuring air 

¶ We are at lab scale and now and interested in learning more about market 

¶ Background in materials science. 

Marc Epstein - MyExposome 

¶ MyExposome CEO ς works with Kim Anderson at Oregon State 

¶ I am delighted people know what Exposome is. 

¶ I am a computer sci and data mining. 

¶ We are commercializing an enviro monitor that looks like wristband. 

¶ EDF helped us as a startup. 

¶ Hope to look for ways to cooperate 

¶ Research to commercialization is key and that is when we can get the data we mine. 

¶ We barely understand the data we get now  

Brendan Owens - USGBC 

¶ Tech development of LEED rating system. 

¶ They are to go-to market strategies. If a sensor gets developed  

¶ Create better indoor enviro for people. 

¶ I have a buildings background ς how to better understand indoor enviro and have benefits to 
the global impact of built enviro 

John Decker ς CDC 

¶ Background - Industrial hygiene 

¶ Breathing on workers first job 

¶ Occupational Health ς Personal monitoring is the standard of practice. Area monitor would not 
be valid.  

¶ Interested in topic generally and how to understand the standard of practice in enviro health. 
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Chris Portier - EDF 

¶ Scientist at EDF 

¶ I work on what they tell me. 

¶ I am part of street view car exercise. 

¶ Biostats and Toxicology 

¶ I was Dir of Enviro Health at CDC. 

¶ I was at NIH 

¶ How can these tools drive policy 

Jason Amsden - Duke University 

¶ Molecular Physics 

¶ Design instruments  

¶ Mass spec at a backpack level 

Romain Lacombe - Plume Labs 

¶ Help citizens to understand air quality for individuals 

¶ Team of 20 in Paris 

¶ Approaching this topic from ind exposure from data collecting  

¶ Help them understand what people are exposed to. 

¶ Develop forecast models to avoid exposure 

¶ Help people understand personal exposure.  

¶ Create pathways to consumers ς ID consumers 

¶ Move from personal to collective for understanding nature of problems. 

¶ Studied climate policy at MIT 

Beth Trask - EDF 

¶ Climate and Energy Program 

¶ Reduce enviro impacts from oil and gas industry. 

Dave Rejeski - Environmental Law Institute (ELI) 

¶ Do Public Policy  

¶ Council on Enviro Quality 

¶ White House 

¶ Look at emerging tech, citizen sci, understand the evolution of innovation ecosystems 

¶ Obsesses with idea of how to get a group of actors to innovate. 

¶ Can we design a device here? 

Priya Premchandran - Google 

¶ Part of Google that designs and operates of office buildings around the world  

¶ We are responsible for integrating health strategies into portfolio. 

¶ Where can we innovate as a company as a catalyst or a host for new ideas 

¶ We feel like we are starting at point zero in this space. 

¶ Want to find ways to collaborate 
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¶ We are change paradigm of how we look at built enviro. 

¶ Look at people and health. How does built environment enable affect human health? 

¶ Where is innovation? 

¶ How can google advance this science? 

Lauren Riggs - Google 

¶ Real Estate workplace services 

¶ Manage health  

¶ Indoor air quality program 

¶ Want to understand the optimal ways of using the different types of things that are emerging 

¶ Maintain monitoring program and have the market evolve. 

¶ People build their own sensors and they send me an email about it. 

¶ Communicate to google people about what they are seeing. 

C.2. !ƴŀƭȅǘƛŎŀƭ wŜǎŜŀǊŎƘ hǾŜǊǾƛŜǿ ό9Ǌƛƪ CǳƴƪƘƻǳǎŜǊύ 

Narrative Minutes 

Erik provided overview of the research brief prepared by Research Into Action in summer of 2017. See 
slides for overview of presentation. 

Started working with Lindsay McCormick and Aileen Nowlan at the outset of the year ς wanted to 
explore a broad range of issues. We started off with the EDF team trying to put in motion a series of 
activities culminating in this to give us a good perspective of how best to advance the benefits of PCEMs 
and elevating the conversation of the benefit they play in the public health space. When we started we 
needed an expert study with people most familiar with this area 

My remarks will go over our study objectives, the methodology, and the approach we took to stay 
relevant and up to date, Working definitions that are important to how we communicated with the 
experts and our panel and the key takeaways 

Starting off point was tƻ ǿƻǊƪ ǿƛǘƘ 95C ŀƴŘ ƻǳǊ ǘŜŀƳ ǘƻ Řƻ ŀ ŎǳǊǎƻǊȅ ǊŜǾƛŜǿ ƻŦ ǿƘŀǘΩǎ ƻǳǘ ǘƘŜǊŜ ŀƴŘ 
how to frame our questions . Three questions: 

²ƘŀǘΩǎ ƪƴƻǿƴ ŀōƻǳǘ ǊŜŎŜƛǾƛƴƎ ŘŜǇƭƻȅƳŜƴǘ ōƻǘǘƭŜƴŜŎƪǎΚ ς got to this question  

¶ What are the tech functionalities and use needs? 

¶ Explored issues around specific user needs in the public health space. Spent time exploring not 
only primary functions but also what the best practices are on the back end with the analysis 
and what do the cost factors mean for the broad deployment 

¶ What is the tech and market potential to meet needs? Better understanding around technical 
components and where tech innovation is possible and most needed and whether there is a 
pipeline of devices or attributes that are close to market readiness at this point. Our approach 
was an expert study using these focal research questions to set up a study based on 20 
interviews with experts with significant experience in a handful of areas.  

¶ Study design: impetus of the approach was wanting to collect a lot of insight from people. It 
gives us takeaways but this is an emerging area with a lot of diffuse knowledge.  
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¶ This is not conclusive. The next few days are to punctuate these takeaways 

¶ Key terms ς many folks doing interesting work without exposure to other people in this space 
(there are different terms). These are for a shared conversation 

¶ Key takeaways 

¶ Barriers (things that kept coming up)ς  
o Redundant efforts  

o Lack of coordination (device used in personal health is not usually the result of health 

funding) ς this has not been a priority  

o Identifying barriers is one of the first steps ς opportunities stood out as the broadest 

agreed upon: 

o Improving coordination across disciplines (collaboration, note-sharing) 

o Improving access to funding  

o Acknowledging and adapting to longer timelines for PCEMs (this is something that kept 

coming up for setting appropriate expectations ς idea is that some of the timeframes 

are longer than what some developers have in mind ς particularly consumer product 

folks. 

o Identifying user pitfalls - -developers can stay ahead of negative expectations by 

working to make clear the role that validation plays  

o In general there tends to be negative perceptions and professional barriers of being the 

ǎŎƛŜƴǘƛǎǘ ƻǳǘ ǘƘŜǊŜ ǳǎƛƴƎ ŀ ƴŜǿ ŘŜǾƛŎŜ ǘƘŀǘ ƛǎƴΩǘ ƛƴ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜ ōǊƻŀŘƭȅΦ bŜŜŘ ǘƻ ƳŀƪŜ 

the case for the benefits (this was a very important emphasis with many of the folks) 

o Identifying workforce needs - -ǿŀǎƴΩǘ ƻƴ ƻǳǊ ǊŀŘŀǊ ŀǘ ǘƘŜ ōŜƎƛƴƴƛƴƎΦ ¢ƘŜǊŜΩǎ ŀ ƭƻǘ ƻŦ 

competition for people with this skillset ς ƛǘΩǎ ƴƻǘ ǘƘŜ ǎƛƳǇƭŜǎǘ ǘƘƛƴƎ ǘƻ ŦƛƴŘ ǘƘŜ ǊƛƎƘǘ 

candidate who wants to do this for 4-5 years. How will this community come together to 

ǎǳǇǇƭȅ ŀƴŘ ǊŜŎŜƛǾŜ ǘƘŜ ǘŀƭŜƴǘΚ ¢ƘŀǘΩǎ ƻǳǊ ƭƛǘŀƴȅΦ  

¶ Across the board we kept hearing that focus and cross-institutional meetings are really effective 
for focusing efforts when you lack the early institutional leadership. This will lead to more 
leadership in the communities ς then there is institutional memory and continuity. We were 
given vivid depictions of indirect funding and how that leads to challenges for creating broadly 
ŀǇǇƭƛŎŀōƭŜ ŘŜǾƛŎŜǎΦ 9ȄΥ ƻƴŜ ŜȄǇŜǊǘΩǎ ŜȄǇŜǊƛŜƴŎŜ ŘŜǾŜƭƻǇƛƴƎ ǘƻƻƭǎ ς no one wants to pay for a 
ŘŜǾƛŎŜ ǘƘŀǘ ŘƻŜǎƴΩǘ ŀŘŘǊŜǎǎ ŀ ǎǇŜŎƛŦƛŎ ƛssue. This is a limiting factor for putting together 
something coherent. Funders resist in funding unproven methods. A lot of experts were of the 
opinion that monitors are largely going to be developed from scratch ς not really borrowing like 
you see with other products. Need to do it from scratch. Implication is there needs to be a 
longer timeline and expectation and tolerance for that longer timeframe to get the detectors 
ready for market deployment. Data quality and results across disciplines is an essential 
component to reduce user barriers. Without observed problems with data, the risk for potential 
blowback is huge ς if a device has an issue, will know one trust the results? The perception of 
ǘƘŀǘ ƴŜǿ ŘŜǾƛŎŜΩǎ Ǌƛǎƪǎ ŀƴŘ ǇǊƻōƭŜƳǎ ƛǎ ƪŜȅ ƛƴ ǇŜƻǇƭŜΩǎ ƘŜŀŘs. Must use proactive strategies to 
build exposure (conferences, journals) ς through the development of best practices - -what 
makes good quality devices and how best to use them 
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Our second research question dealt with what public health researchers want from a wearable device. 
Technical shortcomings that needs to be addressed. Feedback fell in three areas: 

¶ Ability to detect multiple chemicals (low analysis cost, deploy ability over multiple areas) 

¶ Ability to have data in a format accessible from a research standpoint and easily comparable. 
Cross over between public health and occupational safety  

¶ ²ŜΩǾŜ ŎƻƳŜ ǘƻ ƭŜŀǊƴ ǘƘŀǘ ǘƘŜǊŜ ŀǊŜ ŘƛŦŦŜǊŜƴǘ ƭŜǾŜƭǎ ƻŦ ŘŜǾƛŎŜ ŀŎŎǳǊŀŎȅ ƴŜŜŘŜŘ ŦƻǊ ŘƛŦŦŜǊŜƴǘ 
communities. Not everyone needs the same breadth of scope or accuracy. Some are willing to 
have lower cost devices with less accuracy 

Final research questions ς market potential and ability to get to scale. Four areas we found a good 
amount of agreement. Cost reductions needed for devices and analysis (scale requires getting it out 
there and cost effectively managing and analyzing the data). Heard that devices will need to come in the 
low hundred of dollars of range to be usable in the public health space. Device size and accuracy. Larger 
devices are more accurate but limit deployability. Need to reduce instrumentation size. Link ancillary 
data (size and location) to broaden the usefulness of the monitors. Experts voiced a lot of optimism 
around emerging approaches that allow for cross-lab collaboration and open source collaborations to 
rapidly refine tools for analysis. A lot of interest in finding cooperation opportunities to show there is a 
large market base 

/ƻƴŎƭǳǎƛƻƴǎΦ ¢ƘŜǊŜ ƛǎ ŀ ƭŀǊƎŜ ŀƳƻǳƴǘ ƻŦ ŘƻƳŀƛƴ ƪƴƻǿƭŜŘƎŜ ǘƘŀǘ ǿŀǎƴΩǘ ǊŜǇƻǊǘŜŘ ƛƴ ǘƘŜ ōǊƛŜŦΦ ¢ƘŜǎŜ ŀǊŜ 
meant to be jumping off points ς final jumping off points. Not a lot of experience commercializing these 
monitors. In other areas, it helps to have entrepreneurs and people looking at commercialization. This is 
not a key ingredient right now in the community. Funding has been very sector specific. No cross-cutting 
associations to keep a focus on advancement and deployment. But there is a fair amount of 
collaboration happening bilaterally. There are extremely strong antecedents ς people going out of there 
way to find experts across the country and find solid collaboration 

Q&A/Responses/Discussion 

Mark Epstein - MyExposome 

¶ We are working with consumer products company that called this AM. They found out the 
MyExposome product could detect 1500 compounds. They only care about 30 and they were 
concerned that their lawyers would be concerned about testing for 1500 when we are only 
concerned about 30. 

¶ 5ƻƴΩǘ ƪƴƻǿ ǿƘŜǊŜ ǘƘƛǎ Ŧƛǘǎ ς probably the barriers. We thought about testing users. Then a 
ōŀǊǊƛŜǊ ǿŀǎ ǊŀƛǎŜŘΦ ¢ƘŜȅ ǎŀƛŘ άǎƻ ȅƻǳ Ŏŀn test for 15000 compounds, we only care about 30, we 
ŘƻƴΩǘ ƪƴƻǿ ǿƘŀǘ ƻǳǊ ƭŀǿȅŜǊǎ ǿƻǳƭŘ ǎŀȅΦέ L ŀǎǎǳǊŜŘ ǘƘŜƳ ǿŜ ŎƻǳƭŘ ƎƛǾŜ ǘƘŜƳ ƭŜǎǎ ƛƴŦƻǊƳŀǘƛƻƴ ōȅ 
deleting the columns 

Benjamin Bunes - Vaporsens  

¶ The barrier is time and resources to develop system. As a startup we are looking for product 
development in 12-24 months. We do long term projects with external funding. The return is 
not near enough for business. What are the intermediate steps in the process. What can be 
done in 12-24 month time space. 
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¶ Reading the documents. The overall system that has been proposed sounds really great ς as a 
consumer I would want one. As a tech developer, my reaction is different. Barrier == time and 
resources required to build a system. As a startup, we look for things that give immediate 
revenue (12-24 months product development for a few million dollars). We are interested in 
what the intermediate steps are for this process ς how to provide something in the 12-24 
months timescale. 

Beth Trask - EDF 

¶ Curious if in the interviews anyone brought up risk communication as a barrier. People get 
ƛƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘ ǿƘŀǘΩǎ ƛƴ ǘƘŜƛǊ ŜƴǾƛǊƻƴƳŜƴǘ ŀƴŘ ƛǘ ƳƛƎƘǘ ōŜ ŘƛǎǘǳǊōƛƴƎΦ  

o Erik Funkhouser - RIA/University of Texas 

¢Ƙƛǎ ŎŀƳŜ ǳǇ ƛƴ ǘƘŜ ƛƴǘŜǊǾƛŜǿǎΦ ²Ŝ ŘƛŘƴΩǘ ƎŜǘ ƛƴǘƻ ƛǘ ōŜŎŀǳǎŜ ǘƘŀǘΩǎ ǘƘŜ ōŀǊǊier we would 

like to get to. That is a conundrum to be enjoyed. There are real issues about this at 

scale ς a lot of information given to people without the domain knowledge to 

understand it properly. This has to do with the end user 

Jennifer McPartland - EDF 

¶ [Hard to hear response.] 

¶ There are real issues if you go to scale there are a lots of communication difficulties to end 
users. 

Beizhan Yan - Columbia University 

¶ Cost of a few hundreds of dollars is hard to reach That is pretty low. 

¶ Hundreds is too low. Likely be in the 1000. 

¶ Questions about the cost of the unit. A couple hundred ς when you think about development, 
you think about materials and employment. This is very low. This sounds like a couple thousand 
is more realistic 

o Erik Funkhouser - RIA/University of Texas 

This is one of the most contentious things ς the estimate of the cost. Tech optimists 

think about finding the way. Then the pragmatists want something sooner than later. 

With the tech qe have, a short term destination that gets us to the PCEM would be 

tough for a couple hundred. The other finding ς ƛǘΩǎ ƴƻǘ ŜǎǎŜƴǘƛŀƭ ǘƘŀǘ ǘƘŜ ǎŀƳŜ ŘŜǾƛŎŜ 

has both time/location/tracking/chemical, etc. ς for each priority feature you can have a 

stage gain where this happens over a longer period of time. 

?? 

¶ You have techno optimists vs the pragmatists. With the tech we have ς short term destination 

¶ Not essential to have perfect device 

Roger McFadden - Formerly with Staples/Consultant 

¶ Apple had this conversation. Chemistry of material of device ς was there any discussion 
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¶ Put sensors in consumer products: We were looking for quick way to get these things into 
existing devices ς we did not hear that. 

¶ Power source: we did hear a lot of concerns about battery life 

¶ We did elevate some of these other things though.  

¶ Had a conversation like this many years ago. Device power itself ς the battery life and the 
chemistry of the materials used to make the device. These materials could be toxic. Did anyone 
bring up the notion of bringing this into consumer products 

o Erik Funkhouser - RIA/University of Texas 

Looking for many people to tell us if this tech was ready for android, apple, etc. - and it 

ŘƻŜǎƴΩǘ ǎŜŜƳ ƭƛƪŜ ǘƘŀǘ ƛǎ ŎƻƳƛƴƎ ǎƻƻƴΦ CƻǊ ǇƻǿŜǊ ǎƻǳǊŎŜΣ ǿŜ ŘƛŘƴΩǘ ƘŜŀǊ ƳǳŎƘ ŀōƻǳǘ ƭƛŦŜ 

cycle. But we did hear concerns about scale of the sampler size ς we did hear about data 

storage issues and battery life issues ς these are all open for more discussion. 

Roel Vermeulen - Utrecht University 

¶ Air purifier work for home and industrial ς measuring air quality sensor ς there are products 
that bring this technology into other products.  

Analytical Debrief 

Erik described the impetus of the work with EDF and provided an overview presentation of the expert 
study objectives, methodology and the approach taken to ensure relevance and timeliness. EF described 
how the expert study is not meant to be conclusive and the workshop is intended to punctuate the 
takeaways. 

Types of barriers mentioned in the group discussion included the time and resources required to build 
and market the technology (cost as a major factor) and risk communications (though this is an enviable 
barrier as it comes down the road). In discussing tackling the challenges and bringing down the costs, 
the concept was brought up that not all devices need a wide range of potential uses at the onset (more 
of a stage gain over a longer period of time). Additionally, this technology could be brought into other 
consumer products (the air purifier as an example)  

Participant Tracker 

ό¢ŀōƭŜ ŦƻǊƳŀǘ ŘƛŘƴΩǘ ƳŀƪŜ ƛǘ ƻƴ Ƴȅ aƛŎǊƻǎƻŦǘ ǿƻǊŘ ǾŜǊǎƛƻƴύ 

Challenges: 

¶ ME: amount of data available from monitor is more than what some users want (1500 
compounds vs. 30)/ liability 

¶ BB: the resources and time required to build the system/ not attractive for startups 

¶ BT: risk communications for the end user 

Overcoming the barriers: 

¶ EF: staging the features/ start with priorities 

¶ RV and RF: bring the technology into other consumer products 
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C.3. ²Ƙŀǘ 5ƻ ¦ǎŜǊǎ ²ŀƴǘ όwƻŜƭ ±ŜǊƳŜǳƭŜƴύ 

Session Description 

What do users want from a PCEM? This session will address two questions: What key functions do users 
need? Where is there broad overlap between functions needed by various users? 

Different users may require different functionality from personal chemical exposure monitors. This 
session will address two questions: What key functions do users need? Where is there broad overlap 
between functions needed by various users? 

Narrative Minutes 

Roel Vermeulen started session by asking these questions (see slides). 

¶ What do users want? ¢ƘŜ ǉǳŜǎǘƛƻƴ ǿŜ ǿŀƴǘ ǘƻ ǊŀƛǎŜ ƛǎ άǿƘŀǘ ŘƻŜǎ ǘƘŜ ǳǎŜǊ ǿŀƴǘέ Κ ²Ŝ Ŏŀƴ Řƻ 
this from our own profession and from part of the general population. 

¶ What did the different professionals want and how could these sensors be used? 

¶ We can do this from our own professions, as a consumer, - what do we want ? 

¶ What are the key functions one would want? What are the key functions? 

¶ We need to think about broader? What is the broad overlap between functions and needed by 
various users? 

¶ What are the gaps and similarities? Function can be interpreted very broadly ς needs and the 
gaps 

¶ Page 6-7 of the analysis brief? 

¶ We want to learn more about individual exposures? I follow hundreds of thousands for my 
research. Others have smaller numbers. 

¶ General pop vs occupational health. Other users, military/space/police/sports/general public. 

¶ When we move to users, this basically came from the analysis brief that lists 6=7 different users 
o Public health researcher/ epid ς we really want to go to the individual level 

o Occupational health specialist  

o Military, police, security, 

o Space research (air quality at high elevations) 

o Athletes, trainers (analogy to physical activity, etc. but also linked to environmental) 

o General public ς I see that this might be the healthy general public. This could also be 

the members who suffer from certain morbidities and may want to use sensors to make 

ǎǳǊŜ ǘƘŜƛǊ ƘŜŀƭǘƘ ŘƻŜǎƴΩǘ ŦǳǊǘƘŜǊ ŘŜǘŜǊƛƻǊŀǘŜΦ  

Á Also could be susceptible populations like children and the elderly 

o Who else? -> are we missing key folks or can we separate out other categories from 

these groups? 

¶ When I think of general public ς healthy people and those who have specific maladies to make 
sure their health does not further deteriorate.  

¶ Susceptible populations.  

¶ Are the users listed, the most important? Are there others? 
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Chris Portier - EDF 

¶ Medical professional. Doctors interested in tracking environmental exposure for treatment of 
diseases they have. One additional group -> medical professionals for personalized medicine. 

o Roel Vermeulen - Utrecht University 

More occupational? Or more patients just released 

o Chris Portier 

doctors interested in tracking patient environmental exposures. 

Priya Premchandran - Google 

¶ Are there people that are more vulnerable? In the PH sector we look at 2 groups ς healthy vs 
non-healthy. 

¶ When you say general public, there are populations that are more vulnerable.  
o Roel Vermeulen - Utrecht University 

I broke these out because from the public health sector we often think about who is 

more susceptible. When you think about the market, you might want to target one 

group more than another. Market acceptability also differs for groups 

Megan Latshaw - JHU 

¶ Subdivision of 1 ς Practitioners investigating interest (e.g. State Environmental offices) vs 
researchers. 

¶ Citizen scientists ς People interested in exposure. 

¶ One might be a subdivision of public health professionals. What about practitioners? Public 
health professionals are often trying to uncover relationships. But practitioners could be 
investigating a toxic waste site. A second group that could be part of general public is citizen 
scientists ς ǘƘŜǊŜΩǎ ŀ ƭƻǘ ƻŦ ŎƻƴŎŜǊƴŜŘ ŎƻƳƳǳƴƛǘƛŜǎ ƻǳǘ ǘƘŜǊŜ ǘƘŀǘ ŀǊŜ ōǳƛƭŘƛƴƎ ǎŜƴǎƻǊǎ ŀƴŘ ŀǊŜ 
concerned 

Chris Portier - EDF 

¶ Regulatory authorities ς Aggregate information instead of fixed site. Regulatory agencies used to 
be the most important data collectors and they may not be in the future. How can that data be 
used? There is also a difference to using data for regulation versus other uses. 

¶ Following ML, ǘƘŜǊŜΩǎ ŀƴƻǘƘŜǊ ς regulatory authorities ς they can aggregate this information and 
maybe get a better feel for the exposures 

o Roel Vermeulen - Utrecht University 

When you talk about regulatory agencies, the role is changing - they were the primary 

data collectors for a long time. But they might not be the most important for the future. 

¢ƘŜǊŜΩǎ ŀ ƴŜŜŘ ǘƻ ƳŀƪŜ ǎǳǊŜ ǘƘƛǎ ƛǎ ƎƻǾŜǊƴŜŘ ǎƻ ǿŜ Ŏŀƴ ƪƴƻǿ Ƙƻǿ ǘƘƛǎ Řŀǘŀ ƛǎ ōŜƛƴƎ 

used. We need to differentiate regulatory purposes. 

Annette Guiseppi-Elie - EPA 

¶ Regulator agencies ς cross agency use (EPA and State Environmental offices?) 

¶ Personalized medicine - Physicians in concert with patients. 
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¶ Regulatory programs have mandates. They are required to meet components. But cross-agency 
collaborations might make more sense. To ōŜ ŎƭŜŀǊ ǿƘŜƴ ǿŜ ǘŀƭƪ ŀōƻǳǘ ǇƘȅǎƛŎƛŀƴǎΣ ƛǘΩǎ ŀōƻǳǘ 
personalized medicine ς your physician and you 

Brendan Owens - USGBC 

¶ I think people responsible for design and construction of buildings are a group of users 
particularly concerned and engaged from a regulatory perspective and specific look around how 
people engage. We spend X amount on rent, building and people. The implication of this 
information with the people who have the financial look in their thinking is meaningful 

¶ Insurance industries are also useful to engage  drive the betterment of environment to change 
how risk is calculated. Could be a double edged sword if you think of health care cost 

¶ Also groups focused around vulnerable communities ς EJ groups, etc. Where disenfranchised 
communities are often the battleground for where these impacts are most acute 

Chris Pyke - USGBC/Aclima 

¶ $3 a square foot on utilities $30 on rent and $300 on people. [Missed point here] 

¶ The other group to engage is the insurance industry. Change the way risk is calculated by using 
PCEMS.  

¶ Groups interested in equity and social activists. Disenfranchised communities are the most 
effected by exposure. 

Benjamin Bunes - Vaporsens  

¶ Needs for validated messages from regulatory agencies. 

¶ The improved methods for some chemicals we have are expensive and labor is hard to get. Use 
PCEMs to be widely deployable to ID hotspots and then use more specific expensive 
measurements to hone in on issue. 

¶ Regulatory agencies ς need for the agencies to approve the methods ς ultimately I agree, but 
there is still a market there. Our customers say that the methods improvement for some of the 
chemicals are very expensive and require a large amount of labor. People want a semi 
quantitative sensor that is less expensive as a point to have lower cost  

o Annette Guiseppi-Elie 

L ƳŜŀƴǘ ǘƘŀǘ ȅƻǳ ƴŜŜŘ ǘƻ ōŜ ŎŀǊŜŦǳƭ ǿƛǘƘ ƭŜƎŀƭ ǊŜǉǳƛǊŜƳŜƴǘǎΣ ƛǘΩǎ ƴƻǘ ǘƻ ǎŀȅ ǘƘŀǘ ȅƻǳ 

ŎŀƴΩǘ ŎƻƭƭŀōƻǊŀǘŜ 

Roger McFadden - Formerly with Staples/Consultant 

¶ Use PCEMs for Quality Assurance  

¶ Products come from Asia they will have lots of devices. 

¶ Used to have lead paint on toys for example. XRF tech was deployed to do QA ς We could look 
for lead using XRF. Could use PCEMs similarly for QA. 

¶ In the business world, quality assurance -> ǎǇŜŎƛŦƛŎŀƭƭȅ ǇǊƻŘǳŎǘǎ ŎƻƳƛƴƎ ƛƴ ŦǊƻƳ !ǎƛŀ ǘƘŀǘ ŘƻƴΩǘ 
always have the same care around chemicals (toys ς lead paint ς so XRF tech was used by our 
company for quality assurance). I did quality assurance ς I think the example from Mark where a 
company wanted to only look at certain chemicals ς makes sense. 

o Commercial opportunities for these sensors in quality assurance. 
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Darryl Banks - RIA/Private Consultant 

¶ The larger the space you have the better to get over the Valley of Death [See Slides from Day 2]. 

¶ Use PCEM technologies as triage (e.g. ς developing economies). What is really bad out there? 
When you see something with PCEMs you can bring in heavy artillery, large more proven 
monitoring technologies. 

¶ To Benjamin ς the larger group of users is important. One thing that struck me is the 
opportunity to use this tech as a triage ς like with developing economies ς the ability to get an 
ƛŘŜŀ ǿƘŀǘ ƳƛƎƘǘ ōŜ ǊŜŀƭƭȅ ōŀŘ ƻǳǘ ǘƘŜǊŜΣ ƘǳǊǘŦǳƭ ƛƴ ǘƘŜ ƭƻƴƎ ǊǳƴΣ ǘƘŜƴ ƛŦ ǘƘŜǊŜΩǎ something 
serious, you can bring in the expensive sensors that are further down the timeline. 

Lauren Riggs - Google  

¶ Folks who manage space where people spend a lot of time. 

¶ This includes transportation sector ς buses, Uber, taxis, etc. 

¶ Reflecting on the conversations with people that manage any space where people spend time. 
One big group is the transportation sector ς services like charter buses, airplanes, Ubers. That is 
another user group. 

Dave Rejeski - ELI 

¶ Who would use these and it is not obvious? 

¶ Avoiding harm ς Devices needed to be accurate. Not avoiding harm but advancing health? Build 
PCEMs into existing platforms 

¶ Think about what would surprise us. Once the cost point drops, they could be built into many 
ǘƘƛƴƎǎ ǿŜ ǿƻǳƭŘƴΩǘ ǘƘƛƴƪ ŀōƻǳǘΦ ta ǎŜƴǎƻǊǎ ŀǊŜ ƴƻǿ ǾŜǊȅ cheap ς they are getting built into 
devices marketed to insomniacs. Who else would use this? Might not be clear. 

o IŀǾŜƴΩǘ ǘŀƭƪŜŘ ŀōƻǳǘ ƻǇǘƛƳƛȊƛƴƎ ǇŜǊŦƻǊƳŀƴŎŜΦ LŦ LΩƳ ŀ ƎƻƻƎƭŜΣ L ǿŀƴǘ ǘƻ ƳƻƴƛǘƻǊ ƭƻǘǎ ƻŦ 

ǘƘƛƴƎǎ ǘƻ ƳŀƪŜ ǎǳǊŜ LΩƳ ƎŜǘǘƛƴƎ ŀ ƭƻǘ ƻŦ ǇŜǊŦƻǊƳŀƴŎŜ ƻǳt of my workforce. How do I get 

the most out of my workforce? 

Annette Guiseppi-Elie - EPA 

¶ Emergency responders. 

Beizhan Yan - Columbia University 

¶ Environmental consulting companies. 

Roel Vermeulen - Utrecht University 

¶ Which functionalities should these devices have? It depends how you define user ς there are 
different views. The other thing to think about is what functionality should the monitors have:  

o PCEMS need to be fit for purpose 

o There is no universal accuracy.  

o Affordability and wear ability are key Portability 

o Ability to sense multiple chemicals. Ability to detect multiple chemicals. 
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¶ Like to measure thousands but there may be intermediate steps. The perfect should not be the 
enemy of the good in developing PCEMS. There may be intermediate steps required before the 
perfect PCEM devices are available. 

¶ Durability is an issue. Think about these in use scenarios. 

¶ Deployability ς have to reach large populations 

¶ By taking the operator out of the equation you can deploy these to large groups. 

¶ Wearing a wristband (MyExposome bands) ς you can get information in a few weeks but does 
not tell me exposure at that moment. 

¶ Ease of use (if we take the operator out, it reduces cost of deployment) 

¶ Read out speed ( a question of what you want to use it for and the expectation of the user. Ex: 
collecting data from a wristband takes about a month or longer. Maybe a consumer wants to 
know exposure from one moment.) 

¶ Comparability to published datasets. Comparability to other data sets. 

Megan Latshaw - JHU  

¶ If one state measured lead blood levels it needs to be compared to federal measurements. For 
example if one state measures lead in blood, it must be comparable to the national data as well 

Roel Vermeulen - Utrecht University 

¶ What else? -> other device functions. What else should be there? 

¶ If you collect information what can people do with it. If I have a Fitbit, I need to get my 10,000 
steps in. How do you compare to hundreds of chemical and what does that mean? 

¶ Source of chemicals ς Where does it come from?  

¶ How to intervene with an encountered exposure? 

¶ These are important questions to answer. 

Priya Premchandran - Google 

¶ Lǘ ƛǎ ƘŀǊŘ ǘƻ ǳǎŜ Řŀǘŀ ƛŦ ȅƻǳ ŘƻƴΩǘ ƪƴƻǿ ǘƘŜ ŎƻƴǘŜȄǘΦ Lǘ Ƨǳǎǘ ōŜŎƻƳŜǎ ǎƛƎƴŀƭǎΦ /ƻƴǘŜȄǘ ƛƴ ǿƘƛŎƘ 
that data was measured will be critical to PCEM development. 

¶ Reactive data vs proactive data ς Predictable data. What can I do to avoid situation? 

¶ ²ƘƛƭŜ ȅƻǳ ƘŀǾŜ ŘŀǘŀΣ ƛǘ ƛǎ ƘŀǊŘ ǘƻ ǳǎŜ ǘƘŜ Řŀǘŀ ƛŦ ȅƻǳ ŘƻƴΩǘ ƪƴƻǿ ǘƘŜ ŎƻƴǘŜȄǘ ƛƴ ǿƘƛŎƘ ǘƘŜ Řŀǘŀ 
was collected. You just have signals. This fits into device function. How do you not just focus in 
on one parameter but also the context. The other piece is reactive vs. proactive data -> how can 
you build a model to have predictability to not always be trying to figure out what do I do after it 
happens? 

David Rejeski ς ELI 

¶ Characterize and deal with false positives. One of the things that comes up a lot is how to deal 
with false positives and negatives. Becomes a bigger problem when you get to lower cost. 

¶ How do you characterize false positives and false negŀǘƛǾŜǎΦ ¢ƘƛƴƎǎ ǇŜƻǇƭŜ ŀǊŜƴΩǘ ŜȄǇƻǎŜŘ ǘƻΦ 
How do you build a context to deal with these things. Could I be scaring people? 

o Roel Vermeulen - Utrecht University 

These are on the individual and population level. 
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Jon Decker - CDC 

¶ Calibrate and validate to the environment (temp, humidity, etc.) will be key features. 

¶ Before going into field users will need to know these things and how to validate the function of 
the sensor.  

¶ I think before going into the field, the idea of how to validate the functioning of the sensor in a 
laboratory sense in terms of the standard are important to think about. 

¶ Perhaps the whole issue for developing and calibrating an instrument w temp and humidity 
affecting sensor abilities ς these things can give false readings. Before going out into the field, 
how you validate the function of the sensor, the standards and criteria used for that are 
important considerations. 

Jon Sobus - EPA 

¶ When we look at odd sensor data and we surmise what happened. 

¶ Need to know that context. 

¶ The times I look at odd sensor data, I try to surmise what caused the oddity. Hopefully this is an 
improving tech and you know why it behaves badly. As the analysts, you can look at the readout 
and think ς was this caused by temp and humidity? ς this is all helpful data to put it in context. 

¶ Along the same lines, when you see anomalies, you usually have to determine what may have 
been due to environmental factors. 

Brendan Owens - USGBC 

¶ What will be the unintended consequences of PCEM tech and what can be done to alleviate 
those unintended consequences? 

¶ Communication of technologies to users will be an issue. 

¶ L ǘƘƛƴƪ ŀōƻǳǘ ǳƴƛƴǘŜƴŘŜŘ ŎƻƴǎŜǉǳŜƴŎŜǎΦ ¢ƘŜǊŜΩǎ ǘƘƻǳƎƘǘ ƴŜŜŘŜŘ ǿƘŜǊŜ ǎƻƳŜǘƛƳŜǎ ǿŜ ƪƴƻǿ 
ƛƴŦƻ ōǳǘ ŘƻƴΩǘ ƪƴƻǿ ǿƘŀǘ ǘƻ Řƻ ŀōƻǳǘ ƛǘΦ tŜƻǇƭŜ ŎƻǳƭŘ ƎŜǘ ŀƭŀǊƳŜŘ and not have anything to do 
about it. 

¶ Some thoughts that needs to be given around how to do things about it. Not having anything to 
ǘŜƭƭ ǿƘŀǘ ǘƘŜȅΩǊŜ ŀōƭŜ ǘƻ Řƻ ƛǎ ŀƴ ƛǎǎǳŜΦ 

Roel Vermeulen - Utrecht University 

¶ Asked group to take one sticky note and write down scenario where you think PCEMs would be 
helpful. What are 1-2 exciting use scenarios you can envision for PCEMs? Write out one exciting 
scenario you can imagine a device would be effective for. 

¶ In that scenario, the device will need XYZ? Given the use ǎŎŜƴŀǊƛƻǎ ȅƻǳΩǾŜ ŎƘƻǎŜƴΣ ǿƘŀǘ kinds of 
functionality would you need? Think about the functionality that would be necessary to make it 
useful. 

¶ What is available and what is the delta in the functionality, in cost, etc.? What key factors would 
influence if you would move forward with such an endeavor? (e.g., cost) Go back and think 
about what is available at this time and define the delta ς cost, function, or other limiters 
between where we want to be and where we are now. 

Janie Shelton - 23 and Me 

¶ During recent fires in CA, we learned there was no air quality monitor in Santa Rosa  
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¶ Functions needed in PCEM in this scenario: 
o Real time monitoring 

o Mobile platform 

o Aggregation of data for online mapping 

¶ Cost and availability in area suffering environmental catastrophe will be key. 

¶ wŜŎŜƴǘ ǿƛƭŘŦƛǊŜǎ ƛƴ /! ǿƛǘƘ ǘŜǊǊƛōƭŜ ŀƛǊ ǉǳŀƭƛǘȅΦ ²Ŝ ǘƘŜƴ ƭŜŀǊƴŜŘ ǘƘŜǊŜ ǿŀǎƴΩǘ ŀ ƳƻƴƛǘƻǊ ƛƴ {ŀƴǘŀ 
wƻǎŀΦ ¢ƘŀǘΩǎ Ƴȅ ǳǎŜ ǎŎŜƴŀǊƛƻΦ ¢ƘŜ ŦǳƴŎǘƛƻƴŀƭƛǘȅ ƛǎ ǊŜŀƭ ǘƛƳŜ ƳƻƴƛǘƻǊƛƴƎ ƻŦ taнΦр ŀƴŘ 10 ς mobile 
platform in real time and an aggregation to develop online mapping of the exposures. The key 
factors influencing it is: cost and availability in an area that is suffering from environmental 
catastrophe 

Beizhan Yan - Columbia University 

¶ Light weight sensors where you can access where people cannot go 

¶ Durability  

¶ Real time to find hot spots 

¶ Lightweight sensor used in sites not accessible by people. Hurricanes, etc. The functionality is it 
needs to survive the vibrations and be very durable ς if it falls down it needs to survive 

Roel Vermeulen - Utrecht University 

¶ Scenario: Enable citizen science to inform individual and contribute to pop estimates. I will rad 
out what I had. Enable citizen science to inform the population estimates, and be able to 
leverage the insights for the full populations. 

¶ Functions: Affordable, relevant chemicals, informative on individual level. The device needs to 
be affordable and provide useful information on the individual level. Informative at the 
individual. 

¶ Gaps: Cost and sensitivity. Cost and availability are the barriers. 

¶ Enable citizen science to inform the individual and contribute to population estimates. We can 
leverage the individual use to learn about the general population. Functionality is affordability 
and measure relevant chemicals (not 1000), to give useful individual level knowledge. Gap is 
cost and availability.  

Chris Portier - EDF 

¶ GPS. Comparable to similar and proximate users, networked data in a way that we can have it 
GPS tagged. 

¶ Has to look good ς stylish [said laughing] 

¶ Something to compare my exposure to others ς the feedback. And the GPS tag to look at where 
LΩƳ ƎƻƛƴƎ ŀƴŘ ƛŦ L ǿŀƴǘ ǘƻ Ǝƻ ŀƴƻǘƘŜǊ ǿŀȅΦ Lǘ Ƙŀǎ ǘƻ ōŜ ǎǘȅƭƛǎƘ 

Sarah Vogel - EDF 

¶ Scenario ς Rapid response for disasters and LI pops. 

¶ Low input from technicians, durable, short-term, triaged approached, use tech for prioritization 

¶ Building ƻƴ WŀƴƛŜΩǎΦ ¢ƘŜ ǳǎŜ ǎŎŜƴŀǊƛƻ ƛǎ ǊŀǇƛŘ ǊŜǎǇƻƴǎŜ ŦƻǊ ŎƻƴǘŀƳƛƴŀǘƛƻƴ ŀƴŘ ŘƛǎŀǎǘŜǊǎΦ ¢ƘŜǊŜ 
could be low income population globally that have a concern. Easily deployed, low-input support 
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for managing the tech ς durable, info would need to be available not necessarily real-time. This 
could the triaged approached ς semi-quantitative, you prioritize then bring in the heavy guns. 
Barrier ς cost, resistance as not seen as a priority with this approach. 

Annette Guiseppi-Elie - EPA  

¶ Longer term responses also.  

¶ IRB activities? 

¶ Other things you can do with rapid response ς a device to use longer term after the short. Ex ς 
world trade center ς you need to worry longer term .For some of these you need a number of 
IRB type activities in place  

¶ If you can get emergency response situations for the short term and longer term. The WTC 
attacks had short and long term impacts. 

Chris Pyke - USGBC 

¶ Vulnerable pops. Real need to focus on vulnerable populations. 

¶ Pregnant and nursing mothers in socioeconomic disadvantaged places. If you look at the 
fragment of nursing mothers that live where there are chemical problems, we could create 
ǎŀƳǇƭƛƴƎ ōŀǎŜǎ ǿƛǘƘ ƭƻǿ ƻǾŜǊƘŜŀŘΣ ŀƴŘ ȅƻǳΩŘ ƴŜŜŘ ǘƛƳŜƭȅ ōǳǘ ƴƻǘ ƛƳƳŜŘƛŀǘŜΦ {ƛƳǇƭŜ ŀƴŘ ŎƭƻǎŜǊ 
to where the technology is right now. 

¶ Short campaigns and target those folks. You need sampling ς This can be an incremental bridge? 
This is something can be done almost now with tech available? 

¶ L ǘƘƛƴƪ ǘƘŜǊŜΩǎ ŀ ƎƻƻŘ ŦƻŎǳǎ ƻƴ ǾǳƭƴŜǊŀōƭŜ ǇƻǇǳƭŀǘƛƻƴǎΦ LŦ ȅƻǳ ƭƻƻƪ ŀǘ ŀ ǎƛƳǇƭŜ ǳǎŜ ς pregnant 
mothers and nursing mothers in socially vulnerable positions with high chemical exposure ς 
matters for nursing. This could be targeted ς ȅƻǳ ŘƻƴΩǘΩ ƴŜŜŘ ŀ ƭƻǘ ƻŦ ƻǾŜǊƘŜŀŘ ŀƴŘ Dt{ ǘǊŀŎƪƛƴƎΦ 
What you need is sampling ς ŘƻŜǎƴΩǘ ƴŜŜŘ ǘƻ ōŜ ǊŜŀƭ ǘƛƳŜΦ hǘƘŜǊ ǿŀȅǎ ǘƻ ǘƘƛƴƪ ŀōƻǳǘ ŎƘŜƳƛŎŀƭƭȅ 
vulnerable populations 

o Roel Vermeulen - Utrecht University 

Institutionalizing these types of measurements ς this could do it. Could this be in things 

what are already included in pre-natal care? If the tech is part of something we already 

do. 

Priya Premchandran - Google 

¶ Scenario ς Day in the life of individuals. How does environment change 

¶ Air is not the only pathway for exposure: how to thing about other pathways.  

¶ What would really get people to take action? 

¶ Standardization of sensors ς people are making sensors but what is a good one and what is not. 

¶ One use is a day in the life as an individual ς in your home, bus, office. Understand the 
relationship with place and exposure. Question following up now ς air is not the only pathway. 
How do we actually think about all of the pathways. This gets to functionality ς real-time not 
totally necessary. What is worth taking action? What is a good starting point for what can you 
control and not control? Opportunity ς cost is important, but what we have realized is that the 
standardization of sensors Ą ƛǘΩǎ ŘƛŦŦƛŎǳƭǘ ǘƻ ƪƴƻǿ ǿƘŀǘ ƳŀƪŜǎ ŀ ǎŜƴǎƻǊ ƎƻƻŘ ǾǎΦ not good. 

¶ ! ǳǎŜ ŎŀǎŜ Řŀȅ ƛƴ ǘƘŜ ƭƛŦŜΣ ǿŜΩǊŜ ƳƻǾƛƴƎ ǘƘǊƻǳƎƘ ŘƛŦŦŜǊŜƴǘ ŜƴǾƛǊƻƴƳŜƴǘǎΣ ǎƻ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ǘƘŜ 
relationship between the physical environment and the cumulative chemicaƭǎ ǿŜΩǊŜ ŜȄǇƻǎŜŘ ǘƻΦ 
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Air is not the only pathway. What would really enable people too take action is to address data 
ŀǊƻǳƴŘ ǿƘŀǘ ǳǎŜǊǎ Ŏŀƴ ŀƴŘ ŎŀƴΩǘ ŎƻƴǘǊƻƭΦ ¢ƘƛǊŘΣ ǘƘŜ Ŏƻǎǘ ƛǎ ƛƳǇƻǊǘŀƴǘΣ ōǳǘ ǎŜƴǎƻǊǎ ŀǊŜƴΩǘ Ŝǉǳŀƭ ƛƴ 
quality- what makes a sensor good or not so good. 

¶ One thing that could influence decision to trust data is who. 

Lauren Riggs - Google 

¶ Trust in the product. It is a relationship based decision. 

¶ ²ƘƛƭŜ ǘƘŜǊŜ ƛǎƴΩǘ ǎǘŀƴŘŀǊŘƛȊŀǘƛƻƴΣ ōǳǘ ǘǊǳǎǘ ƛǎ ŀƴ ƛƴŦƭǳŜƴŎŜǊΦ LŦ L ǘŀƭƪ ǘƻ ǎƻƳŜƻƴŜ ǿƛǘƘ ŀ ǇǊƻŘǳŎǘΣ L 
dŜŎƛŘŜ ƛŦ L ǘǊǳǎǘ ǘƘŜƳΦ LǘΩǎ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŀǎŜŘΦ 

Adrian Chu/Sam - McKinsey 

¶ Segment consumer populations 

¶ Parents may pay premium  

¶ From a consumer lenses, one way to do this is ς thinking about children. PCEMs will be 
expensive for awhile. Who will the early adopters be? Parents could be willing to pay a premium 
to know about their infants. This overlaps with public health folks who may want to buy that 
data. 

¶ hƴŜ ǿŀȅ ƻŦ ŘƻƛƴƎ ǘƘƛǎ ƛǎ ǘƻ ǎŜƎƳŜƴǘ ǘƘŜ ŎƻƴǎǳƳŜǊ ǇƻǇǳƭŀǘƛƻƴΣ ŎƘƛƭŘǊŜƴΩǎ t/9a{ ŀǊŜ ǘƻǳƎƘΣ ǎƻ 
maybe parents would be the audience who would pay to know more about exposure, say for 
infants. 

Jon Sobus - EPA 

¶ Use of PCEMS for water would be great goal  

¶ More accessible in near term ς drinking water ς no information on well water and if exposures 
from different municipalities are different and how they may affect health. There are 
opportunities to do this in shorter term. 

¶ We are biased to talk about air but there are other pathways such as water. 

¶ ²ŀǘŜǊΦ LǘΩǎ ŀ ƎǊŜŀǘ ŀƴŘ ƭƻŦǘȅ Ǝƻŀƭ ǘƻ ǘƘƛƴƪ ŀōƻǳǘ ŜǾŜǊȅŘŀȅΦ ²Ŝ Ŏƻǳƭd look at drinking water ς as 
ŀƴ ŀƎŜƴŎȅ ǿŜ ŘƻƴΩǘΩ ƘŀǾŜ ƛƴŦƻ ƻƴ ǿŜƭƭ ǿŀǘŜǊ ŜȄǇƻǎǳǊŜΦ aǳƴƛŎƛǇŀƭƛǘƛŜǎ ς is there a way to collect 
ŀƎƎǊŜƎŀǘŜ ǎŀƳǇƭŜǎ ƻŦ ƘƻƳŜǎ ǘƘŀǘ ŘƻƴΩǘ ǳǎŜ ǘǊŜŀǘƳŜƴǘǎ ς what are the influences on this? Low 
hanging fruit here to collect aggregate samples and wonder where the results came from. 

o Roel Vermeulen - Utrecht University 

In some way we are biased to think about air. 

¶ ²ŀǘŜǊΣ ŀƴŘ ŘǊƛƴƪƛƴƎ ǿŀǘŜǊΦ ²Ŝ ŘƻƴΩǘ ƘŀǾŜ ƳǳŎƘ Řŀǘŀ ƻƴ ǿŜƭƭ ǿŀǘŜǊ ŀƴŘ ƳǳƴƛŎƛǇŀƭ ǿŀǘŜǊΦ ²9 
could map out the variation and see if there are industrial influences (contamination). IT could 
make a big dent in managing chemical exposures. 

Chris Portier - EDF 

¶ Simple sensors like lead detection in faucets. 

¶ Following up on Jon, there are simple sensors I want to see. Something on my faucet that is 
green and red and tells you if lead is coming out. That would be a good first application and I 
would buy it. 
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Doug Walker - Emory 

¶ Precision medicine ς most diseases have enviro influence. This would be very important for 
advancing medicine. 

¶ Low cost and high throughput. 

¶ Link to other measurements like blood pressure. 

¶ Develop sensors for across the medical spectrum. 

¶ We want to advance critical biomarkers. 

¶ aŜƴǘƛƻƴŜŘ ƛƴ ǇŀǎǎƛƴƎΦ L ǘƘƛƴƪ ǘƘŜǊŜΩǎ ŀ ǎǘǊƻƴƎ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ƛƴ ǇǊŜŎƛǎƛƻƴ ƳŜŘƛŎƛƴŜΦ hƴƭȅ about 
15% of diseases have a genetic component only - -the rest include environmental. We need to 
have sensors to include environment into the health paradigm. Low cost/ high throughput is 
important ς we need data quickly from it. Also universal chemical coverage and linking to other 
health data. Needs to be robust and be distributed widely. We want to know the clinical bio 
monitors. 

¶ L ǘƘƛƴƪ ǘƘŜǊŜΩǎ ŀ ǎǘǊƻƴƎ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ƛƴ ǇǊŜŎƛǎƛƻƴ ƳŜŘƛŎƛƴŜΦ hƴƭȅ мр҈ ƻŦ ƛƭƭƴŜǎǎ ŀǊŜ ƎŜƴŜǘƛŎΣ ǘƘŜ 
rest are environmental. Knowing more about exposure is a huge opportunity to improve 
precision medicine. 

¶ Universal medical coverage and linking these data to other medical devices. Our hope is where 
the clinical biomarkers to understand exposure related to biomarkers and treatment. 

Brendan Owens - USGBC 

¶ The ability to aggregate the info in a meaningful way.  

¶ The ideas of having these items networked and location based. 

¶ I would layer into that ς the ability to aggregate in a meaningful way for a specific location. Need 
to understand in the context of location. Need to aggregate the info to be able to react to it. 
Needs to be location enabled. 

¶ The ability to aggregate the information in a meaningful way by location. If we were all wearing 
them in one room we could aggregate the information and react to it. Networking devices is 
interesting. 

Jennifer McPartland - EDF 

¶ Bifurcation ς medicine ς patient care and non-targeted analysis for research. 

¶ Use in personalized medicine. Part talking about patient care ς you need confidence in what 
youΩǊŜ ŘŜǘŜŎǘƛƴƎΦ ¢ƘŜƴ ǘƘŜǊŜΩǎ ƴƻƴ-targeted analysis for the research realm ς collecting health 
data and knowing exposures ς ƛǎ ǘƘŜǊŜ ŀ ǊŜƭŀǘƛƻƴǎƘƛǇΚ LǘΩǎ ŘƛŦŦŜǊŜƴǘΦ 

¶ Patient care you need to have accurate data. You could pull some, but not all data collected to 
patients. 

Roel Vermeulen - Utrecht University 

¶ We are doing big data project where not heart patient leaves hospital without sensor and items. 

¶ Background ς through the medical university we are doing a project on heart disease. Individual 
devices to know triggers for certain patients. 

¶ ²ŜΩǊŜ ŘƻƛƴƎ ŀ ōƛǘ Řŀǘŀ ǇǊƻƧŜŎǘ ƻƴ ƘŜŀǊǘ ŘƛǎŜŀǎŜΦ .ƻǘƘ ǿƛǘƘ ƘŜŀƭǘƘΦ 
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David Rejeski - ELI 

¶ Mold. When to re-inhabit building after mold. PCEMs could be used here. Mold. Need 
biomarkers ς it becomes airborne. Need to monitor an indoor environment overtime. When do 
you need monitoring? 

¶ We have to deal w mold (think hurricanes) mold becomes air born. Being able to understand 
indoor environments re air born biologics. 

Beth Trask - EDF 

¶ Use this information for regulating 

¶ How can this data be used by government? 

¶ Government, regulatory agencies, compliance ς how can it be used for writing stronger 
regulations and compliance activities. How can all the data be managed? 

¶ How agencies can use data ς sufficient quality and how agencies can manage data. 

Benjamin Bunes - Vaporsens 

¶ Forecasting 

¶ Forecasting ς one example is where I live in Salt Lake ς horrible air quality in the winter. When 
ǘƘŀǘ ƘŀǇǇŜƴǎΣ ǿŜ ŜƴŀŎǘ άƴƻ ōǳǊƴέ ǊŜǎǘǊƛŎǘƛƻƴǎΦ ¢ƘŜ ŀƛǊ Ƙŀǎ ǘƻ ŘŜǘŜǊƛƻǊŀǘŜ ǘƻ ŀ ŘŀƴƎŜǊƻǳǎ ƭŜǾŜƭ 
for that to kick in. I would like to forecast when this happens and how we can stop it getting to 
those dangerous levels. Need to consider meteorological and topographical things as well. This 
needs to be a model to predict when all the factors get place. This needs accuracy and cost. 

¶ Air quality is bad in winter in SLC. In salt lake we have seasonal poor air quality ς and the air 
quality has to be pretty bad, but monitors could help to predict these events. 

¶ They enact no burn restrictions, but the air has to deteriorate for that to happen. Can PCEMS be 
used to predict when air will be bad to prevent air being bad? 

o Forecast when that situation will arise. 
o Need to consider, meteorology, geography, etc.  
o Accuracy ς If you are going to take action in regulatory environment, the accuracy has to 

be high. 

Roger McFadden - Former Staples/Consultant 

¶ Vulnerable pop discussion 

¶ Car seats strollers and having these devices integrated into them. Car seats or strollers could 
have these devices integrated in some fashion to be able to monitor the situation around an 
infant. 

¶ At cash registers ς receipts. The impact on the worker who is exposed to BPA in receipts and 
customers. My granddaughter was eating receipts and those are covered in BPA. Cash Registers 
ς impact of thermal receipts in a couple ways ς the worker exposure and also the exposure to 
the customer who touches those. My grand-daughter had one of those in her mouth! Could be 
the individual at the cash register wearing one of those or it could be integrated into the 
scanner. Maybe the grocery carts? The functionality is to make them kind of background ς ŘƻƴΩǘ 
disturb the activity of those doing the work. ¢ƘŜǊŜΩǎ ŀƴ ƛƳǇŀŎǘ ƻŦ ǘƘŜǊƳŀƭ ǊŜŎŜƛǇǘǎ ǇŀǇŜǊ ς one 
the impact on the worker touching them, but also the exposure. 



Year of Innovation 

Workshop Notes | Page C-21 

¶ Put things in grocery carts to collect data. Integrating these so that workers can wear something, 
or keeping open option to integrate into cash registers or grocery carts. They need to be in the 
ōŀŎƪƎǊƻǳƴŘ ŀƴŘ ŘƻƴΩǘ ǇǊƻŘǳŎŜ ƳƻǊŜ ǿƻǊƪΦ 

Roel Vermeulen - Utrecht University 

¶ Has to be in system where you can understand exposure scenarios? 

¶ How can it be institutionalized? 

¶ There are applications on the population level and use for the individual to take action and 
ŜƭŜǾŀǘŜ ƛƳǇƻǊǘŀƴǘΦ ²ŜΩǾŜ ŀƭǎƻ ƘŜŀǊŘ ǘƘŀǘ ƛǘ ƴŜŜŘǎ ǘƻ be in a system ς where it occurs is 
important ς the exposure scenario is important. The other issue is how to make it 
institutionalized (medically, consumer, etc.) 

Analytical Debrief 

Creating intermediate devices instead of going for the home run of a perfect device that meets all needs 
will be critical. Companies need to develop equipment in the 12-24 month horizon and show some 
ŀǳŘƛŜƴŎŜ ŀƴŘ ƳŀǊƪŜǘ ŦƻǊ ƛǘΦ ¢ƘŜ ƴŜȄǘ ƎŜƴŜǊŀǘƛƻƴ ƻŦ ŘŜǾƛŎŜΣ ƻǊ ǘƘŜ άǇŜǊŦŜŎǘ ŘŜǾƛŎŜέΣ Ŏŀƴ ŜƳŜǊƎŜ ŦǊƻƳ ǘƘŜ 
development of intermediate devices.  

Furthermore, the use of inexpensive intermediate devices can be used as first warning of an issue or to 
identify hotspots for a contaminant. If hotspots are identified, larger traditional equipment with higher 
accuracy can be brought in to determine issues. Use existing and intermediate devices as triage. 

The context in which a PCEM is being used will be critical to understanding data from PCEM. Things like 
temperature and humidity will be critical to validation of device and things like location will be critical to 
understanding exposure. 

Functionality was looked at both from the professional and the personal lens. Participants discussed key 
functions that would have population and/or individual level functionality. A key topic discussed 
included the other types of data that must be included for context in the overall use (location as a main 
one mentioned). Another point was how to make a technology institutionalized (for example, in the 
medical context and in the consumer context.)  

In discussing types of users, participants brought up expansions and divisions of some of the user types 
listed in the brief and also listed new types (e.g. citizen scientists). For example, the general public as a 
user group can be separated into the healthy general public and users with specific ailments or 
vulnerabilities (and vulnerable communities). Other groups of users include insurance industries, 
regulatory agencies, quality assurance companies (example of using XRF tech for lead paint detection in 
products), the transportation sector, environmental consulting companies.  

Examples of use scenarios discussed include:  

¶ Grocery carts to measure worker and customer exposure  

¶ Monitoring of vulnerable populations (e.g. Car seats to measure toddler and infant exposure) 

¶ Forecasting weather and other conditions that lead to high PM/ pollution episodes  

¶ Mold (indoor)  

¶ Water monitoring (e.g. wells and municipal water systems)  



Year of Innovation 

Workshop Notes | Page C-22 

¶ Medical practitioner measuring individual patient exposure in addition to aggregating for 
research purposes  

¶ Post-disaster measuring 

A lot of focus on networkable data. Integration of sensors into other products. Has to be in a time and 
location that can generate network data. The other main point is how we can actually make it 
institutionalized into citizen scientists, health practices, and occupational safety. 

Participant Tracker 

Question / Output NAMES AND NOTES 

What key functions do users 
need? 

¶ Durable durability, light-weight (Sarah Vogel, Roel Vermeulen) 

¶ Fit fir purpose portability, ability to detect multiple chemicals, 
durability, affordability, ability to give useful individual level 
knowledge (Roel Vermeulen) 

¶ Inexpensive (Roel Vermeulen, Beizhan Yan - Columbia U.) 

¶ Ability to compare data to existing datasets comparability (ex: 
measuring levels of lead in blood must be comparable to the 
national data) (Megan Latshaw, Roel Vermeulen) 

¶ Real time monitoring data (Janie Shelton) 

¶ Rapid response (Sarah Vogel) 

¶ Context PCEM is used. Context of the data (location, time, etc.) 
(Jon Sobus, Chris Portier, John Decker, Roel Vermeulen, Annette 
Guiseppi-Elie, Priya Premchandran) 

Where is there broad overlap 
between functions needed by 
various users? 

¶ PCEMS need to be inexpensive 

¶ Sensors need long battery life 

¶ Widely deployable 

Types of activities participants 
would pursue w PCEMs, related 
device functions  

¶ Public health research (e.g. - pregnant mothers)  

¶ Occupational health (manufacturing, first responders, soldiers) 
(Jon D., Roger, Roel) 

¶ Building occupants (Priya and Lauren) 

¶ Quality Assurance (Roger McFadden) 

¶ Citizen science efforts (Megan Latshaw) 

¶ Tracking patient exposures (Chris Portier) 

¶ Emergency response (Annette Guiseppi-Elie) 

Other users that may have similar 
needs, face similar considerations 

¶ Public health research (e.g. - pregnant mothers, vulnerable 
populations) (Roel, Megan) 

¶ Occupational health (manufacturing, first responders, soldiers) 
(Jon D., Roger, Roel) 

¶ Building occupants (Priya and Lauren) 
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Question / Output NAMES AND NOTES 

¶ Medical professionals for personalized medicine (doctors 
interested in tracking patient environmental exposures) and other 
subdivisions of public health professionals (Chris Portier, Priya 
Premchandran, Megan Latshaw) 

¶ Regulatory agencies (Benjamin Bunes, Roel Vermeulen, Annette 
Guiseppi-Elie) 

¶ Public health professionals and parents wanting monitoring 
information about infants (Adrian Chu) 

Cost, price considerations that 
would influence decision to use 
PCEM 

¶ Hundreds of dollars hard to reach (Beizhan - Columbia U. rep) 

¶ Once the cost comes down, PCEMs could be built into many types 
of devices (David Rejeski) 

Other considerations that would 
influence decision to use PCEM 

¶ 5ƻƴΩǘ ƭŜǘ ǇŜǊŦŜŎǘ ōŜ ŜƴŜƳȅ ƻŦ ƎƻƻŘ όwƻŜƭύ 

¶ Ability to communicate results (USGBC ς not Chris) 

¶ The triage approach ς start with cheaper sensors then use more 
expensive further down the timeline (Darryl Banks) 

Creating, leveraging linkages in 
different fields 

¶ Cross-agency collaborations within regulatory mandates (Annette 
Guiseppi-Elie) 

C.4. 9ȄǇƭƻǊƛƴƎ IƻǊƛȊƻƴǎΥ ¦ǇŎƻƳƛƴƎ ¢ŜŎƘƴƻƭƻƎƛŜǎ ό5ŀǾƛŘ wŜƧŜǎƪƛύ 

Session Description 

Promising devices (PCEM and VOC) may include new arrivals on the scene, or devices that are becoming 
established and accepted. This session will discuss the existing value chain for PCEMs and VOCs. It will 
explore the questions: What specific new devices are on the horizon? What are their cost drivers? How 
might EDF go about meaningfully characterizing the space? 

Narrative Minutes 

Dave Rejeski introduced session by dividing group into three smaller groups. Each group was challenged 
to come up with a pitch to a Venture Capital group promoting why the VCs should fund a PCEM 
approach. Notetakers were attached to each group. 

This is designed to come up with pitches in front of venture capitalist- ǎǘȅƭŜΦ ²ŜΩƭƭ ŎƛǊŎƭŜ ōŀŎƪ ǘƻ ǘƘƛƴƪ 
about funding tomorrƻǿΦ ¢Ƙƛƴƪ ŀōƻǳǘ ǘŜǎǘƛƴƎ ŀƴŘ ǾŀƭƛŘŀǘƛƻƴΦ ¸ƻǳΩƭƭ ǎǇŜŎƛŦȅ ŀƭƭ ƻŦ ǘƘƛǎ ŀƴŘ ǘƘŜƴ ƎƛǾŜ ƛǘ ǘƻ 
ǳǎ ƛƴ ŀ ƎǊŀƴǘΦ ¢Ƙƛƴƪ ŀōƻǳǘ ǳǎŜǊ ŜŘǳŎŀǘƛƻƴΦ ¢ƘŜ ƛŘŜŀ ƛǎ ƛƴ ƻƴŜ ǇŀŎƪŀƎŜ ǘƘƛƴƪ ŀōƻǳǘΦ ²ŜΩǊŜ ƎƻƛƴƎ ǘƻ ŘƛǾƛŘŜ 
ȅƻǳ Ǝǳȅǎ ƛƴǘƻ ŦƻƭƪǎΦ !ǎǎǳƳŜ ǘƘŀǘ ƛŦ ȅƻǳ ōŜƭƛŜǾŜ ƛǘΩǎ ƛƳǇƻǊǘŀƴǘ ǘo do end-user testing that you DO have 
ǘƘŜ ƳƻƴŜȅ ǘƻ Řƻ ǘƘŀǘΦ ¸ƻǳ Ŏŀƴ ŘŜǎƛƎƴ ǘƘŜ ǎȅǎǘŜƳΦ ¸ƻǳ Ŏŀƴ Ŧŀƭƭ ōŀŎƪ ƻƴ ǘƘŜ ǘƘƛƴƎǎ ǘƘŀǘ ǿŜΩǾŜ ŀƭǊŜŀŘȅ 
highlighted. 
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Water topic. Collect samples and then sample analyze in a lab.  

There is a lot of public interest, as well as states and local municipals that are interested in water 
monitoring. There are also industry actors interested in knowing how their operations impact water. 
¢ƘŜǊŜ ǿƻǳƭŘ ōŜ ŜƴƻǳƎƘ ƛƴǘŜǊŜǎǘ ŦǊƻƳ ǳǎŜǊǎ ǘƘŀǘ ȅƻǳ ǿƻǳƭŘƴΩǘ ƴŜŜŘ ƛƴŎŜƴǘƛǾŜǎ ŦƻǊ ǎŀƳǇƭŜ ŎƻƭƭŜŎtion.  

Re widespread deployment and improving innovation, what would be the advantage, why would I put 
another mil into a device what would have.  

Business model will be not selling the filters, testing them, and reporting on what they say.  

Consumers would have to deliver a dry sample. Less scalable.  

¢ƘŜ ǎǘŀǘƛƻƴŀǊȅ ƳƻƴƛǘƻǊ ƛǎ ǎƻƳŜǘƘƛƴƎ ǘƘŀǘΩǎ ōŜŜƴ ǳǎŜŘ ŦƻǊ ŀ ƭƻƴƎ ǘƛƳŜΦ IŀǾƛƴƎ ǎƻƳŜǘƘƛƴƎ ǊŜƭŜǾŀƴǘ ǘƻ ŀƴ 
individual is a big boon right now.  

Is it continuous monitoring? That would have to be determined across the development stage. Is there 
variability from one to the next.  

Selling it to inspectors. A question is what do you do with the information once you have it ς ǿƘŀǘΩǎ 
actionable. Activated charcoal filter.  

As a consumer you want to know ς ƛǘΩǎ ōŜŜƴ ŜǾŀƭǳŀǘŜŘ ŀƴŘ ƛǘΩǎ ƴƻǘ ŀ ǇǊƻōƭŜƳΣ ƻǊ ƛǘΩǎ ōŜŜƴ ŜǾŀƭuated and 
dealt with. 

What about innovation and networkable data ς you can have a real time sensor, or you can look for as 
much as possible. 

Some chemical space can analyze on a chemical space that could  

The options that the community has was limited. The safe water drinking act only covers systems with 
more than 10 homes. 15% of homes in the country.  

In terms of the ways that folks can respond ς the info they get is not always actionable. So multiple 
actions need to follow.  

PITCH 1: 

¢Ƙƛǎ ǇǊƻŘǳŎǘ ƛǎ ƎǳŀǊŀƴǘŜŜŘ ǘƻ ǿƻǊƪ ǘƘŜ ǿŀȅ ǿŜ ǎŀȅ ƛǘ ǿƛƭƭΣ ŀƴŘ ǿŜ ƘŀǾŜ ǘƘŜ ǘŜŎƘ ƛƴ ƘŀƴŘΣ ƛǘΩǎ ŎƘŜŀǇ ǘƻ ŘƻΦ 
What we have in mind is to share a filtration system, consumer uses it, and we us mass spec to send 
back results. There is a double filtration system, so that you can step through whether someone has a 
problem. There would be seasonable packages.  

¢ƘŜǊŜΩǎ ŀƴ ƻōǾƛƻǳǎ ǊŜŀƭ ŜǎǘŀǘŜ ƳŀǊƪŜǘ ς do I have access to a safe water system.  

²ƘŀǘΩǎ ƛǘ ƎƻƛƴƎ ǘƻ ŎƻǎǘΚ tǊƻōably $100-150 per sample. We can provide the filters. The cost point would 
be roughly $200. Re the build up and validation, we would do a small sample validation to see what we 
send to them. We need to know how to build demand for the project.  
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PITCH 2: 

Damages our lungs and the tissues. Many are wanting to know what the distribution of air quality 
relevant to single location. We want a small device attachable to phone to measure PM2.5; aggregate 
the data that will provide user feedback, but also aggregate for larger profiling.  

²ŜΩŘ ƴŜŜŘ ǘƻ Řƻ ǎƻƳŜ ƳŀǊƪŜǘ ǊŜǎŜŀǊŎƘ ǘƻ ƳƛƴƛŀǘǳǊƛȊŜΦ  

PITCH 3: 

Formaldehyde ς many sources of exposure, especially products. Goal is to have device to monitor 
spaces, sensitive to 13 parts per billion (highly selective). Would be at a cost point accessible to the 
market. What we would do with the $1 million is proof of concept to get feedback on performance 
ŀǊƻǳƴŘ ŦŀƭǎŜ ǇƻǎƛǘƛǾŜǎΦ hƴŎŜ ǘƘŀǘ ƛǎ ŘƻƴŜ ǿŜΩŘ ƭƻƻƪ ƛƴǘƻ ±/ ŀƴŘ ǇŀǊǘƴŜǊ ŘŜǾŜƭƻǇƳŜƴǘΦ  

Follow up discussion to pitch  

Questions: 

¶ How do you know when filter needs to be changed? What do we do w it at end of life cycle? 

¶ ¸ƻǳΩǊŜ ƎƻƛƴƎ ǘƻ ƎƛǾŜ ǳǎŜǊǎ ŀ ƭƻǘ ƻŦ ƛƴŦƻ ƛƴǘƻ ǿƘŀǘ ǘƘŜȅΩǊŜ ŜȄǇƻǎŜŘ ǘƻΣ ǘƘŜȅΩǊŜ ƎƻƛƴƎ ǘƻ ƴŜŜŘ ǘƻ 
know what the exposure means, how is this done / communicated?  

¶ LŦ ȅƻǳΩǊŜ ǳǎƛƴƎ ŀ ŦƛƭǘŜǊΣ ȅƻǳ ƘŀǾŜ ǘƻ ŦƛƭǘŜǊ ǘƘƛƴƎǎ ƻǳǘΣ ȅƻǳΩǊŜ ǎƘƻǿƛƴƎ Ƙƻǿ ŜŦŦŜŎǘƛǾŜ ǘƘŜ ŦƛƭǘŜǊ ƛǎΚ 
{answer identified that there are double filter systems to know what was collected and what 
was coming through}. 

o ¸ƻǳΩǊŜ ƻŦŦŜǊƛƴƎ ǘƘŜ ǎŜƴǎƻǊ ŀǎ ŀƴ ƛƴǘŜƎǊŀǘŜŘ ǇǊƻŘǳŎǘΦ ¢ƘŜǊŜΩǎ Ŧƭƻǿ ǘƘǊƻǳƎƘ ƛǎǎǳŜǎΦ 

Group (Came up with Formaldehyde sensors) 

Benjamin Bunes - Vaporsens 

¶ We have an award through EPA for consumer product for formal. 

Doug Walker - Emory 

¶ Reverse microneedle patch as a sampler. 

¶ First time using these were painful. 

¶ The initial testing did not work. 

Romain Lacombe - Plume 

¶ We work with Twitter in London where we strapped sensors to birds with a Nox sensor 

¶ We compared that with ground level data.  

¶ This approach helped us move product forward. 

Roger McFadden - Former Staples/Consultant 

¶ Do this with sea animals. 

¶ Collect a lot of data that way 

Romain Lacombe - Plume 
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¶ [Missed what he said here] 

Brendan Owens - USGBC 

¶ How does a surfer know that they have been exposed in water? 

¶ Sensor problem, crowd source problem. 

¶ Not easy to fit to surfboards.  

ώbƻǘ ǎǳǊŜ ǿƘƻ ōǊƻǳƎƘǘ ƎǊƻǳǇ ōŀŎƪ ǘƻ 5ŀǾŜΩǎ ŎƘŀǊƎŜ ƘŜǊŜΚϐ 

¶ Which device should we pick 

¶ Patch 

¶ Surfboard 

¶ Pigeon 

Lauren Riggs - Google 

¶ Formaldehyde trailers after Katrina 

¶ We get complaints that people are exposed to formal 

¶ That would be helpful and demand for it. 

Roger McFadden - Former Staples/Consultant 

¶ People heard of formaldehyde 

Doug Walker - Emory 

¶ For LEED do they look at exposure. 

Brendan Owens - USGBC 

¶ Choose low levels of formal products. You still see  

¶ You can get credits for reducing sources, additional credits for mitigation. 

¶ We deal with chemical reactions in air for formaldehyde to show up. 

¶ Where would be the most important use of formaldehyde monitoring would be most useful? 

¶ Sense in us, or supply chain? 

Lauren Riggs ς Google 

¶ Cannot characterize of one devices but suite of comprehensive devices 

¶ You may have one device is a truck delivering product, each of these things is different in form 
factor. 

¶ We want to pitch this? 

Roger McFadden - Former Staples/Consultant 

¶ Create value for suppliers. 

¶ Indoor enviro and copy machines and things like that have kinds of tech. 

¶ What measurements are possible? 

¶ We can get to single digit ppb 

¶ EPA project is 50ppb. That is pretty low. NIOSH standard is 13. 
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Roger McFadden - Former Staples/Consultant 

¶ If you meet NIOSH standard, you can sell for any application 

¶ Where would proof of concept focus? 

See exercise handed out by David Rejeski 

¶ Look for an aggregator in this space. Target someone in this space like Steelcase, there are 
discreet customers in this space.  

¶ Spend the money on engaging community and outreach to customers? 

¶ Continuous education would be needed? 

Brendan Owens - USGBC 

¶ How would you pay for it? 

Benjamin Bunes - Vaporsens 

¶ Their device is not ready for consumers. 

¶ An organization may buy their sensors. 

¶ Walmart may use it see what is in their stores.  

¶ Foundations? Philanthropic orgs will pay money for vulnerable pops. Like groups that buy lead 
sensors for Flint residents. 

¶ People who will buy in bulk. 

Doug Walker - Emory 

¶ Target insurance companies for device too.  

¶ Preoccupancy ς like air quality commissioning. 

¶ Warehouses and before products ship. That is the easiest place to get formal monitoring.  

Groups reconvened and reported out what they talked about here 

Group 1 - Chris Portier-EDF 

¶ Filter system ς We will test water based on filter. Filtering system ς send in your filter and we 
ǘŜƭƭ ȅƻǳ ǿƘŀǘΩǎ ƛƴ ȅƻǳǊ ǿŀǘŜǊΦ 

¶ We will have double/triple filter system. We can sell packages of filters. Double or triple filter 
system. How many filters do you need to get your water cleaned up. 

¶ You can sell seasonal packages ς water can change over time. 

¶ Packages of 4-5 a year to look as time goes on. 

¶ There is a real estate market ς part of house inspection process could include water testing. 
Obvious real estate market ς build consumer demand to have the house checked before you 
buy it. 

¶ Demand for people with private wells to check. 

¶ Under safe Drinking Water Act ς there are no regulations for private well water systems. This 
could be a market for filter system. 

¶ $100-150 for lab work and filter would be free by working with Brita or someone like that. Cost 
ς if we negotiate it will be about 100-150 for lab work per sample. 
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o We could negotiate with Brita or other type of water  
o Somewhere below $200 for profit and for doing the samples 

¶ Validation would be simple, this would be cheap. Build-up and validation ς small 50 or 
something validation to go in and see how consumers react. 

o Social science work to figure out what people want to hear. 

¶ What do people want to hear and how to build product demand? 

Group 2 - Janie Shelton-23 and Me 

¶ PM 2.5 Dangerous thing to be exposed too. This was a problem in CA with recent fires. We 
wanted to know PM2.5 exposure in N CA. PM2.5 is a very dangerous thing to be exposed to, you 
ŘƻƴΩǘ ǿŀƴǘ ǘƻ ŜȄŜǊŎƛǎŜ ǿƘŜƴ ǘƘŜ ƭŜǾŜƭǎ ŀǊŜ ƘƛƎƘΦ 

¶ People want to know localized information about air quality 

¶ Our idea is to have device like credit device on smartphone that could detect PM2.5. Small 
device, similar in size to the credit card things for an ipod that can measure PM2.5 levels that 
will transmit to an app on your phone that will tell you what rank it is (dangerous, OK, etc.) 

o That data could be aggregated to the cloud like traffic apps. This would be aggregated to 
a website to get more information (like a traffic app). 

o Could be displayed on a contour map that could be used for public health research. 

¶ Need market research to get info from device to cloud and marketing. Cost -> Market research 
for miniaturizing, building the website, etc., app development, understand the web portal, and 
marketing. 

Roel Vermeulen: The first question ς what is our goal? So Mark, you have a product right? 

aŀǊƪ 9ǇǎǘŜƛƴΥ [ŜǘΩǎ ǘƘƛƴƪ ōŜȅƻƴŘ Ƴȅ ǇǊƻŘǳŎǘ 

Janie Shelton: the backpack sized sensor developed by IARPA. Jason is working on this 

.ŜƛȊƘŀƴ ¸ŀƴΥ ǘƘŀǘΩǎ ǘƻƻ ƘŜŀǾȅ 

John Decker: If you have peaks during the day, the peaks are important that the overall concentration 

Roel Vermeulen: That would be continuous,  

John Decker: Detect the peaks and associate them with health issues. 

Beizhan Yan: Like asthma can be triggered 

Janie Shelton: Imagine a mobile device.  

Annette Guiseppi-Elie: Water based 

Janie Shelton: The clip on things that you scan a credit card with ς something like that for data. You 
could be detecting PM2.5 

Jessica Reiner: NASA measures that ς but the resolution of the data is higher. Do you need a monitor in 
ŀ ǇƘƻƴŜ ƻǊ ŘŜǇƭƻȅ ǘƘŜ ƳƻƴƛǘƻǊǎ ǘƘŀǘ ȅƻǳǊ ǇƘƻƴŜ ŎƻǳƭŘ ŎƻƴƴŜŎǘ ǘƻ ǿƘŜƴ ȅƻǳΩǊŜ ǿŀƭƪƛƴƎ ōȅ 
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Beizhan Yan: Like a Bluetooth. ¢ƘŜǊŜΩǎ ŀƴ ŀŎǘƛǾŜ ǿŀǘŎƘ ǘƘŀǘ ƎŜǘǎ Řŀǘŀ ŦǊƻƳ ǎŎŀƴƴŜǊǎΦ ¢ƘŜƴ ǘƘŜǊŜΩǎ ŀ ƳŀǇΦ 
¢ƘŜ ŀŎǘƛǾŜ ǿŀǘŎƘ ƛǎ ŀŎŎŜǇǘƛƴƎ ŘŀǘŀΦ LǘΩǎ ƴƻǘ ƳƻƴƛǘƻǊƛƴƎ ƛǘǎŜƭŦΦ LǘΩǎ ŀ ǎƳŀǊǘ ǿŀǘŎƘ ǘƘŀǘ ŀŎŎŜǇǘǎ ǘƘŜ ǎƛƎƴŀƭΦ 
¸ƻǳ Ŏŀƴ ǎƛƎƴŀƭΦ LŦ ƛǘ ƛǎ ƴƻǘ ǿƛǘƘ ȅƻǳΣ ƛǘ ǿƛƭƭ ǘŜƭƭ ȅƻǳ άǿŜŀǊ ȅƻǳǊ ŘŜǾƛŎŜΦέ  

Roel Vermeulen: Another. A university campus ς network of sensors on the campus. They are all 
outside- the idea that with time allocation you can predict the air quality. We could move them inside as 
well. We only have them outside right know 

Janie Shelton: People are less interested in average exposures. They want individual exposure. You need 
to go to the individual level 

Roel Vermeulen: The issue is how to get there. When you go to indoor, can we actually, could NIST not 
only regulate temperature but also measure PM2.5, CO, etc. ς irritants in the home environment ς 
ǘƘŀǘΩǎ ŀ ŎƻƴǎǳƳŜǊ ǇǊƻŘǳŎǘ ǘƘŀǘ ǇŜƻǇƭŜ ǿŀƴǘ ǘƻ ōǳȅ ς ƛǘΩǎ ƎƻƻŘ ŦƻǊ ŎƭƛƳŀǘŜ ŎƻƴǘǊƻƭΣ ŜƴŜǊƎȅ ǎŀǾƛƴƎΦ 

Mark Epstein: Plugin device that plugs into infrastructure. Could we get that to a price point that the 
device is sitting in houses everywhere. But what is it testing? 

Roel Vermeulen: What is the issue for indoor air quality? 

John Decker: Carbon dioxide 

Priya Premchandran: ̧ ƻǳ ƴŜŜŘ /hΣ /hнΦ ²ƘŀǘΩǎ ǳƴŎƭŜŀǊ ƛǎ ǿƘŀǘ ƛǎ ȅƻǳǊ ǇŜǊǎƻƴŀƭ ŜȄǇƻǎǳǊŜΦ ²Ƙŀǘ does 
the particular CO exposure mean for you? CO is pretty easy ς not too much innovation there. 

Annette Guiseppi-Elie: We need something else to be interested in 

tǊƛȅŀ tǊŜƳŎƘŀƴŘǊŀƴΥ LΩƳ ŀǘǘŀŎƘŜŘ ǘƻ ǘƘŜ ŜȄǇƻǎǳǊŜ ǇŀǘƘǿŀȅΦ !ƛǊ ƛƴ ƎŜƴŜǊŀƭ ƛǎ ŀƴ ƛƴŘƛŎŀǘƻǊ ōǳǘ ƛǘ ŘƻŜǎƴΩǘ 
give you the personal level you need unless you have other data points to contextualize it. 

Roel Vermeulen: But indoor is easier ς ƛǘΩǎ сл-7-% of your time 

Janie Shelton: These products exist already though. 

All: but not for other pollutants 

Annette Guiseppi-Elie: indoor, outdoor, personal: we want to track all of these things. What is the 
constituent. 

Beizhan Yan: what about benzene?  

Jessica Reiner: What if the monitors can all talk with each other and compile the data. Like a Fitbit to 
pull in data from all of the sensors  

Mark Epstein: We need a narrow focus. Is there a benzene monitor? A real time one. Is benzene 
important enough in the office environment? 

Janie Shelton: One concept is aggregating data from sensors and deriving a space-time exposure 
ŜǎǘƛƳŀǘŜ ŦƻǊ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭΦ ¢ƘŀǘΩǎ ŀ ǇŜǊǎƻƴŀƭ ŀǇǇƭƛŎŀǘƛƻƴ ōŀǎŜŘ ƻƴ ŜȄǘŜǊƴŀƭ ǎŜƴǎƻǊǎΦ ¢Ƙƛǎ ŎƻǳƭŘ ōŜ ŘƻƴŜ 
ƻƴ ŀ ƭƻŎŀƭ ǇƭŀǘŦƻǊƳΦ !ƎƎǊŜƎŀǘŜ ŀƴŘ ǳǎŜ ǎǇŀǘƛŀƭ ƛƴŦƻǊƳŀǘƛƻƴ ǘƻ ǎŀȅΥ ƘŜǊŜΩǎ ȅƻǳǊ ŜǎǘƛƳŀǘŜŘ ŜȄǇƻǎǳǊŜ ǘƻ /hΦ 

Annette Guiseppi-Elie: There needs to ōŜ ŀ {h ²I!¢Κ LǘΩǎ ƎǊŜŀǘΣ ōǳǘ ǿƘŀǘ Řƻ ȅƻǳ Řƻ ǿƛǘƘ ƛǘΦ 
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WŀƴƛŜ {ƘŜƭǘƻƴΥ ¢ƘŜ Ǉƻƛƴǘ ǘƻ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭ ƛǎ άƘŜǊŜΩǎ ȅƻǳǊ ŜȄǇƻǎǳǊŜ ŀƴŘ ǇƻǎǎƛōƭŜ ƘŜŀƭǘƘ ŜȄǇƻǎǳǊŜǎΦ ¢ƘŜ 
individual must make the  

Mark Epstein: The idea is a data aggregator and estimator 

Roel VermeulenΥ [ŜǘΩǎ ǎŀȅ άǳƭǘǊŀŦƛƴŜ ǇŀǊǘƛŎƭŜǎέ ς we can model this with time allocation and predict your 
levels. Now you go indoors, you get more exposure indoors. If you take a product that takes all of these 
together, it would be an inaccurate estimate of your exposuǊŜΦ Lƴ ǘƘŜ ŜƴŘΣ L ŘƻƴΩǘ ƪƴƻǿ ƛŦ ƛǘΩǎ ƎƛǾƛƴƎ ȅƻǳ 
an exact or exact enough estimate. We need to discuss our product and how it gets picked up by a large 
group. We have an individual sensor for chemical X or Y ς how many people would actually buy it and 
wear a Fƛǘōƛǘ ƭƛƪŜ ŘŜǾƛŎŜΦ aŀƴȅ Ŧƻƭƪǎ ǿƻƴΩǘ ƘŀǾŜ ŀ ƭŀǊƎŜ ƛƴǘŜǊŜǎǘ ƛƴ ŘƻƛƴƎ ǘƘŀǘΦ LΩƳ ŀ ŦƛǊƳ ōŜƭƛŜǾŜǊ ǘƘŀǘ ƛŦ 
you scale, you need to think about how to incorporate it into a product that people want to have. Like 
Phillips with their air purifiers. Use a product that has a demand and tag a sensor along with it that is 
helpful for the larger community. 

Jessica Reiner: Lets think about the community we want 

Priya Premchandran: We need to understand what individuals have control over. In my home, I control 
my thermostat and temperature. Temp has a relationship with CO2. Ventilation and temperature are 
often combined. You can understand the exposure and the impact and what action you take. If there are 
relationships that individuals can act on, that is a product that will sell.  

Annette Guiseppi-Elie: What is the chemical.  

Jessica Reiner: Chemicals in the news that people are worried about.  

Annette Guiseppi-Elie: Formaldehyde in products.  

Beizhan Yan: What about benzene? 

Mark Epstein: Formaldehyde is a problem. We can go to the companies and invent a great formaldehyde 
sensor that is Bluetooth connected to the phone. 

Jessica ReinerΥ L¢ ŘƻŜǎƴΩǘ ƴŜŜŘ ǘƻ ōŜ ǘƘŀǘ ŀŘǾŀƴŎŜŘΦ ¸ƻǳ Ŏŀƴ ƘŀǾŜ ǎƻƳŜǘƘƛƴƎ ǘƘŀǘ ŎƘŀƴƎŜǎ ŎƻƭƻǊ ƛŦ ƛǘ Ƙŀǎ 
exposure to formaldehyde. This is something you want to remove yourself if you are exposed to it 

Beizhan YanΥ Lǘ Ŏŀƴ ōŜ ŀ ƭƻǿΣ ƳŜŘƛǳƳΣ ŀƴŘ ƘƛƎƘ ŎƻƭƻǊΦ ¸ƻǳ ŘƻƴΩǘ ƴŜŜŘ ƛǘ ǘƻ ǘƘŜ ŘŜŎƛƳŀƭΣ Ƨǳǎǘ ǘƻ ƭƻǿΣ 
medium, and high  

Roel Vermeulen: Do you envision this to be in a store ς something that you put in a chƛƭŘΩǎ ōŜŘǊƻƻƳΚ 
Where would you put it? 

Janie Shelton: Seems specific ς ƳŀȅōŜ ƛǘΩǎ ƳƻǊŜ ƻŎŎǳǇŀǘƛƻƴŀƭ ŜȄǇƻǎǳǊŜΦ ²Ŝƭƭ taнΦр Ƙŀǎ ōŜŜƴ ǾŜǊȅ ƳǳŎƘ 
in the news. Everyone wanted to know if we could run in the air, etc. We would have done very well to 
have some sort of app to have . 

Annette Guiseppi-Elie: outdoor PM detector. We know that there are these data out there.  

Roel Vermeulen: We want to get these detectors small 

Jessica Reiner: We need app development. 
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Group 3 - Benjamin Bunes-Vaporsens 

¶ Indoor monitor for formaldehyde. Indoor monitor for formaldehyde ς a major issue that is a 
carcinogen. 

¶ Formaldehyde is a major issue and a carcinogen and does nasty things 

¶ Comes into environment through products (paints, glues, etc.). Comes into the environment 
through products ς adhesives, paint products. 

¶ Monitor occupied spaces like houses, offices, etc. The goal is to have a monitor for spaces 
occupied to make sure the spaces are safe. 

¶ Sensor will be sensitive to NIOSH standard of 13 ppb. Sensitive down to 13ppb, highly selective 
(also ethanol and methanol), cost point that is accessible to the market. 

¶ It will be accessible to broad market of interested users. 

¶ 1 million ς do proof of concept studies where we can feedback on performance in the field. Will 
work with groups to access populations. 1 million: proof of concept studies through community 
engagement. Test them in the real world and get feedback on the performance. Identify false 
positives and anything else that must be corrective. After the study we go to venture capital and 
co-development products that might have interest in the space. 

Comments and discussion on the group pitches: 

Chris Portier - EDF 

¶ What do you see as path forward for GROUP 3? ²ƘŀǘΩǎ ǘƘŜ ǇŀǘƘ ŦƻǊǿŀǊŘ ŦƻǊ ǘƘŜ ŦƻǊƳŀƭŘŜƘȅŘŜ 
sensor? Would this be multi-plexed at some point? 

o Benjamin Bunes 
wƛƎƘǘ ƴƻǿ ƛǘΩǎ ƻƴƭȅ ŦƻǊƳŀƭŘŜƘȅŘŜΦ Lƴ ǘƘŜ ŦǳǘǳǊŜ ǿŜ ŎƻǳƭŘ Řƻ ƳƻǊŜΦ .ǳǘ ǘƘƛǎ ƛǎ ǎƛƳǇƭŜΣ Ŏŀƴ 
get to market, and can fund the development of future products. 

¶ Do you see yourself developing multiplex tools to analyze everything from paint and floors?  
o We are focusing on formal because there is solid demand and offers immediate return. 

In the future, there is multiplex, but formaldehyde detection will fund future 
development. 

¶ Chris Portier ς There are companies that offer things like temp sensors in home? Can you 
partner with them? Would you partner with networks and companies who are already doing 
this? 

o Benjamin Bunes 
Yes. For our follow-up funding, we could work on co-development. 

¶ Chris Portier ς We are looking to selling product for less than $100. The cost? 
o Benjamin Bunes 

Less than $100 

Jon Sobus - EPA 

¶ Can you have a low-cost option to detect possible places where you would do more work. What 
about a tool that a consumer could purchase before purchasing the sensor that could give an 
expectation that someone needs the sensor. A $2 app that could ask you questions that could 
let you know if you might want to buy this $100 sensor. 
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Sarah Vogel ς EDF 

¶ Formaldehyde is a pollutant. 

¶ Targeting users. Formaldehyde is a respiratory irritant. You could target your marketplace to 
families that suffer from asthma and other issues. Could you get at that market segmentation 
somehow? 

¶ Focus on people with need to know  

¶ When you think about partnering ς is there way to get at market segmentation. 
o Benjamin Bunes 

That could be done through groups like foundations that work with LI folks. We could 
sell to those orgs. That could potentially be done with foundations that work with low-
income communities, could sell to the foundation instead of the community. 

¶ HUD does healthy home survey. Maybe HUD could be purchaser. HUD does a healthy homes 
survey. You could also partner with someone like that. HUD could be a purchaser. 

Chris Portier - EDF/David Rejeski - ELI 

¶ Why PM2.5 and not ground level ozone. PM2.5 ς why? Why not ozone? 
o Beizhan Yan 

Mainly because of the health issues of PM2.5, especially in other countries. 
o David Rejeski 

So you want to move this to other countries? 
o Beizhan Yan 

It could be big in other countries. 
o Janie Shelton 
CƻǊ ƻǘƘŜǊ ŎƻǳƴǘǊƛŜǎΣ ƛǘ ƳƛƎƘǘ ƴƻǘ ōŜ ŀōƻǳǘ ŜȄŜǊŎƛǎŜΦ Lǘ ŎƻǳƭŘ ōŜ άƛǎ ƛǘ ǎŀŦŜ ǘƻ Ǝƻ ƻǳǘǎƛŘŜΚ 

o Chris Portier 
How volatile is PM 2.5  - the pattern is regular. Why do a need monitor if there are 
regulatory things in place. The need scenario. How volatile is PM2.5? It clearly changes 
morning to evening. Why do I need a monitor if there are already regulatory monitors. 

o Janie Shelton 
Would you move this tech to international aid organizations? The spatial resolution 
issue is always an issue for the individual user. Spatial resolution is necessary. 

o Beizhan Yan 
Sometimes, you have exposures that are more random. Like a random street could have 
much larger. Also different buildings could have different readings. In terms of the 
ǇŜǊǎƻƴŀƭ ŜȄǇƻǎǳǊŜΣ ƛǘΩǎ ǇǊŜǘǘȅ ǳǎŜŦǳƭ. 

o Chris Portier 
[ŜǘΩǎ ƎŜǘ ōŀŎƪ ǘƻ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭ ǿƘƻ ƛǎ ƎƻƛƴƎ ǘƻ ǊǳƴΦ 

o Annette Guiseppi-Elie 
There are many opportunities! 

o Chris Portier 
Every time I want to check a new area, I need to stop and look at the thing and keep 
going. 

o Annette Guiseppi-Elie 
We will be additive to this. 
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Roger McFadden - Former Staples/Consultant 

¶ I am going to take on Chris P. 

¶ Your filter idea is interesting. SO your filter idea -> Interesting! 

¶ How do you know when filter needs to be changed? How do you know when it needs to be 
changed? 

¶ What do you do with filters? What do you do with the filter afterward? Throw them away? Are 
they toxic? Does it have chemicals in it? 

Chris Portier - EDF 

¶ There are number of solutions to treat contaminated wells from inexpensive to expensive I will 
tell you want solutions will work. I am not filter selling company. Brita can sell the filters. They 
have business model that works off mine. Filters will go in garbage. 

¶ You will give users lots of information about exposure. I will not tell you if it was bad, or 
moderately bad. 

¶ LΩƳ ƴƻǘ ǇƛǘŎƘƛƴƎ ǘƘŜ ŦƛƭǘŜǊ ǎȅǎǘŜƳΦ ¢ƘŜǊŜ ŀǊŜ ŀ ƴǳƳōŜǊ ƻŦ ǎƻƭǳǘƛƻƴǎ ǘƻ Ŏƻƴǘŀminated water, from 
ǾŜǊȅ ŜȄǇŜƴǎƛǾŜ ǘƻ ƛƴŜȄǇŜƴǎƛǾŜΦ LΩƳ ƴƻǘ ǇƛǘŎƘƛƴƎ ǘƘŜ ǎƻƭǳǘƛƻƴΦ L ǿƛƭƭ ǇŀǊǘƴŜǊ ǿƛǘƘ ǎƻƳŜƻƴŜ ǘƻ 
develop specific filters for specific circumstances. They can spin off of our idea. 

Jessica Reiner - NIST 

¶ {ƻ ȅƻǳΩǊŜ ƎƻƛƴƎ ǘƻ ƎƛǾŜ ŀ ǳǎŜǊ ŀ ƭƻǘ of info. How do you explain the risk? 

Chris Portier - EDF 

¶ !ƎŀƛƴΣ LΩƳ ƴƻǘ ǇƛǘŎƘƛƴƎ ƳȅǎŜƭŦ ŀǎ ǎƻƳŜƻƴŜ ǿƘƻ ƛǎ ǘŀƭƪƛƴƎ ŀōƻǳǘ ǊƛǎƪΦ LΩƭƭ ǘŜƭƭ ȅƻǳ ǿƘŀǘ ȅƻǳǊ 
exposure is and what the solution is. That requires a lot more information. I can tell you how to 
get rid of it. 

Jessica Reiner - NIST 

¶ ²Ƙŀǘ ƛŦ ȅƻǳ ƘŀǾŜ ŎƘŜƳƛŎŀƭǎ ȅƻǳ ŘƻƴΩǘ ƪƴƻǿ ǿƘŀǘ ǘƻ Řƻ ǿƛǘƘΚ 

Chris Portier - EDF 

¶ Bottled water. 

Jon Sobus - EPA 

¶ Reporting back to consumers will require doing something like providing reference ranges like 
CDC does. Reporting back to the user. CDC has references ranges. Similar references ranges 
could come from this. 

Roel Vermeulen - Utrecht University 

¶ Filters are showing how effective the filters are what is not being filtered out. ¸ƻǳΩǊŜ ǘŀƭƪƛƴƎ 
ŀōƻǳǘ ŜȄǇƻǎǳǊŜΦ ¸ƻǳΩǊŜ ǳǎƛƴƎ ŀ filter ς ȅƻǳΩǊŜ ŦƛƭǘŜǊƛƴƎ ƛǘ ƻǳǘΦ {ƻ ȅƻǳΩǊŜ ǎƘƻǿƛƴƎ Ƙƻǿ ŜŦŦŜŎǘƛǾŜ 
ǘƘŜ ŦƛƭǘŜǊ ƛǎΣ ōǳǘ ƴƻǘ ǿƘŀǘΩǎ ǎǘƛƭƭ ƛƴ ǘƘŜǊŜ ŀƴŘ ƳŀȅōŜ ƴƻǘ ŦƛƭǘŜǊŜŘ ƻǳǘΦ 
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Chris Portier - EDF 

¶ You can tell them what is in the water. 

¶ Test the first layer and see what the 2nd filter caught. You can always test the water after. 

¶ {ƻΣ ȅƻǳ Ŏŀƴ ŦƛǊǎǘ ǘŜƭƭ ǘƘŜƳ ǿƘŀǘΩǎ ƛƴ ǘƘŜ ǿŀǘŜǊΦ ¸ƻǳ ŀƴŀƭȅȊŜ ǘƘŜ ŦƛƭǘŜǊ ŦƻǊ ǘƘƛƴƎǎ ǘƘŀǘ ŀǘǘŀŎƘ ǘƻ ƛǘΦ 
You have a double or triple system. Test the first layer, then the second one for what got 
ǘƘǊƻǳƎƘΦ ¸ƻǳΩǊŜ ƭƻƻƪƛƴƎ Ŧor what came through. You can go back to test the water after ς but 
ǘƘŀǘΩǎ ƳƻǊŜ ŜȄǇŜƴǎƛǾŜΦ 

Jon Sobus - EPA 

¶ Flow through issues. A big component of the market is people with no filters. We can offer 
packages show diff kinds of removal. There are flow-through issues. A large component is the 
ƛƴŘƛǾƛŘǳŀƭǎ ǿƘƻ ŘƻƴΩǘ ƘŀǾŜ ŀƴȅ ŦƛƭǘŜǊ ς ǿŜ ǿŀƴǘ ǘƻ ƪƴƻǿ ǿƘŀǘΩǎ ƛƴ ǘƘŀǘ ǿŀǘŜǊΦ tŜǊƘŀǇǎ ǿŜ ŎŀƴΩǘ 
get it exhaustively, but we can offer packages for different types of removals. 

Dave Rejeski - ELI 

¶ Each group came up with something quite different in their approach with no prodding. There 
was an outdoor, indoor, and water based PCEM tool. We came up with indoor air, outdoor air, 
and water. Anything that struck folk? 

¶ Interesting to think about the technology, how users use it, and how to develop the product. 
One of the things is each group came up with something quite different in terms of use, driver, 
and who want to use it. Issue around formaldehyde in indoor issues ς especially when FEMA 
comes in with temporary housing issues. Each has a different case of issue. 

Analytical Debrief 

Dave Rejeski introduced session by dividing group into three smaller groups. Each group was challenged 
to come up with a pitch to a Venture Capital group promoting why the VCs should fund a PCEM 
approach. 

In thinking about which product to pitch for market, Group 2 had a broad discussion about potential 
options, opportunities and challenges. They discussed potentially having a clip-on device for a phone 
(similar to what you see for credit cards for monitoring). This idea launched the idea of a device that 
does not monitor, but accepts data from different sensors, aggregates the data and estimates exposure. 
The group decided this would be too difficult and likely inaccurate. In discussing other potential 
monitors, the choices of indoor vs outdoor vs personal continuously came up in addition to the choice of 
ǿƘƛŎƘ ŎƘŜƳƛŎŀƭΦ .ƻǘƘ ōŜƴȊŜƴŜ ŀƴŘ ŦƻǊƳŀƭŘŜƘȅŘŜ ǿŜǊŜ ƻǇǘƛƻƴǎΦ hƴŜ ƎǊƻǳǇ ƳŜƳōŜǊ ōǊƻǳƎƘǘ ǳǇ ǘƘŜ άǎƻ 
ǿƘŀǘΚέ ǉǳŜǎǘƛƻƴ ŜǾŜǊȅ ǘƛƳŜ ŀ ŘŜŎƛŘŜ ǘȅǇŜ ǿŀǎ ǇǊƻǇƻǎŜŘ.  

The three groups identified three sensor types: 1) Detect formaldehyde in consumer products like 
carpet. 2) Water filters that would detect chemicals in tap water. 3) Detect PM2.5 in air around fires. 

The group ultimately presented the need for a device that will inform athletes about localized air quality 
information: a PM2.5 monitoring small device that can be plugged in to a cell phone, the data is 
aggregated to a website for more information and can be displayed on a contour map for use by public 
health professionals. Criticism of the device included the choice of chemical, usage in other countries, 
and ease of use by individuals. 
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Participant Tracker 

Question / Output NAMES AND NOTES 

What specific new devices are on the horizon? The groups identified 3 items: 

¶ Formaldehyde sensors 

¶ PM2.5 

¶ Water 

What are their cost drivers?  How many chemicals can be sensed affect costs 

PCEM, including VOC Technologies   

Capabilities and constraints for tech groups Detecting a small number of chemicals for a device is 
easier than detecting many. 

Important Cost Drivers  

C.5. LƴǘǊƻ ǘƻ 95C ǿƻǊƪ ƻƴ ±h/ǎ ό.ŜǘƘ ¢Ǌŀǎƪ ŀƴŘ 5ŀǾƛŘ [ȅƻƴǎύ 

Narrative Minutes 

Key points from Beth at EDF 

¶ Use this work to advance technology 

¶ Our work is about impact of oil and gas industry 

¶ We are trying to help communities who are living among oil and gas production. 

¶ We want to help these folks and build stronger policy case for regulations. 

¶ US Energy economy has changed dramatically. 

¶ 10-15 years ago we thought the industry was declining. 

¶ The US is top producer in world for petroleum and gas. 

¶ Many millions of people live near these devices like near Denver and Dallas and LA. 

¶ These wells provide jobs and dramatically increase chemical exposure.  

¶ Rural WY now has a smog problem. 

¶ Our work shows all the things that are being emitted in O&G practice. 

¶ They looked at NADA data to show estimates of VOCs from O&G exploration. Where places are 
exceeding risk of concern for cancer according to EPA 

¶ We are looking at PA. 2nd largest producer of natural gas after TX.  

¶ Wells have come up in 10-12 years. 100,000 wells and 1.5 million people live within a mile of a 
well. 

¶ PA has air quality monitoring network that does not match where wells are. They are located 
near pop density places PA DEP sites. 

¶ Communities in PA are calling us and worried about air quality. Can EDF provide monitors? 

¶ Community level monitoring efforts are happening because of grad students and lab testing 
sites. 

¶ Air quality program in UC Boulder. 
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¶ Build equipment for 1000 or you can check them out from UC Boulder ς not saleable model but 
what is being used by citizen science. 

Key Point from David Lyons from TX EDF office. 

¶ How can we improvise monitoring in O&G areas. What can move us to help fill the void? 

¶ Partnership with Cornell -EDF 

¶ John Albertson with CE  

¶ Developed method for mobile monitoring.  

¶ Sensors on vehicles, where they will drive through a plume to figure out emissions. Most work 
was covered on methane and that was focus of EDF research. 

¶ Cornell successfully demonstrated that their method was good. 

¶ Can we use VOC sensors to use the same approach ς using low cost VOC sensors to use this 
approach for researchers and community groups. We looked at PA in SW part of the state. We 
looked at Rubbertown KY. Place that had large emissions from manufacturing.  

¶ EPA is doing a study in Rubbertown too. 

¶ What are compounds interested? Methane will be dominant. The BTEX compound will be 
important too. 

¶ Need low detection limit. 1 to 10 ppb in methane ranges. 

¶ You need fast instruments. 

¶ Need vehicle deployable and vibrations from mobile system. 

¶ Low costs eventually ς hoping to be less than $1000 

¶ PhD student from Cornell did a lot of analysis. There is nothing that meets all requirements. 

¶ Cheap VOC sensors are not sufficient for this work. 

¶ Cannister samples are good for speciated data. 

¶ GC mass spec are too slow and expensive. 

¶ There are instruments that meet all needs but they are super expensive ($300 k and million) 

¶ What can we do to get useful data? 

¶ PID sensors can map plumes.  

¶ We are talking to startup company getting into some specifics needed.  

¶ Sampling plan  

¶ 5-10 sites in PA. 

¶ The vehicle will look at real time concentrations.  

¶ Next steps: 

¶ Cornell team will start sampling in SW PA 

¶ Will publish papers later. 

¶ How to do community outreach and spread knowledge. 

¶ Thoughts on issues we are facing? 

Sarah Vogel - EDF 

¶ Community engagement was last point. What do you plan on doing here? I see community 
ŜƴƎŀƎŜƳŜƴǘ ŀǎ ǘƘŜ ƭŀǎǘ ōǳƭƭŜǘΦ ²ƘȅΩǎ ǘƘŀǘΚ ¢ƘŜ ŎƻƳƳǳƴƛǘȅ ƭŜǾŜƭ ƛǎ ŀ ŎƘŀƭƭŜƴƎŜ ǘƘŀǘ ǿŜ ƘŀǾŜ ǘƻ 
deal with. 

¶ We will be driving in neighborhoods?  

USGBC 



Year of Innovation 

Workshop Notes | Page C-37 

¶ Big fan of wind and solar energy ς have you thought about doing this study around those sites 
for comparison. Would be interesting from a marketing perspective. A bit of a cheeky response, 
have you given any thought around those generation assets? The contrast could be striking. 

Megan Latshaw ς JHU 

¶ I work with students ς I just saw a 14 year old (?) who invented a product to detect something [I 
missed the specifics here]. I get to work w a lot of students a Hopkins ς they love challenges. A 
13 y/o invented a way to detect lead in water. 

¶ Put a challenge out there and see what you get. Putting the challenges out there. Laser 
absorption sensors are a bit issue. 

David Rejeski - ELI 

¶ Laser absorption sensors could get us cheap fast sensors. 

¶ Google Street View cars could drive around and detect. L ŘƻƴΩǘ ǎŜŜ ǿƘȅ ǘƘŜ DƻƻƎƭŜ ǎǘǊŜŜǘ ŎŀǊǎ 
ŎƻǳƭŘƴΩǘ ŘǊƛǾŜ ŀǊƻǳƴŘΦ 

¶ Biogenic VOCs could be issue too. 

Beizhan Yan - Columbia University 

¶ I did some work around the shale ς the signals can be affected by trees and environmental 
interveners. RESPONSE: background concentrations is going to be low enough we hope that it 
ǿƻƴΩǘ ōŜ ŀ ǇǊƻōƭŜƳ ŦƻǊ ƳƻŘŜǊŀǘŜ ŀƴŘ ƘƛƎƘ ŜƳƛǎǎƛƻƴ ǎƛǘŜǎΣ ǘƻ ƳŀƪŜ ǎǳǊŜ ǿŜ ŘƻƴΩǘ ƛƴǘŜǊǇǊŜǘ 
biogenic signals. 

C.6. [ǳƴŎƘ ŀƴŘ 5ƛǎŎǳǎǎƛƻƴ ƻƴ aŀǊƪŜǘ 5ŜƳŀƴŘ όwƻƎŜǊ aŎCŀŘŘŜƴ ŀƴŘ 
ǇŀƴŜƭƛǎǘǎύ 

Narrative Minutes 

Roger introduced discussion. 

¶ In 1996 was working with industrial hygienist in electronics sector. They are looking to protect 
product. There were instruments in their clean rooms. Portability was challenging. Some of the 
things done in the clean room allow mobile devices etc. and could be used to detect 
contaminants to electronics. 

¶ In 2003 I worked with environmental engineers for monitoring in estuaries. There were toxics 
coming into estuaries and there were places to see where those things were coming from. 
Portable devices could have been helpful in helping them understand what contaminants 
existed. 

¶ With Coastwide labs I was looking at cleaning products that would clean chemicals. The 
customers wanted validation, so I worked with them to come up with monitoring. I am a 
chemist and business person by trade. 

¶ How can we move to market with devices? There will have to be ROI, etc. 
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Priya Premchandran - Google 

¶ Works with design and construction for Google and Lauren is on operations of bldg. side. 

¶ Operate businesses for employees ς so they are able to do their best work. They spend 
significant time in these spaces. People spend 90% of their times indoors. We have to care about 
transportation too. In the Bay area ς commuting also. We do care about people. 10 years ago 
we looked at built environment and peoples use of buildings. There were indicators? What are 
the exposure pathways. Invest heavily in developing knowledge base. In terms of ready to use 
tool. It took 10 years to understand what are the right questions to ask. Find right partners to 
collaborate with. Google is big and we are not big enough to answer these questions. What are 
the sources of issues in built environment. What do we measure and communicate to others? 

Lauren Riggs - Google 

¶ We know what materials we want, we clean, put in 3D printers and maker spaces, and 
operations. We can deliver space and then people in the space undermine the efforts. We need 
to verify everything we are doing is ok. Productivity is key so we want to monitor for health and 
how that affects. 

¶ ¢ƘŜǊŜ ǿŜǊŜƴΩǘ Ƴŀƴȅ ǊŜŀŘȅ ǘƻ ǳǎŜ ǘƻƻƭǎΦ ²Ŝ ƛƴƘŜǊƛǘ ǎǇŀŎŜǎ ŦǊƻƳ ŘŜǎƛƎƴΣ ŀƴŘ ǘƘŜƴ ŀŘŘƛƴƎ ǘƘŜ 
ǘƘƛƴƎǎ ǘƘŀǘ ƳŀƪŜ ǎǇŀŎŜǎ ŦǳƴŎǘƛƻƴŀƭ ǘƘŜ ōŜƴŜŦƛǘǎ ƻŦ ǇƭŀƴƴƛƴƎ ŀǊŜƴΩǘ ŀǎ ōŜƴŜŦƛŎƛŀl. They have 
begun to use sensors to help understand. 

Benjamin Bunes - Vaporsens 

¶ We are startup from U. of Utah with staff of 15. 

¶ Building sensors and instrumentation and current sensing platform is desktop monitoring 
system. Outdoor air quality monitoring and we have done some contracts for indoor. We are in 
a DOD program for chemical hazards for military personnel. Merge those areas to develop 
monitors. I am a tree hugging OR boy. Our director is focused on sustainability and the CEO is a 
former enviro monitoring corporate person. 

¶ 15 person team ς work focused on building sensors that monitor outdoor air quality, and have 
contracts to monitor indoor air for zzz. We have DOD contracts too. 

Chris Pyke - USGBC/Formerly with Aclima 

¶ Chief Strat officer for Aclima (now with USGBC) I have been academic, NPs, venture funded, I 
feel pretty passionate we can  build better built enviros. I believe in market transformation. I like 
energy and carbon, we do not have transparency in field. Aclima is San Francisco tech company 
ς trying to make visible from data collection to action. We do sensors on people. Create 
transparency and make market transformation happen. 

¶ CƻŎǳǎ ƛƴ ƻƴ ƳŀǊƪŜǘ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴΣ ǘƘǊƻǳƎƘ ŎƻƳǇŜǘƛǘƛǾŜ ŘƛŦŦŜǊŜƴǘƛŀǘƛƻƴΦ ²Ŝ ŘƻƴΩǘ ƘŀǾŜ 
transparency in invisible environments. Acclima (company name) has been working to make 
invisible attributes of the indoor and outdoor environment. 

Janie Shelton - 23 and Me (Epidemiologist based in Mountain View, CA) 

¶ I am on data collection team ς I work on phenotypic part of product. We offer small kit and they 
spit in tube ς health and ancestry product ($199) ancestry ($99). Our companies experience may 
well to PCEMs. Ann__ is owner of 23 and Me and she did her own testing. She is interested in 
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this space. She wants to know what it will take to get PCEM to consumers. Change the way 
regulation. Empowered consumers who can make informed choices. {ƘŜΩǎ ƛƴ ǘƘŜ Řŀǘŀ ŎƻƭƭŜŎǘƛƻƴ 
team, works on the phenotyping products. They offer a health and ancestry product as well as a 
ancestry only product. There are opportunities for these things to overlap well w personal 
chemical monitoring. 

¶ The story line of 23 and me. The story for 23/me (to come). 

Roger McFadden - Formerly with Staples/Consultant:  

¶ For Google: Make healthy enviro for associated ς you have walked the talk in this area. 

¶ How are you using devices now and what would you like in a device ς the perfect device? 

¶ To panel ς How do you use monitors now? What data would you like to have? 

Priya or Lauren ς Google [Not sure who responded] 

¶ Larry Page bought a particulate sensor and ran through the office to see what he found.  

¶ We use a lot of methods. Ideally annually or biannually, we do VOC scan across the office and 
set up our tubes and send out to labs. If total concentration comes higher than thresholds we 
retest. We ask our facilities to do through the offices and take care of obvious stuff? 

¶ Log data every hour or things team can take action on every day. Frequency ς temporal 
distribution would be good.  

¶ We use different methods, in our protocol, we try to get running every year. If total 
concentrations come back at our threshold or higher, than begin mass spec. Before we do take 
samples, we ask facilities team to do a walk through of the office.  

¶ ²Ŝ ǿƻǳƭŘ ƭƛƪŜ ǘƻ ŦƛƴŘ ŀ ǊŜƭƛŀōƭŜΣ ǾŀƭƛŘŀǘŜŘ ǎŜƴǎƻǊ ǘƘŀǘ ŘƻŜǎƴΩǘ ƘŀǾŜ ǘƻ ōŜ ƳŜŀǎǳǊŜŘ ŜǾŜǊȅ 
minute, but that teams can to react to every day. (So, increasing the of data incoming).  

¶ Something else we struggle w, how do you feed this back into the decisions that get made? 
²ƘŜƴ ȅƻǳ Ƙƛǘ ǎƻƳŜǘƘƛƴƎ ƻƴ ŀ ǊŜŀŘ ǘƘŀǘΩǎ ōŜȅƻƴŘ ǘƘŜ ǎŜǎǎƛƻƴ ς what do you do with the 
information? 

Priya Premchandran ς Google 

¶ How do you feed that back into decisions that are made. How do you translate that into action? 

Roger McFadden - Former Staples/Consultant 

¶ Where is the trigger at?  [Question to Benjamin Bunes from Vaporens]. I read that you ask 
customers to test prototypes and feedback into the organizations. How important are pilot 
programs to the organization? Can you share an example where a pilot program has led to 
success? 

Benjamin Bunes - Vaporsens 

¶ How important are pilots in product development and go to market strategies? Examples? 

¶ Our pilot is super important for business. We are phase 2 company with NSF and part of those 
funds went to equipment for use in the field. We kept 5 and gave 5 to sites for development in 
the next product. We sent those devices out and people kept them? We are strategic in who we 
sell too. We go through partners, so we can integrate with device someone else is making. We 
are selling to other companies who have sensors. 
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¶ hƴŜ ƻŦ ǘƘŜ ǿŀȅǎ ǘƘŀǘ ǿŜ ƎŜǘ ƛƴǘƻ ƳŀǊƪŜǘ ƛǎ ǘƘǊƻǳƎƘ ǇǊƻŘǳŎǘ ǇŀǊǘƴŜǊǎƘƛǇǎΦ ²ŜΩǊŜ ǎŜƭƭƛƴƎ ǘƻ 
companies that have a need to get into the market. 

Roger McFadden - Former Staples/Consultant 

¶ Pilots would be good than. [Yes was the answer] 

¶ Tech is new and built to be scaleable? What are the barriers to get to scalability? 

Chris Pyke - USGBC 

¶ ¢ƘŜ ǎŜƴǎƛƴƎ ƛƴŘǳǎǘǊȅ ǎǘǊǳƎƎƭŜǎΧƛƴŘƻƻǊ ǿŜ ŀǊŜ ǎŜƭƭƛƴƎ ǘƻ ŎƻǊǇƻǊŀǘŜ ŦƻƭƪǎΣ DƻƻƎƭŜ ŀƴŘ DSA. Most 
ŘƻƴΩǘ ƘŀǾŜ ŜȄǇŜǊǘƛǎŜΦ /ŀƴ ǿŜ ōǳƛƭŘ ŀ ŎǳǎǘƻƳ ǎƻƭǳǘƛƻƴ ŀƴŘ L5 ƎŜƴŜǊƛŎ ǎƛǘǳŀǘƛƻƴ ǿŜ Ŏŀƴ ŀŘŘǊŜǎǎΦ 
Business Opportunity ς tell people how to better manager their buildings. The issues that we are 
ǘǊȅƛƴƎ ǘƻ ǘŀŎƪƭŜ ƛǎ ǘƘŀǘ ƛƴŘƻƻǊ ǿŜΩǊŜ ǎŜƭƭƛƴƎ ǘƻ ŎƻǊǇƻǊŀte occupiers, people who have lots of 
ǎǇŀŎŜ ŀƴŘ ŜƳǇƭƻȅŜŜǎΦ ¢ƘŜ ōŀǊǊƛŜǊǎ ǘŜƴŘ ǘƻ ōŜ ǘƘŀǘ Ƴƻǎǘ ŘƻƴΩǘ ƘŀǾŜ ƛƴƘƻǳǎŜ ŜȄǇŜǊǘǎ ǘƻ ƳŀƪŜ 
meaning of the data. The indoor environment is relevant to job function (operational efficiency) 
and how that matches with technology needed. 

¶ The outdoor situation is different. Both indoor and outdoor are nascent. This space is largely 
funded by govt but it confuses the market. It is hard to scale into a business. In a bad political 
atmosphere we may want to think about govt role. Outdoor sensing is simpler ς in particular 
because digital monitors and tend to be much more scalable. 

¶ When you build customer systems, a lot of times the company you do it with is that they want it 
ŀƭƭ ǘƻ ǘƘŜƳǎŜƭǾŜǎΦ ¢ƘŜ ŎƻƳǇŀƴƛŜǎ ǘƘŀǘ ǿŀƴǘ ǘƘŜ ŎǳǎǘƻƳ ǎƻƭǳǘƛƻƴǎ ŀǊŜƴΩǘ ǘƘŜ ƻƴŜǎ ǿƘŜǊŜ ǘƘŜ 
problem is most severe. 

Roger McFadden - Former Staples/Consultant 

¶ In a custom situation some companies want that? 

¶ From a PH perspective: refugee centers, and housing authorities need this tech. Not excited 
about commercialization. People that want tech are there and will pay. How to get other 
organizations into this space? 

Roger McFadden - Former Staples/Consultant to Janie - 23 and Me 

¶ What are the effective components in marketing?  

¶ What can we learn from you in PCEM space? 

Janie - 23 and Me 

¶ Founded in 2006 ς it old in Silicon Valley years. 

¶ We are successful ς long strategy that took long time to get going. We are not being successful. 
We have 2 million people in DB. That took a lot of foresight and perseverance. Ancestry only in 
new offering. 30-40% are ancestry sales only. Everything is measured in everyone and people 
can choose what they see and how they participate in our research. The data is valuable, and we 
collaborate with academics and others.  

¶ 3 buckets: Getting product to people. 

¶ Processing data in lab. This is s huge process. 

¶ In 2006 ς they wanted to disrupt the system and empower people to take control of their 
health. The product was $1000. The operational load was huge. Consumers buy them in Q4 and 
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use them in Q1. Fast forward a few years the price came down. Company has been around since 
2006. 

¶ For one day the company sold 10,000 kits in one day and the entire company was doing 
fulfillment. There was one person doing that analysis before. 

¶ What is the price point and how are we going to drive demand? If a PCEM exists other 
companies will need to improve. We do genotyping and then impute 100,000 of more that 
confirm disease risk and ancestry. Genotyping is fast and relatively cheap. We started to build a 
lab in UT and then we pivoted back to genotyping. Missteps are going to happen but get to 
yes/no as quickly as possible. We forced Illumina to keep. We have an advantage of having 
genotypes and phenotypes in the same database. That took a lot of foresight. 

¶ FDA sent a letter to us that we could no longer provide genetic reports. Our core offering was 
shot down then.  

¶ We did not see a big decrease in customers 

¶ The product runs on a microarray chip. Our kit fulfillment was all done in-house by one person. 
It comes from the partner company in flat files. Fast forward ς a few years later the price of the 
kit had come down a lot, and the company reduced the price for one day which led to a glut.  

¶ They began genotyping. Eventually the EPA began restricting the company from offering health 
feedback. The kit price stayed the same and the database continued to grow. After 2.5 years of 
working closely w the EPA, they created the pathway for direct-to-consumer genetic feedback. 
tŜǊǎƛǎǘŜƴŎŜ ǇŀƛŘ ƻŦŦΣ ŀƴŘ ƴƻǿ ǘƘŜȅΩǊŜ ǘƘŜ ƻƴƭȅ ŎƻƳǇŀƴȅ ǿ C5! ŀǇǇǊƻǾŀƭΦ 

¶ 23 and Me ς We created the regulatory pathway with the FDA. 

¶ Persistence paid off for us. We are the only FDA approved site doing out kind of work.  

¶ 2 other pieces that are relevant ς Informatics and automations. Two other pieces that is 
relevant ς informatics. Informatics ς ǘƘŜǊŜΩǎ ŀ ƘǳƎŜ amount of data from every user. 

¶ Our product is computationally intensive. As the demand grows ς the computational power 
increases. We had to go to big data solutions and not custom. Capitalize on what google and 
Netflix did. You have to focus on core competency, and maximize data collection. Make use of 
advancements in big data. 

¶ Key nuggets from 23 and Me. 
o You have to ID what you are good at. Embrace what others are good at. 
o Leverage volume over price if you can monetize data. 
o One approach is to use VC money to build dataset  is the current system. 
o Work with regulation ς being regulated was inevitable. 

Big data ς [Ŝǎǎƻƴ ŦǊƻƳ !aL  ώ 9Ǌƛƪ ŀǎƪŜŘ ŀ ǉǳŜǎǘƛƻƴΣ ōǳǘ ŘƛŘƴΩǘ ŎŀǇǘǳǊŜ ǘƘŜ ǊŜǎǇƻƴǎŜǎ ς see other notes] 

Roel Vermeulen - Utrecht University 

¶ Networked datŀ ƛǎ ǾŀƭǳŀōƭŜ ōǳǘ ǇƘȅǎƛŎŀƭ ǎŀƳǇƭŜǎ ŀǊŜ ƎŜƴŜǊŀƭƭȅ ŘȅƴŀƳƛŎΣ ǎƻ ǘƘŜǊŜΩǎ ŀ άǇǊŜ-ǎƛƎƴŀƭέ 
distortion. 

¶ Knowing something about your environment is in some ways threatening. 

[Analytical note ς this seems like a real gap we need to address early]. 

Erik Funkhouser - RIA/University of Texas 

¶ I work in electricity markets ς data about people consume electricity. The data will be available. 
Big data is an issue. Networkable data ς get the data into the community to make it usable. 
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Chris Pyke - USGBC/Aclima 

¶ Look at energy metering vs environmental sensing. If you look at billions invested in utilities. The 
need for measuring the physical creating things. Look at why Opower works at monetizing 
derivatives. You can make scalable company on utility side. We have the same issue here. If this 
stuff is monetized by companies.  

Priya Premchandran - Google 

¶ Adding more complexity ς you create vertically integrated items. There is need for 
infrastructure.  

[Discussions around monetization of data] 

Roel Vermeulen - Utrecht University 

¶ What is the predicted value? If I take 23 and Me ς DNA is static ς if I send a volatile sample id 
dynamic.  

¶ Negative effects: In pops I study ς people with ALS for example ς looking for reasons why they 
are ill and how to extend life. I work about metals which is linked to ALS. They get bloods out of 
their blood and this is dangerous. [Knowing something about enviro comforts some and can lead 
to neg consequences?] 

Janie Shelton - 23 and Me  

¶ General philosophy is people can be trusted with their information. When at home pregnancy 
ƪƛǘǎ ŎŀƳŜ ƻǳǘ ǿƻƳŜƴ ǿƻǳƭŘ ǘƘǊƻǿ ƻŦŦ ǘƘŜ ōǊƛŘƎŜǎΦ tŀǘŜǊƴŀƭƛǎǘƛŎ ƛŘŜŀ ǘƘŀǘ ǇŜƻǇƭŜ ŎŀƴΩǘ ōŜ 
trusted. I think the concern is valid Roel. There is a market for it and people want to know what 
is in their bodies.  

David Rejeski - ELI 

¶ How to figure out regulatory impact? 

¶ Verification of performance.  

¶ Take uncertainty away from investors that it will not get derailed by regulators. 

Janie Shelton - 23 and Me 

¶ One company can be a trailblazer. 

Chris Pyke ς Aclima/USGBC 

¶ If we are looking for sensing data. 

¶ Cleantech investors do not have appetite with health deals. 

¶ You need health investors or Clean Tech folks to change their ideas. 

EDF Staff person 

¶ How to help vulnerable communities? 
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Priya Premchandran - Google 

¶ Approach for us is we do not want a custom solution. We do not want to provide money or 
investment that works just for google. We want it to work in the market.  The problems we are 
facing, there are other places that need the information too. What do we support?  

Roger McFadden - Former Staples/Consultant 

¶ Need a business case for doing this. Direct relationship to value proposition. 

C.7. ±h/ ƳƻƴƛǘƻǊǎ όwƻƳŀƛƴ [ŀŎƻƳōŜύ 

Session Description 

There are several distinct categories of VOC monitors, including samplers and sensors. The diverse 
device pathways can be complicating, but also present the opportunity to explore widgets, devices, OEM 
relationships, and processes across numerous value chains. This session will discuss the existing value 
chain for VOC monitors. Participants will address two questions: What specific aspects of the value chain 
present the lowest hanging opportunities for VOC monitors? How can VOC monitors learn from other 
fields to address costs/improve capabilities? 

There are several distinct categories of VOC monitors, including samplers and sensors. Across emerging 
and available devices, user applications and underlying technologies vary significantly. This technological 
diversity provides a wide swath of opportunities to influence technology development and deployment 
at different R&D, supply chain, and use case junctures. 

This session will discuss the existing value chain for VOC monitors. Participants will address two 
questions: What specific aspects of the value chain present the lowest hanging opportunities for VOC 
monitors? !ǊŜ ǘƘŜǊŜ ƪŜȅ άǾŀƭǳŜ-ŎƘŀƛƴέ ƭŜǎǎƻƴǎ ƭŜŀǊƴŜŘ ǘƘŀǘ ŎƻǳƭŘ ōŜ ŀǇǇƭƛŜŘ ǘƻ ŀŘǾŀƴŎŜ ƻǘƘŜǊ ǇŜǊǎƻƴŀƭ 
chemical exposure monitors? 

Narrative Minutes 

How do we accelerate VOC? Why do we want to?  

²ŜΩǾŜ ƘŀŘ ŀ ƎǊŜŀǘ ŎƻƴǾŜǊǎŀǘƛƻƴ ǊŜ Ƙƻǿ ǘ 

Take some time to reflect. Before we move into the exercise, they key is to recognize this is a very multi-
facet. VOC is a complex beast ς a lot of different compounds that react in different ways. Our own 
exposure is to VOCs of diff types. In terms of the products that we use, and the social and economic 
compounds, if we want to monitor VOCs, where does it fit between extremely precise and specific 
sensors and inexpensive and less comprehensive.  

What are the opportunities to adv these technologies. As we grapple w the value chain for VOC 
monitoring, what are the lowest hanging opportunities? What are the value chain lessons learned? How 
do we think in terms of the value chain? 

{lists charge questions} 
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{Covers Plume Lab slides} 

For exercises, keep in mind: Is this the tradeoff for VOCs re cost and sensitivity, how do they play off of 
each other?  

2) what is the industry roadmap?  

3) value chain ς what drives interest in the current solutions?  

4) institutional content ς This broader question re how do we broaden our exposure to opportunities?  

What does the difference between personal exposure and area exposure mean for the development of 
the value chain over time?  

[Questions that emerged ahead of the activity]  

¶ Path dependence ς ŀǊŜƴΩǘ ǘƘŜǊŜ ƛǎǎǳŜǎ ǿ ǘƘŜ ǘǊŀŘŜƻŦŦǎ ǊŜƭŀǘŜŘ ǘƻ ǇŀǘƘ ŘŜǇendence? Some lock 
in more than others.  

¶ Interoperability ς How do we deal with the value chain aspects without thinking about risks 
associated with incompatible measurement?  

¶ What use case? Is it possible that developing around specific cases reduces understanding of 
applicability to other cases?  

Ask to group: take 2-3 minutes and write down ideas for use cases for VOC monitors and where they fit 
in the value chain.  

Roundtable:  

Roel Vermeulen - Utrect University 

¶ Study of birth cohorts, to look at VOC exposure in vitro.  

Beizhan Yan - Columbia University 

¶ Lƴ b¸Σ ŀǊŜ ±h/ǎ ǘǊƛƎƎŜǊƛƴƎ ŀǎǘƘƳŀΚ /ǳǊǊŜƴǘƭȅ ǿŜ ŘƻƴΩǘ ƘŀǾŜ ǊŜƭƛŀōƭŜ ±h/ ǎŜƴǎƻǊǎ ǘƻ ǿƻǊƪ ǿƛǘƘΦ 
Some of the companies, like RKI, have devices, but very heavy and not terribly specific. 
Biogenetic VOCs, if you have the sensor, then your VOC level is higher. We would at least be 
able to know what the role of biogenics are over non-bios.  

David Rejeski - ELI 

¶ Worker exposures ς order of mag higher exposures. Levels of tolerable exposure are typically 
set. Also, workers are used to carrying equipment ς ƛǘΩǎ ŜŀǎƛŜǊ ǘƻ ƳŜŀǎǳǊŜ ǿƻǊƪŜǊǎΦ Lǘ ƳƛƎƘǘ ōŜ 
total exposure load.  

o Roel Vermeulen 
LŦ ȅƻǳ Ǉǳǘ ǘƘŀǘ ƛƴ ŀ ǊŜƎǳƭŀǘƻǊȅ ŦǊŀƳŜǿƻǊƪ ǘƘŜƴ ǘƘŜ ŘŜǾƛŎŜ Ƙŀǎ ǘƻ ōŜ ǳǇ ǘƻ ǎǇŜŎΦ ²ŜΩŘ 
have to differentiate.  
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Google team: 

¶ ²Ƙŀǘ ǿŜΩŘ ƭƛƪŜ ǘƻ ōŜ ŀōƭŜ ǘƻ ǎŎŀƭŜ ƛǎ ǘƻ ōŜ ŀōƭŜ ǘƻ ŎƘŀǊŀŎǘŜǊƛȊŜ ǘƘŜ ±h/ǎ ǿκƛƴ ǘƘŜ ǾŀǊƛƻǳǎ ǿƻǊƪ 
spaces that they have, so that they could characterize and prioritize speciation. From there, 
maybe they monitor for less.  

¶ Responses to google team:  

USGBC 

¶ Events are often the trigger. There is another strategy. 

Roger McFadden - Formerly with Staples/Consultant 

¶ We need a process to come up with validating. Who in the value chain should be collecting and 
presenting the data?  

Roel Vermeulen - Utrecht University 

¶ IŦ ŀ ǎŜƴǎƻǊ ƛǎ ŎƻƳǇƭŜǘŜ ƴƻƛǎŜΣ ǘƘŜƴ ǘƘŜǊŜΩǎ ƴƻ ǇŀǘƘ ŦƻǊǿŀǊŘΦ .ǳǘ ǘƘŜǊŜ ŀǊŜ ŀǇǇǊƻŀŎƘŜǎ ŦƻǊ ƎŜǘǘƛƴƎ 
there. The sensors need greater refinement. I do believe in the citizen science framework. But 
we need to be able to link it to the data to individuals.  

Beizhan Yan - Columbia University 

¶ If you have that kind of sampler and give to individuals, if you see high total VOCs, then access 
to compelling studies. The field team can come and see systematic sampling. To see that as 
consistent signals. Intersection of citizen and regulatory science.  

Chris Pyke - USGBC 

¶ We need a way to develop a way to determine if there is a higher price point, a sensor of 
sufficient value to justify the more expensive monitor.  

Roger McFadden - Formerly with Staples/Consultant 

¶ If you Řƻ ȅƻǳ ǿŀƴǘ ǘƻ ǇǊƻƧŜŎǘ ƻǳǘ ǿƘŀǘ ǘƘŜ whL ǿƻǳƭŘ ōŜΦ CƻǊ ƛƴǎǘŀƴŎŜΣ ƛŦ ȅƻǳΩǊŜ ǇǳǘǘƛƴƎ ƻƴ ŀ 
$5,000 monitor on a school, think of as $1 per student.  

Roel Vermeulen - Utrecht University 

¶ In Beijing we put regulatory grade solution on the roof of schools to make ŘŜŎƛǎƛƻƴǎΦ 5ƛŘƴΩǘ ƴŜŜŘ 
to be small and expensive.  

Jason Amsden - Duke University 

¶ The prices could drop precipitously if there are more users. To flag that, some of the 
ƛƴǘŜǊǾƛŜǿŜŜǎ ƳŜƴǘƛƻƴŜŘ ǘƘŜǊŜΩŘ ōŜ ŎƘŀƭƭŜƴƎŜǎ ōǊƛƴƎƛƴƎ Řƻǿƴ ŎƻǎǘǎΦ 

Romain Lacombe - Plume 

¶ How do we bring down the costs ς looking at various groups of end use applications and 
processes. Validation levels.  
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¶ If levels are higher when looking at workers is a very effective tactic.  

¶ The outcomes of the discussion is, what would be the key lessoƴǎ ŀƴŘ ƛŘŜŀǎ ǘƘŀǘ ǿŜΩŘ ǿŀƴǘ ǘƻ 
share ς how do we bring down technology costs. 

¶ On the S-curve, very hard to predict the curve.  

¶ You have to differentiate between cost and price. And you have to drill into the components.  

¶ You have to think of the price, cost, and value.  

¶ Who is the purchaser -  

Aileen Nowlan - EDF 

¶ How do we analyze the data? There can be a later step that can be very high touch. The heavy 
data analysis drag can be a challenge.  

Beizhan Yan - Columbia University 

¶ Studying individuals w real time data, but how to use? If you have RT data, the relevance of 
measurement of specific  

Roel Vermeulen - Utrecht University 

¶ WŜ ǘǊȅ ǘƻ ŎŀƭƛōǊŀǘŜ ŘŀǘŀΦ ¸ƻǳ ƘŀǾŜ ŀ ƭƻǘ ƻŦ ǘƘƛƴƎ ǘƘŀǘ ŀǊŜƴΩǘ ǇǳōƭƛŎΣ ōǳǘ ȅƻǳ ǳǎŜ ǊŜŦŜǊŜƴŎŜǎ ǘƻ 
make sure that the results are accurate.  

Lauren Riggs - Google 

¶ The lack of transparency in the analysis makes it hard to consume.  

Romain Lacombe - Plume 

¶ Bringing down the cost of more expensive mass spec? can the tech and processes be driven 
down? The already cheaper sensors, the data need to be made more useful using transparent or 
validated processes that hold up to more expensive techniques. 

C.8. t/9a{Υ [Ŝǎǎƻƴǎ ŦǊƻƳ 5ƛŦŦŜǊŜƴǘ CƛŜƭŘǎ όYǊƛǎǘƛƴ 5Ŝ²ƛǘǘύ 

Session Description 

Within research disciplines but outside of the public health system, essential know-how and resources 
for developing PCEMs exist. This session will explore ways in which technological and process innovation 
within other research disciplines can support PCEM development for public health applications, in part 
by exploring the interplay between distinct disciplines in the development of VOC monitoring. 

Narrative Minutes 

[Came into room 1-2 minutes after session started] 

Kristin Dewitt provided over view of her work with IARPA. 

¶ Intro to intel community 
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¶ Develop tech to give gadgets to folks that protect country 

¶ Purpose here is PCEM lessons from different fields 

¶ LΩƳ ƻǳǘǎƛŘŜ ƻŦ ǘƘŜ ǇǳōƭƛŎ ƘŜŀƭǘƘ ŦƛŜƭŘ ς but more general environmental ς apply these lessons to 
other sessions 

¶ Intel community ς leverages tech from defense labs. Defense applications ς LΩƳ ƛƴ ǘƘŜ 
Intelligence community. 

¶ IARPA is under national intelligence 
o Mission is to give the gadgets to the folks to collect intelligence to protect the country. 

¶ They develop a lot of things. Intelligence community writ large develops a lot ς some things DOD 
ŘƻŜǎƴΩǘ ŘŜǾŜƭƻǇΦ 

¶ There are things we develop the sneaky territory. L!wt! ŘŜǾŜƭƻǇǎ ǘƘŜ άǎƴŜŀƪȅ ǘŜŎƘƴƻƭƻƎȅέΦ 
o DOD develops things that keep soldiers safe. DOD ς keep soldiers safe ς things that will 

kill immediately. 
o Intel is more strategic ς find people who are making things before exploding. We have a 

more strategic, different signatures, different types of sessions. 

¶ Looking at precursors to development of tech 

¶ I am the Chemist at IARPA. She is the chemist at IARPA. 
o If I touched something bad ς Find that kind of materials 
o Use IR  
o SILMARILS ς detection of trace chemicals ς sensor that could detect that 
o MAEGLIN ς Program at IARPA. MAEGLIN ς building small sensors that can run 2 years 

unattended ς chemical identification in challenging environments. 
Á Tech that the intelligence community can adapt 

o Have shoebox size thing that collects data and last for 2 years and . 
o Ithildin ς Program at IARPA. ITHILDIN ς sampling material to sample air quality ς at 

molecular, nanoscale, and mesoscale level. 
Á Take advantage of nanotechnology at different levels 

o Sampling materials ς absorbent and samplers. Seedlings/ studies - -capability 
development project. 

¶ Take a sample f 

¶ 4 capability thrusts areas slide 

¶ Seedlings ς cap for component development 

¶ Do you do bio detect? 
o Other folks do this at IARPA. Other people at IARPA do biological aspect of things - 

people have found that the signatures look like other types of production ς biological 
detection aspects. 
Á LŦ ȅƻǳΩǊŜ ƭƻƻƪƛƴƎ ŦƻǊ ŀ weaponized biological agent ς there are different 

approaches  

¶ I am doing small molecule detection.  

¶ What are intel agencies looking for? 

¶ Bigger pictures for PCEM 
o This information is used for: 

Á Trigas monitors ς confined space places  
o Development of wearable badges to develop chemical sensors.  Some are commercially 

avail. Wearable badges to detect toxic chemicals ς mostly first responder and homeland 
security safety. A lot of developmental ones. Something to respond rapidly and alert if in 
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a dangerous situation that is or could soon be hazardous. Chemicals you are looking for 
are ones that could kill you instantly or very quickly (not really worried about long term). 

o Keep first responders safe.  
o Focus on concentrations. Concentration level and types of chemicalsτnot ppb or ppt. 
o Looking for nerve agents and conventional weapons. 
o Small test kits and sensors for the defense side ς more traditional chemical attack agent 
ς indicator paper, larger sensors 

o Fitness or biometrics monitors. Fitness/ biometric wearables ς first responder scene ς 
people have to wear a lot of gears in this situation ς there have been issues with people 
getting into a heat-stroke issue or a panic attack ς you need to make sure these people 
are in good health. Off the shelf type of gear but with different. 
Á Training exercises as well -=-make soldiers realize when they could be about to 
ōŜ ƛƴ ŀ ƘŜŀǘ ǎǘǊƻƪŜ ǎƛǘǳŀǘƛƻƴΦ ¢Ƙŀǘ ƛǎ ŀ ŎƻƳǇƻƴŜƴǘ ǘƘŀǘ ƛǎƴΩǘ ŎƘŜƳical sensing, 
but it falls into the component  

o Keeping track of people wearing devices in hazardous enviro. Soldiers can recognize 
when they are becoming heat compromised for example. 

o They look for chemicals that could harm soldiers or people we want to defend or things 
that could harm a mission 

Charge question: 

1) Important success of tech? 

Biggest challenges? 

¶ Top down implementation without talking about it first with folks 

¶ Looking at badge that you are going to use.  

¶ DŜǘ ƻǾŜǊ ŎǳƭǘǳǊŀƭ ǊŜǎƛǎǘŀƴŎŜΦ L Ŏŀƴ Řƻ Ƴȅ Ƨƻō ŦƛƴŜ ŀƴŘ L ŘƻƴΩǘ ƴŜŜŘ ǘƘŀǘ ǘƘƛƴƎΦ Iƻǿ ǘƻ ƎŜǘ ǘƘŜƳ ǘƻ 
use tech? It never bothered me ς why should I care? 

¶ Deploying something that makes the job harder will not work? Uncomfortable and extra 
paperwork. 

¶ Soldiers are already carrying 50 pounds of gear. For bldg. tech ς look through the common sense 
application. Deploying something that makes the job harder ς paperwork, weight, etc. (even 2 
pounds more on top of 50 pound gear is horrible). 

¶ Time sensors in bathroom cannot always work well. For example. Understand how tech can be 
used well and not resisted. 

¶ Making sure that the fitness of the soldier is OK ς need to get people to adopt the new 
ǘŜŎƘƴƻƭƻƎȅ ŀƴŘ ƴƻǘ ōŜ ǊŜǎƛǎǘŀƴǘ ǘƻ ƛǘ όǎƻƭŘƛŜǊǎ ŘƻƴΩǘ ǿŀƴǘ ǘƻ ǎŀȅ ǘƘŜȅ ŀǊŜƴΩǘ Ŧƛǘ ŜƴƻǳƎƘ ƻǊ ŀǊŜƴΩǘ 
doing their job well) 

¶ You need to think through the common sense things so that the technology is actually adopted 
and not laughed at. 

Helpful to know early on? 

¶ Price point for things that save lives obviously = you just buy it. Price point is less of a deal in the 
ƎƻǾŜǊƴƳŜƴǘ ƛŦ ƛǘΩǎ ŀ ƭƛŦŜ ƻǊ ŘŜŀǘƘ ǘƘƛƴƎΦ LǘΩǎ ŀ ōƛƎƎŜǊ ŘŜŀƭ ƻǳǘ ƛƴ ǘƘŜ ŎƻƳƳŜǊŎƛŀƭ ǿƻǊƭŘΦ 

¶ People need to understand what something is used for. 
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Jennifer McPartland - EDF  

¶ How much are resources to build new tech vs incorporating new. Of all the tech you are 
developing, what amount is already out there in the market vs. what do you build? 

Kristie Dewitt - IARPA 

¶ IARPA only makes new tech. !ǘ L!wt!Σ ǿŜ ŘƻƴΩǘ ƛƴŎƻǊǇƻǊŀǘŜ ǿƘŀǘΩǎ ŀƭǊŜŀŘȅ ǘƘŜǊŜΦ ²Ŝ ŀǊŜ ǘƘŜ 
advanced intelligence technology agency. 

¶ IARPA levels from 1-4 ς take things to initial ideas to prototypes. That is where our investment 
is. 

¶ We are 5-10 years from commercialization. IARPA develops from initial idea to the first 
prototype you can test ς ǘƘŀǘΩǎ ƻǳǊ ƛƴǾŜǎǘƳŜƴǘ ς ƛƴ ŘŜǾŜƭƻǇƛƴƎ ǘƘƛƴƎǎ ǘƘŀǘ ŘƻƴΩǘ ŜȄƛǎǘ όŀōƻǳǘ р-
10 years from commercialization). 

¶ FBI and NSA will go and see if there is something in the field already, then they look at dev labs 
within their agencies. The other parts of the community (FBI, CIA) looks first in the commercial 
world and government, then they would turn to IARPA. 

???? 

¶ How many level 4 readiness techs get adopted. 

Jennifer McPartland - EDF 

¶ ²ƘŀǘΩǎ ǘƘŜ ǎǳŎŎŜǎǎ ǊŀǘŜΚ 

Kristie Dewitt - IARPA  

¶ 20-30% of stuff materializes. We want this % to be low. We are a bizarre organization in that we 
measure success with how far back we are willing to go. If more than 20% of our projects 
ǎǳŎŎŜŜŘΣ ǿŜ ŀǊŜƴΩǘ ƎƻƛƴƎ Ǌƛǎƪȅ ŜƴƻǳƎƘ Φ²Ŝ ŘƻƴΩǘ ǘŀƪŜ ŜǾŜǊȅǘƘƛƴƎ ǘƻ ǇǊƻǘƻǘȅǇŜ ǎǘŀƎŜΦ ¢Ƙƛǎ ƛǎ ƴƻǘ 
commercially viable at all. We fund this because no one else will. 

Darryl Banks - RIA/Private Consultant 

¶ All in house or academics? Private sector involvement? 

Kristie Dewitt - IARPA 

¶ Work is done through academia and small business contracts. IARPA is 24 program managers ς 
we are an office basically. This is all funded through academia and small businesses. 90% of 
ǿƘŀǘ ǿŜ Řƻ ƛǎ ƴƻǘ ŎƭŀǎǎƛŦƛŜŘΦ LǘΩǎ ŀƭƭ ōǊƻŀŘ ŀgency announcements. 

Annette or Jon ??  - EPA  

¶ Of the things you develop, how to make commercially available? Of the things we develop, how 
are they made commercially viable. 

Kristie Dewitt - IARPA 
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¶ We do proof of concept and encourage them to publicize. We do the proof of concept ς we 
ŜƴŎƻǳǊŀƎŜ ǇŜƻǇƭŜ ǘƻ ǇǳōƭƛǎƘ ǿƛŘŜƭȅΦ LŦ ƛǘΩǎ ŀ ƎƻƻŘ ƛŘŜŀΣ ǘƘŜƴ ŎƻƳƳŜǊŎƛŀƭ ƛƴŘǳǎǘǊȅ ǿƛƭƭ ŦƛƴŘ ƻǳǘ 
about it. 

¶ Example: Facial recognition tech started at IARPA. One example is facial recognition technology. 

¶ We do not put restrictions on companies who work for us? LǘΩǎ Ƴƻǎǘƭȅ ŜƛǘƘŜǊ ǘƘǊƻǳƎƘ 
government partners where the companies take the seed money then make a prototype. We 
ŘƻƴΩǘ ǊŜǎǘǊƛŎǘ ǘƘŜƳ ǎŜƭƭƛƴƎ ƛǘΦ 

Megan Latshaw - JHU 

¶ FEMA funded personal protect equipment 

¶ Many false positives and negatives 

¶ People made first responder things that had horror stories with false positives. Training must be 
a huge part of this ς ƛŦ ƛǘΩǎ ул҈ ƭƛƪŜƭȅ ǘƻ ōŜ ƴƻǘ ŘŀƴƎŜǊƻǳǎ ǾǎΦ ǘƘŀǘ нл҈ ǘƘŀǘ ŎƻǳƭŘ ōŜ ŘŀƴƎŜǊƻǳǎ. 

¶ Training is key part of this ς to get people to understand results.  

Kristie Dewitt - IARPA 

¶ Validation in the sensor field is not good right now. And validation ς ǘƘŀǘΩǎ ǎƻƳŜǘƘƛƴƎ ǘƘŜ 
ƎƻǾŜǊƴƳŜƴǘ ŘƻŜǎƴΩǘ Řƻ ǿŜƭƭΦ ¢ƘŜ ƎƻǾǘ ǿƛƭƭ ŦǳƴŘ ƛǘ ǇŀǊǘ ǿŀȅ ǘƘŜƴ ǘƘŜ ŎƻƳǇŀƴȅ ƎƻŜǎ ƻǳǘ ŀƴŘ ǎŜƭƭǎ 
it without regulatory. 

¶ 25% of our budget goes to evaluation. About 20% of our budget is for testing. In the 
ƎƻǾŜǊƴƳŜƴǘΣ ǿŜ ǘǊȅ ǘƻ ŎƻƳŜ ǳǇ ǿƛǘƘ ōŜǘǘŜǊ ǎǘŀƴŘŀǊŘǎΦ .ǳǘ ǘƘŜǊŜΩǎ ŀ ƭƻǘ ƻǳǘ ǘƘŜǊŜ ŀƴŘ ƎǊŜŀǘ 
marketing strategies. 

¶ There is a belief among some people that things exist. 

¶ There are few systems that can detect ppt (parts per trillion)  

¶ ²Ƙŀǘ ȅƻǳΩǊŜ ŀŎǘǳŀƭƭȅ ƭƻƻƪƛƴƎ ŦƻǊ ƛǎ ǎƻƳŜǘƘƛƴƎ ǘƘŀǘ ƳƛƎƘǘ ƴƻǘ ōŜ ǘŜŎƘƴƻƭƻƎȅ ȅŜǘΦ {ƻƳŜǘƛƳŜǎ 
ȅƻǳΩǊŜ Ƨǳǎǘ ōǳƳǇƛƴƎ ǳǇ ŀƎŀƛƴǎǘ ǘƘŜ ƭŀǿǎ ƻŦ ǇƘȅǎƛŎǎΧ{ƻƳŜ ǘƘƛƴƎǎ ȅƻǳ Ŏŀƴ Ƨǳǎǘ ǎŀȅ άƴƻ ǘƘƛǎ ǿƻƴΩǘ 
ǿƻǊƪέ ς that needs to get to the general public messaging. 

Chris Pyke - Acclima/USGBC 

¶ One thing that will make success of technology. What are good examples of things that are 
made that already have demand in market. Things like Apple watch. 

¶ Demand needs to be there to make this technology successful. What are good examples of 
things that were made that already had a demand in the market? The Apple watch and 
monitoring the heart beat ς there was a demand and they just dove right in. What are good 
examples of that that could be used in thinking about new sensors. 

Jennifer McPartland - EDF Question to Janie Shelton - 23 and Me. 

¶ How much was it demand for this product vs create demand? How do you crack the duds. 

Janie Shelton - 23 and Me 

¶ Publicity around human genome project. When companies came on board there were 
companies buying that product. It was not direct to consumer product.  

¶ There is also a viral component to these products ς word of mouth. I would plan for a long path 
for PCEMs. 
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¶ There was a huge amount of excitement around the human genome project. When companies 
came on board, it was the early adopters who had an enormous amount of disposable income. 
¢ƘŜ ǇǊƛŎŜ Ǉƻƛƴǘ ŘƛŘƴΩǘ ŎƻƳŜ Řƻǿƴ ǳƴǘƛƭ ǘƘŜǊŜ ǿŀǎ ƳƻǊŜ ŀǿŀǊŜƴŜǎǎΦ ¢ƘŜǊŜ ƛǎ ŀ ǾƛǊal component 
ǘƻ ǘƘƛǎ ǘȅǇŜ ƻŦ ǘŜŎƘƴƻƭƻƎȅΦ L ǿƻǳƭŘ Ǉƭŀƴ ŦƻǊ ŀ ƭƻƴƎ Ǌǳƴǿŀȅ ƻŦ ŀŘƻǇǘƛƻƴΦ L ŘƻƴΩǘΩ ǘƘƛƴƪ ŀ ǇǊƻŘǳŎǘ 
that monitors environmental exposure will have a viral component. It will be early adopters with 
a ton of money then it will come in phases. 

¶ Adoption will come in phases. 

¶ Are there ways to find a market that plays into existing regulations. 

¶ There are home testing kits for radon for example. 

¶ Develop sensors that match with what people are already doing? 

Kristie Dewitt - IARPA 

¶ Industry is a market 

¶ Dupont has to monitor their water for example. What is the next major contaminant they 
should be concerned with? 

¶ Most counties in VA are required to do emissions testing on your car. What if you have 1 car and 
ŀ ƭƻǘ ƻŦ ŎƘƛƭŘǊŜƴΣ ǘƘŀǘΩǎ ǊŜŀƭƭȅ ƛƴŎƻƴǾŜƴƛŜƴǘΦ If someone had a sensor I could myself put on my 
ǘŀƛƭǇƛǇŜΦ LΩŘ Ǉŀȅ ŦƻǊ ǘƘŀǘΦ !ǊŜ ǘƘŜǊŜ ƻǘƘŜǊ ŎƻƳǇƻƴŜƴǘǎ ƭƛƪŜ ǘƘŀǘΚ Lƴ ǊŜŀƭ ŜǎǘŀǘŜΚ {ƻƳŜǿƘŜǊŜ ς 
could you find that market for this to play into existing regulations, etc.? 

Megan Latshaw - JHU 

¶ Home testing kits for radon ς some of them are required when you sell a house 

Annette Guiseppi-Elie - EPA 

¶ The industry though ς for testing there water ς is the a space they could be  

Megan Latshaw - JHU 

¶ Someone in NY has a FB page and they posted all the biomonitoring of the PFOS in their blood 

Darryl Banks - RIA/Private Consultant 

¶ The group that looked at formaldehyde. The group looking at formaldehyde ς ǘƘŜǊŜΩǎ ŀ ŎƻƳǇŀƴȅ 
that does computerized CO detectors. 

¶ Nest has CO and smoke detector. I had my furnace inspected and it can measure all these things 
and send information to your cell phone. When I had my furnace inspected, someone said they 
could add a measure for CO that is computerized. Generic platforms where there is a demand 
and a narrow area opens up. 

Jennifer McPartland - EDF 

¶ Demand in terms of excitement like genome project, or regulatory requirement ς comp 
advantage to develop something. Creating demand in terms of framing having this knowledge as 
a competitive advantage. Demand in terms of regulatory requirement or excitement is different. 
The competition piece is interesting though. 

¶ Real estate company can assess your house with monitoring like this. The filter technology ς we 
thought about the real estate sector ς seeing this as an opportunity for them to be more 
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competitive in their business. What if a real estate company could advertise that they can access 
your house ς this gives them an advantage. 

Megan Latshaw - JHU 

¶ Result of the ACA ς shift towards prevention. As a result of Obamacare ς things shifted towards 
prevention. 

¶ Medicaid doing home health stuff. Medicaid and going into homes form healthy homes 
inspections ς could that be built into the idea? 

Kristie Dewitt - IARPA 

¶ You can use devices to do things like tell you when fruit would ripen. Think sidewise ς ripening 
fruit gives off a chemical ς what if a chemical detector was in a truck with the fruit and could 
sense when the fruit was ripening. 

Annette Guiseppi-Elie - EPA 

¶ Personalized medicine issue. !ƭǎƻ ǘƘŜ ǇŜǊǎƻƴŀƭ ƳŜŘƛŎƛƴŜ ǇƛŜŎŜΦ LŦ ǿŜΩǊŜ ǘŀƭƪƛƴƎ ŀōƻut trying to 
get this kind of market ς ƛǘΩǎ ŀ ƭƛǘǘƭŜ ǿŀȅ ƻŦŦ ς ōǳǘ ǿŜΩǊŜ ǘǊȅƛƴƎ ǘƻ ƎŜǘ ǘƘŜǊŜΦ 

Janie Shelton - 23 and Me 

¶ Reproductive health area and healthy pregnancies. Seen advancements in that area. Consumers 
want to know this info about themselves. Definitely potential in the reproductive health area ς 
people are interested and consumers want to learn information about themselves. 

¶ Recruit doctors who are interested in new technology to be interested in PCEMs. Currently, 
ŘƻŎǘƻǊǎ ŀǊŜƴΩǘ ŀǎƪƛƴƎ ŦƻǊ ƛǘ ƻr asking for these tests. No one knows what their folate levels are, 
ǘƘŜȅΩǊŜ Ƨǳǎǘ ǘƻƭŘ ǘƻ ǘŀƪŜ ŦƻƭŀǘŜΦ 

Annette Guiseppi-Elie - EPA 

¶ L ƘŀǾŜ ŀ ǇƘȅǎƛŎƛŀƴ ǿƘƻΩǎ ƻƭŘ ŀƴŘ ǿŀƴǘǎ ǘƻ ōŜ ƻƴ ǘƻǇ ƻŦ ǘƘƛƴƎǎΦ LŦ ȅƻǳ ƛƴǘǊƻŘǳŎŜΦ 

Chris Portier - EDF 

¶ Tech has to be useful ς ƛƴ ŎŀǎŜ ƻŦ ǇǊŜƎƴŀƴǘ ǿƻƳŜƴ ŀƴŘ ŘƻƴΩǘ ƪƴƻǿ ǿƘŀǘ ǘƻ Řƻ ǘƻ ŀƭƭŜǾƛŀǘŜ 
issues. Lead ς paint or water for example. I can give them monitor to use but not sure what to 
do. A new issue is that it NEEDS to be useful. In the case of pregnant women and environmental 
eȄǇƻǎǳǊŜǎΣ LΩƳ ŀǘ ŀ ƭƻǎǎ ς Ƙƻǿ Ŏŀƴ ǘƘŜȅ ŜƭŜǾŀǘŜ ǘƘŜ ǇǊƻōƭŜƳΦ LǘΩǎ Ŝŀǎȅ ŦƻǊ ƳŜǊŎǳǊȅ ƻǊ ŜǾŜƴ ŦƻǊ 
lead ς ōǳǘ ƛǘΩǎ ƘŀǊŘŜǊ ŦƻǊ ƻǘƘŜǊ ǘƘƛƴƎǎ ǘƘŀǘ ȅƻǳ ŎŀƴΩǘ ƎƛǾŜ ǘƘŜƳ ǎƻƭǳǘƛƻƴǎΦ L ŎƻǳƭŘ ŘŜǾŜƭƻǇ ŀ 
monitor, but how useful is it. 

Doug Walker - Emory 

¶ The Silent Spring Institute. They have app that can help you prevent exposure. The DetoxMe 
biomonitoring also has an app to show how to avoid exposure to things. 

Marc Epstein - My Exposome 
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¶ Wristband thing. Many of the studies are for pregnant women and look at enviro exposure and 
then we will see. They will look at birth weight and done 5-10 year study- This is of interest in 
research. 

¶ A lot of the people in our wristband study are pregnant women. We will then look at the first 
ȅŜŀǊ ŀƴŘ ƻƴǿŀǊŘΦ ¢ƘŜǊŜΩǎ ŀ ƘǳƎŜ ƛƴǘŜǊŜǎǘ ƛƴ ǘƘe research community for this. 23 and me told me 
ŀ ƭƛǘǘƭŜ ōƛǘ ǘƘŀǘ ǘƘŜǊŜ ŘƻŜǎ ƴƻǘ b995 ǘƻ ōŜ ŀ άǎƻ ǿƘŀǘΚέ ς people are just interested in getting 
the information. 

¶ People may want to know but may need to take action. 

Brendan Owens - USGBC 

¶ Shaping consumer choices that ripple up the supply chain. Consumer desire not to be exposed 
ǘƻ ǎƻƳŜǘƘƛƴƎΧ ǘƘŀǘ ǊƛǇǇƭŜǎ ǳǇ ǘƘŜ ǎǳǇǇƭȅ ŎƘŀƛƴΦ LƴŦƻǊƳŀǘƛƻƴ ŎŀǳǎŜŘ ōŜƘŀǾƛƻǊ ǘƻ ŎƘŀƴƎŜΦ ¢ƘŜ ƛƴŘ 
application will not always be the end point. Collective action that ripples up the supply chain. 

¶ These things all connect. The way that the application of this info is going to get leveraged is by 
shaping consumer choices that ripple up the supply chain. If you have a consumer desire not to 
be exposed to a chemical, those are currently things rippling up the supply chain and having 
solutions on the market (couches without flame retardants). Transparency and information 
CAUSES things to change behaviors (TRI, etc. shaming). The individual application is not always 
the endpoint ς it will be cƻƭƭŜŎǘƛǾŜ ŀŎǘƛƻƴ ōȅ ƎǊƻǳǇǎ ƭƛƪŜ 95C ǘƘŀǘ ǎŀȅ άǘƘƛǎ ǎƘƛǘ ƛǎ ǘŜǊǊƛōƭŜέ ς 
ǿƘŜǘƘŜǊ ƛǘΩǎ ŀ ǿƻǊƪƎǊƻǳǇ ƻǊ ŀ ƳŜŎƘŀƴƛǎƳ ƭƛƪŜ [995Φ ²Ŝ Ƨǳǎǘ ƴŜŜŘ ǘƻ ŦƛƎǳǊŜ ƻǳǘ Ƙƻǿ ǘƻ ƳŀƴƛŦŜǎǘ 
the change appropriately. 

Annette Guiseppi-Elie - EPA to Annette or Chris? 

¶ I always want to know the so -what. I always want to know so what. I hear that having info is 
ƎƻƻŘΦ LΩƳ ŀ ǇǊƻǇƻƴŜƴǘΦ .ǳǘ Ƙƻǿ Řƻ ȅƻǳ ǳǎŜ ƛǘ ŀƴŘ Ǉǳǘ ƛǘ ƛƴ ŎƻƴǘŜȄǘΦ 

¶ I do risk based decision making  

¶ Is there a consequence to the action? LǘΩǎ ŀōƻǳǘ άƛǎ ǘƘŜǊŜ ŀ ŎƻƴǎŜǉǳŜƴŎŜ ƻŦ ǘƘŜ ŀŎǘƛƻƴέ 

¶ Generating information has to be in context. Generate information. 

Marc Epstein ς My Exposome 

¶ Sometimes the so what comes from exploratory. {ƻƳŜǘƛƳŜǎ ȅƻǳ ŘƻƴΩǘΩ ƪƴƻǿ ǘƘŜ ǎƻ ǿƘŀǘ ǳǇ 
ŦǊƻƴǘΦ {ƻƳŜǘƛƳŜǎ ǘƘŀǘ ŎƻƳŜǎ ƭŀǘŜǊΦ !ŦǘŜǊ ȅƻǳΩǾŜ ǎŜŜƴ ǘƘŜ ƛƴŦƻΦ 

¶ Does the 10x matter. Maybe you realize this building has 10X more of something than another 
building. 

Annette Guiseppi-Elie - EPA 

¶ But I want to know in context. It feels as if you need that 

Kristin Dewitt - IARPA 

¶ Everyone knows sarin will kill you ς compare that to long term exposure issues. There is a whole 
cycle that exists in some fields.  

¶ ¢ƘŜ ǎŎƛŜƴŎŜ ǎƘƻǿǎ ǘƘŀǘ ǘƘŜǊŜ ƛǎ ƳƻǊŜ ƻŦ ŀ ǊŜǎŜŀǊŎƘ ŎƻƳǇƻƴŜƴǘ ǘƻ ǘƘŜ ŘŀǘŀΦ ²Ŝ ŘƻƴΩǘΩ ƘŀǾŜ ǘƘŜ 
ǇǊƻōƭŜƳ ǿƘŜǊŜ ǿŜ ŘƻƴΩǘ ƪƴƻǿ ǘƘŜ άǎƻ ǿƘŀǘέ ŜǾŜǊȅƻƴŜ ƪƴƻǿǎ ǘƘŀǘ ǎŀǊƛƴ ƪƛƭƭǎ ȅƻǳΦ LŦ ȅƻǳΩǊŜ 
ŘŜŀƭƛƴƎ ǿƛǘƘ ǘƘƛƴƎǎ ǘƘŀǘ ƘŀǾŜ ŀ ŎȅŎƭŜ ŀƴŘ ǘǊȅƛƴƎ ǘƻ ŦƛƎǳǊŜ ƻǳǘ ƛŦ ƛǘΩǎ ŀƴ ƛǎǎǳŜΣ ǘƘŀǘΩǎ ŘƛŦŦŜǊŜƴǘΦ LǘΩǎ 
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ŦƛƎǳǊƛƴƎ ƻǳǘ ǘƘŜ ŎƻƴǘŜȄǘ όǿƘŀǘΩǎ ŘŀƴƎŜǊƻǳǎΣ ŜǘŎΦύ ¢Ƙŀǘ ŎȅŎƭŜ ŘƻŜǎƴΩǘ ŜȄƛǎǘ ƛƴ ƻǘƘŜǊ ŦƛŜƭŘǎΦ ¢ƘŜǊŜΩǎ 
a number of chemicals out there where ǘƘŜ 9t! ǎŀƛŘ ά!ƴȅ ŘŜǘŜŎǘƛƻƴ ƛǎ ŀƴ ƛǎǎǳŜέ ς but then the 
tech improved and then everyone had issues. Could you ever clean it up that much? There might 
ōŜ ŀ ǇƭŀŎŜ ŦƻǊ ǇŜƻǇƭŜΩǎ ǊŜŀŎǘƛƻƴǎΦ ¢ƘŜǊŜ ƛǎ ŀ ǊŜǎǇƻƴǎƛōƛƭƛǘȅ ς especially energy wise. 

¶ Regulate things that matter versus just detecting things. 

Sarah Vogel - EDF 

¶ Soldiers ς You have fit for purpose, time limited window, why you are looking for it. You need to 
hit all these categories. Are you concerned about acute exposure? IS there a pop where there is 
an exposure ς have a more immediate action. And then who are the users and where is the 
demand coming from? Where is the data actionable? There is a matrix. The example with the 
soldiers is helpful ς ŎƭŜŀǊ ǳǎŜΣ ŦǳƴŎǘƛƻƴŀƭƛǘȅΣ ƛǘΩǎ ǘƛƳŜ-limited, you have a solid evidence base for 
what you look for and why ς if you start there as the gold standard ς ǘƘŀǘΩǎ ǿƘŀǘ ȅƻǳ ǿŀƴǘ ǘƻ Ƙƛǘ 
category wise. 

¶ Longer term exposure issues. How do you think about dual tracks like this? How to create 
interest in this space? But collecting info that opens up new research space.  Look at this is 
staging way. Then go to another type of compounds ς do you care about acute exposure, more 
long-term, is it a certain population, is there a population where there could be immediate 
action. Then you think about who are the users and where would the demand be coming from. 
¢ƘŜǊŜΩǎ ǾŀƭǳŜ ǘƘŜƴ ƛŦ ƛǘΩǎ ƛƳƳŜŘƛŀǘŜƭȅ ŀŎǘƛƻƴŀōƭŜΦ LŦ ȅƻǳ ǎǘŀǊǘ ƻǳǘ ǿƛǘƘ ǘƘŜ ǎǳŎŎŜǎǎ ōŜƛƴƎ ŀŘƻǇǘƛƻƴ 
ς ƛǘΩǎ ƘŜƭǇŦǳƭΦ ¸ƻǳ ƴŜŜŘ ŎƻƳƳŜǊŎƛŀƭ ǇǊƻŘǳŎǘǎ ǘƘŀǘ ŀǊŜ ƘŜƭǇƛƴƎ ǇŜƻǇƭŜ ς see a cause and effect in 
ȅƻǳǊ ǊŜŀƭ ƭƛŦŜΦ .ǳǘ ǘƘŜƴ ȅƻǳ ƎŜǘ ƛƴǘƻ ǘƘŜ ƭƻƴƎŜǊ ǘŜǊƳ ƛǎǎǳŜǎ ŀƴŘ ǘƘŜǊŜΩǎ ŀ ǊŜǎŜŀǊŎƘ ŀƎŜƴŘŀΦ Iƻǿ 
do you think through the dual tracts? The catalytic user friendly excitement but then also be 
collecting enough info that it opens up new research that allows for longer term sensors to 
ŎƻƳŜ ƛƴ ǘƻ ƻǾŜǊƭŀȅ ǿƛǘƘ ǎǳŎŎŜǎǎŦǳƭ ŜȄŀƳǇƭŜǎΦ ¸ƻǳ ƴŜŜŘ ǘƻ ǘƘƛƴƪ ƛƴ ŀ ǎǘŀƎƛƴƎ ǿŀȅΦ {ǘŀǊǘ ǿƘŜǊŜ ƛǘΩǎ 
ŦŜŀǎƛōƭŜΣ ǿƘŀǘΩǎ ǇƻǎǎƛōƭŜΣ ǿƘƻ ŀǊŜ ǘƘŜ ǳǎŜǊǎΣ ǿƘŜǊŜΩǎ ǘƘŜ ǾŀƭǳŜΦ 

Darryl Banks - RIA/Private Consultant 

¶ Set of feedbacks ς we can change the innovation to accomplish x y and z. Then the innovation 
becomes successful.  

¶ Another important piece is having the diversity of users ς the stage of feedback loops. The folks 
at DARPA wanted to see off gassing of chemicals ς then ȅƻǳ ǊŜŀƭƛȊŜ ǘƘŀǘ ƛǘΩǎ ƘŜƭǇŦǳƭ 
occupationally or health wise ς ƻǾŜǊǘƛƳŜ ȅƻǳ ƘŀǾŜ ŀ ŎƻƴǎǘŜƭƭŀǘƛƻƴ ƻŦ ŀ ǊŀƴƎŜ ƻŦ ǳǎŜǊǎΦ LǘΩǎ ǳǎŜŦǳƭ 
then for the innovation to become quite successful and attract funding. Then you move forward. 
For it to be useful, you need XYZ to happen. 

Sarah Vogel - EDF 

¶ Is there a way to do it prospectively? Darryl, is there a way to do this prospectively? 

Darryl Banks - RIA/Private Consultant 

¶ It is not linear It makes it hard. IŀǊŘ ōŜŎŀǳǎŜ ƛǘΩǎ ƴƻǘ ƭƛƴŜŀǊΦ 9ŀǎƛŜǊ ƛŦ ȅƻǳ ǎǘŜǇ ōŀŎƪΦ .ǳǘ 
sometimes when you get closer to it, it can seem like dead-ends. There are the ah-ha moments. 
Sometimes you need a disruption. 
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Sam - McKinsey 

¶ /ƻǎǘ ƭŀō ǘŜǎǘƛƴƎ ƛǎ ǾŜǊȅ ŜȄǇŜƴǎƛǾŜΦ !ƭƭ ǘƘŜ ǿŀȅ ǘƘǊƻǳƎƘ ŀƴŀƭȅǘƛŎǎΦ tǊŜǘǘȅ ǇǊŀŎǘƛŎŀƭ Χ Thinking 
about cost. Lab testing is a huge component. Think about integrating the entire tech standpoint. 
All the way to do the analytics and visualization ς if you add these all up ς ƛǘΩǎ ŀ ƎƻƻŘ ŦǊŀƳŜǿƻǊƪΦ 
CƻǊ ǘƻǇ ƭƛƴŜ ŀƴŘ ǳǎŜ ŎŀǎŜǎΣ ǘƘŜǊŜΩǎ ƛƴŦƛƴƛǘŜ ǳǎŜ ŎŀǎŜǎΦ CƻǊ ōƻǘǘƻƳ ƭƛƴŜ ς ƛǘΩs practical to think 
about it cost wise. 

Brendan Owens - USGBC  

¶ 23 and Me was category creation. It was not a thing 5 years ago. You are an example about how 
ǘƘƻǎŜ ǘƘƛƴƎǎ ǿƻǊƪ ǘƘǊƻǳƎƘ ǎȅǎǘŜƳΦ L ŘƻƴΩǘ ǘƘƛƴƪ ǿŜ ƘŀǾŜ ǘƘŜ ŎŀǘŜƎƻǊȅ ŎǊŜŀǘƛƻƴ ǇǊƻōably 23 and 
Me created. All this comes back to health. There are decisions  people make in their health. We 
ŘƻƴΩǘ ƘŀǾŜ ŎŀǘŜƎƻǊȅ ŎǊŜŀǘƛƻƴ ǇǊƻōƭŜƳΦ {ƻƳŜ ǇŜƻǇƭŜ ŀǊŜ ƳƻǘƛǾŀǘŜŘ ōȅ ǇƻƭŀǊ ōŜŀǊǎΧ ǿƘŀǘ ŘƻŜǎ ƛǘ 
mean for me. 

¶ ²ŜΩǾŜ ǇƻƛƴǘŜŘ ǘƻ но and me a couple of times as an example of a market disruption. It was also 
category creation ς ǎŜǉǳŜƴŎƛƴƎ ǘƘŜ ƎŜƴƻƳŜ ǿŀǎƴΩǘ ŀ ǘƘƛƴƎ ōŜŦƻǊŜΦ LǘΩǎ ŀ ǘȅǇŜ ƻŦ ǎŎŀƭƛƴƎ ǘƘŜ 
ƛƴŘǳǎǘǊȅ Ƴǳǎǘ ōŜ ǊŜŀŘȅ ŦƻǊΦ .ǳǘ ǿŜ ŘƻƴΩǘ ƘŀǾŜ ǘƘŜ ŎŀǘŜƎƻǊȅ ŎǊŜŀǘƛƻƴ ƛǎǎǳŜ ŀƴȅƳƻǊŜΦ ¢Ƙƛǎ ŀƭƭ 
comes back to health. People care about that. People know their decisions are better or worse 
ƛƴ ǘƘƛǎ ǎǇŀŎŜΦ ²Ŝ Ŏŀƴ ŀǇǇƭȅ ǘƘŀǘ ƛƴŦƻǊƳŀǘƛƻƴΣ ōǳǘ ǿŜ ŘƻƴΩǘ ƘŀǾŜ ǘƘŜ ǎŀƳŜ ƛǎǎǳŜΦ {ƻƳŜ ǇŜƻǇƭŜ 
are motivated by external ς ice burgs, etc. ς but most people are motivated by their family and 
themselves. 

Janie Shelton - 23 and Me 

¶ Do science that focuses on science. We have peer reviewed papers from our data. We are 
utilizing our data for weight and have that people on thousands of people. We had to develop 
consumer trust. Scientists are not always keen on private companies. One thing that 23 and me 
has done is doing science, a company focused on publishing articles with the data ς it helps with 
ǘǊǳǎǘΦ ¢Ƙƛǎ ƛƴŦƻǊƳǎ ǘƘŜ ǇǊƻŘǳŎǘΦ ²Ŝ ŘƻƴΩǘ ǳǎŜ ƻǳǊ Řŀǘŀ ƻƴƭȅ ŦƻǊ ǊŜǇƻǊǘǎΣ ōǳǘ ǿŜ ǳǘƛƭƛȊŜ ƛǘ ƴƻǿ ǘƻ 
show risk scores, etc. Developing the scientific focus develops consumer trust (took a long time 
in the scientific community). 

Jon Decker ς CDC 

¶ We may want to work on niche groups like asthmatics, etc. That is where you can interest the 
medical community and some insurance may pay for these things. We might want to look at 
niche populations. Like asthmatics. Maybe insurance will pay for it. 

Megan Latshaw - JHU 

¶ Organophosphate exposure and decline in pregnancy. Insurance companies hate that.  

Brendan Owens - USGBC 

¶ Scientific clarity ς Building industry is not scientific often. In the buildings industry ς ƛǘΩǎ ƴƻǘ ŀ 
scientific place. 

¶ I got a subject line email that says your air is killing you ς It is paralyzing to consumer 
downstream and there is exploitation in this space. You have to correct that with information. 
We are pushing this up the hill ς bit of challenge here. I come across info that is branded as 
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άŀƭŀǊƳƛƴƎ ǎŎƛŜƴŎŜέ ς ȅƻǳΩǊŜ ƛƴŘƻƻǊ ŀƛǊ ƛǎ ƎƻƛƴƎ ǘƻ ƪƛƭƭ ȅƻǳΦ ¢Ƙŀǘ ƛƴŦƻ ƛǎ ǇŀǊŀƭȅȊƛƴƎ ǘƻ ǘƘŜ ŎƻƴǎǳƳŜǊ 
downstream. There is fear and lack of knowledge going on in this space that needs to be 
corrected ς it must be corrected by introducing rigor and scientific knowledge. This larger 
initiative has no consumer confidence and lack of institutional knowledge ς we need to be the 
sheriff. 

Janie Shelton - 23 and ME 

¶ Empowered consumers ς enviro epid ς be alert with no follow-up. Environmental health things 
ƛǎ ŀƭƭ άōŜ ŀƭŜǊǘέ ōǳǘ ƴƻǘ ƎƛǾƛƴƎ ȅƻǳ ŀƴȅǘƘƛƴƎ ǘƻ Řƻ ŀōƻǳǘ ƛǘΦ 

Kristin Dewitt - IARPA 

¶ Regulations can work against each other 

¶ Major push for EE in bldgs. ς when the shell is tighter you have to worry about off gassing more. 

¶ As you bring in one set of regulations, you will create another set of probs. EE is good until we 
ǎŜŀƭŜŘ ōƭŘƎǎΦ ±ŜǊȅ ǘƛƎƘǘƭȅΦ 5ƻƴΩǘ ǿŀƴǘ ǘƻ ŎǊŜŀǘŜ ƴŜǿ ǇǊƻǾables. 

¶ There has been a push for energy efficiency in business that then made the buildings more 
ŘŀƴƎŜǊƻǳǎ ōŜŎŀǳǎŜ ŀƛǊ ǿŀǎƴΩǘ ōŜƛƴƎ ŎƛǊŎǳƭŀǘŜŘ ŀǎ ƳǳŎƘΦ ¢ƘŜ ōŜǎǘ ǘƘƛƴƎ ǿƛǘƘ ōŀŘ ƛƴŘƻƻǊ ŀƛǊ 
quality is opening a window. If we bring in a set of regulations, are ǘƘŜǊŜ ŜŦŦŜŎǘǎ ǘƘŀǘ ǿŜŜ ŘƻƴΩǘ 
ǿŀƴǘ ŦǊƻƳ ƛǘΚ ²ƘŜƴ ȅƻǳ ǎŜŀƭŜŘ ǘƘŜ ōǳƛƭŘƛƴƎǎ ǳǇΣ ŀ ƘǳƎŜ ƘŜŀƭǘƘ ƛǎǎǳŜ ŎŀƳŜ ƛƴΦ ²Ŝ ŘƻƴΩǘ ǿŀƴǘ ǘƻ 
create new problems. 

Chris Portier - EDF 

¶ Unexpected consequence. 

¶ If info system is made public. 

¶ I have monitors that measure noise. Temp humidity an 

¶ I could broadcast when I come and go from the house. Unintended consequences 

¶ One more issue with what is helpful. Unexpected consequences for PCEMS ς if the info is 
somehow public, it can be used against you. Ex: in my home, I have monitors that do noise, CO2, 
temp, and humidity. The company I have allows me to broadcast my temp. What if I broadcast 
my noise level ς that can tell you exactly when you get home and when you leave ς 
consequence with personal monitors COULD be a serious problem. 

Megan Latshaw - JHU 

¶ The Boston Biomonitor Study 

¶ Did Fg with community. Do you want to know what is in your body and they understood that 
there were risks to knowing? 

¶ ¢ƘŜǊŜΩǎ ŀ ǎǘǳŘȅ ŎŀƭƭŜŘ ǘƘŜ .ƻǎǘƻƴ .ƛƻƳƻƴƛǘƻǊƛƴƎ /ƻƴǎŜƴǎǳǎŜǎ ς focus groups saying we can 
measure these chemicals in you ς Řƻ ȅƻǳ ǿŀƴǘ ǘƻ ƪƴƻǿ ǿƘŀǘΩǎ ƛƴ ȅƻǳǊ ōƻŘȅΦ tŜƻǇƭŜ ǿŀƴǘŜŘ ǘƻ 
know and they understood the limitations. There is research out there about biomonitoring 
data. You need to think hard in advance ς is it environmental data or human data? When you 
start taking body samples and recording potential health info ς it becomes a bigger health issue. 

¶ If you are looking at enviro data and you start taking recording person people. 
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Doug Walker - Emory University 

¶ Michigan PPB Study. Michigan PBDEs did this ς ǘƘŜǊŜ ƛǎƴΩǘ ƳǳŎƘ ȅƻǳ Ŏŀƴ Řƻ ǿƛǘƘ ƛǘ ς just saying 
what your levels are. 

Doug Walker - Emory University 

¶ They can say your levels are high or low and people are at risk. 

Jon Sobus - EPA 

¶ Developing tech is important and context is important. If I were investing, I would want to put 
the tech into context. 

¶ Demonstration of causation ς alarmist reactions. Demonstrating correlation, not causation is 
hugely misconstruing ς ŘƻƴΩǘΩ ōŜ ŀƭŀǊƳƛƴƎ ς ǿƘŀǘ ŜƭǎŜ ƛǎ ǘƘŜǊŜΚ 5ƻƴΩǘ ƳƛǎǘŀƪŜ ŎƻǊǊŜƭŀǘƛƻƴ ǿƛǘƘ 
causation. 

¶ We monitor only 1% 

¶ Pulling in any information with other chemicals. You need to pull in all the info you have on 
these chemicals. If something seems hazardous ς you need hazard based context. Is it in the 
home? If I had a spreadsheet of chemicals in me, I would just google it. You need to provide 
ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƛǘƘ ŀ ƭƻǘ ƻŦ ŎƻƴǘŜȄǘ LǘΩǎ ƴƻǘ Ƨǳǎǘ Ƙƻǿ ƳǳŎƘ ƛǎ ǘƘŜǊŜΦ 

¶ Communicating. 

¶ Providing source of compound as interesting ς Context ς where did it come from and context. 

Megan Latshaw - JHU 

¶ CA does a good job. 

Chris Portier - EDF 

¶ ! ŎƻƴŎŜǊƴ L ƘŀǾŜ ƛǎ ǘƘŀǘΧ 

¶ Deepwater ς A group did benzene monitoring from blood level. This caused us a big problem at 
CDC. People got very angry at us. Thinking that what you measure has importance is key. 

¶ CDC does a log of that. This picture is going to change a lot. Along a slightly different line, a 
concern I have as we look at these. During Deepwater horizon, a group along the Gulf Coast did 
biomonitoring of benzene levels ς ȅƻǳ ŎŀƴΩǘ ƛƴǘŜǊǇǊŜǘ ǘƘŜǎŜ ŦǊƻƳ ōƛƻƳƻƴƛǘƻǊƛƴƎΦ ¢Ƙis caused us 
ŀƴ ƛǎǎǳŜ ŀǘ /5/ ǘǊȅƛƴƎ ǘƻ ǎŀȅ ǘƘƛǎ ŘƛŘƴΩǘ ǎŀȅ ȅƻǳΩǊŜ ōŜƛƴƎ ŜȄǇƻǎŜŘ ŦǊƻƳ 5ŜŜǇǿŀǘŜǊ IƻǊƛȊƻƴΦ 
What you measure has utility - -that idea must be important. 

Jon Sobus - EPA 

¶ Epidemiology studies with urine out put on 1 sample = no good. Epi studies that only use 1 
sample of urine ς these are fraught with issues. Huge implications there. 

¶ Blood glucose is different based on time of day. Measuring something now vs. later ς think 
about blood glucose before and after lunch. 

¶ I think there is appetite in the community but issues with understanding. A huge thing to 
consider. I worry ς ǘƘŜǊŜΩǎ ŀ ōƛƎ ŀǇǇŜǘƛǘŜ ŦǊƻƳ ǘƘŜ ǇǳōƭƛŎ ǘƻ ƎŜǘ ǘƘƛǎ ƛƴŦƻΦ LǘΩǎ ƻƴ ǳǎ ǘƻ 
communicate it well. 
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Kristie Dewitt - IARPA 

¶ The last part of the session is identifying one opportunity to spur innovation in PCEM based on 
lessons learnedς takeaways 

Annette Guiseppi-Elie - EPA 

¶ Fit for purpose. There is chronic and long-term issues. Understand fit for purpose. Key message 
ƛǎ άŦƛǘ ŦƻǊ ǇǳǊǇƻǎŜέ ς all of the data we have could be useful ς ƛǘΩǎ ŀōƻǳǘ Ƙƻǿ ǿŜ ǳǎŜ ƛǘ ŀƴŘ ǿƘŀǘ 
ǿŜ ǿŀƴǘΦ ¢ƘŜǊŜΩǎ ŀ ƭƻǘ ǘƘŀǘΩǎ ŎƘǊƻƴƛŎ ŀƴŘ ƭƻƴƎ-term ς ŦƻǊ ƻǘƘŜǊǎ ƛǘΩǎ ƪƴƻǿƛƴƎ ŀōƻǳǘ ǘƘŜ ŀŎǳǘŜΦ ! 
bit of tiers ς ǎƛƳǇƭŜ ǎŜǘ ƻŦ ƛƴŦƻ ǾǎΦ ƳƻǊŜ ŎƻƳǇƭŜȄΦ ¢ƘƛƴƎǎ LΩƳ ƘŜŀǊƛƴƎ ς lessons learned. 

Chris Portier - EDF 

¶ We need one opportunity that you think is good and viable. We need one opportunity ς not 10. 

Kristie Dewitt - IARPA 

¶ Some shared open space where a set of best practices. Some kind of set of standards. 

¶ Is there a way to do that for emerging set of chemicals. To understand what else you need to 
know for emerging chemicals ς ǘƘŀǘ Ƨǳǎǘ ƻƴŜ ǎŀƳǇƭŜ ŦƻǊ ōŜƴȊŜƴŜ ƛǎƴΩǘ ŜƴƻǳƎƘ ς ƛǘΩǎ ƴŜŜŘƛƴƎ ǘƻ 
build knowledge. 

Jon Sobus - EPA 

¶ Fit for purpose example of PM2.5 may be static over time. Can you chart where those exposures 
are happening. Where am I getting exposed? Where do you want an aggregate measurement 
over time? That is what is proportional to health risk? Fit for purpose. The issue with PM ς you 
may have areas with dense PM2.5 ς ƛǘΩǎ άŀǊŜ ȅƻǳ ƳƻǾƛƴƎ ǘƘǊƻǳƎƘ ǘƘƻǎŜ ŀǊŜŀǎέ ς ǘƘŀǘΩǎ ǎǇŜŎƛŦƛŎΦ 
Where am I encountering these exposures. Benzene ς do you want a more aggregate exposure 
level ς not just where is it coming from ς Difference between average and specific. 

Chris Portier - EDF 

¶ What are the exposures in the air? I would go through ozone over PM2.5 ς More of an 
immediate feedback and PM2.5 second. Formaldehyde would be 3.  

¶ Opportunities ς we need to decide water, air, soil, other. Once you look at it, think about what 
exposures you want to measure with each media. Ex: air ς look at ozone (issue for vulnerable 
populations and immediate feedback impact), then PM2.5, then formaldehyde (as an indoor). If 
all of a sudden my formaldehyde levels tripled and I just bought a new rug, I know what 
happened. 

Annette Guiseppi-Elie - EPA 

¶ Do you want to focus on chemical, technology, or changing behavior? Do we want to be so 
specific or go broader? 

Chris Portier - EDF 

¶ Broad is great, but multi-plexed sensors have huge issues. 
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Annette Guiseppi-Elie - EPA 

¶ I tend to not want to be so specific. 

Jon Sobus - EPA 

¶ What is the one opportunity? Very different ways to think about 1 opportunity. One way is 
ǘƘƛƴƪƛƴƎ ǿƘŀǘΩǎ ǘƘŜ Ƴƻǎǘ ƳƻƴŜȅ-making thing. This issue is dynamic. 

Adrian Chu ς McKinsey 

¶ You could maybe map how people walk, then add the static ς the env ς ǎƻƳŜ ƻŦ ǘƘŜǎŜ ŘƻƴΩǘ 
need wearables. The relationship of indoor, outdoor, and personal ς follow people through all of 
these exposures ς sensors ς ǿƘŜǘƘŜǊ ǘƘŜȅΩǊŜ ǎǇŀŎŜΣ ŀǊŜŀΣ ǇŜǊǎƻƴŀƭΦ 

Jon Sobus - EPA 

¶ What is the LHF? Start with PM2.5 and ozone. Anything that will catch attention to public. I 
ǿƻǳƭŘƴΩǘ ŎŀǊŜ ŀōƻǳǘ ƻȊƻƴŜ ƻǊ ta ς what would I spend money on? 

?? 

¶ Map where people go and integrate with existing devices. 

¶ Relationship between indoor outdoor and person.  

¶ WHAT would you pay money for? Indoor air quality monitor. I would pay $300-400 in the Alexa, 
Nest space. I would not want a wearable.  

¶ Wearable adoption is low.  

Chris Portier - EDF 

¶ My answer is simple. I woǳƭŘ Ǉŀȅ ŦƻǊ ƛƴŘƻƻǊ ŀƛǊ ƳƻƴƛǘƻǊǎΦ Lǘ ŘƻŜǎƴΩǘ ƴŜŜŘ ǘƻ ōŜ ǿŜŀǊŀōƭŜΦ 
IƻƴŜǎǘƭȅΣ L ŘƻƴΩǘ ǘƘƛƴƪ LΩŘ ǿŀƴǘ ŀ ǿŜŀǊŀōƭŜΦ ς ƛǘΩǎ ǘƻƻ ōǳƭƪȅΦ LŦ L ƘŀǾŜ ǎƻƳŜǘƘƛƴƎ ƛƴ Ƴȅ ƘƻǳǎŜΦ 

Adrian Chu - McKinsey 

¶ Mƻǎǘ ŎƻƴǎǳƳŜǊǎ ŀƎǊŜŜ ǘƘŀǘ ŘƻƴΩǘ ǿŀƴǘ ǎƻƳŜǘƘƛƴƎ ōǳƭƪȅΦ  

Megan Latshaw - JHU 

¶ EPA stays away from indoor air quality ς 9t! ǘŜƴŘǎ ǘƻ ǎǘŀȅ ŀǿŀȅ ŦǊƻƳ ƛƴŘƻƻǊ ōŜŎŀǳǎŜ ȅƻǳ ŎŀƴΩǘ 
ǊŜƎǳƭŀǘŜ ƛǘ ŀƴŘ ȅƻǳ ŘƻƴΩǘ ǊŜŀƭƭȅ ƪƴƻǿ ŀōƻǳǘ ƛǘΦ tŜƻǇƭŜ ŀǊŜ ƻŦǘŜƴ ǎǳǊǇǊƛǎŜŘ ǘƻ ƪƴƻǿ ǿŜ ŘƻƴΩǘ ƘŀǾŜ 
much info on it. 

Sarah Vogel - EDF 

¶ Supply chain issue. The chemical space ς what we would pay for differs. But for supply chain 
efforts with retailers, people were early on focusing on specific chemicals. 

¶ One of the more powerful things that happened ς aligning demand signal. A lot of work to get 
everyone to agree. Doing that sent some big demand signals. One of the more powerful things 
that has happened is aligning the demand signal through a lot of work to get people to agree on 
priority chemicals for people to focus their lens on for the moment ς that sends demand signals. 
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¶ ²Ŝ ƘŀǾŜ ǘŜŎƘ ǘƻ ƭƻƻƪ ŀǘ ǎƻƳŜǘƘƛƴƎǎ ŀƴŘ ǿŜ ŘƻƴΩǘ ƘŀǾŜ ǘŜŎƘ ƛƴ ƻǘƘŜǊ ŀǊŜŀǎΚ 

¶ We have high levels of concern in some area. 

¶ ²ŜΩǾŜ ƭƻƻƪŜŘ ǳƴŘŜǊ ǘƘŜ ƭŀƳǇǇƻǎǘΣ ōǳǘ ǘƘŜǊŜΩǎ ŀ ǊŜŀƭƛǘȅ ǘƻ ƛǘ ς ǿƘŀǘΩǎ ŀǾŀƛƭŀōƭŜ ŀƴŘ 
technologically feasible ς we have some ability to know this and that about issues. We know the 
existing subset of compounds that we need to have new tools around ς is that too simple of a 
need? Do we need to focus the demand signal a little? 

¶ Here are the subset of compounds  

¶ There are criteria air pollutants. I would argue that happened on the air side because of criteria 
air pollutants with a regulatory signal. Other chemicalǎ ŘƻƴΩǘ ƘŀǾŜ ŀ ǎǘǊƻƴƎ ǊŜƎǳƭŀǘƻǊȅ ƘƻƻƪΦ LǘΩǎ 
tough to get people to focus in the design and the tech space. 

Megan Latshaw - JHU 

¶ 250 sensors smaller than toaster solar charged 250 for 70,000. Deploying 250 across the city. 
Outdoor air pollutants. There a project building sensors smaller than a toaster to monitor 2 
pollutants ς they are building them all for 70,000 ς ǘƘŜȅΩǊŜ Ŧƻr outdoor. Solar-powered, 
waterproof. 

Brendan Owens - USGBC 

¶ We struggle to help people characterize indoor air from chemical standpoint and bio. At USGBC, 
we struggle characterizing the indoor air from a chemical ǎǘŀƴŘǇƻƛƴǘΦ ¢ƘŜǊŜΩǎ ŀ ōƛƻƭƻƎƛŎŀƭ ŦƭƛǇǎƛŘŜ 
to this as well. 

¶ We put in place a pilot ς we are studying 50 chemicals. 2 years ago ,we put in place a sandbox 
idea for projects to engage in ς 50 chemicals ς ǘƘŜ ƛŘŜŀ ǿŀǎ ǘƘŀǘ ƛŦ ȅƻǳΩǊŜ ƎƻƛƴƎ ǘƘǊƻǳƎƘ ŀƴŘ 
looking at total VOC the tech is pretty blunt ς ƛǘΩǎ ŀ ƻƴŜ ǎǘƻǇ ǎƘƻǇΦ 

¶ Collection tech is pretty blunt right now.  

¶ The challenge we have now is that the episodic nature of the testing to be relatively valueless.  

¶ {ŎƘƻƻƭǎ ŘƻƴΩǘ ǿŀƴǘ ǘƻ ƪƴƻǿ ǘƘŜ ŀƴǎǿŜǊǎ ǘƻ ǎƻƳŜ ǘƘƛƴgs. Negligence is an offense though.  

¶ !ƭƭ ǘƘŜ ǘƘƛƴƎǎ ǿŜΩǾŜ ǘŀƭƪŜŘ ŀōƻǳǘ ŀǊŜ ŀƭǊŜŀŘȅ ƻƴ ǘƘŜ ƭƛǎǘΦ ¢ƘŜ ŎƘŀƭƭŜƴƎŜ ǿŜΩǾŜ ǎŜŜƴ ƛǎ ǘƘŜ ŜǇƛǎƻŘƛŎ 
nature of the testing is what people find relatively value-less. If you have the choice between 
continuous ς this is oƴƎƻƛƴƎ ŀƴŘ ǿŜ ŀǊŜ ƘŀǾƛƴƎ ǘǊƻǳōƭŜ ǿƛǘƘ Ŏƻǎǘ ŀƴŘ ƭƛŀōƛƭƛǘȅ όǎŎƘƻƻƭǎ ŘƻƴΩǘ ǿŀƴǘ 
to know the answer to a lot of these questions.) The lens of things we already pay for ς CO 
because it is integrated into most smoke detectors, already a LITTLE PM for smoke detectors. CO 
is interesting because it is an acute thing (while the other things are more of a chronic issue for 
most populations). We are seeing sensors coming on the market trying to take this and make it 
longitudinal and not episodic. 

¶ The schools thing ς we had a conversation with a principal at a school in GA ς all over the idea of 
wanting to link all of the things they could measure to performance. ς relatively affluent part of 
town. We wanted to do the entire school district, went far down the line ς then they stopped 
returning calls. A lawyer got involved and shut it all down 

¶ We pay for CO and smoke detectors. We look for PM smoke particles . Acute issues (CO) versus 
chronic issues. There are sensors that are looking at long-term studies. 
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Jon Sobus - EDF 

¶ We had a conversation with a progressive principal in GA. She wanted to measure all kinds of 
things in a relatively affluent part of town. Why not as a parent have something that the kid can 
wear so that the principal has no say in it. 

¶ Lawyer shut this whole thing down. 

Brendan Owens 

¶ That happened in Malibu ς there was a solvent used to seal the windows and it was showing up 
in the monitors for the kids .Compared to Co ς ƛǘΩǎ ƴƻǘ ǇǊƻōƭŜƳ ΦǘƘƛǎ ŎƻƳŜǎ ǿƛǘƘ ǘƘŜ ƛǎǎǳŜ ƻŦ 
trust and application.  You NEED To be able to Contextualize. 

Jon Sobus - EPA 

¶ As a parent that children can wear and principal does not have a say. 

¶ People freaked out in CA about exposure to one thing.  

¶ If you are trying to market something ς fear is a powerful motivator. There is value in 
conteȄǘǳŀƭƛȊƛƴƎΦ LŦ ȅƻǳΩǊŜ ǘǊȅƛƴƎ ǘƻ ƳŀǊƪŜǘ ǎƻƳŜǘƘƛƴƎΣ ŦŜŀǊ ƛǎ ŀ ƳƻǘƛǾŀǘƻǊ. 

KD 

¶ L ƘŀǾŜ ŎƻƴǘǊƻƭ ƻǾŜǊ ŘŀǳƎƘǘŜǊΩǎ ŜƴǾƛǊƻƴƳŜƴǘ ŀǘ ƘƻƳŜ ōǳǘ ƴƻǘ ŀǘ ǎŎƘƻƻƭ ƻǘƘŜǊ ǘƘŀƴ ŎƘƻƻǎƛƴƎ 
what school she goes to. aƻǎǘ ŜƭŜƳŜƴǘŀǊȅ ǎŎƘƻƻƭǎ ǿƻƴǘΩ ŀƭƭƻǿ ŜƭŜŎǘǊƻƴƛŎŀƭƭȅΦ 

Brendan Owens - USGBC 

¶ Bottom up approach - Schools are powerful ground for this. Galvanize diverse group of people ς 
kids are it. It would bring the question to the forefront. Schools are a very powerful grounds for 
this. If you want to galvanize both sides of this couƴǘǊȅΣ ǘƘŀǘΩǎ ƛǘΦ CƻŎǳǎƛƴƎ ƻƴ ǎŎƘƻƻƭǎ ŀƴŘ 
empowering people in a sober and safe way is certainly going to bring the question to the 
forefront in a powerful way. 

Jennifer McPartland - EDF 

¶ Create a challenge ς top down approach. LΩǾŜ ƘŜŀǊŘ н ǘƘƛƴƎǎΦ ! ōƻǘǘƻƳ ς approach ς create a 
demand with a particular group (*Schools) another thing for innovation ς create a challenge for 
a purpose and see what innovations come up because of that. These things can be related. 

Annette Guiseppi-Elie - EPA 

¶ EPA does not do indoor air and does not do children.  

KD 

¶ Schools ς think about overcrowding ς there might be too much CO2 because of too many kids. 

Annette Guiseppi-Elie - EPA 

¶ Indoor air in the personal home or other buildings? 

Chris Portier - EDF 
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¶ Target schools ς black carbon I would also want to know. If you target schools, then also put 
black carbon in there (schools ς buses ς diesel). 

Brendan Owens - USGBC 

¶ We are legally required to school kids. Schools as a hook ς we are legally required to send kids 
to school (or homeschool) ς the option there is compelling to have to put your kid in these 
environments. 

Janie Shelton - 23 and Me  

¶ Air quality direction. TSA swabs explosive ς swab a kids show. An idea to put forward ς Always 
been curious about TSA at the airport ς a device to swab the bottom of a shoe and get info 
about pesticides, etc. You could do lead with this. 

Analytical Debrief 

One opportunity to spur innovation in PCEM tech: 

Use the placement of PCEMS in schools or near schools to as a way to gain an audience and build 
consensus about the importance of monitoring the chemical environment. Everyone, regardless of 
ǇƻƭƛǘƛŎŀƭ ŀŦŦƛƭƛŀǘƛƻƴΣ ƛǎ ŎƻƴŎŜǊƴŜŘ ŀōƻǳǘ ŎƘƛƭŘǊŜƴΩǎ ƘŜŀƭǘƘ ŀƴŘ ǳǎƛƴƎ ƳƻƴƛǘƻǊǎ ƛƴ ŀƴŘ ŀǊƻǳƴŘ ǎŎƘƻƻƭǎ ƛǎ ƻƴŜ 
way to galvanize interest in the field. There are legal risks to working in schools as authorities may be 
reluctant to know certain things because it will create a possible need for action and they are unclear 
how to take those actions and they could be construed as liable for not taking action.  

Alternatively, have an agency or group like EDF issue a challenge to develop PCEMs. Labs, makers, grad 
students, and others can build surprising devices with the right direction. 

Kristie Dewitt provided an overview of the defense applications related to PCEM technology and the 
types of projects taken on at IARPA for national intelligence. The defense applications of PCEM are quite 
specific and differ from other uses: they focus on rapid response, high-concentrations of chemicals, and 
chemicals that cause instant (or near-instant) mortality. Additionally, cost is not a factor in this space, 
and, at IARPA, if over 20% of the projects succeed, the teams are thought to not be taking enough risks. 
The field also comes with its own specific set of challenges for functionality: the device cannot make the 
ǎƻƭŘƛŜǊǎΩ ǿƻǊƪ ƳƻǊŜ ŘƛŦŦƛŎǳƭǘ όǿeight). 

In the discussion, the group brought up various factors related to demand and cost of the products. 
While demand (and reduction in cost) could be spurred by regulatory need, it could also be motivated 
ōȅ ǘƘŜ ŘŜǾƛŎŜΩǎ ǳǎŜ ōŜƛƴƎ ǎŜŜƴ ŀǎ ŀ ŎƻƳǇŜǘƛǘƛǾŜ ŀŘǾŀƴǘŀƎŜΦ {ŜǾŜǊŀƭ ǘƛƳŜǎΣ ǘƘŜ ƴŜŜŘ ŦƻǊ ǘƘŜ ǳǎŜŦǳƭƴŜǎǎ ƻŦ 
the tech was brought up: the monitor cannot only be providing information. This idea had pushback and 
other concepts were discussed: the usefulness of the information may come later. Other challenges in 
the field discussed that need to be addressed include not branding the information as alarmist and not 
confusing correlation and causation. In looking for an opportunity to spur innovation in the field, a 
participant described the success that can be derived from aligning a demand signal with commercial 
retailers in the field. 
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Participant Tracker 

Question / Output NAMES AND NOTES 

Lessons from defense 
applications of exposure 
monitors that can be applied 
to public health research 

¶ Partner and collaborate with others (Kristin Dewitt) 

¶ 5ƻƴΩǘ ōŜ ŀŦǊŀƛŘ ǘƻ ǘŀƪŜ Ǌƛǎƪǎ ƛƴ ŘŜǾŜƭƻǇƳŜƴǘΦ L!wt! ƻƴƭȅ ƎƻŜǎ ǘƻ ǇǊƻŘǳŎǘƛƻƴ 
with ~20% of items they research (Kristin Dewitt) 

¶ Types of PCEM tech applicable in defense are rapid response. This tech has 
different challenges because of the functionality required (Kristin Dewitt) 

¶ Defense applications (life or death) shows how crucial validation is (Megan 
Latshaw) 

¶ Demand for a product is crucial for its success (Chris Portier) 

¶ SƻƳŜ ǿŀȅǎ ǘƘŜ ŘŜŦŜƴǎŜ ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ t/9a ƛǎ ǘƘŜ άƎƻƭŘ-ǎǘŀƴŘŀǊŘΣέ ōŜŎŀǳǎŜ 
it has a clear use, functionality, is time-limited, and there is a clear evidence 
base of what to look for. This knowledge lends itself for immediate action 
incidents. (Sarah Vogel) 

Successes and challenges 
from the advent of other 
monitored-self technologies 

¶ Weight of devices is key. Adding 2 pounds to a soldiers backpack can be 
enough to keep them from using it (Kristin Dewitt) 

¶ /ƘŀƭƭŜƴƎŜǎ ƻŦ ǇǊƻǾƛŘƛƴƎ ƴŜǿ ŜǉǳƛǇƳŜƴǘ ǘƻ ǇŜƻǇƭŜ ǿƘƻ ŘƻƴΩǘ ǘƘƛƴƪ ǘƘŜȅ 
need it 

¶ Validation is a key challenge (Kristin Dewitt) 

¶ Pair the tech with something that shows ways to avoid exposure (DetoxMe 
biomonitoring app shows users how to avoid exposure) (Doug Walker) 

¶ 23 and Me has focused on publishing articles with the data ς this helps build 
trust in the product and informs the product (Janie Shelton) 

Lessons learned from other 
environmental monitoring 
and monitored-self 
technologies that may be 
applied to public health 
applications of PCEMs 

¶ Broad interest in PCEMs may develop from more narrow interests (Janie 
Shelton) 

¶ Context is important in which data is collected (Annette Guiseppi-Elie or Jon 
Sobus) 

¶ Think through the common sense of the tech early on and do not force top-
down implementation (Kristin Dewitt) 

¶ TRI ς transparency causes changing behaviors, sometimes through 
collective action, a workgroup, or another mechanism (Brendan Owens) 

¶ Need to think through the unexpected consequences (ex of having monitors 
in his home for sound, if this info was made public, then when he is in/ out 
of the house would be public) (Chris Portier) 

¶ Need to be careful not to confuse correlation with causation (Jon Sobus) 

¶ EȄǇŜǊƛŜƴŎŜ ǿƛǘƘ ƳƻƴƛǘƻǊƛƴƎ ŎƘƛƭŘǊŜƴΩǎ ŜȄǇƻǎǳǊŜ ŀǘ ǎŎƘƻƻƭ όǇǳǎƘ ōŀŎƪ ŀƴŘ 
fear) (Brendan Owens) 

Feasible approaches for 
borrowing, learning from 
other disciplines 

¶ Broad interest in PCEMs may develop from more narrow interests (Janie 
Shelton) 

¶ Demand can be created in terms of framing the knowledge as a competitive 
advantage (Jennifer) 
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Question / Output NAMES AND NOTES 

¶ t/9a ǘŜŎƘ Ŏŀƴƴƻǘ ōŜ ōǊŀƴŘŜŘ ŀǎ άŀƭŀǊƳƛƴƎ ǎŎƛŜƴŎŜέ  - example of seeing a 
ōǳƛƭŘƛƴƎ ǎǘǳŘȅ ǎŀȅƛƴƎ ǘƘŀǘ άƛƴŘƻƻǊ ŀƛǊ ǿƛƭƭ ƪƛƭƭ ȅƻǳέ (Brendan Owens) 

¶ Align the demand signal by getting retailers to agree upon priority chemicals 
(Sarah Vogel) 

List of fields that may have 
synergies with PCEM for 
public health 

¶ First responders (Kristin Dewitt) 

¶ Military (Kristin Dewitt) 

¶ Intelligence ς particularly doing things like detecting chemicals that can be 
used in explosives as opposed to just detecting explosives (Kristin Dewitt) 

¶ Interest in human genomics (Janie Shelton) 

¶ Health insurance (Megan Latshaw/ John Decker) 

¶ Reproductive health area (Janie Shelton) 

C.9. CǊƛŘŀȅ LƴǘǊƻŘǳŎǘƛƻƴ ό{ŀǊŀƘΣ 95Cύ 

Narrative Minutes 

¶ We talked about high level hypothetical work. Walk away with tangible steps is goal of today. 

¶ A few high level ideas. A lot of conversation about design framework 6 months to 2 years. Are 
there opportunities to accelerate todays innovations. 

¶ We talked about context for use. Research to consumers. 

¶ Timeframe: We are thinking if research at EDF. We need to think about how to pool those users 
and pool the demand signal and drive supply. 

¶ Takeaway. Point that Janie made ς The sampler itself is one part of the tool. The data is 
important and the value of that data is a key part of value proposition. One thing we want to 
think about. Who are the early users in this space. In the PCEM area- military, first responders, 
public health research. Can we match tech with use case. Opportunity to collectively design 
landscape need. Pool demand and help supply side focus on users need.  

¶ Shared air sensor working group  

¶ Develop standards around time stamps, etc. 

¶ Keep open access to research that has high level of integrity. 

¶ See website. 

¶ We are trying to figure out ways to scale technology.  

¶ Meeting objectives slide 

¶ Yesterday did 2 things. 

¶ Key challenges and lessons applied from VOC monitors 

¶ Today we will develop shared understanding and get people working together will be today. 

¶ Review of RIA brief. 

¶ Key barriers. 

¶ Inadequate funding for development  

¶ Broader validation of data outputs 

¶ Late AM sessions will be about funding and validation strategies 
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¶ Chris will review ideas from yesterday and AM sessions. 

C.10. CǳƴŘƛƴƎΥ ¢ƘƛƴƪƛƴƎ /ǊŜŀǘƛǾŜƭȅ !ōƻǳǘ CǳƴŘƛƴƎ {ǘǊŀǘŜƎƛŜǎ ό5ŀǊǊȅƭ 
.ŀƴƪǎύ 

Session Description 

The funding to develop PCEMs is often part of larger, purpose-specific funding. This can lead to 
inadequate funding for development, testing, and validation. This session will address two questions: 
Which aspects of the PCEM critical technology path are most likely to need funding support outside the 
current system? What opportunities exist to make underfunded development activities more appealing 
to the PCEM funders?  

Narrative Minutes 

Darryl introduced session with overview 

¶ Help look for creative funding strategies to push development of PCEMs 

¶ Typically funds for research you get a grant and have an objective you develop tools as part of 
that grant. Unless you have funds at instrumentation, you will not have a large amount of funds 
for that project. This is critical for this subject. 

¶ A critical need will be develop funding pathways. 

¶ We are looking at a couple aspects of this 

¶ Critical paths in need of funding support 

¶ Opportunities for underfunded to make them more appealing 

¶ Like to get opportunities for EDF to move forward. 

¶ There is not one funding system ς there are many paths, govt, private, academic, angel investors 
or VC and a hybrid of all these. 

¶ You have IARPA ς which is a hybrid. 

¶ Are there other elements in that landscape of architecture? 

¶ Some have experience with SBIR program Sm Bus Res 

¶ I cannot conceive of any govt funds going to enviro funds in 3-4 years. This is reality. 

¶ What are the combine of funders in this area? Anyone forgetting. 

¶ Bens work comes from SBRI 

Benjamin Bunes - Vaporsens 

¶ Got second SBRI award from EPA and phase 3 from NSF. 

¶ We have received more money from non SBRI efforts, particularly DOD for example. 

¶ The funding for enviro work from SBRI is small. The awarded are 100,000 for phase 1 and 
300,000 for phase 2.  

¶ Other areas in work are in DOD. 

¶ DOD has 750,000 over 2 years. You can accomplish. 
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Marc Epstein - My Exposome 

¶ Questioned amounts Ben mentioned and got clarification 

Benjamin Bunes - Vaporsens 

¶ NASA, HHS, and someone else goes to 750,000 

¶ HHS solicitations are a novel- 300 pages to wade through. 

¶ Having the expertise to wade through process and documentation and decoding solicitation. 
Need to become familiar with org and find what they want. 

¶ SBRIs are required of agencies with budgets over 100 mill and 5 have 1 billion in budget. These 
are partnerships between universities 

Darryl Banks - RIA/Private Consultant 

¶ What is the criteria for business partner? Has to be classified as SB ς less than 500 employees. It 
will take Vaporsens long time to reach 500. 

Annette Guiseppi-Elie - EPA 

¶ Sensor Tech of 21st Century website. 

¶ We did was one stop shopping for all the agencies have agencies with interest in sensor tech 
(she read list of agencies) 

¶ Handheld sensors for CO 

¶ Low power benzene detectors 

¶ Handheld sensor for VOCs in water, soil, air 

¶ They are making coordinated effort to fund this. 

Benjamin Bunes - Vaporsens 

¶ SBIR ς There is not anything you can sell. These are contracts to develop something. There is a 
funding gap here. 

¶ Phase 3 - Any company can apply at any agency and these funds go to develop the product. 
When NASA does phase 3 they are the customer and will buy the product. 

Darryl Banks - RIA/Private Consultant 

¶ NIEHS or EPA ς We are interested in portable sensors? Could they do workshops to hook people 
up in this space. Academics with developers and others and thought of out of the box ideas. 
Were the conferences at DOD mission specific.  

Benjamin Bunes - Vaporsens 

¶ Session was information and most was not networking. The conference was targeted at SB 

¶ Getting people in the room to talk about sensors is a good idea. 

Darryl Banks - RIA/Private Consultant 

¶ Could a 3rd party develop a workshop for a research topics? 
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Annette Guiseppi-Elie - EPA 

¶ Could be done but it would need to be focused. 

Benjamin Bunes - Vaporsens 

¶ There are other entities in this ecosystem. We are in an EPA program ς we are a subcontractor 
to Utah DEQ/DNR (state environmental office) for these funds. 

Annette Guiseppi-Elie - EPA 

¶ EPA a year or 2 ago they funded for research??? This might be useful for 

Darryl Banks - RIA/Private Consultant 

¶ What potential collaborators or consortia that could move this forward? 

Chris Pyke - Aclima/USBGC 

¶ The early and midstage private equity investment in this space 

¶ Govt investment ς skeptical now 

¶ DOD maybe but nothing else 

¶ The ambition in the room is for scalable tech.  

¶ Is where the impact investors (VC) are they in this space? 

¶ We have a fund challenge is being labeled clean tech or enviro tech or health tech. In terms of 
investment strategy is different. We have to consider this is enviro or health? 

Darryl Banks - RIA/Private Consultant 

¶ Introduced the Valley of Death Slide 

¶ How to categorize enviro tech to do things like health? If you go to investors, there is diff time 
horizons.  

Chris Portier - EDF 

¶ Beyond the $ in play. Clean tech is headed toward product in 12-24 months 

¶ Health tech does not expect revenue for a longer term.  

¶ There are diff money sizes and time horizons. 

¶ Impact investors are drawn to these conversations ς they are small scale relative to bump of 
VOD. 

¶ We need these things to scale ς 

Darryl Banks - RIA/Private Consultant 

¶ Are there models in the instrument world that we could look too. Mass Spec world? 

¶ Mass Spec was used by academics  

¶ One of the disruptors where they could put Mass Spec on spaceships 

¶ Have large instrument companies worked on PCEMs 

¶ Erik and I grappled with this about instrument space. 

Dave Rejeski - ELI 
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¶ Crowdfunding 
o 34 billion to 90 billion between 2017 and 2025 ς World Bank 

¶ Crowdfunding does work across the spectrum 

¶ They focus on all kinds of areas. 

¶ Austria set up alternative research project in Africa 

¶ Have to figure out how to use the system. Need to pitch it and have network etc. 

¶ Dave R has paper about people funding enviro and health. 

¶ This is a global aperture. 

¶ If you see VC and AC will see crowdfunding and think that is a good thing.  

Benjamin Bunes - Vaporsens 

¶ Crowdfunding is a validation technique 

Annette Guiseppi-Elie - EPA 

¶ Mobile health has a field of interest.  

¶ There are other opportunities from this AM. You need to get over the initial hurdle. People want 
to move things forward,  

¶ WiFi ς a sensor for things like ozone and very little price money. 

¶ There are other ways to use crowdfunding  

Darryl Banks - RIA/Private Consultant 

¶ Would you need a sponsor for EDF for crowdfunding? 

Dave Rejeski - ELI 

¶ They are looking for social purpose so having sponsor would be good. 

¶ Having an NGO sponsor is important. 

¶ Some will not give you money unless you reach goal, others not. 

¶ crowdfunding is a comp space and forces you to focus on what you want to do. 

Darryl Banks - RIA/Private Consultant 

¶ Does it make sense to org array of users? Personal sensor has utility across spaces (see 
yesterday) 

¶ If it is pitched as environmental tool ς it is limited? 

Chris Portier - EDF 

¶ We have to get 10-20 companies to buy ς Will you use a sensor at a corporate level. Will you 
accept delivery in a year? You are pre-vetting customers. Will you continue to use it. We had 10 
pension funds come together. And EDF could do this. You need a reasonable number of folks to 
rally a group. An establishment advocate can de-risk it. This is a form of crowdfunding. There is 
risk to adopt these things in large companies. 

Lauren Riggs ς Google 

¶ Risk is key. Bring more than one org to the table is key. 
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Roger McFadden - Formerly with Staples/Consultant 

¶ Back to business world. 

¶ Some of the early thinking needs to be around is this for profit orgs, for regulators, or for 
nonprofits? For regulators ς you will not get private investment. ID user and use so investors 
have something concrete to point. 

?? 

¶ Vrabel? ς They have Blue-sky Center ς They have sensor devices developed with partners. They 
share in the profit, and they attract skills sets to accomplish their goal. They have innovated 
sensor tech with HP, Unilever. They have innovated sensors in consumer products. Refrigerators 
that order milk for you. They have also made sensors to detect contaminants in packaging. 

?? 

¶ Scio ς Israel ς They have sensors to connect to phone ς You can point that device and tell you 
what chemicals are in something ς Spectrometer. They had to get pathways of funding. 

¶ Who owns the IP ς If crowdfunding happens ς who owns the IP . Can IP issues be resolved with 
crowdfunding? 

¶ Establish value proposition to the user. There may be diff VP for all the audiences.  

¶ This all leads to business where commerce happens where value is created and assets are built. 

Megan Latshaw ς JHU 

¶ I used to work with APH ς I worked with large instrument companies. 

¶ They were interested in large scale stuff and handhelds. 

¶ Large companies may want to buy small companies.  

¶ Homemade spectrometer from cardboard and Cd and smartphone can make spectrometer. 
Website mentioned to tap into cit sci. 

¶ Universities ς incubator types 

¶ JHU has help and steps  

¶ States may also be source of funds 

Darryl Banks - RIA/Private Consultant 

¶ In NY state there are authorities to fund research  

Roger McFadden - Formerly with Staples/Consultant 

¶ Staples partnered with RIT. We helped fund innovation center. Those centers work and who 
owns the IP. Yale wants to own all their IP. Bus is not interested in those cases. Not all 
universities share. U of O shares IP and OSU shares IP too. 

¶ U of O works in green chemicals a lot and they specialize ς EDF ς what university are working in 
sensor tech that would be goo partners. The universities are funded by other places. Some 
alumni have a cause they fight for ς Phil Knight. Find who is in this space. 

Lauren Riggs - Google 

¶ Limited to US? 
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¶ There was a sensor product developed in Australia (Samba). They are looking to sell this 
product. There are some sensors well baked in some university system. A lot of the hard work 
has been done. 

Chris P. ς Which one?? 

¶ Looking globally is important. Samba is a great exampleς indoor sensor is great. Limits the 
commercialization of product in university. If you look there is more money in Academia in 
Europe but the investor pathways are weaker (compared to US). We see stuff come out of China 
with limits to scale. Why are the bigger players not moving into this space? There is dysfunction 
in the market. Why are not Verizon and Comcast looking at these sensors? 

Darryl Banks - RIA/Private Consultant 

¶ When we did scan of potential players in this space. Almost nothing out there. This was 
surprising. There has to be players here and there was nothing. Verizon was interested in 
opening up to new stuff a few years ago but not much lately. 

Aileen Nowlan - EDF 

¶ We are talking about broad swath of chemical sensor. There are many ideas in the VOC space. 
Some companies are interested in specific chemical sensor. Anything of value from the single 
chemical sensor development? 

Roger McFadden - Formerly with Staples/Consultant 

¶ If I ask you to give me a list of the instruments, you use? Can you tell me who makes them? 
Modify what they do to what we are interested in. VP, Profit, etc. would be barriers? What 
instruments do you use and why not talk to them? 

Chris P. 

¶ Sensors we have talked about. The purpose is missing. 23 and ME has 2 products. Why is it 
useful to people.? We have not figured out what people need. What problem is it solving? 

Darryl Banks - RIA/Private Consultant 

¶ Focus in purpose is important. 23 and ME was model. What enables them to do their product 
genome sequencing was got them where they were. 10 years ago it was expensive and time 
consuming. They focused on their product and people are jumping into this space. Oxfordcore? 
They came up with device size of paperbacks ς due to 2 score sequences in 4 days. This was 
developed through a product with a broad set of uses. 

Jason Amsden - Duke University 

¶ Paradigm of chemical instrumentation ς We are talking about market disruption for some of the 
instrumentation companies. 

Annette Guiseppi-Elie - EPA 



Year of Innovation 

Workshop Notes | Page C-71 

¶ What is the market? Are there enough people out there to have device? It is good to have 
PCEMS for research ς how to build for market. 

Marc Epstein - MyExposome 

¶ There are instrumentation companies that make handhelds ς internal disruptors of bringing 
devices to the field. They are not excited about this at the core level. 

Annette Guiseppi-Elie - EPA 

¶ 2 years ago I worked for Dupont. A lot of facilities that would benefit from mobile devices.   

Marc Epstein - MyExposome 

¶ There is a natural feeling among who we talk with, lots of people want this information but 
there is not willingness to pay and how it works. Comcast is not investing and google home does 
not have a benzene tester and not guar there will be a market. Go to parents and go to 
researchers and know the impacts. It will be there ς how can we accelerate this? Start with 
people who care ς researchers, PH folks, orgs, and activists. Union of Firefighters for example, 
large groups of people with unusual risks. 

David Rajeski - ELI 

¶ People have to buy this and ς what about sharing economy. Sensor version of Car2Go. 

¶ You can test market with that approach. 

¶ Why do you have to buy it? 

¶ What is the Car2Go version of sensors? 

Bryce Golden-Chen - EDF 

¶ On the clean tech side at energy level EPRI and NREL ς create infrastructure among people 
interested in this type of stuff. Org resources. In the sensor space there is not some type of top 
level coordinated entity here. Bulk purchasing 

Sarah Vogel - EDF 

¶ We are not at the marketplace where there is market. There are segmented markets for those 
that are interested. How to pool that market space? Leverage volume over price (Janie 
yesterday) We need to get to volume and use? Feels very siloed now.  

Darryl Banks - RIA/Private Consultant 

¶ How do you create single market where there will be multiple players to make the pool big 
enough? 

¶ Romain ς Are there experiences in work in Europe? Collab between private and public for 
example 

Romain Lacombe - Plume 

¶ There are 2 translational ideas here. We have approached this question through the lens of air 
quality. Europe ς More fragmentation in markets. Scale is an issue with 450 mil people speaking 
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diff languages, countries etc. Volume make more sense here than in Europe. The VOD is classic. 
How do you got to privately funded model. VC and AInvest. What can venture backers like 
chemical exposure and air quality ς what are the markets ς can it be a building management 
solution, consumer product, where is the scale. We got funds from a successful medical 
software and devices and invested in biotech.. link with wellness is one of the approaches. 
Health investments are driven by cycle. Med Tech may be interested in PCEMs. What type of 
non-traditional places to get past VOD. In Europe we had some funds like DARPA too. Not sure it 
is structure different except in volume.  

¶ Forward funding for PCEMS 

¶ crowdfunding 

¶ Convening with EDF ς match academics and govt funding sources. Convene space for specific 
purpose. 

Chris 

¶ EDF could org demand.  In all the kit on a fire truck as chemical exposure to things. Target 
groups who need it most and models like tech for AEDs on risk basis.  

Darryl Banks - RIA/Private Consultant 

¶ You could start with vulnerable pops and work to consumers 

Sarah Vogel - EDF 

¶ I see need. What is the tactic that would help that? As an advocacy group we tried to play a role 
here?  

Chris 

¶ One example ς Are there 10 fire chiefs that would sign on to have these devices. 

Megan Latshaw - JHU 

¶ Firefighters they have hazmat materials which is diff than what Chris is talking about 

Aileen Nowlan - EDF 

¶ Large groups of people with unusual jobs/circumstances Firefighters and pregnant moms. 

¶ Could you have a lending library of sensors? 

?? 

¶ Intl Association of Firefighters 

¶ CA FF have been participating in biomonitoring study . This has driven taking out of fire 
retardants out furniture.  

Darryl Banks - RIA/Private Consultant 

¶ Muni and state level folks could drive some of the interest in this.  

Megan Latshaw - JHU 
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¶ Firefighters have zero money for this right now since FEMA dried up 

Roger McFadden - Formerly with Staples/Consultant 

¶ Firefighters ς 5ƻƴΩǘ ǘƘŜȅ ƪƴƻǿ ǘƘŜȅ ŀǊŜ ŜȄǇƻǎŜŘ ǘƻ ǘƻȄƛŎǎΦ 

Marc Epstein - MyExposome 

¶ Where FF stage themselves is key and exposure is different based on where they stage and 
protect equipment is diff. FF may not have money. Nursing mothers may have money. Work 
with insurance company ς get things out as part of  

Megan Latshaw - JHU 

¶ Work on IVF 

¶ Those folks are interested in spending resources on outcome and can do something with it.  

Analytical Debrief 

1) Organize demand side to be appealing to developers, researchers, and funders. There is a need 
to ID customer bases (Firefighters and pregnant mothers) with unique needs or interest in this 
space. 

2) Organize funders around the concept of development of PCEMs. Build consortiums here where 
organizations can come together around a specific item. This would include public and private 
partnerships. 

3) Use EDF or other organization stamp of approval to build credibility for funding devices via 
crowdfunding. Match needs of funders with market interest.  

Participant Tracker 

Question / Output NAMES AND NOTES 

Which aspects of the PCEM critical 
technology path are most likely to need 
funding support outside the current 
system? 

¶ Validation (Ben) 

¶ Anything noted as being for the environmental field will be 
hard to get federal support for in next 3-4 year (Darryl) 

o There are different time horizons for health tech vs. 
clean tech. Health tech has longer time frame. (Chris ς 
Aclima/USGBC) 

What opportunities exist to make 
underfunded development activities more 
appealing to current or potential PCEM 
funders? 

¶ Use smaller dollar support to provide credibility to project. For 
example SRBI funds can show others that the govt. is 
interested in project (Ben, Darryl) 

Names of important public and private 
funding organizations, and funding types 

¶ SBRI funds through federal agencies (Ben) 

¶ NSF (Ben) 

¶ EPA (Annette) 
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Question / Output NAMES AND NOTES 

¶ DOD (Darryl, Ben) 

¶ NASA (Ben) 

¶ HHS(Ben) 

¶ Venture Capital (Chris ς Aclima/USGBC, Darryl,) 

¶ Crowdfunding (Dave R.) 

Who are potential funders? ¶ See above. 

Working with funders ¶ Limit risk for investors. (Chris P. EDF, Lauren, ) 

¶ Show funders that other places have supported project idea. 
Build credibility of device by having sponsor (Dave, Lauren) 

¶ Identify who has intellectual property of product (Roger, Chris 
P, EDF) 

Increasing visibility, improving appeal to 
current, potential funders 

¶ Limit risk for investors. (Chris P. EDF, Lauren, ) 

Ideal role for EDF advancing non-purpose 
specific funding 

¶ Develop consortiums to focus efforts on specific element of 
PCEM space such as generating interest in device pregnant 
mothers could use. (Darryl) 

¶ Develop conferences for sharing information (Ben, Beizhan - 
Columbia rep.) 

Approach for stakeholder-driven effort to 
reshape institutional funding 

 

Potential stakeholders and roles  

How match funds could support key R&D 
or other funding needs? 

¶ Limit risk by demonstrating support for an idea from other 
funders (Lauren, Dave) 

C.11. ±ŀƭƛŘŀǘƛƻƴΥ 9ƴǎǳǊƛƴƎ vǳŀƭƛǘȅ ƛƴ ǘƘŜ tǊƻƳƛǎŜ ƻŦ bŜǿ ¢ŜŎƘ ό9Ǌƛƪ 
CǳƴƪƘƻǳǎŜǊύ 

Session Description 

The pace of studies to validate PCEM integrity, processes, and data is very slow, due to lack of funding, 
and impedes development and updates of promising new technologies. This session will explore the 
opportunity to programmatically call for and fund validation studies in coordination with researchers 
and key organizations in the PCEM ecosystem. 

Narrative Minutes 

As a group, identify two strategies that would make a meaningful contribution to forwarding the funding 
for PCEMs. 
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¶ Convincing approaches to validation/ Opportunities to call for and fund validations studies? Role 
of standards? 

¶ [Notetaker(s): capture the two ideas in a short paragraph each to be included in the PowerPoint 
slides for session 7] 

Erik Funkhouser - RIA/University of Texas 

¶ Role of validation has become an issue for us. 

¶ How to take something that is barrier and make it an opportunity 

¶ We want to figure out what the role of validation can be as a mechanism 

¶ Insight about validation? 

Adrian Chu - McKinsey 

¶ Not PCM ς but it was a wearable for tracking employee behaviors ς small study with a startup 
with a big restaurant ς put on employees that were cashiers to try to analyze behavior during 
the day. Combining with our study was validation 

o 5ŀǘŀ ǿŀǎƴΩǘ ŀǎ ƎƻƻŘ ŀǎ ǘƘŜ ǎǘŀǊǘǳǇ ǇǊƻƳƛǎŜŘ ς difficult to communicate with the client 
by the end 

o Small sample size before scaling is important 

John Decker - CDC 

¶ US army program to demilitarize chemical weapons ς they used near real time instrumentation 
ς systems that draw air in and desorb it ς it runs a cycle every 5 minutes or so with samples. We 
worked to validate the instrument with NIOSH ς they have a publication from the late 90s ς 
ǘƘŜǊŜΩǎ ŎǊƛǘŜǊƛŀ ƛƴ ǘƘŜǊŜ ŀōƻǳǘ Ƙƻǿ ȅƻǳ ǾŀƭƛŘŀǘŜ ŀƴ ƛƴǎǘǊǳƳŜƴǘ ǘƻ ƳŀƪŜ ǘƘŜ Ŏǳǘ ŦƻǊ ǘƘŜ bLh{IΦ 
We ended up developing chambers and vapors at certain concentrations and we tested the 
instruments under various conditions of temp and humidity ς it was a multi-year expensive 
ǇǊƻŎŜǎǎ Φ ²Ŝ ŦƻǳƴŘ ƛƴ ǎƻƳŜ ŎŀǎŜǎ ǘƘŀǘ ǘƘŜ ƛƴǎǘǊǳƳŜƴǘǎ ŘƛŘƴΩǘ ŀƭǿŀȅǎ ǿƻǊƪ ŀǎ ŜȄǇŜŎǘŜŘΦ ¢ƻ 
calibrate an instrument, you shoot a liquid agent into the system ς there are differences 
between that and an actual vapor in a system. This may be useful even though the NIOSH docs 
are older, they may have some good concepts in there to see how they may apply to new 
technology now. It is a pretty high level of confidence to meet the validation 

¶ This was a series of studies that went into validation ς establish thresholds to validate the 
effectiveness 

Roel Vermeulen - Utrecht University 

¶ Question is for what purpose and where do you want it validated. There are guidelines for 
different specs (within 20%, etc.) ς ŦƻǊ ǎƻƳŜ ǘƘƛƴƎǎΣ ǘƘƛǎ Ƴŀȅ ƴƻǘ ōŜ ǿƘŀǘΩǎ ƴŜŜŘŜŘΦ Lƴ ǘƘŜ 
sensor world, every signal air sensor can be off ς on average they are correct within reasonable 
ƭƛƳƛǘǎΦ LŦ ŎƻƳōƛƴŜŘ ǘƘŜ ƳŜŀƴǎ ƻŦ ŀƭƭ ƻŦ ǘƘŜƳ ŀǊŜ ƎƻƻŘΣ ǘƘŀǘΩǎ ŘƛŦŦŜǊŜƴǘ 

¶ What is the application and how to apply it? 

John Decker - CDC 

¶ For some, the only thing the sensor needs is detection ς not the specific number  



Year of Innovation 

Workshop Notes | Page C-76 

Erik Funkhouser - RIA/University of Texas 

¶ Idiosyncratic standard behind what the validation is  

¶ First set of questions: 
o Transportation of devices and samples  
o Exposure of devices to different environments 
o Replicability of sampler analysis 
o Comparison of data from a sensor or sampler to known analytical techniques  

¶ Charge questions 
o What needs to be validated (accuracy, durability, fit for purpose) ς ƛǘΩǎ ƴƻǘ ŀƭǿŀȅǎ ǘƻ ōŜ 

precise ς ƛǘΩǎ ǘƻ ŦŀŎƛƭƛǘŀǘŜ ŎƻƴŦƛŘŜƴŎŜ  
o Approaches to validation that are most convincing?  
o ²ƘŜƴ ƛǎ ŜƴƻǳƎƘ ΨŜƴƻǳƎƘΩΚ  

Jon Sobus - EPA 

¶ LΩǾŜ ƘŀŘ ŀ ŎƻǳǇƭŜ ƛƴǎǘŀƴŎŜǎ ǿƘere you as a user are seeing something post-validation and you 
ŀǊŜ ƛƴ ŀ Ǉƻǎƛǘƛƻƴ ǘƻ ǎŜŜ ǿƘŀǘΩǎ ŘƻƴŜΦ !/ ǿŀǎ ƛƴ ŀ Ǉƻǎƛǘƛƻƴ ŀŦǘŜǊ ǎƻƳŜǘƘƛƴƎ ǿŀǎ ǾŀƭƛŘŀǘŜŘ ŀƴŘ ǿŀǎ 
ŘƛǎŀǇǇƻƛƴǘŜŘ ǿƘŜǊŜ ƛǘ Ƴŀȅ ƴƻǘ ƘŀǾŜ ōŜŜƴ ǾŀƭƛŘŀǘŜŘ ŀǎ ǿŜƭƭΦ ά¢Ƙƛǎ ƛǎ ǇŜǊŦƻǊƳƛƴƎ ǿŜƭƭ ƎƛǾŜƴ ƻǳǊ 
vaƭƛŘŀǘƛƻƴ ǎǘǳŘȅέ ς ǘƘŜƴ ƛǘΩǎ ŀ ōŀŘ ǾŀƭƛŘŀǘƛƻƴ ǎǘǳŘȅ ς as a reviewer I can  

¶ Stakeholders should be brought to the table to help design the validation study 
o LΩǾŜ ǊŜǾƛŜǿŜŘ ǘƘƛƴƎǎ Ǉƻǎǘ-validation study and been disappointed 
o LǘΩǎ ŘƛŦŦƛŎǳƭǘ ǘƻ ƭƻƻƪ ŀǘ ǘƘƛƴƎǎ ǘƘŀǘ are trying to be the gold-standard 
o Collection of samples needs to be done with care 
o Validation studies for non-targeted work is difficult ς ȅƻǳ ŘƻƴΩǘ ƪƴƻǿ ǿƘŀǘ ƛǎ ƛƴ ǘƘŜ 
ǎŀƳǇƭŜΦ ²Ŝ ƎŜǘ ŀǊƻǳƴŘ ǘƘŀǘ ōȅ ƳŀƪƛƴƎ ǎȅƴǘƘŜǘƛŎ ǎŀƳǇƭŜǎ όǘƘŜƴ ǘƘŜǊŜΩǎ ǊŜŀŎǘƛƻƴǎ ƛƴ ǘƘŜ 
mixtures). Validation is difficult ς ŘŜǇŜƴŘǎ ǿƘŀǘ ȅƻǳΩǊŜ ǘǊȅƛƴƎ ǘƻ Řƻ ς ƛŦ ǘƘŜǊŜΩǎ ŀƴ 
inherent bias in the measure you can make some changes 

¶ Horrible precision but a good mean? Could still be good information  

Erik Funkhouser - RIA/University of Texas 

¶ How Řƻ ȅƻǳ ƪƴƻǿ ƛŦ ȅƻǳΩǊŜ ŦŀǊ ŜƴƻǳƎƘ ŘƻǿƴǎǘǊŜŀƳ ƻǊ ŘƻǿƴǎǘǊŜŀƳ ŦƻǊ ǎǘŀƴŘŀǊŘǎΚ !ǎ ǿŜ 
continue, how do you deal with the question ς what is the appropriate venue in the value chain? 

Roel Vermeulen - Utrecht University 

¶ Going back to air quality sensors ς air quality sensor discussion a few years ago ς if we look at 
sensors, they always come with validation studies that show they are amazingly good ς we 
basically have set up testing that we can do life testing in the real world. Validation means 
something specific ς ƛǘ Ŏŀƴ ǿƻǊƪ ƛƴ ŀ ƭŀō ǎŜǘǘƛƴƎ ōǳǘ ƳŀȅōŜ ƛǘ ŘƻŜǎƴΩǘ ǿƻǊƪ ƛƴ ǘƘŜ ǊŜŀƭ ǿƻǊƭŘ 

¶ Lab testing needs to go to field testing over a long period to see how it works  

¶ LǘΩǎ ŘƛŦŦƛŎǳƭǘ ǘƻ ǎŜǘ ǎǘŀƴŘŀǊŘǎ ǘƻ ǎŀȅ άƛǘ ƴŜŜŘǎ ǘƻ ōŜ ǿƛǘƘƛƴ ǘƘƛǎ ǎǇŜŎ ǘƻ ōŜ ǳǎŜŦǳƭΩ ǎƛƴŎŜ ƛǘ ŘƛŦŦŜrs. A 
step forward is to know the performance characteristics without a threshold ς to know that it 
varies 10-50% is not bad ς ƛǘΩǎ ƎƻƻŘ ǘƻ ƪƴƻǿΦ L ŘƻƴΩǘ ǘǊǳǎǘ ƭŀō ǾŀƭƛŘŀǘƛƻƴ όǳƴŘŜǊ ǘƘŜǎŜ ŎƻƴŘƛǘƛƻƴǎ 
for 10 seconds) ς you want to see it in real live circumstances 
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Jennifer McPartland - EDF 

¶ Validation to a standard vs a specification ς your tolerance depends on your application. Maybe 
ȅƻǳΩǊŜ ƳƻǊŜ ŦƻŎǳǎŜŘ ƻƴ ǘƘŜ ǎǇŜŎǎ ŦƻǊ ȅƻǳǊ ŀǇǇƭƛŎŀǘƛƻƴ ς you want to know what it has and how 
the instrument was validated to those spec ς were they in a lab setting or in a field? 

Erik Funkhouser - RIA/University of Texas 

¶ Is your point that the threshold approach overall is putting the cart before the horse ς you 
should understand overall range?  

Roel Vermeulen - Utrecht University 

¶ LǘΩǎ ŘƛŦŦƛŎǳƭǘ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǿƘŀǘΩǎ ǳƴƛǾŜǊǎŀƭƭȅ ōŀŘ ς you want to know what the range is. Having 
the measurementτeven imprecise is helpful. Some people can deal with a lot of variance.  

John Decker - CDC 

¶ It matters if your output is detection or quantitatively 

Chris Portier - EDF 

¶ We are talking about validation of exposure measurement and not durability or fit for purpose. 
Sensor types: Risk (need accuracy from exposure measurement), relevant risk (less validity - -
you want to know if B is bigger ǘƘŀƴ !ύΣ IŀȊŀǊŘ όŀƭƭ ȅƻǳ ǿŀƴǘ ǘƻ ƪƴƻǿ ƛǎ ƛŦ ƛǘΩǎ ǘƘŜǊŜ ƻǊ ƴƻǘ ǘƘŜǊŜΦ 

¶ Validation needs to be broke into these three categories 

Beizhan Yan - Columbia University 

¶ We have experience developing and validating these devices ς are you using it for personal or 
not for personal. Personal is much more difficult. In our work we look at quick temperature 
changes and test with different circumstances ς we have phases to our validation ς if it survives 
it can go to the next step ς ƛŦ ȅƻǳΩǊŜ ŘŜǇƭƻȅƛƴƎ ŦƻǊ м ƘƻǳǊ ƻǊ м Řŀȅ it may be ok, BTU after 2 days 
the baseline changes ς for the validation you have lab settings, you are better with the personal 

Erik Funkhouser - RIA/University of Texas 

¶ We need to have a separation between the two spaces. 

What do you need for validation? 

Jennifer McPartland - EDF 

¶ LOD depending on the type is needed for validation. 

Beizhan Yan - Columbia University 

¶ Easy to calibrate ς that is important as a characteristic. 

Roel Vermeulen - Utrecht University 

¶ {ŜƴǎƻǊΩǎ ŘǳǊŀōƛƭƛǘȅ ǘƻ ǎǳǊǾƛǾŜ ŘǳǊƛƴƎ the measurement period. Durability in the sense of storage 
(we often store wristbands for a long time). 
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John Decker - CDC 

¶ Durability of environmental conditions. 

Jessica Reiner - NIST 

¶ Ease of protocol ς how you get the sample. 

Beth Trask - EDF 

¶ User acceptance ς am I comfortable with this? 

John Decker - CDC 

¶ We used 3M Badges for VOCs for a health consultation and even though it was a motivated 
group of people, we eventually forgot where to properly place it and how it should be oriented 
ς details fall to the way-side over time  

Chris Portier - EDF 

¶ The computer software needs to be validated as well. If you have a sensor you want to validate 
through the software, you NEED that validated as well. 

Erik Funkhouser - RIA/University of Texas 

¶ Are these unique programs? 

Chris Portier - EDF 

¶ 5ŜǇŜƴŘǎ ǿƘŀǘ ȅƻǳΩǊŜ ŘƻƛƴƎΦ {ƻƳŜ ǇŜƻǇƭŜ Ǉǳǘ ǎŜƴǎƻǊǎ ƻƴ ōƛƪŜǎ ŀƴŘ ǘƘŜ ōƛƪŜǎ ǿƻǳƭŘ ŎǊƻǎǎ ǇŀǘƘǎ 
ς that would be an opportunity for validation, They built a software system around tracking and 
recalibrating on the fly ς it was recalibrated on software not hardware 

Jessica Reiner - NIST 

¶ I talked about PM2.5 ς lots of algorithms ς ǘƘŀǘΩǎ Ƙƻǿ ǘƘŜȅ ŘŜǘŜǊƳƛƴŜŘ ǘƘŜ ƳŜŀǎǳǊŜƳŜƴǘ ŀƴŘ ƛǘ 
was all different numbers. 

Roel Vermeulen - Utrecht University 

¶ Our sensors do on the fly recalibration of the sensors ς determines to a large extend what the 
actual numerical outcome is. The question is ς do you want to validate the algorithm to have 
insights or do you trust it as a black box and then have a second reference independent of it to 
see how it doeǎΦ L ŘƻƴΩǘΩ ŎŀǊŜ ŀōƻǳǘ ǘƘŜ ŀƭƎƻǊƛǘƘƳ ǳƴƭŜǎǎ ǘƘŜ ƛƴŘŜǇŜƴŘŜƴǘ ǾŀƭƛŘŀǘƛƻƴ ƛǎ ƎƻƻŘ 

Chris Portier - EDF 

¶ Most validation is in lab ς not in the actual circumstances.  

Erik Funkhouser - RIA/University of Texas 
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¶ ±ŀƭƛŘŀǘƛƴƎ ŀŎŎǳǊŀŎȅ ƛǎ ŀ ŎƭŜŀǊ ǳǇǎƘƻǘΦ ²ƘŀǘΩǎ ǘƘŜ ŘƻǿƴǎƛŘŜ ƛŦ ȅƻǳ ŘƻƴΩǘ ǿƻǊǊȅ ŀōƻǳǘ ǾŀƭƛŘŀǘƛƴƎ 
the comp science or the data storage or the durability. Apart from doing the science, is that a 
ōŀǊǊƛŜǊΦ ²ƘŀǘΩǎ ǘƘŜ ǳǇǎƘƻǘ ǘƻ ƭŜŀǾƛƴƎ ǘƘŜǎŜ ǘƘƛƴƎǎ ƻŦŦ ǘƘŜ ǘŀōƭŜ 

Roel Vermeulen - Utrecht University 

¶ Experiment with cheap air quality sensors ς not better than random number generators ς upset 
local government because concerned citizens were worried about high numbers. Doing these 
things with the data can do quite a bit of harm. We now need to convince the local government 
that our work is different ς they are upset about the last experience.  

John Decker - CDC 

¶ Losing the trust is dangerous. 

Chris Portier - EDF 

¶ YƴƻǿƛƴƎ ǎƻƳŜǘƘƛƴƎ ƛǎ ƛƴŀŎŎǳǊŀǘŜ ƛǎ ǎƻƳŜǘƘƛƴƎ ȅƻǳ ƴŜŜŘ ǘƻ ǎŀȅ ƛƴ ŀ ƧƻǳǊƴŀƭΦ LŦ ƛǘΩǎ ƛƴ ŀ ǇƻƭƛŎȅ 
making setting, where the measurement really makes a difference, you need some degree of 
ŀŎŎǳǊŀŎȅΦ LŦ ȅƻǳΩǊŜ Ƨǳǎǘ ƎƛǾƛƴƎ ƻǳǘ ŀ ƳƻƴƛǘƻǊ ŦƻǊ ƛƴŘƻƻǊ ŀƛǊ ǉǳŀƭƛǘȅ ς then you will sell it if it looks 
good ς ŘƻŜǎƴΩǘ ƴŜŜŘ ǘƻ ōŜ ŀŎŎǳǊŀǘŜΦ !ŎŎǳǊŀŎȅ ƛǎƴΩǘ ŀƭǿŀȅǎ ǘƘŜ ǳƭǘƛƳŀǘŜ 

Erik Funkhouser - RIA/University of Texas 

¶ ²Ŝ ƪƴƻǿ ǿŜ ƴŜŜŘ ǘƻ ǾŀƭƛŘŀǘŜ ŦƻǊ ŀŎŎǳǊŀŎȅ Φ²Ƙŀǘ ƛŦ ȅƻǳ ŘƻƴΩǘ ǾŀƭƛŘŀǘŜ ƻǘƘŜǊ ǇǊƻǘƻŎƻƭǎΚ ²Ƙƻ ǿƛƭƭ 
step in? Accuracy matters, but what about the other factors? 

Jennifer McPartland - EDF 

¶ /ƻƳǇŜǘƛǘƻǊǎ ǿƛƭƭ ƛƴǎǳƭǘ ƛǘΦ .ǳǘ ǘƘŀǘΩǎ ƴot an issue in an early space. 

Adrian Chu - McKinsey 

¶ LŦ ȅƻǳΩǊŜ ƴƻǘ ŘŜƭƛǾŜǊƛƴƎΣ ǿƻƴΩǘ ǘƘŜ ŎƻƴǎǳƳŜǊ ƪƴƻǿΚ The overall use will suffer. 

Erik Funkhouser - RIA/University of Texas 

¶ Global reasons to look at validation of everything, but what is more obvious is accuracy 

Jon Sobus - EPA 

¶ There are watchdogs ς EPA has a program where they evaluate devices and write reports 

Jessica Reiner - NIST 

¶ ¢Ƙƛǎ ƛǎ ǿƘŀǘ L Řƻ ŀǘ bL{¢Φ .ǳǘ ǎƻƳŜǘƛƳŜǎ L Ŏŀƴ ǎŜŜ ǿƘŜǊŜ ƛǘ ŘƻŜǎƴΩǘ ƳŀǘǘŜǊ ŀǎ ƳǳŎƘΦ /ƛǘƛȊŜƴ 
science with kids where the goal is learning  

Beth Trask - EDF 

¶ What about the Fitbit ς supposed to help with your health? Validation? 
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Roel Vermeulen - Utrecht University 

¶ There are Fitbit comparisons ς they are reasonable - -the tech in there is similar to scientific 
equipment. 

Jessica Reiner - NIST 

¶ The timestamps feed off NIST frequencies. 

Beth Trask - EDF 

¶ This framework meets standards. 

Chris Portier - EDF 

¶ ²ƘŜƴ ƛǘ ƛǎ ǳƴŘŜǊ ǎǘǊŜǎǎΧ ¢ƘŜ ǿƘƻƭŜ Ǉƻƛƴǘ ƛǎ ǳƴŘŜǊ ŜȄŜǊŎƛǎŜ ς it can fail with lots of sweat or 
under certain types of scenarios though. Is it accurate in terms of heart rate. I care about 
consistency. 

Roel Vermeulen - Utrecht University 

¶ We do a lot of validation with the wristbands. Patterns to update, etc. If you want more 
ǉǳŀƴǘƛǘŀǘƛǾŜ ǎŜƴǎƛƴƎ ŜǘŎΦ ¢ƘŜǎŜ ǘȅǇŜǎ ƻŦ ǘƘƛƴƎǎ ŀǊŜƴΩǘ ŀƭǿŀȅǎ in validation studies ς ǘƘŀǘΩǎ ƻƴƭȅ άƛǎ 
ǘƘƛǎ ǿƛǘƘƛƴ ǎǇŜŎǎέ ς ǘƘŀǘΩǎ ŘƛŦŦŜǊŜƴǘ ǘƘŀƴ ŀ ƭƻƴƎ ǘƛƳŜ ƻǊ ƛŦ ȅƻǳ ǎƘƛǇ ƻǳǘ ŀƴŘ ƎŜǘ ƛǘ ōŀŎƪ ƻǊ ƛŦ 
ǘƘŜǊŜΩǎ ŎƻƴǘŀƳƛƴŀǘƛƻƴΦ ±ŀƭƛŘŀǘƛƻƴ ƴŜŜŘǎ ǘƻ ǘƘƛƴƪ ŀōƻǳǘ ǘƘŜ ǿƘƻƭŜ ŎƘŀƛƴ ƻŦ ǘƘŜ ǳǎŜ ŎŀǎŜ ς not 
just focus on a certain aspŜŎǘ ǘƘŀǘ Ƴƻǎǘ ǇŜƻǇƭŜ ǿŀƴǘ ǘƻ ŦƻŎǳǎ ƻƴΦ LǘΩǎ ƴƻǘ ŀƴ ƻōƭƛƎŀǘƛƻƴ ǘƻ Řƻ ǘƘƛǎ 
ς I need to test in every use case. 

Jessica Reiner - NIST 

¶ Jessica Background: We have standard reference materials ς homogeneous while characterized. 
I have a great example. Hoosick Falls PFOA ς within 2 days NY wanted to know how to measure. 
We have a reference material, told them the measurements plus or minus range. They went and 
bought the materials, developed their methods in house and ran 3000 samples to understand 
the distribution of the data. The material was used to validate brand new in-house methods. 

¶ You could do this with sensors 

¶ We have researchers that wanted to use a cardio device to use in the field. I tested in the field 
with a reference material. For 3 of 7 it measured well, for other things, it was almost in the 
range ς they had a good idea of the quality. To make sure it worked in the field, I gave them the 
reference material to run alongside the samples in the field to understand how the device 
performed 

¶ Some of these things can help with validation. 

¶ ²ŜΩǾŜ ŘƻƴŜ ǘƘƛǎ ǿƛǘƘ ŀƭƭƛƎŀǘƻǊ ƳŜŀǎǳǊŜƳŜƴǘǎΦ 

John Decker - CDC 

¶ PFOA example ς may have helped get goo monitoring results, the issue is interpretation of the 
results and what a level of PFOA in blood means. 
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Charge questions: What extent are specifying standards for validation helpful and who could do this? 

Jennifer McPartland - EDF 

¶ Universal standards if appropriate, but people are interested in knowing the specs of the 
technology and each individual has their own standard based on the use and tolerance for 
accuracy. Are there certain domains of characterizations that would be expected to have some 
info characterization provided for a certain tool? Not a quantity of a specific number but an 
expectation to be seen across certain domains? 

Erik Funkhouser - RIA/University of Texas 

¶ We like universal standard-setters. 

Chris Portier - EDF 

¶ 5ŜǇŜƴŘǎ ƻƴ ǿƘŀǘ ȅƻǳΩǊŜ ŘƻƛƴƎΦ TWO TYPES 

¶ EPA wanted to advise other government on the utility of these types of sensors, I believe EPA 

¶ Should set the standards and look at the devices 

¶ LŦ ƛǘΩǎ ŀ ŎƻƴǎǳƳŜǊ ǇǊƻŘǳŎǘΣ ŎƻƳƳŜǊŎƛŀƭ ŜƴǘƛǘƛŜǎ Ŏŀƴ Ǝƻ ƛƴ ŀƴŘ ǾŀƭƛŘŀǘŜ ŀƴŘ Ǉǳǘ ŀ ǎŜŀƭ ƻƴ ƛǘΦ ¢ƘŀǘΩǎ 
a commercial solution  

Erik Funkhouser - RIA/University of Texas 

¶ When are standards useful? 

John Decker - CDC 

¶ For marketing. (Or LEED certification) 

Adrian Chu - McKinsey 

¶ A lot of these use cases involve more than one machine sensor and end user. To make this 
deliver beyond one use case, you need multiple machines. Commercial groups that try to jockey 
for a gold standard ς you can move beyond just one machine.  

Jennifer McPartland - EDF 

¶ Standard varies based on application. EPA context for criteria air pollutants needs a defined 
ǎǇŜŎƛŦƛŎƛǘȅ ŦƻǊ ŀ ǊŜƎǳƭŀǘƻǊȅ ǊŜǉǳƛǊŜƳŜƴǘΦ CƻǊ ŀ ŎƻƴǎǳƳŜǊ ŎƻƴǘŜȄǘ ǘƘƻǳƎƘΣ ȅƻǳΩǊŜ ǎŜǘǘƛƴƎ  

Erik Funkhouser - RIA/University of Texas 

¶ ¢ƘŜǊŜΩǎ ŀƴ ŜƴŘ-user question ς ǘƘŜǊŜΩǎ ƴƻ ǊŜŀǎƻƴ ŦƻǊ ŀ ǎǘŀƴŘŀǊŘ ƛƴ ŀƴ ŀǊŜŀ ǿƛǘƘƻǳǘ ŎŜǊǘŀƛƴ 
factors. Standard for uniform decisions around public health is one thing. 

¶ /ƻƴǎǳƳŜǊ ǳǎŜǎ ŘƻƴΩǘ ƴŜŜŘ ǎǘŀƴŘŀǊŘǎΚ 

John Decker - CDC 

¶ If it is reporting a number, it needs to mean something ς ƛǘ ŎŀƴΩǘ Ƨǳǎǘ ǎŀȅ ŀƴȅǘƘƛƴƎ 
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Jon Sobus - EPA 

¶ Example of something on the market that was successful without a standard 

Chris Portier - EDF 

¶ Standard, Standardized, these are different things. Standardized reporting vs. a standard? 
Absolute standard? 

Erik Funkhouser - RIA/University of Texas 

¶ Codes and standards. ς something so firm as the accepted universal standard across the 
ƛƴŘǳǎǘǊȅ ǘƘŀǘ ƛŦ ǘƘŜ ŘŜǾƛŎŜ ŘƻŜǎƴΩǘ ƳŀƪŜ ƛǘΣ ƛǘ ǿƻƴΩǘ ōŜ ŀŎŎŜǇǘŜŘ ƛƴǘo any domain of accepted 
research. We are talking about codes and standards  

Jessica Reiner - NIST 

¶ Are test methods necessary to understand? Test method with same sort of test so you 
understand the info that comes out. NIST has a role in this. 

Chris Portier - EDF 

¶ Crash course with dummies basically.  

Jessica Reiner - NIST 

¶ NIST develops the test and then we test the products. Sometimes standards can be test 
methods, not physical things. We can provide help to a broader community this way 

¶ So many areas for testing. For us to do one thing very well with all these techs 

¶ We have a carbon filter ς we have experts who understand that tech ς we have the people that 
developed it and a broader understanding 

¶ It can be a team that changes based on the situation 

Roel Vermeulen - Utrecht University 

¶ AQMD does this for sensors ς they have a testing bed to test your sensors against references in 
real world situations. All these tested in a standard way so that you can compare them all 

Adrian Chu - McKinsey 

¶ I was of the opinioƴ ǘƘŀǘ ǘƘŜ ǎǘŀƴŘŀǊŘ ŘƻŜǎƴΩǘ ƳŀǘǘŜǊΦ /ŀƭƛōǊŀǘƛƻƴ ς what matters is how it is 
ŎŀƭƛōǊŀǘŜŘ ŀƴŘ ƛŦ ƛǘΩǎ ƛƳǇŀŎǘŦǳƭ ŀƴŘ ǳǎŜŦǳƭ ǘƘŜƴ ƛǘΩǎ ŦƛƴŜΦ 

John Decker - CDC 

¶ Validation ς ƛǘΩǎ ƴƻǘ Ƨǳǎǘ ǾŀƭƛŘŀǘƛƴƎ ŀ ǎƛƴƎƭŜ ƛƴǎǘǊǳƳŜƴǘ - -ǘƘŜǊŜΩǎ ǾŀǊƛŀōƛƭƛǘȅ ƛƴ ǇǊƻŘǳŎǘǎΦ ¸ƻǳ ƴŜŜŘ 
to validate a lot of examples of what it is  
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CHARGE QUESTIONS 

Strategies for EDF to explore to help support and fund needs 

Community based performance.  

Chris Portier - EDF 

¶ A test that can in some way. A test bed ς creating this is a good idea 

¶ Commercial or NIST ς I can see EDF having a role in pushing for that in the push for PCEMs 

¶ NIH Small Business Transfer Grants ς ǇŜǊŦŜŎǘ ŦƻǊ ǘƘƛǎ ƛŦ ǘƘŜǊŜΩǎ ŀƴ Ŝƴǘƛǘȅ ǘƘŀǘ Ŏŀƴ Řƻ ǘƘŜ ǘŜǎǘ ōŜŘ 
ς ƛŦ ƛǘΩǎ ƴƻǘ ŦƻǊ bLIΣ 95C Ŏŀƴ ŦƛƴŘ ǇŀǊǘƴŜǊǎ ǘƘŀǘ ǿƛƭƭ ŦǳƴŘ ǘƘŀǘ ǘȅǇŜ ƻŦ ƎǊŀnt for the test beds  

Jennifer McPartland - EDF 

¶ Process for determining the test beds? 

Jessica Reiner - NIST 

¶ NFL and UnderArmour came to NIST and provided funds and did a grand challenge ς people 
came forward with different ideas and felt compelled to work ǿƛǘƘ bL{¢ ōŜŎŀǳǎŜ ǿŜ ŘƻƴΩǘ ƘŀǾŜ 
a stake in the game ς we just perform the tests and say the result. All the participants sent their 
ƳŀǘŜǊƛŀƭ ǘƻ bL{¢ ŀƴŘ ǿŜ ƎŀǾŜ ǘƘŜƳ ǘƘŜ ǎǘŀƴŘŀǊŘƛȊŜŘ ǊŜǎǳƭǘǎΦ ¢ƘŀǘΩǎ Ƙƻǿ bC[ ŀƴŘ ¦ƴŘŜǊ!ǊƳƻǳǊ 
chose the winner.  

¶ At NIST there are many smart people in areas that can form quickly ς the NIST team figured out 
the test in 1 week ς we have a physics, materials science, chemistry team. We form small teams 
in record time  

Erik Funkhouser - RIA/University of Texas 

¶ Two very feasible ideas on the table  
o Test beds 
o Technology transfer grants working in tandem with the test beds  

¶ Other ideas:  
o Test beds: multiple types or a central one?  

Adrian Chu - McKinsey 

¶ Universities and start-ups in this space ς 

Roel Vermeulen - Utrecht University 

¶ Feasibility of a test bed? This space was small ς ǿƘŜƴ ȅƻǳ ǘŀƭƪ ŀōƻǳǘ ±h/ǎΣ ǘƘŜǊŜΩǎ ŀ ƘǳƎŜ ƭƛǎǘ ƻŦ 
potential things. This could be difficult 

Jon Sobus - EPA 

¶ There are many types of opportunities. I love the concept, but want more specification 
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Jessica Reiner - NIST 

¶ Before a meeting, set up a working group meeting and go to different user communities to talk 
about what validation means to them. Communities have conferences. Before one of those, ask 
people what questions are important for validation 

Erik Funkhouser - RIA/University of Texas 

¶ Consortium model ς in addition to hard tactical, you need soft tactical  

Jon Sobus - EPA 

¶ Self-developing the test beds 

Chris Portier - EDF 

¶ EDF is already working on a common language for sensors to share data across sensors. That 
plays a role in the validation conversation. Do we need to do something different? 

Adrian Chu - McKinsey 

¶ A theme is failing quick. Be iterative. Have challenges  

Jon Sobus - EPA 

¶ Do developers want to know where they stand?  

Jennifer McPartland - EDF 

¶ How do the consortia work? How is a standard or test-bed set to give people competitive.  

Jessica Reiner - NIST 

¶ bL{¢ ŀƭǎƻ ŎŀƴΩǘ Řƻ ŜǾŜǊȅǘƘƛƴƎ 

Beth Trask - EDF 

¶ Way to crowdsource in some way ς initial users are the testers and the validators? Input from 
doctor visits? 

Roel Vermeulen - Utrecht University 

¶ This could be post-ƳŀǊƪŜǘƛƴƎ ǾŀƭƛŘŀǘƛƻƴΦ !ŦǘŜǊ ƛǘΩǎ ƛƴ ǘƘŜ ŦƛŜƭŘ ȅƻǳ ŎƻǳƭŘ ŎǊƻǿŘ-source the data 
and link bank 

Priya Premchandran - Google 

¶ Must think about the market opportunity 

Analytical Debrief 

The purpose of the session was framed: the role of validation is an issue for PCEM technology, so what 
are the ways the barrier can be turned into an opportunity? Validation has pitfalls and not all validation 
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studies are created equal. Various participants discussed how a device could be performing well via a 
validation study, but it could have been a poor validation study. To adequately test and ensure 
effectiveness, validation must include a series of studies testing a device for different thresholds, 
starting with lab testing and moving towards field tests.  

In taking a step back, one of the major questions for validation is what is the application of the device 
and how does this change the information needed from a validation study? It was decided that since a 
device will have different applications (and different applications have different tolerances for 
ǎǇŜŎƛŦƛŎŀǘƛƻƴύΣ ƛǘΩǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ƪƴƻǿ ǘƘŜ Ŧǳƭƭ ǎǇŜŎǎ ŀƴŘ ǘƘŜ ǇŜǊŦƻǊƳŀƴŎŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ǿƛǘƘƻǳǘ ŀ 
threshold. Regarding standards, participants discussed how standards and validation is necessary 
because the overall use will suffer ς there are global reasons for validation. While standards do vary 
based on application, the group agreed that a standard could be a testing method designed by a third 
party. 

{ŜǾŜǊŀƭ ƛŘŜŀǎ ǿŜǊŜ ŘƛǎŎǳǎǎŜŘΣ ƳƻǘƛǾŀǘŜŘ ōȅ WŜǎǎƛŎŀ wΦΩǎ ŜȄŀƳǇƭŜ ƻŦ bL{¢Σ ¦ƴŘŜǊArmour, and the NFL. The 
first idea of a test bed has several components: competitions with iterative challenges, finding partners 
for technology transfer grants, and developing a common language for sensors to share data. 
Additionally, a participant described the idea of a consortium model to have workgroups discuss various 
issues and opportunities in validation.  

Participant Tracker 

Question / Output NAMES AND NOTES 

What approaches to validation are most 
convincing and when do we have enough 
information to have confidence in a tool 

¶ Series of studies establishing different thresholds (John 
Decker) 

o Start with lab testing, then go to field testing to see 
how it works (Roel Vermeulen) 

¶ Stakeholders should be brought to the table to help design the 
validation studies (Jon Sobus) 

¶ Validation should be broken into sensor types: risk, relevant 
risk, and hazard (Chris Portier) 

¶ Major characteristics to be validated: LOD (Jennifer), easy 
calibration (Beizhan Yan), sensor durability to survive in 
storage and measurement period (Roel Vermeulen), 
environmental condition durability (John Decker), ease of 
protocol (Jessica Reiner), User acceptance (Beth Trask), 
computer software (Chris Portier) 

What opportunities exist to fund 
validation studies? 

 

What is the role of standards? ¶ Difficult to define a standard since it differs ς knowing the full 
range of performance characteristics is important (Roel 
Vermeulen) 

¶ Difficult to define what is universally bad ς better to know the 
range (Roel Vermeulen) 
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Question / Output NAMES AND NOTES 

¶ Standard vs. specification (depends on the tolerance of your 
application) (Jennifer) 

¶ Standards have a role in competition (Jennifer) 

¶ Standards vary based on application (Jennifer) 

¶ Standards can be a test method, not a number (Jessica Reiner) 

Current validation process, actors ¶ Early validation publication from NIOSH in the late 90s (John 
Decker) 

¶ NIST ς to do testing in Hoosick Falls for PFOA, created standard 
reference material, gave NY the measurements plus or minus a 
range and gave them the reference materials. They developed 
their methods in house and ran samples to understand 
distribution. Material used to validate brand new in house 
methods (Jessica Reiner) 

¶ NIST develops tests for validating products (Jessica Reiner) 

¶ AWMD develops tests for sensors ς reference in real world 
situations (Roel Vermeulen) 

Specific areas that need more robust 
validation efforts 

¶ Computer software associated with a sensor (Chris Portier) 

Working with public agencies to increase 
focus on validation studies 

¶ EPA as a watchdog to evaluate the devices (Jon Sobus) 

New funding opportunities ¶ Technology transfer grants (Chris Portier) 

C.12. {ƘƻǊǘΣ ƳŜŘƛǳƳ ŀƴŘ ƭƻƴƎ ǘŜǊƳ ǎǘǊŀǘŜƎƛŜǎ ŀƴŘ ǇǊƻƎǊŀƳƳŀǘƛŎ ƛŘŜŀǎ 
ό/ƘǊƛǎ tƻǊǘƛŜǊύ 

Session Description 

In a few cases, agencies have organized programs that create and sustain linkages between various 
public health researchers, technology developers, and end users. This session seeks to understand how 
such a program could be replicated in the U.S. PCEM space. Other collaborative opportunities to discuss 
include funder coordination, joint purchasing and analysis, and validation studies. 

This session will explore strategies and programmatic ideas where EDF in collaboration with other 
stakeholders could make a contribution to the advancement of PCEMs.  Collaborative opportunities to 
discuss include development of a consortium of public health researchers, technology developers and 
end-users; funder coordination; joint purchasing; and analysis, and validation studies. 

Narrative Minutes 

Previous sessions identified 12 strategies to explore. These 12 were included in slide and voted on by 
group. 
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1. Integrate monitoring into preexist solutions (Nest) 

Roel Vermeulen ς Utrecht University 

¶ Build sensors into existing sensors. Logical extension of existing work. 

John Decker ς CDC 

¶ Looking at this like an asthmatic pop where monitoring can be linked to treatment of existing 
illness. 

2. Shared platform with best practices on fit for purpose for emerging chemicals of concern. (E.g. a 

clearinghouse) 

Sarah Vogel - EDF 

¶ Some discussion of people talking about benzene. Is there a need to marry existing tech with 
guidance on what purpose is it for to emerging tech. Provide TA and capacity to PH researchers 
and activists? Need to marry existing technology with fit for purpose? 

3. Indoor air quality monitoring in schools ς leveraging demand from a concerned audience in a 

responsible monitor 

Roel Vermeulen ς Utrecht University 

¶ Go to cheap sensors or should you invest in something med priced you could deploy in general 
concern about health like elderly home or schools. If such a device costs 5k and you have 1000 
kids in a school that could be a reasonable price. It comes down to $5 per kid. Is this the role we 
should have? Be able to deploy in certain areas ς elderly home, a school? Narrow down to 
schools or apply to different buildings. 

Chris Portier - EDF 

¶ 5ƻƴΩǘ ƘŀǾŜ ǇǊƻōƭŜƳ ǿƛǘƘ ǿŜŀǊŀōƭŜǎ ƛƴ ǎŎƘƻƻƭǎΦ bƻ ǇǊƻōƭŜƳǎ ǿƛǘƘ ǇƻǿŜǊ ǎƻǳǊŎŜΦ Advantages 
include not having the issue of wearables (durability), not a problem with a powersource. 

Beth Trask - EDF 

¶ How can we get the price down as well was discussed ς for deployment. 

Roel Vermeulen - Utrecht University 

¶ Lǘ ƳƛƎƘǘ ōŜ ŘƛŦŦƛŎǳƭǘ ǘƻ ƎŜǘ ǘƘŜ ǇǊƛŎŜ ŘƻǿƴΦ 5ŜǇƭƻȅŜŘ ƛƴ ŀ ƭŀǊƎŜ ŀƳƻǳƴǘΣ ǘƘƻǳƎƘΣ ǘƘŜƴ ȅƻǳ ŘƻƴΩǘ 
have to get through that difficult barrier. This could be more feasible than wearables at a high 
price. 
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4. Technology challenge (Focused on emergency response or disaster efforts) 

Megan Latshaw - JHU 

¶ Is there a problem we are trying to solve. The TRI thing EPA does has no money but it successful 
at generating ideas. With or without funding is a great way to generate ideas. TRI Challenge that 
EPA does has no money associated with it but does allow for good ideas from people across the 
country that you would otherwise not think they would be involved in. Challenges are a great 
way to solve some of these obstacles. 

o 5ƻŜǎƴΩǘ ƴŜŜŘ ǘƻ ŦƻŎǳǎ ƻƴ ŜƳŜǊƎŜƴŎȅ ǊŜǎǇƻƴǎŜΦ 

Annette Guiseppi-Elie - EPA 

¶ For a modest amount of funding. 

Beizhan Yan - Columbia University 

¶ ER ς When we respond to disaster it is after the fact. Fund strategies to be prepared. You have 
to service big wind, rain, etc. For emergency response, every time we try to respond to an issue, 
the time has already passed when you need the results. So it would be good to have some 
funding strategies to prepare this better. This gives us the ideas about Day 2 ς Make the unit 
ready for those kinds of events. 

Chris Pyke - Aclima/USGBC 

¶ If you look at reason auto have databases in products in cars. That infrastructure exists pays for 
itself upon recall. The second you need to do a recall, that system pays for itself. In the moment 
of disaster the cost of bldg. DB looks cheap. We need to reflect ς automobile manufacturers 
have comprehensive guides of their materials ς they track all the components of auto parts 
because it pays for itself upon recall ς it looks expensive, but when the recall comes about, the 
system pays for itself. Is this the same thing? Where episodic things. 

5. Early/bulk procurement for existing tech to pool and focus demand and deliver early value (e.g. 

defense, USPS, GSA) 

Chris Pyke - Aclima/USGBC 

¶ Derisk the process [Missed this with computer issue] EDF can organize and pool demand to find 
ŘŜƳŀƴŘ ŦƻǊ ŀ ǎǇŜŎƛŦƛŎ ǘȅǇŜ ƻŦ ǇǊƻŘǳŎǘ ŀƴŘ ŘŜƭƛǾŜǊ ǘƘŀǘ ǘƻ ƳŀǊƪŜǘΦ .ȅ ǇƻƻƭƛƴƎ ƛǘΣ ƛǘΩǎ ƭŜǎǎ Ǌƛǎƪȅ ŦƻǊ 
individual parties. Give small companies something more specific. 

Sarah Vogel - EDF 

¶ Pool market ready consumers. [ƛƪŜ ǿƘŀǘ wƻŜƭ ǿŀǎ ǎŀȅƛƴƎΧ ȅƻǳ Ŏŀƴ ǳǎŜ ƳƛŘ ǇǊƛŎŜŘ ŘŜǾƛŎŜ ǘƻ 
leverage that bulk demand. As a way to pool market ready users and pool the demand. 
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6. Improve data quality through algorithms and automating back-end analysis. 

Bryce Golden-Chen - EDF 

¶ Transition from using the expensive devices ς how do you make the devices more appealing? 
Cheaper ones ς you do want some kind of validation on the results 

Roel Vermeulen - Utrecht University 

¶ Related to validation discussion we had. Missed what he was saying ς sound. Not sure how this 
focuses on stat and opportunities. Sensor itself but also the algorithms behind it. Think about 
ǾŀƭƛŘƛǘȅ ƛǎ ƴƻǘ ƻƴƭȅ ŀōƻǳǘ ǘƘŜ ǎŜƴǎƻǊΣ ōǳǘ ŀƭǎƻ ǿƘŀǘΩǎ ōŜƘƛƴŘ ƛǘΦ bƻǘ ǎǳǊŜ Ƙƻǿ ƛǘ ǘƛŜǎ ƛƴǘƻ ǎǘǊŀǘŜƎȅ 
and opportunities, but that was the discussion. 

Beizhan Yan ς Columbia University 

¶ Have diff sensors and diff time scales (hourly, minute, daily). Different types of sensors and 
different time scales. So if deploy in the same time, a lot of the labor usage will be the same 
time stamp ς I mentioned that there could be a function where you put 3 or 4 together and 
combineτthen you do the data analysis. 

7. Multilevel Establish test methods 

a. Tech transfer to SB grant 

b. Iterative challenges 

c. Agreed upon language 

Jessica Reiner - NIST 

¶ Come together to know what tests are needed. Competition and tech transfer.  

¶ For NIST to do this needs partners. 

¶ NFL and Under Armor came to NIST to test materials and Under Armor handed out awards to 
pay for testing. 

¶ Test bed and a group to come together to have comparability across the sensors. Some sort of 
competition associated with it. Tech transfer ς if it is developed at NIST, then the method should 
be available to others. Common language to drive 

Sarah Vogel - EDF 

¶ For NIST to be able to do itτneed collaboration? 
o Jessica Reiner 

Absolutely. 

8. Consortium/Working group meeting to talk about validation 

Jessica Reiner ς NIST 

¶ Come up with way to take adv of ongoing conferences to get right people in room. 
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¶ Test beds are great, but sometimes these conferences with communities testing these sensors. 
Take advantage of these conferences that are already happening. Get the right people in the 
room, something organic will grow out of it. 

Annette Guiseppi-Elie - EPA 

¶ ISES had a meeting last night. 2 years ago there was a sensor science fair ς ƛǘΩǎ ŀ ƎǊŜŀǘ ƳƻŘŜƭΦ 

Beizhan Yan - Columbia University 

¶ Most people who attend conferences who are running the labs. We also need technicians at 
these meetings too. Encourage first-hand people to participate. Most of the people there are 
field technicians. You need to encourage these types of people to go there and see which 
sensors are better. That way you encourage the first hand people to come and train. 

Megan Latshaw - JHU 

¶ Natl Enviro Monitoring Conference is a good place. Add the National Environmental Monitoring 
Conference from EPA. 

9. Organize demand side to be appealing to developers, researchers and funders. Need to ID 

customer bases and unique needs or interests 

Sarah Vogel - EDF 

¶ We touched on this earlier with pooling demand 

Annette Guiseppi-Elie - EPA 

¶ Need a health or enviro outcome. Important to focus on that. 

Darryl Banks - RIA/Private Consultant 

¶ We focused on this health vs enviro issue? There are diff timeframes and funds. Focus on the 
dilemma or it being an environmental or a health priority. 

Bryce Golden-Chen - EDF 

¶ Is there a hybrid approach to this space? Is there a new hybrid approach that this space exists 
in? 

10. Derisk ς Organize buying clubs that provide early funds and early feedback.  

Megan Latshaw - JHU 

¶ Libraries of equipment to lend. Lending library? 

Lauren Riggs - Google 

¶ Shared risk taking is key. Bringing down the risk is important ς early product users may not be 
able to continue using it. 
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Priya Premchandran - Google 

¶ Buying club needs to be organized around common idea. What is the demand coming to. 
Clarifying question ς The buy in club must be organized with a common interest or a common 
mission ς investment and money on the table. When you pull the demand together, you need a 
strong alignment ς what is the demand coming too. 

o Lending library is educational. 
o This is enabling something in the industry bringing more efficiency/ illuminating noise to 

create strong market signals. 

¶ Create strong market signals. 

Chris Portier - EDF 

¶ It is about the strong market signal. If 10 market actors come together and express interest. LǘΩǎ 
about the strong market signal. 10 or 20 major actors can come together and say they see 
shared value in something and offer it back in the market. 

11. Crowd-funding 

Chris Portier - EDF 

¶ How is this different than crowd-funding? Sounds fairly close. 

David Rejeski - ELI 

¶ There is a lot of money going through crowdfunding. Think about that as a large source of funds. 
¢ƘŜǊŜ ŀǊŜ но ōƛƭƭƛƻƴ ƳƻǾƛƴƎ ǘƘǊƻǳƎƘ ŎǊƻǿŘ ŦǳƴŘƛƴƎΦ ¸ƻǳ Ǝƻ ǘƻ ƎƻǾǘ ŀƴŘ ±/ǎΦ ¸ƻǳ ŘƻƴΩǘ ƴŜŜŘ to 
make people buy it ς ƭŜǘ ǇŜƻǇƭŜ ǘǊȅ ƛǘ ƻǳǘΦ ¸ƻǳƴƎ ǇŜƻǇƭŜ ŘƻƴΩǘ ōǳȅ ǎǘǳŦŦΦ ²Ƙŀǘ ǿƻǳƭŘ ŀ ǎŜƴǎƻǊ 
version of a rental system look like? 

o What would that look like? Do we have something where people could try it out ς a 
higher quality one? 

¶ 5ƻƴΩǘ ōǳȅ ƛǘΣ ƭŜƴŘ things like Car2Go model. What would sensor market look like with Car2Go 
model.  

¶ People who build sharing economy sites know how to do this. Use the sharing economy. 

Bryce Golden-Chen - EDF 

¶ Another strategy session would be criteria to match funders with users. Another strategy is 
providing some standardization for the user need side and matching it with the funder side. 
Crowd-funding, stamp of approval, aggregating buyers ς present to suppliers ς another strategy 
for a consortia type group. 

12. Other ideas? Anything missing 

Megan Latshaw - JHU 

¶ One was talking too big instrument OEMs. Talk to big instrument manufacturers that have some 
things in the space already ς these may not be big money making ideas though. 
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¶ Two ς Academic incubator partnership. At JHU ς if you are a researcher, JHU will help you build 
product and assistance all along the way. IP is an issue with universities. Academic-incubator 
partnership: At Hopkins if you develop something with commercial ability, the university helps 
you get funding from creation of the idea to commercialization. Could be a way to partner with 
an academic who has experience in the space. 

Chris Portier - EDF 

¶ 95C ŎƻǳƭŘ ǎǘŀǊǘ ŘƻƛƴƎ ǘƘƛǎΣ ōǳǘ ƛǘΩǎ ǳƴƭƛƪŜƭȅ. 

Benjamin Bunes - Vaporsens 

¶ Not sure how this would work 

¶ DOD is working on PCEM ς next gen detector program. They are in early stages of developing 
these. DOD is trying to develop a wearable exposure monitor for multiple targets ς Next 
generation chemical ŘŜǘŜŎǘƻǊΦ LǘΩǎ ƛƴ ǘƘŜ ŜŀǊƭȅ ǎǘŀƎŜǎΦ 

¶ They bring in promising new tech and choose which they are interested in. First stage is testing 
and evaluation ς they bring in promising new tech, evaluate, and decide which. 

¶ They develop prototype they test and work to build product. Second stage is funding the 
development to a functional prototype to test in more realistic scenarios. 

¶ They plan to build 100k units. aƻǊŜ ǊƻǳƴŘǎ ǳƴǘƛƭ ȅƻǳ ƎŜǘ ǘƻ ŀ ǇǊƻŘǳŎǘΦ ¢ƘŜƴ ǘƘŜǊŜΩǎ ŀƴ 
acquisition cycle of 100,000 units. 

¶ This is a giant leap going from R&D to product. But you can take this to investors and say I have 
100k customers in the wing. From a tech development standpoint, this is amazing. For R&D to 
product. They fund every step of development. Then you have a purchase order you can take to 
developers and say ς I have a buyer willing to purchase this much, will you give me follow up 
funding. Could we leverage this approach? 

Darryl Banks - RIA/Private Consultant 

¶ Interesting model from DOD 

Benjamin Bunes - Vaporsens 

¶ Takes a lot of money and many years. 

Darryl Banks - RIA/Private Consultant 

¶ At the end of the day you can have a product. 

¶ To have a purchase order is incredible to attract more funding. 

Benjamin Bunes - Vaporsens 

¶ Demonstrating and aggregating demand is enough. 

Chris Portier - EDF 

¶ Scratch the 3 ideas just mentioned. EDF cannot necessarily help here. We will stick with original 
11. 
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¶ Group will rank these by what EDF could do. [ŜǘΩǎ Ǌŀƴƪ ǘƘŜǎŜ ƴƻǿ ς from the perspective of 
what EDF and EDF with partners can do in this space. 

¶ Group asked to prioritize 2 of the things that EDF could do to prioritize.  

TOP 3 

3. Indoor Air Quality/Schools 

Roel Vermeulen - Utrecht University 

¶ Go to concrete idea to look at child health and combine it with grant challenge. You need to 
have goal with challenge Practical application and grant challenge is key here. Put sensors in 
ǎŎƘƻƻƭǎ ŀƴŘ ŎƻƳōƛƴŜ ǿƛǘƘ ŀ ƎǊŀƴŘ ŎƘŀƭƭŜƴƎŜΦ ¸ƻǳ ŎŀƴΩǘ Řƻ ŀ ŎƘŀƭƭŜƴƎŜ ǿƛǘƘƻǳǘ ŀ ƎƻŀƭΦ Lǘ ŎƻǳƭŘ ōŜ 
άǘƻ ƳŜŀǎǳǊŜ ŦǊŀŎƪƛƴƎέ ƻǊ άǘƻ ƳŜŀǎǳǊŜ ǎŎƘƻƻƭǎΦέ L ǿŀƴǘ ŀ ǇǊŀŎǘƛŎŀƭ ƴeed and pair it with the grand 
challenge. 

¶ In my folk, I made a combination, this is something where you can make a concrete idea, putting 
ǎŜƴǎƻǊǎ ƛƴ ǎŎƘƻƻƭǎΦ ¸ƻǳ ŎŀƴΩǘ Řƻ ŀ ƎǊŀƴŘ ŎƘŀƭƭŜƴƎŜ ǿκƻǳǘ ƪƴƻǿƛƴƎ ǿƘŀǘ ǘƘŜ Ǝƻŀƭ ƛǎΦ bƻ Ƨǳǎǘ 
άǎŜƴǎƻǊǎέΦ {ŎƘƻƻƭǎ Ŏŀƴ ōŜ ǘhe grand challenges. 

Dave Rejeski - ELI 

¶ Component of STEPM education ς ǘŜŀŎƘ ǎǘǳŘŜƴǘǎ ŀōƻǳǘ ǿƘŀǘ ȅƻǳΩǊŜ ƳƻƴƛǘƻǊƛƴƎ ŀƴŘ Ƙƻǿ ȅƻǳΩǊŜ 
ƳƻƴƛǘƻǊƛƴƎ ƛǘΦ ¸ƻǳ Ŏŀƴ ƛƴǘŜƎǊŀǘŜ ƛǘΦ ¢ƘŜǊŜΩǎ ŀ ƴƛŎŜ ǎȅƳōƛƻǎƛǎ ƘŜǊŜΦ 

Chris Portier - EDF 

¶ You could challenge the schools for what they would use it for to see who gets the next round of 
monitoring. School air quality monitoring - How do you see EDF jumping into this? 

Dave Rejeski - ELI 

¶ You can teach kids with this approach. You can challenge schools to work with here. Then 
partner with them for the data. You can teach the students a lot re STEM education, it can be 
integrated into the curriculum. 

Sarah Vogel ς EDF 

¶ Working with Houston schools. We have been working with a network of Houston high schools 
and developing a leadership forum for involvement in air pollution issues. 

Megan Latshaw - JHU 

¶ Working with Undergrad students to measure AQ in in 2 HS to see what is happening in the 
school. LΩƳ ǿƻǊƪƛƴƎ ǿƛǘƘ ǳƴŘŜǊƎǊŀŘǎ ǿƘƻ Ǝƻǘ Lw. ŀǇǇǊƻǾŀƭ ǘƻ ƳŜŀǎǳǊŜ ŀƛǊ ǉǳŀƭƛǘȅ ƛƴ .ŀƭǘƛƳƻǊŜ 
high schools and do interventions and studies. LΩƳ ǿƻǊƪƛƴƎ ǿ ǎƻƳŜ ǳƴŘŜǊƎǊŀŘǎ ǘƻ ƳŜŀǎǳǊŜ ŀƛǊ 
quality in 2 high schools and teach students what the measurements mean. 

¶ ¢ƘŜ /ƘƛƭŘǊŜƴΩǎ ŜƴǾƛǊƻ ƘŜŀƭǘƘ ƴŜǘǿƻǊƪ ŀƴŘ 9t! ǿƻǳƭŘ ōŜ ƘŜƭǇŦǳƭ ƘŜǊŜΦ CEHN would be a great 
partner to work with here. And EPA has a school health guide that could be helpful. The 
/ƘƛƭŘǊŜƴΩǎ 9ƴǾƛǊƻ IŜŀƭǘƘ bŜǘǿƻǊƪ ŎƻǳƭŘ ƎƛǾŜ ƎǳƛŘŀƴŎŜΣ ǎƻ ŎƻǳƭŘ 9t!Φ 
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Priya Premchandran - Google 

¶ When we do monitor and get data ς what action to we take? Question that comes up: when we 
do monitor and get the data, what action do we take? 

¶ I am on the idea of educating public and important to understand environment but you need to 
think about the action part of this equation. The action is very challenging. How do we make 
that detŜǊƳƛƴŀǘƛƻƴΚ LΩƳ ƛƴ ŀƎǊŜŜƳŜƴǘ ŀōƻǳǘ ǘƘŜ ƴŜŜŘ ŀƴŘ ǳǎŜŦǳƭƴŜǎǎ ƻŦ ŜŘǳŎŀǘƛƻƴ ŀƴŘ 
understanding engagement. Also important for us when we start intervening ς what is our 
action? From our experience, it turns out to be challenging. 

¶ We get asked about this often ς when we monitor and get data, what action do we take? How 
do we make the determination? The idea here is good, but I think when you start to get into 
ƛƴǘŜǊǾŜƴƛƴƎΣ ǘƘƛƴƪ ŀōƻǳǘ ǘƘŜ ŀŎǘƛƻƴ ǇŀǊǘ ƻŦ ƛǘΦ ¢ƘŀǘΩǎ ōŜŜƴ ǘƘŜ Ƴƻǎǘ ŎƘŀƭƭŜƴƎƛƴƎ ǇƛŜŎŜΦ 

Megan Latshaw - JHU 

¶ Reduce idling outside is one action. So they are thinking of reducing idling outside the schools. 

¶ Open windows. Opening the windows. 

¶ Look at lighting. Lighting. 

¶ There are easy interventions based on results. There are easy interventions that could be done. 

Aileen Nowlan - EDF 

¶ There are instruments that exist? Or is the idea that the instruments do not exist? Does the tech 
ŜȄƛǎǘΚ ²Ƙŀǘ ƛǎ 95CΩǎ ǊƻƭŜ ƘŜǊŜΚ 9ŀǊƭȅ ǎǘŀƎŜ ƻǊ ƻǊƎŀƴƛȊŀǘƛƻƴΚ 

Roel Vermeulen - Utrecht University 

¶ Depends on how you would like to do this. Is it short term and long term goals? You can take 
some instruments that are in development and be in intermediate steps. There will be phases 
here. It depends. Do you see this as short term or longer term goal. There are pieces of 
equipment that are not yet used in larger numbers. This could be a project where you take 
something already there and put it in other schools and foster that field to move onward. If you 
want to go to 10,000 schools, it comes down elsewhere. Think of this in stages. You can roll out 
and get more data coming in, while getting benefits of deployment. Can do in stages. 

Jennifer McPartland - EDF 

¶ ²Ŝ Ŏŀƴ ǳǎŜ ǘƘƛǎ ŀǇǇǊƻŀŎƘ ǘƻ ǎŜŜ ƛŦ ǘƘŜǎŜ ǘƘƛƎǎ ŀǊŜ ǊŜŀŘȅ ŦƻǊ ǇǳǊǇƻǎŜΦ ²Ŝ ǎŀǿ ǘƘƛǎ ƛƴ 5ŀǾƛŘΩǎ 
presentation yesterday. As part of the challenge is delineating specifications ς ǘƘŀǘΩǎ ǿƘŜǊŜ ǿŜ 
find out once we see submissions ς how many are ready for the purpose. For the specifications 
we want, maybe there is already an instrument out there. You would be delineating 
specifications and learning what measures are purpose specific. 

Chris Pyke - Aclima/USGBC 

¶ What has been successful in that adoption. Google classroom ς The cost point of Google 
/ƭŀǎǎǊƻƻƳΦ tǳǘ ǘƘŜ ŎƘŀƭƭŜƴƎŜ ǘƻ ǇŜƻǇƭŜ ƭƛƪŜ DƻƻƎƭŜΩǎ [ŀǊǊȅ tŀƎŜΦ Specifically, take a model of 
what has been successful in that adoption. Google Classroom ς there is an infrastructure ς think 
άǿƘŀǘ ǿƻǳƭŘ ƛǘ ōŜ ƭƛƪŜ ǘƻ ŀŘŘ ǘƘƛǎ ŎŀǇŀōƛƭƛǘȅ ǘƻ ŀƴƻǘƘŜǊ ǇƭŀǘŦƻǊƳΚέ ς This is not free ς challenge 
google ς I believe in health for googlers ς am I serious enough to be an early adopter and put 
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the challenge down for schools? Google Classroom is an education tool ς ƛǘΩǎ ŀƭǊŜŀŘȅ ƘŀƭŦ ŀ 
system. Would love to challenge someone to bring passion points together. Google Classroom 
has provided an infrastructure, and what would it be like to ask what would happen once 
implemented. Keep it short. You could have a beginning and an end. 

Erik Funkhouser - RIA/University of Texas 

¶ There was a DOE on diffusion of solar ς Deploy solar PVs at schools. Use the data in students 
ŎǳǊǊƛŎǳƭŀΣ ǎƘŀǊŜ ǘƘŜ Řŀǘŀ ǿƛǘƘ ǳǎŜǊǎΣΧ ²Ŝ ƭƻƻƪŜŘ ŀǘ ŀƭƭ ǘƘŜǎŜ ǎŎƘƻƻƭǎ ŀƴŘ ƴƻƴŜ ƻŦ ǘƘŜƳ ƘŀǾŜ 
been successful in integrating solar into the curricula. Only one site was able to leverage that 
data long-term. 

¶ Response form the group ς fusion solar initiatives were starting out ς solar TV arrays at a 
number of school systems ς 3 criteria:  

o 1 Use the data in student curricula 
o 2 Keep the data up and in use 
o 3 Share the data with users to get reads from other areas 
o None of the schools were successful in integrating it into the curricula. There were no 

additional integration plans. Only 1 source was able to leverage data over the long term 

¶ What is the leverageable idea here? The Curricula angle as a central component is difficult 
ǿƛǘƘƻǳǘ ŀ ƘǳƎŜ ōǳŘƎŜǘΦ ²ƘŀǘΩǎ ǘƘe angle to be leveraged ς to not need to have constant action 
at the school. 

o {ŜǾŜǊŀƭ ƳƻŘǳƭŜǎ ǘƘŀǘ ǿƻǊƪ ƛƴŘŜǇŜƴŘŜƴǘƭȅ ƻŦ ŜŀŎƘ ƻǘƘŜǊ ǎƻ ƛǘ ŘƻŜǎƴΩǘ ǎǘŀƭƭ ƻǳǘΚ 

Chris Pyke - Aclima/USGBC 

¶ Take the Globe program as a model of when programs do work. The example Erik talked about 
was unsuccessful but GLOBE program works. GLOBE program ς 20+ tradition. You need to build 
this with the right partner and keep it short. Can you do this in 1 year? 1 year campaign with a 
beginning and an end. 

Lindsay McCormick - EDF 

¶ Motivating factors for schools to engage in this program? It is hard to know and there is a lot of 
risk for them? We are working with private and public schools. Motivating factor for the schools 
to be involved? Even with a solution, getting engagement is difficult. 

Jon Sobus - EPA 

¶ There may be resistance from school but you may get more interest from parents. Take some of 
the influence away from school authorities. In working with schools, there might be resistance 
from schools and board. You need to get the interest of parents. Wearable ς individual. 
Stationary ς the school and board. 

Chris Pyke - Aclima/USGBC 

¶ Work with PTAs. Go through the national PTA as well ς they have the money and the 
motivations. School districts will be the last ones to embrace this. 



Year of Innovation 

Workshop Notes | Page C-96 

7. Improve data quality and analysis (highest vote getter) Establish test methods/test beds (led by 
NIST or commercial entity) 

Priya Premchandran - Google 

¶ EDF could set up a model for what that would look like. Role for EDF in setting up a model for 
what the test bed looks like. Not necessarily creating the test bed and creating the tests. This 
ƳƻŘŜƭ ƛǎ ǿƘŜǊŜ ǿŜ ƴŜŜŘ ǘƻ ǎǘŀǊǘ ŀƴŘ ǿƘŀǘΩǎ ƭŀŎƪƛƴƎΦ 

Roel Vermeulen - Utrecht University 

¶ What are the issues from the user groups that are important. Those are the first steps. What are 
the user groups and what would we like to know from sensors and do consumers know what 
they mean. 

¶ I agree ς in the discussion ς ǘƘŜǊŜΩǎ ŀ ƭƻǘ ƻŦ ŘƛŦŦŜǊŜƴǘ ŎƘŜƳicals and applications to think about. 
¢ƘŜǊŜ ƛǎƴΩǘ м ǘȅǇŜ ƻŦ ǘŜǎǘ ōŜŘΦ ¸ƻǳ need a model that brings in Number 8 as well (issues from 
user groups that are important ς anthology to speak about the same things) ς these are the first 
steps before you go to the actual test bed. You need to know the use groups, the anthology, and 
what you want to know from the sensors. 

Priya Premchandran - Google 

¶ How does tech like this go from research to market. 

¶ 5ƻƴΩǘ ƭƛƳƛǘ ǘƘŜ ƳƻŘŜƭΦ LƳŀƎƛƴŜ ƛǘ ǘƻ ōŜ ŀ ŦǊŀƳŜǿƻǊƪ ς how does this tech get from research to 
actual creation .how do these get to market? Look at the opportunities on the consumer and 
non-consumer side. 

Jennifer McPartland -EDF 

¶ EDF strengths in pooling demand. Investments have to be willing to create test beds. 

¶ Put in the investment ς there need to be willing users for the test bed. We need to shape 
demand for the test bed to move it forward. 

¶ ²ŜΩǾŜ ǘŀƭƪŜŘ ŀōƻǳǘ 95CΩǎ ǎǘǊŜƴƎǘƘǎ ǇǳƭƭƛƴƎ ŘŜƳŀƴŘΣ ǘƘŜ ǘŜǎǘōŜŘ ƛƴǾŜǎǘƳŜƴǘ ǿƻǳƭŘ ƴŜŜŘ ǳǎŜǊǎΦ 
We could help to shape the demand. 

Chris Portier - EDF 

¶ Combine number 7 with number 8  = you submit a challenge to develop a sensor that is X 
expensive ς ǿŜ ǿƛƭƭ ŘƛǎǘǊƛōǳǘŜ ƛǘ ǘƻ ǎŎƘƻƻƭǎ ΦƘŜǊŜΩǎ ǘƘŜ ǘŜǎǘ ŎǊƛǘŜǊƛŀ ȅƻǳ ǿƛƭƭ ōŜ ƧǳŘƎŜŘ ōȅΦ ¢Ƙŀǘ 
begins to create a test criteria.  

Sarah Vogel - EDF 

¶ ¢ƘŀǘΩǎ ŀ ōƛƎ ǘƘƛƴƎ ŀƭƭ ǘƻƎŜǘƘŜǊ Φ¸ƻǳ Ŏŀƴ ǘƘƛƴƪ ƻŦ т ŀƴŘ у ŀǎ ǎǘŀƴŘŀƭƻƴŜ 

Roel Vermeulen - Utrecht University 

¶ This corresponds with air quality sensors. The anthology. Think about what the performance 
ŎǊƛǘŜǊƛŀ ŀǊŜΦ ¢ƻ ƳŜΣ ǘƘƛǎ ŦŜŜƭǎ ƭƛƪŜ ǘƘŜ ǎŀƳŜ ǎǘŜǇǎΦ ¢ƘŜǊŜΩǎ ŀ ƭƻǘ ǘƻ ƭŜŀǊƴ ŦǊƻƳ ǘƘŜ ǎǘŜǇǎ ŀƭǊŜŀŘȅ 
taking with what EDF has done in PCEMs. Something that gets to an ontology. 
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Chris Portier - EDF 

¶ A test method must be tied to a goal. What do you want to do with this thing? 

Roel Vermeulen - Utrecht University 

¶ You could work out 8 (user groups ς schools are 1 example) ς work them out and say ς this is 
what we want to do ς chemical analysis around fracking (one use case) or schools (another) ς 
formulate these plans ς EDF could have these projects ς seem like they would be of interest 

9. Organize Demand Side to be appealing to developers, researchers and funders. Need to ID 
customer bases and unique needs or interests 

Chris Portier - EDF/Sarah Vogel - EDF 

¶ I think this is related to schools version. Try to pull demand to drop price and share cost when 
thinking about per student price. Related. For schools, you pool demand to drop the price and 
share the cost (think per-student thing). 

¶ Time limited populations ς unique needs in this space. Who are the users we want pull 
together? But thinking about other time-limited populations, that makes a distinction ς with 
unique needs and perspectives in this space. Part is the strategy of who are the users and why 
pool them, high leverage partnerships, etc. 

¶ We have to figure out collectively? Who are the segmented users we could pool? What are the 
questions we are trying to answer. What are the specs needed and here is the RFP? Then we can 
ask for methods or tech here. Figure out the theory of change ς who are the segmented users to 
pool? What is the questions we are trying to solve for? Shape the specification for the tech 
needed. Then put out the RFP ς ƘŜǊŜΩǎ ǘƘŜ ǘƛƳŜ ŦǊŀƳŜ ŀƴŘ ǿƘŀǘ ǿŜ ǿŀƴǘ ŀƴŘ ŀǎƪ ŦƻǊ п 
methodologies people think will work then have volume that might work. 

Priya Premchandran - Google 

¶ What is the demand for the problem you are trying to solve? Is it event based or more systemic 
problem you are targeting. Depends on the domain of the problem ς is it event based problem? 
Or more systematic problem to be targeted? What is the demand-ǎƛŘŜ ǇǊƻōƭŜƳ ǘƘŀǘ ȅƻǳΩǊŜ 
trying to solve? Is it an event baseŘ ǇǊƻōƭŜƳ ȅƻǳΩǊŜ ǘǊȅƛƴƎ ǘƻ ǎƻƭǾŜΚ Lǎ ƛǘ ŀ ƳƻǊŜ ǎȅǎǘŜƳƛŎ 
ǇǊƻōƭŜƳ ȅƻǳΩǊŜ ǘǊȅƛƴƎ ǘƻ ǎƻƭǾŜΦ 

Chris Pyke - USGBC 

¶ I like specifically of finding a group with an interest and they have money and it could lead to 
reduce exposures. You are doing that with eye towards future for. Who are the top ten on the 
list that could take this intermediate step. I like the idea of finding specific users in a group who 
have purchasing power and finding insights to help reduce disclosures. You choose a problem 
large enough to matter. Have to ask ς who is more likely to use the information produced? 

¶ CƛǊŜŦƛƎƘǘŜǊǎ Ƴŀȅ ƘŀǾŜ ǎǇŜŎƛŦƛŎ ǘƘƛƴƎǎ ǘƘŜȅ ŀǊŜ ƛƴǘŜǊŜǎǘŜŘ ƛƴ ǘƘŀǘ ǘƘŜ ǊŜǎǘ ƻŦ ǳǎ ŘƻƴΩǘ ŎŀǊŜ ŀōƻǳǘΦ  

¶ I like this one because you id a specific definition of users and a high need group with high buy in 
capacity that know the market. ID a vulnerable group, some have money ς provide insights. 
Could reduce their exposure. But you also do this with the intention of priming the market. This 
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ǎǘŀǊǘǎ ǿƛǘƘ ŀ ǇǳōƭƛŎ ƘŜŀƭǘƘ ŀǇǇǊƻŀŎƘ ǘƻ ŀǎƪƛƴƎ άǿƘƻ ƛǎ the most likely to benefit and use the 
ƛƴŦƻǊƳŀǘƛƻƴέ ς top 10? 

Chris Portier - EDF 

¶ Use pregnant mothers and firefighters as stepping off point. You also want ancillary users. Like 
firefighters. They need the measurement right away. 

Chris Pyke - USGBC 

¶ Create a toe-hold for the people to get started ς they can then adapt and expand. 

Annette Guiseppi-Elie - EPA 

¶ Look at long-term market. [Having hard time hearing here]. If you look at this as a critical point 
in time ς think long-term and longitudinal ς Wear for a period of time, over on a longer term 
basis for additional information. You could get at this as well. Looking at this as a point in time, 
but maybe think about as a longitudinal market. 

Megan Latshaw - JHU 

¶ If our labs wanted the lab to maintain equipment that manufacturing was trying to phase out. 
We would leverage labs to say this is how much we will pay over time. We would do this APHL 
for a different purpose. If our lab wanted to maintain equipment to sunset, etc., we would pool 
together how many labs were willing to keep paying for the contract and try to make it worth 
their while by telling them what their customer base is. If our labs wanted the manufactures to 
Ƴŀƛƴǘŀƛƴ ŀ ǇǊƻŘǳŎǘ ǘƘŜȅ ƳƛƎƘǘ ǊŜǘƛǊŜΣ ǿŜΩŘ ǎƘƻǊŜ ǳǇ ǇǳǊŎƘŀǎŜ ŎƻƳƳƛǘƳŜƴǘǎΦ 

Benjamin Bunes - Vaporsens 

¶ Demonstrate demand not targeted for enviro. Defense is a great example. Demonstrating 
demand will pool more demand. If you show an opportunity, the companies will come and bring 
their tech. The more people, the more likelihood of success. Demonstrating demand will pull up 
ǘŜŎƘƴƻƭƻƎƛŜǎΦ 5ŜŦŜƴǎŜ ƛǎ ŀ ƎǊŜŀǘ ŜȄŀƳǇƭŜΦ LŦ ȅƻǳ ǎƘƻǿ ǘƘŜǊŜΩǎ ŀƴ ƻǇǇƻǊǘǳƴƛǘȅΣ ƳƻǊŜ ǘŜŎƘ ǿƛƭƭ ōŜ 
pulled in. 

Sarah Vogel - EDF 

¶ We just talked a lot about what we would do. Go around the room with what you are thinking 
now? Wanted to squeeze some more. Also ς rapid fire go around the room ς something that 
ŎƻǳƭŘ ōŜ ŀƴ ƛŘŜŀ ȅƻǳΩǊŜ ǿŀƭƪƛƴƎ ŀǿŀȅ ŦǊƻƳ ς helpful to hear beyond. Moving on, go around the 
ǊƻƻƳ ǿ ƴŜǿ ƛŘŜŀǎ ǘƘŀǘΩǾŜ ōŜŜƴ ǇǳƭƭŜŘ ǘƻƎŜǘƘŜǊΦ 

Chris Pyke - Aclima/USGBC 

¶ Appreciate being here. Thanks to EDF. One observation. How to make this incremental. We have 
huge ambition and our risk is going over the rungs. There is a fear of liability. Break don the 
barriers and move up the ladder. Wearing 2 hats ς tech hat but also the USGBC hat. Interesting 
group. Observation: how do we break this into incremental paths forward: low rungs to move 
up. We have huge ambition, but there are rungs. One rung is ς fear of liability and concern for 
άƭƻƻƪƛƴƎ ŦƻǊ ŀƴȅǘƘƛƴƎ ŀǘ ŀƭƭέ ς problem is measuring anything. We need to break down the first 
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barrier. My observation, how do we break this into incremental paths forward? We have huge 
ŀƳōƛǘƛƻƴΣ ǿŜ Ƴŀȅ Ǌƛǎƪ ǎƪƛǇǇƛƴƎ ƻǾŜǊ ǘƘŜ ǊǳƴƎǎΦ hƴŜ ƛƴ ǇŀǊǘΣ ǘƘŜǊŜΩǎ ƻŦǘŜƴ ŀ ŦŜŀǊ ƻŦ ƭƛŀōƛƭƛǘȅ ŀƴŘ 
interest in finding anything at all. Work on that barrier. 

Jennifer McPartland - EDF 

¶ Agree with what Chris said. What makes sense in what order. There is interest in the field and 
how to do it sustainable. Overlay ς lower rungs. Think strategically about what makes sense in 
what order. Enjoyed the excitement and motivation to move forward. But we need to think 
about how to do that sustainably and realistically. Think about what makes sense and in what 
order. Thing I enjoyed about the meeting was the interest, and what way forward is sustainable 
and realistic. 

Lindsay McCormick - EDF 

¶ LΩƭƭ ōŜ ǎȅƴǘƘŜǎƛȊƛƴƎ ŀ ƭƻǘ ƻŦ ǿƘŀǘ ǿŜ ǿƛƭƭ ōŜ ǘŀƭƪƛƴƎ ŀōƻǳǘΦ LΩƭƭ ōŜ ǘƘƛƴƪƛƴƎ ŀōƻǳǘ ƴŜȄǘ ǎǘŜǇǎΦ 
Exciting. 

Beizhan Yan - Columbia University 

¶ How to select and commercialize? What pollutants are you targeting and what tech is there 
now. We need more tech part here. EDF could org workshop of technologists of what is needed? 
²Ŝ ŘƻƴΩǘ ƪƴƻǿ ǿƘŀǘ ƛǎ ǘƘŜǊŜΦ ²Ŝ ƴŜŜŘ ŜǇƛŘŜƳƛƻƭƻƎƛǎǘǎ ǘƻ ƪƴƻǿ ǿƘŀǘ ƛǎ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ 
diseases to target and what chemicals to target.  

¶ Eye-opening for me as well. I was thinking that we talk about how to select and how to 
commercialize. One thing is what compound or what pollutants you are targeting ς is the tech 
there yet? Maybe not. This is a little more technical ς EDF would be good to organize another 
workshop to see what is actually needed for technology. We need to know what is actually 
needed on the health side of things that we need to target moving forward. Then you can see, 
based on the technology, select and promote moving forward. 

¶ Thinking along this line, how to select and commercialize, what compounds and pollutants and 
tech is available. These things are a bit more technical. EDF could target tech that is needed. We 
ŘƻƴΩǘ ǊŜŀƭƭȅ ƪƴƻǿ ǘƘŜ ōŀǎƛŎ ǘŜŎƘ ƴŜŜŘǎ ǘƘŀǘ ŀǊŜ ƻǳt there. 

Bryce Golden-Chen - EDF 

¶ One thing has resonated. Clean tech path versus health tech is key. The pathways are different 
and emerging of space ς hybrid space.  

¶ One thing that has resonated is clean tech vs. med tech, etc. and exploring the different 
innovation models ς the new emerging space is a combination of areas ς not just environmental 
or public health. Running challenges with incubators is exciting ς valuable next steps. 

¶ The cleantech innovation pathways, and exploring innovation models and the emerging space ς 
is it an extension of these or a different thing. 

Jennifer Reiner - NIST 

¶ EDF ς Final thoughts from this so we can bring this to a management team. I want that 
information to guide our future work.  
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¶ I want to see EDF put together final ǘƘƻǳƎƘǘǎ ŀƴŘ Ƙƻǿ ǿŜΩǊŜ ƳƻǾƛƴƎ ŦƻǊǿŀǊŘΦ L ǿŀƴǘ ǘƻ ōǊƛƴƎ 
this forward to our management team and show them that this group of multiple stakeholders. I 
want email addresses, etc. 

¶ ²ŜΩǾŜ ƘŀŘ ŀ ƭƻǘ ƻŦ ŘƛǎŎǳǎǎƛƻƴ ǘƘƛǎ ǿŜŜƪΣ LΩŘ ƭƛƪŜ ǘƻ ǎŜŜ 95C Ǉǳǘ ǘƻƎŜǘƘŜǊ ǎƻƳŜ Ŧinal thoughts so 
that I can up-manage, and have concrete. 

Roel Vermeulen - Utrecht University 

¶ Valuable meeting. A lot of elements for successful deployment of actionable projects. What are 
the barriers, helps coming from academia and learn what can we chanƎŜΦ 5ƻƴΩǘ ƭŜǘ ǘƘŜ Ǝƻŀƭ 
sacrifice the good. Have to set realistic goals. Commit to idea and work through the steps. At 
some point we need to commit and see how it goes.  

¶ Valuable meeting ς shows a lot of different elements ς could be successful deployment. Strive 
to get to the high point. I would like to see how the tech is chosen ς but at a certain point you 
just need to commit. 

¶ L Ŏŀƴ ŜŎƘƻ ǘƘŀǘ ǘƘƛǎ ƛǎ ǾŀƭǳŀōƭŜ ƳŜŜǘƛƴƎΦ LΩǾŜ ƭŜŀǊƴŜŘ ŀ ƭƻǘ ŀōƻǳǘ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ǎȅǎǘŜƳǎΦ 5ƻƴΩǘ ƭŜǘ 
the perfect be the enemy of the good. Incremental approaches are important. I would like to 
see an increment model with specific commitments. 

Doug Walker - Emory 

¶ First time interacting with lots of people in this space. ¢Ƙƛǎ ǿŀǎ ǘƘŜ ŦƛǊǎǘ ǘƛƳŜ LΩǾŜ ƛƴǘŜǊŀŎǘŜŘ ǿƛǘƘ 
different people who are interested in this tech. 

¶ How can we ID path forward that are accessible and can inform decisions and not create data in 
alarmist sense. Create concern without merit. EG 23 and ME CEO who got rid of all furniture 
when she learned about flame retardants. One thing that has struck me is how to identify a path 
forward in a way that can be used to make informed decisions and not just have data that 
alarms people. The data must have a purpose. The data cannot just sit and scare people. How 
can we create sensors that are accessible that can be used smartly and are not just responded 
to in an excessive way. 

¶ hƴŜ ǘƘƛƴƎ ǘƘŀǘΩǎ ǎǘǊǳŎƪ ƳŜΣ Ƙƻǿ Ŏŀƴ ǿŜ ƛŘŜƴǘƛŦȅ ŀ ǇŀǘƘ ǘƘŀǘ ŘŜǾ ǘŜŎƘ ǘƘŀǘ ŀǊŜ ǳǎŜŦǳƭ ƛƴŦƻǊƳŀǘƛƻƴ 
and help make decisions, rather than set off alarms. 

Jon Sobus - EPA 

¶ Outstanding workshop. We covered the pressing challenges. We lumped this work into the field 
of Exposomics. You can argue this is more complex than genomics. We have ideas for solutions. 
One of the things facing the field is the inertia to meet needs of public. We need wins. What 
ǿƻǳƭŘ ƎŜǘ ƛƴǘŜǊŜǎǘ ŀƴŘ ŎƻǳƭŘ ōŜ ŘƻƴŜ ǿŜƭƭ όwƻŜƭΩǎ ƛŘŜŀύΦ ²Ƙŀǘ ƛǎ ƎƻƻŘ ǎŎƛŜƴŎŜ ƴƻǿ ŀƴŘ ǿƘŀǘ ŀǊŜ 
we positioned to support. When you see an opportunity to do impact science ς this is the right 
group and people at the table. 

¶ Exposomics has not always had ǘƘŜ ǎǳŎŎŜǎǎŜǎ ƻŦ ƎŜƴƻƳƛŎǎΦ !ƴŘ ǿŜ ƭŀŎƪ ǘƘŜ ŦǳƴŘƛƴƎΦ ²ŜΩǾŜ 
addressed a lot of the problems, and we have IDEAS about how to get to the solutions. One 
issue is the inertia- to have the funding to meet the needs and to have results. We need wins. 
What can we do now that is good defensible work, that would have a win. The school concept 
could do this ς impactful, good science. What is this group well positioned to support? You see 
opportunities where you often can support a solution ς this group could support some of them. 
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¶ L ǘƘƛƴƪ LΩŘ ƭǳƳǇ ǘƘƛǎ ǿƻǊƪ ƛƴǘƻ ŜȄǇƻǎƻƳƛŎǎ ς which has a complex problem. In this space, we 
need wins. What can we do that would be good defensible work that would have high impact? 

Megan Latshaw - JHU 

¶ Democratizing science. We wrote off the idea of working with community groups uti a lot of 
environmental justice communities have the potential to tap into crowdfunding. they are 
interested in exposure. Like to see partnership there with those groups even in the tech 
development space. I am glad talking about validation. EPA had a program in enviro tech 
innovation program. We need a govt basis to do this. Tough to do now with EPA. Industry 
wanted EPA to say this instrument is good. Communication piece is key. How do we talk to 
people about results and how to reduce exposures. Biomonitoring field has experience here.  

¶ Democratizing science ς L ƭƻǾŜ ǘƘŜ ƛŘŜŀΦ ²Ŝ ŎŀƴΩǘ ǿǊƛǘŜ ƻŦŦ ǘƘŜ ƛŘŜŀ ƻŦ ǇŀǊǘƴŜǊƛƴƎ ǿƛǘƘ 9W 
communities that are well-organized. They can have the potential to tap into the crowd-funding 
concepts. These communities clearly have ends and questions. I want to see partnerships there. 
There are tech developments that could meet to needs of these concerned citizens. 

o 9¢. ǇǊƻƎǊŀƳ ŀǘ 9t! ǿŀǎ ŀ ƎǊŜŀǘ ǇǊƻƎǊŀƳ ǘƻ ǾŀƭƛŘŀǘŜΦ LΩƳ ƎƭŀŘ ǿŜΩǊŜ ǘŀƭƪƛƴƎ ŀōƻut 
validation. We need an unbiased agency to validate. This had success because industry 
valued it. If industry get behind something that EPA does, that could be an opportunity. 

o The communication piece is key. How do we talk to people about the results and how 
they can reduce their exposures. Biomonitoring field has a lot of experience with these 
communications. 

¶ I love the idea of democratizing science. We wrote off the idea of partnering with community 
groups. 

Erik Funkhouser ς RIA/University of Texas 

¶ It has been enlightening to work in this field. 2 takeaways ς What is the entrepreneurial bench 
scientist? 2) Keep our eyes open and where are people making strides. Location based data from 
aerospace and we have appropriated those. Where can industry innovate and how can we 
focus. 

¶ Thinking about these basic definitions in a couple ways is interesting ς what is an 
entrepreneurial scientist? Need to keep our eyes open and make strides outside of the 
community. When you think about triangulating data ς these ideas were all discovered 
elsewhere ς where can industry and defense do the hard work and we can work on the other 
specifics. 

Darryl Banks - RIA/Private Consultant 

¶ On the demand side ς look at opportunities about organizing demand and creating market of 
users and funders and ID specific types of sensor development.  

¶ Challenges and opportunities ς the demand side ς looking at how one opportunity could 
organize demand to create a market of funders and users ς this must inform tech challenges 
focused on specific types of elements connecting these two together seems like a great way to 
do it. 

¶ On the demand side, play a role in organizing demand and creating a market of users and 
funders. And thinking through challenges. Very good opportunities. 
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Adrian Chu/Sam - McKinsey 

¶ I think from here a next step would be to do more of this. Elevate and manage risk and there is 
not a lot of risk in this space now and we need people to take risk. 

¶ From here, a good next step is to do more and plan less. EDF is in a good position to elevate the 
risk and help stakeholders manage the risk. Not much risk is being take right now. This could 
change. 

¶ From here, do more and plan less. Elevate the risk and manage the risk. 

Annette Guiseppi-Elie - EPA 

¶ Be collaborative.  

¶ Criteria to think of ς where can you have the most unique perspective? How can you continue to 
ōŜ ŎƻƭƭŀōƻǊŀǘƛǾŜΚ ¢ƘŀǘΩǎ ǘƘŜ Ƴƻǎǘ ƘŜƭǇŦǳƭΦ 

¶ Where is it that EDF can have the unique perspective, and continue to facilitate collaboration. 

Benjamin Bunes - Vaporsens 

¶ Interesting to here about the different fields here. What is realistic and here about the initial 
ideas. Useful from that perspective. The more we get different groups to talk the better off we 
will be.  

¶ Interesting to hear the different parts of the ecosystem. All people wƘƻ ŘƛǎŎǳǎǎ ǿƘŀǘΩǎ ƴŜŜŘŜŘΦ 
The more these sets of people can get in a room together, the closer we are to thinking about 
the steps we need to take. 

¶ What can be done on a realistic timeframe. 

Mark Epstein - MyExposome 

¶ What can I do with Doug, John, Annette? What can you do with Marc? Ask yourself that?  

¶ LΩǾŜ ōŜŜƴ ǘƘƛƴƪƛƴƎ ς ǿƘŀǘ Ŏŀƴ L Řƻ ǿƛǘƘ ŀƭƭ ƻŦ ǘƘŜǎŜ ǇŀǊǘƛŎƛǇŀƴǘǎΚ [ŜǘΩǎ ǘŀƭƪ ŀōƻǳǘ ƴŜȄǘ ǎǘŜǇǎΦ 

¶ LΩǾŜ ōŜŜƴ ŀǎƪƛƴƎ ƳȅǎŜƭŦΣ ǿƘŀǘ Ŏŀƴ L Řƻ ǿ ƻǘƘŜǊ Ŧƻƭƪǎ ƛƴ ǘƘŜ ƎǊƻǳǇΦ aȅ ǘŀƪŜŀǿŀȅ ƛǎ ǘƻ ǳǎŜ ǘƘŜ 
experience to do other things. W supply chains and end users. Pick something, and see how it 
works. 

Aileen Nowlan - EDF 

¶ My takeaway is to use EDF and learn from experience running other tech challenges, distill 
material to a couple of diamonds to distill down to what Roel said. Take-away is to use the 
experience of EDF + Biz and running other tech challenges and working with industry and think 
about distilling the wonderful material that people have put forward. Pick something, see how it 
works. 

Romain Lacombe - Plume 

¶ Takeaway ς We are looking for a path, recognition of long path to get there. In case of Plume ς it 
ŜŎƘƻŜǎ ǿƘŀǘ wƻŜƭ ǎŀƛŘΣ ŘƻƴΩǘ ƭŜǘ ǘƘŜ ǇŜǊŦŜŎǘ ōŜ ŜƴŜƳȅ ƻŦ ƎƻƻŘΦ ¢ƘŜǊŜ ƛǎ ƴƻǘ ǇŜǊŦŜŎǘ ǎŜƴǎƻǊΦ Lǎ ƛǘ 
around standardization, language, to make data actionable with the right angle. If we are 
looking for scale ς one group to engage would be citizens themselves. It would be good to lean 
on those citizen groups. 
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¶ We are all looking for a path. Clear vision of where we want to be. A long road between. In our 
case, my takeaway is how do we build trust around the early solutions. What does it mean to 
start - around standardization, test beds, the language, making the data actionable? Another 
consequence ς if we are looking for scale ς one group of stakeholders is citizens themselves and 
engagement. You can bring in the members of EDF themselves ς lean in on those folks. 

¶ Think about ς what does it mean that something is git for the purpose. Test beds? Language? 
²ƘŀǘΩǎ ƴŜŜŘŜŘ ǘƻ ƳŀƪŜ ǘƘŜ Řŀǘŀ ŀŎǘƛƻƴŀōƭŜΦ hƴŜ ƻŦ ǘƘŜ ŎƻƴǎŜǉǳŜƴŎŜǎ ƻŦ this as well, bring in 
citizens and public engagement. 

Jason Amsden - Duke University 

¶ I want to go home and motivate my team. 

Jennifer McPartland - EDF/Beth Trask - EDF 

¶ How to leverage industry? How do we use this tech to motivate policymakers and industry. 

David Rejeski - ELI 

¶ Energy occurrence conversion. Can we raise 100k in 4 weeks? There is enough stuff here. If EDF 
can setup partnerships to come up with checks for this. This would be an important meeting. 
Energy to currency conversion. Can we raise 100 ƎǊŀƴŘ ƛƴ п ǿŜŜƪǎΚ ¢ƘŜǊŜΩǎ ŜƴƻǳƎƘ ǎǘǳŦŦ ƘŜǊŜ ς 
we need to sort it out. If EDF can go away and set up partnerships and set up X ς ǘƘŀǘΩǎ 
ǾŀƭƛŘŀǘƛƻƴ ŀōƻǳǘ ǘƘŜ ƳŜŜǘƛƴƎΦ L ǘƘƛƴƪ ƛǘΩǎ ŀǘ ƭŜŀǎǘ млл ƎǊŀƴŘΦ ¢ƘŜǊŜΩǎ ŜƴƻǳƎƘ ƛŘŜŀǎ ς we just need 
to figure them out. 

Priya Premchandran - Google 

¶ I would love to see this group engaged and active and meet again. There is a lot of research and 
connect to applications. We think about this a lot. We have the right mix of people. Want to see 
this group continue to be engaged aƴŘ ƛƴǾƻƭǾŜŘ ŀƴŘ ƳŜŜǘ ŀƎŀƛƴΦ ¢ƘŜ ƻǘƘŜǊ ƛǎ ǿƘŜǊŜ L ŀƳ ǘƘŜǊŜΩǎ 
ŀ ƭƻǘ ƻŦ ǊŜǎŜŀǊŎƘ ŀƴŘ ŀ ƭƻǘ ƻŦ ŘŜƳŀƴŘΦ [ŜǘΩǎ ŎƻƴƴŜŎǘ ǘƘŀǘ ƴŜŜŘ ǘƻ ŀŎǘƛƻƴΦ 

Lauren Riggs - Google 

¶ Try to achieve realistic goals and repot back and share. Continue to try things in my job. Set 
realistic goals. Try to achieve them. Ask questions. Report back. Share. 

Sarah Vogel - EDF 

¶ You are a nice group. No one dominated. Please fill out the survey. I heard a few near-term 
things. Tangible needs. We have a survey we want to do. Heard a couple near-term things. 

¶ Putting something tangible and visionary is on us at EDF too. 

¶ We will do follow-up. Not sure what it is yet.  

¶ Thanks to all. 

Analytical Debrief 

Chris Portier began by providing an overview of the session and describing the strategies and 
opportunities that came out of the earlier concurrent sessions (11 in total, with several other ideas also 
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brought up at the end). Key next steps discussed where EDF can make a contribution included indoor air 
quality monitoring efforts in schools (as an example of leveraging demand from a concerned audience in 
a responsible manner), developing technology challenge, organizing and pooling demand for specific 
product types for delivery to the market, establishing test methods and test beds, working upon the 
consortium model, and more. 

After ranking the opportunities for EDF, the group had a more in-depth discussion about the higher-
ranked ideas. Often, participants mentioned combining different opportunities or borrowing part of one 
idea to include in another. For example, the school idea could be combined with the grand challenge. 
Regarding schools, one of the challenges discussed was making the information useful beyond just 
education and the difficulties of integrating into curricula. The test methods/ test bed idea was the 
highest ranked by participants. The role of EDF may not necessarily be creating the test bed as much as 
setting up a model for what the test bed looks like and developing the anthology for use.  

The session and workshop concluded with participants describing their key takeaways and mentioning 
next steps to help EDF move forward. 

Participant Tracker 

Question / Output NAMES AND NOTES 

Key areas where EDF or others could 
make a contribution to the advancement 
of PCEMs 

¶ Indoor air quality monitoring in schools (Roel Vermeulen/Chris 
Portier) 

¶ Technology challenge (Megan Latshaw) 

¶ Pool and organize demand for specific product delivery to the 
market (Chris Pyke/Sarah Vogel) 

o /ǊŜŀǘŜ ŀ άǘƻŜ-ƘƻƭŘέ ŦƻǊ ǇŜƻǇƭŜ ǘƻ ƎŜǘ ǎǘŀǊǘŜŘΣ ŀŘŀǇǘΣ 
and expand (Chris Pyke) 

¶ Test beds with tech transfer grants, iterative challenges, and 
an agreed upon language (JR/Chris Portier) 

¶ Consortium model (Jessica Reiner) 

¶ Buying clubs (LR) 

Concrete next steps to operationalize 
identified programmatic strategies 

¶ For schools ς find the right partner and keep the campaign 
short (Chris Pyke) 

Types of stakeholders, actors to involve 
(or target audience) 

¶ DOD (developing PCEM for multiple targets ς have a model 
that ends with a large acquisition cycle) (Benjamin Bunes) 

¶ Schools -> CEHN could be a partner here (Roel 
Vermeulen/David Rejeski/Chris Portier/Sarah Vogel) 

What U.S. "brands" (e.g., NIH, EDF, EPA, 
NSF) carry sufficient credibility to ensure 
a strong launch of a consortia? 

¶ NIST (Jessica Reiner) 
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Question / Output NAMES AND NOTES 

Range of consortia activities and how 
they pull together 

¶ Take advantage of conferences that form for these 
communities and have a workgroup focused on PCEM (Jessica 
Reiner) 

Stakeholder, actor outreach activities ¶ CEHN and EPA could help with partnering with schools (Megan 
Latshaw) 

¶ Partner with national PTA for the school partnership (Chris 
Pyke) 

Expectations around outcomes  
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