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1. LYUNRRdAzOUA2Y

In early 2017, Environmental Defense Fund (EDF) set alesign a process to catalyze the innovation

of, investments in, and, ultimately, the use and adoption of personal chemical exposure monitors

6t/ 9aald GKFG YSI adz2NB | y EPyerdaged Redelarthdnio AQién3ovaasistr £ S E LJ
with developingthis process¢ KA a , SINJ 2F Lyy2@0FG4A2y LINR2SOG 04t NP
existing use and market for PCEMSs and tidemtify key strategies EDF could pursue to accelerate the
development and use of PCEMSs.

This project consisted of three key mxts.

1. Preparation of an Analysis BrieThis brief provides a summary of findings from expert
interviews Research Into Action conducted with 20 subject matter experts (SMES) with unique
experience in cuttinggdge applied public health research and PCEMnelogy development.

2. Hosting a Workshop of ExpertEDFconvened a workshop of public health, engineering,
entrepreneur, and policy experts explore opportunities to enable the development and use of
lower-cost, portable or wearablPCEMs.

3. Preparation ofProgram Design Concept Memao 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 thinéerrelated
strategies to accelerate the development of PCEMs.

This document is a compendium of the documents, notes, and presentations associatezhulitlof
theseresearchactions.Each subsequent chapter provides the final documents associated vath ea
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.

research ) into ) action Introduction| Pagel
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2. lyrfeara . NAST

In early 2017, Environmental DeferSend (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

6t/ 9ada0 GKIFG YSI&dNB Iy AYRAGARID £ Qa ORSVLEOHE SELI

seeks to: (1)dentify key resources, network actors, and network strategies for a SUCCESSEM
market acceleration prograpand (2) ativate network strategies and engage key actmd resources
in accelerating thé CEMmnarket

For the initialstage 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 PCEM® includechemical sensors and chemical sampl@isemcal sensorénclude
technologies or tools that identify analytes at the point of detection by transforming chemical
information into a signalchemical samplerscludetechnologies that collect compounds irphysical
matrix over a certainime period.

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

d What is known about resolving deployment bottlenecks for similar technologies?
d What arethe technology capabilities and use needs of public health researchers?

d 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 Resgdo Action
conducted with 20 subject matter experts (SMES) with unique experience in cetlig applied public
health research and PCEM technology developrm&ve supplemented these findings with insights
from a systematic scan of relevant businease literature.

Section2.1lintroduces the pipeline model of innovation and discusses specific lessons learned from case
studies and the experience of SMEs. ®ex2.2provides an overview of the study methodology and

SME profilesSection2.3 provides indepth discussion of the interview findings. FinaBgction2.4

presents conclusions, potential impliaatis of the findings, and areas for further exploration.

21. LYyy20F0A2y tALIStAYS azRSt

¢ SOKy2t238 Ayy20FiA2y A& | ReylFYAO LINROS&aaz |yR
assessment of the state of the art in PCEMs examines how numerous components fall along a known
spectrum of development toward commercial readiness. Before agspthe state of the art and user

needs, we first introduce the generalized innovation pipeline model populariz&itdryscomb and

1 see Sectio.2for more detail on subject composition.

research ) into ) action Analysis Brieff Page2
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Auerswalc? Additionally, we draw specific insights from similar technology case studies and from the
professional experierecof our interview subjects to better understand the current locations of PCEMSs in
the innovationcommercialization pipeline.

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

8 Stage 1The process ofdsic research, proof of concept, and invention leading to functional
inventions and patents.

8 Stage 2Earlystage technology development leading to business validation.
8 Stage 3Product development leading to the creation of new firms or programs.

d Stage 4Productmanufacturing, commercialization, and marketing that leads to coetil
growth of new firms and programs, and, ultimately, to viable businesses.

9FOK adlr3sS Aa tAYy1SR o0& tSIENYyAy3a FyR FSSRol O]l LNE
WzLJA GNBFYé FEt26a | ONRPaa GKS O2yidAydzdzy FNRBY NBASENL
G2ASNI L) YR NBRdzyRIFIyOeé¢ (KFG NBadzZ 6a FNRY GKS ¥FS
validation all of which increase the ability for innovationattract funds and fundersicross 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 capial, 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.

Earlystage innovation challenges include problemsoagsted with knowledge creation, information

sharing, lab testing, resource acquisition, team creation, and business analysis. Later stage innovation
challenges include the potential continuation of eastgge challenges, in addition to obstacles related

to product assemblage, as well as issues with forming a business management team, defining and
YEAYGEFEAYAYI GKS FANYQa Ol tdzS&a yR t23A0% yR SELJN

The range of technologies and processes that comp3eN currently fak primarily along stagel
and 2 of the innovation pipeline modérhe followingliscussion reviews the progressiohrelevant
technologies at eachf these twostages, aspublishedin case studies or reported ByMEs

211 CAIKEAYR SIENXe adl 35 NS NRSYH0 S whR (K &

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 retat to the fundamental components of the Branscomb and Auerswald
model, as well as issues related to the following:

d 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 FundingStadeaflgchnology Development,

2002.

research ) into ) action’ Analysis Brief Page3
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8 The outcome of more disruptive technologies, especially those dwtife multidisciplinary
technology components

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

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

As we anticipated, the sech 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 initexistarading 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 irptheess of bsic reseatc

and proof of concept. One study described a PCEM that detects toxic hydrocarbons and acids in the
environment® The developers followed two proof of concept validation processes to contextualize their
findings on device efficacy. First, ttemm used arinter-lab validation approach to test device sensitivity
compared against the standard bearer methodology fromitational Institute for Occupational Safety
and Health(NIOSH). Using this approach, they confirmed device sensitivity was on par with tid NIO
standard. Second, the team conducted field testing that demonstrated the spectrum of accurate
detection as well as redime detection. Benchmarking against the NIOSH standard was key to the
GSIFYaQ NBfFiAGSte agATid LINR2F 2F O2yOSLIi o

Another study on amient measurements of air pollutidillustrated 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 iagsdaevith generating personal
exposure monitoring.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 soe 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:

d Laboratory echnology development involves user experience feedbgdk/hile 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 addresdhanof
issues related to environmental factors such as exposure to sunlight that become salient due to

Negi,Indira, et.al.,Novel monitor paradigm for redime exposure assessme011.

Study used daily measurement collected by the EPA of total mass of chemical constituents, including ion chromatograaitg for ni
6bho0 X &ad¥amnmdnEim NH4#ENE sodium ion (Na+); thermal optical analysis for elemental carbon (EC) and organic carbon;
and Xray fluorescence for silicon (Si).

Bell, Michelle, Ebisu, Keita, and Peng, Rd@emmunitylevel spatial heterogeneity of chemical constituent levefsefparticulates and
implications for epidemiological resear@011.

research ) into) action Analysis Brieff Page4
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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 managedlile 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 6 a LINR ANB &aaAiA 2y G2 GAlF o6t S LN

8 Manufacturing practices need to be defined and proddticusedduring 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 helpnsure that the considerations involved in developing manufacturing
ALISOATAOIGAZ2Y AYLINRBZS YR R2y Qi KAYRSNI GKS dzal
reasonable storage and transportation requirements for -@isers.

Stage 2

We identified two cae 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 pameicsell its assets after the

U.S. Food and Drug Administration (FDA) did not approve the deliige.case highlighted the

challenges associated with moving an innovative medical technology from Stage 2 into Stage 3 of the
innovation pipeline model.

TheFDA 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 indiitrgse
regulatory issues eventually made it difficult for the fironattract and maintain investors.

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

d Public funding mayshift focus¢ 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. Privaidirfig sources
typically expect the technology to be mature and relatively close to being mezkely.

d Product validation is a simultaneous ujand downstream challenge Organizing structures
specific to PCEMSs 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, thiso 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 tc2BtEdket

7 Siegal, Robert and Rosenthal, S22andMe 2017

research ) into ) action’ Analysis Brief Page5
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22. aSUK2R2f23¢8

In-depth interviews with SMEs were the main source of data for this study. They provided valuable
insights surrounding issues that address the caimjuestions of the study. We interview@8 SMEs
between May and July 201T4gble2-1). These respondents represented a variety of organizations
involved in the PCENharket chain, from academia, government, and #pofit 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 irgutpublic 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 technolegiad processes for using and validating device outfiatisle

2-1 provides a breakdown of the subject compaosition within each group of SMEs.

Table2-1: Respondents by SME Group

Public Health Technical Developers
Total

: Public Health or Respondents
Public Health Users Occupational Health Expert Developers Process Experts

4 5 6 5 20

Study SMEs were invited by email 860 minute phone interviews. The interviews followed a semi

A0 NHZOGdzNBR F2NXIF G (F Af 2NBR 8ThR intdrided adpras@iavw@s 6 I O] 3 NP dz
appropriate as a means to address a wide range of research questions for which expertise aemas se

distinct disciplines was necessary.

23. CAYRAY3&

¢tKS RA&OdzaaAz2y Ay (KA& aSOGA2y KAIKEAF&ala GKS YA
research questionslable2-2 provides a summary of stduestions the team developed to explore the
central research questions.

Table2-2: Research Questions and Sub Questions

Research Questions Sub Question

What has been the role of network mobilization/engagement?

What is knowrabout What strategies have been used?
resolving deployment
bottlenecks for similar  Which have been most successful?

technologies? What cost factors; such as manufacturing, data processiagd analysig were
meaningful?

8 Addtional information about the research questions can be foun@lable2-2 and study questionnaires can be founddppendix A

research ) into) action” Analysis Brief Page6
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Research Questions Sub Question
2 KFG FNB LldzofAO KSI f (K -eNdBfanstiondliyR S NA Q
2 KFG FNB LldzofAO KSI f iK-eniBisctohaNi?K S NA Q

What are the technology
functionalities and use
needs of public health  What is the relationship between different use needs and technical requirement
researchers? a specific technology?

How do the use needs of researchers vary?

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

What underlying technical components correspond with the spectrum of user

What is the technical ~ Needs?

and market potential for \where do potential features lie on a spectrum fronost to least market ready?
PCEMs to meet the _ _
needs of chemical Among the user needs for which there are no market ready solutions, what type

exposure research? R&D or innovation is needed?

| 26 KI @S Ay@Sai2NBR NBALRYRSR (G2 St |

* Frontend functionality refers to whaPCEM can do, or what data they can collect. Baokl functionality refers to how theCEM
facilitate data management

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

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

8 Occupational health specialists and industrial hygienists could use these devices to protect
workers in hazardousnvironments.

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

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

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

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

d Like theactivity 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 aro@ENs and their use for these different
groups.

research ) into ) action’ Analysis Brief Page7
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7

231. 2 KFGd o6FNNASNBR SEA&ald (G2 oNAy3IAYy3I | 0
YR 6KIFIG Oy 68 R2yS (2 | RRNBaa (Kz2

Many factors shape the arc of technology development. For technologies like PCEMSs, which are largely
underwritten by public research and pubficivate efforts, the interplay between key network actors

(e.g., researchers, practitioners, public and occupati 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 wellcultivated 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, pointirg 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 lackirRGaMs.

Ly a2YS OFraSasz Al KFa 0SSy Schamfidiidan@SMEMm2ntidngdd2t @S
organizations like th&aiser~amily Foundatioq to help mitigate the natural silos across the research

and technology communities. Along the salimes, 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 resulhfsom t

lack of coordination, including:

Needlessly redundant efforts
Competing agency goals

Inconsistent priorities

o oOx oOx O

Higher burden around lontgrm funding and development strategies

Mobilization Techniques and Elimination of Bottlenecks

The mobilization techique 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 losisattured, or even ad

hoc. Over time, consortikevel 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/aboccurred 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 kgportunities to resolve development bottlenecks, including:

d Improving coordination across disciplines to develop a PCEM

research ) into ) action’ Analysis Brief Page8
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8 Improving access to funding for research and development of PCEMs
8 Tolerating the long timeline needed to produce PCEMs relative teratitent technologies

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

8 Overcoming skepticism toward new instruments and methods
d Accessing personnel who can develop wearables

Each of these topics @escribed 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 inchlddttings, 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 ae tinly 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 takeaway: Researchers and developers working with PCEMs makiecadefforts 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 cdorespecific

KSIfGK LINRofSY &ddzOK a OFYyOSNI 2N FadkKyYlF Oty oS O
glryida G2 LI@& FT2NJ RS@St2LIYSyd Ozaita 2F I RSOAOS
potentially inform what is associated \witancer, for example, but groups like the National Institutes of

Health (NIH) want a device they are confident will provide this informaEkandergesistinvestingin

unproven methodsmaking it difficult to secure funding for PCEM development. Twooregents

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.

K
K

Key takeaway: Fostering suport for PCEM research and development among heakfated funding
agencies, independent of outcomeriented funding, may help developers on a number of fronts,
including financing to develop practical PCEMs.

research ) into ) action’ Analysis Brief Page9
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2.3.1.3. The timeline needed to create a practi€aCEM 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 exisgraguct 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 forchemical detection will take large sums of money, resources, and time.

Key takeaway: 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 lauiely 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 fav@bly 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
Fyrfeairda YSGK2Ra | yR AyaHkINENIOZYFAKRSY OS GKFG F t/
Respondents mentioned the following study types that are being done or will need to be done to

adequately validate PCEMs:

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

d Exposure of devices to diffareenvironments: 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?

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

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

Key takeaway: Spporting research aimed at validating wearable technology is key to the adoption of
wearables by public health researchers.

9 4CAG F2NJ LIzN1I2 348¢ RSaONRGSEa | LINPRAzOG RSOSt2LISR G2 aliiafe aLISOAT
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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 manpf 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 qudétg 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 arskr acceptance and access te 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, andddbhfea

device can be difficult to communicate, or differentiate. Presumahlig,challenge makes adopter

Gl OljdzA aA A2y é Y2NB SELISyaardSe {2YS YARRES YIN]Si
users or data users may not understand these new data sources or formats can limit opportunities for
demonstration and diffusion

Keytake-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 (eag.cupational 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 unigue and in demand. To illustrate how in
demand the talent pool teds 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 secureyciafit

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

232. 2 KFd R2 LlzfAO KSIftGK NBaSINOKSNE gl
For PCEMs to be useful to public health researchers, they should meet some of tinfpboiteria:

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

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

8 The device should have the ability to provide data inranfat that can be easily compared to
existing, vetted data.

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

The following discusses each of these needs in further detalil.

research ) into ) action’ Analysis Brief Page11
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2.3.2.1. Sersitivity 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 capeeific finding, wherein researchers develop
technology with funding around the edges of purpegeecific research. As a result, technologies tend to
be tailored for specific purposes and somewhat path dependent.

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

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

8 Cost of analysig Accurate and scalable tend to be competing technical gaps. Less accurate
devices an 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 effeatideess,
because, unlike digitainly platforms, the cost can only be reduced but not eliminated. And,
according to several SMEs, the cost of pastection analysis has not been falling.

8 Population scale PCEMaDeployment of populatiorscale data cbection has lagged due to
lack of certainty in data quality and in the reliability of devices. Multiple SMEs conveyed their
perception that PCEMSs, rightly or wrongly, are viewed not to produce sufficiently reliable data
to justify longterm investment inpopulation scale research.

Key Takeaway. BecausdPCEMunding flows largely from purposepecific programs, technology gaps
that impact widespread usability are persistent.

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

We aske 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 takeaway: 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 componerst that our experts tied to improved usability applied to digital platforms. A-high
quality dissemator, paired with processes to produce quantitative data, not limited to threshold levels,
was a priority component of digital technology platforms. To bedus the public health space, device
batteries need to be rechargeable, small, ligtgight, and have a long lifespan. Battery life should aim
for five to seven days per charge.
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Key tke-away: Electronic PCEMs must have specific characteristics, includimg 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 accurasgafale 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 neegtovide 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:

dnd KS LJdzo f A O wekvéunt fo GollectldatdSoxl Iarge populations. Of course, that has
particular requirementsso we need to have something thastzalable and we may not be
concerned about being accurate to a certain decimakare more interested in getting
samplers out and averaging the error across the populatioagare interested in the average to
get it right, not one sampler to get it rig® €

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 amoufrom 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
OccupationaHealth and Safety Administration (OSHA).

Key takeaway: Donot let imperfect device accurachinder development and fielding of devices.
Populations such as academic health researchers that need devices to be inexpensive and
distributable can tolerate sphtly less accuracy than those that need devices that can alert workers or
others about a riskOpportunities exist to develop technology variants that accomplish both on
parallel paths.
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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 titatqpp] there

are considerable technical barriers to overcome, including developingtsivanalytical techniques and

putting detected data in context with other data, such as location and time exposure to turn the data

into useful information. Furtherme, 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 technidgasues 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.

8 Developing a lowcog 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
NEALRYRSYl y2G4SR 0KIFId RS@St2LIAYy3 I aONRGRAZ2dND
where multiple labs analyze results from a single device and look for specific compmayds
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.

d Overcomingthe sizeof instrumentationto make PCEMs usefuEquipment 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 PCEMSs can alert users that additional,
more expensive analysis, using larger instruments and spegificaithed 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.

d Linking ancillary data such as exposure time and locatiordetected chemical data is crucial
for PCEMSs to be useful in public healthnalysis 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 relati® location and duration of exposure is critical.

8 Devices must be rugged.o 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 the. While this is a technical hurdle, there is precedent to making rugged
devices.

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

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 cangwidely employed in public health research, the-peit 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,uwidnamatically affecting
project budgets. As alluded to above (sectibB.2.4, one way to reduce costs for public health
researchers is by sacrificisgme deweaccuracyfor 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 akjerid smore

LISNJ dzy Al GKFy Lzt A0 KSIFfGK NBaSIFNOKSNB o0SOF dzas
populations. However, SMEs still noted that there is a preference for devices to cost hundreds of dollars
per unit¢ not thousands.

Key takeaway: Thecost 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.

24, | 2y Ot dzaA2ya YR ¢F1SFsl &a

Our interviews with SMESs operating at the cutting edfe/earable monitoring chemical detection
research and development makes clear a few overall takeaways:

d To date, little experience exists commercializing PCEMSs.

d Most development funding flow from public agencies, and includes purpdsated
restrictions.

d 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.

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

Across the three central research questions that this study posed, acuttszg 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 cateiged, prioritized, and RD&D focus harmonized accordingly. A
second crossutting finding, which was echoed across all four SME groups, was the extent to which
purposespecific funding negatively impacts the development of broadly applicable PCEMs.

Thesdaakeaways 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 sktablhformal 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 fortechnology development.
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Chemicals are used to make 96% of products in the United Stadescouches and carpets to the
clothes we wear. While chemicals are a critical part of our economy, they are also released into our
environment and end up in our food, water and aiwvhich can result in harmful exposures. Although
some promising toolsexis 12 YSI adzNBE AYRAGARdIzZ £ 3Q OKSYAO!I f
expense have limited widespread adoption.

On October 28 and 27", Environmental Defense Fund (EDF) convened a workshop of public health,
engineering, entrepreneur, and policypetts(seeAppendix For a list of participantand
organizationsjo explore opportunities to enable the development and use of lcaest, portable or
wearablepersonal chemical exposure monitgf3CEMpg 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 populatientowe. This data can
subsequently inform scientists, occupational health professionals, and the public about chemical
exposure and, if needed, help people take corrective actions.

The obijectives of this workshop were as follows.
1. Identify key challengesnd opportunities in developing and scaling (PCEMSs);
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 dverse 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 usewgant from new technologies

Current and upcoming technologies

Recent developments and opportunities for improving VOC monitoring devices
Lessons from different fields that can be applied to PCEM development
Acquiring funding for PCEMs

Validating and ensurgnquality of devices

N oo o~ W DN

Ideas for short, medium, and losigrm 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 inexpesasivearable, applicable to many udgpes, and
provides actionable data is likely many years away. However, there are incremental steps that
can be taken in the nederm that can serve some specific audiences that wilinm help to
accelerate the delopment of these devices.

2. ldentifying 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 instrumesalidation, 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.

31. / NBtadai G Ay 3 ¢KSYSa

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 sati@ participants.

& Participant Interests2 2 NJ & K 2 LJ LhteNdstin ©GBMboyild e @ategorizehto four
areas, acknowledging that participants can be interested in one or more of these areas.
Specifically, there was interest I Technical RDR advancement®) Identifying funding
strategies to drive PCEM development, 3) Identifying and initiating health research in the near
term using PCEMSs, and 4) Develoginghmunity collaboration and engagemesttategies to
share PCEM developments.

d Sourcesof Demand:There was extensive discussiamoutwho arepotential sources of demand
for PCEMsFor exampleoccupational health experts are interested in PCEMSs for monitoring the
health of workers in environments including offices, industrial clean ro@srasghouses, 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 imterested in a variety of exposure questions
FNRY dzy RSNEGIYRAY3 OKAft RNByQa SELRAadNB (2 FtlY
to diesel particulates. Citizen scientists and the public may be interested to know about their
exposures to spefic hazards, for example, particulate matter in the air due to wildfires.

d Funding and Development Pathway$here is arunresolved tension between whether
chemical monitoring is an environmental technology appropriate for cleantech or energy
commercialization pathways, which usually require246month payback, or a health/medical
device technology, which typically involves a longer tpeeiod for product development, with
valuation at exit that assumes market advantages conferred by FDaaghp

research ) into) action Workshop SummaryPagel7



Year of Innovation

d User NeedsbDifferent users will have different needs and different standardSHGEMs based
on their intended application. Therefora,universal standard fd?CEMs is unrealistic and
unnecessary. However, PCEpkcifications need to be made awdile so users can judge for
themselveghe appropriate use of the deviand be able to compare device results with other
technologies.

8 Funding OpportunitiesParticipants generated a list of many different funding sources. These
includedcrowd-funding, pe-buying agreements, lendinlibraries, challenge prograns;izes,
traditional grant awards from government, and venture capifalrthermore, 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.

d Risk CommunicationCommunicating the results of PCEMS and the risks associated with
exposure to detected chemicals will require careftiention 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).

d Near Term Goaldncremental and evolionary development of PCEMs can and should happen
before the development of a single device that satisfies multiple stakeholders. It will be
AYLE2 NI Ly éarlyiming KB GSNE> F2NJ SEFYLIX S + RSOAOS Aa
and to drive interest in further development. The group emphasized the need to not let the
perfect be the enemy of the good.
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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 1s§eA summary of responses to these questions are provided

here.

What key functions do users need?

Users noted several functions they will need from PCEMSs, including the ability to collect data about
AYRADARIZ £ 8Q SELR & dzNB  ltoythie popukation. | Adkdy ffuhciiod of ®§@EME 3 I NB 3 | i
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 exampl@ 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 parergtaadde
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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. FQBlds
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.

{H® 9ELX 2NAY I (i KRBLIEK2WRY 2 yivS @ rdyNNB/TiA § R

This exercise was designed to address the following questions: What specific new devices are on the
horizon? What are their cost drivers? As notefdippendix Ethis 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 armd &sich 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 devas 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 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 eghpular 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 e 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 goup 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 usedtsé people after Hurricane Katrina had

high levels of formaldehyde which resulted in health consequences for those pédjplese 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 I8tgs://www.cbsnews.com/news/katringita-victimsget-426min-toxic-fema

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

Water filter and sensor

This group suggested partnering watfilter 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 galibc 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 PM2.5lamommunicate 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
guality concerns across a region.

[ dzy OK 5A&0dzaarzy 2y al N1 SG 58YIyR

This sessiohroughttogether panelists with experience eithiedeveloping oin utilizing emerging
technologies in personal chemical exposure monitoring and the broader monritifeplacefor 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:

5 t NPLISNI & YIyl3ISNES K2dzaAy3d FdzZiK2NAGASEET YR
exposure.

Military personnel interested in keeping soldiers away from acute dangers like explosives.
Security personnel interested iméling ingredients used to make explosives.
Industrial hygienists interested in protecting products from exposure.

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

o oOx o Ox O

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

ox

Patients interested in understanding if their diseases resulted from exposures.

d Vulnerable populations that may have particular risks associated with exposures (e.g. pregnant
women)
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Ideally, a devicer 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.

{otdh/ a22yAlG2NARY wSOSyd RS@OStf2LIYSYyl | yR

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 ofcatimgiine
value of devicess KS jdzSa A2y GORBAYRSKRS ARy avolSt e SR GKI G
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guestion is listed iAppendix 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 aecM@C 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 tarigger 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 valuraré 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 ar.
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Within research disciplines but outside of the public health system, essentiahkmoand resources for
developing PCEMSs 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 morsielfeédchnologies? What

key lessons learn can be applied to the PCEM space?

This segsn 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 developicgmplexinstrumentation. 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 specitisesnoh
mind. These successes can sometimes lead to an expansion of end uses. For example, the development
of facial recognition software, which was developedtfer 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 consurersed product that now feeds back to researchers in the

form of a masive 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. BoE | YL S | RRAYy 3 (62 LRdzyRa G2 |
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 PGghte?

Taking risk in developing technologies is a key to success. IARPA exists to take risks and develop
G§SOKy2t23ASa 20KSNJ AyadSttAasSyoS 3SyOasSa FIFAfSR
succeed, but on how often they fail. If more tha@% 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 tootssomething that public health and environmental researclhadten

do not havecthe 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 versitimeofARPA effort, something akin the ARPA

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 hagsyis to
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 oeputation.
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The funding to develop PCEMs is often part of larger, purgosefic funding. This can lead to

inadequate funding for development, testing, and validation. This session addressgaestons:

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 respotsésese 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.

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

8 Help researchers and developers understand gations 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, anddaage to be successful in obtaining funds.

d 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 funed 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.

8 Define key markets in the near term.

1 Two groups identified as possible markets were firefighters and pregnant women.
Firefighters may be interested in their expmwe 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 couldedt the development of their child.

1 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 tkeide. 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.

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

d Limit the risk associated with funding PCEMs sensors.

1 Diffuse risk of supporting PCEM development by using multiple funders so that one funder is
not disproportionally riskig 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.

1 Make the intellectual property rights clear to investors andyide 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 dhe device.
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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 technologieseBsion 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 studs, 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 inforsalsamut 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 applicatiorisawvél

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 characteristid/alidation 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 validatiodist&iin 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 devic@s 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 employcéne r

PN
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a new football helmet designed to limit concussions. NIST created a test bed for the NFL and Under
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independent third party that tested the products and prepared the standardized result.

{Td {K2NIOZ YBRNNMzYZI MIWYRSIRYE | YR LINPIAINI Y
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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
narrowedthe list of strategies down to two key strategies EDF could pursue. They are:

1. Organize demand for PCEMEarget possible user groups for devices to show how these
devices can serve their interests. Two examples ofies®is noted by participants were
preghant mothers and first responders.
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2. Establish test methodshat will serve the demand being targetedVork withresearchers, end
users, and agencies to develop methods to validate devices for the specific group being

targeted.This could include bringinggether stakeholders, both researchers and technicians, at

conferences to determine the appropriate test methods.

| 2y Of dzaA 2y

As noted in the beginning of this memo, prior to the workshop, the EDF and Research Into Action teams

identified eight key questiomthey wanted answered by the workshdable3-1 provides a brief
summary of how each of those questions were addressed by workshop attendees.

Table3-1: 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?

What are the technical capabilities and
constraints of tools, inclusive of both the
wearable monitors as well as analytical
instruments, for noAargeted andysis of
individual chemical exposures? What are near
term opportunities for improvement?

What are the current, most pressing barriers ani
challenges to achieving the vision? How can the
be overcome?

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

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

1 Develop sensors that detect limited number of
chemicals and expand from the development of
those devices into mukthemicalsensitive devices

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

1 Acquiring funds is a key and persistent barrier.
Creatively supporting funding efforts throlg
efforts like crowdfunding and building credibility
around research through sponsorship of promisir
technologies are two ways to achieve the vision.
Validating technologies, demonstrating the value
FYR LINPGARAY3I aSINIe ¢
alsoessential.

1 Ability to compare results to existing already
proven technologies.

1 Low cost per unit of measurement.

1 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.

1 This question was not addressed.

research ) into) action
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Eight Key Questions Summary of How They were Addressed

6. What are promising opportunities for 1 Continuing to bring stakeholders from various
technological innovation and/gorocess disciplines together to share ideas and avations
improvement that would 1) improve the will be critical.
quality/capability of chemical exposure monitors  q Supporting the validation of instrumentation will
and/or 2) increase uptake and commercial be critical to getting a broad spectrum of users tc
distribution of technologies? value and use devices.

7. What is the role of an organization like EDF in tt  { Facilitate the development of consortiums$ o
space? technical and financial stakeholders in the PCEN
space.
1 Issue challenges to improve instrumentation and
methods.
1 Define the demand and draw attention to the
opportunities for innovation.

8. What is the role of workshop participan¢srom 1 Continue to participate in efforts to push for
public health reearchers to technology development, validation, and funding.
innovatorsg to advancing the field of wearable ¢ Continue to share expertise in the development ¢
chemical exposure monitors? these devices with thir 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 i€£DF to our vision?

The development of a PCEM that is inexpensive, wearable, applicable to masypeserand provides
actionable data is likely many years away. However, there are incremental steps that can be taken in the
nearterm that can serve somepscific audiences that will #turn help to accelerate the development of
these devices.

What can EDF do in the net@rm to get us closer to the vision?

Identifying priority audiences and supporting the development of devices serving those key grdups wil
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 acceleratedbeelopment of PCEMs. Furthermore, the program

design memo being prepared in late 2017 will provide additional suggestions for ways EDF can
accelerate the development of PCEMSs.
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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 wokshop 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.

Theconversation 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 characteriftics o
demand to generate interest among developers and researchémserview respondents and
workshop participants noted many potential users of PCEMs from specific populations like
workers in specialized settings to more general groups like recreationateshtoncerned
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 PB&ddme a consumer good, market
research will be particularly important to understand the types of demand. That divect
consumer approach has the potential to be lucrative for the right players in the market,
although researchers, employers, and othetitasions are the most significant sources of likely
demand for some time to come. In any event, market research would also help focus or inform
Fye FTROAA2NE LI yStQa STFF2NIa 6aSS {GNIXGS3e o0

2. Initiate an EDHed PCEM innovation challeng&o 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
researclers, 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 fialktlasr
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 activitiegeipret challenge results, and use
the learning that results from the challenge to support subsequent programmatic events.

/| Kt tSy3aS STFT2Nla ¢2dd R 0dzAif R 2FF 95CQa SELISNA
challenges such as the Methane DetectGisllenge 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 tanclude, for successful applicants, access ki resources,

technical advice, and potentially a guaranteed-prechase of their device.
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3. Establish and maintain a panel of experts about PCEM innovatidris panel, consisting of
experts in the desigand 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 challend8¢rategy 2). EDF has experience issuing
challenges to provide solains 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
generatethe 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 effortg\n advisory panel would help identify possible user groups
and help themarket 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, andhought 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 PCEMSs in their respective fietddrive interest andemand
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 3h. above). Advisory panel members would indivichally a
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 willtmakctd
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 chemiggsre4-1
provides an overview of the three strategies that constitute the program concept. The icons indicate
where the strategies overlap.
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Figure4-1: Program Theory to Accelerate PCEM Development
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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 improweessibility for other technologies used for public

health research.

Because of your unigue 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 chemhigensors 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 netaking purposes, the recordings will not be released
outside of our study team and are for referenmely. Do | have your permission? Do you have any
guestions before we start?

A1l {dzo2S0O0G . I O13INRdJzyR

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

. F&aSR 2y @ 2 dzNke ® Bdai$olhpShyich&akh ot réséarch communities have mobilized to
bring promising new technologies or methodologies into use. To get started, | have a few questions
about your professional experience

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

[PROBE ABOJHave you also worked in the private / public sector?

Q2. Inyour current or prior roles, what experience have you had validating or otherwise
demonstrating emergingechnologies or methodologies?

Al2. LRSYUGATe@AY3d YR wSaztgdgay3a ! &S . I NNA ¢

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

Q3. How do you normally become aware of promising new technologies or methodologies?

research ) into ) action Interview Guides PageA-1
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Q4.  Atwhich point do you or your colleagues begin to make an effort to make a new technology or
methodology available aaccessible to other professionals?

[PROBE ABOUT 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 bargiand they can be technological, economic, professional, or
regulatory, such as need for formal approval. | have a couple questions about your experience with use
barriers.

Q5. Whether or not you were involved, can you recall any times that experts infygdmeeded to
actively address barriers to using a new technology or methodology? YeBIHase explain.

1 If yes, what factors made up the barrier{sfinancial, technological, regulatory?

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

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

Do you recall any individuals or organizations whoenespecially effective at capturing the
attention of colleagues?

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

1 How were they engaged?
1 Were any consortia or outside organizations involved

[If YES, PROBE

1 At what stage did they become involved?
1 What was their role? Were they effective?

z ~

Q8. !'LI NI FNRY ¢KIG &2dzxQ@S It NBIFIRe (2fR YSI 4KIFG a
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?

1 « What are most effective for addressing economic use barriers?
1 w What are most effective for addressing technologies use barriers?
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of Innovation Program is exploring opportuniti@srhake 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 igasingly 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 ADDRERS3®&Mdo researchers in different research areas differ in how they
use wearable chemical monitors?

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

[PROBE IF NOT ADDREPB&ESY capabilities would tiave 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
bestcase scenan?

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

2SIFNrofS alYLX SNARE YR aSyaz2zNhBR KI @S 0SSy dzaSR F2NJ
hear your thought 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

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

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

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

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

Q4. LQY 3F2Ay3 G2 NBIR I ftAad 2F I F¥S¢ laLlsoda 27 ¢
you have observed challenges to successfully using a wearable monitor: [If NEEDED: In your
NBE&SENOKE 2NJ I O2ftfSIH3dzSQa NBASHNDOKDS

1 Collecting samples
1 Developing data from samples
1 Inthe 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 simplictyS G SNXY I ff (GKS NBSYRER Ol LI ¢
functionality. In your experience, what back end functionalities are most important?

[PROBE IF NOT ADDRESSED

1 Inwhat ways could baetnd functionality be improved?
{1 Would tracking of timeactivity-exposue improve?

Q16. LQY 3J2Ay3 G2 NBIR I fA&aG 2F RIGF LINRPOS&aaAy3d | a
please tell me if you have observed challenges to successfully using wearable monitors: [If
b99595Y Ly @2dzNJ NBaSI NOKZ 2NJ I O2ffSIF3dzSQa NBa

1 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

1
1
1
1

Q17. Wearable chemical mators have been used in fields other than public health. Are you aware of
any nonpublic 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 tailtimake
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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We ae 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 adoiisg for other technologies used for public

health research.

Because of your unigue 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 chemicakses 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 noetaking purposes, the recordings will not be released
outside of our study team and are for reference orihp | have your permission? Do you have any
guestions before we start?

A21 {dzo2S0G . I O 3INRdzy R

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

LOR f A1 S {2expetehchvith mrbwiive tecBndidhles. To get started, | have a few
guestions 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 ABOJ]Have you also worked in the private / public sector?

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

A22 ¢SOKy2f23& .200fSySO1a

Sometimes new technologies are market ready before professsoare aware of them or able to use
them. | 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, atgemarket strategy for technologies to be used, at
least in part, for public health research?

Q4. Have you been involved in, or privy to, atgemarket strategy for wearable devices?
Q5. Please describe any barriers to customer uptake that you encountered?

Q6.  Which barriers to customer uptake were mosttlenging 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 inguldory hurdles,
demonstration of bankability, manufacturing and tooling, cleaning data or performing analysis, or
handling samples. | now have a few questions about factors that might have hindered your progress
when developing a technology or gettingatmarket.

Q7. / 2YyaARSNAY3 Fff G4KS o0 NNASNAR (2 Odzad2 YSNJI dzLJi I |
helped or hindered the gto-market strategy?

[PROBE ABOWas manufacturing or tooling an issue?

Q8.  Did uncertainty about how acceptingortrutd dza SNR ¢2dzZ R 0S 2F (KS LINI
role?

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

[If subject is from Tech Developer cohort, proceed t®@JFfom Process Expert cohort, skip to Q23]

A23.2SIFENIofS / KSYAOIFE az2yAld2NAy3I 5SOA0S

We are investigating the opportunities and barriers to advancing wearable chemical monitors for the
study of human exposure to chemicals. The remainder of our ceatien 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 nonpublic heath fields using wearable chemical monitors in ameathat 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 sty of chemical exposure?

A24.2SIFENIofS / KSYAOIFKE az2yAld2NAy3I 5SOA0S

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

Q12. What are the key components of chezal 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.

Q16.

Q17.
Q18.

Q109.
Q20.

Q21.
Q22.

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

[PROBE ABOLAre the limitations for introducing potential research uses technical in nature?
[IF NOJ Are they professional? Redaty? Cost? Access? Awareness of capabilities?

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

[PROBE ABOWNhat type of development activities are needed to carry out the
improvements?

Are there opportunities to broaden geospatial tracking capabilities?

Are there opportunities to broaden the ability of chemical monitors to detect multiple classes of
chemicals, in a netargeted fashion?

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

Whether for public health research or other uses, to the best of your knowledge how have
Ay@Sait2Na NBALRYRSR (G2 6SINIXotS avY2yAdz2NBR
[PROBE ABOWhat end users do you feel apé greatest interest to investors?

What wearable device applications have received the most investment?

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 oppontities 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
guality factors that affect sensing and sampling technologies, that could also appbatahle 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. Whatdo see as the tradeoffs between cost and quality of pmdlection 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 anyanelse 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 tiontéo participate.
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EDFES

ENVIRONMENTAL >

DEFENSE FUND*
Finding the ways that work

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 areedssed into our

environment and end up in our food, water and aikvhich can result in harmful exposures. Although

42YS LINRBYA&AAY3T G22fta SEAAG G2 YSIF&adaNBE AYRAQGARZ f &
cost barriers have limited widespreadoption. EDF is convening a workshop to explore opportunities

to enable the development and use of lowewst, portable or wearable technologies to accurately

FdasSaa + GFrNASGe 2F OKSYAOIfA Ay |y AYyRW®ARIZ f Qa
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. ldentify key challenges and opportunitiesdaveloping and scaling personal chemical exposure
monitors (PCEMS);

2. lIdentify 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; ad

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

8:00
8:30¢ 9:15

9:15¢ 10:00

10:00¢ 11:00

11:00¢ 11:15
11:15¢ 12:30

12:30¢ 1:00

1:00¢ 2:30

2:30¢ 2:45
2:45¢ 4:15

Breakfast and coffee

Workshop Opening: Welcome, mission, and vision
Speakers: Sarah Vogel (EDF) and Aileen Nowlan (EDF)

Highlights and discussion from the analysis brief
tKAa aSaairzy oAttt NBPASG FAYRAyIa FNRY
on the landscape of innovation in personal chemical exposure monitors (PCEMS)

compiled by ResearchtmAction (RIA).
Speaker: Erik Funkhouser (RIA)

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 furetio users need?
Where is there broad overlap between functions needed by various users?
Facilitator: Roel Vermeulen (Utrecht University)

Break

Exploring the horizon: Current and upcoming technologies

Promising devices mamgclude 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 thragh a pitch competition.

Facilitator: David Rejeski (Environmental Law Institute)

LYGNRBRdzOGAZ2Y G2 95CQa 62NJ] 2y =h/ a
Speakers: Beth Trask (EDF) and David Lyon (EDF)

Lunch and panel discussion on market demand

This session will brg 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 (McFaddend Associates, LLC)

Panelists: Benjamin Bunes (VaporseDsyida Herzl (Aclimalpriya Premchandran
(Google); Janie Shelton (23andMe)

Break
Concurrent sessions

VOC monitors: Recent developments and opportunities for improvertsen

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.

research ) into) action Workshop Agenda PageB-2



Year of Innovation

Participants will address the following questions: What specific aspects of the value

chain present the lowest hanging opportunities for VOC monitors? Are there key
GOl-¢hdSy ¢ tSaazya €SFENYSR GKIFG O2dzZ R 0S8 | LILX
exposure monitors?

Facilitator: Romain Lacombe (Plume Labs)

PCEMs: Lessons from different fields

Expertise and resources for developing personal chemical exposure monitors§PCEM
exist across various disciplines. This session will explore ways in which technological and
process innovation focused on environmental monitoring and the monitsedtican

support PCEM development for public health applications. Participants wikssltie
following questions: What were the successes and challenges from the advent of other
environmental monitoring and monitoredelf technologies? What key lessons learn can

be applied to the PCEM space?

Facilitator: Kristin DeWitt (Intelligence AdvaddResearch Projects Activity)

4:15¢ 4:30 Break

4:30¢ 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 aylission a six minute walk from the office just north of Dupont
Circle (1606 20th Street NW)

DAY 2: October 27
8:00 Breakfast and coffee

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

9:00¢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 inadexjfiaiding for development,
testing, and validation of such tools, researchers often use or leverage funds allocated
for specific research projects. This session will addvesgjuestions: Which aspects of
the PCEM critical technology path are most likelpeed 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)
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Validation: Ensuring quality in the promise of new technologies

Advancement and deployment of promising new PCEM technologies is hindered by the
slow pace of relevardtudiesto validate integrity, processes, and data quality.

Participants will explore the following questiond/hat approaches to validation are

most corvincing? 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¢ 10:30 Break

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

12:00¢ 1:30 Workshop closing and lunch
Facilitator: Sarah Vogel (EDF)
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— D F' Nathaniel = Black
: e Sam =Blue
ENVIRONMENTAL = >

DEFENSE FUND"
Finding the ways that work

Erik =Red

Analytical Brief Session
Minutes Objectives

The recorded minutes for each session will be used to develop formal takeaways from the workshop. T
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 heach feature should be used.

8 Narrativeminute® / 2y @Sy A2yttt YSSOGAyYy3 YAydziSad / I LIG dzNF
but attempt to record verbatim. Prior to start of session, record hames and initials of
participants in space provided. Where pitds, track the initials of the speaker in discussion.

d Analytical debriefimmediately 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.

8 Paticipant 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 adesription of their
AYGSNBal 09 @y@CtransibntetNdd® thinks dutyol datdeas for renewing
LINEG202Ff a¢0d

Cl. LYGNR {Saairzy o{INYK +23S8¢t0
Narrative Minutes
Sarah Vogel Public Health Lead at EDF provided overview of EDF.
Participants intraluced themselves and what they hoped to understand from workshop.
JenniferMcPartlandc Senior Sientist at EDF

1 Capabilities people are looking fior PCEMSs.

BeizhanYan- Columbia Unigrsity

1  What kind of technology exists for public health studies?

research ) into ) action Workshop Note$ PageG1
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Roger McFaddenFormerly with Staples/Consultant

1 Learn how to remove cheigalsfrom consumer products.
1 Want to understand how to apply tech in business setting.

Janie Shelton23 and Me

1 Wants to offer more consumer opportunities to obtain information abthemselves without
diagnostics needed by physician. Understand how to have products direct to consumer.

JessicaReiner- NIST
1 Measurement wis€ what is needed for these devices.
Roel \érmeulen- Utrecht University

1 Learn about the impact enviro has bealth
9 Estimate exposure on the individual level.
91 Deploy devices to large pops and design meaningful

Doug Walker Emory

1 Enviro engineer
1 Analytical teckt how we can use samplers to understand response

Jon SobusEPA

91 Done large study across 30 sites
9 Sersor alternatives to mass spe@re we there yet.
1 How do we communicate studies to the public.

Megan latshaw- JHU

9 Create national biomonitoring network.
1 Improve health through enviro challenges
9 Chair of American Public Health Associati@nvironmentaHealth area

ChrisPyke- USGBC and Aclima
1 [Missed]
Erik FunkhouserRIA/Uhiversityof Texas

Did research for background paper prepared for this workshop
Fellow at U. of Texas

Background in evolutionary economics

Innovation and diffusion of environmentechnology is key interest

=A =4 =4 =8 =9

Darryl Banks RIA/Independent Consultant

1 Work with RIA and EDF on background paper

Curious about what network activities will lead to development of devices.
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Molecular biophysics background

Nexus between policy and innovatiorténest

How to do better job with enviro health

Important¢ | was dept. commissioner for enviro health in NY.

More recently¢ Center for American Progregd/P

Interested in accelerating development and deployment of technology

= =4 =4 =4 =8 =9

Annette GuiseppiElie- EPA

1  Work with Jon Sobus

9 The lab recently changed from fields to more organization around topics
1 Civil engineer by training

1 Interested in similar things to Jon

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

Berjamin Bunes Vaporsens

1 Makes things for measurirgr
1 We are at lab scale and now and interested in learning more about market
1 Background in materials science.

Marc Epsteir MyExposome

MyExposome CEQworks with Kim Anderson at Oregon State

| am delighted people know what Exposome is.

| am a computesci 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 understanthe data we get now

=4 =4 =4 =4 -8 -8 -8 -9

Brendan OwensUSGBC

Tech development of LEED rating system.

They are to gdo market strategies. If a sensor gets developed

Create better indoor enviro for people.

| have a hildings background, how to better understand indoor emg and have benefits to
the global impact of built enviro

1
)l
1
)l

Jchn Deckerg CDC

1 Background Industrial hygiene

91 Breathing on workers first job

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

1 Interested n 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.

| am part of street view car exercise.
Biostats and Toxicology

| was Dir of Enviro Health at CDC.

I was atNIH

How can these tools drive policy

=4 =4 =4 =4 -4 -8 -9

Jason Aisden- Duke Wiversity

1 Molecular Physics
1 Design instruments
1 Mass spec at a backpack level

RomainLacombe 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 consumegdD consumers

Move from persoal to collective for understanding nature of problems.
Studied climate policy at MIT

=4 =4 =4 =8 -8 -8 -8 -8 -9

Beth Trask EDF

1 Climate and Energy Program
1 Reduce enviro impacts from oil and gas industry.

Dave Rjeski- Environmental Law Institute (ELI)

Do Public Policy

Council orEnviro 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?

=A =4 =4 =8 -8 -9

PriyaPremchandran Google

9 Part of Google thatekigns and operates of office buildings around the world
1 We are responsible for integrating health strategies into portfolio.

1 Where can we innovate as a company as a catalyst or a host for new ideas
1 We feel like we are starting at point zero in thace.

1 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?

=A =4 =4 =4

LaurenRiggs 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 éthey send me an email about it.

Communicate to google people about what they are seeing.

= =4 =4 =4 -4 -8 =9

C2 !'ylIftedAOlrt wSaSINOK hOSNWBASS 09
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 indsay McCormicknd AileerNowlanat the outset of the yeag wanted to

explore a broad range of issues. We started off with the EDF team trying to put in motion a series of
activities culminatig 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 pointwasa ¢ 2NJ] 6A0GK 95C FyR 2dzNJ G4SFY (2 R2 I OdzN
how to frame our questions . Three questions:

2 KIFdQa 1y26y | 02dz2i NBOS k@htythEs qReStibdf 28 YSy it 0200t SySO

What are the tech functionalities and use needs?

Exploredssues 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

1 Whatis the teb 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. Ouvagipr
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.

9 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.

T
T
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9 This is not conclusive. The next few days are to punctuate these takeaways
1 Key erms¢ 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)
0 Redundant efforts

0 Lack of coordination (devicesed in personal health is not usually the result of health
funding)¢ this has not been a priority

o Identifying barriers is one of the first step®pportunities stood out as the broadest
agreed upon:

o Improving coordination across disciplines (collabamtinote-sharing)

o0 Improving access to funding

o0 Acknowledging and adapting to longer timelines for PCEMs (this is something that kept
coming up for setting appropriate expectatioggea is that some of the timeframes
are longer than what some developerave in mindg 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 professicaraigns of being the
AO0ASyGAald 2dzi GKSNB dzaiAy3a | ySé RSOAOS GKI
the case for the benefits (this was a very important emphasis with many of the folks)

o Identifying workforce needs-¢ | &y Qi 2y 2 ENDANIYRIYNDO (it KGNS Q@ |
competition for people with this skillsetA 1 Qa y 20 (GKS aAYLX Said GKAy
candidate who wants to do this forBlyears. How will this community come together to
ddzLJLX @ IyR NBOSAGS (GKS (FfSydK ¢KIGQa 2dzNJ f

= =

1 Across the board we kept hearing that focus and ciiassitutional meetings are really effective
for focusing efforts when you lack the early institutional leadership. This will lead to more
leadership in the communitiesthen there is institutional memgrand continuity. We were
given vivid depictions of indirect funding and how that leads to challenges for creating broadly
F LI AOFoftS RSOAOS&D® 9EY 2y §noSitemidniedoay foSakE LIS NA Sy O
RSOAOS GKI G R2S asgua.hidistamitBgifactorfor guttiss @gether O A
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 scrgtobt really borrowing like
you see withother 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 arnigssen
component to reduce user barriers. Without observed problems with data, the risk for potential
blowback is huge if a device has an issue, will know one trust the results? The perception of
GKIFIG ySg RSOAOSQA NRA ATl a IsyMRstushBoadive Striateglesito | S& Ay
build exposure (conferences, journatshrough the development of best practiceswhat
makes good quality devices and how best to use them
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Our second research question dealt with what public health researchers voanta wearable device.
Technical shortcomings that needs to be addressed. Feedback fell in three areas:

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

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

T 25Q@S 02YS G2 tSINYy GKIFG GKSNB INB RAFTFSNBylu f
communities. Not everyone needs the same breadth of scope or acciBanye are willing to
have lower cost devices with less accuracy

Final research questiorgsmarket potential and ability to get to scale. Four areas we found a good

amount of agreement. Cost reductions needed for devices and analysis (scale requiresitgedting

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 limitgleyability. 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 crdéesls collaboration and open source collabtions to

rapidly refine tools for analysis. A lot of interest in finding cooperation opportunities to show there is a
large market base

| 2y Ot dzarzyad ¢KSNBE Aa | t€FNBS |Y2dzyd 2F R2YFAY 1Y
meant to be jumpig off pointsg 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 hesrbvery sector specific. No cresstting

associations to keep a focus on advancement and deployment. But there is a fair amount of

collaboration happening bilaterally. There are extremely strong antecedgm®ple going out of there

way to find expertsicross the country and find solid collaboration

Q&A/Responses/Discussion
Mark Epsteirr MyExposome

1 We are working with consumer products company that called this AM. They found out the
MyExposome product could detect 1500 compounds. They only care 8bard they were
concerned that their lawyers would be concerned about testing for 1500 when we are only
concerned about 30.
1 52y Qi (1y26 ¢xobanithelbiriess. W thdught about testing users. Then a
OF NNASNI g1 & NI A a 6testfor d50EH &omadurid®; wedoal@caré gbaat 30, lwe
R2y Qi (y26 oKIFIG 2dzNJ £ 68SNR g2dzZ R aledé L | &ad
deleting the columns

Benjamin BunesVaporsens

1 The barrier is time and resources to develop system. Aartup we are looking for product
development in 124 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 1224 month time space.
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1 Readinghe documents. The overall system that has been proposed sounds really geat
consumer | 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 tretrgiediate
revenue (1224 months product development for a few million dollars). We are interested in
what the intermediate steps are for this proceshow to provide something in the 124
months timescale.

Beth Trask EDF

9 Curious if in the [nterviewanyone brogght up risk communication as a barrier. People get
AYTF2NXYEGAZ2Y Fo2dzi 6KFGQa Ay GKSANI SY@ANRYYSyl
0 Erik FunkhouserRIA/University of Texas
¢KA&a OFYS dz2ll Ay (GKS AYy(iSNIASSa derveBvoldh Ry Qi =
like to get to. That is a conundrum to be enjoyed. There are real issues about this at
scaleg a lot of information given to people without the domain knowledge to
understand it properly. This has to do with the end user

Jennifer MPartland- EDF

1 [Hard to hear response.]
1 There are real issues if you go to scale there are a lots of communication difficulties to end
users.

Beizhan YanColumbia University

9 Cost of a few hundreds of dollars is hard to reach That is pretty low.
1 Hundreds is too lowLikely be in the 1000.
1 Questions about the cost of the unit. A couple hundgeslhen you think about development,
you think about materials and employment. This is very low. This sounds like a couple thousand
is more realistic
0 Erik FunkhouserRIA/University of Texas

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

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

With the tech ge have, a short term destination that gessto the PCEM would be

tough for a couple hundred. The other findigg G Q& y 24 SaaSyadaialt GKI G
has both time/location/tracking/chercal, etc.¢ for each priority feature you can have a

stage gain where this happens over a longer periodnoé

??

1 You have techno optimists vs the pragmatists. With the tech we habhert term destination
1 Not essential to have perfect device

Roger McFaddenFormerly with Staples/Consultant

1 Apple had this conversation. Chemistry of material of degisas here any discussion
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1 Put sensors in consumer products: We were looking for quick way to get these things into

existing deviceg we did not hear that.

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

We did elevate some of these other thindgmtgh.

Had a conversation like this many years ago. Device powerdtgedfbattery 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

0 HEik Funkhouser RIA/University of Texas

Looking for many people to tell us if this tech was ready for android, apple,atd it
R2SayQi asSSYy fA1S GKIFIG Aa O2YAy3d &a22yd C2NJ
cycle. But we did hear concerns alt@cale of the sampler sizewe did hear about data
storage issues and battery life issugthese are all open for more discussion.

= =4 =4

RoelVermeulen- Utrecht University

9 Air purifier work for home and industrigimeasuring air quality sensarthere 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 ofém: e

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 grodjscussion 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 bringinthdmests,

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 purifi@xs an example)

Participant Tracker
0¢kFofS F2NXI G RARYQG YIS Ad 2y Y& aAONRaz27Fd ¢2NR
Challenges:

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

1 BB: the resources and time requiredtaild the system/ not attractive for startups

i BT: risk communications for the end user

Overcoming the barriers:

9 EF: staging the features/ start with priorities
1 RV and RF: bring the technology into other consumer products
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C3 2KIG 52 !aSNAR 2loywid 6wz2St +SNX¥Sdz
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 functionalitym 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 Vermeulestarted session by asking theseegtions (see slides).

f Whatdouserswant? KS [jdzSadizy S gl yi (02 NIFAaS Aa aoKl
this from our own profession and from part of the general population.

What did the different professionals want and how could these sensouséd?

We can do this from our own professions, as a consumehat do we want ?

What are the key functions one would waniPat are the key functions?

We need to think about broader®/hat is the broad overlap between functions and needed by
varioususers?

1 What are the gaps and similarities®@nction can be interpreted very broadjyneeds and the

gaps

=A =4 =4 =9

1 Page 67 of the analysis brief?

1 We want to learn more about individual exposures? | follow hundreds of thousands for my
research. Others have smallemmbers.

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

1 When we move to users, this basically came from the analysis brief that listifferént users

o Public health researcher/ epiwe really want to go tahe individual level

Occupational health specialist

Military, police, security,

Space research (air quality at high elevations)

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

General publig | see that this mighbe the healthy general public. This could also be

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

adzNBE GKSANI KSIFfGK R2SayQi FdzNIKSNJ RSGSNR2NI
A Also could be susceptible populations like children and the elderly

0 Whoelse?-> are we missing key folks or can we separate out other categories from
these groups?

O O O O O

1 When | think of general publigchealthy people and those who have specific maladies to make
sure their health does not further deteriorate.

Susceptible populatius.

Are the users listed, the most important? Are there others?

= =
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Chris Portier EDF

1 Medical professional. Doctors interested in tracking environmental exposure for treatment of
diseases they havé&ne additional group> medical professionals for persoizaid medicine.
0 RoelVermeulen Utrecht University

More occupational? Or more patients just released
o Chris Portier
doctors interested in tracking patient environmental exposures.

Priya PremchandranGoogle

1 Are there people that are more vulnerable? In Bl sector we look at 2 groupsealthy vs
non-healthy.
1 When you say general public, there are populations that are more vulnerable.
0 RoelVermeulen Utrecht University
| 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 LatshawJHU

1 Subdivision of &, Practitioners investigating interest (e.g. State Environmentates)i vs
researchers.

9 Citizen scientistg People interested in exposure.

1 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

scientistscc i KSNBQa | f20 2F O2yOSNYySR O2YYdzyA(UASa

concerned
Chris Portier EDF

1 Regulatory authoritieg Aggregag¢ 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.

f  Following ML{i K S NB Q ac rdgufaiy &ushdiities; they can aggregate this information and
maybe get a better feel for the exposures

0 RoelVermeulen Utrecht University

When you talk about regulatory agencies, the role is changingy were the primary
data coléctors for a long time. But they might not be the most important for the future.

2 dz

¢CKSNBQa | ySSR G2 YIS adaNB (GKA&A Aad I2FSNYEC

used. We need to differentiate regulatory purposes.
Annette GuiseppElie- EPA

1 Regulator agnciesg cross agency use (EPA and State Environmental offices?)
1 Personalized medicinePhysicians in concert with patients.
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1 Regulatory programs have mandates. They are required to meet components. Buagersy
collaborations might make more sense.dé Of SI NJ ¢ KSy ¢S GF €1 | 062dzi |
personalized medicine your physician and you

Brendan OwensUSGBC

91 1think people responsible for design and construction of buildings are a group of users
particularly concerned and engaged from a riegory perspective and specific loakoundhow
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

1 Insurance industries are also diskto engage? drive the betterment of environment tehange
how risk is calculated. Could be a double edged sword if you think of health care cost

1 Also groups focused around vulnerable communigj&s) groups, etc. Where disenfranchised
communities are fien the battleground for where these impacts areostacute

ChrisPyke- USGBC/Aclima

1 $3 a square foot on utilities $30 on rent and $300 on people. [Missed point here]

9 The other group to engage is the insurance industry. Change the way risk is calbylatsdg
PCEMS.

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

Benjamin BunesVaporsens

1 Needs for validated messages from regulatory agencies.

1 The improved methods for some chemicals lwave 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.

1 Regulatory agenciesneed for the agencies to approve the methagsltimately | 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 laboplé”@ant a semi
guantitative sensor that is less expensive as a point to have lower cost

0 Annette GuiseppElie
L YSIyd GKIFIG @2dz ySSR (2 0S OFNBTdzA 6AGK f S
OFyQi O2ftflFo0o2NIGS

Roger McFaddenFormerly with Staplesi@sultant
1 Use PCEMSs for Quality Assurance
9 Products come from Asia they will have lots of devices.
9 Used to have lead paint on toys for example. XRF tech was deployed to@@/@Aould look
for lead using XRF. Could use PCEMs similarly for QA.
f In the busness world, quality assuraneed LISOA FA Ol f t &8 LINRPRdzOGa O2YAy3
always have the same care around chemicals ((dgad paint¢ so XRF tech was used by our
company for quality assurance). | did quality assuranicéhink theexamplefrom Mark where a
company wanted to only look at certain chemicalmakes sense.
o Commercial opportunities for these sensors in quality assurance.
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Darryl Banks RIA/Private Consultant

1 The larger the space you have the better to get over the Valley ofifj8at Slides from Day 2].
1 Use PCEM technologies as triage (e developing economies). What is really bad out there?
When you see something with PCEMSs you can bring in heavy artillery, large more proven
monitoring technologies.
1 To Benjamirg the largergroup of users is important. One thing that struck me is the
opportunity to use this tech as a triagdike with developing economiesthe ability to get an
ARSI gKI G YAIKG 0S NBIFffe oF R 2 dsomething NE> KdzNII T
seriaus, you can bring in the expensive sensors that are further down the timeline

Lauren RiggsGoogle

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

9 This includes transportation sectqQibuses, Uber, taxis, etc.

1 Reflecting on the corersationswith people that manage any space where people spend time.
One big group is the transportation sectpservices like charter buses, airplangbgers. That is
another user group.

Dave RejeskiELI

1 Who would use these and it is not obvious?
1 Avoiding harnt, Devices needed to be accurate. Not avoiding harm but advancing health? Build
PCEMs into existing platforms
1 Think about what would surprise us. Once the cost point drops, they could be built into many
GKAYy3a ¢S ¢g2dzZ Ry Qi (KA Y {chdam thelzaregettiry buit$i6a 2 NA | NB
devices marketed to insomniacs. Who else would use this? Might not be clear
o I F@SyQi GFf1SR o2dzi 2LIAYATAYy3a LISNF2NXYI yOS
GKAYy3a (2 YI1S adz2NB L QYofpwoikiorgedHow dofl geti 2 F LIS
the most out of my workforce?

Annette GuiseppiElie- EPA

1 Emergency responders.
Beizhan YanColumbia University

1 Environmentatonsulting companies.
Roel \érmeulen- Utrecht University

1 Which functionalities should thes#evices have®@ depends how you define userthere are
different views. The other thing to think about is what functibtyashould the monitors have:
0 PCEMS need to be fit for purpose

0 There is no universal accuracy.
o Affordability and wear ability areely Portability
0 Ability to sense multiple chemical&bility to detect multiple chencals.
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Like to measur¢housandsbut there may be intermediate steps. The perfect should not be the
enemy of the good in developing PCEMS. There may be intermediate stepedbefore the
perfect PCEM devices are available.

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

Deployabilityc have to reach large populations

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

Wearing a wstband (MyExposome bandsyou can get information in a few weeks but does
not tell me exposure at that moment.

Easeof 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 theaapon of theuser. 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 datasetSomparability to other data sets.

Megan LatshawJHU

T

If one state measured lead blood levels it needs to be compared to federal measuremeants.

example if one state measures lead in blood, it must be comparable to the national data as well

RoelVermeulen UtrechtUniversity

Whatelse? -> other device funtions. What else should be there?

If you collect information what can people do with it. If | have a Fitbit, | need to get (89Q0
steps in. How do you compare bundredsof chemical and what does that mean?

Source of chemicalsWhere does it come frof

How to intervene with an encountered exposure?

These are important questions to answer.

Priya PremchandranGoogle

1

1
|l

LG Aa KFNR (2 dzaS RFGF AT @2dz R2y Qi 1y26
that data was measured will be critical PCEM development.
Reactive data vs proactive dat@redictable data. What can | do to avoid situation?

iKS

O

2 KAfS &2dz KIS RIFEGIEET AG Aada KIEINR (2 dzasS G4KS RI

was collected. You just have signals. This fitsdetace function. How do you not just focus in
on one parameter but also the context. The other piece is reactive vs. proactivesdadav can

you build a model to have predictability to not always be trying to figure out what do | do after it

happens?

Davd Rejeskg ELI

1

1

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

How do you characterize false positives and falsénégh dSa ® ¢ KAy 3a LIS2 LI S

Howdo you build a context to deal with these things. Could | be scaring people?
0 Roel VermeulerUtrecht University

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

9 Calibrate and validate to thengironment (temp, humidity, etc.) will be key features.

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

9 1think before going into the field, the idea of how to validate the functioning os#msorin a
laboratory sense in terms of the standard are important to think about.

1 Perhaps the whole issue for developing and calibrating an instrument w temp and humidity
affecting sensor abilities these things can give false readings. Before goingmaithe field,
how you validate the function of the sensor, the standards and critesédfor that are
important considerations.

JonSobus EPA

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

1 Need to know that context.

1 The times | look at odd sensor data, | try to surmise what caused the oddity. Hopefully this is an
improving tech and you know why it behaves badly. As the analysts, ydaaleat the readout
and thinkg was this caused by temp and humiditythis is al helpful data to put it in context.

1 Along the same lines, when you see anomalies, you usually have to determine whiaaveay
been due to environmental factors.

Brendan OwensUSGBC

1 What will be the unintended consequences of PCEM tech and what camledalalleviate
those unintended consequences?

1 Communication of technologies to users will be an issue.

f L GKAY]l] Fto2dzi dzyAyiGSYyRSR O2yaSldsSyOSaod ¢KSNBQa
AYF2 odzi R2y QO 1y2¢ oKI G G2 areadhaveahythingtddd @ t S2 LI
about it.

1 Some thoughts that needs to be given around how to do things about it. Not hamrigingto
6Stf oKIFd GKSEBQNB 6fS (2 R2 A& |y AaadzsSo

RoelVermeuler+ UtrechtUniversity

1 Asked group to take one sticky note and widigvn scenario where you think PCEMs would be
helpful. What are 12 exciting use scenarios you can envision for PCMWit€ out one exciting
scenario you can imagine a device would be effective for.
f In that scenario, the device will need XYZ®en the usé OS y I NA 2 4 & 2 dkinds&f OK 2 a Sy
functionality would you needThink about the functionality that would be necessary to make it
useful.
1 What is available and what is the delta in the functionality, in cost, gtthat key factors would
influence ifyou would move forward with such an endeavor? (e.g., @@sthbackandthink
about what is available at this time and define the deltzost, function, or other limiters
between where we want to be and where we are now.

JanieShelton-23 and Me

9 During recent fires in CA, we learned there was no air quality monitor in Santa Rosa
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9 Functions needed in PCEM in this scenario:

1
1

0 Real time monitoring
0 Mobile platform
0 Aggregation of data for online mapping

Cost and availability in area suffering environnamatastrophe will be key.

wSOSYyild SAfRTFANBAE Ay /! gAGK GSNNRO6tS FANI |jdzk £ A
w2al® ¢KIFIGQa Y& dzaS aoOSyI NAR2d ¢KS Hegyhodlier 2y | £ A
platform in real time and an agggation 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 YanColumbia Wiversity

T
T
1
1

Light weight sensors where you can access where pemginot go

Durability

Real time to find hot spots

Lightweight sensor used in sites not accessible by people. Hurricanes, efanéti@nalityis it
needs to survive the vibrations and be very durabikit falls down it needs to survive

RoelVermeulern UtrechtUniversity

T

== =

Scenario: Enable citizen science to inform individual and contribute to pop estirhaiéisad
out what | had. Enable citizen science to inform the population estimates, and be able to
leverage the insights for the full palations.

Functions: Affordable, relevant chemicals, informative on individual l&vel.device needs to
be affordable and provide useful information on the individual leldbrmativeat the
individual.

Gaps: Cost and sensitivityost and availabijitare 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. Functionadifforglability
and measure relevant chdoak (not 1000)to give useful individual level knowledge. Gap is
cost and availability.

Chris Portier EDF

1

)l
T

GPSComparable to similar and proximate users, networked data in a way that weaveit
GPS tagged.

Has to look good stylish [said laughing]
Something to compare my exposure to othexsthe feedback. And the GPS tag to look at where
LQY 3J2Ay3 FYR AT L gtyid G2 32 Fy20KSNI gté&od Li

Sarah VogelEDF

)l
T
T

Scenaria; Rapid response for disasters and LI pops.

Low input from technicians, durable, shadrm, triaged approached, use tech for prioritization

Buildingz y WI yASQad ¢KS dzaS aOSyIFNAR2 A& NILAR NBaLJ
could be low income population globally that have a concern. Easily deployedpawsupport
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for managinghe techg durable, info would need to be available not necessarily-tiea. This
could the triaged approachegisemiquantitative, you prioritize then bring in the heavy guns.
Barrierg cost, resistance as not seen as a priority with this approach.

Anrette GuiseppiElie- EPA

Longer term responses also.

IRB activities?

Other things you can do with rapid responsa device to use longer term after the short. E&x
world trade centerg 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 sftoas for the short term and longer term. The WTC
attacks had short and long term impacts.

Chris Pyke USGBC

1 Vulnerable popsReal need to focus on vulnerable populations.
1 Pregnant and nursing mothers in socioeconomic disadvantaged plages.|look athe

fragment of nursing mothers that live where there are chemical problems, we could create

Al YLX Ay3 o0laSa oAGK 26 20SNKSIFRI YR @2dzQR yS
to where the technology is right now.

Short campaigns and target thofmks. You need samplirgThis can be an incremental bridge?

This is something can be done almost now with tech available?

L GKAY]l GKSNBQa | 3I22R F20dza 2y Odzreftaml of S L2 L.
mothers and nursing mothers in soltyavulnerable positions with high chémlexposurec
matters for nursing. This could be targeteé 2dz R2y Qi Q y SSR I t20 2F 20¢

What you need is samplingR2 Say Qi ySSR G2 06S NBIf (GAYS® hiKS
vulneralde populations
0 Roel VermeulerUtrecht University
Institutionalizing these types of measuremeiqtthis could do it. Could this be in things
what are already included in pmeatal care? If the tech is part of something we already
do.

Priya PremchandranGoogle

=8 =4 =4 =8 =4

Scenarigg 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 sensoggpeople are making sensolosit what is a good one and what is not.
One use is a day in the life as an individyial your home, bus, office. Understand the
relationship with place and exposure. Question following up k@ir is not the only pathway.
How do we actually think abouwtl of the pathways. This gets to functionalityeaktime not

totally necessary. What is worth taking action? What is a good starting point for what can you
control and not control? Opportunity cost is important, but what we have realized is that the

standardization of senso®s A 1 Qa4 RAFFAOdzZ G (2 1y 2ndtgdo& | i I 1Sa&
! dzaS OF&asS RIe Ay GKS tAFSZ 6SQONB Y20AyS3 yKN\Ed
relationship between the physical environment and the cumulative chemta 6 SQNB SELR &S
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Air is not the only pathway. What would really enable people too take action is to address data
I NRPdzyR ¢6KI G dzaSNBR OFy FyR OFyQi O2yiNRf ® ¢ KANR
guality- what makes a sensor good or ngb good.

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

Lauren RiggsGoogle

1 Trustin the product. It is a relationship based decision.
T 2KAfS GKSNB AayQid adlyRFNRATIFGAZ2Y S odzi GNHzaG A
dSOARS AT L GNMzAG GKSY® LOUQA NBflFOGA2YyaKALI ol asi

Adrian ChiSam- McKinsey

1 Segment consumer populations
1 Parents may pay premium
1 From a consumer lenses, one way to do thistlinking about children. PCEMs will be
expensive for awhile. Who will the eadyopters 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.
T hyS ¢F@& 2F R2Ay3 GKAa A& G2 asS3avySyid GdKS O2yadzy
maybe parats would be the audience who would pay to know more about exposure, say for
infants.

JonSobus EPA

1 Use of PCEMS for water would be great goal
1 More accessible in near termdrinking water¢ no information on well water and if exposures
from differentmunicipalities 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.
2 GSN® LGQa F 3ANBFG FyR 2 Fdildok a@ihkingwatecas KAy |1 I 0
'y 3Sy0é 6S R2yQGQ KI @S Ay T zisthefe amSyftdcollgck G SNI SE
F3INBIFGS al YL Sa 27F K 2¢WRahareihe Influenéeg ohis? Loma S G NS |
hanging fruit here to collect aggregasamples and wonder where the results came from.

0 Roel VermeulerUtrecht University

In some way we are biased to think about air.

= =

T 2FGSNE FYR RNAY(TAY3a 6FGSNWP 2SS R2y Qi KI @S YdzOK
could map out the variation and séf there are industrial influences (contamination). IT could
make a big dent in managing chemical exposures.

ChrisPortier- EDF

1 Simple sensors like lead detection in faucets.

9 Following up on Jon, there are simple sensors | want to see. Something anicey that is
green and red and tells you if lead is coming out. That would be a good first application and |
would buy it.
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Doug Walkes Emory

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

9 Low cost and high throughput.
9 Link to other measurements like blood pressure.
91 Develop sensors for across the medical spectrum.
1 We want to advance critical biomarkers.
f aSyiAz2ySR Ay LI aairAy3aed L GKAYy] GKSNBhouttr aidiNRy3
15% of diseases have a genetic component efihe rest include environmental. We need to
have sensors to include environment into the health paradigm. Low cost/ high throughput is
important ¢ we need data quickly from it. Also universal cheahcoverage and linking to other
health data. Needs to be robust and be distributed widely. We wakthtow the clinical bio
monitors.
f L GKAY]l GKSNBQa | aidNRy3d O2yaiARSNIGA2Y Ay LINBO

rest are environmental. Kswing more about exposure is a huge opportundyimprove
precision medicine.

1 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 OwensUSGBC

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

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

1 1'would layer into that; the ability to aggregate in a meaningful way for a specific location. Need
to understandn the context of location. Need to aggregate the info to be able to react to it.
Needs to be location enabled.

1 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 infortioa and react to it. Networking devices is
interesting.

JenniferMcPartland- EDF

9 Bifurcationg medicineg patient care and noftargeted analysis for research.
1 Use in personalized medicine. Part talking about patient ¢ggm@u need confidence in what

youUQNBE RS G SO0 A Y Fargeted halysisifér haldBs@aich éatygollecting health

data and knowing exposuresh & (G KSNB | NBf I 0A2yaAKALK LGIQA RATF
9 Patient care you need to have accurate data. You could pull some, but not all data cditected
patients.

RoelVermeuler- UtrechtUniversity

1 We are doing big data project where not heart patient leaves hospital without sensor and items.
1 Background; through the medical university we are doing a project on heart disease. Individual
devices to knowriggers for certain patients.
T 2SQNB R2Ay3 | o0AG RIFEGIE LINRB2SOG 2y KSINI RAaSHa
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DavidRejeskt ELI

1 Mold. When to reinhabit building after mold. PCEMs could be used heliéd. Need
biomarkersg it becomes airborne. Need to monitor amdioor environment overtime. When do
you need monitoring?

1 We have to deal w mol(think hurricanes) mold becomes &iorn. Being able to understand
indoor environments re ainorn biologics.

Beth Trask EDF

1 Use this information for regulating

1 How can thiglata be used by government?

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

1 How agencies can use daaufficient quality and how agencies caranage data.

Benjamin BunesVaporsens

9 Forecasting
I Forecasting; one example is where | live in Salt Lghkworrible air quality in the winter. When
GKFO KFELIISyaz S Syl Ol ay2 o0daNYyE NBAGNAROGAZ2Y A
for that to kick in. | 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 @ladtis needaccuracy and cost.
9 Air quality is bad in winter in SU@.salt lake we have seasonal poor air quajignd the air
quality has to be pretty bad, but monitors could help to predict these events.
1 They enact no burn restrictions, but the air hagitgeriorate for that to happen. Can PCEMS be
used to predict when air will be bad to prevent air being bad?
0 Forecast when that situation will arise.
o Need to consider, meteorology, geography, etc.
0 Accuracy If you are going to take action in regulatoryvienment, the accuracy has to
be high.

RogerVicFadderr Former Staples/Consultant

1 Vulnerable pop discussion

1 Car seats strollers and having these devices integrated into themseats or strollers could
have these devices integrated in some fashion t@bke to monitor the situation around an
infant.

1 At cash registerg receipts. The impact on the worker who is exposed to BPA in receipts and
customers. My granddaughter was eating receipts and those are covered iIICBFARegisters
¢ impact of thermal eceipts in a couple waygsthe worker exposure and also the exposure to
the customer who touches those. My graddughter 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
sanner. Maybe the grocery carts? The functionality is to make them kind of backgedridy Q (i
disturb the activity of those doing the wor. K SNBE Q& 'y A YL} OG 2dhe 0 KSNXI €
the impact on the worker touching them, but also the exposure.
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9 Putthings in grocery carts to collect datategrating 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
0l O13NRdzyR YR R2y Qi LINRPRdzOS Y2NB g2NJ o

RoelVermeulern UtrechtUniversity

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

1 How can it be institutionalized?

9 There are applications on the population level and use for the individual to take action and
St SOIGS AYLRNIFYG® 2 S DS adydteacdvheke® beblis isi K G Al y S
important ¢ 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 &gkedevice that meets all needs

will be critical. Companies need to develop equipment in th42nonth horizon and show some

' dZRASYOS YR YIFENJ SO F2NIAGd ¢KS ySEG ISYySNridAzy 2
development of intermedite 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 @emine 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 lmtatill 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 discussig 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 genptdilic 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:

1 Grocery carts to measure worker and customer exposure

1 Monitoring of vulnerable populations (e.g. Car seats to measure toddler and ieXaosure)
I Forecasting weather and other conditions that lead to high PM/ pollution episodes

1 Mold (indoor)

1 Water monitoring (e.g. wells and municipal water systems)
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1 Medical practitioner measuring individual patient exposure in addition to aggregating for
research purposes
9 Postdisaster 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 poitioi& we can actually make it
institutionalizzd into citizen scientists, health practices, and occupational safety.

Participant Tracker

Question / Output NAMES AND NOTES

What key functions do users 1 Durabledurability, lightweight (Sarahvogel Roel Vermeulen)

. 1 Fitfir purposeportability, ability to detect multiple chemicals,

durability, affordability, ability to give useful individual level
knowledge(Roel Vermeulen)

1 Inexpensive (Roel Vermeulen, Beizhan ¥@alumbia U.)

1 Ability to compare data to existing datasetsmparability (ex:
measuring levels of lead in blood must be comparable to the
national dataMegan Latshaw, Roel Vermeulen)

Real time monitoring data (Janie Shelton)
Rapid response (Saratoge)

1 Context PCEM is usedontext of the data (location, time, etc.)
(Jon Sobus, Chii®ortier, John Decker, Roel Vermeulénnette
GuiseppiElie, Priya Premchandran

Where is there broad overlap 1 PCEMS need to be inexpensive
between functions needed by 1 Sensors need long battery life
various users?
1 Widely deployable
Types of activities participants 1 Public health research (e.gpregnant mothers)
\évou_ld F;ursm:_e w PCEMSs, related 1 Occupational health (manufacturing, first responders, soldiers)
evice functions (Jon D., Roger, Roel)
9 Building occupants (Priya and Lauren)
1 Quality Assurance (Roger McFadden)
9 Citizen science efforts (Megan Latshaw)
I Tracking patient exposures (Chris Portier)
1 Emergency response (Annette Guiseppe)
Other users that may have simila 1 Public health researcfe.g.- pregnant mothers, vulnerable
needs, face similar consideration populations) (Roel, Megan)

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

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

1 Medical professionals for personalized medicine (doctors
interestedin tracking patient environmental exposures) and oth
subdivisions of public health professionals (Chris Portier, Priya
Premchandran, Megan Latshaw)

1 Regulatory agencies (Benjamin Bunes, Roel Vermeulen, Anne
GuiseppiElie)

1 Public health professionals diparents wanting monitoring
information about infants (Adrian Chu)

Cost, price considerations that 1 Hundreds of dollars hard to reach (Beizhd@olumbia U. rep)
\Igvgtljz_ltl\j/llnfluence decision to use 1 Once the cost comes down, PCEMSs could be built into rygres
of devices (David Rejeski)
Other considerations that would f 52y QG tSi LISNFSOG 6S SySyvye 2
influence decision to use PCEM 1 Ability to communicate results (USGB@ot Chris)
The triage approach start with cheaper sensors then use more
expensive further down the timeline (DgtBanks)
Creating, leveraging linkages in 1 Crossagency collaborations within regulatory mandates (Annet
different fields GuiseppiElie)

C4. 9ELX 2NAYy3I | 2NAT 2yay ! LIO2YAy3a ¢S

Sessioescription

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 specifiew 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 wih 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 capitdlist @ f S® 2 SQf f OANDt S ©
about fundingtomor2 6 ® ¢ KAYy 11 Fo02dzi G$SadAy3a FyR @It ARIFIGAZY D
dza AY F 3IANIYG® CKAY] lo2dxi dASNI SRdOFGA2ZYy® ¢KS AR
82dz 3dz2a Ayi2 F2f140 ! 44 dzyd eidéserfestingthaty@u@O bagef A STS A
GKS Y2ySe G2 R2 GKIFIO® ,2dz Ory RSaAdy (KS aeadSvyo
highlighted.
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Water topic. Collect samples and then sample analyze in a lab.

There is a lot of public interest, as Mvas states and local munpak that are interested in water
monitoring. There are also industry actors interested in knowing how their operations impact water.
¢CKSNBE ¢2dz R 0SS Sy2dzaAK AyuSNBad FNRBY dzaSted GKI G @2

Re widespread deployment and improving innovation, what would be the advantage, why would | 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 wodl have to deliver a dry sample. Less scalable.

¢KS adlFidA2yINE Y2yA(l2NI A& a2YSGKAYy3I GKIFGQa 06SSy dz
individual is a big boon right now.

Is it continuous monitoring? That would have to be determined adftsslevelopment 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 hageKtl i Q &
actionable. Activated charcoal filter.

As a consumer youwanttoknagph (i Q& @B SIYSRSIIYIR A GQa y 20 ubtedlaidMB 6 f SY X
dealt with.

What about innovation and networkable datayou 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

Theoptions 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 responthe info they get is not always actionable. So multiple
actionsneed to follow.

PITCH:

¢KAad LINPRdAzOG A& 3dzZ NI yGSSR (2 62N] (GKS é6lL& ¢S al @
What we have in mind is to share a filtration system, consumer uses it, and we us mass spec to send

back results. There sdouble filtration system, so that you can step through whether someone has a

problem. There would be seasonable packages.

¢t KSNBQa |y 20 @A 2¢digl hdvdadcdess B a safe iv&er sgstei] S

2 K GQa Al 3 2ablyR001i52 pefsnplél We darNdodide 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 tothem. We need to know how to build demand for the project.
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PITCH 2:

Damages our lungs artide tissues. Many are wanting to know what the distition of airquality
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 pgofilin

28R YySSR (2 R2 22YS YENL SO NBASKNDK G2 YAYAF i dNR
PITCH 3:

Formaldehyde; many sources of exposure, espallyproducts. Goal is to have device to monitor
spaces, sensitive to 13 parts pelfibih (highly selective). Would be at a cost point accessible to the
market. What we would do ith the $1millionis proof of concept to get feedback on performance

FNRPdzyR FlLftasS LRairAdArAgSad hyOS (KIFIG Aa R2yS 4SQR 2
Follow updiscussion to pitch
Questions:

1 How do you know when filter needs to be changed? What dale/w it at end of life cycle?

f ,2dzQNB 3I2Ay3 G2 3IAGS dzaSNB | f20 2F AyF2 Ayiaz
know what the exposure means, how 8s done / communicated?
T LT @2dzONB dzaAy3 || FAfGSNE @&2dz KI @S G2 FAEtGSNI

{answer identified that there are double filter systems to know what was collected and what
was coming through}
0 , 2dzONB IXKBFEINEWYERNI a Yy AYyaG§S3INI ISR LINRRdAzOG @

Group (Came up with Formaldehyde sensors)
Benjamin BunesVaporsens

1 We have an award through EPA for consumer product for formal.
Doug Walker Emory

1 Reverse microneedle patch as a sampler.
9 First time using these were painful.
9 The initial testing did not work.

Romain LacombePlume

1  We work with Twitter in London where we strapped sensors to birds with a Nox sensor
1 We compared that with ground level data.
1 This approach helped us move protifmward.

RogerMcFadden Former Staples/Consultant

9 Do this with sea animals.
1 Collect a lot of data that way

Romain LacombePlume

research ) into)action” Workshop Noteg PageG25



Year of Innovation

1

[Missed what he said here]

Brendan OwensUSGBC

1
T
1

ob2i adaNB K2 O0NRdzZAKG 3IANRdzZLI 6l O1 (G2 51 @3SQa OKI

= =4 =4 =4

How does a surfer know that they have been exposed in water?
Sensoiproblem, crowd source problem.
Not easy to fit to surfboards.

Which device should we pick
Patch

Surfboard

Pigeon

LaurenRiggs Google

1
1
T

Formaldehyde trailers after Katrina
We get complaints that pede are exposed to formal
That would be helpful and demand for it.

RogerMcFadden Former Staples/Consultant

1 People heard of formaldehyde
Doug Walker Emory
1 For LEED do they look at exposure.

Brendan OwensUSGBC

Choose low levels of formal products. Yaill 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 uxyr supply chain?

LaurenRiggs; Google

)l
1

1

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?

RogemMcFadden Former Staples/Consultant

=A =4 =8 -8 -4

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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Rogr McFadden Former Staples/Consultant

9 If you meet NIOSH standard, you can sell for any application
1  Where would proof of concept focus?

See exercise handed out by hRRejeski

1 Look for an aggregator in this space. Target someone in this space like&tdblere are
discreet customers in this space.

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

1 Continuous education would be needed?

Brendan OwensUSGBC
1 How would you pay for it?
Berjamin Bunes Vaporsens

Their device is not readgr 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.

1 People who will buy in bulk.

T
1
1
T

Doug Walker Emory

i Target insurance companies for device too.
1 Preoccupancy like air quality commissioning.
1 Warehouses and before products ship. That is the easiest place to get formal monitoring.

Groups reconvened and reported out what they talked atiuere
Group 1- Chris PortiefEDF

91 Filter systent, We will test water based on filteFiltering systent send in your filter and we
GStt @2dz gKIFIGQa Ay @2dzNJ g GSNW

1 We will have doubleftriple filter system. We can sell packages of filievable or triplefilter
system. How many filters do you need to get your water cleaned up.

1 You can sell seasonal packagegater can change over time.

Packages of-8 a year to look as time goes on.

1 There is a real estate markepart of house inspection process couldlude water testing.

Obvious real estate marketbuild consumer demand to have the house checked before you

buy it.

Demand for people with private wells to check.

1 Under safe Drinking Water Agthere are no regulations for private well water systemkis
could be a market for filter system.

1 $100150 for labwork and filter would be free by working with Brita or someone like thatst
¢ if we negotiate it will be about 16050 for labwork per sample.

=

=
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0 We could negotiate witlBrita or other type of wagr
0 Somewhere below $200 for profit and for doing the samples
1 Validation would be simple, this would be che&pild-up and validatiorr small 50 or
something validation to go in and see how consumers react.
0 Social science work to figure out what peopleniveb hear.
1 What do people want to hear and how to build product demand?

Group2 - Janie Sheltor23 and Me

1 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 GAI2.5 is a verdangerous thing to be exposed to, you
R2y Qi ol yid G2 SESNDA&AS 6KSy GKS tS@Sta NB KA
People want to know localized information about air quality
Our idea is to have device like credit device on smartphone that could detect PM2z5.
device, similar isize 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.)

0 That data could be aggregated to the cloud like traffic apps would be aggreded to

a website to get more information (like a traffic app).

0 Could be displayed on a contour map that could be used for public health research.
1 Need market research to get info from device to cloud and markefingi-> Market research

for miniaturizirg, building the website, etc., app development, understand the web portal, and

marketing.

= =

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

alN] 9LJAGSAYY [SiQa GKAYy]l o0Se@2yR Y& LINRBRdzO
Janie Shelton: the backpack slzensor developed by IARPA. Jason is working on this
CSATKEY [ FyYyY GKEFEGQa (22 KSIFge

John Decker: If you have peaks during the day, the peakmamtantthat the overall concentration
Roel Vermeulen: That would leentinuous

John Decker: Detect the pesiandassociatehem with health issues.

Beizhan Yan: Like asthma can be triggered

Janie Shelton: Imagine a mobile device.

Annette Guiseppklie: Water based

Janie Shelton: The clip on things that you scan a credit card;wiimething like that fodata. You
could be detecting PM2.5

Jessica ReineNASA measures thatbut the resolution of the data is higher. Do you need a monitor in
I LK2YyS 2NJ RSLX 28 GKS Y2yAG2NAR (GKIFG @2dzNJ LIK2yS 02
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Beizhan Yan: Like a BluetoothK SNB Qa |y | OGA @S 61 GOK GKIFG 3S a RI
¢KS T OGAGS 61 GOK Aa | OOSLWIiAYy3a RHGF® LGIQa y=2i y)\
C2dz Oy aA3dytto LF Al Aa y2ésAdK &2dz Ad ﬂ)\ff i s

Roel Vermeulen: Another. A university camgugetwork 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 Shieon: People are less interested in average exposures. They want individual exposure. You need
to go to the individual level

Roel VermeulenThe issue is how to get therd/hen you go to indoor, can we actually, could NIST not
only regulate temperature butlso measure PM2.5, CO, atdgrritants in the home environmeng
GKIFGQa + O2yadzy SN LINE Rdiddia Xz AR LB2NIf Gf MY ly{S (@2 yo s

Mark EpsteinPlugin device that plugs into infrastructure. Could we get that to a pioda that the
device is sitting in houses everywhere. But what is it testing?

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

Priya Premchandran 2 dz YSSR / hX /hud 2KIGQa dzy Of Stdddshia o¢KI
the particular CO exposure mean for you? CO is pretty @asytoo much innovation there.

Annette GuiseppElie: We need something else to be interested in

t NA&F t NBYOKIFYRNIYY LQY |GGFOKSR (2 GKBG SE2EB &N
give you the personal level you need unless you have other data points to contextualize it.

Roel Vermeulen: But indoor is easigk (I Q%% af your time

Janie Shelton: These products exist already though.

All: but not for other pollutants

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

Beizhan Yan: what about benzene?

Jessica ReineYWhat if the monitors can all talk with each other and compile the data. Likbiato
pull in data from all of the sensors

Mark Epstein: We need a narrow focus. Is there a benzene or@nit reatime one. Is benzene
important enough in the office environment?

Janie Shelton: One concept is aggregating data from sensors and deriving -¢irsigagposure

SAaGAYIGS F2NJ GKS AYRAQGARdZ £ & ¢KFGQ& F LISNR2YFf | LI
2y F £20Ff LEFGF2NNO ! 33INBILGS FyR dasS ALl GALE Ay
Annette GuiseppElie: Thereneeds®S | {h 211 ¢K L{GQ& 3INBI G odzi 6KI
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WEYAS {KSth2yY ¢KS LRAYy(ld G2 GKS AYRAGARIzZf Aa aKS
individual must make the

Mark Epstein: The idea is a data aggregator and estimator

Roel Vermeulei [ SGQa &l & oot carNdodehtysSvithLtine\dllotafidn Snél 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 yourex@gdsi® Ly GKS SyRX L R2y Qi 1
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@hdtv many people would actually buy it and
wearaFA i oAl fA1S RSOAOS® alye F2f1a 62yQi KIS | £ F N
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 produbtt has a demand and tag a sensor along with it that is

helpful for the larger community.

Jessica Reingekets think about the community we want

Priya Premchandran: We need to understand what individuals have control over. In my home, | control
my thermogat 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 thidltsell.

Annette GuiseppElie: What is the chemical.

Jessica Reine€hemicals in the news that people are worried about.
Annette GuiseppElie: Formaldehyde in products.

Beizhan Yan: What about benzene?

Mark Epstein: Formaldehyde is a problem. @é@ go to the companies and invent a great formaldehyde

sensor that is Bluetooth connected to the phone.

JessicaReinér L¢ R2Say Qi ySSR (2 o6S (KIFdG RGFYOSRd | 2dz C
exposure to formaldehyde. This is somethingl yeant to remove yourself if you are exposed to it

BeizhanYai LU OFy 6S | 26> YSRAdzYXZ FYyR KAIK O2f 2N
medium, and high

Roel VermeulenDo you envision this to be in a staggsomething that you putinad¢hf RQ& 0 SRNER 2 YK

Where would you put it?

Janie SheltonSeems specificY 86 S A i Qa Y2NB 200dzLd GA2y Il £ SELR &dzNJ
in the news. Everyone wanted to know if we could run in the air, etc. We would have done very well to
have some sordf app to have .

Annette GuiseppElie outdoor PM detector. We know that there are these data out there.
Roel VermeulenWe want to get these detectors small

Jessica ReineWe need app development.
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Group 3- Benjamin Bunes/aporsens

9 Indoor monitor forformaldehyde.Indoor monitor for formaldehyde 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, efmjnes into the environment

through prodicts ¢ adhesives, paint products.

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

1 Sensor will be sensitive to NIOSH standard of 13 pphsitive down to 13ppb, highlyleetive

(also ethanol and methanol), cost point that is accessible to the market.

It will be accessible to broad market of interested users.

1 million¢ do proof of concept studies where we can feedback on performance in the field. Will

work with groups taaccess populationd. 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 ventuitelcapd

co-development products that might have interest in the space.

T
1

= =4

Comments and discussion on the group pitches:
ChrisPortier- EDF

f What do you see as path forward for GROUP 3?1 (1 Qa (G KS LI 0K F2NBIF NR T2
sensor? Would this be muitilexed at some point?
0 Benjamin Bunes
WAIKG y26 A0Qa 2yfée F2NXNIfRSKERS® Ly GKS Fo
get to market, and can fund the development of future products.

1 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.

1 ChrisPortier¢ There are companies that offer things like temp sensors in home? Can you
partner with them?2Would you partner with networks and companies who are already doing
this?

0 Benjamin Bunes
Yes. For our followp funding, we could wor&n codevelopment.

1 ChrisPortier¢ We are looking to selling product for less than $1002 cost?
o Benjamin Bunes
Less than $100

Jon 8bus- EPA

1 Can you have a lowost option to detect possible places where you would do more wiiikat
about a tool thata 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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SarahVogelc EDF

1 Formaldehyde ia pollutant.
i 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; 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 orgsThat could potentially be done with foundations that work with fow
income communities, could sell to the foundation instead of the community.

= =4

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

Chris Portier EDF David RejeskiELI

1 Why PM2.5 and not ground level ozof&/2.5¢ why? Why not ozone?
0 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?
0 Beizhan Yan
It couldbe big in other countries.
0 Janie Shelton
C2NJ 20KSNJ O2dzy iNAS&asx Al YAIKG y23Gd 0S | 02 dz
o0 Chris Portier
How volatile is PM 2.5the pattern is regular. Why do a need monitor if there are
regulatory things in placé.he need scenario. How volatile is PM2.5? It clearly changes
morning to evening. Why do | need a monitor if there are already regulatory nrenito
0 Janie Shelton
Would you move this tech to international aid organizations® spatial resolution
issue is always an issue for the individual uSpatial resolution is necessary.
0 Beizhan Yan
Sometimes, you have exposures that are more random. Likadom street could have
much larger. Also different buildings could have different readings. In terms of the
LISNE2Yy |t SELR&d2NBI A0Qa LINBGGe dzasS¥dz
o Chris Portier
[ SGQa 3SG o001 2 GKS AYRAQGARZ f ¢K2 A& 32
0 Annette GuiseppElie
There are many gportunities!
o Chris Portier
Every time | want to check a new area, | need to stop and look at the thing and keep
going.
0 Annette GuiseppElie
We will be additive to this
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Roger\VicFadder+ Former Staples/Consultant

1 1am going to take on Chris P.

9 Your filter idea is interesting:O your filter idea> Interesting!

1 How do you know when filter needs to be changéd?v do you know when it needs to be
changed?

1 What do you do with filters?Vhat do you do with the filter afterwardPhrow them away? Are
they toxic?Does it have chemicals in it?

ChrisPortier- EDF

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

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

T LQY 3/2@ LIAGOKAY3 GKS TAL 0 SNJ a @ dmin&ed wvatet, K& NE | NB
OSNE SELISYar@dS (2 AYSELSyairAdSe LQY y20 LAGOKAY
develop specific filters for specific circumstances. They can spin off of our idea.

Jessica ReineNIST
f {2 @&2dzQNB 32 Ay afinfo2HovAdo Yol explaindre 8sk3 | 2
Chris Portier EDF

f '3AFLAYZ LQY y20 LAGOKAY3 YeaSt¥ a azvysSz2yS gKz2
exposure is and what the solution is. That requires a lot more information. | can tell you how to
get ridof it.

Jessica ReineNIST

f 2KFEG AF @2dz KIS OKSYAOFfa &2dz R2y Qi 1y26 o6KI I
Chris Portier EDF

i Bottled water.
Jon SobusEPA

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

RoelVermeulen Utrecht University

1 Filters are showing how effective the filters are what is not being filtered o6t.dzO N5 G | £ 1 Ay 3
I 6 2dzi SELJ &dzNifftebc e 2dDNNE A AYINNY I A G 2dzid {2 &2
GKS FTAEGSNI A&z odzi y20 é6KIFIGQa adAatt Ay GKSNB |
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ChrisPortier- EDF

1 You can tell them what is in the water.

1 Test the first layer and see what th& filter caught.You can always test the water after.

{2 @2dz Oy FANRG G(Sftf GKSY ¢KIFIGQa Ay GKS ¢l 0
You have a double or triple system. Test the first layer, then the second one for what got
0§ KNR dzZaA K & | drazaNd&EmetthoRdgh.AYyguan¥o back to test the water afteut
GKFEiQa Y2NB SELISyargSo

(p)

JonSobus EPA

1 Flow through issues. A big component of the market is people with no filters. We can offer
packages show diff kinds of removahere are flowthrough issues. A large component is the
AYRAGARIZ fa 0K2¢RRYyQIY KIS wW2¢ FTAKIGBNE Ay GKIF
get it exhaustively, but we can offer packages for different types of removals.

DaveRejeskt ELI

9 Each group came up with sathing quite different in their approach with no prodding. There
was an outdoor, indoor, and water based PCEM té&.came up with indoor air, outdoor air,
and water. Anything that struck folk?

1 Interesting to think about the technology, how users usauit] 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 isg@specially when FEMA
comes in with temporary housing issué&sach 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 havingandigvice for a phone

(similar to what you see for credit cards for miwring). 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 pbtentia

monitors, the choices of indoor vs outdoor vs personal continuously came up in addition to the choice of

G KAOK OKSYAOFt® .20K o0Syil SyS FyR F2NXIf RSK&RS 4SN
GKI GKe ljdzSatAazy SOSNE GAYS I RSOARS (GeLJS g6Fa LINELJ

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 dewuitat 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
hedth professionals. Criticism of the device included the choice of chemical, usage in other countries,
and ease of use by individuals.

research ) into) action” Workshop Note$ PageG34



Year of Innovation

Participant Tracker

Question / Output NAMES AND NOTES

What specific new devices are on the horizon? The groups identifie@ items:
1 Formaldehyde sensors

1T PM25

1 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 it

easier than detecting many.

Important Cost Drivers

(0p])

C5  LYGNR (2 95C g2NJ 2y =+h/ a o.
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 tchelp 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 pragter 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 thingbat 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 PAMargest producer of natural gas after TX.

Wells have come up in 102 years. 10@00wells 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 calijrus and worried about air quality. Can EDF provide monitors?
Community level monitoring efforts are happening because of grad students and lab testing
sites.

9 Air quality pogram in UC Boulder.

=4 =4 =8 =4 -4 -8 -8 -8 -8 -8 a9
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research ) into) action Workshop Note$ PageG35

(@niN



Year of Innovation

1

Build equipment for 1000 or you can check them out from UQd&og not saleable model but
what is being used by citizen science.

Key Point from David Lyons from TX EDF office.

= =4 = =4 =4 =4 =4

=a =

=8 =4 =8 =8 -8 -8 -8 -8 8o

How can we improvise monitoring in O&G areas. What can move us to help fill the void?
Partnership with CornelEDF

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 apprpasing 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 viliens from mobile system.

Low costs eventually 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 feregiated 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 gettingorsome 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 onissues we are facing?

Sarah VogelEDF

T Community engagement was last point. What do you plan on doing hese® community
Sy3Ir3asySyid a GKS f1ad odAf t Sid 2KeQa (KIGK
deal with.

1 We will be driving in neighborhoods?

USGBC
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1 Big fan of wind and solar energyhave you thought about doing this study around those sites
for comparison. Would be interesting from a marketing perspectivbit of a cheeky response,
have you gien any thoght around those generation assets? The contrast could be striking.

MeganLatshawg JHU

1 I'work with students; | just saw a 14ear old (?) who invented a product to detect something [l
missed the specifics herd]get to work w a lot of students a Hopkigthey love challenges. A
13 y/o invented a way to detect lead in water.

9 Put a challenge out there and see what you rettting the challenges out there. Laser

absorption sensors are a bit issue.

David Rjeski- ELI

9 Laser absorption sensors could getchgap fast sensors.
f  Google Street View cars could drive around and detect. R2 y Qi aSS gKeé (KS D22
O2dzZ RYyQli RNAGS | NRPdzyR®
9 Biogenic VOCs could be issue too.
Beizhan YanColumbia University
1 1did some work around the shatghe signals cabe affected by trees and environmental
interveners. RESPONSE: background concentrations is going to be low enough we hope that it
g2y Qi 0SS | LINRPofSY FT2NJ Y2RSNI S FyR KAIK SYAaa
biogenic signals.
C6. [ dzy OK yzRy 520ya OadbdaNIAS G 5SYIF YR 6 w2

LI yStA&adao

Narrative Minutes

Roger introduced discussion.

1

1

1

In 1996 was working with industrial hygienist in electronics sector. They are looking to protect
product. There were instruments in their clean rooms. Poligbivas 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 | worked with environmental engineers for monitoring in estuaries. There were toxics
coming into estaries 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 | was looking at cleaning products that would clean chemicals. The
customers wanted validation, so | worked with them to come up with monitoring. | 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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PriyaPremchandran Google

1 Works with design and constructidor Google and Lauren is on operations of bldg. side.

1 Operate businesses for employegeso 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 toa In the Bay areq commuting also. We do care about people.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 resty to
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 measmd communicate to others?

LaurenRiggs Google

1 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 areaing is ok. Productivity is key so we want to monitor for health and
how that affects.

T ¢KSNE ¢oSNBYyQl YIyeée NBIRE
GKAy3a GKFG YFE1S aLk O0Sa
begun to use sensors to help understand.

w»
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Benjamin BunesVaporsens

1 We are startup from U. of Utah with staff of 15.

9 Building sensors and instrumentation and current sensing platform is desktop monitoring
system. Outdoor air quality monitorireind 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. | am a tree hugging OR boy. Our director is focused on sustainability and the CEO is a
former enviro manitoring corporate person.

9 15 person teang work focused on building sensors that monitor outdoor air quality, and have
contracts to monitor indoor air for zzz. We have DOD contracts too.

ChrisPyke- USGBC/Formerly with Aclima

9 Chief Strat officer for Adtia (how with USGBC) | have been academic, NPs, venture funded, |
feel pretty passionate we can build better built enviros. | believe in market transformation. | like
energy and carbon, we do not have transparency in field. Aclima is San Francisco tpanycom
¢ trying to make visible from data collection to action. We do sensors on people. Create
transparency and make market transformation happen.
f C20dza AY 2y YIFENJSG GNXYyaF2NXYIGA2Y T GKNRdAAK 0O2Y
transparency in invisiblenvironments. Acclima (company name) has been working to make
invisible attributes of the indoor and outdoor environment.

JanieShelton- 23 and Me (Epidemiologist based in Mountain View,)CA

9 1'am on data collection team! work on phenotypic part of product. We offer small kit and they
spit in tubeg health and ancestry product ($199) ancestry ($99). Our companies experience may
well to PCEMs. Ann___is owner of 23 and Me and she did herastind. 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 chdicésS Qa Ay G KS RI G

team, works on the phenotyping products. Ttafer a health and ancestry product as well as a
ancestry only product. There are opportunities for these things to overlap well w personal
chemcalmonitoring.

9 The story line of 23 and m&he story for 23/me (to come).

Roger McFaddenFormerly with Stajes/Consultant

1 For Google: Make healthy enviro for associatgmu have walked the talk in this area.
1 How are you using devices now and what would you like in a deviee perfect device?
I To panek How do you use monitors now? What data would Yi&ea to have?

Priya or Laureig Google [Not sure who responded]

9 Larry Page bought a particulate sensor and ran through the office to see what he found.

1 We use a lot of methods. Ideally annually or biannually, we do VOC scan across the office and
set up ou 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?

1 Log data every hour or things team can take action on every day. Freqgéstoporal
distribution would be good.

1 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 wiailough of the office.

T 2SS g2dA R tA1S G2 FAYR I NBfAlIoftSE OFftARFGSR
minute, but that teams can to react to every day. (So, increasing the of data incoming).

1 Something else we struggle w, how do you feed tlaiskiinto the decisions that get made?

2 KSy @2dz KAG az2YSUKAYy3 2ygwhatdioulo witlkthel Qa 06 S& 2y R

information?
Priya Premchandrag Google
1 How do you feed that back into decisions that are made. How do you translate that inta&ctio
Roger McFaddenFormer Staples/Consultant

1 Where is the trigger at? [Question Benjamin Bunefom Vaporens]l read that you ask
customers to test prototypes and feedback into the organizations. How important are pilot
programs to the organization@an you share an example where a pilot program has led to
success?

Benjamin BunesVaporsens

1 How important are pilots in product development and go to market strategies? Examples?

9 Our pilot is super important for business. We are phase 2 company withimtSbart 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 ingggrwith device someone else is making. We
are selling to other companies who have sensors.
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1

hyS 2F GKS stea GKFG 6S 384G Ayd2 YIENLSG A&

companies that have a need to get into the market.

Roger McFaddenFormerStaples/Consultant

1

Pilots would be good than. [Yes was the answer]

9 Tech is new and built to be scaleable? What are the barriers to get to scalability?

Chris PykeUSGBC

1

¢tKS aSyaAiAy3d AYyRdza(iNE aA0GNHZAIT SAXAYR2ZNMostS I NB
R2y Qi KIS SELISNIA&SP /Iy 6S o0daAtR  Odzadzy
BusnessOpportunity ¢ tell people how to better manager their buildingghe issues that we are
GNBAY3 (2 GFO1tS Aa O KédtcugieysRRopl&lwhg BageNG ofa St £ Ay
aLk OS YR SYLX 28SSad ¢KS O0FNNASNE (SyR (G2 0S
meaning of the data. The indoor environment is relevant to job function (operational efficiency)

and how that matches with tectulogy needed.

The outdoor situation is different. Bothdoor 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 rof@utdoor sensing is simplerin particular

because digitamonitors 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
Fff G2 GKSyaStg@gSaod ¢KS O2YLI yASa dGKIFG sl yd 0
problem is most severe.

Roger McFaddenFormer Staples/Consultant

)l
1

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 paw téayet other
organizatiorsinto this space?

Roger McFaddenFormer Staples/Consultatd Janie- 23 and Me

1
)l

What are the effective components in marketing?
What can we learn from you in PCEM space?

Janie- 23 and Me

)l
)l

=A =4 =4

Founded in 2004 it old in Silicon ®lley years.

We are successfallong 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. 3840% are ancestry sales only. BaRing 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 hugeess.

In 2006¢ 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 d@®@mpanyhas been around since
2006.

1 For one day the company sold,000kits in one day and the entire company was doing
fulfillment. There was one person doing that analysis before.

1 What is the price point and how are we going to drive demand? If a PCEM d¢héests o
companies will need to improve. We do genotyping and then imputeQDlbf 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@doihappen but get to
yes/no as quickly as possible. We forced lllumina to kééphave an advantage of having
genotypes and phenotypes in the same database. That took a lot of foresight.

1 FDA sent a letter to us that we could no longer provide genegionts. 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 dost®use by one person.

It comes from the partner company in flat files. Fast forwaedfew 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.

1 They began genotyping. Eventually the EPA began restricting the company from offering health

feedback. The kit price stayed the sameldhe database continued to grow. After 2.8ays of

working closely w the EPA, they created the pathway for di@consumer genetic feedback.

t SNEAAGSYOS LI AR 2FFZ YR y2g (KS2QNB G(KS 2yfe

23 and Meg We created the regulatorygihway 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 relevantinformatics and automationg.wo other pieces that is

relevantc informatics.Informaticsq i K S NB Q amotint ok dizd fom every user.

9 Our product is computationally intensive. As the demand groéte 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 contpacy, and maximize data collection. Make use of
advancements in big data

1 Key nuggets from 23 and Me.

You have to ID what you are good at. Embrace what others are good at.

Leverage volume over price if you can monetize data.

One approach is to use Wi@ney to build dataset is the current system.

Work with regulationg being regulated was inevitable.

= =4 = = =

O O oo

Bigdatag] Saaz2y FTNRY ! al ® 9NA]1 I &l SR I¢sdpditeandtdsp y > 06 dzi
Roel VermeulenUtrechtUniversity

T Networkeddat A& @t fdzr 6tS o0dzi LIKeaAOlt &l YIRAIYIIENE 3
distortion.
1 Knowing something about your environment is in some ways threatening.

[Analytical noteg this seems like a real gap we need to address early].
Erik FunkhouserRIA/Uniersity of Texas

1 1'work in electricity marketg data about people consume electricity. The data will be available.
Big data is an issue. Networkable dgtget the data into the community to make it usable.

research ) into) action Workshop Note$ PageG41



Year of Innovation

ChrisPyke- USGBC/Aclima

1 Look at energynetering 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 saenedassulf this
stuff is monetized by companies.

Priya PremchandranGoogle

1 Adding more complexitg you create vertically integrated items. There is need for
infrastructure.

[Discussions around monetization of data]
Roel Vermeuler UtrechtUniversity

1 Whatis the predicted value? If | take 23 and §/I2NA is static if | send a volatile sample id
dynamic.

1 Negative effects: In pops | studypeople with ALS for exampédooking for reasons why they
are ill and how to extend life. | work about metalkieh 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?]

JanieShelton- 23 and Me

1 General philosophy is people can be trusted with their informativhen at home pregnancy
1AG&a OFYS 2dzi 62YSYy 62dzZ R GKNBg 2FF (GKS OoONARR3S
trusted. | think the concern is valid Roel. There is a market for it and people want to know what
is in their bodies.

David RejeskiELI

1 Howto figure out regulatory impact?
1 Verification of performance.
1 Take uncertainty away from investors that it will not get derailed by regulators.

JanieShelton- 23 and Me
1 One company can be a trailblazer.
ChrisPykeg Aclima/USGBC

1 If we are looking fosensing data.
1 Cleantech investors do not have appetite with health deals.
1 You need health investors or Clean Tech folks to change their ideas.

EDF Staff person

1 How to help vulnerable communities?
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Priya PremchandranGoogle

9 Approach for us is we do not whaa 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 McFaddenFormerStaples/Consultant

1 Need a business case for doing this. Direct relationship to value proposition.

~

C7. £+h/ Y2YyAU2NE Ow2YIAY [F02Y06S0U
Session Description

There are several distinct categories of VOC monitors, including samplers and sensors. The diverse
device mthways 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 twostjoas: 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, inclsdimgplers 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?! NB ( KSNBOK ISRy éa ZlSadzS2ya € SFENYSR GKIFG O2dA R 0S5
chemical exposure monitors?

Narrative Minutes
How do we accelerate VOC? Why do we want to?
25Q@S KFIR I INBIG O2y@SNREAIFGAZ2Y NB K2g

Take some time to reflecBefore we move into the exercise, they key is to recognize this is a very multi
facet. VOC is a complex begst 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 usé¢harscial 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 thesechnologies As we grapple w the value chaoar 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 foCg@e cost and sensitivity, how do they play off of
each other?

2) what is the industry roadmap?
3) value chairg what drives interest in the current solutions?
4) institutional content; This broader question re how do we broaden our exposure to opities?

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]

 Pathdependencel NBYy Qi G KSNB A&dadzsSa ¢ aéndédced DomdR&R FTa NB
in more than others.

1 Interoperability¢ How do we deal with the value chain aspects without thinking about risks
associated with incompatible measurement?

1 What use case? Is it possible that developing around specific cases reducestamdiag of
applicability to other cases?

Ask to group: take-3 minutes and write down ideas for use cases for VOC monitors and where they fit
in the value chain.

Roundtable:
Roel Vermeulern Utrect University

1 Sudy of birth cohorts, to look at VOCmosure in vitro.
Beizhan YanColumbia University

T LY b,Z IINB +£h/ & GNAIISNAY3I alKYFK [/ dNNByife ¢
Some of the companies, like RKI, have devices, but very heavy and not terribly specific.
Biogenetic VOCs, iby have the sensor, then your VOC level is higher. We would at least be
able to know what the role of biogenics are over Huns.

David RejeskiELI

1 Worker exposuresg order of mag higher exposures. Levels of tolerable exposure are typically
set. Alsoworkers are used to carrying equipmeph G Q& Sl &ASNJ 2 YSIF adz2NB 42
total exposure load.

0 Roel Vermeulen
LF¥ &2dz Ldzi GKFG Ay | NB 3 dz | {2 NB TNJ-YSéZNq {
have to differentiate.
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Google team:
T 2KFGd 6SQR tA1S G2 o6S F+toftS G2 aortsS Aa (42 06S o
spaces that they have, so that they could characterize and prioritize speciation. From there,

maybe they monitor for less.
1 Responses to google team:

USGBC
1 Events are often the trigger. There is another strategy.
RogemMMcFadden Formerly with Staples/Consultant

I We need a process to come up with validating. Who in the value chain should be collecting and
presenting the data?

Roel Vermeulern Utrecht Universiy
T IF | &aSyaz2NJ ArAa O2YLX SGS y2rAaSz GKSy G(KSNBQa y2
there. The sensors need greater refinement. | do believe in the citizen science framework. But
we need to be able to link it to the data to individuals.

Bezhan Yan Columbia University

9 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 aifizen and regulatory science.

ChrisPyke- USGBC

1 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.

RogemMcFadden Formerly with Staples/Consultant

 IfyouR2 @&2dz ¢l yid (2 LINR2SOG 2dzi 6KIG (GKS whlL g2 dz
$5,000 monitor on a school, think of as $1 per student.

Roel Vermeulern Utrecht University

f In Beijing we put regulatory grade solution on the roof of schoolsto FRageOA 8 A2y 4P 5A RY G
to be small and expensive.

JasormAmsden Duke University

1 The prices could drop precipitously if there are more users. To flag that, some of the
AYGSNBASSSSa YSYyiAaAz2ySR GKSNBQR 6S OKFffSy3aSa o

RomainLacombe Plune

1 How do we bring down the costdooking 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 keyyesso YR ARSI & GKFIG 685
shareq how do we bring down technology costs.

On the Scurve, 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, dpand value.

Who is the purchaser

= =4

=A =4 =4 =

AileenNowlan- EDF

1 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 YanColumbia University

1 Sudying individuals w real time data, but how to use? If you have RT data, the relevance of
measurement of specific

Roel Vermeulen Utrecht University

T WS (GNB (2 OFtAONIGS RIGFE® [ 2dz KFI@S + 20 2F (K
make sue that the results are accurate.

Lauren RiggsGoogle
1 The lack of transparency in the analysis makes it hard to consume.
Romain LacombePlume

91 Bringing down the cost of more expensive mass spec? can the tech and processes be driven
down? The alreadgheaper sensors, the data need to be made more useful using transparent or
validated processes that hold up to more expensive techniques.

C8 t/9a{yY [Saazya FTNRY S5AFFSNBYyd C
Session Description

Within research disciplines but outside ot public health system, essential kndmw and resources

for developing PCEMSs exist. This session will explore ways in which technological and process innovation
within other research disciplines can support PCEM development for public health applicatipag

by exploring the interplay between distinct disciplines in the development of VOC monitoring.

Narrative Minutes

[Came into room £ minutes after session started]

Kristin Dewitt provided over view of her work with IARPA.

9 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
LQY 2dziaARS 27F {§t3noreigedetahevirdkrBents]applyth€se Bdsdis to
other sessions
f Intel communityg leverages techrbm defense labsDefense applicationsL. QY Ay 0 KS
Intelligence community.
1 IARPA is under national intelligence
0 Mission is to give the gadgets to the folks to collect ligehce to protect the country.
1 They develop a lot of thingsitelligence communit writ large develops a laf some things DOD
R2Say Qi RS@St 2 LJ®
1 There are things we develop the sneaky territary. wt | RS@Sf 21Ja 0KS aaysSlh | e
o DOD develops things that keep soldiers safeDc¢ keep soldiers safe things that will
kill immediately.
o Intel is more strategic find people who are making things before explodirig: have a
more strategic, different signatures, different types of sessions.

=A =8 =4

1 Looking at precursors to development of tech
9 | am the Chemist at IARP2he is the chemt at IARPA.

o If I touched something bagFind that kind of materials

o0 UselR

0 SILMARIL&detection of trace chemicalssensor that could detect that

0 MAEGLIN Program at IARPAIAEGLIN building small sensors that can run 2 years
unattended¢ chemical dentification in challenging environments

A Tech that the intelligence community can adapt

0 Have shoebox size thing that collects data and last for 2 years and .

0 Ithildin ¢ Program at IARPATHILDIN sampling material to sample air qualifyat
molecular,nanoscale, and mesoscale level.

A Take advantage of nanotechnology at different levels
o Sampling materialg absorbent and samplerS.eedlings/ studies-capability
development project.
1 Take a sample f
1 4 capability thrusts areas slide
1 Seedlingg cap for conponent development
1 Do you do bio detect?

0 Other folks do this at IARP&ther people at IARPA do biological aspect of things
people have found that the signatures look like other types of produgibiological
detection aspects

A LT &2 dzQNB weapiizedbibidgicd &ghiditHere are different
approaches
1 Iam doing small molecule detection.
1 What are intel agencies looking for?
9 Bigger pictures for PCEM

0 This information is used for:
A Trigas monitorg, confined space places
o Development of wearablbadges to develop chemical sensors. Some are commercially
avail. Wearable badges to detect toxic charak ¢ 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 situ&n that is or could soon be hazardous. CleaB you are looking for
are ones that could kill you instantly or very quickly (not really worried about long term).
Keep first responders safe.

Focus on concentrationS.oncentration level and types of chaalst not ppb or ppt.
Looking for nerve agents and conventional weapons.

Small test kits and sensors for the defense gjdeore traditional chericalattack agent

¢ indicator paper, larger sensors

Fitness or biometrics monitorsitness/ biometric wearabt first responder scene
people have to wear a lot of gears in this situatimere have been issues with people
getting into a heaistroke issue or a panic attagkyou need to make sure these people
are in good health. Off the shelf type of gear lith different.

A Training exercises as wetimake soldiers realize when they could be about to
0S AY I KSFd adNRB1S &aadildz 4 Acalgedsing, KI G A a |
but it falls into the component

0 Keeping track of people wearing devices indrdmus enviro. Soldiers can recognize

when they are becoming heat compromised for example.

o0 They look fochemicas that could harm soldiers or people we want to defend or things
that could harm a mission

O O O O

(@)

Charge question:
1) Important success of tech?
Biggesthallenges?

1 Top down implementation without talking about it first with folks

1 Looking at badge that you are going to use.

T DSG 2@SNJ Odzf (1dzNI f NBaAaidlryOoSe L Oy R2 Y& 2206
use tech? It never bothered nwhy should | care?

1 Deploying something that makes the job harder will not work? Uncomfortable and extra
paperwork.

1 Soldiers are already carrying pOundsof gear. For bldg. tectlook through the common sense
application.Deploying something that makeseljob harderg paperwork, weight, etc. (even 2
pounds more on top of 50 pound gear is horrible)

1 Time sensors in bathroom cannot always work well. For example. Understand how tech can be
used well and not resisted.

1 Making sure that the fitness of theoldier is OK need to get people to adopt the new
G§SOKy2t23& IyR y23 6S NBaradryd G2 A4 6az2f RASN
doing their job well)

I You need to think through the common sense things so that the technology ligcidopted
and not laughed at.

Helpful to know early on?

1 Price point for things that save lives obviously = you just biyiite point is less of a deal in the
I2PSNYYSyd AF A0Qa | ftAFS 2NIRSIGK GKAy3Id LGQaA
1 Peopk need to understand what something is used for.
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JennifertMcPartland- EDF

1 How much are resources to build new tech vs incorporating newall the tech you are
developing, what amount is already out there in the market vs. what do you build?

KristieDewitt - IARPA

! IARPAonly makesnewtechsi L ! wt ! > ¢S R2y Qi AYyO2NILIZNFIGS gKI
advanced intelligence technology agency.

1 IARPA levels from4.c take things to initial ideas to protypes. That is where our investment
is.

1 We are 510 years from commercializatioltRPA develops from initial idea to the first
prototype you cantest i KI {1 Q& 2 dzhd YA yRIS@SIfYSIYAly 3 KAy 3a GKIFQ
10 years from commercialization).

1 FBI and NSA will go and see if there is soingt the field already, then they look at dev labs
within their agenciesI'he other parts of the community (FBI, CIA) looks first in the commercial
world and government, then they would turn to IARPA.

??7?7?

1 How many level 4 readiness techs get adopted.
Jennifer McPartland- EDF

T 2KFGiQa GKS adz00Saa NI GSK
Kristie Dewitt- IARPA

1 20-30% of stuff materializes. We want this % to be lave are a bizarre organization in that we
measure success with how far back we are willing to go. If more2@&mof our projets

4dzO0OSSR>X ¢S IINByQdl 3I2Ay3 NARAale Syz2daAK 2SS R2YyQ
commercially viable at all. We fund this because no one else will

DarrylBanks RIA/Private Consultant
9 Allin house or academic$§?ivate sector involvemen
Kristie Dewitt- IARPA

1 Work is done through academia and small business contradis? A is 24 program managers
we are an office basically. This is all funded through academia and small businesses. 90% of
gKFEG 6S R2 A& y2i géhtyladnduhcEmeStR® LG Qa | ff OoNRBFR |

Annette or Jon ?2 EPA

9 Of the things you develop, how to make commercially available®e things we develop, how
are they made commercially viable.

Kristie Dewitt- IARPA
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1 We do proof of concept and encourage them to publicize.do the proof of concept, we
SyO2dzN} 3S 1LIS2LX S (2 LlzofAiaK gARSted LT AdGQa |
about it.

1 Example: Facial recognition tech started at IARRA. example is facial recognition technology.

f  We do not put restricbns on companies who work for us?i Qa Y2 aidf & SAOKSNI KN
government partners where the companies take the seed money then make a prototype. We
R2y Qi NBAGNROG GKSY aStftAay3a Ado

MeganLatshaw JHU

1 FEMA funded personal protect equipment

1 Many falsepositives and negatives

1 People made first responder things that had horror stories with false positives. Training must be
ahugepartofthigA ¥ A0Qa ym: tA1Ste G2 0SS y2d RIy3aSNERdz

1 Training is key part of thisto get people to understand results.

Kristie Dewitt- IARPA

f Validation in the sensor field is not good right nowd validationc 0 K | 0 Qa a2 YSO KAy 3 i
32PSNYYSyild R2SayQi R2 ¢gStftod ¢KS 320G oAttt TFdzyR
it without regulatory.

1 25% of our budget goes to evaluatickbout 20% of our budget is for testing. In the
I2PSNYYSyids S GNB (G2 O2YS dzZLlJ 6AGK o0SGGSNI adly
marketing strategies.

9 There is a belief among some people that thiegist.

1 There are few systems that can detect ppt (parts per trillion)

f 2KIG @2dzOQNB | Oddzrfte t221Ay3 F2NI Aa az2YSiKAy3

@2dzQNB 2dzald o0dzYLIAY3I dzZLJ AL Ayad GKS flFga 2F LK@
¢ 2 N{|that needs to get to the general public messaging.

ChrisPyke- Acclima/USGBC

1

1

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 need#o 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 there was a demand and they just dove right in. What are good
examplesof that that could be used in thinking about new sensors.

JenniferMcPartland- EDF Question to JarBhelton- 23 and Me.

1

How much was it demand for this product vs create demand® do you crack the duds.

JanieShelton- 23 and Me

1

l

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 productgord of mouth. | would plan for a long path
for PCEMs.
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1 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.

¢KS LINAROS LRAYG RARYQUO 02YS R2gy alingiipbrient i KSNBE &
G2 0KA&a GeLS 2F GSOKyz2ftz238d L ¢g2dA R LI LY F2NII|
that monitors enwonmentalexposure will have a viral component. It will be early adopters with

a ton of money then it will come in phases.

Adopton 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?

=A =4 =4 =4

Kristie Dewitt- IARPA

9 Industry is a market

1 Dupont has to monitor their water for example. What is the next major contaminant they
should be concerned with?

1 Most counties in VA are required to do emissions testing on your car. What if you have 1 car and
€20 2F OKAft RNB Y 3If sanfeond itad a shdSdr fcoull myself@@ gh@ng y A Sy i @
GFAETLIALISD® LQR LI & F2N) KFGd ' NB GKSNBc2GKSNI 02
could you find that market for this to play into existing regulations, etc.?

Megan LatshawJHU
1 Home testing ks for radong some of them are required when you sell a house
Annette GuiseppElie- EPA
1 The industry thouglg for testing there water is the a space they could be
Megan LatshawJHU
1 Someone in NY has a FB page and they posted all the biomonitdtimg BFOS in their blood
DarrylBanks RIAPrivateConsultant

f The group that looked at formaldehyd&he group looking at formaldehydel K SNBE Qa | 02 Y LJ
that does computerized CO detectors.
1 Nest has CO and smoke detector. | had my furnace inspecteitl @axd measure all these things
and send information to your cell phoné/hen | 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.

JenniferMcPartland- EDF

1 Demand in terms of excitement like genome project, onutatpry requirementg comp
advantage to develop somethingreating demand in terms of framing having this knowledge as
a competitive advantage. Demand in terms of regulatory requirenoemxcitement is different.
The competition piece is interesting though.

1 Real estate company can assess your house with monitoring liké thgilter technology we
thought about the real estate sectarseeing this as an opportunity for them to beore
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competitive in their business. What if a real estate company could advertise that they can access
your houseg this gives them an advantage.

Megan LatshawJHU

1 Result of the ACAshift towards preventionAs a result of Obamacacethings shifted tovards
prevention.

1 Medicaid doing home health stuffiedicaid and going into homes form healthy homes
inspections; could that be built into the idea?

Kristie Dewitt- IARPA

1 You can use devices to do things like tell you when fruit would ripeink sidewie ¢ ripening
fruit gives off a chemica what if a chemical detector was in a truck with the fruit and could
sense when the fruit was ripening.

Annette GuiseppElie- EPA

f Personalized medicineissuef a4 2 (KS LISNE2Y I YSRAWyicSo LIASOS
getthiskind of marke¢ A (0 Qa | fchdzlif $ SONS FWNEAYI G2 3ISEH GKSNH

Janie Sheltorn23 and Me

1 Reproductive health area and healthy pregnancies. Seen advancements in that area. Consumers
want to know this info about themselveSefinitely potential in the reproductive health area
people are interested and consumers want to learn information about themselves.

1 Recruit doctors who are interested in new technology to be interested in PCEMsntly,
R2 002 NA | NB yfashinglfodthesefeldts. N@oNd khoivs vehat their folate levels are,
0KS@QNB 2dzad G2tR G2 GIF1S F2tlGdSo

Annette GuiseppElie- EPA

T L KFEF@gS || LKeaAOAlYy ¢gK2Qa 2fR YR ¢glyda G2 oS 2
Chris Portier EDF

 TechhastobeusefghA y OF &S 2F LINB3IYlIyd 62YSy YR R2y Qi
issues. Lead paint or water for example. | can give them monitor to use but not sure what to
dg.A new issue is that it NEEDS to be useful. In the case of pregnant women and environmental
eELJ2 AdzNBa > kB Oy ikK8&aSt SO GS GKS LINRBoOof SYd L
leadgo dzii A G Q& KFNRSNJ F2NJ 20KSNJ GKAy3Ia GKIFIG &2dz O
monitor, but how useful is it

Doug Walker Emory

1 The Silent Springstitute. They have app that can help you prevent exposline. DetoxMVe
biomonitoring also has an app to show how to avoid exposure to things.

Marc Epsteirn- My Exposome
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1 Wristband thing. Many of the studies are for pregnant women and look at enviro aergasd
then we will see. They will look at birth weight and dong(byear studyThis is of interest in
research.

1 Aot of the people in our wristband study are pregnant women. We will then look at the first
@8SIFENJ YR 2y 6l NR® ¢ KeSrdsBazh commuRitgZar$his 2§ andmiBaidime A vy K
F  fAGGHES o0A0 GKIG GKSNEKpRgeS e just btéreste®@i®detting2 o6S |
the information.

1 People may want to know but may need to take action.

Brendan OwensUSGBC

1 Shaping consumahoices that ripple up the supply chain. Consumer desire not to be exposed
G2 a2YSOKAY3IX GKFG NRALILI S&a dzlJ GKS &adzldlX @ OKIF Ay
application will not always be the end point. Collective action that ripples up thelgehain.

1 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 currentiygs 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 endpointcitwilbe@ f £t SOGA GBS | OGA2y o6& 3IANRBdzZLlAg fA1S 95C
GKSGKSNI AGQa | ¢g2NJ] ANRBdzZL) 2NJ I YSOKIyAayYy tA1S |
the change appropriately

Annette GuiseppElie- EPA0 Annette or Chris?

1 I always want tknow the sowhat. | always want to know so what. | hear that having info is

322R® LQY | LINRPLRYySYyG® .dzi K2g R2 &2dz dzaS A G |
1 Ido risk based decision making
 Isthere a consequence to the action?1 O a | 02 dzi G A a (KKSSNEOUIA 20/2y 4 S| dZf
1 Generating information has to be in contextenerate information.

Marc Epsteing My Exposome

f Sometimes the so what comes from exploratdry2 Y S A YSa &2dz R2y Qi Q 1vy2s
TNRYGD {2YSGAYSE GKIG O02YS8a tFGSN®D | FAOSNI 82d2Q0
1 Does the 10x matterviaybe you realize this building has 10X more of something than another
building.

Annette GuiseppElie- EPA
1 But I want to know in context. It feels as if you need that
KristinDewitt - IARPA

1 Everyone knows sarin will kill ygicompae that to long term exposure issues. There is a whole
cycle that exists in some fields.

T ¢KS aOASYyOS aK2ga (GKIFIG GKSNB Aa Y2N 2F | NBaAS
LINEOEfSY 6KSNBE 6S R2yQl (1y2¢ (KS eeaza 4Rl &2 dRBEN
RSIFfAY3a gA0GK GKAy3a (GKIG KIFEI@GS + 0eldfS yR GNEA
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FAIAZNA Y3 2dzi GKS O2yGSEG 66KIFGQa RIy3ISNRdzazr Si
a number of chemicals out there wheileK S 9t ! alF AR d&! y&buRtBed®eO U A2y A 3
tech improved and then everyone had issues. Could you ever clean it up that much? There might
0S I LJX I OS FT2NJ LIS2 LI SQ& cKSpdcially éneroyavige. ¢ KSNBE A& |

1 Regulate things @t matter versus just detecting things.

Sarah VogelEDF

1 Soldiers; 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¢ have a more immediate action. And then who are the users and where is the
demand coming from? Where is the data actionablé®re is a matrix. The example with the
soldiersis helpfut Of S NJ dz&d S5 T dafinitéd) y@dyHavie A swevidericél @se fori A Y S
what you look for and why if you start there as the gold standagdi K| G4 Qa ¢ KI G &2dz 4|
category wise.

1 Longer term exposure issues. How do you think about dual tracks like this? How to create
interest in this space? But coltéwy info that opens up new research space. Look at this is
staging wayThen go to another type of compoundslo you care about acute exposure, more
longterm, is it a certain population, is there a population where there could be immediate
action. Theryou think about who are the users and where would the demand be coming from.
¢tKSNBQa @I ftdzS GKSYy AT A0Qa AYYSRAFLGSt@ FFOUhAz2yl
Al Qa KSELJdZ © |, 2dz YySSR 02 YY & bdePadude ardefed®RidzO0 a K
@€2dzNJ NBIf fAFSd . dzi GKSYy @&2dz 3Sd Ayid2 GKS f2y13
do you think through the dual tracts? The catalytic user friendly excitement but then also be
collecting enough info that it opens up new easch that allows for longer term sensors to
02YS Ay (2 20SNXleée 6AGK adz00SaatdzZ SEIFYLX Sao
FSIFraAof Sy gKIFHGQa LIRaairotSsE gK2 INB GKS dzaSNEX

DarrylBanks RIA/Private Consultant

1 Set of feelbacksg we can change the innovation to accomplish x y and z. Then the innovation
becomes successful.

1 Another important piece is having the diversity of usethe stage of feedback loops. The folks
at DARPA wanted to see off gassing of cieaimc theneé 2 dz NBIF ft AT S GGKIFd AdGQ
occupationally or healthwise2 S NI AYS @&2dz KIFI ¢S | O2yadaStftl
then for the innovation to become quite successful and attract funding. Then you move forward.
For it to be useful, you needyX to happen.

a K
A2y

Sarah VogelEDF
1 Isthere a way to do it prospectivelizzirryl, is there a way to do this prospectively?
DarrylBanks RIA/Private Consultant

f Itisnotlinear ltmakesithard. ! NR 0 SOl dzaS A0Qa y20 fAYSEND 9 a.
sometimes when you get closer to it, it can seem like deladls. There are the alltla moments.
Sometimes you need a disruption.
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Sam- McKinsey
T /2aiG flo GSaitAy3a Aa OSNB SELISyaAr@dSankihed ¢t GKS 41
about cost. Lab teémg is a huge component. Think about integrating the entire tech standpoint.
All the way to do the analytics and visualizatpifiyou add these allugA G Q& | 3JI22R FNI Y
C2NJ G2LJ tAYS YR dzaS Ol aSaz drspdd@iothiny FAYAGS d
about it cost wise

Brendan OwensUSGBC

1 23 and Me was category creation. It was not a thing 5 years ago. You are an example about how
GK2aS GKAy3a ¢2N] GKNRJdAK aeaidSyo alyBandQild GKAY
Me aeated. All this comes back to health. There are decisions people make in their health. We
R2y Qi KIFI @S OFiGS32NE ONBIGA2Y LINRBofSY® {2YS LIS2

mean for me.
1 2SQ@S L] Aayidinte B colipk ofHimes as an example market disruption. It was also
category creatio d S1lj dzZSy OAy 3 (KS 3ISy2YS gl ayQid I GKAy3a o

AYRdzZZAGNE Ydzad o0S NBIReé F2N¥» .dzi ¢S R2y Qi KI @S
comes back to health. People cafgoait that. People know their decisions are better or worse

Ay GKAA aLI OSd® 2SS OFy FLIWLX & GKFIG AYyF2NNYEGA2Y S
are motivated by externa] ice burgs, etcg but most people are motivated by their family and
themselves.

JanieShelton- 23 and Me

91 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 thwusandsof people. We had to develop
consumer trust. Scientists are not always keerprivate companiesone thing that 2&nd me
has done is doing science, a company focused on publishing articles with theidagdps with
ONHzAGP® ¢KA& AYyF2NX¥a GKS LINRPRdAOG® 2SS R2y QU dza$s
show riskscores, etc. Developing the scientific focus develops consumer trust (took a long time
in the scientific community)

Jon Decke¢ CDC

1 We may want to work on niche groups like asthmatics, etc. That is where you can interest the
medical community and somesarance may pay for these thingse might want to look at
niche populations. Like asthmatics. Maybe insurance will pay for it.

Megan LatshawJHU
1 Organophosphate exposure and decline in pregnancy. Insurance companies hate that.
Brendan OwensUSGBC

1 Scentific clarityc Building industry is not scientific oftem the buildings industrg A G Qa vy 2 0 |
scientific place.

1 1 got a subject line email that says your air is killinggtius paralyzing to consumer
downstream and there is exploitation in thigace. You have to correct that with information.
We are pushing this up the hdlbit of challenge here.come across info that is branded as
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GF € F NYAYyE 282000NB/ OWSER2 2N F AN Aa 3JI2Ay3a G2 (AfE &2
downstream.There is fear and lack of knowledge going on in this space that needs to be

correctedc it must be corrected by introducing rigor and scientific knowledge. This larger

initiative has no consumer confidence and lack of institutional knowledge need tobe the

sheriff.

JanieShelton- 23 and ME
1 Empowered consumersenviro epidg be alert with no followup. Environmental health things
Aa ff aoS FftSNIE o0dzi y20 IAGAYI &2dz yedKAy3
KristinDewitt - IARPA
1 Regulations can work against eacheth
1 Major push for EE in bldgswhen the shell is tighter you have to worry about géfssing more.
9 As you bring in one set of relgtions, you will create another set of probs. EE is good until we
aSIfSR 0fR3Iad +SNE (AJIKéGHed ® 52y Qi ol yd (2 ONBL
1 There has been a push for energy efficiency in business that then made the buildings more

RFEYy3SNRdzaz 06SOFdzAS AN gFayQid o6SAy3a OANDdAZ F GSR
quality is opening a window. If we bring in a set of regulations{ialeS NB STFFSO0Ga G KI
6Lyd FTNRBY AGK 2KSy 22dz a8l f SR (GKS odAf RAY3Ia dzL

create new problems.
Chris Portier EDF

Unexpected consequence.

If info system is made public.

I have monitors that measure regi. Temp humidity an

| could broadcast when | come and go from the house. Unintended consequences

One more issue with what is helpful. Unexpected consequences for PCIEME info is

somehow public, it can be used against you. Ex: in my home, | have nsahiébido noise, CO2,
temp, and humidity. The company | have allows me to broadcast my temp. What if | broadcast
my noise levet that can tell you exactly when you get home and when you leave

consequence with personal monitors COULD be a serious problem

= =4 =4 =4 =4

Megan LatshawJHU

9 The Boston Biomonitor Study

1 Did Fg with community. Do you want to know what is in your body and they understood that
there were risks to knowing?

f ¢KSNBQa I aiddzRé OFff SR (K §focugioiipg saying wecd2 y A (1 2 NR y
measure these cheitas inyoucR2 @2dz gl yiG G2 1y26 6KFIGIQa Ay &2
know and they understood the limitations. There is research out there about biomonitoring
data. You need to think hard in advanges it environmental data or hunmadata? When you
start taking body samples and recording potential health mifitbecomes a bigger health issue.

1 If you are looking at enviro data and you start taking recording person people.
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Doug Walker Emory University

f Michigan PPB Studylichigan BDEs did thisti K SNE A ay Qi Y dzQfost gagindy OF vy R 2

what your levels are.
Doug Walker Emory University
1 They can say your levels are high or low and people are at risk.
Jon 8bus- EPA

1 Developing tech is important and context is importaht.were investing, | would want to put
the tech into context.
1 Demonstration of causatiog alarmist reactionsDemonstrating correlation, not causation is
hugely misconstruingR2 y QG Q o6¢® KIHfalF MAayS3 A a4 GKSNBK 52y Qi
causaion.
We monitor only 1%
Pulling in any information with other chemical&u need to pull in all the info you have on
these chemicals. If something seems hazardpysu need hazard based context. Is it in the
home? If | had a spreadsheet of chemicalse | would just google it. You need to provide
LI NGAOALI yiGa gAGK F f20 2F O2yGSEG LGQa y2i
1 Communicating.
1 Providing source of compound as interestqy@ontext¢ where did it come from and context.

=a =

Megan Latshaw JHU
1 CA does good job.
ChrisPortier- EDF

T ! O2yOSNYy L KIFI@S Aa GKIFGX

1 Deepwaterg 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.

1 CDC does a log dfat. This picture is going to change a lot. Along a slightly different line, a
concern | have as we look at these. During Deepwater horizon, a group along the Gulf Coast did

biomonitoring of benzene levetse 2 dz OF Yy Qi Ay G SNLINB G i§dadadds FNB Y

Y A

e d.

(0]

'y AaadzS +F4G /5/ GNBAYy3 G2 alé GdKA&a RARyQU al @

What you measure has utiligrthat idea must be important.
JonSobus EPA

1 Epidemiology studies with urine out put on 1 sample = no géadstudieshat only use 1
sample of uring; these are fraught with issues. Huge implications there.

1 Blood glucose is different based on time of dely.asuring something now vs. latethink
about blood glucose before and after lunch.

9 1think there is appetite in the community but issues with understandinguge thing to

consider. Iworngi KSNBEQa | o0A3 FLIJSGAGS FNBY GKS Llzmf A0

communicate it well.

research ) into) action” Workshop Note$ PageG57



Year of Innovation

Kristie Dewitt- IARPA

1 The last part of the sessionit@entifying one opportunity to spur innovation in PCEM based on
lessons learnegitakeaways

Annette GuiseppElie- EPA

9 Fit for purpose. There is chronic and lelegm issues. Understand fit for purposesy message
Ad aFAG dafdiihdddrdkeIadelduld beusefglh 1 Qa4 | 602dzi K2¢ 6S dza S
S olyio ¢KSNBEQa | -terddF AN LRSS K NRYQXD | WwRe X233
bitoftiersca A YL S &S0 2F AyT2 Qaod cYessdtiBledd@dr L SE® ¢ KAY

ChrisPortier - EDF
1 We need one opportunity that you think is good and vialilez need one opportunitg not 10.
Kristie Dewitt- IARPA

1 Some shared open space where a set of best practitese kind of set of standards.

1 Isthere a way to do that for emerging set of chemicaisunderstand what else you need to
know for emerging chemicatsti K & 2dzad 2y S &l YLX &A (FRaNJI YoSS/R ASWS |
build knowledge.

Jon 8bus- EPA

1 Fit for purpose example of PM2.5 mig static over time. Can you chart where those exposures
are happening. Where am | getting exposed? Where do you want an aggregate measurement
over time? That is what is proportional to health rigk?for purpose. The issue with Ri\jou
may have areawith dense PM2.5A 4 Q& d I NB @2dz Y2Q0kKy @Al i RN @AAKON K
Where am | encountering these exposures. Benzgde you want a more aggregate exposure
level¢ not just where is it coming fromg Difference between average and specific.

Chiis Portier- EDF

1 What are the exposures in the air? | would go through ozone avi&.®¢ More of an
immediate feedback and PM2.5 second. Formaldehyde would be 3.

1 Opportunitiesq we need to decide water, air, soil, other. Once you look at it, think atatt
exposures you want to measure with each media. Ex; laiok 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 | just boaghw rug, | know what
happened.

Annette GuiseppElie- EPA

1 Doyou want to focus on cheiwal, tecmology; or changing behavior?o we want to be so
specific or go broader?

Chris Portier EDF

9 Broad is great, but mulplexed sensors have huge issues.
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Anndte GuiseppiElie- EPA

1 Itend to not want to be so specific.
Jon 8bus- EPA

1 What is the one opportunity?ery different ways to think about 1 opportunity. One way is
GKAY1AYy3 ¢KI G aaking Kigy. TYig idsie is\@gnghScd

Adrian Chw McKinsg

f You could maybe map how people walk, then add the stafe envea 2 YS 2 F (GKS&S R2y
need wearables. The relationship of indoor, outdoor, and persoif@low people through all of
these exposuregsensor, ¥ KSG KSNJ G KS@QNB &aLJ OS> | NBIF>X LISNE2

Jon Sobus EPA

1 Whatis the LHF? Start with PM2.5 and ozone. Anything that will catch attention to public.
g2dZ Ry Qi OF NB ¢what orild Ispe@dyionepdd? t a

??

1 Map where people go and integrate with existing devices.

1 Relationship between indoor outdoor and person.

1  WHAT would you pay money for? Indoor air quality monitor. | would pay-8800n the Alexa,
Nest space. | would not want a wearable.

1 Wearable adoption is low.

Chris Portier EDF

 Myanswerissimple. lwdaft R LJ+ & F2NJ AYR22NJ AN Y2YAG2NBR® L
I 2ySaidftes L R2y Qi qAKIAQA] GR2@R odify|(® & L&FS ILNIKY (5P A 2

Adrian Chu McKinsey

f M2aid O2yadzYSNAR F3aINBS GKIG R2yQlU ¢blyld az2YSGKAy3
Megan LatshawJHU

 EPA stays away fromindoorairqualty t ! Sy Ra (2 adle | gle FTNRBY A

NBE3dzE F GS Ad yR @2dz R2y Qi NBIFffe (y26 Fo2dzi A
much info on it.

Sarah VogelEDF

1 Supply chain issug&hechemical space what we would pay for differs. But for supply chain
efforts with retailers, people were early on focusing on specific chemicals.

1 One of the more powerful things that happenegaligning demand signal. A lot of work to get
everyone to agre. Doing that sent some big demand signalse 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 chemical for people to focus their lens on for the momegihat sends derand signals.
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T 2SS KI @S GSOK (2 t221 G a2YSGKAy3Ia YR 6S R2YyQ

1 We have high levels of concern in some area.

T 2SQ@S t221SR dzy RSNJ KS f{ IQFKILIB RG> | @HzAf t EERBEQFRI
technologically feasible we have somebility to know this and that about issues. We know the
existing subset of compounds that we need to have new tools arglsdhat too simple of a
need? Do we need to focus the demand signal a little?

1 Here are the subset of compounds

9 There are criteriair pollutants.| would argue that happened on the air side because of criteria
air pollutants with a regulatory signal. Othercheash R2y QG KIF @S | aGNRBy 3 NB
tough to get people to focus in the design and the tech space.

MeganLatshaw JHU
9 250 sensors smaller than toaster solar charged 250 f@0m Deploying 250 across the city.

Outdoor air pollutantsThere a project building sensors smaller than a toaster to monitor 2
pollutants¢ they are building them all for 70,0000 K S & €oNtBoorFSalapowered,
waterproof.

Brendan OwensUSGBC

T

= =4 =4 =4

We struggle to help people characterize indoor air from cloahstandpoint and bioAt USGBC,

we struggle characterizing the indoor air from achesd 4 I YRLI2 Ay i1 ® ¢ KSNBQa | ¢
to this as well.

We put in place a pilog we are studying 50 chemicaisyears ago ,we put in place a sandbox

idea for projects to engage in50 chencasci KS ARSI gl a GKFd AT &2dzQNB
lookingat total VOC the tech is pretty blugth G Qa | 2y S ai2L) aK2 L

Collection tech is pretty blunt right now.

The challenge we have now is that the episodic nature of the testing to be relatively valueless.
{OK22fa R2yQl ¢ yid G2 dJsyNedigenc&kiSanbfigrsastiotgh. G2 a2YS
rtt GKS GKAy3a ¢6SQ@S Gt 1SR o2dzi NB | t NBIF R&
nature of the testing is what people find relatively valess. If you have the choice between
continuousGthisisg/ 32Ay3 YR 6S INB KIFI@Ay3 GNRdowfS 6AGK
to know the answer to a lot of these questions.) The lens of things we already paZ@r

because it is integrated into most smoke detectors, already a LITTLE PM for smokerse@0

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 thingwe had a conversation with a principal at a school ing@#H over the idea of

wanting to link all of the things they could measure to performamaelatively affluent part of

town. We wanted to do the entire school district, went far down the lfrteenthey 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 attemg studies.
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Jon SobusEDF

1 We had a conversation with a progressive principal in GA. She wanted to measure all kinds of
things in a relatively affluent part of towiil/hy not as a parent have something that the kid can
wear so that the principal has no say in it.

1 Lawyer shut this wHe thing down.

Brendan Owens

1 That happened in Malibgthere was a solvent used to seal the windows and it was showing up
in the monitors for the kids .Comparedto€a (4 Q&4 y 20 LINRO6fSY diKAa O2YS
trust and application. You NEED To bledo Contextualize.

Jon SobusEPA

9 As a parent that children can wear and principal does not have a say.
1 People freaked out in CA about exposure to one thing.
1 If you are trying to market somethingfear is a powerful motivatorlhere is value in
conteEidzl f ATAYy3Id LT &2dzQNB G(NBAY3I (2 YIFEN]SG az2YS(

KD

T L KIS O2yGNRf 2@GSNJ RIdAKGSNRAE SYySdANRBYYSyd i
what school shegoesta.2 a1 St SYSy Gl NE ao0OKz22fa g2yiQ if2g

Brendan OwensUSGBC

9 Bottom up approach Schools are powerful ground for this. Galvanize diverse group of people
kids are it. It would bring the question to the forefrorichools are a very powerful grounds for
this. If you want to galvanize both sides of thisfaiNBE > G KIF 4 Qa Ad® C20dza Ay 3
empowering people in a sober and safe way is certainly going to bring the question to the
forefront in a powerful way.

JenniferMcPartland- EDF

f Create a challengetop down approach. Q@S K S| NR H cappdaghcciediea 02 002 Y
demand with a particular group (*Schools) another thing for innovagicreate a challenge for
a purpose and see what innovations come up because of that. These things can be related.

Annette GuiseppElie- EPA

1 EPA does not do indoair and does not do children.
KD

9 Schoolg; think about overcrowding, there might be too much CO2 because of too many.kids
Annette GuiseppElie- EPA

9 Indoor air in the personal home or other buildings?

Chris Portier EDF
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9 Target schoolg black carbon | would also want to knolivyou target schools, then also put
black carbon in there (schoatdbusesc diesel).

Brendan OwensUSGBC

1  We are legally required to school kid&:hools as a hoakwe are legally required to serkids
to school(or homeschool}, the option there is compelling to have to put your kid in these
environments.

JanieShelton- 23 and Me

9 Air quality direction. TSA swabs explosj\@vab a kids showAn idea to put forward; Always
been curious about FSat the airportg 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 ag@ geay an audience and build

consensus about the importance of monitoring the chemical environment. Everyone, regardless of
LREAGAOFE FTFFAEALFLGAZ2YE A& O2yOSNYSR l062dzi OKAf RNB
way to galvanize intes 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 liabledtaking 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 appiass 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;daghentrations of chemicals, and
chemicals that cause instant (or nearstant) 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 gethallenges for functionality: the device cannot make the
2Tt RASNBRQ 62Ndghtly2NBE RAFTFAOdA G 06

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 spurredemgulatory need, it could also be motivated

08 GKS RS@OAOSQa dzaS o0SAy3a aSSy la | O2YLISGAGABS |
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 @partunity to spur innovation in the field, a

participant described the success that can be derived from aligning a demand signal witlei@iahm

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 appliec
to public health research

Successes and challenges
from the advent of other
monitored-self technologies

Lessons learned from other
environmental monitoring
and monitoredself
technologies that may be
applied to public health
applications of PCEMs

Feasible approaches for
borrowing, learning from
other disciplines

=

Partner and collaborate with others (Kristirewitt)
52y Qi 0SS FFNIAR G2 G118 NRaia Ay
with ~20% of items they research (Krisbewitt)

Types of PCEM tech applicable in defense are rapid response. This tecl
different challenges because of the functionality requi(&distinDewitt)

Defense applications (life or death) shows how crucial validatigMégan
Latshavy

Demand for a product is crucial for its succg@iris Portier)
2YS 4rea (KS RSTSyasS | LAl AORIGNRS
it has a clear use, functionality, is tiAimited, and there is a clear evidenc

base of what to look for. This knasdge lends itself for immediate action
incidents (Sarah Voggl

Weight of devices is key. Addingp@undsto a soldiers backpack can be
enough to keep them from using it (Kristewitt)

/ KIfftSy3asSa 2F LINBOARAY3 ySg Sljdz
need it

Validation is a key challend&ristinDewiitt)

Pair the tech with something that shows ways tamalexposure (DetoxMe
biomonitoring app shows users how to avoid exposiibgug Walker)

23 and Me has focused on publishing articles with the dgtds helps build
trust in the product and informs the produ¢lanie Shelton)

Broad interest in PCEMs may develop from more narrow interdatsd
Shelton

Context is important in which data is collected (AnnebeisppiElieor Jon
Sobu3

Think through the common sense of the tech early on and do not force t
down implementation(KristinDewitt)

TRI¢ transparency causes changing behaviors, sometimes through
collective action, a workgroup, or another mechani@nerdan Owens)

Need to think through the unexpected consequences (ex of having mon
in his home for sound, if this info was made public, then when he is in/ c
of the house would be publi¢Chris Portier)

Need to be careful not to confuse correlation Witausation(Jon Sobus)
EELISNASYOS 4AGK Y2yAiG2NAy3a OKAf RI
fear) (Brendan Owens)

Broad interest in PCEMs may develop from more narrow interdatsi¢
Shelton

Demand can be created in terms of framing the knowledge as a compet
advantaggJennifer)
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Question / Output NAMES AND NOTES
1 t/9a GSOK Olyy2i 0S 0 NleyaR@eRfskeing al
0dzAf RAy3 &ddzReé al &Ay IBrendah Owerdsh y R 2

1 Align thedemand signal by getting retailers agree upon priority chemical:
(Sarah Voggl

List of fields that may have q  First responders (KristiDewitt)
synergies with PCEM for ¢ \iary (KristinDewitt)

public health
1 Intelligenceg particularly doing things likdetecting chemicals that can be
used in explosives as opposed to just detecting explosives (KDestiitt)
1 Interest in human genomicgd4nie Shelton
Health insurancéMegan LatshawJohn Decker)

1 Reproductive health areéJanie Shelton)

C.9. CNAIRY ENRPRdzOGA2Y O0{ I N}¥KXZ 95C0
Narrative Minutes

1 We talked about high level hypothetical work. Walk away with tangible steps is goal of today.
1 A few high level ideas. A lot of conversation about design framework 6 months to 2 years. Are
there opportunities to acelerate 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.

1 Takeaway. Point that Janie mag@he 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 PCEMrail@ary, 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 togearch 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 understandargl 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

=a =

E R W I T
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1

Chris will review ideas from yesterdagd AM sessions.

C.10.Cdzy RAYy3dY ¢KAYlAYy3 / NBIGAGBSTE &

CFy1ao

Session Description

The funding to develop PCEMs is often part of larger, purgpseific funding. This can lead to

inadequate funding for development, testing, andigtation. 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

1
1

= =4 =4 =4 -4 -9

= =4 =4 =4 -8 =9

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. Uhless 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 otihding support

Opportunities for underfunded to make them more appealing

Like to get opportunities for EDF to move forward.

There is not one funding systeqithere are many paths, govt, private, academic, angel investors
or VC and a hybrid of all these.

Yau have IARPAwhich 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 funds4ry8ars. This is reality.

What are the combine diinders in this area? Anyone forgetting.

Bens work comes from SBRI

Berjamin 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 workom SHR is small. The awarded are 1000for phase 1 and
300,000for phase 2.

Other areas in work are in DOD.

DOD has 750000ver 2 years. You can accomplish.

research ) into) action Workshop Noteg PageG65

(@]



Year of Innovation

Marc Epstein- My Exposome
1 Questioned amounts Ben mentioned and got clarification
BenjaminBunes- Vaporsens

1 NASA, HHS, and someone else goes t¢0DB0

1 HHS solicitations are a nov8D0 pages to wade through.

1 Having the expertise to wade through process and documentation and decoding solicitation.
Need to become familiar with org and find whhey want.

1 SBRiare required of agencies with budgets over 100 mill and 5 havdidnbit budget. These
are partnerships between universities

Darryl Banks RIA/Private Consultant

1 What is the criteria for business partner? Has to be classified g$eS8than 500 employees. It
will take Vaporsens long time to reach 500.

Annette GuiseppElie- EPA

1 Sensor Tech of 21Century website.

1 We did was one stop shopping for all the agencies have agencies with interest in sensor tech
(she read list of agencigs

Handheld sensors for CO

Low power benzene detectors

Handheld sensor for VOCs in water, soil, air

They are making coordinated effort to fund this.

= =4 =4 =

Benjamin BunesVaporsens

1 SBIR; There is not anything you can sell. These are contracts to degelnpthing. There is a
funding gap here.

1 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

1 NIEHS or ER®AWeare 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 BunesVaporsens

1 Session was iofmation and most was not networking. The conference was targeted at SB
9 Getting people in the room to talk about sensors is a good idea.

Darryl Banks RIA/Private Consultant

1 Could a 3 party develop a workshop for a research topics?
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Annette GuiseppElie- EPA
M Could be done but it would need to be focused.
Benjamin BunesVaporsens

1 There are other entities in this ecosystem. We are in an EPA pragvasrare a subcontractor
to Utah DEQ/DNR (state environmental office) for these funds.

Annette GuiseppEie - EPA

1 EPA ayear or 2 ago they funded for research??? This might be useful for
Darryl Banks RIA/Private Consultant

1 What potential collaborators or consortia that could move this forward?
ChrisPyke- Aclima/USBGC

The early and midstage péite equity investment in this space

Govt investment; 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 tecimar@tech or health tech. In terms of
investment strategy is different. We have to consider this is enviro or health?

= =4 =4 =4 -4 -9

Darryl Banks RIA/Private Consultant

1 Introduced the Valley of Death Slide
1 How to categorize enviro tech to do things like health? If godo investors, there is diff time
horizons.

Chris Brtier - EDF

1 Beyond the $ in play. Clean tech is headed toward product-24l2donths

1 Health tech does not expect revenue for a longer term.

9 There are diff money sizes and time horizons.

1 Impact invetors are drawn to these conversationghey are small scale relative to bump of
VOD.

1 We need these things to scate

Darryl Banks RIA/Private Consultant

1 Are there models in the instrument world that we could look too. Mass Spec world?
I Mass Spec was uség academics

9 One of the disruptors where they could put Mass Spec on spaceships

1 Have large instrument companies worked on PCEMs

1 Erik and | grappled with this about instrument space.

DaveRejeskt ELI
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1 Crowdfunding
0 34 bilionto 90 bilion between 2017 and 202&5World 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 &s 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.

=4 =4 =4 =4 -8 -8 -9

Benjamin BunesVaporsens
1 Crowdfunding is a validation technique
Annette GuiseppElie- EPA

1 Mobile hedth has a field of interest.

1 There are other opportunities from this AM. You need to get over the initial hurdle. People want
to move things forward,

1 WiFig a sensor for things like ozone and very little price money.

9 There are other ways to use crowdfund

Darryl Banks RIA/Private Consultant
1 Would you need a sponsor for EDF for crowdfunding?
DaveRejeski ELI

9 They are looking for social purpose so having sponsor would be good.

1 Having an NGO sponsor is important.

1 Some will not give you money unlegsu reach goal, others not.

1 crowdfunding is a comp space and forces you to focus on what you want to do.

Darryl Banks RIA/Private Consultant

91 Does it make sense to org array of users? Personal sensor has utility across spaces (see
yesterday)
1 |Ifitis pitchhed as environmental tod it is limited?

ChrisPortier- EDF

1 We have to get 120 companies to bug Will you use a sensor at a corporate level. Will you
accept delivery in a year? You are edting 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 carrigd& it. This is a form of crowdfunding. There is
risk to adopt these things in large companies.

LaurenRiggs; Google

1 Riskis key. Bring more than one org to the table is key.
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RogemMMcFadden Formerly with Staples/Consultant

i Back to business world.

9 Some of the early thinking needs to be around is this for profit orgs, for regulators, or for
nonprofits? For regulators you will not get private investment. ID user and use so investors
have something concrete to point.

??

1 Vrabel?¢ They have Blusky Center; They have sensor devices developed with partners. They
share in the profit, and they attract skills sets to accdstptheir 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.

??

9 Sciog Israelg They have senssito connect to phone You can point that device and tell you
what chemicals are in somethiggSpectrometer. They had to get pathways of funding.

1 Who owns the IR If crowdfunding happeng who owns the IP . Can IP issues be resolved with
crowdfunding?

1 Establish value proposition to the user. There may be diff VP for all the audiences.

9 This all leads to business where commerce happens where value is created and assets are built.

MeganLatshawg JHU

1 1 used to work with APK | worked with large instrumarcompanies.

1 They were interested in large scale stuff and handhelds.

1 Large companies may want to buy small companies.

1 Homemade spectrometer from cardboard and Cd and smartphone can make spectrometer.
Website mentioned to tap into cit sci.

9 Universities; incubator types

1 JHU has help and steps

i States may also be source of funds

Darryl Banks RIA/Private Consultant
1 In NY state there are authorities to fund research
RogemMMcFadden Formerly with Staples/Consultant

1 Staples partnered with RIT. We helpeddunnovation 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.

1 U of O works in green chemicals a lot and they speci@leA@F; 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 foPhil Knight. Find who is in this space.

LaurenRiggs Google

1

Limited to US?

research ) into) action Workshop Noteg PageG69



Year of Inovation

1 There was aensor 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¢ Which one??

1 Looking globally is important. Samba is a ges@mple; 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 arthe 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

1 When we did scan of potential players in this space. Almost nothinthetg. 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.

AileenNowlan- EDF

1 We are talking about broad swath of chemical sensor. There are rdaag in the VOC space.
Some companies are interested in specific chemical sensor. Anything of value from the single
chemical sensor development?

RogemMcFadden Formerly with Staples/Consultant

9 If I ask you to give me a list of the instruments, you usa?you tell me who makes them?
Modify what they do to what we are interested in. VP, Profit, etauld be barriers? What
instruments do you use and why not talk to them?

Chris P.

1 Sensors we have talked about. The purpose is missing. 23 and ME has 2gnathycis it
useful to people.? We have not figured out what people need. What problem is it solving?

Darryl Banks RIA/Private Consultant

9 Focus in purpose is important. 23 and ME was model. What enables them to do their product
genome sequencing was gibiem 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 paperbagkse to 2 score sequences in 4 days. This was
developedthrough a product with a broad set of uses.

JasormAmsden- Duke University

9 Paradigm of chemical instrumentati@iVe are talking about market disruption for some of the
instrumentation companies.

Annette GuiseppElie- EPA
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1 What is the market? Are there engh people out there to have device? It is good to have
PCEMS for researcthow to build for market.

Marc Epstein- MyExposome

1 There are instrumentation companies that make handheldgernal disruptors of bringing
devices to the field. They are notated about this at the core level.

Annette GuiseppElie- EPA
1 2 years ago | worked for Dupont. A lot of facilities that would benefit from mobile devices.
Marc Epstein- MyExposome

1 There is a natural feeling among who we talk with, lots of people wasiinformation 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 therfeow can we accelerate this? Start with
people who care; researchers, PH folks, orgs, and activists. Union of Firefighters for example,
large groups of people with unusual risks.

DavidRajeski ELI

1 People have to buy this argdwhat about sharing economysensor version of Car2Go.
1 You can test market with that approach.

1 Why do you have to buy it?

1 Whatis the Car2Go version of sensors?

BryceGoldenChen- EDF

1 On the clean tech side at energy level EPRI and §l&Ehte 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 VogelEDF

1 We are not at the marketplace where there is market. There are segmented marké¢he fe
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

1 How do you create single market where there will be multiple/@ta to make the pool big
enough?

1 Romaing Are there experiences in work in Europe? Collab between private and public for
example

RomainLacombe Plume

1 There are 2 translational ideas here. We have approached this question through the lens of air
quality. Europeg More fragmentation in rarkets. 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 Alnvest. What can eebawkers like
chenicalexposure anair quality¢ what are the marketg can it be auilding 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 PG/EEtstype of
non-traditional places to get pa%/OD. In Europe we had some funds like DARPA too. Not sure it
is strucure different except in volume.

1 Forward funding for PCEMS
1 crowdfunding
1 Convening with EDEmatch academics and govt funding sourcesi@ne space for specific
purpose.
Chris

9 EDF could org demand. In all the kit on a fire truck as aladaxposure to things. Target
groups who need it most and models like tech for AEDs on risk basis.

Darryl Banks RIA/Private Consultant
1 You could starwvith vulnerable pops and work to consumers
Sarah VogelEDF

1 |see need. What is the tactic that would help that? As an advocacy group we tried to play a role
here?

Chris

1 One example; Are there 10 fire chiefs that would sign on to have these devices.
MeganLatshaw JHU

1 Firefighters they have hazmat materials which is diff than what Chris is talking about
AileenNowlan- EDF

9 Large groups of people with unusual jobs/circumstances Firefighters and pregnant moms.
1 Could you have a lending library of sensors?

?7?

91 Intl Association of Firefighters
1 CA FF have been participating in biomonitoring study . This has driven taking out of fire
retardants out furniture.

Darryl Banks RIA/Private Consultant
9 Muni and state level folks could drive some of the interestis.t

MeganLatshaw JHU

research ) into) action Workshop Noteg PageG72



Year of Innovation

1 Firefighters have zero money for this right now since FEMA dried up
RogemMMcFadden Formerly with Staples/Consultant

f Firefightersc5 2 y Qi (1 KS& (1y2¢ (KS& NS SELRASR (2 G2EA
Marc Epstein- MyExposome

1 Where FF stage themselvaskey 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 compang get things out as part of

MeganLatshaw JHU

1 Workon IVF

1 Those folks are interésd in spending resources on outcome and can do something with it.
Analytical Debrief

1) Organize demand side be appealing to developers, researchers, and funders. There is a need
to ID customer base@-irefighters and pregnant mothengjth uniqueneedsor interest in this
space.

2) Organize funders around the concept of development of PCBMHK consortium$ere where
organizations can come together around a specific item. This would include public and private
partnerships.

3) Use EDF or other organizatiommp 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 9 Validation (Ben)
technology path are most likely to need

Anythi ted as being for th i tal field will b
funding support outside the current 1 nything noted as being for the environmental field will be

hard to get federal support for in next8year (Darryl)

system?
0 There are different time horizons for health tech vs.
clean tech. Health techas longer time frame. (Chris
Aclima/USGBC)
What opportunities exist to make 1 Use smaller dollar support to provide credibility to project. F
underfunded development activities mor example SRBI fundsin show others that the govt. is
appealing to current or potentidd CEM interested in project (Ben, Darryl)
funders?

Names of important public and private SBRI funds through federal agencies (Ben)
funding organizations, and funding types 1 NSF (Ben)

1 EPA (Annette)
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Question / Output NAMES AND NOTES
DOD (Darryl, Ben)
NASA (Ben)
HHS(Ben)

Venture Capital (Chrig Aclima/USGBC, Darryl,)

Crowdfunding (Dave R.)
Who are potential funders? See above.

Working with funders Limit risk for investors. (Chris P. EDF, Lauren, )

= =4 =4 =4 -4 A A -

Show funders that other places have supported project ide:i
Buildcredibility of device by having sponsor (Dave, Lauren)

9 Identify who has intellectual property of product (Roger, Ch
P, EDF)

Increasing visibility, improving appeal to  {  Limit risk for investors. (Chris P. EDF, Lauren, )
current, potential funders

Idealrole for EDF advancing nqurpose f Develop consortiums to focus efforts on specific element of
specific funding PCEM space such as generating interest in device pregnar
mothers could use. (Darryl)

1 Develop conferences for sharing information (Ben, Beizhar
Columbia rep.)

Approach for stakeholdedriven effort to
reshape institutional funding

Potential stakeholders and roles

How match funds could support key R&[ {  Limit risk by demonstrating support for an idea from other
or other funding needs? funders(Lauren, Dave)

Cll. +F f ARFUGA2YY 9y adz2NAy3 vdzZ fAGe AY
Cdzy | K2 dz S ND
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 obmising 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 strategsehat would make a meaningful contribution to forwarding the funding
for PCEMSs.
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1 Convincing approaches to validation/ Opportunities to call for and fund validations studies? Role
of standards?

1 [Notetaker(s): capture the two ideas in a short paragraph each to be included FotirerPoint
slides for session 7]

Erik FunkhouserRIA/University of Texas

I Role of validation has become an issue for us.

1 How to take something that is barrier and makarit opportunity

1 We want to figure out what the role of validation can be as a mechanism
1 Insight about validation?

Adrian Chu McKinsey

1 Not PCM; but it was a wearable for tracking employee behavipssnall study with a startup
with a big restaurant, put on employees that were cashiers to try to analyze behavior during
the day. Combining with our study was validation
o 51MaF grayQd I a 322 Rdifficalt taicEn8nuricate Wth ttie diehttNB YA & SF
by the end
o0 Small sample size before scaling is imaott

John DeckerCDC

1 US army program to demilitarize chaalweaponsg they used near real time instrumentation
¢ systems that draw air in and desorlxiit runs a cycle every 5 minutes or so with samples. We
worked to validate the instrument with NIO®Hhey have a publication from the late 9Qs
0KSNBEQa ONARGSNRIF Ay GKSNB | o02dzi K2¢g &2dz @It ARI
We ended up developing chambers and vapors at certain concentrations and we tested the
instruments under various cawlitions of temp and humidity it was a multiyear expensive
LINPOSadaa & 2S F2dzyR Ay &a2YS OrasSa GKIG GKS Ayad
calibrate an instrument, you shoot a liquid agent into the systeimere are differences
between that aml 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
I This was a sés of studies that went into validatianestablish thresholds to validate the
effectiveness

Roel Vermeulern Utrecht University

1 Question is for what purpose and where do you want it validated. There are guidelines for
different specs (within 20%, etg)f 2 NJ 42 YS KAy 3IaX (GKAA YI& y2i 0°¢
sensor world, every signal air sensor can be; @i average they are correct within reasonable
fAYAGad LT O2Y0AYSR GKS YStya 2F |ttt 2F GKSY |
1 What is the application and hote apply it?

John DeckerCDC

1 For some, the only thing the sensor needs is deteatioot the specific number
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Erik FunkhouserRIA/University of Texas

9 Idiosyncratic standard behind what the validation is
9 First set of questions:

o0 Transportation of dewies and samples

o0 Exposure of devices to different environments

0 Replicability of sampler analysis

o Comparison of data from a sensor or sampler to known analytical techniques
1 Charge questions

o What needs to be validated (accuracy, durability, fit for purpgse)i Qa y 24 |t ¢ & a&

preciseA 1 Q& G2 FFLOAfAGFIGS O2yFARSYOS
0 Approaches to validation that are most convincing?
0 2KSYy Aa Sy2dAK WYWSy2daAKQK

Jon SobusEPA

1 LQYS KI R I OZdzkdl & aklisgréaie begitySametbirig pasdidation and you
FNBE Ay | LRaAiAldAazy G2 aSS gKIGQa R2ySo !/ ¢
RAAFLIRAYIGSR 6KSNB AlG YIre y2G KIFr@S 0SSy ot
vifE ARF0A2ZYK&YidR&©a | odaRareiederlRanii A 2y a i dzRe
9 Stakeholders should be brought to the table to help design the validation study
0 LQOS NB DA S ev8lidation studyaAdibednidisappointed
o LGQ& RATTAOdz Ulareiingng to BeHe gdidtandéar& A y 3a G K I
0 Collection of samples needs to be done with care
o Validation studies for notargeted work is difficulg@ 2 dz R2y Qi 1y2¢ oKI G A
alk YLt Se® 2SS 3SG FNRdzyR KFdG o0& YI1Ay3 aegyidks
mixtures). Validation is dificuf RS LISY Ra ¢ K I (i & @AdFQ NIEK SINSRQAEY 3 yii 2
inherent bias in the measure you can make some changes
1 Horrible precision but a good mean? Could still be good information

Fa A
t ARI

Erik FunkhouserRIA/University of Texas

f HowR2 @&2dz (y26 AT @2dzQNB FI NJ Sy2dzZAK R2gyaiNBIY
continue, how do you deal with the questigrwhat is the appropriate venue in the value chain?

Roel VermeulerUtrecht University

1 Going back to air quality sensarsir qualty sensor discussion a few years agbwe look at

sensors, they always come with validation studies that show they are amazingly, geod

basically have set up testing that we can do life testing in the real world. Validation means

something specificA G OF'y ¢2NJ] Ay | 10 aStidAy3a odzi YI &0
Lab testing needs to go to field testing over a long period to see how it works

LGQ&a RATFTFAOdzZ G G2 asSid adlyRINRa (2 alr&sAAl ySS
step forward is to know the performance characteristics without a threshatdknow that it

varies 1850% isnotbad A 1 Qa4 3I22R G2 (y26® L R2y Qi GNHzadG I
for 10 seconds) you want to see it in real live circutasices

= =
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JenniferMcPartland- EDF

9 Validation to a standard vs a specificatipyour tolerance depends on your application. Maybe
82dz2ONBE Y2NB F20dza SR 2y ¢yoKgantdolkiDw@hatTt BaNhnd BodzNJI | LILIE
the instrument was validated to tise spe were they in a lab setting or in a field?

Erik FunkhouserRIA/University of Texas

9 Is your point that the threshold approach overall is putting the cart before the hpyael
should understand overall range?

Roel Vermeulern Utrecht Universiy

T LGQAa RAFTFAOAA G (2 dzy Ry®NdEart to Kndw whist khé angye isizfavigh)S NB& | f f
the measurement even imprecise is helpful. Some people can deal with a lot of variance.

John DeckerCDC
1 It matters if your output is detection ayuantitatively

Chris Portier EDF

1 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 wantto know if Bis biggérK 'y ' 00X | FT I NR o6Fftf @2dz gl yid G2
9 Validation needs to be broke into these three categories

Beizhan YanColumbia University

1 We have experience developing and validating these deviees 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 circumstanaewe have phases to our validatiarif it survives
itcangotothe nextstepA ¥ & 2 dzQNB RS LI 2 githnAybe akBTNAfter 2 HagsdzNJ 2 NJ ™
the baseline changesfor the validation you have lab settings, you are better with the personal

Erik FunkhouserRIA/University of Texas

1 We need to have a separation between the two spaces.
What do you need fowalidation?
JenniferMcPartland- EDF

1 LOD depending on the type is needed for validation.
Beizhan YanColumbia University

i Easy to calibrate that is important as a characteristic.
Roel Vermeulern Utrecht University

T { Syaz2Nna RdzNI o AtheAmedsurément gedablIDurabifity inktiesd@nse Bf storage
(we often store wristbands for a long time).

research ) into) action” Workshop Note$ PageG77



Year of Imovation

John DeckerCDC

9 Durability of environmental conditions.
Jessica ReineNIST

1 Ease of protocat how you get the sample.
Beth Trask EDF

1 User accemncec am | comfortable with this?
John DeckerCDC

1 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
¢ details fall to tle wayside over time

Chris Portier EDF

1 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 FunkhouserRIA/University of Texas
1 Are these uniquerograms?
Chris Portier EDF

f 5SLISYRA ¢gKI G 282dzQNBE R2Ay3Id {2YS LIS2LX S Lidzi aSy
¢ that would be an opportunity for validation, They built a software system around tracking and
recalibrating on the fly, it was recéibrated on software not hardware

Jessica ReineNIST

“

 |talked about PM2.§ lots of algorithm, 0 K 1 Q& K2¢g GKS@& RSUOUSNXYAYSR Gf
was all different numbers.

Roel VermeulerUtrecht University

9 Our sensors do on the fly recalibrationtbé sensorg; determines to a large extend what the
actual numerical outcome is. The questio o 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
seehowitdoda ® L R2yQUQ OFNB Fo62dzi GKS Ff3I2NROGKY dzyf

Chris Portier EDF
I Most validation is in lalg not in the actual circumstances.

Erik FunkhouserRIA/University of Texas
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T +FEARFGAY I | OO0dzNI O& A ay ai RS SATNJ adeldd KRiydn (P K 20NINE

the comp science or the data storage or the durability. Apart from doing the science, is that a
OF NNASNY 2KIGQa (KS dzLlJakz2d G2 fSIF@Ay3a GKSaSs

Roel VermeulenUtrecht University

1 Experiment with beap air quality sensoksnot better than random number generatogsupset

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 govetrnme

that our work is different; they are upset about the last experience.
John DeckerCDC
9 Losing the trust is dangerous.

Chris Portier EDF

0K

T YYy26Ay3d a2YSOUKAYy3a Aa AylFOOdzNI 4GS Aa a2YSOKAy3 @

making setting, \were the measurement really makes a difference, you need some degree of

I OOdzN} O LT @2dzOQNB 2dzad 3 Axdényal will skt iflit ook y A G 2 NJ

good¢cR2Say Qi ySSR G2 06S [ O0OO0dzNI GSod ! OOdzNI Oe
Erik FuRhouser- RIA/University of Texas

T 28 (y26 6S ySSR (G2 OItARFGS F2NJ I OOdzNI O&
step in? Accuracy matters, but what about the other factors?

JenniferMcPartland- EDF
T / 2YLISGAG2NRE ¢ Af btadisSdedafaniearl 8pdce.. dzi G KI 6§ Q& vy
Adrian Chu McKinsey

Aay Qi

®2 KI

f LT 82d2ONB y2id RSt AJSNKheavEralle yidsufferi KS  O2 y & dz2y SNJ |

Erik FunkhouserRIA/University of Texas

1 Global reasons to look at validation of everything, but what is more obvi@acsigacy
Jon SobusEPA

1 There are watchdogsEPA has a program where they evaluate devices and write reports
Jessica ReineNIST

1T ¢KAA Aad 6KIG L R2 Fd bL{¢d .dzi az2vYSiAaySa
science with kids where the gbia learning

Beth Trask EDF

1 What about theRtbit ¢ supposed to help with your health? Validation?
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Roel Vermeulern Utrecht University

I There areHtbit comparisong; they are reasonable-the tech in there is similar to scientific
equipment.

Jessica &ner- NIST

1 The timestamps feed off NIST frequencies.
Beth Trask EDF

1 This framework meets standards.
Chris Portier EDF

T 2KSYy Al Aa dzy RSNJ & NBaaXcitcknJail with bt Ssweldry & A a dzy
under certain types of scenarios thgio. Is it accurate in terms of heart rate. | care about
consistency.

Roel Vermeulern Utrecht University

1 We do a lot of validation with the wristbands. Patterns to update, etc. If you want more
jdzlt yGAGEFGAGBS aSyairy3a SioOdnwvalikddicn Studie® (i 8SIai @&F AlyKiAgy 3
GKAE oA GCEKYIRBRSAQAFTFSNBY (G GKIyYy | f£2y3 GAYS 2N A
GKSNBQa O2y il YAYlL A2y d I tARIFIGA2Y y&&da G2 GKA
justfocusonacertaina$pOlG G KFG Yz2ald LIS2LXS syl G2 FT20daA
¢ | need to test in every use case.

Jessica ReineNIST

9 Jessica Background: We have standard reference matefmmogeneous while characterized.

| have a great example. Hoosickl§ PFOA 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 neloimse methods.

You could do this with sensors

We have researchers that wanted to use a cardio device to use in the field. | tested in the field
with a reference material. For 3 of 7 it measungell, for other things, it was almost in the

rangeq they had a good idea of the quality. To make sure it worked in the field, | gave them the
reference material to run alongside the samples in the field to understand how the device
performed

1 Some of thes things can help with validation.

1 285Q0S R2yS (KAa ¢6AGK FEEfAIFG2N YSFadaNBYSyidao

= =9

John DeckerCDC

1 PFOA examplemay 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 questios: What extent are specifying standards for validation helpful and who could do this?
JenniferMcPartland- EDF

1 Universal standards if appropriate, but people are interested in knowing the specs of the
technology and each individual has their own standaaded 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 cairt domains?

Erik FunkhouserRIA/University of Texas
T We like universal standarsetters.
Chris Portier EDF

5SLISYRa 2y ¢KTWOTHRERQNBE R2AYy 3D

EPA wanted to advise other government on the utility of these types of sensors, | believe EPA

Should sethe standards and look at the devices

LY AGQa | O2y&adzySNJ LINPRdAz2OGX O2YYSNOAIE SyidAadas
a commercial solution

)l
)l
1
)l

Erik Funkhouser RIA/University of Texas

I  When are standards useful?
John DeckerCDC

1 Formarketing. (Or LEED certification)
Adrian Chu McKinsey

1 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 standrd ¢ you can move beyond just one machine.

JenniferMcPartland- EDF

9 Standard varies based on application. EPA context for criteria air pollutants needs a defined
ALISOATAOAGE F2NJ I NB3IdzE | 62NEB NBIdANBYSYyiGd C2NJ

Eiik Funkhouser RIA/University of Texas
¢ KSNB Qasetqfiestdry RKSNBQa y2 NBIFaz2y F2NJ I &adF yRINR
factors. Standard for uniform decisions around public health is one thing.
T / 2yadzyYSNJ dzaSa R2y Qi ySSR aidl yRIFNRAK
John DeckerCDC

 Ifitis reporting a number, it needs to mean somethgg & OF y Qi 2dzald al & | yedKk
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Jon SobusEPA

1 Example of something on the market that was successful without a standard
Chris Portier EDF

i Standard, Standardized, these are different thir§gsndardized reporting vs. a standard?
Absolute standard?

Erik FunkhouserRIA/University of Texas
1 Codes and standards, something so firm as the accepted universal standard across the
AYRdAzAGNE GKFG AF GKS RSOAOSoagdmahofiaccepted S AGZ A
research. We are talking about codes and standards

Jessica ReineNIST

9 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 Portie- EDF
9 Crash course with dummies basically.
Jessica ReineNIST

1 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

1 So many areas for &ing. For us to do one thing very well with all these techs

1 We have a carbon filter we have experts who understand that teghve have the people that
developed it and a broader understanding

9 It can be a team that changes based on the situation

Roel Vemeulen- Utrecht University

1 AQMD does this for sensogghey 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

f lIwasoftheopinig GKIFG G§KS aidl yRINR ¢cR&SEIEQS howktis G SN [ | f
OFft AN GSR YR AT AGQa AYLI OGFdzA FyYR dzaS¥dzZ (K

John DeckerCDC

f ValidationcA 1 Qa y2i 2dzald O f ARK SN A | FIANNVIFGE Bt Ay & 0 N@zY
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

I Atestthat can in some way. A test bedreating this is a good idea

1 Commerciabr NIST¢ | can see EDF having a role in pushing for that in the push for PCEMs

f NIH Small Business Tefer Grantsc LISNF SO0 F2NJ 6KAa AF GKSNBQa Iy
AT AlGQa y2i F2NIbLI X 95C O yntToktyeRestb@ddNI y SNA (K

JenniferMcPartland- EDF
91 Process for determining the test beds?
Jessica ReineNIST

1 NFL and Undé&rmour came to NIST and provided funds and did a grand challepgeple
came forward with different ideas and felt compelledtowdrh G K bL{ ¢ 06SOF dzaS ¢S
a stake in the gamewe just perform the tests and say the result. All the participants sent their

YFGSNAFE G2 bL{¢ YR ¢S 3 @S (GKSY UKS adl yRINR

chose the vinner.

1 At NIST there are many smart people in areas that can form quithé/NIST team figured out
the test in 1 weelc we have a physics, materials science, chemistry team. We form small teams
in record time

Erik FunkhouserRIA/University of Texas
1 Two veryfeasible ideas on the table
0 Test beds
0 Technology transfer grants working in tandem with the test beds

9 Other ideas:
0 Test beds: multiple types or a central one?

Adrian Chu McKinsey
1 Universities and stastips in this space
Roel Vermeulern Utrecht University

| Feasibility of a test bed? This spacewas sg@lK Sy &2dz GFf 1 Fo2dzi +h/ axz
potential things. This could be difficult

Jon SobusEPA

1 There are many types of opportunities. | love the concept, but want more specification
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Jesica Reiner NIST

1 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 FunkhouserRIA/University of Texas

1 Consortium modet in addition to hard tactical, you need soft tactical
Jon SobusEPA

1 Seltdeveloping the test beds
Chris Portier EDF

1 EDF is already working on a common language for sensors to sham@cdaga sensors. That
plays a role in the validation conversation. Do we need to do something different?

Adrian Chu McKinsey
1 Atheme is failing quick. Be iterative. Have challenges
Jon SobusEPA
1 Do developers want to know where they stand?
JenniferMcPartland- EDF
1 How do the consortia work? How is a standard or4sstl set to give people competitive.
Jessica ReineNIST
T bL{¢ Ifaz2z OFyQl R2 SOSNEBIKAYSZ
Beth Trask EDF

1 Way to crowdsource in some wayinitial users are the testers and the validatoiaput from
doctor visits?

Roel Vermeulern Utrecht University

f Thiscouldbepost NJ SGGAy3 @I fARIFIGAZ2Y ® | THobrmdtHedama Ay
and link bank

Priya PremchandranGoogle

1 Must think about the market opportunity

Analytical Delief

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 papants 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 thieshold
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 delcatesince a

device will have different applications (and different applications have different tolerances for
ALISOATFAOIGA2Y 0SS AGQa AYLRZNIFYyd G2 1y26 0KS Fdz f
threshold. Regarding standards, participadiscussed how standards and validation is necessary

because the overall use will suffethere 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.

{ SOSNIt ARSIA 6SNBE RAA&AOdzaaSRZI Y2 Arhadl andthe NGLE ThevS & & A
first idea of a test bed has several components: competitions with iterative challenges, finding partners

for technology transfer grants, and ddeping 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

Whatapproaches to validation are most 9  Series of studies establishing different threshq(dtshn
convincing and when do we have enouc Decker)

information to have confidence in a tool o Start with lab testing, then go to field testing to see

how it works(RoelVermeuler)

1 Stakeholders should be brought to the table to help design-
validation studiegJon Sobus)

1 Validation should be broken into sensor types: risk, relevan
risk, and hazar@Chris Portier)

1 Major characteristics to be validated: LQI2ifnife), easy
calibration Beizhan Yan sensor durability to survive in
storage and measurement perioR¢el Vermeule)
environmental condition durabilityJohn Deckér ease of
protocol Jessica ReingrUser acceptancdéth Trask
computer software Chris Poiier)

What opportunities exist to fund
validation studies?

What is the role of standards? 9 Difficult to define a standard since it diffegknowing the full
range of performance characteristics is importéRoel
Vermeuler)

1 Difficult to define what is universally badbetter to know the
range(Roel Vermeulen
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Question / Output NAMES AND NOTES

1 Sandard vs. specification (depends on the tolerance of youl
application)(Jennifer)

Standards have a role in competiti@ennifer)
Sandards vary based on applicati@fennifer)
Standards cabe a test method, not a numbégdessica Reiner,

Current validation process, actors Early validation publication from NIOSH in the late 90s (Joh

Decker)

1 NIST to do testing in Hoosick Falls for PFOA, created stant
reference naterial, gave NY the measurements plus or mint
range and gave them the reference materials. They develoy
their methods in house and ran samples to understand
distribution. Material used to validate brand new in house
methods (Jessica Reiner)

1 NIST deveps tests for validating produc{dessica Reiner)

1 AWMD develops tests for sensarseference in real world
situations (Roel Vermeulen)

Specific areas that need more robust 1 Computer software associated with a seng0hris Portier)
validation efforts

Working with public agencies to increast § EPA as a watchdog to evaluate the devidesm Sobus)
focus on validation studies

New funding opportunities

=

Technology transfer gran{€hris Portier)

yR f2y3 0SNY

Q¢

~
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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 coulble 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 collaboittiother
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 purchasj; 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)

RoelVermeuleng UtrechtUniversity
9 Build sensors into existing sensors. Logical extension of existing work.
John Deckeg CDC

9 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 ppose for emerging chemicals of concern. (E.g. a
clearinghouse)

Sarah VogelEDF

1 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 activistsNeed to marry existing technology with fit for purgss

3. Indoor air quality monitoring in schoolg leveraging demand from a concerned audience in a
responsible monitor

Roel Vermeuleg UtrechtUniversity

1 Go to cheap sensors or should you invest in something med priced you could deploy in general
concern abotihealth 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 pér Kids the role we
should have? Be able to deploy in certain areatderly home, a schoolRarrow down to
schools or apply to different buildings.

Chris Portier EDF

f 52y Qi KI@S LINRofSY 6AGK 6SI NI of SaAdkaytageisOK2 2 & @
include not having the issue of wearables (durability), not a problem with a powersource.

Beth Trask EDF
1 How can we get the price down as well was discugded deployment.
Roel VermeulenUtrecht University

T LG YAIKG 0S RAFFAOAA G G2 3ISHG GKS LINAOS R24yd 5
have to get through that difficult baier. 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)

MeganLatshaw JHU

1 Isthere 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 ideasChallenge 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 invahia. Challenges are a great

way to solve some of these obstacles
o 528ayQi ySSR (2 FT20dza 2y SYSNHSyOé NBalLkRya

daTY

Annette GuiseppElie- EPA
1 For a modest amount of funding.
Beizhan YanColumbiaJniversity

1 ER¢When we respond to disaster it is after thect. Fund strategies to be prepared. You have
to service big wind, rain, eté:or 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 igpare this better. This gives us the ideas about Da2ke the unit
ready for those kinds of events.

Chris Pyke Aclima/USGBC

9 If you look at reason auto have databases in products in cars. That infrastructure exists pays for
itself upon recall. The send you need to do a recall, that system pays for itself. In the moment
of disaster the cost of bldg. DB looks cheafe. need to reflect; automobile manufacturers
have comprehensive guides of their materiakhey track all the components of auto parts
because it pays for itself upon recalit 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@dk.g.
defense, USPS, GSA)

Chris Pyke Aclima/USGBC
1 Derisk the process [Missed this with computer isstie}- can organize and pool demand to find
RSYIYR F2NJ I &ALISOATFTAO GeLlS 2F LINRPRAZOG IyR RSt A
individual parties. Give small companies something more specific.
Sarah VogelEDF

Pool market ready consumerffs.A 1S ¢KI G w2Sf gl a aleAyax &2dz O
leverage that bulk demandis a way to pool market ready users and pool the demand.
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6. Improve data quality through algorithms and automating baekd analysis.

BryceGoldenChen- EDF

9 Transition fran using the expensive devicefiow do you make the devices more appealing?
Cheaper oneg you do want some kind of validation on the results

Roel Vermeulen Utrecht University

1 Related to validation discussion we had. Missed what he was sagimgnd. No sure how this
focuses on stat and opportunitieSensor itself but also the algorithms behind it. Think about
gt ARAGE A& y20 2yte lo2dzi GKS aSyaz2NE o dz
and opportunities, but that was the discuss.

Beizhan Yan ColumbiaUniversity

1 Have diff sensors and diff time scales (hourly, minute, d®ifherent 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 stampg | mentioned hat there could be a function where you put 3 or 4 together and
combinea then you do the data analysis.

7. Multilevel Establish test methods
a. Tech transfer to SB grant
b. Iterative challenges
c. Agreed upon language

Jessica ReineNIST

1 Come together to know what tests are needed. Competition and tech transfer.

9 For NIST to do this needs partners.

1 NFL and Under Armor came to NIST to test materials and Under Armor handed out awards to
pay for testing.

9 Test bed and a group to come togethierhave comparability across the sensors. Some sort of
competition associated with it. Tech transfeif it is developed at NIST, then the method should
be available to others. Common language to drive

SarahVogel- EDF

9 For NIST to be able to da ineedcollaboration?
o Jessica Reiner
Absolutely.

8. ConsortiumMorking group meeting to talk about validation

Jessica ReingrNIST

1 Come up with way to take adv of ongoing conferentteget right people in room.
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I Test beds are great, but sometimes these conferemaés 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 GuiseppElie- EPA
 ISE®ad a meeting last night. 2 years ago theresvaasensor science fagih 4 Q& | 3INBIF G Y2 F
Beizhanyan- ColumbiaJniversity

1 Most people who attend conferences who are running the labs. We also need technicians at
these meetings too. Encourage fitstnd people to participateéviost of the people thez 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.

MeganLatshaw JHU

1 Natl Enviro Monitoring Conference is a good plaegd 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 VogelEDF

1 We touched on this earlier with pooling demand
Annette GuiseppiElie- EPA

1 Need a health or enviro outcome. Important to focus on that.
Darryl Banks RIA/Private Consultant

1 We focused on this health vs enviro issue? There are diff timeframes and funds: on the
dilemma or it being an environmentat a health priority.

BryceGoldenChen- EDF

1 Is there a hybrid approach to this space?zhere a new hybrid approach that this space exists
in?

10. Derisk¢ Organize buying clubs that provide early funds and early feedback.
Megan LatshawJHU

1 Libraries okquipment to lendLending library?
Lauren RiggsGoogle

9 Shared risk taking is keyringing down the risk is importantearly product users may not be
able to continue using it.
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Priya PremchandranGoogle

9 Buying club needs to be organized around comritea. What is the demand coming to.
Clarifying questiorg The buy in club must be organized with a common interest or a common
missiong investment and money on the table. When you pull the demand together, you need a
strong alignment; what is the demad coming too.

0 Lending library is educational.

o This is enabling something in the industry bringing more efficiency/ illuminating noise to
create strong market signals.

1 Create strong market signals.

Chris Portier EDF

{ Itis about the strong market signal.ll0 market actors come together and express interest. O &
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. Crowdfunding

Chris Portier EDF

1 How is this dferent than crowdfunding? Sounds fairly close.

David RejeskiELI

1 There is a lot of money going through crowdfunding. Think about that as a large source of funds.
CKSNBE INB Ho O0AfftAZ2Y Y2@0Ay3a GKNRJdzZZK ONR SR Fdzy
make peoplebuyitf SG LIS2LX S GNB Al 2dzid |, 2dzy3d LIS2 LI S
version of a rental system look like?

o0 What would that look like? Do we have something where people could try it aut
higher quality one?

1 52y Qi 0 deéingsiiké Car2G&oRel. What would sensor market look like with Car2Go
model.

1 People who build sharing economy sites know how to do this. the sharing economy.

R
R

BryceGoldenChen- EDF

1 Another strategy session would be criteria to match funders with ugersther strategy is
providing some standardization for the user need side and matching it with the funder side.

Crowdfunding, stamp of approval, aggregating buyemesent to suppérs¢ another strategy
for a consortia type group.

12. Other ideas”Anything missing
MeganLatshaw JHU

1 One was talking too big instrument OEMs.k to big instrument manufacturers that have some
things in the space alreadythese may not be big moneyaking ideas though.
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1 Twog Academic incubatorartnership. At JHQ if you area researcher, JHU will help you build
product and assistance all along the way. IP is an issue with universitiggzmieincubator
partnership: At Hopkins if you develop sornigig 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
f 95C O2dz R aidl NI R2Ay3 GKAAXZ odzi A0Qa dzyt A St e
Benjamin BunesVaporsens

M Not sure how this would work

1 DOD is working on PCENhext gen detector program. They are in early stages of developing
these.DOD is trying to develop a wearable exposure monitor for multiple taigsisxt
generation chemicdRS G SO0 2N LiQa Ay GKS SINXe aidl3Sao

1 They bring in promising new tech and choose which they are interestéd énstage is testing
and evaluatiorg they bring in promising new tech, evaluate, and decide which.

1 They develop prototype they test and woridk build product Second stage is funding the
development to a functional prototype to test in more realistic scenarios.

f Theyplanto build 100k units 2 NS5 NP dzy Ra dzy 0 Af @e&2dz 3Sa 02 | LINE
acquisition cycle of 100,000 units.

1 Thisis a gia& leap going from R&D to product. But you can take this to investors and say | have
100k customers in the wingrom a tech development standpoint, this is amazing. For R&D to
product. They fund every step of development. Then you have a purchase ordeagdake to
developers and say| 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

1 Interesting model from DOD
Benjamin BunesVaporsens

1 Takesa lot of money and many years.
Darryl Banks RIA/Private Consultant

1 At the end of the day you can have a product.
1 To have a purchase order is incredible to attract more funding

Benjamin BunesVaporsens
i Demonstratingand aggregating demand is enough.
Chris Portier- EDF

9 Scratch the 3 ideas just mentioned. EDF cannot necessarily help here. We will stick with original
11.
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1  Group will rank these by what EDF could[dds (1 Q&  NJ- yclfroniitlie Herspective of
what EDF and EDF with partners can dihis space.

1 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

1 Go to concrete idea to look at child health and combine it with grant challenge. You need to
hawe goal with challenge Practical application and grant challenge is keyrhéreensors in

a0K22fta YR O2Y0AYS 6AGK | INFYR OKIffSyaSe | 2
G2 YSIFadz2NBE FNI O]l Ay3Ié 2NJ ai 2edund pair lxiththelg@nd2 2 f a4 © £
challenge.

1 Inmy folk, | made a combination, this is something where you can make a concrete idea, putting
aSyaz2zNr Ay aoOKz2z2fad ,2dz OFyQd R2 I 3INFYR OKIff

GasSyazNBé o he@fardi2haleng€sl y o6S
Dave RejeskiELI

f Component of STEPM educatiopid S| OK addzRSy da I
Y2YAG2NRY 3 AlGOD 2dz Oy Ay dSaNI
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Chris Portier EDF

1 You could challenge the schools foratithey would use it for to see who gets the next round of
monitoring.School air quality monitoringHow do you see EDF jumping into this?

DaveRejeski ELI

1 You can teach kids with this approach. You can challenge schools to work reith finen
partnerwith them for the data.You can teach the students a lot re STEM education, it can be
integrated into the curriculum.

Sarah Voge] EDF

1 Working with Houston schoalsVe have been working with a network of Houston high schools
and developing a leadershiprum for involvement in air pollution issues.

MeganLatshaw JHU

1 Working with Undergrad students to measure AQ in in 2 HS to see what is happening in the
schoolL QY ¢2NJ Ay3d 6A0GK dzy RSNANI} Ra ¢K2 3J20G Lw. [ LL
high sclols and do interventions and studidsQY @2 NJ Ay 3 ¢ &42YS dzy RSNHNI
quality in 2 high schools and teach students what the measurements mean.

T ¢KS / KAfRNByQa Sy@ANR KSI 0K Cy¥SIwa2INgaogkesfR 9t ! g
partner to work with here. And EPA has a school health guide that could be hdlpéul.
/| KAt RNByQa 9y @GANR | SHfGK bSGg2N)] O2dAZ R 3IAGS 3Ad
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PriyaPremchandran Google

1 When we do monitor and get datawhat action to we take®)uestion that comes upvhen we
do monitor and get the data, what action do we take?
1 1am 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. do we make
thatdetSNYA Yl GA2YyK LQY Ay |3INBSYSyd |062dzi GKS ySSF
understanding engagement. Also important for us when we start interveqimigat is our
action? From our experience, it turns out to be challenging.
1 We get asked about this oftepwhen we monitor and get data, what action do we take? How
do we make the determination? The idea here is good, but | think when you start to get into
AYGSNIBSYyAy3a:r GKAY]l lo2dzi GKS FOGA2Yy LI NI 2F Ad

MeganLatshaw HU

1 Reduce idling outside is one acticip they are thinking of reducing idling outside the schools.
1 Open windowsOpening the windows.

1 Look at lightingLighting.

9 There are easy interventions based on restltszre are easy interventions that could thene.

AileenNowlan- EDF

1 Thgre are instruments that exist? Or is the idea that the instruments do not exist® the tech
SEA&GK 2KFEG A& 95CQa NRfS KSNBK 9 NX¥eée adgl3s 2N

RoelVermeulen- Utrecht University

1 Depends on how you would like to dlwis. 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 ae 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 s¥mesa roll out
and get more data coming in, while getting benefits of deployment. Can do in stages.

JenniferMcPartland- EDF

T 28 Oly dzaS GKAA | LIINRFOK (G2 aSS AF¥ (KSasS i
presentation yesterdayis part of the challenge is delineating specificatiofisK | 0 Qa & K S NB
find out once we see submissiogfiow many are ready for the purpose. For the specifications
we want, maybe there is already an instrument out the¥eu would be delineating
speciftations and learning what measures are purpose specific.

ChrisPyke- Aclima/USGBC

1 What has been successful in that adoption. Google classpdhe cost point of Google
/] tFraaNR2Y® tdzi GKS OKItf Sy FScifii®y, thiS@ddl & A1 S D2
what has been successful in that adoption. Google Classgdbiere is an infrastructure think
GoKFEG g2dZ R Al 0S tA1S G2 | Rhisis mohfee cbdlldntieo A £ A (0 &
googlecg | believe in health for googlesam | seious enough to be an early adopter and put
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the challenge down for schools? Google Classroom is an educationkodlQa | f NS Re& K| f
system. Would love to challenge someone to bring passion points togétloegle Classroom

has provided an infrastructer 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 FunkhouserRIA/University of Texas

1 There was a DOE on diffusion of sa]@eploy solar PVs at schools. Use the data idestts
OdzNNA Odzf T aKIFINB GKS RIGF gAGK dzaSNRIX 2S 221
been successful in integrating solar into the curricula. Only one site wasodlelerage that
data longterm.
1 Response form the groupfusion solar inititives were starting oug solar TV arrays at a
number of school systems3 criteria:
0 1 Use the data in student curricula
0 2 Keep the data up and in use
o 3 Share the data with users to get reads from other areas
0 None of the schools were successful in ingng it into the curricula. There were no
additional integration plans. Only 1 source was able to leverage data over the long term
1 What is the leverageable idea heréRe Curricula angle as a central component is difficult
gAGK2dzi | K dz3 Se adgizRob&lévdragadiioinat i2ad taihive constant action
at the school.
o { SOSNYft Y2RdzZ Sa GKIG 62N)] AYRSLISYyRSyiGfe 27

Chris Pyke Aclima/USGBC

9 Take the Globe program as a model of when programs do work. The exaiikgigked about
was unsuccessful but GLOBE program wasks$)BE program20+ 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.

LindsayMcCormick EDF

1 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 schddlstivating factor for the schools
to be involved? Even with a solution, getting engagement is wliffic

Jon SobusEPA

1 There may be resistance from school but you may get more interest from parents. Take some of
the influence away from school authoritiés. working with schools, there might be resistance
from schools and board. You need to get thierest of parents. Wearableindividual.
Stationaryc the school and board.

ChrisPyke- Aclima/USGBC

1 Work with PTASGo through the national PTA as wethey have the money and the
motivations. School districts will be the last ones to embrace this.
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7. Improvedata qualityand analysighighest votegetter) Establish test methoddést beds (led by
NIST or commercial entity)

PriyaPremchandran Google

91 EDF could set up a model for what that would look likele 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
Y2RSt Aa 6KSNB ¢S ySSR (2 adFNI FyR gKFEGQa 10O
RoelVermeulen- Utrecht University

1 What are the issues from the user groups that are important. Those arirghateps. What are
the user groups and what would we like to know from sensors and do consumers know what
they mean.

f lagreecinthediscussioqil KSNBX Qa I f 2 icasaid applicaians tNdbigkinbo@.K S Y
CKSNBE AayQi wm deddd$nodelthatiriigsin Nondbhe& ® as welldissues from
user groups that are importarg anthology to speak about the same thingghese 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.

PriyaPremchandran Google

1 How does tech like this go from research to market.

T 52y Qi ftAYAQG GKS Y2RSt @©how doesdtisyesh gat fromiedeamo | F NI Y
actual creation .how do these get to marketokat the opportunities on the consumer and
non-consumer side.

JenniferMcPartland-EDF

1 BDF strengths in poirilg demand. Investments have to be willing to create test beds.

1 Putin the investmeng there need to be willing users for the test bed. We needliape
demand for the test bed to move it forward.

T 2SQ@S GFf 1SR Fo62dzi 95CQa &a0NBy3aIGKa Lz f Ay3d RSY
We could help to shape the demand.

Chris Portier EDF
1 Combine number 7 with number 8 = you submit a challenggetelop a sensor that is X
expensivegg S g Aff RAAGNAROdzIS Al (G2 a0Kz22fa ®KSNBQa
begins to create a test criteria.
Sarah VogelEDF
f ¢KIHaQa  o0A3 GKAy3 Fff (G§23SGKSN) @, 2dz Oy (GKAY]
Rod Vermeulen Utrecht University
9 This corresponds with air quality sensors. The anthology. Think about what the performance

ONRGSNREF FNB® ¢2 YSI (GKAaa FSSta tA1S GKS &arys
taking with what EDF has doneR@€EMsSomething that gets to an ontology.
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Chris Portier EDF

1

A test method must be tied to a goal. What do you want to do with this thing?

Roel VermeulenUtrecht University

1

You could work out 8 (user grougschools are 1 example)work them out andsayq this is
what we want to dog chenicalanalysis around fracking (one use case) or schools (anather)
formulate these plang EDF could have these projectseem like they would be of interest

9. Organize Demand Side be appealing to developers, searchers and funders. Need to ID
customer bases and unique needs or interests

ChrisPortier- EDFSarah VogelEDF

T

T

| think this is related to schools version. Try to pull demand to drop price and share cost when
thinking about per student pricezelated For schools, you pool demand to drop the price and

share the cost (think pestudent thing).

Timelimited populations; unique needs in this space. Who are the users we want pull
together?But thinking about other timdimited populations, that makes aglinction¢ 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
guestiors we are trying to answer. What are the specs needed and here is the RFP? Then we can
ask for methods or tech heréigure out the theory of changewho are the segmented users to

pool? What is the questions we are trying to solve for? Shape the spéoiii¢ar the tech

needed. Then putoutthe REK SNBE Qa GKS GAYS FNIXYS [yR 6KIFIG 6S
methodologies people think will work then have volume that might work.

PriyaPremchandran Google

1

What is the demand for the problem you are trying tdv&? Is it event based or more systemic

problem you are targetingoepends on the domain of the problegis it event based problem?

Or more systematic problem to be targeteWhat is the demandi A RS LINR2of SY G KI
trying to solve? Isitaneventb&®e LINR 6 f SY &2 dzQNBE (GNBAYy3 G2 az2ft @
LINPOf SY 22dzQNB GNEBAY3 (G2 a2t @So

U o

ChrisPyke- USGBC

1

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 towgdtdure for. Who are the top ten on the

list that could take this intermediate steplike 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 matte Have to ask who is more likely to use the information produced?

CANBFAIKGSNE YI & KIS aLISOAFAO GKAy3Ia GKSe& | NB

| like this one because you id a specific definition of users and a high need groupghitouy in
capacity that know the market. ID a vulnerable group, some have mppeyvide insights.
Could reduce their exposure. But you also do this with the intention of priming the market. This
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Chris Portier EDF

1 Use pregnant mothers and firefighters as stepping off poiiot also want ancillary users. Like
firefighters. They need the measurement right away.

Chris PykeUSGBC
9 Createa toe-hold for the people to get starteqthey can then adapt and expand.
Annette GuiseppiElie- EPA

1 Look at longerm market. [Having hard time hearing heré]you look at this as a critical point
in time ¢ think longterm and longitudinat, Wear fora period of time, over on a longer term
basis for additional information. You could get at this as \elbking at this as a point in time,
but maybe think about as a longitudinal market.

MeganLatshaw JHU

91 If our labs wanted the lab to maintain equipmtehat manufacturing was trying to phase out.
We would leverage labs to say this is how much we will pay over tiraevould do this APHL
for a different purpose. If our lab wanted to maintain equipment to sunset, etc., we would pool
together how many lag were willing to keep paying for the contract and try to make it worth
their while by telling them what their customer baselfour labs wanted the manufactures to
YEAYOGFAY + LINPRdAzZOG GKS& YAIKG NBGIGANBI 46SQR akz

Benjamin BunesVaporsens

1 Demonstrate demand not targeted for enviro. Defense is a great exampleonstrating
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 succBemonstrating demand will pull up
G§SOKy2t23A8ad 55F¥SyasS A& | aANBILG SEFYLXSo® LT @&
pulled in.

SarahVogel- EDF

1 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. Alsoapid fire go around the roorg something that
O2dz R 6S |y ARSI echelpiuNdheas befohdMeviig on, o atound the Y
NE2Y ¢ yS¢ ARSIHAa (GKFGQ@S 06SSy LizZ £t SR (23SGKSNW

ChrisPyke- Aclima/USGBC

1 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 laddef/earing 2 hatg tech hat but alsdshe 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 ruadaar of liability and concern for
aft 221 Ay 3 T2 NJprbbjes & ieastirthg dnything. iVe eed to break down the first
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barrier. My observation, how do we break this into incremental paths forward? We have huge
FYOAGAZ2YS ¢S YIe@ NARA]l alALILAYy3I 20SNJ GKS Nizy3aod
interest in fnding anything at all. Work on that barrier.

JenniferMcPartland- EDF

1 Agree with what Chris said. What makes sense in what order. There is interest in the field and
how to do it sustainableDverlayc lower rungs. Think strategically about what makesssem
what order. Enjoyed the excitement and motivation to move forward. But we need to think
about how to do that sustainably and realisticalihink about what makes sense and in what
order. Thing | enjoyed about the meeting was the interest, and wilegt forward is sustainable
and realistic.

LindsayMcCormick EDF

T LQftf 0SS adyikKSaATAya | (26 2FSoKKhysSyartb2ab
Exciting.

Beizhan YanColumbiaUniversity

1 How to select and commercialize? What pollutants wou targeting and what tech is there
now. We need more tech part here. EDF could org workshop of technologists of what is needed?
2SS R2Yy QiU (y2¢ o6KIG Aa GKSNB® 2SS ySSR SLIARSYAZ2C
diseases to target and what chemicalgdoget.
1 Eyeopening for me as well. | was thinking that we talk about how to select and how to
commercialize. One thing is what compound or what pollutants you are targetsthe tech
there yet? Maybe not. This is a little more technic&DF wouldbe 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 promotevimy forward.
1 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
R2y Qi NBFIffée 1y2¢ (GKStheset 3AO0 GSOK ySSRa GKFdG N

BryceGoldenChen- EDF

1 One thing has resonated. Clean tech path versus health tech is key. The pathways are different
and emerging of spaaghybrid space.

1 One thing that has resonated is clean tech vs. med tech, etc. and exploring the different
innovation models; the new emerging space is a combination of areast just environmental
or public health. Running challenges with incubators is exaitwajuable next steps.

1 The cleantech innovation pathways, and exploring innovation models anertferging space
is it an extension of these or a different thing.

JenniferReiner- NIST

1 EDK Hnal thoughts from this so we can bring this to a management team. | want that
information to guide our future work.
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f lwantto see EDF puttogetherfinalK 2 dzZ3Kia | yR K2¢ 6SQNB Y2Q0Ay3 ¥
this forward to our management team and show them that this group of multiple stakeholders. |
want email addresses, etc.

1 2SQ@0S KIR | 20 2F RA&OdzaaArz2y (KikakthoaghtS8> L QR f
that | can upmanage, and have concrete.

Roel Vermeulen Utrecht University

1 Valuable meeting. A lot of elements for successful deployment of actionable projects. What are
the barriers, helps coming from academia and learn whatcanwex®a® 52y Qi f SiG G KS
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.
1 Valuable meeting shows a lot of different elementscould be successful deployme&trive
to get to the high point. | would like to see how the tech is chasbuat at a certain point you
just need to commit.
T L Oy SOK2 GKIFIG GKA&a Aa @QlfdzdoftS YSSiAyase LQ@S
the perfect be the enemy of #hgood. Incremental approaches are important. | would like to
see an increment model with specific commitments.

Doug Walker Emory

| First time interacting with lots of people inthisspatce A & ¢ a (KS FTANBRO 0AYS
different people whaare interested in this tech.

1 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 retardantsne thing that has struck mie 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 tlaatloe used smartly and are not just responded
to in an excessive way.

T hyS GKAYy3I GKIFGQa &adNHzO]l YSE K2g Oly 6S ARSYUGAT
and help make decisions, rather than set off alarms.

Jon SobusEPA

1 Outstanding workshopWe 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 needWirs.
g2dzA R IS0 AYydSNBad yR O2dzZ R 6S R2yS ¢Sttt owz2S
we positioned to support. When you see an opportunity to do impact scietticss is the right
group and people at the table.
f Exposomics has notalways hiad&k S & dz00SaaSa 2F 3ISy2YA0ad !''yR ¢S
addressed a lot of the problems, and we have IDEAS about how to get to the solutions. One
issue is the inertiato have the funding to meet the needs and to have results. We need wins.
What can we d now that is good defensible work, that would have a win. The school concept
could do thisg impactful, good science. What is this group well positioned to support? You see
opportunities where you often can support a solutigithis group could support soe of them.
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T L dKAY]l LQR f dzYL) §whiclhhasgsaxoiplexipsblilen. I15thid page2wer O &
need wins. What can we do that would be good defensible work that would have high impact?

Megan Latshaw JHU

1 Democratizing science. We wrote off theaof 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. | am glaaliting 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 resulteand how to reduce exposures. Biomonitoring field has experience here.

f DemocratizingsciencteL f 2 S (GKS ARSF® 2SS OlFlyQiG oNRGS 2FF
communities that are welbrganized. They can have the potential to tap into the crdwmding
concepts. These communities clearly have ends and questions. | want to see partnerships there.
There are tech developments that could meet to needs of these concerned citizens.

0 9¢. LINZANIY G 9t! gFa | INBIFG LINRIAINIY (2 ¢
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.

0 The communication piece is key. How do we talk to people about the resultscand
they can reduce their exposures. Biomonitoring field has a lot of experience with these
communications.

9 Ilove the idea of democratizing science. We wrote off the idea of partnering with community
groups.

Erik Funkhouser RIAUniversity of Texas

1 It has been enlightening to work in this field. 2 takeaway8hat 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 innavatéow can we
focus.

1 Thinking about these basic definitions in a couple ways is interestiitat is an
entrepreneurial scientist? Need to keep our eyes open and make strides outside of the
community. When you think about triangulating dagéghese idea were all discovered
elsewherec where can industry and defense do the hard work and we can work on the other
specifics.

Darryl Banks RIA/Private Consultant

1 On the demand side look at opportunities about organizing demand and creating market of
usersand funders and ID specific types of sensor development.

1 Challenges and opportunitiesthe demand side; looking at how one opportunity could
organize demand to create a market of funders and ugehss must inform tech challenges
focused on specifigypes of elements connecting these two together seems like a great way to
do it.

1 On the demand side, play a role in organizing demand and creatiragletof users and
funders. And thinking through challenges. Very good opportunities.
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Adrian ChiSam- McKnsey

9 1think from here a next step would be to do more of this. Elevate and manage risk and there is
not alot of risk in this space now and we need people to take risk.

1 From here, a good next step is to do more and plan less. EDF is in a good pogisvate the
risk and help stakeholders manage the risk. Not much risk is being take right now. This could
change.

1 From here, do more and plan less. Elevate the risk and manage the risk.

Annette GuiseppiElie- EPA

i Be collaborative

9 Criteria to think ofg where can you have the most unique perspective? How can you continue to
0S O2ftfl 02N 0AQPSK ¢KIGQa GKS Y2aid KSt LIFdzZ o

1 Where is it that EDF can have the unique perspective, and continue to facilitate collaboration.

Benjamin BunesVaporsens

1 Interesting to hee 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.
f Interesting to hear the different parts of the ecosystem. All peopfeav RA & Odza a o6 KI G Q&
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.
1 What can be done on a realistic timeframe.

Mark Epstein MyExposome

1 What can | do with Doug, John, Anneti@hat can you do with Marc? Ask yourself that?

1 LQOS O0SSYKEKAYINYYER R2 gA0GK ff 2F GKS&aS LI NIGAC
T LQ@S o6SSy laiAay3a vyeaStFz gKF-G OFy L R2 ¢ 20KSN

experience to do otér things. W supply chains and end users. Pick something, and see how it
works.

AileenNowlan- EDF

1 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 Roeall saikeaway 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.

RomainLacombe Plume

1 Takeaway We are looking for a path, recognition of long path to get there. In case of Rjume
SOK2Sa ¢KIFi w2Sf alARI R2yQd tS4G GKS LISNFSOI
around standardization, language, to make data actionable withritite angle. If we are
looking for scale one group to engage would be citizens themselves. It would be good to lean
on those citizen groups
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1 We are all looking for a path. Clear vision of where we want to be. A long road between. In our
case, my takeawaig 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; if we are looking for scaleone group of stakeholders is citizens therves and
engagement. You can bring in the members of EDF themseleas in on those folks.

1 Think abouti; what does it mean that something is git for the purpose. Test beds? Language?
2 Kl G6Qa ySSRSR G2 YIS GKS RI G thisaSwdl,byhgin f S® hyS
citizens and public engagement.

Jason AmsdenDuke University

1 I wantto go home and motivate my team.
JenniferMcPartland- EDFBeth Trask EDF

1 How to leverage industrydow do we use this tech to motivate policymakers and industry
David RejeskiELI

1 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. Canwe raised00 YR Ay n $SS1a4K €KSNBQa
we need to sort it out. If EDF can go away and set up partnerships and setiut G Q a
GLEARFOARZY [ o02ddl GKS YA (AR & KLS NBKI@UES needdiK R ¢
to figure them out.

PriyaPremchandran Google

1 1'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 pedfe: to see
this group continue to be engagegd®R Ay @2t SR FyR YSSG 3L Ayd ¢KS
24 2F NBaSFNOK FyR | t2G 2F RSYFYyR® [SiQa O

Lauren RiggsGoogle

1 Try to achieve realistic goals and repot back and stiavetinue to try things in my job. Set
realistic goals. Try to achieve them. Ask questions. Report back. Share.

Sarah VogelEDF

1 You are a nice group. No one dominated. Please fill out the survey. | heard a fetemear
things. Tangible needsVe have a survey we want to do. Heard a couggarterm things.

9 Putting something tangible and visionary is on us at EDF too.

1 We will do followup. Not sure what it is yet.

M 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
guality monitoring efforts in schools (as axeenple 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 moweipth discussion about the higher

ranked ideas. Often, participants mentioned combining different opportunities or borrowing part of one
idea to include in another~or 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/liedtidea 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 withtjggyants 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  { Indoor air qualitymonitoring in schools (Roel Vermeulen/Cht
make a contribution to the advancemen Portier)

of PCEMs Technology challenge (Megan Latshaw)

Pool and organize demand for specific product delivery to tl
market Chris Pyke/Sara¥ioge)

o / NBI §SK2f R&i 282N LIS2LX S (
and expandChrisPyke)

1 Test beds with tech transfer grants, iterative challenges, an
an agreed upon language (JR/Chris Portier)

1 Consortium modelJessica Reiner)
Buying clubs (LR)

Concrete next steps to operationalize  § For schoolg find the right partner and keep the campaign
identified programmatic strategies short Chris Pyke)

Types of stakeholders, actors to involve § DOD (developing PCEM for multiple targetsave a model
(or target audience) that ends with a large acquisition cycle) (Benjamin Bunes)

1 Schools> CEHMould be a partner here (Roel
Vermeulen/David Rejeski/Chris Portier/Sakabge)

What U.S. "brands” (e.g., NIH, EDF, EP { NIST Jessica Reingr
NSF) carry sufficient credibility to ensure
a strong launch of a consortia?
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Question / Output NAMES AND NOTES

Range of consortia activities ahdw 1 Take advantage of conferences that form for these

they pull together communities and have a workgroup focused on PCEM (Jes
Reiner)

Stakeholder, actor outreach activities 1 CEHN and EPA could help with partnering with schools (Me
Latshaw)

1 Partnerwith national PTA for the school partnership (Chris
Pyke)

Expectations around outcomes
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Understanding Chemical
Exposure, Accelerating the
Market for Wearable Monitors

October 26-27, 2017 E D F '

1875 Connecticut Ave NW ENVIRONMENTA\

. DEFENSE FUND"
Washmgton DC Finding the ways that work
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