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ABSTRACT

Disaster research faces significant infrastructure challenges: regional and federal
coordination, access to resources, and community collaboration. Disasters can lead to
chemical exposures that potentially impact human health and cause concern in affected
communities. Community-engaged research, which incorporates local knowledge and
voices, is well suited for work with communities that experience impacts of environmental
exposures following disasters. We present three examples of community-engaged
disaster research (CEnDR) following oil spills, hurricanes, and wildfires, and their impact
on long-term social, physical, and technical community infrastructure. We highlight the
following CENDR structures: researcher/community networks; convenient research tools;
adaptable data collection modalities for equitable access; and return of data.
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INTRODUCTION

Environmental disasters in the United States are increasing
infrequency andseverity (Smith 2020). Disastersencompass
geographic, structural, and social events contributing to
or causing adverse human health effects, economic loss
and environmental impacts (Chmutina and Von Meding
2019). Research is needed to address community concerns
regarding potential impacts to human and environmental
health, following the life-saving efforts often necessitated
by a disaster (Miller et al. 2016). Characterizing chemical
exposures is one such concern, as highlighted by the
Deepwater Horizon oil spill (Gulf of Mexico), Hurricane
Harvey (Texas), and recent wildfires in the Northwest
(NW) United States. During Hurricane Harvey, there were
89 reported releases of air toxics, yet it was unclear which
chemical contaminants were released, or in what quantities
(Miller and Craft 2018). Additionally, there continue to be
significant gaps in knowledge regarding the composition
and subsequent health impacts of wildfire smoke in the
Northwest (Aguilera et al. 2021). Disaster research aims
to generate knowledge that will help populations support
real-time response decisions during disasters, understand
outcomes and recovery, and prepare for future disasters.

Disasterresearchhasmany challenges (Milleretal., 2016).
Traditional research methodologies, including recruitment,
retention, data collection, and data analysis, may be ill
suited for disaster research (Bongers et al. 2008; Knack
et al. 2006; Henderson et al. 2009). Disasters that involve
potential chemical exposure require characterization of the
type and quantity of chemicals in environmental media, yet
a lack of baseline data complicates analysis (Knack et al.
2006; Lurie et al. 2013). Most exposure assessment tools
rely on electricity, the internet, or trained data collection
personnel. Biomonitoring technologies capable of detecting
chemical analytes in urine or blood rely on physical
infrastructure commonly impacted by disasters, such as
controlled locations to collect and store samples. The
digital collection of questionnaire or medical history data
is similarly hampered (Henderson et al. 2009), especially
when reliant on participant tracking and retention (Knack
et al. 2006). There is a shared similarity amongst many of
these challenges; they are dependent on pre-existing critical
infrastructure. The challenges faced by disaster research
are those faced on a much larger scale by communities
dependent on these socio-technical systems (Choi et al.
2019). As such, disaster research must be carefully situated
in this space to prevent additional demands on stressed or
failing critical infrastructure (Choi et al. 2019).

Passive sampling is well-suited to disaster research in
which characterization of chemical exposure is desired,
as the sampler mimics biological membranes, thereby

allowing analysis of bioavailable contaminants from air,
water, soil, or sediment (Dixon et al. 2020; Anderson and
Hillwalker 2008). The samplers do not require electricity,
are low cost and low maintenance, are capable of
assessing a breadth of chemicals (>1,530) (Bergmann et al.
2018), and can be configured as environmental or personal
samplers (O’Connell et al. 2014). The samplers can be
integrated with existing technological infrastructure, such
as the NOAA Hazard Mapping System (Schroeder et al.
2008), questionnaire and biological data (Rohlman et al.
2019a), and US Census data for describing neighborhood
socioeconomic status (Oluyomi et al. 2021) to provide a
comprehensive sampling strategy following a disaster.

Beyond collecting chemical exposure data, obtaining
consensus among researchers, communities, and
regulatory agencies on which contaminants to evaluate
is difficult (Reams et al. 2017). Identifying the research
issues and subsequent prioritization requires coordination
between multiple stakeholders, and should include
community members (Miller et al. 2016). Following the Gulf
of Mexico oil spill, the National Institute of Environmental
Health Sciences (NIEHS) developed the Disaster Research
Response (DR2) platform in 2012. The platform collates
disaster-related materials and protocols, resources,
and research tools; addresses issues of coordination
between researchers, agencies, and public health; and
collects timely health data following a disaster (Miller et
al. 2016). This program also conducts trainings with first
responders, regional and federal agencies, and researchers
in environmental health (Miller et al. 2016). Efforts to
increase coordination amongst researchers and their
community partners have resulted in substantial changes
to the ways in which disaster research is conducted, such
as the implementation of a single IRB and standardized
participant registries (Packenham et al. 2017; Collogan et
al. 2004; Symanski et al. 2021).

Given the inherent unpredictability of disasters, it is a
challenge for researchers to collect baseline data, access
knowledge regarding the extent of the disaster, and select
study sites and participants (Bongers et al. 2008; Henderson
etal.2009;Knacketal.2006). Toaddress these compounded
uncertainties, the inclusion of community voice enhances
DR2 efforts (Miller et al. 2016; Errett et al. 2019). Research
methodologies that engage communities for this purpose
include citizen science (CS), community-engaged research
(CEnR), and community-based participatory research
(CBPR). CS has been defined as the participation of non-
scientists in projects with public interest (engagement), yet
where the main question or study design originated from
academics (Woolley et al. 2016; O’Fallon and Finn 2015).
CEnR is defined as research driven by academic interest
and questions, yet engages the community in aspects of
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this endeavor, such as providing input on the study design
or selection of the data collection tool (O’Fallon and Finn
2015). CBPR is situated within community knowledge and
strengths, and uses a collaborative partnership model to
co-develop research that addresses community concerns
(Israel et al. 1998). Wooley et al. (2016) developed a
framework for differentiating between these forms
of engaged research (Figure 1) that parsed elements
of engagement, involvement, and participation, with
participation defined as that beyond a study subject.
Whereas CBPR encompasses aspects of engagement,
participation, and involvement (Israel et al. 1998), CS efforts
rely on engagement around the research topic to increase
participation in data collection. CEnR includes at least two
elements of this framework (Figure 1). These research
methodologies are designed to promote equitable research
practices by prioritizing community priorities, needs, and
strengths (Wallerstein et al. 2019). Indeed, CPBR focuses
explicitly on the ways in which partnerships are formed and
power is distributed (Wallerstein et al. 2019). For example,
researchers and community members participate equally
in the process, whereas CS and CEnR may be more heavily
weighted toward the academic or community partner on
aspects of research priorities, governance, data sharing,
and communication (Cooper et al. 2021; Guerrini et al.
2021; Andress et al. 2020).

DR2 incorporates CS, CEnR, and CBPR to various extents.
The benefits of CEnR are well catalogued (Israel et al. 1998).

This framework has been applied to disaster planning (Wells
et al. 2013) and disaster research (Miller et al. 2016). CBPR
is an important, yet time-consuming undertaking (Israel
et al. 1998), and thus difficult to implement following an
unexpected disaster, wherein community partnerships
may not yet exist. CS has been successfully used following
disasters (Hicks et al. 2019). Studies that utilize forms of CS
suggest that datasets developed by CS can inform disaster
response and preparedness (Chari et al. 2019; Hicks et al.
2019). However, CEnR approaches appear to be well suited
for conducting research during and after disasters, herein
termed community-engaged disaster research (CEnDR). In
this approach, community concerns drive research efforts
(engagement), community context can account for existing
or potential inequities and inform data methodology and
collection tools (involvement), and community members
may aid in the collection of data (participation). Relative to
CEnR, CENDR is subject to additional guidelines for working
with impacted populations. These guidelines recognize the
impact a disaster may have on infrastructure, to include
reduced access to resources (medical facilities, clean water,
food, transportation, school, and housing, among others),
impacts on local researchers, and potential for research
overload (Collogan et al. 2004; Ausbrooks et al. 2009).

Here, we discuss three case studies to describe the
challenges of disaster research and lessons learned
utilizing the CEnDR framework following these discrete
disaster events.

Figure 1 Venn diagram of intersections between citizen science (CS), community-engaged research (CEnR), community-engaged
disaster research (CENDR), and community-based participatory research (CBPR) aligned with elements of engagement, involvement, and

participation, as described by Wooley et al (2016).
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DEEPWATER HORIZON GULF OF HURRICANE HARVEY NORTHWEST WILDFIRES
MEXICO OIL SPILL (MC252).
Disaster type Chemical disaster - oil spill Hurricane-caused flooding Wildfire

Date of disaster

April 20 - September 19, 2010

August 17 - September 2, 2017

June - October, annually

Description of

An industrial disaster on the Deepwater

Rainfall from Hurricane Harvey

Wildfires are increasing in size, and

disaster Horizon resulted in an estimated 4.9 resulted in up to 60 inches of rainfall subsequent smoke impact is leading
million barrels of oil spilled from the in 4 days, leading to catastrophic to acute health impacts (Aguilera et
Mississippi Canyon 252 (MC252) well flooding (Oluyomi et al. 2021). Thirteen  al. 2021). Wildfire smoke composition
over 87 days. Researchers collected pre-  Superfund sites flooded in Houston, TX  varies between fires (type of wood
oiling samples as it took weeks for oil to (EPA 2017). burned, type of structures burned).
reach the beaches.

Geographic Gulf of Mexico and the coasts of Texas, Louisiana Fires located in Washington, Idaho,

extent (US)

Louisiana, Alabama, Mississippi, and
Florida

Oregon, California. Smoke has
travelled across the US and into
Canada.

Community
concerns
(research issue)

Impacts to human health, marine life,
economy.

Concern regarding exposure to oil and
chemical dispersants via contaminated
air and water, local seafood, use of
public and private beaches, residual oil,
and potential for re-exposure due to
hurricanes unearthing buried oil near
the shore (Allan et al. 2012).

Exposure to air toxics following
emergency shut-down and start-up
procedures at petrochemical facilities
and the subsequent release of
benzene and other chemicals (Miller
and Craft 2018).

Concern regarding exposure to
chemicals from the 13 flooded
Superfund sites

Concern regarding exposure to wildfire
smoke from air or deposition on
vegetables

Chemical composition of wildfire
smoke and impacts on human health

Behaviors that would reduce exposure
to wildfire smoke.

Level of CEnDR Involvement Involvement Involvement
community provided input on study community involved in recruitment Involved in the research issue
design and sampling sites and helped efforts and input regarding report-back  identification
maintain security of samplers efforts (focus groups) Participation
Provided local knowledge about relevant ~ Engagement Community members set up samplers
activities near sampling sites Ongoing research dissemination and and collected samples before, during,
Engagement forums and after wildfires.
community remained engaged through
research dissemination and scientific
outreach at a workshop
Participant Not applicable Retention across two time points =57%. Retention across three time points (3
retention rate years) = 62%.
Research Environmental sampling conducted Personal sampling conducted during Environmental sampling and
methodology before, during, and after shoreline oiling.  and one year after flooding. questionnaires conducted before,

Chemical analytes: Polycyclic aromatic
hydrocarbons.

Chemical analytes: Polycyclic aromatic
hydrocarbons, flame retardants,
polychlorinated biphenyls, pesticides,
dioxins and furans, endocrine
disruptors, personal care products,
industrial, and pharmaceutical
chemicals.

Secondary data: Area deprivation
index; proximity to toxic waste sites.

during, and after wildfires.

Chemical analytes: Polycyclic aromatic
hydrocarbons.

Secondary data: PM2.5, NOAA Hazard
Mapping data.

Research tool(s)

Environmental passive samplers.

Passive sampling wristbands;
questionnaires.

Environmental passive samplers;
questionnaires.

Duration of study May 2010 - May 2011

August 2017 - present

2018 - 2020

Table 1 Description of case studies, community concerns following the disaster, level of community-engaged disaster research (CEnDR),

and description of the research methodology and tools used.

DESCRIPTION OF CASE STUDIES

The following describes the subsequent research efforts
to evaluate chemical exposures following the Deepwater
Horizon oil spill (Gulf of Mexico), Hurricane Harvey (Texas),

and wildfires (NW United States). Each study highlights
various aspects of CEnDR, from informing study design to
trainingcommunity membersto collectdata (Table 1), along
with the associated infrastructural challenges (Table 2).
In all studies we prioritized the safety and well-being of
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INFRASTRUCTURE CHALLENGE

MITIGATION

ALL DISASTERS

Physical Geographic constraints due to distance
from disaster or physical damage caused by

disaster; researchers impacted by disaster.

Use of NIH-funded centers and networks to identify collaborators and
appropriate research tools.

Technological Coordination amongst scientists, regional and

federal agencies, community organizations.

Development of a research dashboard to reduce participant burden.

Social Funding for timely research responses that Include disaster research as a theme in currently funded research
includes CEnDR. programs and Centers
Timely ethical review for research studies; Pre-positioned disaster IRB
coordination between institutions
Context. Historical context; culture; existing Research designed with and by communities
disparities
Lack of central information repository for all Increased collaboration to share tools and reduce burden on
studies relating to the disaster communities
Multiple Methods of mitigating exposures specific Present multiple mitigation activities, cognizant of regional and cultural

to the unique disaster that are relevant,
economic, feasible and appropriate.

context, financial burden, availability, and housing status (rent/own/
other).

GULF OF MEXICO OIL SPILL

Physical Access to study sites; location of study sites; Work with Federal and State agencies to obtain appropriate permitting.
site security

Social Study site selection Work with existing community groups to identify appropriate sampling

locations.

Community context. Given the nature of the Researchers set clear expectations with the study (source of funding,
disaster, tensions were high. goal of research, communication of results).
Inability to collect personal samples. Developed a pre-positioned disaster IRB.

HURRICANE HARVEY

Physical Access to enrollment sites. Worked with community partners to select accessible, convenient

recruitment and enrollment locations.

Long lines to complete enrollment.

Tiered sign-up times; self-sign up.

Technological Data collection reliant on Wi-Fi.

Utilize mobile hotspots or survey software capable of off-line
performance.

Social Participant retention and long-term

communication.

Conduct widespread recruitment across web, newspapers, radio, and
community partners to communicate upcoming study opportunities.
Provide routine updates via email, telephone, and community forums.

Community context (literacy, distrust,
historically underrepresented communities).

Conduct focus groups to determine community concerns and methods
of report-back.

NORTHWEST WILDFIRES

Physical Shipping delays due to wildfires and

evacuations.

Mail kits prior to wildfire season

Sample preparation. Severe wildfire smoke
contaminated the laboratory, preventing new
kit assembly.

Prepare samplers prior to a disaster.

Real-time identification and characterization
of wildfires across multiple states

Technological

Utilized publicly available databases and participant feedback on wildfire
incidence and severity

Internet and Telephone capabilities; rural
areas impacted by wildfires had decreased
internet and cell phone capability, decreasing
communication especially during wildfires.

Verbal completion of questionnaires during limited Internet
Written and photographic instructions provided with kits

Training materials

Video, written and photographic instructions provided with kits

Influence of personal and community
behaviors on air quality.

Social

Post-study questionnaire captures co-variate data.

Participant retention

Rolling recruitment for new participants; flexible deployment dates to
accommodate participant schedules.

Table 2 Challenges and mitigations associated with community-engaged disaster research (CEnDR).
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participants and clarified that research participation was
voluntary.

DEEPWATER HORIZON OIL SPILL, GULF OF
MEXICO
On April 20, 2010, an industrial disaster on the Deepwater
Horizon drilling rig in the Gulf of Mexico led to approximately
4.9 million barrels of oil spilled over nearly five months
(Table 1). The oil spill impacted multiple communities
and the economy, including recreational and commercial
fishing, shrimping, and tourism (Lichtveld et al. 2016;
Sumaila et al.; 2012). Following the disaster, we deployed
to four states in the Gulf of Mexico (Louisiana, Alabama,
Mississippi, and Florida). Here, community members
were involved in study design, helped identify sites to
deploy samplers, provided valuable logistical support,
and remained engaged in monitoring and protecting
the samplers over the course of multiple deployments.
They also relayed important contextual information for
interpreting environmental data, such as shoreline clean-
up activities that occurred when researchers were not
present. They remained engaged with the study via reqular
interactions with the researchers, study updates, and a
workshop (Table 1, Figure 2).

We set up environmental passive samplers (air, water)
at shoreline sites within each state before oil from the spill
reached the coastline, ensuring baseline data. Coordination

with local and federal agencies was necessary to obtain
permits for placing samplers in coastal waters. Sampling
continued for a year, for a total of nine sampling events
(Allan et al. 2012).

Here, we collected environmental baseline data, yet no
personal samples were collected because of the lack of a
pre-positioned institutional review board (IRB) protocol.
However, by responding immediately using environmental
samplers, the project documented pre-, during-, and post-
spill oil chemical concentrations in nearshore environments
in the Gulf of Mexico. These data have been widely utilized
to help understand the impacts of the Deepwater Horizon
oil spill.

The disaster response leveraged existing infrastructure
such as organized community groups that categorized
concerns, as well as a sampling technology that did not
rely on disaster-impacted infrastructure. Based on lessons
learned from this disaster research, the team initiated
a pre-positioned disaster IRB for use in future disasters
to allow collection of personal samples, and to improve
opportunities for community involvement and participation
(Rohlman et al. 2020).

HURRICANE HARVEY (HOUSTON, TX)

Hurricane Harvey, a category 4 hurricane, made landfall in
Texas on August 25,2017 (Table 1). The subsequent rainfall
caused catastrophic flooding across the greater Houston

Figure 2 General timeline of community-engaged disaster research (CEnDR) case studies. The disaster duration refers to the initial
event and does not encompass disaster recovery. Icons indicate areas of community engagement (forums, outreach via research
dissemination), participation (focus groups, data collection), and involvement (community input on study design/methodology).
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area. Within three weeks, we initiated the collection of
personal chemical exposure data by leveraging a pre-
positioned IRB and collaborations between three academic
institutions: Oregon State University (OSU), The University
of Texas Health Science Center at Houston (UTHealth),
and Baylor College of Medicine (BCM). UTHealth and BCM
had existing community and governmental partnerships,
enabling rapid community engagement and involvement
(Symanski et al. 2021).

We integrated recruitment efforts with existing relief
efforts by enrolling participants at community centers
and churches identified by community partners. Houston-
area neighborhoods were prioritized, based on the
preponderance of flood-damaged properties (Oluyomi et
al. 2021). Community partners were involved in recruitment
efforts and engaged with the study via study updates and
the study website (Figure 2). Participants wore a silicone
wristband for seven days and filled out a questionnaire.
A second data collection occurred 12-14 months later to
obtain post-disaster data.

All participants had the option to receive their wristband
data, and all requested this option, indicating high
engagement. Focus groups provided an opportunity for
community members to be involved in report development
and to ensure that data was placed within the social and
historical context of the community. This increased level of
involvement ensured reports were specific to community
questions and concerns. For example, rather than displaying
aggregate data, the focus group participants preferred
viewing data presented by neighborhood in recognition of
existing disparities in socioeconomic status.

The study struggled to maintain long-term engagement
with study participants, potentially owing to the permanent
displacement of residents from their homes following the
flood (Table 2). Disaster-impacted infrastructure posed an
additional challenge. Initially, a portion of data collection
required Wi-Fi, which was frequently unavailable at
recruitment sites (Table 2). Inter-university partnerships,
existing partnerships with community groups, and
willingness to share resources and tools substantially
strengthened the study.

Through the focus groups, we learned that additional
information around exposure mitigation and risk reduction
was needed and should be communicated alongside the
return of data. We have followed the recommendation to
include mitigation and reduction information in this and
subsequent studies.

NORTHWEST WILDFIRES

Wildfires in the NW have increased in size over the past
decade (Halofsky et al. 2020). Starting in 2017, OSU
researchers held informal conversations with community

members and the OSU Extension service to characterize
environmental health concerns (Table 1). To evaluate
chemical exposure before, during, and after wildfires in
ambient outdoor and indoor air at residential locations
over three years (Table 1), we used environmental passive
samplers and questionnaires. The goal was to generate
data to inform public health advisories related to smoke
exposure and improve individual recommendations for
smoke-impacted individuals.

Using a convenience sampling approach, we identified
community members across four states (Washington,
Oregon, California, and Idaho) based on their proximity to
historically wildfire-impacted areas. Volunteers completed
self-paced training with videos and written instructions
and worked with researchers to identify sampling locations
and deploy samplers. Briefly, we asked participants to set
up two passive air sampling monitors (indoor and outdoor)
for up to three weeks, and complete a questionnaire
(description of study location and characterization of
individual and community behaviors as related to smoke
exposure). All participants accepted the offer to receive the
data from their location.

After each sampling period, results were returned to
study participants using a template previously developed
with communities (Rohlman et al. 2019b). The results
highlighted contaminants associated with wildfires, and
demonstrated differences between indoor and outdoor
air before, during, and after wildfires. Following lessons
learned from Hurricane Harvey to include additional
resources, we included information about chemicals found
in wildfire smoke and recommendations for improving
indoor air quality.

This study significantly benefited from community
participation given the geographic extent of the fires.
Additionally, the study was designed from a disaster
preparedness standpoint with samples collected before
the disaster occurred, and thus benefited from the time
allowed to plan the study, obtain an IRB, train participants,
and collect baseline data. Despite applying lessons learned
from previous CEnDR approaches, we identified new issues.
Independent of the fires, rural participants had limited
internet access, and therefore completed questionnaires
over the telephone, although this service was also unreliable
(Table 2). During fires, underlying infrastructure became
heavily impacted. The postal service was unable to deliver
samplers in areas under certain evacuation levels, and
smoke contaminated the research laboratory itself (Table 2).
The use of CENDR alleviated some of these challenges, for
example by sending samplers to community members
prior to a disaster. Furthermore, many participants called or
texted to report wildfire conditions within their areq, often
before official databases captured these conditions (Table 2).
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SUMMARY OF DISASTER IMPACTS
ON INFRASTRUCTURE AND LESSONS
LEARNED

Disaster research is complicated by the unpredictable
timing, the locations, and the severity inherent to
disasters. As outlined in Table 2, there are additional
challenges to disaster research. Here, we share lessons
learned from conducting CEnDR following three disasters
within the United States. As shown in Figure 2, community
engagement, involvement, and participation were unique
to the study design. While the three studies differed
in disaster type, location, and approach (Table 1), they
can inform a general sequence for CENDR approaches
(Figure 3). Researchers can prepare by developing
training, IRB protocols, and tools that are well suited to
disasters. While community partnerships may not exist
prior to a disaster, principles of CEnDR may facilitate new
partnerships and guide development of study designs,
sampling approaches, and return of data. Finally, the

return of data to individuals and communities can increase
transparency and apply study results to community
concerns.

Following identification of the challenges and
opportunities posed by infrastructure before and during
disasters, we developed a series of comprehensive lessons
learned (Table 3). Theselessons extend beyondtheindividual
case studies, which focused on chemical disasters. Where
possible, we have included specific examples, taken from
researchers’ own accounts, to demonstrate the value of
these recommendations for future CEnDR.

PREPARE FOR THE UNPREDICTABLE

Preparation for disasters and CEnDR is critical for a timely,
informed response. Such preparation includes developing
a pre-positioned IRB to enable collection of personal
chemical exposure measures and other data, training staff,
preparing materials for training community members to
self-collect data, and preparing collection tools in advance
of potential disasters (Figure 3).

Figure 3 General sequence for community-engaged disaster research (CEnDR). Community input and knowledge is integrated at study
initiation, with transparent data sharing options. While depicted as linear steps, CENDR exists on a continuum, with responses addressing
the immediate disaster through to disaster recovery and preparedness for future disasters.

LESSONS LEARNED

*  Prepare for the unpredictable

*  Cross-coordination across agencies, institutions, non-profits, and communities is essential

*  Ensure relevance, transparency, and equitable participation

*  Study design and data collection methodologies must be adaptable to the physical constraints of the location

e Identify or plan for baseline data collection
* Anticipate and mitigate research fatigue
* Integrate return of data into CEnDR studies

*  Provide exposure reduction resources within the context of the disaster

e Identify timely funding for disaster research

Table 3 Lessons learned following review of challenges and mitigations specific to the three case studies. Community-engaged disaster

research: CEnDR.
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Prior to initiating CENDR, ethical review of study activities
may be necessary. Unfortunately, the timeline of IRB
review is not often compatible with disaster research and
community expectations (Lurie et al. 2013). This was a
challenge faced by researchers during the Deepwater
Horizon oil spill, with many studies delayed 10 months
(Miller et al. 2016). There are ongoing efforts to increase
the prevalence of pre-positioned IRBs that will mitigate this
difficulty (Packenham et al. 2017). This leads to additional
considerations, such as how to set up such protocols
across multiple institutions. Following Hurricane Harvey,
collaborating institutions leveraged existing protocols,
tools, and methodologies to respond to the disaster within
three weeks (Oluyomi et al. 2021).

The occurrence of seasonal wildfires in the Northwest
are largely predictable. However, this allows researchers to
recruit and train participants prior to fire outbreaks, using
historical fire data to inform study site selection. Storing
a repository of prepared samplers, and sending samplers
before adisaster whenever possible, ensures that researchers
are ready to respond quickly, irrespective of disaster impacts
on researchers or researcher facilities. For example, smoke
from the 2020 wildfire season contaminated the research
laboratory itself, preventing sampler preparation. Previously
stockpiled samplers were available to conduct the necessary
collection of data at all study sites.

CROSS-COORDINATION ACROSS AGENCIES,
INSTITUTIONS, NON-PROFITS, AND
COMMUNITIES IS ESSENTIAL

The benefit of cross-coordination during DR2, and associated
challenges, has been previously discussed (Reams et
al. 2017; Errett et al. 2019). An additional consideration
around cross-coordination relates to the difficulties of
researchers who are themselves impacted by the disaster.
Sharing resources and leveraging existing community and
governmental relationships with academic institutions can
provide a strong internal infrastructure. As an example,
during Hurricane Harvey, several of the researchers were
impacted and dealing with flooded homes as they secured
funding and designed the study. Relying on collaboration
from other institutions enabled a robust research response
despite these complications. Additionally, the DR2 program
has built a repository of protocols, resources, and data
collection tools (Miller et al. 2016), and research amongst
NIEHS-funded centers has assessed the capacity of
researchers to respond to disasters (Errett et al. 2019).
However, cross-coordination between researchers and
community members remains reliant on local, established
relationships. A single, disaster-specific dashboard may
enable such coordination with communities and with
federal funding agencies.

ENSURE RELEVANCE, TRANSPARENCY, AND
EQUITABLE PARTICIPATION

The strength of CEnDR is the integration of scientific
knowledge and community-based knowledge. This
intersection provides science-based data that is responsive
to community concerns. Following the Deepwater Horizon
oil spill, researchers selected sampling sites in consultation
with community members. These consultations allowed
for the inclusion of nuanced information regarding the
way sites were used, their proximity to vehicle exhaust
(boat and car), and ways individuals may be exposed to
oil-contaminated water.

Furthermore, the inclusion of community voices and
knowledge provides a strong platform for enhancing
equitable participation via flexible study design and
alternative  methods of participation (i.e., verbal
questionnaires in cases of limited internet). We found
that community input on how to return data incorporates
community knowledge and context, identifies equitable
dissemination methods, and can ensure that reports
represent multiple languages, as needed.

STUDY DESIGN AND DATA COLLECTION
METHODOLOGIES MUST BE ADAPTABLE TO THE
PHYSICAL CONSTRAINTS OF THE LOCATION

The physical impacts of disasters are wide-ranging
and often unique to each disaster. However, common
issues include difficulty accessing impacted sites and
communities, and integration with existing relief efforts.
In the case of Deepwater Horizon, researchers traveled
across the country to collect and deploy samplers. The
locations themselves were often challenging to access
given beach closures due to oiling and finding appropriate
structures upon which to attach the samplers (Table 2).
Many physical challenges were mitigated as the sampling
team grew familiar with the environment. Across all case
studies, many challenges attributed to disaster research
were mitigated given the selection of data collection tools
and the ability to distribute and recover passive samplers
by mail at ambient temperatures (Anderson et al. 2017).

IDENTIFY OR PLAN FOR BASELINE DATA
COLLECTION

Occasionally the nature of the disaster allows for collection
of baseline data, as seen with the Deepwater Horizon oil
spill and NW wildfires. In studies wherein researchers are
unable to collect baseline data, coordination between
researchers and communities may identify alternative
datasets or build post-disaster sampling into the study
design. This was the approach taken following Hurricane
Harvey, which collected samples one vyear later for
comparison purposes (Figure 2).
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ANTICIPATE AND MITIGATE RESEARCH FATIGUE
The Hurricane Harvey study relied upon repeated enrollment
over one year. Enrollment suffered from low retention
(57%; Table 1), potentially due to residential displacement
from flooding, changes in contact information, or research
fatigue. The NW wildfire study covered three years, with
62% of participants remaining engaged over that duration
(Table 1). However, many participants tried to complete
the annual questionnaire or sampler setup from memory,
leading to errors, or a general feeling that the provided
training was insufficient. Thus, future longitudinal studies
should consider tiered training materials, recognizing that
long-term participants may need different training or
visually different training materials to re-engage.

INTEGRATE RETURN OF DATA INTO CENDR
STUDIES

Communities should be involved when returning individual-
or community-level reports. One method is to hold focus
groups to learn how best to return data to participants.
For Hurricane Harvey, we learned more about concerns
related to chemical exposure, preferences regarding data
visualization modalities (text, bar charts, tables), and the
way in which data people wanted to receive their data
(email, mail, online). This helped us align the design of the
report with community needs.

Returning data necessitated data sharing and
collaboration between collaborating institutions, and
integration of all activities under a single IRB protocol
(Table 2). The return of data identified challenges within
the administrative aspect of CEnDR. Specifically, the
IRB process needs to be rapid and flexible enough to
accommodate multiple institutions and projects, with
the ability to share information quickly and confidentially
between institutions to allow for timely reporting to study
participants.

PROVIDE EXPOSURE REDUCTION RESOURCES
WITHIN THE CONTEXT OF THE DISASTER

In the early stages of Hurricane Harvey, we shared
resources specific to community concerns, such as cleaning
up flood water and removing mold. We presented exposure
reduction resources along a continuum, taking into
consideration economic, cultural, and physical constraints.
As the chemical exposure study progressed, we shifted to
provide methods related to reducing individual chemical
exposure, per community requests.

IDENTIFY TIMELY FUNDING FOR DISASTER
RESEARCH

We initiated each case study prior to securing funding,
given the sudden onset of disasters. Opportunities for time-

sensitive research funding exist yet are still on the order of
months from grant submission to receipt of funds. Here,
multiple NIEHS-funded Centers collaborated within and
across institutions to respond to disasters. As we collected
data, we identified and leveraged funding opportunities to
analyze and return collected data.

CONCLUSIONS

Increased collaboration and coordination, such as that
facilitated by the DR2 program, has begun to address
the need for shared resources, data collection tools, and
protocols. However, identifying the research issue and
prioritizing health concerns remain challenges unique to
each disaster. Miller et al (2016) noted the importance of
community involvement in this process yet acknowledged
there is no organized infrastructure to support this.
Additionally, the unpredictable nature of disasters often
means that responding researchers may not have existing
partnerships with the impacted community. Collaboration
betweenresearchers can leverage community partnerships;
however, in a survey of Environmental Health Sciences
Core Center directors, while collaboration was listed as
necessary to increase community engagement, relevance,
and equitable participation, it raised concerns of outside
researchers potentially damaging trusted community
partnerships (Errett et al. 2019).

Wallerstein et al. (2019) identified multiple strategies
underpinning successful, robust academic-community
partnerships. These strategies included recognizing
and including community strengths and knowledge,
facilitating  communication, and representing and
addressing community-defined outcomes for the research
(Wallerstein et al. 2019). These are strategies that mesh
well with the CEnDR framework of prioritizing engagement,
involvement, and participation, and can be adaptive to
disaster scenarios. For example, CEnDR must be responsive
to impacts from a disaster on critical infrastructure (Choi
et al. 2019), as well as competing community priorities.
As discussed above, the nature of a disaster may preclude
the deliberate, careful development of a community
partnership. Given the impacts of a disaster, communities
may view the need for active engagement, involvement, or
participation as a barrier. However, in our experience with
CEnDR, having independent academic research groups
engaging with local communities provided clear benefits.
Smaller organizations were more nimble and able to deploy
rapidly and scale projects appropriately to be responsive to
community needs. The use of data-sharing agreements
between researchers and communities, as well as the
development of community advisory boards, may help
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mitigate concerns related to jeopardizing relationships with
partners.

Thereistherelated concernthat without comprehensive
collaboration  between  researchers, communities
may receive multiple research requests. Increased
collaboration under a CEnDR framework can reduce
multiple requests and lower burdens to participation
by aligning research goals and study designs. In our
case studies, we identified a need to coordinate with
other researchers that sought to characterize exposures
following a disaster. Following the Gulf of Mexico oil spill,
there was a call for increased collaboration to reduce such
fatigue (Finucane et al. 2020). To enhance collaboration
and reduce multiple, related community requests,
platforms like the DR2 program may help connect
disaster-impacted communities with researchers. While
it is critical to have local participation in disaster research,
it is not feasible to have a multitude of hyper-local groups
that maintain capacity for research on a wide range of
potential impacts from unpredictable disaster events.
Rather, a national framework that connects communities
and researchers within and outside of their region, and
concurrently allows research groups to coordinate their
efforts, would be mutually beneficial.

A CENDR approach provides for the return of individual-
and community-level data. The return of data has multiple
benefits, including increased transparency and giving
participants knowledge and agency to make informed
decisions regarding their environment and their health
(National Academies of Sciences and Medicine 2018).In the
aforementioned case studies, all communities received final
data, with Hurricane Harvey and NW wildfire participants
receiving individual-level data. The return of data is
embedded in the pre-positioned IRB and communicated as
a data-sharing policy with all study participants. The ability
to host focus groups, as was done with Hurricane Harvey,
allowed us to better understand new and existing problems
that may have been exacerbated by the hurricane.

A final challenge in disaster research includes the
collection of baseline data (Knack et al. 2006). While CENnDR
may be useful in identifying areas in which to collect such
information, prioritized based on community knowledge
of an areqa, data collection is reliant upon funding. The
lack of funding was identified as the predominant barrier
to conducting disaster research among EHS CC directors
(Errett et al. 2019). Expanding existing rapid response
funding mechanisms to accommodate and prioritize
CENDR can increase the relevance of research and increase
coordination between researchers.

In sum, these case studies highlighted important issues
in terms of the existing physical, technological, and social

infrastructure for disaster research. Simultaneously, the
studies also identified opportunities for CENDR to leverage
underlying strengths and to build an infrastructure for
improving disaster response research. The infrastructure
proposed here relates to existing technology, to include
passive samplers, questionnaires, and the DR2 program
that enhances collaboration. The case studies additionally
recognize that while CEnDR positively engages with
infrastructure, the nature of doing research during disasters
also identifies the limitations of such an approach. CEnDR is
further subject to limitations of the tools used (requirements
for underlying technological and physical infrastructure),
and the methods for engaging communities, recognizing
differing levels of community involvement, engagement,
and participation. CEnDR may not be appropriate for all
disaster-response research given the caveats discussed
above. The decision to move forward with a CEnDR study
should be done in consultation with community groups
and ligisons, with discussions around time commitments,
compensation for community time and knowledge, and
clear expectations regarding the use and dissemination of
study data.

These case studies help inform a structure for long-term
CEnDR that recognizes the disaster research continuum,
from preparing for disasters through disaster response and
recovery. The use of CEnDR, which includes community
voice and knowledge, and transparent data-sharing
policies can mitigate many challenges associated with
disaster research and ensure that research is responsive to
and informed by community needs.
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