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On the 30th anniversary of the Principles of Environmental Justice established at the First National People of Color Environmental
Leadership Summit in 1991 (Principles of Environmental Justice), we continue to call for these principles to be more widely
adopted. We propose an environmental justice framework for exposure science to be implemented by all researchers. This
framework should be the standard and not an afterthought or trend dismissed by those who believe that science should not be
politicized. Most notably, this framework should be centered on the community it seeks to serve. Researchers should meet with
community members and stakeholders to learn more about the community, involve them in the research process, collectively
determine the environmental exposure issues of highest concern for the community, and develop sustainable interventions and
implementation strategies to address them. Incorporating community “funds of knowledge” will also inform the study design by
incorporating the knowledge about the issue that community members have based on their lived experiences. Institutional and
funding agency funds should also be directed to supporting community needs both during the “active” research phase and at the
conclusion of the research, such as mechanisms for dissemination, capacity building, and engagement with policymakers. This
multidirectional framework for exposure science will increase the sustainability of the research and its impact for long-term success.
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INTRODUCTION
Exposure science is a multidisciplinary field that brings together
researchers from various interdisciplinary areas that include risk
assessment, epidemiology, public health, toxicology, environmental
chemistry, public policy, and engineering [1]. At its core, exposure
science seeks to answer basic questions such as: are people
exposed to contaminant(s)? If people are exposed, what is the
magnitude and intensity of the exposure(s) and what are the
sources? Additional questions include: How are people exposed?
What are critical routes and pathways of exposure? How can
adverse exposures be mitigated? How can exposure mitigation
strategies be sustainable? Answering these questions requires a
detailed understanding of personal, cultural, behavioral, and
political factors that contribute to these exposures, and how these
vary by geographic regions, race, ethnicity, gender, socioeconomic
status, and nationality [2]. Exposure science also seeks to better
understand health risks associated with environmental exposures
to inform exposure mitigation strategies suited for the affected

population. While there is certainly value in this knowledge, we
must dive deeper, as solely identifying exposures will not mitigate
or prevent them. The view that science and data can speak for
themselves has been widely accepted among scientists and
perpetuated throughout the standard research process (Fig. 1).
However, the traditional “investigator-initiated” academic approach
rarely serves communities most affected nor leads to structural
changes to improve public health. While the National Institutes of
Environmental Health Science (NIEHS) translational research frame-
work moves beyond the traditional “investigator-initiated” aca-
demic approach and highlights the importance of science
informing practice and policy, it does not explicitly address
structural racism as a root cause of health inequities [3]. Continuing
to only characterize exposures without identifying root causes will
not lead to meaningful changes, perpetuating distrust and failing
affected communities. Herein, we bring a collective perspective to
the exposure science field and advocate for community-driven
approaches to not only identify harmful exposure(s), especially as
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they disproportionally affect marginalized communities, but to also
reduce health disparities through community-centered approaches
aimed at mitigating harmful exposures.
Over 30 years of research confirms that marginalized commu-

nities are disproportionately exposed to and affected by
pollution [4, 5], hazardous waste sites [6], lead poisoning [7],
hazards resulting from the built environment [8], food deserts [9],
and other harmful environmental exposures [10]. In 2020 and
2021, these marginalized communities were repeatedly told that
due to their economic status, ethnicity/race, occupations, and
home location they faced a higher risk of morbidity and mortality
due to COVID-19 [11–14]. These are the same communities in
which researchers have documented elevated exposures to air
pollution [15–17], increased rates of contaminated drinking
water [5, 18], limited access to green spaces [19, 20], and
disproportionate burdens from climate change [21]. While the
field has often reported an association between these “risk
factors” (e.g., higher levers of air pollution) and race/ethnicity, it
has done so without considering the interpretation of these
associations, ignoring that structural racism and not race is
responsible for these differential exposures. The difference
between a “risk factor” and structural racism is that structural
racism encompasses the systems that reinforce and perpetuate
racial discrimination [22–24]. For example, while housing,
education, employment, and health care access individually can
be referred to as “risk factors” the interplay between all of these
is structural racism [24, 25]. This structure has led to dispropor-
tionate exposures and environmental injustices observed among

marginalized communities. Marginalized communities continue
to disproportionately face a mixture of harmful exposures [10],
and socioeconomic inequality has grown [26], impacts from
residential segregation persists [27], and many environmental
exposure disparities have not been remedied [28–30].
Environmental justice (EJ) is defined as “the fair treatment and

meaningful involvement of all people regardless of race, color,
national origin, or income with respect to the development,
implementation, and enforcement of laws, regulations and
policies that affect the environment and/or public health”
[31–33]. Since its inception, the EJ movement has been leading
efforts to document environmental exposures and health condi-
tions that reflect the values and needs of marginalized impacted
communities [34]. The 17 Principles of Environmental Justice
proposed at the First National People of Color Environmental
Leadership Summit resonate just as strongly today as they did in
the twentieth century (Table 1) [31]. The EJ movement calls for
strict enforcement of informed consent, the right to a healthy
environment, the need for involvement of all stakeholders in every
step of the decision-making process, and public policy that is
equitable. The Principles of Environmental Justice precede the
1994 federal Executive Order #12898 in the USA, which called for
the integration of EJ in various branches of the government to
serve “minority populations and low-income populations” [35].
Over the years, community-based EJ organizations have built
power [36, 37], EJ scholarship has grown [38, 39], tools to assess
and identify EJ communities have been developed [40–42],
and research programs dedicated to combating environmental

Fig. 1 Roadmap for redefining exposure science strategies. It demonstrates a roadmap showcasing the environmental justice framework for
exposure science in comparison to the “Investigator Initiated” strategies to exposure science research in academia.
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injustices have increased [43, 44]. Nonetheless, despite these
arduous efforts, progress is still needed in translating these 17
principles into policies to support systemic change to reduce
exposure disparities that result from historical and contemporary
racist policies.
Frontline EJ community members have long borne the burden

of exposures and are often the first to ring the alarm on these

harmful exposures [45]. For example, community anecdotes on
how children of farmworkers would become exposed to pesticides
simply by playing outside are now recognized exposure pathways
[46]. What scientists now refer to as the “take-home” exposure
pathway is a lived experience of parents who worried about
exposing their kids through interacting with their children upon
their arrival at home [46]. In response to the lack of government

Table 1. Principles of Environmental Justice [31].

WE, THE PEOPLE OF COLOR, gathered together at this multinational People of Color Environmental Leadership Summit, to begin to build a
national and international movement of all peoples of color to fight the destruction and taking of our lands and communities, do hereby re-
establish our spiritual interdependence to the sacredness of our Mother Earth; to respect and celebrate each of our cultures, languages and
beliefs about the natural world and our roles in healing ourselves; to ensure environmental justice; to promote economic alternatives which
would contribute to the development of environmentally safe livelihoods; and, to secure our political, economic and cultural liberation that has
been denied for over 500 years of colonization and oppression, resulting in the poisoning of our communities and land and the genocide of our
peoples, do affirm and adopt these Principles of Environmental Justice:

Environmental Justice Principles Integration into exposure science (Fig. 1)

1. Affirms the sacredness of Mother Earth, ecological unity and the interdependence of all species,
and the right to be free from ecological destruction.

Research question
-Priority set by those affected

2. Demands that public policy be based on mutual respect and justice for all peoples, free from any
form of discrimination or bias.

Action/policy
-Engage in policymaking

3. Mandates the right to ethical, balanced, and responsible uses of land and renewable resources in
the interest of a sustainable planet for humans and other living things.

4. Calls for universal protection from 4uclear testing, extraction, production and disposal of toxic/
hazardous wastes and poisons and nuclear testing that threaten the fundamental right to clean
air, land, water, and food.

5. Affirms the fundamental right to political, economic, cultural, and environmental self-
determination of all peoples.

Measuring contaminants
-Done in a culturally and ethically
responsible way
Participative justice
-Involves and considers all

6. Demands the cessation of the production of all toxins, hazardous wastes, and radioactive
materials, and that all past and current producers be held strictly accountable to the people for
detoxification and the containment at the point of production.

7. Demands the right to participate as equal partners at every level of decision making, including
needs assessment, planning, implementation, enforcement, and evaluation.

Participative justice
-Involves and considers all
Communication/results dissemination
-Sharing of information

8. Affirms the right of all workers to a safe and healthy work environment without being forced to
choose between an unsafe livelihood and unemployment. It also affirms the right of those who
work at home to be free from environmental hazards.

9. Protects the right of victims of environmental injustice to receive full compensation and
reparations for damages as well as quality health care.

Shared funding
-Budget is shared

10. Considers governmental acts of environmental injustice a violation of international law, the
Universal Declaration On Human Rights, and the United Nations Convention on Genocide.

11. Must recognize a special legal and natural relationship of Native Peoples to the U.S. government
through treaties, agreements, compacts, and covenants affirming sovereignty and self-
determination.

12. Affirms the need for urban and rural ecological policies to clean up and rebuild our cities and
rural areas in balance with nature, honoring the cultural integrity of all our communities, and
provided fair access for all to the full range of resources.

Leadership
-Represents the community researchers
Data ownership
-Collective

13. Calls for the strict enforcement of principles of informed consent, and a halt to the testing of
experimental reproductive and medical procedures and vaccinations on people of color.

Data collection
-Involves community

14. Opposes the destructive operations of multi-national corporations

15. Opposes military occupation, repression and exploitation of lands, peoples and cultures, and
other life forms.

16. Calls for the education of present and future generations which emphasizes social and
environmental issues, based on our experience and an appreciation of our diverse cultural
perspectives.

Sustainability
-Builds capacity

17. Requires that we, as individuals, make personal and consumer choices to consume as little of
Mother Earth’s resources and to produce as little waste as possible; and make the conscious
decision to challenge and reprioritize our lifestyles to ensure the health of the natural world for
present and future generations.
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and industry inaction, communities at the fenceline of petro-
chemical industries developed their own “low-cost” tools to
document their exposures to air pollution [47]. In one example,
the use of these tools to assess air pollution was deployed by
Communities for a Better Environment in collaboration with the
Regional Accident Prevention Coalition in Contra Costa, CA, USA
as far back as 1994. This community-driven approach in Contra
Costa, known as the “bucket brigades”, integrated the principles of
community-based participatory research (CBPR), EJ, and exposure
science [47]. Traditional CBPR approaches that engage all partners
in the research process offer yet a new dimension to advance EJ.
Through a CBPR approach, partners can utilize their strengths to
improve the health of the community and eliminate health
disparities [48].
In 1999, Sexton and Adgate published a framework that

established a conceptual roadmap to link sociodemographic
variables and environmental health risks to disease by applying
the Principles of Environmental Justice to environmental health
[49]. One of the main arguments of Sexton and Adgate (1999) was
that differences in race coupled with socioeconomic variables
(e.g., income, education) could be linked to environmental health
risks. However, race viewed as a variable in the Sexton and Adgate
(1999) framework is not a robust proxy for racism. It is structural
racism and not the color of people’s skin, itself that leads to these
differential exposures and health risks [25]. Consequently, without
addressing the racist policies and structures that contribute to
race disparities, exposure disparities persist [28, 49]. Gee and
Paynes-Sturges (2004) took the EJ framework one step further and
proposed that psychosocial stress was a factor that could link
social conditions with environmental hazards [50]. As a result, the
concept of exposure was expanded to include psychosocial
factors. While structural factors are alluded to, these earlier
academic frameworks have not explicitly identified structural
racism as a root cause affecting disease or proposed community-
driven approaches to combat the issue. Critical race theory (CRT)
offers yet another layer to the discussion by explicitly attributing
health disparities to structural racism and not race/ethnicity [51].
CRT is rooted in the idea that race is a social construct whereby
social institutions such as the education system, housing market,
criminal justice systems, health care system and others are
governed by laws, regulations, rules, and protocols embedded
with racism ultimately leading to disproportionate exposures, and
inherently health outcomes [51]. Particularly for CRT, it calls for
“centering in the margins”, which overlaps with the goal of CBPR,
which is to collaborate through partnerships with communities, a
theme also present in the EJ principles calling for equal
partnerships in the decision-making process. An approach to
integrating CRT into exposure science would be to remove
race from models and instead incorporate variables related to
the racism construct into the current methodology such as,
for example, inclusion of residential segregation [51]. Despite
several important overlapping principles, EJ, CBPR, and CRT have
not been fully integrated into the academic scholarship of
exposure science.
Many exposure scientists have been reluctant to explicitly

identify structural racism as an amplifying factor in exposure
disparities. One explanation for this is that exposure scientists may
not see a direct connection between themselves individually, or to
their research, and that the issue should be addressed by
policymakers and community members. In addition, many
exposure scientists have not had the requisite training or the
lived experience (i.e., being a member of a marginalized
community being studied) to identify structural racism as a root
cause. To reduce EJ disparities that are pervasive across the critical
issues being
addressed in exposure science, we must not take a passive

approach to policymaking and need to improve active engage-
ment in the policymaking process. Furthermore, exposure

scientists need to expand their training to include CRT, CBPR,
other social sciences, and be more representative of the
communities in which they work [48]. The concept of research
as a driving force for social change is not new. EJ methodologies
have long been integrated into the public health field and its sub-
disciplines, including exposure science. To truly integrate science
to achieve change and to eliminate disparities plaguing margin-
alized communities, we call for the EJ principles to be fully
integrated into the exposure science field.

ENVIRONMENTAL JUSTICE FRAMEWORK COMPONENTS AND
PRINCIPLES
To encourage a rapid and pervasive adoption of the 17 Principles
of Environmental Justice into exposure science, we propose a
logical framework of 10 concepts that can serve as a roadmap for
redefining how to conduct exposure science in a more just,
inclusive, and equitable manner (Fig. 1). While it is recognized that
each research study is different, and more importantly, each
community is likely to have unique political, cultural, environ-
mental, and/or social characteristics that affect their exposures,
herein we distill and focus on a framework that transcends specific
research questions or communities and aim to provide a path in
which exposure science can actively engage to reduce environ-
mental injustice.

Leadership—represent the community
Demands for increased diversity of faculty at academic institutions
have been ongoing for decades. Each new wave of student
cohorts across the nation calls for faculty that represent the
diversity of the student population and the communities that they
serve. In 2018, black researchers accounted for 8% of assistant
professor appointments across the United States (US), Latino
researchers for 6%, Asian and Pacific Islanders for 14%, multiracial
researchers for 1%, and Indigenous researchers less than 1% [52].
In comparison, in 2018, the US population was 14.1% black, 18.3%
Hispanic or Latino, 6.8% Asian, 0.4% Native Hawaiian and Other
Pacific Islander, 2.4% two or more races, and 1.7% American Indian
and Alaska Native [53]. While there have been initiatives to
increase the recruitment and retention of black, Indigenous and
people of color (BIPOC) faculty, the representation of BIPOC
researchers in academia tends to decrease at higher levels of the
academic hierarchy. This underrepresentation is even greater in
the science and engineering fields that form the foundation of
exposure science [54]. A common discourse is that in order to
increase the diversity at the faculty and senior levels of academia,
we must also increase the diversity of students [55]. While there
have been significant gains in the diversity of students at US
higher education institutions from 1996 to 2016, this is not the
case for faculty level [56]. This lack of diversity in leadership means
that research will continue to be led by scientists that do not
represent the communities with which they engage. An EJ
framework for exposure science means recruiting and retaining
academic colleagues that not only understand the socio-cultural
complexities of the communities they work with, but also have the
lived experience from being a part of these communities
themselves. This lived experience can be instrumental in
establishing trust with community-based organizations, which
will result in “authentic allyships” in research studies that seek to
make structural changes [57]. Intentionally building partnerships
with EJ communities could result in members of these commu-
nities being recruited and retained as academic colleagues.
Furthermore, investing in programs such as NIHs career Faculty
Institutional Recruitment for Sustainable Transformation initiative
that aims to provide funding for institutions to recruit and retain
faculty who have a demonstrated commitment to inclusive
excellence provides a way forward to reducing this academic
leadership disparity [58].

Y.O. Van Horne et al.

4

Journal of Exposure Science & Environmental Epidemiology (2023) 33:1 – 11



Research questions—priority set by those most affected
The field of exposure science, like medicine, has largely been
shaped by academic researchers, the business community and
government agencies, which drive the choice of research
questions, study design, and the norm of data interpretation
[59]. Many of these institutions create and regulate environmental
hazards of concern that disproportionately burden marginalized
communities [28, 50]. Over the past two decades, the exposure
science field has shifted from a one-exposure-at-a-time approach
to a more integrated approach that considers multiple exposures
across space and time [60]. Measuring the exposome, the totality
of life-course exposures, as a framework to systematically evaluate
environmental contributors to health and disease is a novel
approach to exposure assessment. The exposome concept has
been expanded to include lifestyle and social factors (e.g., diet,
stress, neighborhood quality, smoking, chemicals, drugs,
microbes) and internal biological processes and responses [61].
This expansion has often been driven by new technologies,
including new “omics” technologies such as transcriptomics,
proteomics, and metabolomics, and these are increasingly valued
in exposure science, while research focused on disparities and
inequities is sidelined as “pedestrian” [62]. The topic of health
disparities research often fails to receive favorable marks during
grant reviews in the innovation sector when reviewed with the
significance, investigators, approach, and environment [62].
Furthermore, disease-specific study sections common in environ-
mental health rarely include exposure scientists and those with
similar expertise that can critically review grants through this lens.
In addition, they lack reviewers with expertise in considering how
addressing policies or systematic racism fit within the biomedical
model. As many study sections require reviewers to have been
previously successful in obtaining independent research funding,
the lack of representation amongst academic researchers perpe-
tuates to those that are eligible to serve on grant review
committees and with funding decisions [63]. Only recently have
federal granting agencies voiced their commitment to ending
structural racism in the biomedical research landscape and issued
specific structural racism granting mechanisms [64].
The EJ movement has advanced our knowledge about

disparities in exposures and health conditions that reflect the
values and needs of affected communities. To uphold an EJ
framework for exposure science, the value of research relies on its
ability to help answer questions about local concerns (e.g., Is it
safe to drink water from my well? What is the cause of the noxious
odors in my neighborhood and is it only a nuisance or a true
hazard of concern?), and the ability to present local concerns to
inform prevention approaches to reduce exposure to hazardous
chemicals [36]. Participation of community-based environmental
and civil rights groups in the development and implementation of
environmental exposure studies extends the impact and breadth
of scientific research [65]. Community-engaged and community-
driven models are shown to be more effective to advance public
health than top-down strategies [66, 67] and more likely to be
sustained when grounded in local systems and culture [68, 69].

Shared funding—shared budget
Exposure science is commonly supported by research grants from
government agencies, foundations, or other funding entities, and
proposals often require statements on how the study may lead to
broader societal impacts. While broader impact statements
can range in type and focus, they often include elements of
environmental injustice reduction. Meeting these broader impact
goals usually becomes the responsibility of the researcher and the
community under study, often with no funds and resources to
achieve this, while the institutions maintain an inactive or more
passive role.
Unequal resource allocation perpetuates injustices in exposure

science as institutions consume a large proportion of community-

based research funding, leaving communities with very little.
Centering EJ in exposure research will require changing the
budgetary paradigms that drive much of the research today. As a
start to establishing a more equitable resource allocation,
investigators must improve their engagement, partnership and
transparency with the communities they study, including honest
discussions about the community-focused funding necessary to
accomplish study aims. This engagement partnership should start
at the proposal development stage and cannot be a pro forma
afterthought. If increasing community engagement is a stated
study deliverable, then it must be reflected in the budgetary
request to sponsors. Secondly, modest but meaningful cost-
sharing mechanisms should provide resources to elevate the
voices in these EJ communities. It should also eliminate funder-
imposed barriers for items like translation services, community
member travel costs, childcare, and meals for the community.
Community members should also not be expected to provide
significant services without discussion of compensation for the
time and effort involved before the project is launched. These
modifications could be accomplished by institutions voluntarily
establishing EJ-focused cost-sharing designed to issue indirect
resources, or by cost-sharing mandates from the funding agencies
as a condition of award acceptance. There is also a need to reduce
institutional barriers for community organizations to participate,
this includes university-style budgeting and reporting require-
ments, NIH-style curriculum vitae (i.e., bio-sketches) for commu-
nity members, and a pervasive and unnecessary lag in expense
reimbursements. These changes would allow the institution to
support community-needed costs and reduce participation
barriers for community members. They will also facilitate
compliance with the terms and conditions of grant writing
agencies. Equitable and fair funding sharing would reduce current
resource disparities between research institutions and affected
communities.

Measuring contaminants—culturally and ethically responsible
Exposure scientists must select the appropriate instruments, which
include surveys/questionnaires and monitoring tools to collect
information on the contaminants studied, and, in addition, pay
more attention to who is collecting this data. Involving community
members, students, and other researchers who are members of
the communities we work with during the study instrument
development phase and in the collection of data is key to
capturing robust data, building capacity, trust, and advancing
equitable exposure science. Advancements in technology have
now introduced the academic landscape to even more low-cost
participatory monitoring tools that can be leveraged with
community members to build capacity. As an example, EJ groups
around the country are building their own air monitoring
networks to track their own neighborhood air quality [70]. While
there are measurement precision costs in using low-cost
monitoring tools, a community–university collaboration would
allow for EJ groups to obtain and validate their own data, while
maintaining autonomy. This approach to exposure science will
ensure that we are not only using the latest advances in
community-accessible technology, data visualization, and inter-
pretation, but that we are collecting what our communities deem
a priority. This is key to upholding the Principles of Environmental
Justice, particularly principle 5 that calls for the right to “…
environmental self-determination of all peoples” [31]. Further-
more, through this participatory science approach, scientists can
learn about the cumulative exposures of concern in the
community, leading to a more accurate exposure assessment
representative of the target community.
The focus and disproportionate resources given to bio-banking,

a process used to collect samples of bodily fluid or tissue for
research purposes, has often dismissed the cultural appropriate-
ness of collecting these biological samples [71, 72]. Funding
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agencies have been heavily criticized for approaching bio-banking
from an extractive framework that prioritizes maximizing sample
size and capitalizing on already collected samples while dismiss-
ing inclusiveness and respect [73]. This extractive approach has
often plagued exposure science, which has been dominated by
scientists that do not have an understanding of the damage
research has done in the past to BIPOC communities [74, 75]. For
example, in one study on interventions to reduce blood lead levels
in children, academic researchers did not disclose the high blood
lead levels of children enrolled in an intervention study. This left
parents and children unaware of their high blood levels,
potentially preventing them from seeking care to reduce these
blood levels, and ultimately led to families utilizing the legal
system to demand reparations [76]. An EJ approach to biological
sample collection would ensure that community members are
part of the study design, decisions, and that appropriate cultural
and ethical considerations are prioritized, and that, if samples are
to be bio-banked, appropriate provisions are instituted for their
future use with a focus on benefiting the community from which
they are obtained.

Data collection—involve community
Using the CRT model for guidance, scientists must tailor their
research toward the needs of the target population and consider
environmental factors, population characteristics (predisposing,
enabling, and need factors), and health/behavioral outcomes
when creating the study design [51]. Prior to collecting these data,
exposure scientists should foster trust within the community
through cultural education from community members [77]. This
practice is likely to vary from community to community and
thus requires that researchers center the voices of community
members and strive for authentic collaborative partnerships with
EJ groups. For example, through a community-academic partner-
ship, investigators from the University of Southern California
collaborated with East Yards Communities for Environmental
Justice to successfully gather bio-samples, in this case teeth from
Latino children [78]. This partnership, coined the Truth Fairy
Project, began many years before the collection of samples and
continues to live on through projects aimed at generating data to
support policy action and not just documenting injustices [79].
In addition, investigators should create efficient and effective
processes to include community members throughout the
research process, including study design, execution, and dissemi-
nation of results. Scientists must develop an understanding of
local knowledge, and co-learning within the community
[77, 80, 81]. This co-learning method is a group learning approach
that improves “communication skills, cultural awareness, and
thinking skills” [82]. To foster co-learning, institutions and agencies
must provide support for their researchers to conduct training in
multiple languages. These practices will ensure that the research
findings are effectively disseminated to the community to
improve the health of the target population [77].

Data ownership—collective
Examples of unethical cases of data and sample ownership that
plague the scientific field are numerous. From the commercializa-
tion of Henrietta Lacks cells, to the misuse of Havasupai Tribe
blood samples for genetic testing and the ongoing discourse of
data-sharing agreements, there is no shortage of historical and
current lessons that scientists can incorporate into their field of
practice [74, 83–86]. The exposure science field is held to ethical
standards through the Institutional Review Board (IRB) approval
process and our peer-reviewed manuscripts include a statement
on participant consent, there is rarely any mention and discussion
on the accessibility and ownership of the data. Indigenous people
are leaders in this effort as they have been leading and fighting for
their right to govern their own data (i.e., data sovereignty). An
example is the Navajo Nation Human Research Review Board

(NNHRRB) that is led by members of the Navajo Nation and that
reviews all IRB-approved studies being conducted on the Navajo
Nation. In addition to IRB oversight, the NNHRRB requires that any
scholarly or community presentation on an open research project
be presented to them first, that all publications be submitted to
them for approval, and that all data be given back to them at the
conclusion of a project. Models of strong data ownership
agreements are available. One example of strong data ownership
includes the one developed by the Swinomish Indian Tribal
Community, a sovereign tribal nation in Washington, and another
nation the Tsleil-Waututh First Nation in British Columbia [87]. The
agreement and the decision-making processes and protocols
developed served as effective governance mechanisms because
both nations retained complete ownership over their respective
data and agreements called for data to be reviewed and approved
by its leadership prior to its release. The agreement also required
that tribes be named as co-authors in all related publications,
which is another mechanism through which sovereign nations can
exercise control over the dissemination of research findings on
their terms [88]. Similarly, one robust example of community-
owned and managed research (COMR) includes the West End
Revitalization Association’s (WERA) efforts in response to civil
rights and EJ issues, including the absence of infrastructure related
to water and waste management and prevalent health disparities
in low-income communities of color in Mebane, North Carolina.
WERA is a community-based environmental protection organiza-
tion that developed a research framework known as COMR. This
framework allowed impacted community members to play the
role of principal investigator in the research process, actively
collect data and own the data produced to implement changes in
their community [57, 89]. A robust and inclusive EJ framework
would ensure that the data collected from communities is
conducted through an equitable lens, that the community decides
what the information can and cannot be used for, and that there
are processes in place to ensure its shared governance. As these
important steps can increase the time to publication, but are
essential for authentic collaborative research, funding agencies
and tenure committees should also directly acknowledge the
importance and value of this process.

Communication/results dissemination
Historically, exposure science researchers have assumed a “the
science speaks for itself” attitude, a perspective perpetuated by
the dissemination of research primarily via manuscripts and
conference presentations. In the EJ framework, it is important to
ensure that the communities being studied become part of the
dissemination strategy. Translating exposure science data into
accessible knowledge that can inform community actions and
interventions, is valuable and necessary. Sharing research results
with the community is essential to increase knowledge within the
communities and promote evidence-based policy for optimal
health outcomes. Dissemination through a co-learning approach
may include translation of materials and development of clear
messaging around results and guidance on actions to reduce
exposure(s) of concern (Fig. 2). While dissemination of research
results is beginning to grow, there are several groups to turn to for
guidance. For example, researchers from Silent Spring have
successfully communicated results using digital web-based
formats [90], while researchers from the University of Arizona
partnered with Community Health Representatives to deliver
study results to participants [91]. Engaging youth offers yet
another invigorating method to deliver research results, as is the
case of researchers from the Center for Environmental Research
and Children’s Health [92]. Through their innovative participatory
approach, youth were engaged not only in the design but also
communication of findings through workshops, videos, and multi-
media campaigns. While already a component of the NIEHS
“Research to Action” program, researchers and their community
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collaborators need to incorporate this into their timeline, budget,
and evaluation of their projects during the development stage.
Advances in exposure science over the last 30 years have led to

a need for guidance for the ethical reporting of exposure results to
participants. This is particularly important when there is no clear
outcome or interpretation of the results [93]. However, the
relationship between measured exposure values and environ-
mental health outcomes for many chemicals in use today remains
unknown. Consequently, there are very few guidelines available
today showcasing communication in personal exposure assess-
ment research [94]. Historically, epidemiologists have claimed it is
unethical to provide results to participants without clear
established levels for interpretation, and that it would interfere
and invalidate observational studies [93]. In this respect, exposure
science is unique; levels associated with environmental health
outcomes cannot be determined without first measuring the
exposure. Exposure assessment thus often involves grappling with
exposure values for which there is no clear interpretation [94].
However, this approach is evolving. Researchers report that
participants have generally been able to manage anxiety arising
from receiving results even when there are no clear health
guidelines [95] and lessons for communication have been drawn
from other fields [96]. The California Environmental Biomonitoring
Program is required by statute to report all results to participants
and as such has pioneered approaches for the release of results on
complex chemical exposure to its participants [97]. Sometimes the
results may be received after the research funding is ended. Again,
as stated above, institutions or funding agencies could mandate
funds for results report back to communities from EJ community-
based research and for evaluation of those processes.
The EJ framework presented herein takes a multidirectional

approach and proposes that the community should receive the
research results before they are disseminated to the broader
scientific community. Scientists able to interpret and present their
findings and caveats in conference presentations and publications
should also be able to present them to the community that
provided them the samples. These presentations should include
accessible explanations of the limitations and uncertainty of the
study. Transparency should start prior to sample collection, so that
the communities understand the limitations of the data to be
collected and its interpretation. This transparency is particularly
important in interpreting the exposures of underserved and

understudied communities who may be most vulnerable. This
may be achieved during the planning stages of the study in the
community-engagement phase. While the peer-review process
does add scientific validity to the findings, the long wait time
between initial submission to publication means that participants
may be placed in a state of uncertainty until individual or
community dissemination occurs. Depending on the findings an
appropriate timeline in coordination with community partners is
an approach to determine when to best synthesize and report
back study findings. The plan for data communication and
dissemination should also be covered during the consenting
process. While methodologies are still developing for the
appropriate evaluation of the reporting back results, it is essential
that we understand how communities are using this information
to advance the environmental health and justice [98, 99].
Relying on communities as experts due to their lived

experiences and how this expertise can be incorporated to
advance partnerships is highlighted in the EJ principles (principle
number 16). Through Ford and Airhihenbuwa’s (2010) Critical Race
Framework, a similar concept is referred to as “Experimental
Knowledge”, which overlaps with the educational term “Funds of
knowledge” [51, 100]. This concept refers to “historically
accumulated and culturally developed bodies of knowledge and
skills essential for household or individual functioning and well-
being” [61], in other words, due to their lived experiences
community members possess invaluable knowledge that can be
incorporated throughout the research design and dissemination
strategy [61]. This practice will increase the effectiveness of the
intervention while improving the scientific knowledge of the
specific topic area within the community.

Participative justice—involves and considers all
Equitable access to the benefits of exposure science raises
concerns about participatory justice. This term refers to the direct
participation of those most affected by a particular decision or
policy. All communities involved should participate and benefit
from exposure science activities in equitable ways. As an example,
the state of California started community-led air pollution
monitoring mandated by Assembly Bill 617 that seeks to address
persistent air pollution hotspots in disadvantaged communities
[101]. The California Air Resources Board (CARB) established a
process through which communities can apply for enhanced

Fig. 2 Dissemination of research. It showcases a framework that can be utilized to disseminate research for environmental justice.
Dissemination should be prioritized towards two specific groups: the target population and community, and the scientific community. It
provides best practices particular to each population.
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monitoring and mitigation efforts CARB 2020. This avenue
provides funding and increases attention to local EJ concerns,
like those near the Port of Sacramento [102].
Although well intentioned, directing resources to communities

could lead to skewed attention and funding toward communities
with already well-established environmental and/or social justice
organizations. For example, the list of applicants to the first round
of the CARB Community Air Grant (in 2019) had many more
applicants than could be awarded. Each application represented
significant coordinated efforts and time for the applicants [102].
Communities with significant air exposures that lacked an
experienced organization to prepare the application were missing
from this list. In the proposed EJ framework, all communities
would benefit from and participate in exposure science activities
and achieve EJ, including those lacking the infrastructure, time,
energy, and financial resources to coordinate such efforts. To
make this possible, exposure scientists and funding agencies
should actively support the participation of marginalized commu-
nities and direct resources such as paid internships or additional
funding to the communities and assist them in applying for
awards. In addition, barriers to ongoing community participation
should be assessed and funds used to mitigate these barriers.

Action/policy—engage in policymaking
An EJ framework to exposure science engages a wide range of
stakeholders and place the communities at the forefront. It is critical
to consider the wide range stakeholders, inching policymakers,
regulatory agencies, grassroots, and national non-profit organiza-
tions needed to move research toward actual change. Each of these
stakeholders operates in a different sphere and tying these spheres
together through an EJ framework is critical for reducing exposures.
It is not enough for scientists to recommend individual reduction
exposure behaviors; the field must evolve, identify, and demand
structural changes. Training for exposure scientists must be
interdisciplinary and address the importance of incorporating an
understanding of the social and structural determinants of health for
advocacy and action for effective public health change.
Traditional environmental health research that ends in a

publication of no interest to the community or to policymakers
charged with their protection is archaic. We are not calling for the
end of publications, rather for community-driven science to not
only develop scientific evidence but also to achieve engagement
and action through an equitable, participative, and action-
oriented process. Enacting local policies requires knowledge and
access to yet a different set of players and rules, and most
communities, scientists, and stakeholders are often unfamiliar, or
unaware, of these critical individuals or groups. Some of this gap
in knowledge is often filled by non-governmental organizations,
who serve critical roles in building bridges with academic
institutions and policymakers. While challenging, exposure scien-
tists must incorporate an EJ framework to their work. This involves
providing public comment on regulatory documents, serving on
advisory boards, or actively engaging in workgroups. Ideally, these
would be done alongside community members whose “funds of
knowledge”, testimonials, and status as constituents have the
collective power to enact real change [100, 103]. As these actions
are often needed after the research funding has ended, to pay for
efforts in this area, such as time for students/research assistants,
institutions could voluntarily establish EJ-focused cost-sharing
designed to release indirect resources, or there could also be cost-
sharing mandates from the funding agencies as a condition of
award acceptance. Federal grant funding agencies could also
mandate that a certain percentage of the funds go toward
investing time toward capacity building and translation/policy
activities. Such funds could be used to support efforts either from
the researcher/institution, by the NGO or community to dis-
seminate findings to stakeholders and to prepare policy briefs and
other actionable documents.

Sustainability—build capacity
Sustainability of interventions and exposure mitigation strategies
aimed at reducing the risk of harm and adverse health effects is
paramount in marginalized communities suffering environmental
health disparities. By sustainability, we mean implementing
changes and knowledge gained via the research process that
meets present needs without compromising the ability of future
generations in the affected communities to meet and safeguard
said changes. However, said sustainability is often dismissed, not
incentivized, and not without its challenges to implement by
both researchers and community stakeholders in the affected
communities.
Current research practices often focus on initiating partnerships

with affected communities to conduct the research. However, more
often than not, these partnerships cease when all of the research
data are collected, leaving communities alone to fight for action on
the findings and never to hear from researchers again. Commu-
nities may be left with more questions than sustainable solutions to
their environmental problems. Several factors may explain why said
partnerships are not successful. First, building relationships and
trust, establishing partnerships, and retaining those partnerships
with impacted communities is labor and resource intensive.
Establishing these partnerships can take months to years to build
and requires that researchers effectively engage affected commu-
nities throughout the research process. Often, researchers are also
not equipped with the appropriate staff and research team to
engage with target communities, nor do they invest in providing
the affected communities with resources to mitigate environmental
health disparities. Still, it is important to highlight examples of
successes in CBPR in exposure science. One such example includes
initiatives conducted as part of the Center for the Health
Assessment of Mothers and Children of Salinas (CHAMACOS) Study.
CHAMACOS is the longest-running longitudinal birth cohort study
of pesticides and other environmental exposures among children in
a farmworker community in California. Programs such as the
CHAMACOS Youth Council developed in collaboration with local
community partners train local Latino youth in research design and
implementation, promote environmental health literacy, and
engage youth in advocacy and outreach [92]. As part of this
program, trained youth have conducted field data collection that
not only helps to promote careers in exposure science by exposing
youth to the field, but also contributes to the success of ongoing
studies, including those focusing on youth. In addition, the
CHAMACOS study has successfully engaged members from under-
represented groups for training in environmental health sciences at
all graduate and postgraduate levels helping to increase the
pipeline in the field.
An EJ approach recognizes that community-engaged research is

one key method for the suitability of partnerships [57]. Successful
research teams not only recruit participants from EJ communities
for their research studies, but also hire community members as
part of their staff. A comprehensive team approach informs the
research process and can support recruitment and data collection
efforts. Moreover, it can help research teams understand the
culture and practices of their target population, and the tools
needed to be implemented to develop sustainable intervention
strategies. Research in marginalized communities also needs to
strive toward establishing and developing strategies to effectively
build trust with these populations so that the burden does not fall
entirely on new investigators who may not always have the
necessary institutional support required to move forward during
and after their research funding has ended.
A comprehensive EJ framework is necessary to ensure sustainability

and requires implementation of a multi-pronged approach that
includes co-leading, co-training, involves including junior investiga-
tors, ethnically and racially diverse research teams and leadership,
capacity building, community mentors, and seeks to identify and
implement evidence-based solutions that are sustainable.
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CONCLUSION
Exposure science research has focused on the study of stressors and
receptors in the context of space and time at the ecologic,
community, and individual level. Nonetheless, hazard identification
in the absence of social justice can exacerbate disparities in
marginalized communities [104]. For example, following the
quantification of harm associated with the chemical bisphenol A
(BPA), exposure decreased among populations able to access
alternative products, but BPA exposures were highest among low-
income communities and those facing food insecurity [105, 106].
Another example is the identification of high levels of flame
retardants in the bodies of residents of California, which led to the
phasing out of some of these chemicals in new furniture, but
continued exposure was documented for lower-income populations
through their continued use of older or reused furniture [107, 108].
Exposure science needs to move beyond the individual and the

mechanistic approach [109]. This is most evident in current
exposome applications which are oriented toward personalized
medicine [110]. As stated in Nwanaji-Enwerem et al. (2021),
adopting a “compound” exposome approach would be an
important step toward incorporating equity and EJ into exposure
science [110]. That is to move from this individual approach,
communities and human populations—and their exposures—
should be seen as complex societies with economic relations,
social classes, racism, sexism, cultural practices, and relationships
to other species [2, 109]. This framework seeks to uplift the
expertise and data from community organizations and the EJ
movement, who are increasingly turning toward gathering their
own data to understand their local environment and document
environmental hazards [111]. Marginalization is not exclusive to
race but it is often that exposures disproportionally affect
communities of color [4]. Intersectionality offers a lens to analyze
and incorporate attributes, such as LGBTQ identity, and disability,
which are not discussed thoroughly in the EJ scholarship
[112, 113]. Furthermore, peer-reviewed journals can help amplify
this scholarship by calling for special issues and integrating
researchers into their editorial boards whose methodology centers
CRT, intersectionality, CBPR, and EJ.
Researchers should meet with community members and stake-

holders to learn more about the community, involve them in the
research process, collectively determine the environmental exposure
issues of highest concern for the community, and develop
sustainable interventions and implementation strategies to address
them. Incorporating community “funds of knowledge” will also
inform the study design by incorporating the knowledge about the
issue that community members have based on their lived
experiences [100, 103]. Institutional and funding agency funds should
also be directed to supporting community needs both during the
research and needs for dissemination, policy briefs, and other action
at the conclusion of the research. This multidirectional framework for
exposure science will increase the sustainability of the research and
its impact for long-term success. In addition, involving the community
in the research project, from start to finish, will facilitate community
learning about exposure science and how it relates to the health of all
those involved. It will also provide researchers with better knowledge
of human behaviors, activities, and risk perceptions that may impact
exposures, and improve researcher competency in assessing
exposures. An EJ approach will increase a sense of belonging and
improve communication among the community, the researchers, and
other organizations involved [103].
Furthermore, it is not enough to document the continued

exposure and environmental health disparities in structurally
marginalized communities. We call for the incorporation of the EJ
principles (Table 1) in exposure science to be the norm and not
just words (Fig. 1). Along with critically engaging with this
perspective, we hope to amplify the voices of those who are
historically excluded in this work. As members of the research
community from different sectors (e.g., academic, governmental,

or non-profit institutions) and diverse backgrounds and lived
experiences, we will seek to become better mentors, work toward
institutional change that values and rewards EJ principles and
speak up against injustices.

Definitions
Marginalized communities are groups and communities that
experience discrimination and exclusion (social, political, and
economic) because of unequal power relationships across
economic, political, social, and cultural dimensions.
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