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ABSTRACT

Background: The need to study and understand cumulative impacts, the combined influence of chemical
and non-chemical stressors on health and quality of life, is becoming increasingly recognized. The goal of
this study is to understand how residents in fenceline communities experience the cumulative impacts of
pollution and other non-chemical stressors on their physical and mental health and to develop meaningful
policy solutions to mitigate the harms caused by these cumulative burdens.
Methods:We used a community-based participatory research (CBPR) approach, partnering with residents
in southern Delaware County, PA, experiencing environmental injustice, to design and conduct focus
groups. Our focus groups aimed to better understand how residents characterize stressors related to their
environmental, physical, and mental health. We used a deductive/inductive hybrid data analysis method to
distill the most significant findings from the focus groups.
Results:We conducted focus groups with residents (n = 22) of four Southeastern Pennsylvania fenceline
municipalities. Participants discussed chemical (e.g., air pollution and odors) and non-chemical stressors
(e.g., lack of access to green spaces) influencing their physical and mental health. Participants also
described how these stressors are interconnected and worsen their health and quality of life. Participants
identified solutions (e.g., policy change and community organizing) to mitigate the most pressing stressors.
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Discussion: This study is the first in the area to work alongside community investigators to understand how
residents in fenceline communities experience cumulative impacts. Our findings were presented to key
community stakeholders to inform future advocacy work to mitigate the cumulative burdens faced by these
fenceline communities.

Keywords: environmental justice, cumulative impacts, community-based participatory research, focus
groups, qualitative research

INTRODUCTION

Traditional risk assessment methods have long served as
the foundation of environmental decision making in the

interest of public health protection. These methods, how-
ever, are limited in their ability to consider the collective
effects of co-exposures to multiple chemicals, and wholly
inadequate in accounting for the added burden of other, non-
chemical stressors.1 A burgeoning body of evidence sug-
gests that non-chemical stressors (e.g., violence, stress, lack
of social support, or low socioeconomic status)2 can also
exacerbate a person’s response to chemical exposures.3

Cumulative impacts are “the totality of exposures to com-
binations of chemical and non-chemical stressors and their
effects on health, well-being, and quality of life outcomes,”4

The U.S. Environmental Protection Agency (U.S. EPA) rec-
ognizes these effects and the limitations of current regula-
tory approaches to environmental chemical exposures. In
response to Executive Orders 13985 and 14008, the U.S.
EPA is strengthening the scientific foundation for assessing
cumulative impacts and has made prioritizing research in
this area a priority. In 2023, the U.S. EPA released Draft
Proposed Principles of Cumulative Risk Assessment for
evaluating chemicals under the Toxic Substances Control
Act. While this represents an important step toward integrat-
ing cumulative risk assessment of chemical mixtures into
regulatory policy, to date, these principles have not been
finalized.5 The U.S. EPA also supports the practice of
cumulative impact assessment, which encourages the

consideration of qualitative and quantitative data and
encourages direct community engagement in the process of
assessing cumulative impacts and making decisions.

While some research studies have used qualitative meth-
ods to convey and elevate the complex experiences of com-
munities impacted by environmental and social health
concerns,6,7 qualitative research is overall an important but
often underutilized method in environmental health research.
Specifically, qualitative methods are instrumental for impro-
ving how we understand complex exposure pathways8 and
how social factors may impact environmental health and
health outcomes.9 Qualitative methods are also appropriate
for exploring explanatory questions (e.g., characterizing
how or why certain perceptions or social factors may impact
behaviors10 or health outcomes).

Southern Delaware County, PA, is home to a dispropor-
tionate concentration of industrial sources of pollution,
including two incinerators and numerous chemical manu-
facturing and petrochemical processing facilities near resi-
dential areas (Fig. 1).11 Like many states, the Pennsylvania

1National Research Council. 2009. Science and Decisions:
Advancing Risk Assessment. Washington, DC: The National
Academies Press. https://doi.org/10.17226/12209.

2Hibbert, Kathleen, Tulve Nicolle S. 2019. “State-of-the-Science
Review of Non-Chemical Stressors Found in a Child’s Social
Environment” International Journal of Environmental Research and
Public Health. 16 (22): 2019. https://doi.org/10.3390/ijerph16224417

3Payne-Sturges, Devon C., Tanya Khemet Taiwo, Kristie
Ellickson, Haley Mullen, Nedelina Tchangalova, Laura Anderko,
Aimin Chen, and Maureen Swanson. “Disparities in toxic chemical
exposures and associated neurodevelopmental outcomes: a scoping
review and systematic evidence map of the epidemiological
literature.” Environmental Health Perspectives 131, no. 9 (2023):
096001.

4
“Cumulative Impacts Research j US EPA.” n.d. Accessed August

21, 2024. https://www.epa.gov/healthresearch/cumulative-impacts-
research.

5United States Environmental Protection Agency (EPA).
“Cumulative Risk Assessment Under the Toxic Substances Control
Act”. February 2023. Accessed November 2024. https://www.epa
.gov/assessing-and-managing-chemicals-under-tsca/cumulative-
risk-assessment-under-toxic-substances.

6Williams, Paige, Anita Zuberi, Debra Hyatt-Burkhart, and
Jennifer Padden Elliott. 2023. “‘People Should Not Have to Live
Under These Conditions’: Using Focus Groups to Inform the
Development of a Community-Led Intervention Addressing Air
Quality and Health Equity.” https://home.liebertpub.com/env,
November. https://doi.org/10.1089/ENV.2022.0066.

7Okoye, Ogochukwu, Elaine Carnegie, and Mora Luca. 2023.
“‘Our Bodies Are Not Strong Anymore’: A Focus Group Study
on Health Risk Perceptions of Ambient Air Pollution near a
Petrochemical Industry.” Journal of Public Health in Africa 14
(7). https://doi.org/10.4081/JPHIA.2023.2522.

8Ramirez Denise Moreno, Sachs Ashby Lavelle, and Ekenga
Christine C. 2024. “Qualitative and mixed methods: informing and
enhancing exposure science.” Journal of Exposure Science & Envir-
onmental Epidemiology. https://doi.org/10.1038/s41370-024-00707-5.

9Wang, Suwei, Molly B. Richardson, Mary B. Evans, Ethel
Johnson, Sheryl Threadgill-Matthews, Sheila Tyson, Katherine
L. White, and Julia M. Gohlke. 2021. “A Community-Engaged
Approach to Understanding Environmental Health Concerns and
Solutions in Urban and Rural Communities.” BMC Public
Health 21 (1). https://doi.org/10.1186/S12889-021-11799-1.

10Hunter, Candis M., Dana H.Z. Williamson, Melanie Pearson,
Eri Saikawa, Matthew O. Gribble, and Michelle Kegler. 2020.
“Safe Community Gardening Practices: Focus Groups with
Garden Leaders in Atlanta, Georgia.” Local Environment 25 (1):
18. https://doi.org/10.1080/13549839.2019.1688268.

11Alford, Echo & Chiger, Andrea & DeCarlo, Peter & Fox,
Mary & Kennedy, Ryan & Lightner, Alexis & Lupolt, Sara &
Nachman, Keeve & Miari, Eve & Snyder, Lora & Nixon, Thom
& Warren, Kearni. (2024). Assessing Strengths, Stressors and
Environmental justice in SoutheaStern (ASSESS) Pennsylvania
Communities: Environmental Health Study Summary Report.
10.13140/RG.2.2.36504.61443.
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Department of Environmental Protection (PA DEP) grants
permits individually to industrial facilities to emit up to a
specified amount of hazardous air pollutants each year.12

Though other states (e.g., New Jersey)13 now consider the
cumulative impacts of emitting facilities in overburdened
fenceline communities. The PA DEP’s current regulatory
and permitting approach for stationary point sources of air
pollution does not consider the co-occurrence and concentra-
tion of facilities in a given area,14 which may exacerbate
poor air quality in areas and contribute to elevated pollutant
exposures and poor health outcomes in neighboring com-
munities (hereafter: fenceline communities).15 A community

health assessment conducted in early 2024 found that the
City of Chester had some of the highest rates of infant
mortality and certain respiratory diseases in the Common-
wealth of Pennsylvania.16 In addition to environmental pol-
lution, southern Delaware County residents also share
concerns about water safety11 and often face numerous
non-chemical stressors associated with poor health such as
poor housing conditions, food insecurity, and lack of reli-
able transportation.2 These communities have high propor-
tions of residents who live below twice the federal poverty
level, lack health insurance, and experience housing bur-
dens (i.e., pay over 50% of their income on housing cost-
s).17As of 2023, most municipalities in Southern Delaware
County are classified as environmental justice areas accord-
ing to PennEnviroScreen, a novel screening methodology
created by the PA DEP to identify communities facing the
highest levels of environmental pollution and social
vulnerabilities.17,18

FIG. 1. Map of Southern Delaware County study area.

12State of Pennsylvania Department of Environmental Protection.
“Operating Permits: General Information”. (n.d.). Accessed
November 22, 2024. https://www.dep.pa.gov/Business/Air/BAQ/
Permits/Pages/OperatingPermits.aspx

13State of New Jersey Department of Environmental Protection.
“Environmental Justice Law”. September 2020. Accessed
November 2024. https://dep.nj.gov/wp-content/uploads/ej/docs/ej-
law.pdf

14United States Environmental Protection Agency. “Permitting
Under the Clean Air Act” n.d. Accessed November 2024. https://
www.epa.gov/caa-permitting

1515 Tehrani, Mina W., Fortner Edward C., Robinson Ellis
S. Chiger Andrea A., Sheu Roger, Werden Benjamin S., Gigot
Carolyn, Yacovitch Tara, Bramer Scott Van, Burke Thomas, Koehler
Kirsten, Nachman Keeve E., Rule Ana M., DeCarlo Peter F. 2023.
“Characterizing metals in particulate pollution in communities at the
fenceline of heavy industry: combining mobile monitoring and size-
resolved filter measurements.” Environmental Science Process Impacts.
Accessed November 2024. https://doi.org/10.1039/d3em00142c.

16Delaware County Health Department.” Planning For A
Healthier Future: Delaware County Health Department Community
Health Assessment.”March 2024. Accessed August 21,2024. https://
delcopa.gov/health/pdf/CHA/CHAReport.pdf.

17Pennsylvania Department of Environmental Protection.
Pennsylvania Environmental Justice Mapping and Screening Tool
(PennEnviroScreen) 2023. Accessed June 2024. http://gis.dep.pa
.gov/PennEnviroScreen/.

18DEP, P. PA Environmental Justice Areas. 2024 Accessed June
2024. https://www.dep.pa.gov/PublicParticipation/Officeof
EnvironmentalJustice/Pages/PA-Environmental-Justice-Areas
.aspx.
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This study is a component of a broader mixed methods
study (i.e., The Assessing Strengths, Stressors, and Environ-
mental justice in SoutheaStern Pennsylvania communities
[ASSESS PA] Study), which aims to collect data to
improve our understanding of community strengths, stres-
sors, and needs and to describe the cumulative impacts of
chemical (e.g., exposure to air pollutants) and non-chemical
(e.g., economic hardship) stressors in southern Delaware
County fenceline communities. The ASSESS study was
implemented in two phases: (1) the development and imple-
mentation of a community-based environmental health sur-
vey and (2) convening of focus groups to further explore
topics included in the survey. The publication of this article
follows the notification of and invitation of residents, com-
munity leaders, and policy makers to an open meeting
aimed at discussing the broader ASSESS study findings
and how they can be used to further advocacy efforts to mit-
igate harm and improve health. In this article, we describe
our community-based participatory research (CBPR)
approach for conducting focus groups to characterize how
residents experience the cumulative impacts of chemical
and non-chemical stressors on their physical and mental
health and explore strength-based community-generated
solutions to mitigate the cumulative burdens they face.

METHODS

CBPR approach

Our multidisciplinary team was committed to a CBPR
approach.19,20 Academic investigators at Johns Hopkins
University (JHU) worked as equal partners alongside com-
munity investigators from the Clean Air Council (CAC)
and Marcus Hook Area Neighbors for Public Health
(MHNFPH), who are also impacted residents, on all parts
of the scientific process, including the conception of project
plans, funding acquisition, study design, data collection,
data analysis, and interpretation. The CAC, established in
1967, is a member-supported non-profit organization based
in Philadelphia that uses a broad array of related sustain-
ability and public health initiatives, using public education,
community action, government oversight, and enforcement
of environmental laws. Established in 2020, MHANPH is
a non-partisan community-based organization dedicated to
protecting the health and safety of local communities from
toxic pollution. Members are community residents con-
cerned about the cumulative impacts of pollution on local
health caused by local refineries, petrochemical plants and
other industrial infrastructure. Most members are from the
environmental justice areas of Marcus Hook, Chester,

Trainer and Upper/Lower Chichester. The group meets
approximately monthly and aims to educate the community
and coordinate opportunities for resident participation in
public health and environmental permitting processes at
the state and local levels. Throughout the research process,
all investigators convened at least once every 2 weeks to
design and implement the ASSESS study.

Participant recruitment

In late 2023, we designed and implemented a community
environmental health survey to collect information from
residents about their exposures to chemical and non-
chemical stressors to quantitatively assess the breadth of
chemical and non-chemical stressors among respondents.
One hundred forty-three participants completed the initial
survey. The final question of the survey asked participants
to indicate their interest in participating in a follow-up focus
group. Seventy-two participants indicated they were inter-
ested and were contacted and invited to participate in a
focus group. Twenty-two of these participants agreed to
participate in the focus groups. All focus group participants
had satisfied the eligibility criteria for the initial survey
(i.e., ‡18 years of age and residence in any of the following
municipalities: Boothwyn, Chester Township, City of
Chester, Eddystone, Linwood, Marcus Hook, Ogden, Park-
side, Trainer, Twin Oaks, Upland, and Upper Chichester).
We had representation from three municipalities: Chester,
Marcus Hook, and Trainer. Chester is an urban/suburban
community with 32,605 residents, 70%–85% of whom
identify as African American alone or mixed races, and a
median income of $39,193.21 Marcus Hook Borough is a
community with a population of 2,433 people, 65% of
whom identify as White, and a median income of $47,594.21

Trainer Borough is a residential/industrial community
home to 1,976 people, 56% of whom identify as White,
and the median household income is $83,906.21

Data collection

A focus group discussion guide was developed collabora-
tively with the broad research team (Supplementary Data).
Open-ended questions (including pre-determined probes)
were asked in a similar order to all focus group participants.
These questions encouraged participants to explore the key
contributors to their physical and mental health and how
those factors interact and impact their well-being. Partici-
pants were asked to consider solutions to the concerns raised
during each discussion. A few examples of discussion ques-
tions are: “What are the most pressing issues affecting the
environment in your community?” “What factors influence
your mental health?” “How do these fit together?”

Each focus group was facilitated by a community inves-
tigator (i.e., the facilitator). A different community investi-
gator served as a note-taker, and an academic investigator
was present for technical support and other needs. The

19Balazs, Carolina L., and Rachel Morello-Frosch. “The three
Rs: How community-based participatory research strengthens the
rigor, relevance, and reach of science.” Environmental justice 6,
no. 1 (2013): 9–16.

20Israel, Barbara A., Amy J. Schulz, Edith A. Parker, and
Adam B. Becker. “Review of community-based research: assess-
ing partnership approaches to improve public health.” Annual
review of public health 19, no. 1 (1998): 173–202.

21US Census Bureau. 2022. Accessed June 2024. https://data
.census.gov/
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facilitator obtained oral consent from each participant
before recording the discussion. To protect participants’
privacy, all were encouraged to use pseudonyms for the
duration of the discussion and were permitted to partici-
pate without their video.

The academic investigator used a Google Jamboard to
record key themes and ideas discussed during the focus
group to facilitate the discussion. The Jamboard was visi-
ble to all participants via the Zoom screenshare function
throughout the focus group. The facilitator, notetaker, and
technical support person were familiar with the focus
group guide and had successfully completed Basic Human
Subjects Research training requirements from the JHU
Institutional Review Board. Participants were offered a
$50 gift card after completing the focus group session.

Data management and analysis

The focus groups were recorded and transcribed using
Zoom’s automatic transcription function. Each transcript
was reviewed and cross-checked with the audio recording
for accuracy. Audio recordings and transcripts were stored
on a password-protected server only accessible to the
research team. We anonymized the focus group transcripts
prior to coding and analysis.

We used ATLAS.ti Version 23 (Berlin, Germany) to
support the analysis of the focus group transcripts, employ-
ing a hybrid inductive and deductive thematic analysis
approach.

We identified different thematic codes we anticipated
finding in the focus groups. These a priori codes were
informed by our research questions and from input from
the diverse study team. We developed a codebook to sup-
port the identification and classification of these codes.

Two investigators reviewed transcripts following the
steps outlined in the Framework Approach,22 a five-step
process designed to support qualitative research. These
steps including becoming familiar with the transcripts,
developing and refining the thematic codes, charting and
organizing the data, and interpreting the findings. After
initial familiarization, the two researchers independently
coded a subset of the transcripts (approximately 10% of
the transcript material) using the initial codebook. The
coding was then compared and reconciled through consen-
sus. Through this process, the codebook was further
refined, and emergent codes were identified. The balance
of the transcripts was then coded independently by both of
the researchers. After all the transcripts were coded, the
researchers met to discuss the codes, review, and refine
the themes. The final version of the codebook was shown
to community investigators and each code was described.
All investigators were given time and space to provide
constructive feedback. These feedback sessions held

between March and April 2024 helped the data analysis
team identify and interpret the main themes present in the
data.

The themes presented aimed to represent multiple per-
spectives, and for a theme to be identified as “key,” we tried
to analyze how robust the conversation was between partic-
ipants. As a team, we had regular discussions surrounding
what themes were recurring. We decided to conclude the
focus groups after conducting six sessions as the discus-
sions continued to focus on similar themes. At this point,
the remaining invited participants had not responded to our
invitations or indicated they were no longer interested in
participation.

Ethical considerations

All human subject research study tools and protocols
were reviewed and approved by the Johns Hopkins Insti-
tutional Review Board (IRB00024902).

RESULTS

Study participants

Twenty-two residents participated in a total of six focus
groups (Table 1) via Zoom between January and February
2024. Participants predominantly identified as female (82%)
and non-Hispanic White (55%). The 22 participants were
residents of Chester, Upper Chichester, Marcus Hook, or
Trainer municipalities. Participants ranged in age from 20 to
71 years (mean = 49; standard deviation = 14 years) and
had resided in the area for between 1 and 59 years (mean =
28 years; standard deviation = 19 years). Each focus group
discussion lasted 52–87 minutes (mean = 67.5 minutes;
standard deviation = 15 minutes).

Findings by Theme

We present four themes that emerged from the six focus
groups: (1) environmental influences on physical and men-
tal health, (2) economic and social influences on physical
and mental health, (3) cumulative impacts, and (4) com-
munity strengths and solutions. To provide further insight
on these ideas, we use a combination of summarized data
and illustrative quotes to elucidate further the key themes
identified.

Environmental influences on physical and mental health

Participants identified a variety of physical and mental
health concerns impacting themselves and other commu-
nity members. Key physical health concerns included
respiratory diseases, symptoms (e.g., headaches), and
chronic diseases (e.g., cancer, diabetes). The most fre-
quently identified mental health concerns were stress,
depression, and anxiety. Participants highlighted shared
environmental stressors, both chemical and non-chemical,
in their community that they attribute their negative physi-
cal and mental health impacts (Table 2). Odors and air
pollution/poor air quality were the environmental stressors

22Gale, Nicola K., Gemma Heath, Elaine Cameron, Sabina
Rashid, and Sabi Redwood. 2013. “Using the Framework Method
for the Analysis of Qualitative Data in Multi-Disciplinary Health
Research.” BMC Medical Research Methodology 13 (1): 1–8.
https://doi.org/10.1186/1471-2288-13-117
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discussed most often and in the greatest detail as a main
influence. For example, participants described odors and
air pollution as inescapable, pervasive, and impacting their
daily activities, physical health, and well-being.

“. . .there’s an awful smell like rotten eggs”—Participant 6
“Asthma, COPD, bronchitis. I’ve had pneumonia of
unknown origin. . . different things like that. I feel like with
the dust and the. . . air quality, I feel like it’s a significant
detriment to breathing conditions.”—Participant 17
“And then you’re in a house because it’s not even like it’s
a fleeting smell. . . It could be an hour. It could be three.
So you’re kinda putting your life on hold, trying to be as
safe and healthy as possible.”—Participant 22

Non-chemical environmental stressors were also
brought up. Noise was discussed as a concern by several
participants.

“Well. . . it’s [the car park] right off my backyard! So
they’re about a mile behind our houses here, and the noise
just it. It gets unbearable at times.”—Participant 10

Lack of access to adequate green spaces was discussed
in several focus groups:

“But they’re [green spaces] just too few and far between
and spread so far out. . . that you really have to have trans-
portation and everything else to. . . access those different
things.”—Participant 17

Participants also noted that even when they wanted to
go outside and had access to green spaces, sometimes
they avoided it due to environmental concerns, such as
the poor air quality. This conflict presents a conundrum
that some participants acknowledged: they can go outside

and breathe in the polluted air, or they can stay inside and
remain socially isolated. These sentiments illustrate the
kinds of difficult decisions that fenceline communities face
daily.

“I think it comes back to air quality for me. I think most of
the issues that I have that would be caused from the envi-
ronment would be just those bad odors, and then almost
always having nausea or a headache on those days. . .
really kind of eliminate being able to get outside and. . .
participate in physical activity because of it just doesn’t
seem safe to, especially. . . with kids, you can’t take them
outside to play because you don’t want them sucking up
all this this odor into their lungs, not knowing really what
it is.”—Participant 5

Most importantly, participants explicitly linked how
chemical and non-chemical stressors directly impact their
physical and mental health symptoms and diagnoses simul-
taneously, illustrating how these factors can (and often) act
together to worsen health (Table 2). Table 2 summarizes
selected salient statements previously mentioned and
explicitly link each to the related health impacts.

Economic and social influences on physical

and mental health

Participants identified non-chemical stressors in their
communities and their life circumstances that can nega-
tively impact their physical and mental health. Many par-
ticipants noted that lacking financial and other resources to
support health is a significant source of stress in their lives.

“Not having a job, you know, not being able to afford your
rent and stuff, that could also lead to depression. You’re
just trying to figure things out pretty much, and you can
cause yourself to be anxious.”—Participant 20
“It’s hard to have good mental health when you’re stressing
about health care.”—Participant 13

Focus group participants also noted physical harm asso-
ciated with the lack of accessible healthy foods in their
communities.

“We don’t have the proper stores to shop in to get fresh
fruits, fresh items, and processed food is part of what’s
killing us.”—Participant 8

Some participants also expressed continued feelings of
social isolation brought on by the COVID-19 pandemic,
highlighting the need for targeted efforts to address this
ongoing vulnerability.

“I think the Covid has had a big issue with the community,
and our mental health as well. We’re much more isolated,
or at least I am. I don’t attend a lot of social indoor func-
tions. I think that takes away from your support system.”—
Participant 7

This list is not exhaustive, and other non-chemical stres-
sors were brought up during the six focus group sessions
the ASSESS study team conducted, including housing,
crime and safety, and education.

Table 1. Summary of Participants’ Demographic

Characteristics (n = 22)

Characteristic Participants = n (%)

Gender identity
Female 18 (82)
Male 4 (18)

Race
White 13 (59)
Black or African American 8 (34)
Multiracial 0 (0)
American Indian or Alaskan
Native

2 (9)

Native Hawaiian 0 (0)
Some other race 1 (5)

Hispanic ethnicity
No, not of Hispanic, Latino, or
Spanish origin

21 (96)

Yes, another Hispanic, Latino, or
Spanish origin

1 (4)

Municipality of residence
Trainer 5 (23)
Marcus Hook 4 (18)
City of Chester 6 (27)
Linwood [Lower Chichester] 1 (5)
Upper Chichester 4 (18)
Boothwyn 2 (9)
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Cumulative impacts

Several participants explained how environmental, physi-
cal, and mental health stressors are not isolated but con-
nected and overlap. Participants further noted how these
stressors often interact with each other and highlighted the
nuance of the compounding effects of these influences on
their well-being. They explained how these impacts can
often lead to one another, sometimes having a cyclical
nature:

“I think all of them play a part together and separately. If
you have bad soil because of the refineries, or the air qual-
ity doesn’t give plants the nutrients that [they] need. . .
that’s going to affect the food that you make and the food

that you eat. It’s [going to] make you have asthma and not
be able to go outside, and because there’s no fresh air to
enjoy, so I think all of them play a part and interconnect
with each other.”—Participant 2
“If you’re not physically healthy, your mental health is
affected, and vice versa: if your mental health is not
healthy, [it] can affect your physical health, which also
ties into, you know, being able to sustain a job to get that
income that you need to obtain the resources to be healthy.
It really just all ties in together. We always separate the
two [physical and mental health], but it really is a combi-
nation that is a domino effect each way. . .”—Participant 4

One participant also expressed that with everything going
on around them [the large number of industrial facilities], it

Table 2. Summary of Participants’ Most Pressing Environmental Stressors in Their Community

and Their Impact on Physical and Mental Health

Environmental stressor Mechanism Health impact

Odors, air quality Breathing in polluted air, lack of time outdoors
“I think it comes back to air quality for me. I think
most of the issues that I have that would be caused
from the environment would be just those bad
odors, and then almost always having, like, you
know, nausea or a headache on those days. And
then just really kind of eliminate being able to get
outside and... participate in physical activity
because of it just doesn’t seem safe, too,
especially... with kids, you can’t take them outside
to play because you don’t want them sucking up all
this this odor into their lungs, not knowing really
what it is.”-Participant 5

Chronic illness (e.g.,
asthma, respiratory
illness, cancer, etc.),
headaches, stress,
anxiety, depression

Noise Lack of sleep, isolation
“... constantly in the middle of the night, being woke
up with loud boomings close by, when they’re
connecting trailers and stuff like that... I like to
open the windows and the shades and look out over
the trees, and it’s a cute neighborhood in which I
live in... open the windows in the spring and have
fresh air come through. But once the train starts
rolling by, I can’t hear. I can’t hear TV. I can’t
hear anything but that train, making that loud, loud
noise constantly, and so then I shut the window and
I close myself off to that, and mentally for me that
that’s not good, because I am so confined to my
home environment at this point that any kind of
outside air or enjoyment of birds and nature is cut
off... it’s cut off immediately.”—Participant 17

Stress, anxiety, depression

Lack of access to green spaces Lack of exercise
“Getting back to physical activity... kids don’t really
have that many places to go or things to do along
with adults. So getting back to walking trails as
[other participant] said, bike paths, things of that
nature would certainly, you know, help people stay
healthy and active”—Participant 1

Chronic illness, depression

COVID-19 Isolation
“I’d be curious to see how, when Covid hit and
everybody had to stay in their houses, and they
weren’t allowed to go outside. And they weren’t
allowed to interact with other people. How many
new cases of depression and anxiety came from all
of that, because I’ll guarantee you that number
probably quadrupled, if not more.”—Participant 2

Stress, anxiety, depression
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felt as if they “live in the Bermuda Triangle” (Participant 17),
meaning it felt as if living in their communities was dan-
gerous, reflecting the theories of missing ships and planes
surrounding the infamous Bermuda Triangle.23

Another participant noted how the interaction of multi-
ple stressors often require them to prioritize one health
concern over another.

“The pollution is very pressing, but if you get shot, then
you don’t have a chance. If you are killed or maimed, so
that that seems worse than the pollution. Although the pol-
lutions insidious. . . other communities don’t live in this
kind of fear”—Participant 19

Given the harsh realities communities in southern Del-
aware County are enduring, some participants believed
there were community concerns and threats greater than
pollution.

Participants also emphasized a disconnect between what
resources are needed and the resources that are provided to
address them, specifically highlighting the inequities they
perceive:

“But when things happen in in more affluent areas, the
counselors show up. They stay there, they get wraparound
services, etc. . . That doesn’t happen when you’re in what
they call the “hood,” or places that aren’t necessarily afflu-
ent. They just. . . everybody shows up and just thoughts and
prayers, and that’s the end of it. But it’s gonna take more
than just thoughts and prayers for us to really increase the
mental health of these smaller communities or commun-
ities. We have to really put boots on the ground, put resour-
ces on the ground.”—Participant 5

Community strengths and solutions

Despite the environmental, physical, and mental health
challenges, participants identified numerous strengths and
assets in their communities. Participants expressed pride
in their community’s diversity, small-town feel, and the
care embedded in interpersonal community connections.
Participants in this area stay because neighbors are swift
to support and show up for one another when they encoun-
ter challenges:

“The thing that I’mmost proud of in our community is just
how, if somebody needs something, everybody will rally
around and get it for them. We’ve had . . . people who have
gone through medical issues, and the community just
comes together. And they do beef and beers [fundraisers].
They. . . do 50/50 [raffle] tickets. They will come together
to. . . make sure that everybody has what they need, and
that’s one of the big reasons why I stay here and why, my
kids will stay here until who knows when.”—Participant 2

Most participants emphasized how they felt supported
in their communities:

“. . . [It’s] small and everyone knows everybody. And
for the most part, everyone looks out for each other”—
Participant 20

Ultimately, most participants wanted policymakers to
prioritize protecting these communities from further indus-
trial emissions by capping the amount of pollution and
limiting the construction of new industrial facilities. We
present Table 3 to demonstrate the different solutions pri-
oritized by this community, and provide examples provided
by residents themselves. Recognizing these communities’
strong connections, four types of solutions to achieve this
shared goal emerged from the focus group discussions.
These community-driven solutions included (1) investment
in community resources and advocacy, (2) policy action to
prevent future industrial development, (3) better planning
and transparency to protect communities against harm,
and (4) community coalition-building to help enact these
changes (Table 3). These solutions demonstrate the com-
munities’ continued commitment to leveraging their great-
est strength (i.e., their ability to work together and help
each other when in need).

DISCUSSION

We used a CBPR approach to explore how residents of
a fenceline community experience and describe the cumu-
lative impacts of chemical and non-chemical stressors.
This study is among the first to work alongside community
investigators to qualitatively explore how chemical and
non-chemical stressors impact residents’ health and well-
being. Participants described how environmental concerns
directly impacted their well-being and quality of life, mak-
ing direct links to respiratory conditions (e.g., asthma) and
other diseases/health conditions such as cancer, diabetes,
depression, and anxiety. Participants also described the
compounding effects of environmental, physical, and men-
tal health stressors in their communities. They characterized
their experiences of cumulative impacts in ways that high-
lighted the synergistic qualities of chemical and non-
chemical stressors: the sum of the stressors combined is
more impactful than simply adding each together. On top
of this, at multiple points in our focus groups, we noted
a recurring theme: when faced with multiple harsh real-
ities, several participants described making trade-offs
between various health-related concerns. Specifically, as
outlined in the Environmental Influences on Physical and
Mental Health section through the discussions surrounding
spending time outside and breathing polluted air, or stay-
ing inside and experiencing social isolation, participants
appeared to make decisions with a “lesser of two evils”
sentiment in mind. Similarly, as described in the Cumula-
tive Impacts section, when discussing how violence and
pollution are experienced side-by-side, sometimes pollu-
tion seemed less risky to residents. These dynamic ten-
sions add a layer to the experience of cumulative impacts
that have yet to be characterized qualitatively in this
community.

23National Ocean Service. “What is the Bermuda Triangle?”
Accessed August 2024. https://oceanservice.noaa.gov/facts/
bermudatri.html

8 LIGHTNER ET AL.

D
ow

nl
oa

de
d 

by
 E

ve
 M

ia
ri

 f
ro

m
 w

w
w

.li
eb

er
tp

ub
.c

om
 a

t 0
3/

26
/2

5.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 

https://oceanservice.noaa.gov/facts/bermudatri.html
https://oceanservice.noaa.gov/facts/bermudatri.html


Considering the complex nature of cumulative impacts
as demonstrated above, participants identified several
potential solutions that deeply aligned with and built upon
key community strengths that may aid in our ability to
fully understand a community’s experience of cumulative
impacts. These findings reflect the existing quantitative lit-
erature examining how cumulative impacts interact with
health,2 but our work applies an innovative lens by explor-
ing the qualitative, lived experiences of people living with
cumulative impacts.

This study has several limitations, including lack of gen-
eralizability to the broader population of Southern Dela-
ware County. Our pool of potential participants may have
been limited due to our requirement to have previously par-
ticipated in the environmental health survey. Participants
were predominantly female and resided in only a quarter
(3/12) of eligible municipalities. Thus, our findings may
not fully reflect the experiences of people living in other
communities in the study area. It is also possible that par-
ticipants in the focus groups represent the most outspoken
residents and not necessarily the most impacted residents.
We were also unable to assess saturation (as is typical in
qualitative studies) and instead were resource-limited by
the number of participants who were eligible and interested
in participating in the focus groups. We conducted focus
groups until all eligible and interested participants could do
so. While qualitative methods are well-suited for delving
into the lived experiences and diverse perspectives of partici-
pants, these methods do not allow for the quantification or
generalization necessary to assess prevalence and establish
causal relationships.

The study also has many strengths, notably our use of
the CBPR approach, which resulted in better cooperation
and collaboration throughout the scientific process, includ-
ing data collection and analysis. We believe having an
impacted community resident and community investigator
facilitate the focus groups cultivated a greater trust among
participants, which may have inspired a more candid
responses than if an academic investigator had facilitated.
Community investigators provided critical insights and
context that were instrumental in interpreting the data and
generating key themes throughout the analysis.

Empowering community residents with the data and
disseminating findings to the broader community and key
stakeholders is a critical element of our approach. Key
findings from these focus groups were integrated with the
findings of the community environmental health survey
into a technical report that was shared with stakeholders
(e.g., elected officials, community advocates, and resi-
dents) at a public community meeting hosted by the com-
munity investigators before the submission of this article.
At this hybrid meeting, the study team presented study
findings to approximately 90 attendees (over 60 in person
and 30 on Zoom). The study team presented the findings
and sparked a discussion between community residents and
local community and political representatives that quickly
turned to next steps for community organizing and advo-
cacy. The next steps will include an advocacy campaign to
explore legislative policies aimed at mitigating and pre-
venting the impacts of chemical and non-chemical stres-
sors. While every community faces a unique combination
of chemical and non-chemical stressors, this work

Table 3. Summary of Focus Group Participant-Identified Solutions

Theme Quote

Investment in community resources and educational
programs to promote health and well-being

“[We need]... a nice recreational center here in the
community for the children and adults to be able to go
and work out.”—Participant 21

Advocacy and policy action to address existing
sources of pollution in their communities and to
prevent further industrial development

“We could approach our legislature at the State level to
start the passing... some laws limiting what, for example,
what the Chester incinerator can take on, what the
refineries, how much business they can do down there...
what the car barn can do to limit the noise... may be put
up a noise barrier between their operation and our
residential neighborhood here... there’s couple of things
we could do legislatively to handle or address those
concerns”—Participant 10

Better planning, more transparency, and opportunities
for two-way communication to protect their
communities against potential environmental risks
and resulting harm

“Yeah, I would say, more transparency... when they are
asking questions about... what are the risk for this? What
are... the negatives that we’re gonna be suffering and kind
of... taking control of that... doing risk management like,
what solutions could we provide for these potential risks
for our community and doing that ahead of time so that
they can ease our minds.”—Participant 5

Community coalition-building to help enact these
changes and ensure that community voices are
represented and acknowledged in decision-making
spaces

“We gotta do something. Whether it’s our community
leaders, our churches... our workplaces. We need to be at
this moment coming together. And looking at what do you
have for resources in our communities to help everyone in
the community to get the things that they need as human
beings cause our basic needs aren’t even being met at this
point.”—Participant 8
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contributes to the broader body of literature demonstrating
the feasibility of community-based science and the range
of cumulative impacts faced by communities. In addition
to state and local policy advocacy and change, a better
understanding of community-level cumulative impacts
may offer opportunities to advance cumulative risk assess-
ment methods to inform national policies. Studies of
cumulative impacts may gather data on relevant combi-
nations of stressors and may quantify combined
stressor-health effect relationships. This challenges the
U.S. EPA and many states’ current siloed approach to
media-specific (e.g., water, air, soil) programs and
regulations.

CONCLUSION

We used a CBPR approach to learn more about how resi-
dents in a fenceline community experience the cumulative
burdens of chemical and non-chemical stressors. This work
demonstrates how qualitative methods, when employed
alongside a CPBR approach, can improve our understand-
ing of cumulative burdens and generate data and solutions
to support advocacy efforts to prevent the exacerbation of
harm in already overburdened communities.
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