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Perceptions of sea-level rise in urban, environmental justice (EJ) communities are poorly understood. These

communities’ long-term vulnerability may increase as a result of the interaction of sea-level rise and legacy

pollution. This article presents research on experience and perceptions of sea-level rise, flooding, legacy pol-

lution/contamination, and health in an EJ community in northern Delaware. The community is in close prox-

imity to documented brownfields and other hazardous sites, and is located where there are long-term

projections of water inundation due to sea-level rise. Researchers administered quantitative surveys at local

events that measured knowledge and concern for these issues; conducted focus groups that enabled a deeper

understanding of survey results; and examined community perceptions relative to existing policy tools,

including sea-level rise inundation maps and documentation of contaminated sites. The mixed-method

approach created a baseline of perceptions on pollution, flooding, a health–environment connection, and sea-

level rise. Key findings include the value of experiential knowledge of local flooding to improve efficacy of

future policy prescriptions, and how a lack of knowledge of sea-level rise, coupled with great concern for it,

might be explained by longtime familiarity with flooding issues in the community.
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INTRODUCTION

Many environmental justice communities will confront long- and short-term
complications as a result of the potential interaction between climate change
impacts and existing contaminants found in those communities (Grineski et al.
2012). Environmental justice communities that have the possibility of coupled
effects should be prioritized for mitigating climate change impacts, such as sea-level
rise, because of this potential. Further, residents should be involved in adaptation
efforts because research shows local knowledge and understanding of issues
improve policy design (Douglas et al. 2012). The negative consequences of climate
change, including sea-level rise increasing storm surge and flood events, are dis-
tributed unequally across society with socially vulnerable communities at higher
risk of these impacts (Grineski et al. 2012; Kuhl et al. 2014; Martinich et al. 2013;
Sayre 2014; Wilson et al. 2010). Moreover, socially vulnerable communities,
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including lower socioeconomic status (SES) and racial/ethnic minority communi-
ties, are disproportionately burdened by toxic contaminants and pollution in their
residential areas through the presence of known hazardous sites with polluted soil,
air, and water (Brulle and Pellow 2006; Faber and Krieg 2002; Freudenberg, Pastor,
and Israel 2011; Huang and London 2012; Morello-Frosch et al. 2011). Commonly,
the legacy of contamination found in these communities is a product of historic and
contemporary industrial, commercial, and military activities (Douglas et al. 2012;
Lerner 2010).

Many environmental hazards are regarded as potential causes of health prob-
lems, including cancer, asthma, and neurological impairment (Brown et al. 2000;
Dixon et al. 2009; Kerns 2001). Research demonstrates that lower SES and racial/
ethnic minority communities have elevated levels of these health problems, and
environmental science research suggests that these health issues may stem, at least
in part, from exposure to the pollution found in these areas (Brown 2007; Brulle
and Pellow 2006; Faber and Krieg 2002; Freudenberg et al. 2011; Margai 2010;
Morello-Frosch et al. 2011). Because of the relationship between race, class, dispro-
portionate exposure to environmental contaminants and pollution, and elevated
health problems, we follow Douglas and colleagues (2012:539) and refer to these
areas as environmental justice (EJ) communities:

The concept of “environmental justice” arose from the now well-documented observation that
low-income minority communities have historically borne a disproportionate share of environ-
mental hazards. . . . In urban areas, low-income populations and communities of color are
exposed to a disproportionate number of harmful conditions. These include toxics in air and
groundwater from past industrial practices and vehicle emissions; contaminated or abandoned
industrial sites (brownfields) [and] human health problems. . . .

Complex urban areas like New York City are now under examination for cli-
mate change impacts, such as sea-level rise (Solecki 2012), and the EJ communities
located in coastal cities may have an increased probability of inundation due to sea-
level rise, increased storm surges, and more frequent and severe flood events (Dou-
glas et al. 2012). The possibility of increased flooding to interact with existing haz-
ardous sites and their contaminants, thereby potentially making existing
contaminants mobile, also has a possibility of increasing risk of exposure that may
impact human and/or environmental health (Grineski et al. 2012). There is a need
for research on the nexus of environmental burdens and human health with climate
change impacts (Brown 2013; Hoover et al. 2015). A full examination of the cumu-
lative impact of sea-level rise on vulnerable, urban EJ communities is paramount,
especially as little is known of the potential for contaminant mobility due to sea-
level rise. For example, there is a paucity of research examining the impact of salt-
water intrusion on soil contaminant mobility with repeated storm surges and flood-
ing. This research has only begun, with little understanding of the biogeochemical
processes and contaminant behavior of metals in soil and ground water as salinity
changes and with repeated inundation, let alone the resultant risks to the environ-
ment and human health (Borch et al. 2009; Du Laing et al. 2008; Du Laing et al.
2009; Guo et al. 2015; Lee et al. 2015).

Some previous research has examined how different communities understand
these risks and hazards (i.e., environmental pollution and climate change), and how
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these hazards may impact their health (Brown et al. 2012; Campbell, Bevc, and
Picou 2013; Couch and Kroll-Smith 2000; Harvey 2016; Jones and Rainey 2006;
Marshall 2004; Paolisso et al. 2012; Waters 2016). Overall, this body of work sug-
gests that concentrations of environmental burdens in racial/ethnic minority and
lower-SES areas (and resident experience with those burdens) provide for differ-
ences in perceptions of environmental harm between racial groups, with racial/eth-
nic minorities having equal or greater levels of perceived risk of harm from
pollution. Further, the health experiences of minority groups concentrated in these
areas provide for corporal affirmation that “something is going on” concerning pol-
lution and its impact on human health, noting that self-rated health has a direct
relationship to perceptions of environmental quality.

The current study aims to contribute to the sociological literature by (1) exam-
ining how one EJ community in Wilmington, Delaware, understands sea-level rise;
(2) comparing knowledge and experience of flood event locations with documented
contaminated sites; (3) examining the perceived association between legacy contam-
ination and health problems; and (4) reflecting on the potential for this community’s
understanding of the long- and short-term concomitant risks of rising seas.

CURRENT STUDY

Using a mixed-method approach, our research examined an EJ community at
the nexus of environmental contamination, flooding, and the potential for sea-level-
rise inundation in South Wilmington, Delaware (known locally as “Southbridge”).
A vibrant community with considerable civic engagement addressing local issues,
Southbridge is a low-lying, urban residential area that has a history of environmen-
tal problems. The problems include frequent flood events due to its low geographic
position near rivers, an aging combined storm water and sewage draining system
that is known to overflow, as well as its residents having a higher risk of exposure to
local contaminated properties and hazardous sites because of its industrial history
and land use (CEEP 2014).

The core residential community of Southbridge is predominantly African
American, and though accounts vary some, has approximately 1,600 residents
(SWPN 2014). The community is located in Census tract 19.02; this tract also
includes a smaller, largely white, middle-class residential area to the west of South-
bridge, totaling about 1,900 people in the tract (U.S. Census Bureau 2010). Census
tract 19.02 has a poverty rate of approximately 30% (SWPN 2014), though the
smaller pocket of middle-class residents to the west of Southbridge may impact the
demographic profile of the community slightly (i.e., decrease the total percentage in
poverty in the tract). In all, the core residential neighborhood of Southbridge has
approximately 1,600 residents, is predominantly African American and working
class, has an elevated level of poverty, and unemployment stands at approximately
14% in the community (SWPN 2014).

Southbridge is located in northern Delaware and is surrounded on three sides
by the Christina River, which connects to the Delaware River to its east. A large
portion of the area consists of wetlands. Figure 1 shows South Wilmington and its

Sea-Level Rise in an EJ Community 887



surrounding waters, with an arrow pointing to the core residential area of
Southbridge.

Using a sociological approach grounded in EJ, the precautionary principle
(Brown 2007), and embodied health movements (Brown et al. 2012), we surveyed
residents’ perceptions of existing conditions (i.e., flooding, contamination/pollution,
and hazardous sites), knowledge and concern for sea-level rise, and perceptions of
the impact of the environment on their health. We explored these themes in focus
group discussions and connected them to our survey results to more fully under-
stand this vibrant, yet socially and environmentally vulnerable, community. There
is a great need to measure EJ communities’ knowledge and understanding of the
intersection of these issues, and specifically of sea-level rise, as adaptation plans are
most successful with the full involvement and engagement of the community
(Brown 2007; CEEP 2001; Douglas et al. 2012; Freudenberg et al. 2011; Senier
et al. 2012). Because of the myriad consequences these communities may face that
others at risk for sea-level rise without a history of legacy pollution and contami-
nated properties may not, EJ communities must be prioritized in our efforts to
address these problems, and resident perspectives and engagement are key.

SOUTHBRIDGE AT THE NEXUS OF LEGACY POLLUTION AND

SEA-LEVEL RISE

Before moving into the data collection efforts that measured community mem-
bers’ perceptions of sea-level rise, legacy pollution/contamination, flooding, and

Fig. 1. The location of Southbridge and local waters (July 19, 2015; Google Earth).
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human health in Southbridge, we briefly examine the existing public data on the
presence of hazardous sites and sea-level rise potential in, and surrounding, the resi-
dential area of Southbridge.

Southbridge as an Environmental Justice Community

The City of Wilmington has a rich and diverse industrial legacy, but one that
has left a toxic burden on the area, particularly in the soil and shallow groundwater.
Over the past 200 years, use of the areas next to the Christina River in East and
South Wilmington vicinity included a variety of industries, such as chemical pro-
duction, manufacturing, and tanneries (CEEP 2014). This legacy of use, as in many
cities near major waterways and ports, left areas with differing levels of contamina-
tion associated with the industries. The existing contaminants are present in some
soil, sediment, and groundwater at varying concentrations, and include heavy met-
als like arsenic, chromium, and lead, as well as organic pollutants, including poly-
chlorinated biphenyls (PCBs) and polycyclic aromatic hydrocarbons (PAHs). In
addition, many of the wetlands in the vicinity of South Wilmington have “hot spot”
areas containing elevated levels of these various contaminants (CEEP 2014).
Research suggests that these compounds at various levels have some association
with a variety of health conditions, including neurodevelopmental issues (Power
and Weisskopf 2012), cancer (Meliker 2012), reproductive effects (DeRosa and
DeRosa 2012), and problems of the nervous system (Kim and McMahan 2012). It
is important to note here that risks assessment associated with human exposure to
ambient environmental contaminants and correlation with negative health condi-
tions are very complex issues, and the presence of the legacy pollution alone does
not immediately imply health risk. Various factors are involved in the human health
risks associated with environmental contamination, including types of contamina-
tion, degrees of concentration, and pathways to human exposure.

South Wilmington, in general, is one area of the city that contains known con-
taminated sites, with some sites directly within the Southbridge residential commu-
nity. The Site Investigation and Restoration Section (SIRS) of Delaware’s
Department of Natural Resources and Environmental Control (DNREC) oversees
the investigation, remediation, and monitoring of these areas (DNREC 2015). The
identified sites (Fig. 2) are in different stages of investigation and remediation, with
some having been completely remediated and others only partially addressed, mak-
ing for a complicated cumulative assessment of the state of contaminated properties
in the area. The dense assortment of contaminated properties and their proximity
to Southbridge, coupled with the sociodemographics of the area, demonstrate the
concentration of the sites within this disadvantaged community. Figure 2 shows all
of the site investigations in the area as of July 6, 2015.

After DNREC SIRS identifies sites with potential for the release of hazardous
substances, the sites are categorized for cleanup requirements based on federal- and
state-determined thresholds of risk posed to public health, safety, and the environ-
ment. The properties may also enter the brownfields program in DNREC, which
offers liability protection and financial incentives for redevelopment. Some of the
red triangles in Fig. 2 depict sites that have been remediated and the corresponding
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risks of exposure to human health and the environment reduced or eliminated. The
others include multiple properties at various stages of investigation by DNREC for
redevelopment or compliance with Delaware laws. For example, within the South-
bridge community, one site consisting of four tax parcels was certified as a brown-
field and contained metals and petroleum hydrocarbons less than one foot below
the soil surface. The levels of contaminants were acceptable for industrial use but
not residential use. To minimize potential for the contaminant release to the sur-
rounding area through truck traffic or surface water migration, the area was capped
with compacted stone in 2009 (DNREC DEN 2015). In addition, an environmental
covenant was placed on the property in 2011 restricting use of the site and ground-
water beneath the site. A Certification of Completion of Remedy (COCR) was
issued in 2011 indicating the containment of contaminants was complete under
Delaware law (Hazardous Substance Cleanup Act [HSCA] 7 Del. C. Chapter 91).
Two other sites appear to have received a COCR indicating some level of cleanup
occurred and the sites meet state law for intended use.

Remaining sites in Southbridge vicinity are in different stages of investigation
and contain soils impacted by high levels of aluminum, arsenic, iron, manganese,
benzo(a)pyrene, and many other compounds above Environmental Protection
Agency (EPA) and DNREC action levels. For example, one site is fenced and gated
and contains levels of contaminants beyond screening thresholds (DNREC DEN
2015). Another site appears to have partial remediation complete with soils contain-
ing polychlorinated biphenyls removed; however, arsenic, lead, and benzo(a)pyrene
remain onsite (DNREC DEN 2015).4 As with many of the contaminated sites

Fig. 2. State of Delaware Site Investigation Restoration Section (SIRS) sites (triangles) in and
nearby Southbridge. The area in the rectangle contains some of the sites within Southbridge. (July
6, 2015; DNREC; Delaware Environmental Navigator, http://maps.dnrec.delaware.gov/navPro-

gramMap/).

4 Detailed information on site investigations, including contaminant testing, remediation, and other
activities at a hazardous site, is available through DEN online at http://maps.dnrec.delaware.-
gov/navProgramMap/.
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around the country, documents in DEN indicate funding is an issue to complete
cleanup or containment; the areas in South Wilmington with legacy pollution are
no different. In sum, approximately 3 of the 11 sites located in the Southbridge com-
munity (black rectangle in Fig. 2) have some level of cleanup or containment, seven
have identified levels of contaminants beyond EPA or DNREC thresholds, and one
site is under preliminary investigation for compliance with HSCA and Clean Water
Act storm water requirements (DNREC DEN 2015).

Projected Sea-Level Rise, Southbridge, and Vulnerability

Sea-level rise is an increase in average tide height, caused by “thermal expansion
of ocean water, changes in terrestrial storage of water, [and] mass loss of ice caps and
glaciers. . .” (Leclercq, Oerlemans, and Cogley 2011:520). Pilkey and Pilkey (2011)
also suggest that the melting Greenland and Antarctic ice sheets contribute to rising
sea levels. The mid-Atlantic region is especially susceptible to sea-level rise issues
(Montgomery and Murray 2012), and Delaware has a projected rate of sea-level rise
that is relatively high, at an average of approximately 13 inches over the next 100
years (DNREC 2013). According to DNREC (2013:v), this “could cause the level of
Delaware’s oceans, bays and tidal rivers to rise between 1.6 feet (0.5 meters) and 4.9
feet (1.5 meters) above their present levels.” Depending on local area conditions in
riverine urban areas like Wilmington, sea-level rise can worsen flooding and storm
surges, which can impact infrastructure (like roads, underground tanks, drinking
water, storm water systems, etc.) (DNREC 2012). Also, depending on the history of
the land use, toxics and other contaminants in the area may be impacted by repeated
water inundation, though the nature of that impact (e.g., contaminants becoming
mobile, increasing contaminant stability, diluting contaminants, etc.) depends on
the type of contaminant, its concentration, length of time from release of the con-
taminant, and several other factors (DNREC 2012). In short, the local impacts of
flooding and sea-level rise on already-vulnerable urban EJ communities like South-
bridge are not well understood, but have the potential to increase vulnerabilities; fur-
ther, factors such as type of legacy pollution, groundwater elevations, soil type, type
of water inundation (e.g., fresh water or salt water), and pathways to human expo-
sure in specific sites require further investigation (DNREC 2012:134–136).

The Department of Natural Resources and Environmental Control produced a
full sea-level rise vulnerability report for the state of Delaware in 2012 (DNREC
2012). This report utilized a “bathtub” model for mapping potential sea-level rise in
a given area, which essentially models the impact of sea-level rise on an area during
an average higher tide (i.e., Mean Higher High Water) (DNREC 2012). For the
purposes of our study, we used the online mapping tools available through DNREC
to produce maps that demonstrate the potential for water inundation in the approx-
imate area of Southbridge by the year 2100. Figure 3 shows a 1.5-meter sea-level
rise water inundation projection at high tide.

The interest in the interaction of contaminated sites with flooding associated
with sea-level rise is new, and the possibility of the mobilization of toxic chemicals
and heavy metals via water is discussed in a small amount of recent environmental
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science research (Burton, Johnston, and Kocar 2014; Grineski et al. 2012). As
DNREC (2012:135) noted, “Many brownfield sites are near or adjacent to low-
income communities. Sea-level rise may prevent site cleanup or result in increased
contamination in the community, representing a significant social and environmen-
tal justice issue.” Additionally, the Center for Energy and Environmental Policy
(CEEP) at the University of Delaware explained:

The land/water nexus is also a significant of risk with regard to brownfields. Flooding and run-
off can mobilize exposed brownfield topsoil, carrying it onto adjacent properties and water
bodies. A significant number of brownfields sites in East and South Wilmington lie within the
100-year flood plain. . . . Natural flooding in these areas has been exacerbated by an inadequate
drainage system, particularly in South Wilmington, where an average of 32 combined-sewer
overflow events occurs each year. . . . This flooding frequently overruns brownfield properties,
washing debris into the surrounding community, including into the basements of residential
homes. . . . [CEEP 2014:87]

Fig. 3. Scale of potential inundation with a 1.5-meter increase to sea level. Note that the residen-
tial area north of the label “Ramp” near S. Heald St. is not shown as inundated. The heavy black
line is a southern municipal boundary of the City of Wilmington (June 9, 2015; DNREC; http://

www.dnrec.delaware.gov/Pages/SLRMaps.aspx).
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QUANTITATIVE SURVEY AND FOCUS GROUP METHODOLOGY

Our sociological data were collected via two methods: a self-administered, in-
person quantitative survey, and five focus groups. To obtain survey respondents
and focus group participants, core researchers spent approximately one year from
summer 2013 to early summer 2014 gaining rapport in the community by attending
local civic association meetings and volunteering at a handful of local events. By
doing so, we were able to develop working relationships with some community lead-
ers, and these community leaders integrated our research efforts into several local
events and centers, giving us opportunities to conduct the surveys and recruit for
focus groups.

After gaining rapport with key community leaders and obtaining access to a
centralized community center, the research team was able to administer surveys at
three community events, including a large annual festival in summer 2014 that drew
hundreds of residents and others from the surrounding area. At this festival, which
included numerous exhibitors showcasing their services and informational resources
for the community, we had an exhibitor’s tent from which individuals were able to
self-administer, anonymously, our survey (under our supervision). In addition, sur-
veys were conducted at the centralized community center, also through convenience
sampling, when the center was open for various community activities. Over a period
of five months, from July to November 2014, 89 surveys were completed, with the
majority being completed at the festival and at the community center, though a
handful were completed during other community activities. To incentivize partici-
pation, we provided respondents with a $2 bill after completing the anonymous sur-
vey. Each survey was given an identification number for data analysis and storage
purposes.

To measure community knowledge and concern for sea-level rise, flooding, pol-
lution, and perceived impact on human health, the survey contained 28 questions,
both close- and open ended, and provided the respondent with an opportunity to
sign up for participation in focus groups at a later date. The quantitative survey was
replete with Likert-scale matrices measuring environmental concern, concern for
pollution and contaminants, concern for health effects from exposure, and evalua-
tions of the extent to which the air, water, and soil in Southbridge was polluted. In
addition, several items measuring self-rated health, level of knowledge and concern
for sea-level rise and flooding, and several open-ended questions that asked about
sources of pollution and known contaminants in the area were included. Basic
demographics and other important socioeconomic questions were also part of the
survey.

Additionally, over the four-month period from July 2014 to October 2014, core
researchers were able to complete five focus groups. The focus groups were guided
by a seven-item interview schedule, complete with probes, which allowed for a fuller
exploration of the topics examined in the quantitative survey, in the words and
experiences of the respondents. For example, the focus groups were asked questions
that included the following: “Are you (or other neighbors) concerned that contami-
nated air, soil, and water in and surrounding Southbridge may be affecting the
health of the community members?”; “Do you think that the flooding may be
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exposing community members to any of the pollutants already in the soil or
water?”; How much do you know about the issue of sea-level rise?”; “How do you
feel about the possibility of sea-level rise making any pollution in the soil or water
mobile in the community?”; and “In the event that sea-level rise might impact the
community, what do you think should be done to help protect these and others
areas?”

The participants in the focus groups were identified and recruited via the quan-
titative survey: if a respondent to the survey wanted to participate in a focus group,
they were given space on a separate sign-up sheet to provide their contact informa-
tion in order to participate in a focus group at a later date. The focus groups were
held in a private room in the community center located at the core of the residential
area, allowing participants ease of access, and were recorded with an audio-record-
ing device. The audio recordings were then transcribed for analysis. For their partic-
ipation, each individual in the focus groups was given a $25 prepaid credit card.

The mixed-method approach allowed the researchers to not only create a base-
line of data that demonstrates the knowledge, awareness, and concern for sea-level
rise and related issues in a community sample, but also cross-reference experiential
knowledge with publicly available data, described in above sections and shown in
Figs. 2 and 3, to triangulate perceptions and state-documented information on con-
tamination and flooding. The experiential community knowledge is valuable to
develop the most effective ways to mitigate the potential effects of sea-level rise and
flooding, and also provides us with a local, lived account of people’s experiences
with pollution and health.

SURVEY RESULTS

First, we provide descriptive statistics of key variables, such as perceptions of
sea-level rise, flooding, pollution/contaminants, and human health from our survey
data, then we connect them to findings from our focus groups. Focus group data
added depth and richness to our quantitative findings, and also allowed us to deter-
mine how well our quantitative and qualitative data complement one another. Due
to our convenience sampling method and small sample size (n = 89), as well as the
skew of many of our key categorical variables, we caution that our data are not gen-
eralizable to the entire community of Southbridge, but measure the perceptions of sea-
level rise and related issues in a smaller, convenience sample of residents. Our conve-
nience sampling procedure likely characterizes community members civically
involved in the area, as well as those who might not be as active but participate in
larger, periodic community events (like the free festival). As such, these results
should still be interpreted with caution in terms of their representativeness of the
entire community.

Demographics

Ultimately, we collected 89 completed surveys. Approximately 81% of our
sample was comprised of adults aged 26–65, with roughly 63% of those people 46
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years of age or older. In addition, 67% of the sample was female, while over 85%
self-reported their race as black, non-Hispanic. Educational achievement showed
more variation, with 16.1% of respondents not having a high school diploma,
40.2% of respondents having a high school diploma or GED, and 41.4% having at
least some college. A large percentage of the sample was unemployed, with 37.6%
of respondents reporting this as their current labor status. There was significant
variation among other labor statuses, with 11.8% working part-time hourly, 5.9%
working part-time salary, 12.9% full-time hourly, and 11.8% full-time salary. Addi-
tionally, 20% of the respondents reported “Other” as their current labor status,
which, based on our informal discussions with respondents, may include being on
disability or being retired.

The household composition of our respondents was indicative of the overall
circumstances of many in the community, with 30.1% of respondents reporting a
gross household income last year of less than $15,000; in fact, 74% of our sample
had a gross household income last year that was $45,000 or less. Slightly over 70%
of our respondents reported currently residing in Southbridge, and, on average, our
survey participants reported living there for 15.27 years (s = 15.27). The significant
variability in length of time that respondents have lived in the community (range =
59.75 years) was curious to us, and upon deeper investigation the data show a posi-
tively skewed distribution, with approximately 28% of those reporting time lived in
the community being there for at least 20 years (with 5 respondents residing there
for at least 45 years). Household composition, possibly reflecting the age composi-
tion of our sample, had an average of 1.97 adults in the household (s = 1.54) and an
average of 1.01 children (s = 1.73) living in the household.

Concern for Pollution

Overall, concern for pollution was demonstrated by a significant number of
our respondents being greatly concerned for the effects of toxic pollution on the
quality of air, water, and soil, as well as concern for the impact of metals and gases
on the local environment. Table I shows levels of concern for the effects of toxic
pollution on various environmental facets of Southbridge, and the concern for par-
ticular types of environmental pollution.

As Table I shows, our sample had great concern for the impact of toxic pollu-
tion on numerous dimensions of the environment in Southbridge. In particular,
approximately 67% of the respondents showed great concern for the effects of toxic
pollution on air quality, while nearly 60% showed great concern for the effects of
toxic pollution on soil quality. In addition, even though the residential area of
Southbridge is a groundwater management zone (GMZ), meaning that the drinking
water is supplied through municipal water supply and is thus protected from most
external, environmental sources of pollution, almost 60% of the respondents
reported great concern for the impact of pollution on their drinking water; another
66.2% reported great concern for “other waters” (i.e., rivers, streams, and ground-
water). Additionally, one of the open-ended questions in the survey asked respon-
dents “What do you think are the sources of pollution that Southbridge
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experiences?” and elicited responses such as “all discard[ed] materials,” “brown-
fields,” “environmental waste sites,” “chemical companies, dumpsites, and chemical
disposal landfills,” “factories around here,” “flooding,” “hidden/buried contami-
nants,” and “current/former industrial uses.” These open-ended responses embol-
den the great concern for environmental pollution and the impact of metals, gases,
and particulate matter on the local environment shown in Table I.

Another dimension of local environmental pollution that we examined in this
survey involved the extent to which people perceived it to be polluted. Large swaths
of the sample reported that much of the soil, air, drinking water, and environmental
waters are polluted. For example, more than half of the respondents reported that
“a great deal” of the soil (50.7%) and environmental waters (52.7%) are polluted,
while just less than 50% of the sample reported that “a great deal” of the air
(48.1%) and drinking water (43.6%) are polluted. In sum, survey data on percep-
tions and concerns for pollution demonstrate great concern for the impact of pollu-
tion on the local environment, a significant amount of that environment being
polluted, and some connection to historic, local contaminating industries. Although
it will be discussed in great detail later, focus group data closely resembled survey
responses on the extent of air, soil, and water pollution/contamination, and the
sources of that pollution. For example, one focus group participant commented,
when asked about sources of pollution: “Well, we’re surrounded with them. From
the junkyard all the way round South Market Street.”

Concern for Health

An important thrust of the current research involved assessing respondents’
perceived health, and how they perceive any connection between local environmen-
tal pollution and their health, as health disparities are at least partially due to envi-
ronmental exposures.5 Furthermore, the subjective understanding of the
community’s perceived relationship between environmental pollution and their per-
sonal health is a vital component to most appropriately addressing any environmen-
tal burdens that are present in the community; also to avoid maladaptation when
trying to mitigate any potential vulnerability at the nexus of increased flooding and

Table I. Concern for Effects of Toxic Pollution in Southbridge (n = 89, missing responses excluded)

Not concerned % (n) Concerned % (n) Greatly concerned % (n)

Pollution (overall) 1.2 (1) 43.2 (35) 55.6 (45)
Air quality 6.6 (5) 26.3 (20) 67.1 (51)
Drinking water 6.1 (5) 34.1 (28) 59.8 (49)
Other waters 7.8 (6) 26.0 (20) 66.2 (51)
Soil quality 9.2 (7) 31.6 (24) 59.2 (45)
Metals 10.4 (8) 22.1 (17) 67.5 (52)
Gases 6.5 (5) 24.7 (19) 68.8 (53)
Particulate matter 7.9 (6) 22.4 (17) 69.7 (53)

5 Numerous other health outcome concerns, such as concern for cancer and asthma, and concern for
past, present, and future exposure were also measured, but not the focus of this analysis.
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existing environmental contamination in the community. Survey results demon-
strated that 30.4% of respondents rated their personal health as “very good” or “ex-
cellent,” while 69.6% rated their personal health as “poor,” “fair,” or “good,”
showing that many in our sample had a relatively low rating of their personal
health. Furthermore, 68% of respondents were greatly concerned about health
problems as a result from exposure to pollution, while 75.7% of respondents
reported that a moderate to large amount of the health problems in the community
are due to local pollution. A single open-ended question allowing respondents to list
“any other harmful health outcomes [from exposure to pollution that] you want to
share” elicited responses that included “brain damage,” “mercury in water supply,”
“high cancer risk,” “skin irritations,” and “there have been nine cancer deaths in
the street I live on.”

Again foreshadowing our deeper discussion of focus groups, major currents
within this survey data were enhanced by the focus group discussions of health. For
example, some focus group participants felt that their own, as well as family mem-
bers’ and neighbors’ health problems, which range from cancer to respiratory prob-
lems to gum infections were, or could be, caused by pollution in Southbridge. Some
participants questioned the effect of pollution on children’s health and a perceived
rise in behavior problems. For example, one participant asked, “And then. . . it
makes you wonder with a lot of the kids, is it affecting their brain? You know,
there’s, you know, with all the chemicals and stuff that’s in the ground and in the
dirt and, you know, possibly the water, and all that, it makes you wonder. . . .”
Another focus group participant noted, “some of the kids with their behavior prob-
lems and attention deficit and all of that, I’m wondering if some of that doesn’t have
to do with the pollution, the brownfields, the chemicals, and all of that.”

Knowledge and Concern for Flooding and Sea-Level Rise

The survey results demonstrated one particularly interesting disparity, illumi-
nating the need to increase sea-level rise educational efforts in this, and possibly
other, urban EJ communities: great concern for sea-level rise, but little formal
knowledge of what defines it. Even though Southbridge is not a coastal community,
it is near the Delaware River and surrounded by tidal portions of the Christina
River. Southbridge and other communities in the mid-Atlantic area are facing incre-
mental impacts of sea-level rise over time, so it is interesting to hypothesize why
there might be concern for this issue, but little formal knowledge of it in this and
(possibly) other similar areas. Using a four-point scale ranging from “nothing at
all” to “a great deal,” our survey demonstrated that 70.7% of respondents know
“nothing at all” to “a little” about sea-level rise, even though 74.6% reported that
sea-level rise is a “very serious” to “extremely serious” problem for the community
of Southbridge.6 The concern for sea-level rise may be due to the flood experiences
of residents, as 82.3% regarded current flooding as a “very serious” to “extremely

6 It is worth noting that of the 89 respondents to the question on seriousness of sea-level rise, 16 respon-
dents reported “Don’t Know,” further indicating a lack of knowledge of the issue. There were some
similar patterns in “Don’t Know” responses for health impacts of environmental pollution, indicating
a lack of knowledge of their potential impact.
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serious” problem for the community. There is documented, repeated flooding that
occurs and is a fact that the community has dealt with for quite some time (Beeler
2014). Thus, even though a large percentage of respondents showed little direct
knowledge of sea-level rise, roughly three quarters feel that sea-level rise and exist-
ing flood issues are serious problems for the community. We hypothesize this con-
cern for future impacts stems from current experience of repeated flooding and a
basic understanding that sea-level rise due to climate change could make flooding
worse if left unaddressed.

Sociologically, the disparity noted above may be further understood as the
result of experiential knowledge of current environmental burdens that can famil-
iarize the community with longer-term, varied probability issues, like sea-level rise.
The longtime experiences with flooding in the community likely contribute to con-
cerns of more water inundation, provided the respondents connected sea-level rise
to increased storms surges. Even though a significant amount of the community’s
current flooding is from aging infrastructure and an inadequate drainage system
(CEEP 2014), the flooding that the community has endured over time has given
them experiential knowledge of what it’s like to live with water inundation. As such,
even though they may have more pressing issues to deal with like education, crime,
adequate housing, unemployment, and the quality of local food, the data suggest
that local experience with flooding has “primed” the community for thinking about
sea-level rise. In light of this, a vital step forward is to help the community better
understand the reasons for current flooding, and then appropriately connect any
potential incremental increase in flooding issues due to sea-level rise in the minds of
residents.

CONNECTING FOCUS GROUP DATA TO FLOODING AND HAZARDOUS

SITES

Here, we provide in-depth selections from our focus groups, which com-
plement the survey responses and shine a light on the intersection of flood
experience with existing state documentation of contaminated sites. We
explored a variety of topics in the focus groups, including flooding, pollution,
and health experiences, and notable connections were found between the sur-
vey and focus group data, along with publicly available information on sea-
level rise and hazardous sites in the area. After providing demographics of the
groups, we first center on how the focus groups were able to lend insight into
where flooding is currently most frequent in Southbridge. Second, by identify-
ing frequent flooding sites, as experienced by the residents, we were able to
compare where these sites are in reference to information available about exist-
ing contaminants in those areas, in addition to mapped, modeled projections
of sea-level rise (shown in Fig. 3). Third, we move to how focus groups dis-
cussed their understanding of sea-level rise. Last, we examine any link between
flooding, a general understanding of the potential for contaminant mobility in
flood water, and sea-level rise in the focus group data.
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Focus Group Demographics

A total of 13 individuals participated in five separate focus groups, with at least
two participants present for a focus group session. All focus group participants
were given pseudonyms during transcription of the interviews; the data are com-
pletely deidentified here (and where intermittently present in previous sections of
this article). The demographics of the groups, overall, reflected the characteristics of
the quantitative survey sample. The majority of participants (11) were women, and
slightly more than half (7) were in the age range of 46–65, with two (one male, one
female) in their mid-to-late to twenties. Nine participants were Southbridge resi-
dents, with five of the participants living in the community more than 25 years (two
of those residents lived in Southbridge their entire lives).

Flooding, Documented Contamination, and Projected Sea-Level Rise

The focus group participants voiced concerns about flooding that paralleled
key survey outcomes. Flooding was discussed in the focus groups as a serious prob-
lem, complementing the 82.3% of survey respondents that said flooding is a very to
extremely serious problem for Southbridge. Some focus group participants thought
flooding in Southbridge was present annually, while others voiced that it “floods
every time it rains” (this is likely due to the fact that some areas are more prone to
flooding than others). Evacuations have also occurred due to storms and some par-
ticipants recounted “losing everything” in their basement, and having to elevate
their washer and dryer because of flooding. They also remarked that they have dealt
with the flooding all their lives. Most participants agreed the flooding is recently
worse, though two participants thought the flooding was getting better. It was
acknowledged that all of Southbridge is affected during flood events because some
streets become impassable. Thus, overall, focus group data showed significant con-
cern and negative experiences with flooding in the community, but an acceptance or
resignation of it as a part of life in the community.

Another insight regarding flooding that this study lends is the comparison of
the documented contaminated sites, focus group responses, and the model of poten-
tial water inundation due to sea-level rise. Frequent flooding occurs in Southbridge,
as indicated by the survey and focus group responses, and as discussed above, the
community is also within an area with multiple hazardous sites that are in different
stages of remediation. The intersection of these two existing conditions (water inun-
dation and hazardous sites), the fact that the hazards and risks associated with the
current conditions are not well understood, with the additional concern of increased
flooding and salinity changes associated with sea-level rise, creates many avenues
for research (and concern) for this community. A novel outcome of the focus group
data collection was a qualitative listing of areas highly impacted by flooding, which
allowed comparison with the database DNREC maintains of sites under investiga-
tion for hazardous contaminants. When focus group participants were asked about
the most frequent, heavily flooded areas, they provided several (in order of most
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frequent responses across groups): the railroad tracks toward the south and toward
I-495 (6 comments); Bradford and A Street (4 comments); Buttonwood, D, and
Pearl Streets (1 comment each). There was general agreement in four of the focus
groups that the most flooding occurs in these places. Figure 4 shows a close-up of
the general vicinity where focus groups described frequent flooding, with 11 haz-
ardous sites identified by the Site Investigation and Restoration Section (SIRS) of
DNREC in that area (represented by red triangles). Thus, the areas listed above as
frequently flooding are within areas of known contamination, and some properties
that have not been remediated.

Another important result of the comparison of community experience with
flooding and maps of modeled sea-level rise (shown in Fig. 3) is that the flooding
reported in the focus groups occurs in areas not mapped as impacted by projected
inundation due to sea-level rise. Currently, the aging sewage and storm water sys-
tem is prone to overflowing during heavy rainfalls and is likely one key source of
the flooding experienced by residents. Importantly, therefore, though efforts to
increase knowledge of sea-level rise and adaptation options will benefit from
expanding on residents’ experience with flooding, educating the community on
potential climate change impacts will also require a specific campaign concerning
climate change and sea-level rise.

Fig. 4. Site Investigation and Restoration Section (SIRS) sites are shown as triangles. The 11 tri-
angles in the aerial photograph are located in some areas where Southbridge residents report fre-

quent flooding (July 15, 2015; DNREC; Delaware Environmental Navigator).
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Knowledge of Sea-Level Rise and Perceived Connection to Existing Conditions

Similar to the survey results, the focus group participants did not generally
have a solid understanding of sea-level rise as a concept. Approximately 70% of
survey respondents indicated they knew “nothing at all” to “a little” about sea-level
rise, and 9 of 13 focus group participants stated they had no knowledge of sea-level
rise. Focus group participants indicated they are very aware of either Wilmington
or Delaware’s low-lying position, that large storms are potentially going to affect
the areas more intensely, and that water and “swamp” areas surround Southbridge.
The discussion of sea-level rise in some of the groups often lead directly back to the
fact that Southbridge floods frequently, showing a connection between the two
issues in the minds of the participants. One focus group participant noted:

We’re below sea level, so if the water comes, it’s coming over top of us. It’s wiping us out, and
that’s the main concern that when the flood floods in Southbridge, that’s why they have the
means over there at that school to have evacuation routes because when it floods, there’s
nowhere for us to go. We’re going down.

The focus group data also showed that most respondents, across groups, had
an awareness of pollution and contamination in Southbridge, and this is embold-
ened by the survey data that demonstrated that respondents perceive large swaths
of their community’s water, soil, and air to be polluted. The focus groups also
revealed that participants have some understanding that when there’s flooding,
water may interact with existing contaminants, or at least existing material in the
environment that could be observed as runoff of some sort (i.e., sources of runoff
and any possible contaminants in the groundwater/storm water during a flood may
be from the aging sewage/storm water system, residue from adjacent properties, or
some combination of the two). One participant, for example, noted that she can see
the “contaminants” move when it rains, and that she believed the contamination to
be affecting plants and wildlife. Other focus group participants lent their personal
perspectives on the issue, noting that “Salvage areas they have a river runoff. . . able
to see the oil that is sitting on top of the water from the salvage areas”; “once the
waters recede, whatever contaminants will stay on the surface. . .”; [pollution] “has
the serious possibility of being able to spread. . .” [after flooding]; and “when that
water rises, it’s bringing up stuff that’s inside the water to level, ground level, and it
stays there after it’s up there.” Further, when asked about sea-level rise in particu-
lar, one focus group participant suggested that “It stands to reason that the contam-
inants that come from any source, once it [the water] rises and recedes again, is
going to leave that kind of residue.”

Thus, although survey data and focus group responses suggest that the respon-
dents may know very little about exactly what sea-level rise is, their capacity for see-
ing its potential compounding impact with existing contaminants is evident. What
is still unknown, however, and is extraordinarily complex, is how any existing con-
tamination in Southbridge and its surrounding areas has the potential to mobilize
and increase risk to the residents and the local environment. The myriad ways that
storm surges and water inundation can interact with any contamination present, the
pathways to human exposure, and any resulting consequences are still poorly
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understood. The key results of the survey and focus groups, coupled with a compar-
ison of state data on hazardous sites and sea-level rise projections, demonstrate the
value of the community’s experience to understand the potential for sea-level rise
based on actual, on-the-ground flooding they have experienced to date.

CONCLUSION AND DISCUSSION

Our goals with the current research were ambitious. Overall, we strived to
understand perceptions and knowledge of sea-level rise in an urban EJ community
with known hazardous sites and existing contaminants, and how the residents per-
ceive environmental conditions impacting their health. Our mixed-methods
approach was multifaceted, drawing on existing state data on hazardous sites and
maps of projected sea-level rise in the area, as well as quantitative survey and focus
group data from the community of Southbridge.

The results demonstrate the importance of understanding an urban EJ commu-
nity’s experiences (in this case, with flood events and pollution/contamination) to
develop policy prescriptions for future sea-level rise mitigation and adaptation plan-
ning. For example, focusing on remediation of hazardous sites where community
members identify frequent flooding is one beneficial outcome of involving the com-
munity in adaptation initiatives. Further, using state maps of modeled water inun-
dation shows that planning tools may provide a glimpse of what the future could
hold, but current experiential knowledge of flooding issues (most likely from the
aging storm water system) is incredibly useful. This adds to policy makers’ knowl-
edge which contaminated properties are being inundated with water on a frequent
basis, and this can stimulate or prioritize investigations into how flood water may
be interacting with any present contamination in those areas, while also demon-
strating to the community that their experiences and concerns are being heard and
addressed. Our participants’ experiences with current flooding shows us areas where
there are documented levels of contaminants and repeated water inundation, and
some of these areas are not found in the sea-level rise projection maps. Ultimately,
policy planning for both short- and long-term water issues will have to take into
account the multiple sources of flooding that the community currently faces, and
implement adaptation measures for flooding in the short term that are amicable
and unobtrusive to long-term sea-level rise mitigation efforts.

Any contemporary efforts to address flooding in the area, such as the proposed
renovation of an existing wetland to act as a water repository to facilitate the sepa-
ration of the storm water and sewage system (Beeler 2014), need to be understood
in the context of long-term sea-level rise adaption. The community played a signifi-
cant part in the proposal of the wetland as a method to help control flooding, and
their involvement in educational efforts and adaptation to long-term climate change
impacts, such as sea-level rise, is crucial. We argue that our research on this commu-
nity can help draw attention to other urban EJ communities throughout the mid-
Atlantic that share a history of environmental burdens and have great potential for
secondary effects due to long-term sea-level rise; adaptation will benefit from the
fullest involvement of the community as possible in dealing with these issues.
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The survey data showed that, overall, our respondents have great concern for
pollution issues in the area and perceived health impacts of exposure, while also
finding sea-level rise and flooding to be serious problems facing Southbridge. More
specifically, almost three quarters of survey respondents knew little to nothing at all
about sea-level rise, but a large majority of the sample perceived it as a very to
extremely serious problem for the community of Southbridge. Focus group data
added depth to this finding by suggesting that the potential for flooding and high
waters to make hazardous contaminants mobile is evident in the minds of our
respondents, even if specific knowledge of sea-level rise is not widespread. Address-
ing this gap in knowledge is important to provide the community with a sense of
empowerment, and coupled with intense involvement of community members in
decision-making efforts related to sea-level rise adaptation and hazardous site miti-
gation, planning for the future of this urban EJ community can be most effective.

Our work in the community is built on a reciprocal sharing of knowledge
(Senier et al. 2012), so as we have been surveying the community and examining
their perceptions of sea-level rise, flooding, pollution, and human health, we have
been sharing our research results with community members. To date, our core
research team has made two formal presentations to a local civic association, and is
working on community reports that we hope to disseminate throughout the com-
munity at local events. Although it is very difficult to determine how best to couch
deeply complex scientific information about potential interaction of sea-level rise
and toxic contaminants, especially given the vast amount of activity that can take
place between today and the year 2100 (e.g., brownfield revitalization, sea-level rise
adaptations, displacement, controlled pathways to human exposure, etc.), we feel
that it is paramount to (at the very least) continue to provide the community with
our ongoing research results and continually engage them in a discussion of these
issues. In these efforts, we also seek to better understand the terminology the com-
munity uses to understand pollution versus contamination, and any impacts of
water inundation that they may currently understand that can be couched in a dis-
cussion of climate change.

This article highlights a need for more research on urban EJ communities’
knowledge of climate change, perceptions of sea-level rise and environmental pollu-
tion, and their possible impacts on human health. Our survey results show a discon-
nect between formal knowledge of sea-level rise and concern for it as a problem, so
increasing education on the issue and striving for a better understanding of how EJ
communities understand the issues of climate change and sea-level rise is vital.
Linking sea-level rise to climate change and its more specific outcomes could pro-
vide for a stronger impact on risk perception of sea-level rise, as it is often an issue
that is abstract and far off, especially to noncoastal communities (Covi 2014). How-
ever, as noted previously, urban EJ communities that have dealt with water issues,
flooding, and local contaminants already are likely “primed” for this information.
Like our focus group participants, other communities may use any experiences they
have with flooding to aid them in better understanding potential sea-level rise conse-
quences, and efforts to increase knowledge and awareness of climate change impacts
will be most successful starting with the experiences of residents and building from
them.
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In Delaware, many local individuals, groups, private environmental consulting
companies, and government agencies are working hard to address the issues pre-
sented. DNREC has been working diligently to study, plan, and implement initia-
tives that could help mitigate the flooding and sea-level rise potential, as well as the
legacy contaminants, in Southbridge. Many of the plans and implementation rec-
ommendations for brownfields, hazardous sites, and sea-level rise can be found on
DNREC’s website, and in several of their chief documents produced for public dis-
semination, including Preparing for Tomorrow’s High Tide: Recommendations for
Adapting to Sea Level Rise in Delaware (2013) and Preparing for Tomorrow’s High
Tide: 2014 Sea Level Rise Workshop Proceedings and Interim Implementation Plan
(2014). Further, the City of Wilmington, DNREC officials, and other partners have
consistently presented to the community their plans for executing the community’s
plan for restoration of the local wetland discussed earlier into a retention zone for
excess water, which will facilitate the creation of a separate storm water drainage/
sewage system to mitigate flooding in the community by holding excess storm water
and releasing it into the Christina River (Sheriff 2015). The wetland is designed to
also help filter any contaminants made mobile in water runoff before it is released
into the Christina River. In the short term, these initiatives should help to control
excess water in the community; however, worst-case scenarios of inundation due to
sea-level rise may overwhelm these efforts (Beeler 2014). As such, it is imperative to
encourage awareness, concern, and involvement in long-term climate change poten-
tial and adaptation in Southbridge.

Future work should continue to examine how urban EJ communities under-
stand sea-level rise, how their concern relates to the level of understanding and edu-
cation on the topic, and best methods to deliver information. Encouraging
awareness and concern for long-term environmental issues in communities that
have myriad other social problems is challenging but also provides opportunities
for intergenerational environmental justice through addressing legacies of environ-
mental burdens (Schuppert 2011). These findings could inform policy makers to tai-
lor approaches to address the social and environmental consequences of sea-level
rise in these especially vulnerable communities wherever they are found along the
mid-Atlantic, as these are potential complications that many communities will have
to consider in mitigation and adaptation (Martinich et al. 2013). It is imperative
that sociologists study the most socially and environmentally disadvantaged areas
to try to understand how people in those communities understand sea-level rise and
its relationship to demonstrated existing legacy pollution, the local environment,
and their health. Further, sociologists should continue to identify and subsequently
use the best channels by which information travels to raise awareness of important
EJ issues.

It is important to reiterate here that caution should be exercised when inter-
preting our survey and focus group findings, as they are not necessarily generaliz-
able to the entire community. Additionally, even though state data on existing
hazardous sites and potential for sea-level rise are concerning, we are not certain
that the local hazardous sites are or will cause health problems, nor that sea-level
rise and increased flooding will increase contamination in the community and
impact human health by mobilizing existing contaminants. As noted earlier in the
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article, contaminant cycling due to sea-level rise is a poorly understood area of envi-
ronmental research, but one that is pertinent to many urban EJ communities on the
east coast. Continued sociological investigations of how EJ communities under-
stand sea-level rise are much needed contributions to ongoing interdisciplinary envi-
ronmental science research.
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