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Abstract

Since W. E. B. Du Bois documented the physical and social environments of Philadelphia’s
predominantly African American Seventh Ward over a century ago, there has been continued
interest in understanding the distribution of social and physical environments by racial make-up of
communities. Characterization of these environments allows for documentation of inequities,
identifies communities which encounter heightened risk, and can inform action to promote health
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equity. In this paper, we apply and extend Du Bois’s approach to examine the contemporary
distribution of physical environmental exposures, health risks, and social vulnerabilities in the
Detroit metropolitan area, one of the most racially-segregated areas in the United States. We begin
by mapping the proximity of sensitive populations to hazardous land uses, their exposure to air
pollutants and associated health risks, and social vulnerabilities, as well as cumulative risk
(combined proximity, exposure, and vulnerability), across Census tracts. Next, we assess,
quantitatively, the extent to which communities of color experience excess burdens of
environmental exposures and associated health risks, economic and age-related vulnerabilities, and
cumulative risk. The results, depicted in maps presented in the paper, suggest that Census tracts
with greater proportions of people of color disproportionately encounter physical environmental
exposures, socioeconomic vulnerabilities, and combined risk. Quantitative tests of inequality
confirm these distributions, with statistically greater exposures, vulnerabilities, and cumulative risk
in Census tracts with larger proportions of people of color. Together, these findings identify
communities that experience disproportionate cumulative risk in the Detroit metropolitan area and
quantify the inequitable distribution of risk by Census tract relative to the proportion of people of
color. They identify clear opportunities for prioritizing communities for legislative, regulatory,
policy, and local actions to promote environmental justice and health equity.

Keywords

Racial Inequality; Social Determinants; Physical Environment; Social Environment; Cumulative
Risk; Environmental Justice; Health Inequity

[A] complete study must not confine itself to the group, but must especially notice
the environment: the physical environment of the city, sections and houses, the far
mightier social environment—the surrounding world of custom, wish, whim and
thought which envelopes this group and powerfully influences its social
development.

—W. E. B. Du Bois, “The Problem,” 7he Philadelphia
Negro: A Social Study (1899, p. 5)

INTRODUCTION

Over a century ago, sociologist W. E. B. Du Bois documented the physical and social
environments in which “the Philadelphia Negro” lived, worked, and sought to maintain
health and well-being. Recognizing the role of historical and contemporary processes that
contributed to social, economic, and political marginalization, Du Bois’s comprehensive
study used mapping and social and economic data to examine multiple dimensions of what
are now commonly referred to as social determinants of health, including, for example:
education; employment opportunities; income; and “suffrage,” or political participation,
among residents of Philadelphia’s Seventh Ward between 1896-1897. Du Bois expressed his
belief that the role of scientific research was to inform efforts to address social problems,
noting that “until [the student] has prepared the ground by intelligent and discriminating
research, the labors of philanthropists and statesmen must continue to be, to a large extent,
barren and unfruitful” (1899, p. 47).
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Du Bois’s systematic research to quantify characteristics of social and physical
environments and to locate them within the context of broader social, economic, and
political processes remains relevant today, over 100 years later. There is growing interest in
the role of “place” in generating and sustaining persistent inequities in health, building on
evidence that communities of color and low-income communities are not only
disproportionately exposed to hazardous physical environments, but also less likely to have
access to social, economic, and political resources with which to mitigate the adverse health
effects of those exposures (Collins et al., 2015; Huang and London, 2012; Mohai et al.,
2009). The uneven distribution of exposures that may harm health as well as lack of
resources needed to promote health are associated with health inequities and are reflected in
differential rates of morbidity and mortality across racial, ethnic, and socioeconomic groups
(Commission on the Social Determinants of Health 2008; Dankwa-Mullan et al., 2010;
Mujahid et al., 2008).

In addition to differential risks of exposure, there is also evidence that some groups
experience more adverse health effects than others when exposed to hazards in the physical
environment. For example, children breathe in a greater volume of air—and therefore air
pollutants—per unit of body weight than adults, and thus are more vulnerable to adverse
health effects at any given level of air pollution (Agency for Toxic Substances and Disease
Registry 2012). Similarly, elderly people tend to experience more adverse health effects, due
in part to increased prevalence of conditions such as cardiovascular disease and impaired
lung function. Thus, identifying geographic areas with greater proportions of such
vulnerable populations and prioritizing those areas for interventions and policies to mitigate
adverse effects of physical environmental exposures may be an important priority in
reducing the adverse health effects of environmental exposures (Fann et al., 2012).

Recognition of the multiple ways in which characteristics of places, and the populations
residing in those places, may contribute to health inequities has spurred efforts to move
beyond scientific and regulatory frameworks that focus on a single aspect of the physical
environment (e.g., particulate matter) toward those that examine combinations of physical
environmental exposures (e.g., multiple air pollutants), as well as the social and individual
characteristics of populations residing in those areas that may place them at heightened risk
(e.g., air pollution plus poverty) (Huang and London, 2012; Sadd et al., 2011; Su et al.,
2009). These efforts hold promise as approaches to identify and address cumulative risks. In
this paper, we apply two such approaches (described in detail below) to examine the
patterning of exposure to air pollution and its associated health risks by racial and
socioeconomic characteristics of Census tracts in the Detroit metropolitan area.

BACKGROUND

Among the most segregated regions in the nation, the Detroit metropolitan area is comprised
of three Michigan counties: Macomb, Oakland, and Wayne County (see Figure 1). As of
2010, there were 3,863,924 people living within this tri-county area and 713,777 people
residing within the city of Detroit, located on the eastern corner of Wayne county (U.S.
Census Bureau 2010). Numerous factors have contributed to this racial segregation. Detroit
and the surrounding region once ranked among the nation’s largest metropolises, with
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industrial jobs drawing African Americans from Canada and the South, and residents from
Mexico in the early 1900s (Farley et al., 2000). Restrictive agreements that prohibited racial
and ethnic groups from living in certain parts of the city were prominent in Detroit prior to
1948 (Sugrue 2014). “White flight” from the city to suburbs was fostered by federal
investments through highway funds and business tax incentives that led many businesses to
move to suburban communities (Sugrue 2014). As central city factories relocated to
suburban areas, racial discrimination in the real estate market, including federally-backed
home mortgages available to Whites but not African Americans, perpetuated segregation and
reduced African Americans’ access to suburban employment opportunities (Farley et al.,
2000; Sugrue 2014).

Today’s tri-county area reflects these historical processes, with Oakland and Macomb
counties maintaining populations that are 76.5% and 82.9% White, respectively. Substantial
proportions of African American residents are clustered in the urban communities of
Pontiac, Southfield, and Oak Park in Oakland County, and Centerline, Eastpointe, Mount
Clemens, Roseville, and Warren in Macomb County. Wayne County is 54.8% White, with
85% of its African American population located in Detroit City, and sizable populations of
African Americans in the cities of Taylor and Inkster in central Wayne County (see Figure
1). Southwest Detroit is home to a long-standing Latino community, with roots extending
back nearly a century (Rodriguez 2011), comprising about 7% of Detroit’s population in
2010 (U.S. Census Bureau 2010). African Americans and Latinos across the tri-county area
make up a significantly larger proportion of households below the federal poverty line. Over
50% of Detroit’s children live in households below the poverty line (Data Driven Detroit
2010), compared to 37%, 20%, and 13% in Wayne (including Detroit), Macomb, and
Oakland counties, respectively (U.S. Census Bureau 2010).

While historical processes initiated these patterns, it is the contemporary unequal
distribution of resources and opportunities at the regional level that currently reinforces the
segregation of African American and Latino residents in aging, urban areas where they
disproportionately experience economic divestment along with limited educational and
employment opportunities (Bell and Lee, 2011; Pastor et al., 2000; Sugrue 2014). Recent
findings that Black residential dissimilarity and spatial isolation, two measures of racial
segregation, were powerful predictors of foreclosures across U.S. metropolitan areas suggest
the continued relevance of race-based residential segregation in shaping patterns of
economic disinvestment and in the impoverishment of disproportionately African American
and Latino urban residents (Rugh and Massey, 2010). A substantial literature documents the
increased vulnerability of residents of low- to moderate-income urban communities and
communities with high levels of race-based residential segregation to environmental risks
(for a recent example, see Clark et al. 2014). Others have suggested additional
characteristics that may contribute to increased vulnerability—for example, low levels of
education or linguistic isolation—that may reduce the ability of residents to access
information about adverse effects of pollutants, thus reducing the ability to respond in ways
that are protective (e.g., reducing physical activity during periods of peak pollutants) or to
advocate with policy- and decision-makers for health-protective actions. Relatively few
studies have examined combined exposures to physical environmental risks and social and
economic vulnerabilities (Morello-Frosch et al., 2011).
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In this paper, we apply and extend approaches used by Du Bois to examine the implications
of these historical processes for the contemporary distribution of multiple environmental
risks by race, ethnicity, and socioeconomic status in the Detroit metropolitan area. In
particular, we examine: (1) physical environmental exposures at the Census tract level; (2)
their distribution according to indicators of social, economic, and physical vulnerabilities of
residents; and (3) the distribution of combined physical environmental exposures and social,
economic, and physical vulnerabilities in the Detroit metropolitan area. Our first aim is
primarily descriptive, mapping the distribution of proximity of populations to hazardous
land uses (e.g., railroads, freeways), exposure to air pollutants and associated health risks,
and vulnerabilities (e.g., poverty, young age), across Census tracts in the Detroit
metropolitan area. Our second aim is to measure the extent to which there are inequalities in
exposure and health risks by the racial composition of Census tracts in the Detroit
metropolitan area. We also measure inequalities in exposure and health risks by
socioeconomic and age-related characteristics of Census tracts, and associations between
socioeconomic and age-related characteristics of Census tracts with racial composition, in
order to disentangle their individual and joint associations. Finally, we measure the extent to
which there are inequalities in cumulative risk, defined as the combination of physical
environmental exposures and health risks with cumulative vulnerability, by racial and ethnic
composition at the Census tract level. Together, pursuit of these research aims contributes to
an understanding of the contemporary distribution of cumulative environmental risk and
vulnerability in relation to racial and ethnic composition of Census tracts within the Detroit
metropolitan area.

METHODS

Data

The study was conducted as part of Community Approaches to Promoting Healthy
Environments, a community-based participatory research (CBPR) partnership designed to
equitably engage community, academic, and health service provider organizations in
research and the translation of results from that research into action to promote health equity.
1 The University of Michigan granted institutional review board approval for this study on
January 24, 2013.

Data for the analyses described below are drawn from a number of sources, informed by
methods developed by Rachel Morello-Frosch and colleagues (2011). Information on
hazardous facilities and land uses were drawn from: the Toxic Release Inventory (EPA
2015c); addresses of chrome platers (Yellow Pages 2015); the Department of Environmental
Quality (2015) (treatment, storage, and disposal facilities); the U.S. Department of
Commerce (2015a) (railroad tracks and facilities); the Michigan Department of
Transportation (2015b) (ports); the U.S. Department of Commerce (2015b) (major freeways,
roads); the South East Michigan Council of Government (SEMCOG 2008) (airports); the
Michigan Department of Environmental Quality (2015) (refineries); and the Michigan

1Community Approaches to Promoting Healthy Environments (CAPHE, www.caphedetroit.sph.umich.edu) is a community-based,
participatory research partnership that includes community-based organizations, health practice agencies, environmental organizations,
and academic researchers.
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Department of Transportation (2015a) (intermodal facilities). Information on health risks
and exposures to air pollutants were drawn from the EPA’s National-Scale Air Toxics
Assessment for Diesel Particulate Matter (non-cancer; a mixture of particles that is a
component of diesel exhaust) (EPA 2015b) and the EPA’s Cancer Risk and Respiratory Risk
assessments (EPA 2015a). Demographic data were drawn from the 2009-2013 American
Community Survey (U.S. Census Bureau 2013) to assess social and physical vulnerabilities
(described below).

The Cumulative Risk Index (CRI)is adapted from an index created by a California-based
team (Morello-Frosch et al., 2011; Sadd et al., 2011). Items in the index are grouped into
three areas: hazardous facilities and land uses; exposure and health risks; and vulnerabilities.
We describe each below, including adaptations made to indices. Indices used in this analysis
were constructed for the Detroit metropolitan (tri-county) area.

The initial step involves construction of a base map that indicates residential areas and land
uses where sensitive populations may be present (e.g., child care facilities, health care
facilities, schools, urban playgrounds). These indicators aid identification of areas (or
polygons) where people live or where sensitive populations are found. Strictly industrial or
commercial areas are not included in the base map. Polygons are roughly the size of a city
block. The base map is used to geographically link residential and sensitive land use
polygons with Census tract-level metrics in each of the three categories of cumulative
exposure and risk described below (hazardous facilities and land uses, exposure and health
risks, and vulnerabilities) to create a cumulative impact (CI) score for each polygon. As
described below, the CI score is used to rank neighborhoods within a region according to
their level of cumulative or combined risk across the three categories. Henceforth, the
residential and sensitive land use polygons are referred to as Cl polygons.

Hazardous Facilities and Land Uses—This category captures the location of
stationary hazardous land uses in relation to residential areas and sensitive land uses (e.g.,
schools, hospitals). Following the California methodology (Morello-Frosch et al. 2011; Sadd
et al., 2011), we used the following indicators: hazardous facilities (Toxic Release Inventory
[TRI], chrome platers, and hazardous waste sites); and hazardous land uses (railroad
facilities, ports, roads, airports, refineries, and intermodal transportation facilities). To create
this measure, 1000-, 2000-, and 3000-foot buffers were constructed around each CI polygon
in the base map. The number of hazardous facilities and land uses within each buffer
distance was determined for each CI polygon. Drawing on James Sadd and colleagues
(2011), the 1000-foot buffer accounts for proximate threats to health, as effects are generally
greatest within 300m-500m of such facilities (Health Effects Institute 2010). The larger
buffer distances (i.e., 2000, 3000 feet) recognize that commercial transportation corridors
and hazardous facilities may burden resident health beyond the radius of 1000 feet in diverse
ways, for example, noise pollution, injury, and general impacts on quality of life. A distance
weighted score was calculated for each polygon, with those within the 1000-foot buffer
assigned a weight of 0.6, those > 1000 feet but < 2000 feet assigned a weight of 0.3, and
those > 2000 feet but <= 3000 feet assigned a weight of 0.1. These weights modify the

Du Bois Rev. Author manuscript; available in PMC 2017 September 24.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Schulz et al.

Page 7

California methodology to derive weights that sum to 1 (Kish 1986). Tract-level scores were
then created that rank ordered exposure to hazardous land uses for each CI polygon. The
rank ordered CI polygons were divided into quintiles according to exposure to hazardous
land uses, with each CI polygon receiving a score of 1 (low) to 5 (high) indicating its relative
exposure to hazardous land uses compared to other CI polygons in the group.

Pollution Exposure and Health Risk—The second component of the CRI includes
three metrics of air pollution and health risk: Diesel PM (non-cancer results), estimated
respiratory hazard, and estimated cancer risks. Each of these exposures was calculated at the
Census tract level. Raw measures were weighted by the proportion of the Census tract that
was residential or sensitive land use. Intermediate scores for each health risk and exposure
metric were calculated based on quintile distribution rankings, ranging from 1 (low) to 5
(high), and applied to each tract in the study area.

Vulnerability Index—The vulnerability index, also constructed at the Census tract level, is
made up of items reflecting social and economic indicators that are often associated with
increased likelihood of proximity to hazardous land uses or exposure to air pollutants and
their associated health risks (Bullard et al., 2007, Huang and London, 2012), and indicators
associated with heightened or more adverse responses to pollutant exposures. These include:
percent of households below poverty; mean median home value (reverse coded); percent of
homes occupied by renters; percent of population over age twenty-four with less than a high
school education; linguistic isolation (percent of residents who live in households with no
adults who speak English); percent of population under age five; and percent of population
over age sixty, at the Census tract level. The California methodology incorporated percent
people of color (total non-White population/total population) in their vulnerability index,
along with the items above (Sadd et al., 2011), reflecting literature suggesting that Census
tracts with greater proportions people of color are more likely to be exposed to
environmental hazards (Clark et al., 2014). Because of our interest in addressing specifically
the question of the extent to which indicators of cumulative risk were disproportionately
distributed in areas with greater concentrations of people of color, our version of the
vulnerability index included all of the items above with the exception of proportion of
people of color. This allowed us to explicitly test the question of the extent to which
cumulative vulnerability and cumulative risk were (in)equitably distributed by Census tract
proportion people of color. These analyses are described in greater detail below. In addition,
we also conducted analyses of inequality using individual indicators of social, economic,
and age-related vulnerability separately. As above, Census tracts were rank ordered
according to their vulnerability indicators scores, and scored as quintiles ranging from 1
(low) to 5 (high).

Cumulative Risk Index—Following construction of each of the components of the CRI
(hazardous land uses, exposure and health risk, and vulnerability), a single aggregated index
was created to represent the combined score or cumulative risk. This index is the sum of the
three rank ordered components, with values ranging from 3 (low) to 15 (high), reflecting the
sum of the scores for the three separate indices, each scored from 1-5. We also mapped,
separately, Census tracts by proportion of people of color.
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To address our first research aim, maps were created by proportion of people of color for
each of the three component indices described above and for the composite CRI. These
maps allow a visual inspection of the distribution of each component and of the composite
risk captured in the CRI, including identification of Census tracts that experience the highest
levels of exposure and vulnerability.

To address our second aim, to measure the extent to which environmental exposures and
health risks are (in)equitably distributed across geographic areas (Census tracts) with
differing racial compositions, as well as economic and age-related vulnerabilities, we draw
on work conducted by Jason Su and colleagues (2009) assessing inequalities in the
distribution of environmental hazards and health risks. We used the environmental exposure
and health risk index as an indicator of exposure and examined the extent to which
exposures were distributed across Census tracts with differences in racial composition and
socioeconomic characteristics, and with age groups more susceptible to the adverse effects
of environmental exposures (age < 5, age >= 60). Similarly, we estimated racial and ethnic
inequalities in the distribution of cumulative vulnerability at the Census tract level. Finally,
we estimated variations in cumulative risk by the racial composition of Census tracts.
Specific analytic methods are described below.

To estimate the extent to which an exposure or vulnerability index was equitably distributed
in a population, the cumulative proportion of the population, ordered by area-based
percentage of the vulnerability indicator of interest (e.g., proportion of people of color) was
plotted against the cumulative share of the exposure or vulnerability index. In the case for
which each population group in the comparison has the same share of the impact of the
environmental hazard or vulnerability, the curve coincides with the equality line. If the curve
lies above the equality line, the inequality index is negative, indicating that more
disadvantaged groups encounter greater environmental exposure or vulnerability burdens. If
the curve lies below the equality line, then more advantaged groups carry a higher
proportion of cumulative environmental exposure or vulnerability burdens. A summary
measure of inequality is defined as twice the area between the curve and the equality line:

I=1—-2[Te(s) ds

This measure gives a quantitative summary of inequality among groups. In order to assess
the integral we used the “trapezoidal rule” (Atkinson 1989) to approximate the region under
the graph of the function e(s). The value of 0 is the lowest level of inequality where all
groups have the same exposure to the variable of interest. When the inequality score is
negative, it indicates that less advantaged groups bear a disproportionate burden of exposure:
The highest level of inequality where disadvantaged groups bear the burden of all the
exposure is -1 (Kakwani et al., 1997).
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RESULTS

Table 1 shows descriptive statistics for each of the indicators included in the CRI, with
Census tract as the unit of analysis. The mean percent population of color for Census tracts
in the Detroit metropolitan area is 40.8% (s.d. = 35.3%). For items included in the hazardous
facilities and land uses index, the proportion of Census tracts in the Detroit metropolitan
area with at least one airport (1.4%), intermodal facility (1.1%), refinery (0.2%), railroad
(33.1%), and major freeways (22.6%) is shown, along with the mean number per Census
tract of chrome plating facilities (0.1, s.d. = 0.3), waste management facilities (0.1, s.d. =
0.4), and TRI facilities (0.6, s.d. = 1.8). For items included in the exposure and health risk
index, mean diesel particulate matter is 1.1 pg/m?3 (s.d. = 0.4); mean respiratory risk is 1.6
(s.d. = 0.5); and mean cancer mortality risk is 36.4 per million people (s.d. = 5.6 per
million).

Descriptive results for indicators of vulnerability show a mean percent below poverty of
9.5% (s.d. = 9.9%), a mean percent unemployed of 9.7% (s.d. = 5.8%), and the mean of
median home values at the Census tract level at $121.7K (s.d. = $87.2K). The mean
proportion of housing occupied by renters is 32.4% (s.d. = 21.6%), and the mean proportion
with less than a high school education is 13.7% (s.d. = 10.2%). The mean proportion of
residents who are linguistically isolated is 0.4% (s.d. = 1.1%). The mean proportion of
children under the age of 5 is 6.0% (s.4. = 2.7%), and the mean proportion of adults over 60
is 19.5% (s.d. = 6.6%).

Figures 2—4 show the distribution of each of the three components of the CRI index:
hazardous facilities and land uses (Figure 2), exposure and health risk (Figure 3), and
vulnerability (Figure 4). As shown in Figure 2, areas with high hazardous facilities and land
use scores tend to cluster in more densely populated areas and major industrial centers, and
to follow transportation corridors. The highest scores typically appear in areas characterized
by concentrated industrial activity.

The distribution of the exposure and health risk index (Figure 3) shows widespread risk
associated with diesel particulate matter (non-cancer), respiratory hazards, and cancer risks
associated with air pollutants clustered in areas that are heavily industrial, including the
cities of Detroit, Dearborn, Taylor, and Pontiac. Lower scores are apparent in less populated
and more rural outlying areas shown in this map.

Figure 4 shows the distribution of the cumulative vulnerability index. This map illustrates
areas with the greatest levels of cumulative vulnerability (social, economic, and age-related),
with the greatest clustering in the city of Detroit and adjacent urban areas, including Pontiac,
River Rouge, Southfield, Taylor, and Warren.

When the three component indices are summed into a cumulative risk index (CRI, Figure 5),
the resulting map similarly suggests a convergence of Census tracts with high scores on the
CRI in Detroit, the near suburbs, and in industrial, urban communities in outlying areas.

To examine the significance of the differences in exposure, risk, and vulnerability reflected
in these indices, we turn to results from analyses addressing our second aim. Here we assess
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the extent to which exposure and health risks are (in)equitably distributed according to the
racial composition of Census tracts, economic and age-related indicators of vulnerability,
and indicators of cumulative vulnerability. As shown in Table 2, scores on the cumulative
environmental exposure and health risk index are significantly higher in Census tracts with
higher scores on the cumulative vulnerability index (-0.19, p < 0.001).

Similarly, Census tracts with greater proportions of people of color experience a heightened
burden of environmental exposures and health risks (-0.12, p < 0.001). We also find that
exposure and health risks are significantly higher in Census tracts with a higher proportion
of households below poverty (-0.16, p < 0.001), renters (-0.13, p < 0.001), and residents
under the age of twenty-four who have not completed high school (-0.15, p< 0.01). There is
no significant excess burden of environmental exposures across Census tracts with lower
median home values (-0.04, p> 0.1) or those with higher levels of linguistic isolation
(-0.05, p>0.1). Census tracts with higher proportions of children under the age of five
(-0.05, p<0.01) and adults aged sixty and older (-0.06, p < 0.01) showed small but
significant excess environmental exposures and health risks.

Finally, Table 2 also shows results from tests of inequality in vulnerability, cumulative
hazardous land uses and facilities, and the cumulative risk index by the proportion of people
of color at the Census tract level. Census tracts with a greater proportion of people of color
are disproportionately exposed to greater cumulative hazardous land uses and facilities
(-0.11, p<.001), cumulative vulnerabilities (-0.18, p < 0.001), and ultimately to higher
cumulative risk (-0.18, p < 0.001).

The findings above suggest that Census tracts with higher proportions of people of color
experience both greater burden of environmental exposures and health risks and greater
economic and age-related vulnerability. A subset of the inequality curves are shown in
Figures 6a—d. The distribution of the curve above the diagonal line that connotes equity
illustrate that Census tracts with higher proportions of people of color (6a), people below
poverty (6b), renters (6¢), and adults with less than high school education (6d), respectively,
each experience a greater share of air pollution and health risk compared with those with
lower proportions of vulnerable populations. Together, these findings suggest that Census
tracts with higher proportions of people of color are disproportionately impacted by excess
environmental exposures and associated health risks, while simultaneously having greater
likelihood of experiencing multiple vulnerabilities that may exacerbate the adverse health
effects of those exposures.

DISCUSSION

In 1896, Du Bois used maps and statistical evidence to document social, economic, and
physical environmental characteristics experienced by “the Philadelphia Negro,” including
housing, occupation, literacy, and suffrage among residents of Philadelphia’s predominantly
African American Seventh Ward. At that time, Du Bois described Philadelphia’s African
Americans as “a large group of people ...—a city within a city—who do not form an
integral part of the larger social group” with “particularly pressing social problems” (Du
Bois 1899, p. 5). In the century since the completion of that study, evidence has continued to
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link race-based residential segregation, including but not limited to segregation of African
Americans, with economic disinvestment, differential economic and political opportunities,
and differences in environmental exposures—ultimately linked to persistent and unequal
health outcomes and length of life (Beckles and Chou, 2013; Bullard et al., 2007; Fann et al.,
2012; Gillepsie et al., 2013; Huang and London, 2012; MacDorman and Matthews, 2013;
Mujahid et al., 2008; Sugrue 2014). The findings reported above are consistent with and
extend this research by examining the contemporary and unequal distribution of
environmental exposures and associated health risks across communities with differing
racial and socioeconomic characteristics in the Detroit metropolitan area.

In Detroit, African Americans comprise not so much a “city within a city” (Du Bois 1899, p.
5) but a majority population in this city within the larger metropolitan area. The maps
presented in this study provide visual evidence of the unequal distribution of environmental
exposures and associated health risks by racial composition. Results from tests of inequality
quantify the extent to which Census tracts with higher proportions of people of color
experience heightened burdens of environmental exposures and associated health risks, as
well as higher burdens of economic- and age-related vulnerabilities. These findings are
consistent with evidence suggesting that patterns of White flight and economic
disinvestment from many urban communities, such as those described above for Detroit,2
have contributed to disproportionate representation of African Americans and Latinos in
neighborhoods that experience multiple exposures and vulnerabilities (Farley et al., 2000;
Sugrue 2014). By highlighting, both visually and quantitatively, the unequal distribution of
risk, these findings reinforce concerns regarding the extent to which all people are treated
fairly in the implementation and enforcement of environmental regulations, laws, and
policies. Specifically, they both confirm concerns about environmental justice in this area, as
in similar communities across the country, and suggest that environmental exposures are
likely contributors to persistent racial inequities in health outcomes (Bullard et al., 2007;
Fann et al., 2012).

Perhaps not surprisingly, given the heightened probability that households with young
children have low incomes (Jiang et al., 2015), Census tracts with larger proportions of
children under the age of five—who are developmentally more vulnerable to the adverse
effects of exposure to air pollution—experience a small but statistically significant greater
exposure to air pollutants and health risks relative to Census tracts with smaller proportions
of children. Similarly, Census tracts with a greater proportion of residents aged sixty and
older, another population at increased risk of more adverse health outcomes, also experience
heightened exposure relative to those with smaller proportions of those over sixty. These
findings raise concerns that Census tracts with higher levels of air pollution and associated
health risks also disproportionately contain higher proportions of residents who are more
susceptible to adverse health effects from environmental exposures.

Together, our findings suggest that environmental exposures and associated health risks
throughout the Detroit metropolitan area disproportionately affect the health of communities
of color, those with heightened economic vulnerability, and those with heightened age-

2For a more in-depth discussion of these dynamic processes see, for example, Thomas Sugrue (2014).
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related susceptibility. Following consideration of strengths and limitations of this study, we
discuss the ways in which it may, in Du Bois’s words, prepare “the ground for the labors of
philanthropists and statesmen” (1899, p. v).

Strengths and limitations

There are a number of limitations associated with this study. First, the exposure index used
drew upon publically-available data from the Environmental Protection Agency’s National
Air Toxics Assessment database. Released in 2015, these modeled estimates are based on
data from 2011 (the most recent data available). Future estimates made with monitored data
or more recently-modeled data would provide more current and precise estimates of air
pollution exposure. However, publically available air quality data is an inexpensive,
accessible, and replicable approach for assessing cumulative risk that can be readily used by
local governments and community-based groups without requiring expensive data collection
and handling.

The indices used in these analyses are created by rank ordering Census tracts along various
dimensions of risk and vulnerability. This allows us to combine variables constructed from
differing measurement scales (e.g., dollars, deaths per million in population) into a single
indicator of aggregate risk, and is therefore a strength of the study. However, the rank
ordering is sensitive to the other Census tracts included in the set, and is likely to change
based on the geographic scale selected for analysis (e.g., Detroit city, Tri-County).
Following Morello-Frosch and colleagues (2011), we have used a regional scale which
allows variations to be visible and identifies areas in which risk is clustered. Selection of
different geographic areas (e.g., statewide) would result in adjustments in the rank ordering
of the included tracts.

The social, economic, and age-related vulnerabilities included in these analyses encompass
multiple indicators of vulnerability. Racial, ethnic, and socioeconomic characteristics of
areas have been previously associated with proximity to hazardous waste facilities and air
pollutants (Bullard et al., 2007; Collins et al., 2015; Mohai et al., 2009). These
vulnerabilities may operate through housing discrimination and/or limited access to
economic resources which shape the ability to buy or rent homes in other communities with
lower environmental exposures (Collins et al., 2015; Roscigno et al., 2009; Seitles 1996).
Vulnerabilities also include young and old age, which are associated with heightened
adverse effects of exposure to air pollution—sometimes called susceptibility—and suggest
that young children and elderly residents of predominantly African American communities
may be particularly at risk given heightened exposure to air pollutants. Future research
might continue to disentangle these dimensions of vulnerability, with particular attention to
those groups with larger proportions of more susceptible populations. Such studies might
include additional vulnerability indicators, for example, proportion of the population with
asthma, or those with existing cardiovascular disease, both conditions which enhance
adverse health effects of air pollutants.

The cross-sectional nature of the analysis presented here allows examination of geographic
or spatial variations but does not illuminate how these variations unfolded over time. The
latter would allow consideration of historical patterns and processes in the associations
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between exposure and vulnerability that are not visible in this cross sectional rendering of
the data.

Finally, the analyses reported here allow analysis of separate dimensions of vulnerability, as
well as cumulative risk. We found that multiple dimensions of economic risk are associated
with disproportionate exposures and health risks, as well as with the proportion of people of
color. Thus, by creating cumulative risk scores that capture multiple dimensions of
vulnerability, we are able to capture correlations as well as differences in these measures.

Implications

Despite these limitations, the results presented here provide substantial evidence that in the
Detroit metropolitan area today, as in Philadelphia over a century ago, geographic areas with
higher proportions of people of color experience greater exposure to physical environmental
exposures and associated health risks. These same communities also disproportionately
experience economic disadvantages and age-related vulnerabilities that can exacerbate the
adverse health effects of exposures. There are a number of implications for understanding
race and the environment, and for actions to address persistent inequalities in environmental
exposures and health outcomes.

First, methods similar to those used in this paper can and have been used to identify
communities that experience higher cumulative risk and to direct resources toward those
communities that can be used to reduce exposures or mitigate their adverse effects. For
example, California’s Senate Bill 535 specifies the distribution of funds from a tax on
facilities that emit carbon-pollutants into the air to communities with the highest cumulative
risk scores (California Environmental Protection Agency 2014). The goal is to assure that
resources derived from air pollution emissions are channeled to communities
disproportionately affected in order to mitigate their adverse effects. Similar legislation,
enacted in other areas, could be used to fund emissions reductions efforts (e.g., placing more
efficient scrubbers on emissions stacks) or reduce residents’ exposure to those emissions
(e.g., fund relocation of homes within 1000 feet of emissions sources, install air filtration
systems in homes).

Municipalities, community-based organizations, or community-based participatory research
partnerships, such as the one that conducted this study, may similarly draw upon publically
available data to identify Census tracts adversely affected by air pollutants and associated
health risks and to guide local decision making and investments (Corburn 2009). Such
mapping may help guide prioritization of local level interventions and investments to protect
disproportionately exposed or vulnerable populations. These maps can also be used to
identify areas experiencing heightened cumulative risk, offering an example of the strategic
use of research to inform policy and planning decisions. Partnerships such as CAPHE that
bring together community, academic, environmental, and health service partners are
uniquely positioned to support the effective translation of research into policy and to practice
solutions to promote environmental justice and health equity.

Such information can also be used by policy and decision makers to assess excess health
risks and associated medical care costs or savings that may be accrued through changes in
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emissions levels. These can be incorporated in requests for emissions permits and used to
identify areas in which increases in emissions may have particularly adverse health effects,
or in which reductions may be particularly beneficial, due to the susceptibility of populations
affected. Health impact assessments may be used strategically in communities that
experience high levels of cumulative risk to identify potential positive, as well as adverse,
health effects of new developments or land uses (Gilhuly et al., 2011). Such assessments
may lead to recommendations that reduce or limit new emissions or that limit adverse health
effects of those emissions (e.g., installing filters in schools proximate to emissions sources)
(Pastor et al., 2015; Salkin and Lavine, 2008).

CONCLUSION

These results provide substantial evidence that in the Detroit metropolitan area today, as in
Philadelphia over a century ago, geographic areas with higher proportions of people of color
experience greater exposure to air pollutants and associated health risks. Residents of those
same areas also disproportionately experience economic disadvantages and age-related
susceptibilities that can exacerbate the adverse effects of those exposures. Census tracts with
high proportions of people of color disproportionately contain greater concentrations of
susceptible populations and simultaneously experience heightened exposure to air pollutant
risks.

Recognition of the structural factors that shape the risk of physical environmental exposures
and economic vulnerability along racial lines today, as with over a century ago, is a critical
step as the United States continues to work toward a more equitable distribution of risk and
opportunity. Legislative, regulatory, or policy actions focused within communities most
adversely affected by the accumulative burden of physical environmental exposures and
social and economic vulnerabilities will further environmental justice and reduce persistent
health inequities in the United States.

Acknowledgments

We thank the members of the CAPHE Steering Committee for their contributions to the work presented here,
including representatives from: Community Action Against Asthma (CAAA), the Detroit Healthy Environments
Partnership (www.hepdetroit.org), the Detroit Community-Academic Urban Research Center (www.detroiturc.org),
Detroit Hispanic Development Corporation, Detroit Future Cities, Detroiters Working for Environmental Justice,
Green Door Initiative, Michigan Department of Environmental Quality, Sierra Club Detroit, Southwest Detroit
Environmental Vision, University of Michigan School of Public Health, and the Wayne State University
Transnational Environmental Law Clinic. The study and analysis were supported by the National Institute of
Environmental Health Sciences (NIEHS) (RO1ES022616 and P30ES017885). The results presented here are solely
the responsibility of the authors and do not necessarily represent the views of NIEHS, its directors, officers, or staff.
We thank our funders for support for this manuscript, and also thank Samantha Kreklau for critical support in its
preparation. Finally, we acknowledge those whose seminal work on race and environment have paved the way for
this research, including W. E. B. Du Bois and the United Church of Christ Justice and Witness Ministries (UCC),
Toxic Wastes and Race at Twenty, 1987-2007 (Bullard et al., 2007).

References

Agency for Toxic Substances and Disease Registry. How are Newborns, Infants, and Toddlers Exposed
to and Affected by Toxins?. 2012. Report prepared by U.S. Department of Health and Human
Services. <http://www.atsdr.cdc.gov/csem/csem.asp?csem=27&po=9> (accessed July 11, 2016)

Atkinson, Kendall E. An Introduction to Numerical Analysis. 2nd. New York: Wiley & Sons; 1989.

Du Bois Rev. Author manuscript; available in PMC 2017 September 24.


http://www.atsdr.cdc.gov/csem/csem.asp?csem=27&po=9

1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Schulz et al.

Page 15

Beckles, Gloria L., Chou, Chiu-Fang. Centers for Disease Control and Prevention. , editor. Diabetes—
United States, 2006 and 2010; CDC Health Disparities and Inequalities Report—United States,
2013. 2013. p. 99-104.<http://www.cdc.gov/mmwr/pdf/other/su6203.pdf> (accessed July 11, 2016)

Bell, Judith, Lee, Mary M. Why Place and Race Matter: Impacting Health through a Focus on Race
and Place. Oakland, CA: PolicyLink; 2011.

Bullard, Robert D., Mohai, Paul, Saha, Robin, Wright, Beverly. Toxic Wastes and Race at 20, 1987—
2007: Grassroots Struggles to Dismantle Environmental Racism in the United States. Report
prepared by the United Church of Christ Justice and Witness Ministries. 2007

California Environmental Protection Agency. Designation of Disadvantaged Communities Pursuant to
Senate Bill 535. Sacramento, CA: California Environmental Protection Agency; 2014.

Clark, Laura P., Millet, Dylan B., Marshall, Julian D. National Patterns in Environmental Injustice and
Inequality: Outdoor NO2 Air Pollution in the United States. PLOS One. 2014; 9(4):€94431.
[PubMed: 24736569]

Collins, Timothy W., Grineski, Sara E., Chakraborty, Jayajit, Montgomery, Marilyn C., Hernandez,
Maricarmen. Downscaling Environmental Justice Analysis: Determinants of Household-Level
Hazardous Air Pollutant Exposure in Greater Houston. Annals of the Association of American
Geographers. 2015; 105(4):684-703.

Commission on the Social Determinants of Health (CSDH). Closing the Gap in a Generation: Health
Equity Through Action on the Social Determinants of Health. Geneva, Switzerland: World Health
Organization; 2008. Final report of the Commission on Social Determinants of Health

Corburn, Jason. Toward a Healthy City: People, Places, and the Politics of Urban Planning.
Cambridge, MA: MIT Press; 2009.

Dankwa-Mullan, Irene, Rhee, Kyu B., Williams, Kester, Sanchez, Idalia, Sy, Francisco S., Stinson,
Nathanial, Jr, Ruffin, John. The Science of Eliminating Health Disparities: Summary and Analysis
of the NIH Summit Recommendations. Am J Public Health. 2010; 100(1):S12-S18. [PubMed:
20147660]

Data Driven Detroit. State of the Detroit Child: 2010. Detroit, MI: The Skillman Foundation; 2010.

Du Bois, WEB. The Philadelphia Negro: A Social Study. Philadelphia, PA: The University of
Pennsylvania; 1899.

Environmental Protection Agency. 2005 National-Scale Air Toxics Assessment. 2015a. [cited October
25 2015]. <http://www3.epa.gov/ttn/atw/nata2005/index.html> (accessed December 14, 2015)

Environmental Protection Agency. 2011 National Air Toxics Assessment. 2015b. <http://
www.epa.gov/national-air-toxics-assessment/2011-nata-assessment-results> (accessed January 4,
2016)

Environmental Protection Agency. Toxics Release Inventory (TRI) Program. 2015c. <http://
www?2.epa.gov/toxics-release-inventory-tri-program> (accessed December 14, 2015)

Fann, Neal, Lamson, Amy D., Anenberg, Susan C., Wesson, Karen, Risley, David, Hubbell, Bryan J.
Estimating the National Public Health Burden Associated with Exposure to Ambient PM2.5 and
Ozone. Risk Anal. 2012; 32(1):81-95. [PubMed: 21627672]

Farley, Reynolds, Danziger, Sheldon, Holzer, Harry J. Detroit Divided. New York: Russell Sage
Foundation; 2000.

Gilhuly, Kim, Purciel, Marni, Farhang, Lil, Lucky, Jennifer, Harris, Emily C., Heller, Jonathan, Seto,
Edmund YW. Using Health Impact Assessment in Community Development to Improve Air
Quality and Public Health. Community Developmen. 2011; 4(2):193-207.

Gillespie, Cathleen D., Wigington, Charles, Hong, Yuling. Centers for Disease Control and
Prevention. , editor. Coronary Heart Disease and Stroke Deaths—United States, 2009; CDC Health
Disparities and Inequalities Report—United United States, 2013. 2013. p. 157-160.<http://
www.cdc.gov/mmwr/pdf/other/su6203.pdf> (accessed July 11, 2016)

Health Effects Institute. Traffic-Related Air Pollution: A Critical Review of the Literature on
Emissions, Exposure, and Health Effects. Boston, MA: 2010. <http://pubs.healtheffects.org/
getfile.php?u=553> (accessed July 11, 2016)

Huang, Ganlin, London, Jonathan. Mapping Cumulative Environmental Effects, Social Vulnerability,
and Health in the San Joaquin Valley, California. Am J Public Health. 2012; 102(5):830-832.
[PubMed: 22420800]

Du Bois Rev. Author manuscript; available in PMC 2017 September 24.


http://www.cdc.gov/mmwr/pdf/other/su6203.pdf
http://www3.epa.gov/ttn/atw/nata2005/index.html
http://www.epa.gov/national-air-toxics-assessment/2011-nata-assessment-results
http://www.epa.gov/national-air-toxics-assessment/2011-nata-assessment-results
http://www2.epa.gov/toxics-release-inventory-tri-program
http://www2.epa.gov/toxics-release-inventory-tri-program
http://www.cdc.gov/mmwr/pdf/other/su6203.pdf
http://www.cdc.gov/mmwr/pdf/other/su6203.pdf
http://pubs.healtheffects.org/getfile.php?u=553
http://pubs.healtheffects.org/getfile.php?u=553

1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Schulz et al.

Page 16

Jiang, Yang, Econo, Mercedes, Skinner, Curtis. Basic Facts About Low-Income Children: Children
Under 6 Years, 2013. New York: National Center for Children in Poverty, Mailman School of
Public Health—-Colombia University; 2015. <http://www.nccp.org/publications/pdf/text_1100.pdf>
(accessed July 11, 2016)

Kakwani, Nanak, Wagstaff, Adam, van Doorslaer, Eddy. Socioeconomic Inequalities in Health:
Measurement, Computation, and Statistical Inference. Journal of Econometrics. 1997; 77(1):87—
103.

Kish, Leslie. Survey Sampling. New York: Wiley; 1986.

MacDorman, Marian F., Matthews, TJ. Centers for Disease Control and Prevention. , editor. Infant
deaths—United States, 2005-2008; CDC Health Disparities and Inequalities Report—United
States, 2013. 2013. p. 171-175.<http://www.cdc.gov/mmwr/pdf/other/su6203.pdf> (accessed July
11, 2016)

Makri, Anna, Stilianakis, Nikolaos I. Vulnerability to Air Pollution Health Effects. International
Journal of Hygiene and Environmental Health. 2008; 211:3-4. 326-336.

Michigan Department of Environmental Quality. Treatment, Storage and Disposal Facilities. 2015.
[cited October 15 2015]. <www.michigan.gov/deq/0,4561,7-135-3312_4118_4240-8987-,
00.html> (accessed December 14, 2015)

Michigan Department of Transportation. Intermodal Facilities for South West Michigan. Office of
Rail. 2015a. <http://www.michigan.gov/mdot/0,4616,7-151-22444--,00.htmI> (accessed July 27,
2016)

Michigan Department of Transportation. Ports in South West Michigan. 2015b. <http://
www.michigan.gov/mdot/> (accessed July 27, 2016)

Mohai, Paul, Lantz, Paula M., Morenoff, Jeffrey, House, James S., Mero, Richard P. Racial and
Socioeconomic Disparities in Residential Proximity to Polluting Industrial Facilities: Evidence
from the Americans’ Changing Lives Study. Am J Public Health. 2009; 99(3):S649-S656.
[PubMed: 19890171]

Morello-Frosch, Rachel, Miriam, Zuk, Michael, Jerrett, Bhavna, Shamasunder, Amy D, Kyle.
Understanding the Cumulative Impacts of Inequalities in Environmental Health: Implications for
Policy. Health Aff (Millwood). 2011; 30(5):879-887. [PubMed: 21555471]

Mujahid, Mahasin S., Diez Roux, Ana V., Morenoff, Jeffrey D., Raghunathan, Trivellore E., Cooper,
Richard S., Ni, Hanyu, Shea, Steven. Neighborhood Characteristics and Hypertension.
Epidemiology. 2008; 19(4):590-598. [PubMed: 18480733]

Pastor, Manuel, Carter, Vanessa, Sanchez-Lopez, Alejandro, Chlala, Robert, the USC Program for
Environmental and Regional Equity (PERE). Planning, Power, and Possibilities: How UNIDAD is
Shaping Equitable Development in South Central LA. Los Angeles, CA: University of Southern
California; 2015.

Pastor, Manuel, Dreier, Peter, Grisby, Eugene, Lopez-Garza, Marta. Regions that Work. Minneapolis,
MN: University of Minnesota; 2000.

Rodriguez, Maria E. Detroit’s Mexicantown: Images of America. Charleston, SC: Arcadia Publishing;
2011.

Roscigno, Vincent J., Karafin, Diana L., Tester, Griff. The Complexities and Processes of Racial
Housing Discrimination. Social Problems. 2009; 56(1):49-69.

Rugh, Jacob S., Massey, Douglas S. Racial Segregation and the American Foreclosure Crisis.
American Sociological Review. 2010; 75(5):629-651. [PubMed: 25308973]

Sadd, James L., Pastor, Manuel, Morello-Frosch, Rachel, Scoggins, Justin, Jesdale, Bill. Playing it
Safe: Assessing Cumulative Impact and Social Vulnerability Through an Environmental Justice
Screening Method in the South Coast Air Basin, California. Int J Environ Res Public Health. 2011;
8(5):1441-1459. [PubMed: 21655129]

Salkin, Patricia, Lavine, Amy. Understanding Community Benefits Agreements: Equitable
Development, Social Justice and Other Considerations for Developers, Municipalities and
Community Organizations. UCLA Journal of Environmental Law & Policy. 2008; 26(2):292-331.

Seitles, Marc. The Perpetuation of Residential Racial Segregation in America: Historical
Discrimination, Modern Forms of Exclusion, and Inclusionary Remedies. Journal of Land Use &
Environmental Law. 1996; 14(1):89-124.

Du Bois Rev. Author manuscript; available in PMC 2017 September 24.


http://www.nccp.org/publications/pdf/text_1100.pdf
http://www.cdc.gov/mmwr/pdf/other/su6203.pdf
http://www.michigan.gov/mdot/0,4616,7-151-22444--,00.html
http://www.michigan.gov/mdot/
http://www.michigan.gov/mdot/

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Schulz et al.

Page 17

South East Michigan Council of Government (SEMCOG). Data available by Request from SEMCOG.
2008. (http://semcog.org/Data-and-Maps): file 2008 Land Use GIS shapefile.zip

Su, Jason G., Morello-Frosch, Rachel, Jesdale, Bill M., Kyle, Amy D., Shamasunder, Bhavna, Jerrett,
Michael. An Index for Assessing Demographic Inequalities in Cumulative Environmental Hazards
with Application to Los Angeles, California. Environnetal Science & Technolnology. 2009;
43(20):7626-7634.

Sugrue, Thomas. The Origins of the Urban Crisis: Race and Inequality in Postwar Detroit. 2nd.
Princeton, NJ: Princeton University Press; 2014.

U.S. Census Bureau. US Census Bureau 2010 Summary File 1 and 2010 1-year Estimates from the
American Community Survey 2010. 2010. <http://factfinder2.census.gov/faces/nav/jsf/pages/
index.xhtmlI> (accessed December 14, 2015)

U.S. Census Bureau. American Community Survey, 2009-2013. 2013. <https://www.census>
(accessed December 14, 2015)

U.S. Department of Commerce, U.S. Census Bureau, and TIGER Products. TIGER/Line Shapefiles:
Selecting by Year 2010 and Layer Type Roads. 2015a. <https://www.census.gov/cgi-bin/geo/
shapefiles/index.php> (accessed December 14, 2015)

U.S. Department of Commerce, U.S. Census Bureau, and TIGER Products. TIGER/Line Shapefiles.
2015b. <https://www.census.gov/cgi-bin/geo/shapefiles/index.php> (accessed December 14, 2015)

Yellow Pages. Chrome Platers Near Michigan. 2015. <http://www.yellowpages.com/
search?.search_terms=chrome%20plating%20&geo_location_terms=&percnt;20MI1> (accessed
December 14, 2015)

Du Bois Rev. Author manuscript; available in PMC 2017 September 24.


http://semcog.org/Data-and-Maps
http://factfinder2.census.gov/faces/nav/jsf/pages/index.xhtml
http://factfinder2.census.gov/faces/nav/jsf/pages/index.xhtml
https://www.census.gov/programs-surveys/acs/
https://www.census.gov/cgi-bin/geo/shapefiles/index.php
https://www.census.gov/cgi-bin/geo/shapefiles/index.php
https://www.census.gov/cgi-bin/geo/shapefiles/index.php
http://www.yellowpages.com/search?.search_terms=chrome%20plating%20&geo_location_terms=&percnt;20MI
http://www.yellowpages.com/search?.search_terms=chrome%20plating%20&geo_location_terms=&percnt;20MI

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Schulz et al.

Page 18

[ <20% pecple of color
] >=20% to <40% people of color
[ >-+0% 1o <60% peogie of color
I -50% 10 <80% peogie of color
I --50% pecpe of coior

[ | Detrot Metropoitan x
[ . 2

[ county boundary

Source: ACS 2009-2013 S-years estimale census data - hitpuifactfinder.census.gov

Fig. 1.

Proportion people of color at the Census tract level—Detroit Metropolitan Area.
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Fig. 2.
Hazardous facilities and land use quintile scores at the tract level (mapped on CI polygons)

—Detroit Metropolitan Area.
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Fig. 3.

Exposure and health risk quintile scores at the tract level (mapped on CI polygons)—Detroit

Metropolitan Area.
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Fig. 4.
Vulnerabilities quintile score at the tract level (mapped on CI polygons)—Detroit
Metropolitan Area.
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Inequality curves for cumulative share of Environmental Exposure and Health Risks by
proportion people of color, percent living below the poverty line, percent renters, and
percent over age 24 with less than a high school education*.

*Note: The diagonal line indicates the equality line in the distribution of the environmental
hazard by the racial, ethnic, or socioeconomic indicator. The negative inequality curve
(above the diagonal line) indicates that Census tracts with greater disadvantage experience
greater exposure to the environmental hazard. A curved line below the diagonal line would
indicate that Census tracts with greater advantage experience greater exposure to the

environmental hazard.
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Significance tests of inequality in cumulative exposure and health risks for indicators of vulnerability, and
inequality in cumulative economic and age vulnerability by proportion people of color at the Census tract level

t-test result on environmental inequality

Index Category of Inequality index
Cumulative index 95% ClI
g#dmﬁglit\(]e&r;/isronmental Exposures  cymulative Economic and Age Vulnerability IndexZ -0.19 (-0.20, -0.18) ™™
Cumulative Hazardous Land Uses and Facilities -0.11 (-0.12, -0.10) ™
Index
Individual
Proportion people of color -0.12 (-0.13, -0.11) ™
Proportion residents living below poverty -0.16 (-0.17, -0.15) FAE
Proportion living in rented households -0.13 (-0.14, -0.12) HAE
Median house value 0.04 (0.00, 0.05)
Proportion over age 24 without high school -0.15 (-0.16, -0.14) ™"
completion
Proportion linguistic isolation -0.05 (-0.06, -0.06)
Proportion less than 5 years of age -0.05 (~0.00, -0.06) el
Proportion 60 years of age and older -0.06 (-0.07, -0.05) ™
Cumulative Hazardous L and Individual
Uses and Facilities Index Proportion people of color -0.11 (-0.12, -0.10)
Cumulative Vulner ability Index? Proportion people of color -0.18 (-0.19, -0.17) ™™
Cumulative Risk Index Proportion people of color -0.18 (-0.19, -0.17) "

Cumulative Vulnerability Index using additive approach, including socioeconomic and age indicators of vulnerability

Cumulative Risk Index includes Cumulative Hazardous Facilities and Land Uses, Cumulative Environmental Exposures and Health Risks, and

Cumulative Vulnerability Index
0.1 < p<0.05,
Ak
0.05 < p<0.001,

HokA

£<0.001
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