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It is widely acknowledged that, in the United
States, profound health disparities exist between
the rich and the poor, between White people
and people of color, and between powerful and
marginalized populations. Specifically, racial
and ethnic minorities and people of low socio-
economic status have higher morbidity and
mortality from many chronic diseases, including
asthma, cardiovascular disease, diabetes, and
certain cancers.1The life expectancygapbetween
the best-off and the worst-off population groups
is estimated to be 15.4 years for men and12.8
years for women.2 Although the reasons for such
disparities are poorly understood, public health
researchers have recently begun to explore envi-
ronmental pollution as an important contributor
to health disparities.

The environmental justice movement devel-
oped in response to concerns about unequal
exposure to environmental toxins in poor and
minority communities. Although methodologi-
cal debates remain, most studies have supported
the contention that racial and ethnic minorities
and people of low socioeconomic status are
disproportionately exposed to environmental
hazards. Mohai et al.3 reviewed 2 decades of
literature with the clear conclusion that inequities
in exposure to environmental toxins continue
to be pervasive throughout the United States.
Maantay et al.4 reviewed studies on proximity
to environmental hazards in relation to health
outcomes, concluding that, although results were
mixed, some studies found significant relation-
ships between living close to environmental
hazards and adverse health conditions such as
poorpregnancyoutcome; cancer amongchildren;
increased hospitalization for asthma and other
chronic respiratory symptoms; death from stroke;
polychlorinated biphenyl toxicity; end-stage renal
disease; and diabetes. Although such findings
cannot be taken to mean that the environmental
hazards in question caused the adverse outcomes,
they do suggest that links may exist and should
be addressed.

Air pollution from both stationary and mo-
bile sources is a primary source of environ-
mental health risk, particularly in urban areas.
Low-income, high-minority-population com-
munities, which can be highly segregated, tend
to be closer to industrial sources of pollution,
including chemical plants, steel mills, oil re-
fineries, and hazardous waste incinerators.
Mohai et al.5 found that Blacks, the poor, and
people with low educational attainment were
substantially more likely to live within 1 mile of
a polluting facility and that, within urban areas,
racial disparities were particularly evident in the
Midwest and West. Faber and Krieg6 reviewed
some of the key literature on the health effects
of industrial air pollutants, finding substantial
evidence of associations between air pollution
and acute effects such as eye irritation, nausea,
difficulty breathing, asthma, or death as well as
chronic effects including respiratory, reproduc-
tive, or nervous system damage; birth defects;
and cancer. They also reported estimates that
industrial air pollution, exacerbated by motor

vehicle exhaust, may lead to more than 60000
deaths per year and a 15% to 17% greater
risk of death for half a million people who live
in the nation’s most polluted cities. Again, a
limitation of such studies is that they provide
evidence of associations between proximity
to hazards and adverse public health out-
comes but do not establish a cause-and-effect
relationship.

I had 3 central and interrelated goals for this
research; 2 were policy oriented and1was more
theoretical. The first 2 goals were aimed at
demonstrating a new perspective and analytic
approach to using publicly available data to
support Environmental Protection Agency
(EPA) targeting and enforcement for environ-
mental justice. The third goal was to draw
attention to the high level of variation in
pollution levels generated by industrial pro-
ducers, its social meanings, and its implications
for environmental equity and public health.
Taken together, findings could drive policy
improvements while emphasizing the socially

Objectives. I assessed the distribution of relative health risk from industrial air

pollution in Milwaukee, Wisconsin, and the extent to which risk was dispropor-

tionately attributable to a minority of facilities.

Methods. I spatially linked data on airborne emissions, health risk, and

sociodemographics by census tract, coupling disproportionality measurements

from 2 perspectives: the health risk borne by communities and the harms

produced by individual polluters.

Results. Of Milwaukee’s 307 census tracts, 90 warranted the highest environ-

mental justice concern. Striking variations in risk production existed between

industrial polluters. Of 299 facilities with reported emissions, 30 (10%) contrib-

uted 90% of all health risk.

Conclusions. This research adds to an emerging body of work connecting

environmental health risk, environmental justice, and corporate responsibility.

Findings support the hypothesis that relatively few heavy polluters create most

environmental health risk. Environmental policy often devotes insufficient

attention to such outliers, in part because of the questionable assumption that

pollution is economically necessary for jobs or essential products. Increased

emphasis on risk-based targeting of the worst polluters could significantly

improve environmental quality and health in overburdened communities. (Am
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structured nature of the distribution of envi-
ronmental benefits and harms.

My hypothesis was that most health risk from
industrial air pollution in Milwaukee, Wiscon-
sin, is caused by relatively few heavy industrial
polluters, or outliers, that disproportionately
affect spatially identifiable low-income, high-
minority communities. The Risk Screening En-
vironmental Indicators (RSEI) model provided
an ideal tool with which to test this, because it
enabled assignment of relative health risk by
census tract and individual facility. This frame-
work also advanced the central EPA goals of
promoting environmental justice, public right
to know, and corporate accountability.

The first and second goals had immediate
regulatory relevance. Managers at the EPA Re-
gion 5 Office of Enforcement and Compliance
Assurance (OECA) were actively seeking new
approaches to help them geographically priori-
tize regional environmental justice communities
to guide pollution reduction efforts. In Milwau-
kee, Wisconsin, the site of this research, existing
EPA screening tools identified the entire city as
an area of concern, a region far too large for
focused regulatory action. Milwaukee is the most
highly segregated city in the nation and ranks
lower than all but 1 Wisconsin county in health
determinants.7 EPA managers were seeking
a universal approach to identify the most vulner-
able areas. I aimed to provide such a method.
Second, I sought to put forth a paradigm for
analysis aimed at promoting community empow-
erment and corporate accountability by connect-
ing pollution sources with geographically specific
health risk information. Several of thedata sources
I used were designed as right-to-know tools; if
widely noticed, such information could be more
effective in driving environmental protection than
command-and-control regulation alone.

My third goal was to draw attention to another
side of environmental inequity that often es-
capes scrutiny. As coined by Freudenburg8 in
relation to the creation of environmental harm,
the disproportionality hypothesis posits that rel-
atively few heavy polluters drive environmental
degradation and the overuse of natural re-
sources. Moreover, such overuse is often not
proportional to economic output (despite pre-
vailing worldviews that pit economic perfor-
mance against environmental quality). Freuden-
burg found that, among industrial polluters,
a small number of firms, sometimes termed

outliers, reported emissions far above average
for their group and that differences remained
after controlling for facility size, number of
employees, and productive output. He found
that

major polluters tend to be inefficient producers
of low-value commodities, and rather than being
major employers, they can have emissions-to-
jobs ratios a thousand times worse than the
economy as a whole.8(p. 89)

The ability to pollute disproportionately, with-
out societal sanction or other compensation
to the public, constitutes what Freudenburg
termed privileged access to environmental
rights and resources.Although more work is
needed to determine the significance of the
disproportionality hypothesis, other researchers
have published complementary findings. Bouwes
et al.9 found that the vast majority of facilities
nationwide generated air pollution health risk
scores that fell very close to the standardized
mean,whereas a few facilitieshad risk scoresup to
thousands of times higher. Abel10 found that
minority and low-income residents in St. Louis,
Missouri, lived closer to industrial polluters than
nonminority residents and that 20% of the re-
gion’s air pollution exposure risk in the past
decade was spatially concentrated among only 6
facilities. In a study of corporate environmental
justice performance, Ash and Boyce11 found that,
of the 100 worst polluters, the top10 dispropor-
tionately affected disadvantaged communities
and that minorities living in communities sur-
rounding these10 polluters were bearing more
than half of the health impacts. Although dispro-
portionalities have been noted in the scholarly
literature, much environmental policy structures
standards on the basis of averages rather than
outliers, leading to speculation that the worst
offenders are underregulated. As noted by Berry,

regulations that target highly polluting firms will
likely reduce the overall pollution for an industry
at a much lower cost than can be achieved by
regulations that require incremental reductions
from all firms.2(p262)

METHODS

I carried this research out in 2009 in
conjunction with the EPA Region 5 OECA.
Milwaukee, the study area, is one of the EPA’s
national ‘‘showcase communities,’’13 and OECA

wanted to prioritize specific environmental jus-
tice communities for pollution reduction initia-
tives. Traditionally, OECA has targeted known
polluting sectors (cement, petrochemicals, etc.)
for inspection and subsequent enforcement.
Moreover, the air, water, and land divisions
independently performed their own inspections
and related enforcement actions. However,
because environmental justice cuts across
many sectors, OECA wanted to move to a com-
munity or place-based approach that stressed
a multimedia perspective. At the time I began
this research, regional staff had already con-
ducted several multimedia facility inspections,
fostered partnerships with the community
and the local government, and participated in
mutually beneficial local initiatives within the
region.

OECA was using the Environmental Justice
Strategic Enforcement Assessment Tool
(EJSEAT)14 as theprimarydata source forfirst-tier
screening in place-based enforcement. EJSEAT
contains18 variables for all 65000 census tracts
in the United States, grouped into 4 categories:
environmental, compliance, demographics, and
health. Environmental variables include National
AirToxicsAssessment cancer risk, neurologic and
respiratory hazard index, and noncancer diesel
particulate matter; ozone concentration (8-hour);
particulate matter (2.5 mm); and RSEI risk scores.
Compliance variables included measures of in-
spections, violations, formal actions, and facility
density. Demographic measures included per-
centage in poverty; percentage 25 years old or
older without a high school diploma; percent-
age younger than 5 years; percentage older
than 64 years; percentage of linguistically iso-
lated households; and percentage of minorities.
Finally, health variables included measures of
infant mortality and low birth weight. For each
census tract, this tool calculates normalized and
scaled composite scores by state, which allows
census tracts to be ranked according to the
degree of environmental justice concern. A key
limitation of this tool is that, in some cases, the
specific data elements are not available by census
tract, so it assigns county-level information to
smaller geographic units (census tracts). In addi-
tion, the EJSEAT had no relative weighting of
variables and explicitly excluded race.

In EPA Region 5, management determined
that the top 30% of census tracts in Wisconsin
should be considered areas of environmental
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justice concern. However, this approach lacked
sufficient specificity to support local targeting
because all 307 of Milwaukee’s census tracts
fell within the top 30%. Although staff sup-
plemented findings with their working knowl-
edge and information from intra- and inter-
agency contacts, the approach still identified far
too many areas than could practically be
addressed.

The EPA was also interested in promoting
community involvement and corporate ac-
countability through information disclosure
based on such tools as the RSEI model.15 This
publicly available database assigns a relative
health risk score to every facility reporting
toxic emissions. RSEI was developed by the
EPA’s Office of Pollution Prevention and
Toxics to ‘‘translate toxic chemical release data
into more meaningful risk-related information
for use by activists, researchers and policy

makers in analyzing disparate impacts by race
and income and in properly focusing risk-
reduction efforts in communities.’’9 (p.118) Based
initially on each facility’s self-reported data
derived from the Toxics Release Inventory,
scores are weighted for toxicity and population
density. The model also accounts for the fate
and transport of each specific chemical and for
related spatial climatology using a Gaussian
dispersion model.

In this research, I addressed several essential
questions:

1. What additional data could be added to
EJSEAT to increase data granularity and
OECA’s ability to prioritize communities of
environmental justice concern within Mil-
waukee?

2. Which industrial facilities are contributing
the greatest amount of air pollution (RSEI

risk adjusted) in environmental justice com-
munities?

2a. Is most air pollution (RSEI risk adjusted)
attributable to relatively few heavy
polluters; in other words, does a high level
of source disproportionality exist?

Question 1: Improving EJSEAT

Granularity

To enhance the usefulness of EJSEAT to
OECA, I first incorporated a measure of
segregation for every census tract in Milwau-
kee on the basis of both race and class.
Morello-Frosch and Lopez16 found associations
between exposure to environmental hazards and
segregation; they suggested that future research
include segregation as a health risk factor. I
assessed segregation using a measure of even-
ness, called dissimilarity, that addresses how

Note. EJSEAT = Environmental Justice Strategic Enforcement Assessment Tool.

FIGURE 1—EJSEAT score percentiles in Milwaukee, Wisconsin, before dissimilarity measurements were incorporated.
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much a group’s population percentage would
have to change in a small area (e.g., neighbor-
hood, block) to have the same percentage as that
of the same group in a larger area (e.g., city,
county, state). Dissimilarity is measured by
calculating the difference in variable compo-
sition between the larger overall area and the
smaller area of interest, and it is the measure
of evenness most frequently used in health
studies.17,18 As previously noted, Milwaukee is
one of the 5 most racially segregated cities in the
United States.19 Incorporating this segregation
measure, based on race and class, into EJSEAT
increased the tool’s specificity. To do this, I took
these steps:

1. I downloaded racial composition data for
each of Milwaukee’s 307 census tracts from
the US Census (2000) Web site.20

2. For each census tract, I calculated the pro-
portion of non-White residents.

3. I ascertained the proportion of non-White
residents (34.4%) in Milwaukee County at
large from American Fact Finder, US Census.21

4. To obtain census tract poverty measures, I
downloaded poverty data from the Public
Health Disparities Geocoding Project for all
census tracts.22 I also used this source to
ascertain the proportion of people in poverty
in Milwaukee County at large (19.0%).

5. I compared the non-White and impover-
ished proportions within each census tract in
Milwaukee County with the proportion of
non-White and impoverished residents in
the county overall. This calculation repre-
sents the dissimilarity measure.

6. To visualize the locations of clusters of
dissimilarity, I mapped these differences.

7. I then incorporated dissimilarity measures
into EJSEAT scores. Because EJSEAT scores
range from 0 to 100, I had to scale the
dissimilarity scores accordingly while pre-
serving the overall distributional integrity.
To accomplish this, I applied the following
formula to the dissimilarity measures for
each census tract:

a. General scaling formula=[x / 2(max
value)] + 0.5.
b. Scaled race dissimilarity=[% non-White /
2 * (0.66)] + 0.5.
c. Scaled poverty dissimilarity=[% impover-
ished / 2 * (0.81)] + 0.5.

8. I averaged scaled race and poverty values
with the existing EJSEAT scores to yield new
EJSEAT scores with dissimilarity incorpo-
rated. I mapped these scores to aid in
visualization. The census tracts falling into

Note. EJSEAT = Environmental Justice Strategic Enforcement Assessment Tool.

FIGURE 2—EJSEAT percentiles in Milwaukee, Wisconsin, with dissimilarity measurements incorporated.
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the top 30% in Milwaukee County were
considered to be of environmental justice
concern, thereby identifying the 90
highest risk census tracts out of the total
307 tracts.

Questions 2 and 2a: Identifying Health

Risk and Source Disproportionalities

I used RSEI data to compare the degree of
relative health risk generated by individual
facilities. The RSEI model assigns a health risk
score to each of Milwaukee’s 299 facilities.
Although RSEI is a component of the aggre-
gated EJSEAT score, EJSEAT’s unit of analysis
is census tract as opposed to individual facility.
Only after returning to the original RSEI data
to identify individual facilities and their risk
scores could I compare the contribution to
overall risk by facility with areas of environ-
mental justice concern, identified earlier in
research question 1.

1. I downloaded the RSEI data (publicly avail-
able at: http://www.epa.gov).

2. Although toxicity weighting was preserved
in all cases, I considered facility risk scores
from both population-weighted and popula-
tion-unweighted perspectives. I did this be-
cause environmental justice focuses on racial
and socioeconomic attributes regardless of
population density. I performed all analyses
twice, once for the weighted dataset and
once for the unweighted dataset.

3. I reviewed the data from 1998 to 2005 for
each facility in Milwaukee County (n=299).

4. I calculated 1 total risk score for each facil-
ity, aggregated first by chemical and second
by year.

5. I sorted risk scores from smallest to largest
and graphed them to show comparative
scores.

6. I calculated total risk score by summing
scores for all 299 facilities in the study area.

7. I calculated a share of total risk for each
facility.

RESULTS

As they relate to the first research question,
results showed that EJSEAT can indeed be
made more granular to support environmental

justice targeting. Calculations of census tract
dissimilarity revealed the most highly segre-
gated areas on the basis of race and poverty.
Once I integrated these findings into EJSEAT
and mapped them, visualization of the most
segregated areas was straightforward. A
comparison of Figures 1 and 2 shows the
greater targeting specificity gained by incor-
porating degree of segregation. As stated,
before dissimilarity measurements were in-
corporated into EJSEAT (Figure 1), 100% of
Milwaukee’s 307 census tracts were consid-
ered to be areas of environmental justice
concern. When I incorporated dissimilarity
(Figure 2), only 90 of Milwaukee’s 307
census tracts met the criteria to be consid-
ered an area of environmental justice con-
cern. These 90 census tracts contained 82 of
the region’s 299 facilities monitored through
RSEI.

Source Disproportionality

With respect to the second set of research
questions, the results revealed the presence of
substantial variation in risk production by in-
dividual facility. Most facilities (269 facilities, or
90%) had very low risk scores, and a small
minority (30 facilities, or 10%) produced

90% of all the health risk measured by RSEI
(Figure 3). A virtually identical pattern existed
regardless of whether weighted or unweighted
population density data were considered (with
data toxicity weighted in both cases). This
pattern constitutes a very high level of source
disproportionality, with the top 10% of risk-
producing facilities generating an average risk
score that is approximately 33 times higher
than the average among facilities below the
90th percentile.

Coupling Source and Impact

Disproportionality

Finally, findings revealed the relationship
between Milwaukee’s top industrial polluters
and the areas identified as areas of environ-
mental justice concern. Figure 4 shows the
intersection of the 30 major risk producers
and areas of environmental justice concern.
As it turned out, 11 of the 30 major polluters
are located in environmental justice com-
munities of concern. These 11 facilities
accounted for 27% of all risk in Milwaukee
County. In other words, 3.7%, or 11 of 299
facilities, disproportionately contributed to
the health risk in communities of particular
concern.

Note. RSEI = Risk Screening Environmental Indicators.

FIGURE 3—Distribution of RSEI-based risk scores by facility in Milwaukee, Wisconsin: 1998–

2005.
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DISCUSSION

Efforts to promote environmental justice
clearly benefit from the availability of screen-
ing tools that allow regulators to move from
a reactive mode focused on responding to
complaints to a consistent, areawide proactive
approach. Although EJSEAT is one of the most
comprehensive tools to date, significant short-
comings still remain, as pointed out by both
OECA and the National Environmental Justice
Advisory Council.23 In the short term, the
additional data layers added as a result of this
study provide greater specificity and a perspec-
tive that links environmental justice with corpo-
rate responsibility. Environmental justice
screening tools will no doubt continue to evolve.
As they do, adding geographically specific health
indicators such as asthma rates, cancer rates,
lead poisoning statistics, and other metrics

known to be associated with environmental
exposure would be helpful, as would including
soil and water contamination and other envi-
ronmental pollution measures.

Along with improving the specificity and
utility of screening tools, one of my goals was to
draw attention to another side of dispropor-
tionality and environmental inequality, the
side that looks at how a relative few societal
actors maintain a privileged and largely un-
questioned ability to pollute the shared air,
land, and water.8 As Freudenburg8 has argued,
the large differences in pollution loads between
industrial sources are seen as legitimate because
they are believed to be economically necessary
for providing jobs and essential products. In fact,
early empirical work in the area of dispropor-
tionality theory indicated that this assumed
economic benefit may not be present; rather, the
heaviest polluters may also tend to be strikingly

poor economic performers. It would be interest-
ing to know how the identified heavy polluters
(the 10% of Milwaukee’s industrial facilities that
produce 90% of the area health risk) contribute
to the city’s economic base or whether they
reap profits while overburdened communities
bear the human and social costs. At the very
least, such questions should be asked explicitly as
opposed to blindly accepting source dispropor-
tionality as necessary for economic reasons.
Future research in this area is important in
understanding the relationship between envi-
ronmental degradation and economic progress
and how disproportionality theory can be ap-
plied within the regulatory sphere.

Limitations

This study had a number of limitations
related to its data sources. Despite validity
concerns related to EJSEAT, it remains one of

Note. A dark dot denotes the major health-risk facilities that are not in areas of high concern, and a light dot denotes major health-risk facilities located in environmental justice communities

of concern.

FIGURE 4—Map of major polluters in Milwaukee, Wisconsin’s, environmental justice communities.
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the most current tools for bringing a consistent
and logical approach to environmental justice
targeting. Analyses such as this one will help in
identifying needed refinements. Regarding the
RSEI, it is intended as a screening-level and
public disclosure tool and is based on data
reported by facilities. Additional assessment,
monitoring, and inspection of identified facili-
ties would be needed to determine whether
violations exist and whether adverse health
effects are truly associated with emissions from
the identified facilities. Study conclusions may
also benefit from replication with greater geo-
graphic specificity using state-of-the-art
methods in environmental justice proximity
studies. This lack of specificity may not be
a serious limitation in Milwaukee because
census tracts in the high-minority-population
areas are small, averaging approximately 0.5
square mile in area.19

Conclusions

I demonstrated how publicly available data
can be used in conjunction with mapping soft-
ware to improve the utility of environmental
justice screening tools. Moreover, the results
emphasize the practical value of accounting
for disproportionality from the standpoints of
both impacts and sources. Analyses of this type
will be most useful in guiding corrective mea-
sures that effectively deal with where or who is
most affected and who or what is contributing
most substantially to the production of envi-
ronmental harms. Such analyses encourage
a specific linkage between environmental justice
and corporate accountability that can be used
by regulators and community activists to bring
pressure to bear on the worst polluters in
overburdened communities. Finally, such anal-
yses provide further evidence to suggest that
more attention should be paid to the signifi-
cance of disproportionalities in the production
of environmental harms as manifestations of the
broader social and economic inequalities that
fundamentally contribute to health disparities
in vulnerable communities. j
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