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Utilizing the concept of environmental justice, this paper examines the differential burdens of toxic
and hazardous waste facilities locations in low income minority communities. The association
between the presence of facilities and socioeconomic characteristics of places are examined for the
state of South Carolina at three different spatial scales: counties, census tracts, and census block
groups. Three different types of hazardous waste/toxic facilities are also examined: Toxic Release
Inventory (TRI) sites, Treatment, Storage, and Disposal sites (TSD), and inactive hazardous waste
sites. At the county level, there was some association between the presence of toxic/hazardous
waste facilities and race and income. In South Carolina, this translates to a disproportionate burden
on White, more affluent communities in metropolitan areas, rather than low income minority com-
munities. At both the census tract and block group levels, there is no association between race and
the location of toxic/hazardous waste facilities. There are slight differences in the income levels
between tracts and block groups with facilities and those without. This localized ecology of hazard
sources must be expanded to include emission/discharge data in order to adequately address en-

vironmental justice issues on who bears the burdens of environmental contamination.
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1. INTRODUCTION

The issue of fairness in the distribution and impact
of environmental risks and hazards continues to generate
headlines. Concern about the disproportionate impact of
environmental hazards on people of color and econom-
ically-disadvantaged groups led to the formation of the
environmental justice movement—a coalition of envi-
ronmental, civil rights, and social equality activitists. In
1987, the United Church of Christ’s Commission on Ra-
cial Justice published their landmark study on toxic
waste and race, offering some empirical support for en-
vironmental discrimination claims.!"” On February 11,
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1994, President Clinton signed Executive Order Number
12898, requiring each federal agency to adopt the prin-
ciple of environmental justice in programmatic deci-
sions. Yet, 2 years after this new directive, there still is
little consensus on the definition, classification, and
measurement of inequity.

Most of the social science literature on environ-
mental equity either examines the spatial and/or tem-
poral distribution of benefits and burdens (called
outcome equity) or identifies the causal mechanisms that
give rise to these differences in the first place (process
equity). As suggested elsewhere®® inequity originates
from three major sources of dissimilarities: social, gen-
erational, and procedural. To test for outcome equity,
one examines the disproportionate effect of environmen-
tal degradation on places or people arising from these
dissimilarities.*>

To fully examine equity issues we need a more sys-
tematic analyses of what constitutes an equity problem
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(what parameter do we measure), what is the appropriate
scale for examining equity (which spatial unit of meas-
urement), and what time-frame should be considered in
looking at causes of equity or its spatial conse-
quences.®%” Two of these considerations (parameter
measured and scale) are addressed in this paper. Using
1992 hazards and 1990 social data, three different risk
sources and three different spatial units are used to test
the following hypothesis: hazardous waste or toxic fa-
cilities are disproportionately located in economically
disadvantaged and minority communities within South
Carolina.

South Carolina is one of the primary dumping
grounds for hazardous and radioactive waste for the en-
tire nation.®"'® It is a poor, rural state with a relatively
high percentage of residents who are people of color.
Given that South Carolina is ‘‘dumped on’’ in the na-
tional context, are the facilities within the state also
dumping on minority, poor, and disempowered com-
munities? A number of specific questions guide our anal-
ysis. First, what is the nature of the distribution of
hazardous waste and toxic facilities/sites throughout the
state and what is the relationship between race, eco-
nomic status, and location of these facilities? Second, do
these associations differ when varying spatial scales are
employed as the unit of analysis? Third, are the rela-
tionships between race, economic status, and location of
facilities consistent between different types of hazardous
facilities/sites?

2. THE SOCIAL BURDENS OF
ENVIRONMENTAL POLLUTION

The suggestion that the poor residents of inner city
neighborhoods bear the greatest burden of environmental
contamination is nothing new. As early as 1971, the
USEPA commissioned a number of studies on the
topic.”'-'4 Currently, research on the social burdens of
pollution is being addressed within the environmental
justice framework.

2.1. Environmental Justice

Most people consider the environmental justice
movement began in Warren County, North Carolina, in
1982.05 19 Civil rights activists and political leaders
joined area residents to block unsuccessfully, the con-
struction of the PCB landfill. An investigation of haz-
ardous landfill siting practices followed which found a
strong relationship between the siting of four hazardous
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waste landfills in the Southeast and the race and socio-
economic status of the surrounding communities.*” The
accumulating evidence and increasing public awareness
prompted the United Church of Christ’s Commission for
Racial Justice to initiate a national study of toxic waste
sites and race.” Communities with commercial hazard-
ous waste facilities had greater numbers of minority res-
idents living in close proximity to hazardous waste
facilities than other communities in the same county
without facilities. Race, more than any other demo-
graphic variable, most strongly correlated with the lo-
cation of waste facilities, prompting many activists to
claim ‘‘environmental racism’ in describing the ine-
quality resulting from corporate economic and govern-
mental regulatory decisions.?

2.2. Do Inequities Exist?

Despite the fact that environmental justice is a ma-
jor social issue, the empirical support for inequity re-
mains mixed.>?» There is little consistency in the
research findings as to the source of the inequity (e.g.,
the specific environmental threat), the spatial scale, tar-
geted subpopulations (people of color, elderly, children),
or time frame (longitudinal or snapshot approaches). For
example, the United Church of Christ study” compared
demographic patterns and the location of hazardous
waste sites using zip code areas as the unit of analysis.
In a 1993 update,®» the initial UCC results were reaf-
firmed and the strength of the associations increased. For
example, the concentration of people of color living in
communities with commercial hazardous waste facilities
increased from 25% in 1987 to 31% in 1993. This was
largely due to manipulating statistical averaging proce-
dures, not necessarily as a consequence of demographic
shifts. In the 1987 report, unweighted statistics were util-
ized while the 1993 update used weighted averages
based on the total population in each zip code area.
When controlling for regional variations, income, not
race turns out to be the key determinant of differences
in the locations of facilities.

As a consequence of different units of analysis (zip
codes, census tracts, etc.), and the use of different
sources of environmental threats (NPL sites, TSD facil-
ities), the findings on differential burdens cannot be
compared and thus do not offer definitive proof of en-
vironmental justice claims one way or the other (Table
1). Clearly, the methodological units employed directly
impact the conclusions. For example, proponents of zip
codes as the unit of measurement('2*% claim zip codes
offer more detailed analyses for national comparisons
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Table I. Empirical Support for Environmental Justice Claims
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Reference number Coverage Spatial unit Environmental threat
32 national county NPL sites
7 national county TRI emissions
1 national zip codes hazardous waste landfills
23 national zip codes hazardous waste landfills and facilities
24 national zip codes TSD facilities
5 national towns waste-to-energy facilities
33 national minor civil div. NPL
25 25 SMSAs census tract TSD facilities
26 25 SMSAs census tract TSD facilities
14 13 SMSAs census tract air and water pollution, noise, solid waste
32 state/SC county TSD facilities
31 state/SC county toxic emissions
34 state/NJ minor civil div. NPL
28 state/SC census tract TSD facilities
22 SMSA/Detroit 1.5 mile zones commercial hazardous waste facilities
27 SMSA/Pittsburgh census tract TRI, extremely hazardous substance facilities
17 SMSA/Houston neighborhood incinerators and landfills
35 SMSA/Baton Rouge entire arca environmental hazards
29 county/Los Angeles census tract TRI emissions
20 Southeast/four locales zip codes hazardous waste landfills
44 Southeast/four locales census tract hazardous waste landfills
SMSA/Houston census tract incinerators and landfills

than county coverages. There are about 3100 counties
nationwide vs. 30,000 5-digit zip codes, and the areal
coverage of zip codes is less. Zip codes are more inclu-
sive than census tracts, for example, which do not al-
ways cover rural areas. Furthermore, for national
comparisons, census tract data are more expensive to
acquire for the entire U.S., a consideration that might
limit comparative assessments for the entire U.S. Studies
using census tract divisions?>? offer more detailed lo-
calized analyses. Census tracts are relatively homogene-
ous in terms of populations size (around 4000) while zip
code populations are highly variable thus necessitating
standardization when computing percentages, a problem
addressed by Goldman and Fitton®» in their use of
weighted averages. Also, census tracts are a better ap-
proximation for ‘‘neighborhood’’ than zip codes because
of their smaller areal coverage. Other spatial units used
in previous empirical studies include counties, %32 mi-
nor civil divisions (MCDs),***4 and undifferentiated met-
ropolitan areas.?53%

The discrepancy in the choice of areal units affects
the comparability of studies and ultimately the strength
of the statistical associations. Within geography, this is
known as the modifiable areal unit (MAU) problem.?”
Scale differences or the variation in results obtained
when data are aggregated into fewer and larger units is
one manifestation of the MAU problem. The ecological
fallacy, ascribing aggregate data (such as percent mi-

nority) to all individuals who form that aggregate, is
another example of the MAU problem. Correlation co-
efficients tend to increase with aggregation.*” Thus, it
should be no surprise that different spatial units of anal-
ysis will produce different correlations, and that the
larger the unit of measurement, the stronger the corre-
lation. Unfortunately, these methodological issues have
not been adequately addressed in the literature as Zim-
merman and others point out.®%” To illustrate these
methodological concerns, we will test the robustness of
the equity hypothesis using three different spatial scales
and three different environmental parameters.

3. SOUTH CAROLINA’S SOCIAL GEOGRAPHY

South Carolina is a relatively small state with a di-
verse physical and human landscape.®® It is character-
ized by its poor and rural populace. The state is below
the national and regional averages for median household
income and educational attainment, and above the na-
tional average for percentage of residents living in pov-
erty. Less than 55% of the state’s population is defined
as urban, and only 16 of the state’s 46 counties are la-
beled metropolitan according to the U.S. Census.

The state’s four major regions represent a different
settlement history that typifies the social mosaic found
within the state. The Upstate region is the historical cen-
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ter of manufacturing and has the smallest percentage of
both African American residents and persons below the
poverty line (Fig. 1a, b). The Upstate has more than a
third (1.3 million) of the state’s population, yet has mod-
erate population densities (50 persons per square mile).
More than 70% of the population is White and more
than 85% live above the poverty line with median house-
hold incomes greater than $24,000.%%

The Midlands region is more densely populated
than the Upstate (61 people per square mile), yet has
fewer people (.6 million). With the exception of the Co-
lumbia metro area, most of the Midlands is rural. The
population is generally more affluent and more educated
than statewide averages (Fig. 1b).

The Inner Coastal Plain is rural with average den-
sities of 28 persons per square mile. The population is
poor (25% below the state average for median household
income), African American (53%), and less educated
than the rest of the state. More than one-quarter of the
population lives below the poverty line and the region
has the highest unemployment rate in the state (averag-
ing more than 8%) (Fig. lc). The regional economy is
dominated by agriculture.

The Low country, South Carolina’s coastal region,
contains some of the steepest socioeconomic gradients
within the state. For example, one of the wealthiest com-
munities in the state (Hilton Head with a median house-
hold income of $42,995) as well as some of the poorest
(Ridgeland with a median household income of $16,029)
are found within close proximity. The Low Country has
one-quarter of the state’s population, mostly concen-
trated in the Charleston metropolitan area and in Myrtle
Beach, yet the rest of the Low country is very rural.
Population densities mirror the statewide average. Me-
dian household income is below the state average, while
the percentage of non-White residents is slightly above
(35%). Tourism and forestry dominate the regional econ-
omy, with the exception of an industrialized core in met-
ropolitan Charleston.

4. RISK MOSAIC

Three parameters were used to measure inequities
in hazardous waste/toxic burdens on state residents: haz-
ardous waste treatment, storage, and disposal (TSD) fa-
cilities; Toxic Release Inventory facilities (TRI); and
inactive hazardous waste sites (CERCLIS). The state has
79 treatment, disposal, and storage (TSD) sites that are
concentrated in the three largest metropolitan com-
plexes—Spartanburg-Greenville, Charleston, and Co-
lumbia—although more than half the counties in the
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state (26 of 46) are sites for these permitted hazardous
waste facilities (Fig. 1d). In 1992, 46 states sent hazard-
ous waste to South Carolina,“® and the majority of this
out-of-state waste was sent to seven facilities: two haz-
ardous waste incinerators (Rock Hill, Roebuck), a com-
mercial hazardous waste land disposal facility
(GSX-Laidlaw) in Pinewood, two cement kiln inciner-
ators (Harleyville, Holly Hill), and two recycling facil-
ities in Greer and Sumter."

The second risk indicator is Toxics Release Inven-
tory (TRI) sites. TRI is a national database of industrial
facilities that release toxic and hazardous chemicals. The
current reporting threshold is for facilities generating
more than 25,000 pounds of toxics in manufacturing and
processing uses, and 100,000 pounds for other uses. The
TRI includes on-site releases (air, water, land, under-
ground injection), and off-site transfers (to treatment or
disposal facilities). In 1991, the TRI was expanded to
include new data on off-site transfers of wastes for re-
cycling and energy recovery as well as on-site recycling,
energy recovery, and treatment as mandated by the Pol-
lution Prevention Act of 1990. In 1992 there were 436
TRI-reporting facilities in South Carolina“*+» (Fig. le).
These were concentrated primarily in the Upstate, es-
pecially in Greenville and Spartanburg counties. Outliers
are found in the Midlands metro counties and in the
Charleston metropolitan region.

The last indicator of toxic hazards is the location
of inactive hazardous waste sites that are candidates for
remediation. These abandoned hazardous waste sites lit-
ter the South Carolina landscape, as they do elsewhere.
In 1992, there were 23 South Carolina sites on the Na-
tional Priority List (NPL) in the process of being cleaned
up, and another 424 were identified by the state for pri-
ority cleanup under the Superfund program. The 23 NPL
sites were located predominately in Greenville, Lexing-
ton, Richland, and Beaufort counties. The remaining
CERCLIS sites (identified by the state and listed for
eventual remediation under the national Superfund pro-
gram) are more evenly distributed, although some clus-
tering occurs in the Greenville-Spartanburg area and in
the Columbia and Charleston metro regions (Fig. 1f).

5. SCALE DIFFERENCES IN MEASURING
INEQUITY

To begin our analysis, we examined the relationship
between the location of hazardous/toxic facilities and the
social profiles of counties. There are strong and statis-
tically significant associations between the number of
facilities per county and a number of our social indica-






522

Table I1. County Comparisons of the Frequency of Sources of
Environmental Threats (r)

Social indicator TSD CERCLIS TRI Total
Population Bxx* 0% ** 3k .90 *
Population density T8 BoH** 83k .2k
Black (%) —.39%+* — 42> —43%* — A4rx
Below poverty (%) —.45%* —46** —45%* — 48¥x*
Med HH income STHer S5k ATEHE T
Under 18 (%) —.33* —.42%* —.38% —41**
Over 55 (%) —41%* ~-.26 -.17 -.24
LT 12 yrs. educ. (%) —.61*** —.54%%* —.38** —.50%**
College degree (%) 63¥** LG4 ¥+ Swxs 6] *>*
Mfg. employ (%) B3 .66*** S+ KiY e
Laborers (%) —.58%**  — S]kxx 0% — 43%*
Unemployed (%) —ATHRE 44> —41** —.45**
Total N 79 447 436 962
Counties (%) 56.5 95.6 93.5 97.8
*p < .05

** p < 0l

Rk p <001,

Table II1. Correlations Between Frequency of Facilities and Spatial

Unit (r)
Social indicator County Tract Block group
Population 90*** 20+ N (i
Population density §g*** —.20%** —.14%**
Black (%) —.44** .00 .03
Below poverty (%) —48*** -.00 .02
Med HH income 54k -.05 —~.06%*
Under 18 (%) —41** B0 s 06***
Over 55 (%) —~24 — 10+ — O7H%*
LT 12 yrs. educ. (%)  —.50%** 12 07+%*
College degree (%) N6) R —.17%** — 11
Mfg. employ (%) KoY R —.16*** i U S
Laborers (%) —43** 18 ** 10***
Unemployed (%) —.45%* .05 —.06%**
Total N 46 832 3185
With sites (%) 97.8 46.9 18.8
Mean no. sites 20.56 1.15 0.29
Range 0-106 0-13 0-7
*p < .05.
**p < 0l
**% 5 < 001.

tors (Table II). For example, the strongest correlation
was with population and population density. Counties
with larger populations and higher population densities
were associated with greater numbers of these facilities.
More surprising was the negative association with per-
centage black and the percentage below poverty levels.
Higher frequencies of facilities per county were associ-
ated with higher income (r = .54, p = .001), White (r
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= 45, p = .01), college-educated residents (r = .58, p
= .001). There is no significant difference between each
risk indicator (TSD, CERCLIS, or TRI) and direction of
the social indicators correlations (positive or negative),
but there were minor differences in the relative strength
of the associations.

Based on this initial statistical test, we conclude that
inequities do exist within South Carolina, but they do
not involve counties that one thought were the most ob-
vious, (i.e., low income counties with high percentages
of minority residents). Rather, it appears from this
county-level analysis that it is the more urbanized,
White, middle-income counties that bear a dispropor-
tionate burden of hazardous waste/toxic facilities.

Because of the state’s developmental history, South
Carolina counties are not homogeneous and exhibit wide
variations in social characteristics within each county.
The rural nature of much of the state and the lack of
localized zoning means that socioeconomic gradients
within and between counties are quite steep. To test
whether hazardous waste facilities are located in the ec-
onomically disadvantaged or minority sections within
counties required an examination of the state’s sub-
county geography. There are 821 Census tracts in South
Carolina, each containing approximately 4000 people. In
replicating the county correlation analysis we found little
or no correlation between frequency of sites and social
indicators at the tract level (Table III). Race and income
had no association with the presence or absence of haz-
ardous waste/toxic facilities at this spatial scale. Even
when controlling for the effect of population and pop-
ulation density, there was no association between race
and income and the number of facilities. This can be
partially explained by the lack of any facility in 53% of
all tracts. It is also partially explained by the disaggre-
gation of the data.

We also used this statistical procedure at the block
group Census level. Here, even fewer block groups con-
tained sites (only 19% contained one or more facilities).
Again, there was no association between the number of
facilities, race, or income at the block group unit of anal-
ysis. Even when controlling for population density and
populations, the income or racial composition of block
groups had no bearing on the presence or absence of
facilities.

Because of the high correlations with population
and population density discovered in our first test, we
ran a sensitivity analysis on the data to see if there was
an urban bias. Only MSA-designated counties were se-
lected (N = 16), and the Pearson correlation analysis
was repeated at the county, tract, and block group levels.
There are no statistically significant associations be-
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tween race or income and the presence of hazardous
waste/toxic facilities in urban counties. This conclusion
also holds true for tracts and block groups within urban
counties as well.

As a result of the weak associations in the corre-
lation test, we ran a f-test procedure to examine socio-
economic differences between tracts with and without a
hazardous waste/toxic facilities. Census tracts with
toxic/hazardous waste facilities averaged 2.5 sites per
tract (ranging from 1 to a high of 13). There are no
significant differences in the racial composition of tracts
that host and those that do not host a hazardous
waste/toxic producing facility (Table IV). With respect
to economic indicators, there are no differences based
on our poverty indicator, but there is a distinction be-
tween tracts with sites and those without when one looks
at median household income. In other words, the median
income for tracts with a site is 5% lower ($1320) than
those without a site. Tracts hosting hazardous
waste/toxic facilities generally are more populated but
have lower population densities. Census tracts with fa-
cilities also have a higher percentage of residents under
18, residents who are less educated, and a higher per-
centage of residents employed as laborers than tracts
without facilities. Similar findings were found when the
block group spatial unit was used (Table IV). At this
level, race was also insignificant. Median household in-
come discrepancies were slightly greater (7% or around
$1801). Block groups hosting facilities are characterized
by higher populations, higher percentages of children,
poorer educational levels (36% do not even have a high
school diploma), and higher percentages of residents
working in laboring professions.

Since we found differences in the social profile of
tracts and block groups with and without hazard-
ous/toxic sites, our final test of the equity hypothesis
involved a classification procedure. A discriminant anal-
ysis was run first for tracts (dichotomized as those with
and those without sites) to see if we could predict mem-
bership in either category based on the social profile of
the tract. In the first procedure, the discriminant analysis
correctly classified only 60% of the tracts using these
social indicators. Type of employment (labor, manufac-
turing) and educational levels were the most significant
variables in differentiating tracts and block groups with
toxic facilities from those without. In the second pro-
cedure, block groups were used, and we were able to
correctly classify 81% of the block groups using these
social indicators. We can conclude that neither race nor
economic status, in and of themselves, predict whether
or not a community hosts a hazardous waste or toxic
facility. In South Carolina, those social indicators best
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able to differentiate are percentage employed in labor
occupations, percentage of residents with college de-
grees, and percentage employed in manufacturing oc-
cupations. There is no spatial pattern to those census
tracts or block groups that were correctly or incorrectly
classified.

6. PROVING ENVIRONMENTAL INJUSTICE

There are a number of important findings of this
research. First, the distribution of hazardous facilities
within South Carolina is clustered in the Upstate indus-
trial core and in the metropolitan complexes of Charles-
ton and Columbia. Second, there is general consensus
on the relationship between race, income, and the loca-
tions of our three different risk indicators (TSD, TRI,
and CERCLIS sites). Where correlations differed it was
due to minor variations in the strength of correlations
not the direction (Table V). Third, in using three differ-
ent spatial units (county, census tract, block group), we
found conflicting evidence in support of our inequity
hypothesis. At the county level, there was an association
between race and economic status and the presence of
hazardous waste/toxic facilities. In South Carolina, this
association meant that White, relatively affluent resi-
dents in metropolitan areas were disproportionately af-
fected more than rural, low-income minority residents.
When these patterns are examined at the census tract and
block group levels, there is no discernible difference in
the racial composition of tracts (or block groups) that
have or do not have one or more of these facilities. There
are only slight differences in economic levels.

These results challenge the conclusions reached by
Goldman and Fitton for the South.®® This suggests that
aggregation at regional scales masks both interstate and
intrastate variations. In South Carolina, the bulk of the
state’s industrial sector is located in the upper Piedmont,
a region that has a relatively low African American pop-
ulation. This may help explain why race is not associated
with the presence of these facilities. Manufacturing
plants produce a range of toxic substances in varying
amounts with different toxicity levels, yet our analysis
grouped them all together. For example, one of the re-
gion’s largest and most toxic hazardous waste facility
(GSX-Laidlaw in Pinewood) is, in fact, located in one
of the poorest communities in the state. If we were to
look at those facilities that generated the most toxic of
emissions (in both quantity and toxicity) we may find a
very different pattern of inequity than the one presented
here.
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Table IV. Difference of Means Test Between Areas With and Without Sites

Tracts® Tracts® Block group” Block group”
Wisites W/O sites Wisites W/O sites
Social indicator (N = 385) (N = 436) Difference (N = 600) (N = 2585) Difference
Population 4725 3808 Q1 7*** 1256 1053 203%**
Population density 255 560 305%*+ 255 599 344%**
Non-White (%) 335 324 1.1 336 314 2.2
Below poverty (%) 16.2 15.9 0.3 16.5 15.9 0.6
Med HH income ($) 25324 26644 1320* 25137 26938 1801 ***
Under 18 (%) 26.8 25.1 .7%*** 26.9 253 [
Over 55 (%) 19.8 21.7 1.9%** 204 22.5 2.]¥*
LT 12 yrs. educ. (%) 342 30.1 4.1 36.2 32.0 42
College degree (%) 12.4 16.9 4.5%%* 113 15.7 4.4
Mfg. employ (%) 17.8 21.7 3.9%%x* 16.7 20.8 0
Laborers (%) 22.7 18.6 4.1 24.1 19.8 43
Unemployed (%) 6.3 5.8 0.5 6.6 59 0.7
« DF 435, 384.
* DF 2584, 599.
*p < .05
*** p < 001
Table V. Correlation Coefficients (r) of Race and Income by Spatial Scale and Source of Environmental Risk«
RCRA CERCLIS TRI
With sites All With sites All With sites All
County
Black (%) —.39%* —.39%* — 42%* — 42%* — 43% — 42x**
Below poverty (%) — A45** —.46%* ~ 46* —.48** —.45%* - 46**
Median income ST** ST** S55** S6%* 47** AT
Tract
Non-White (%) —.04 -.01 02 .02 —.05 ~.01
Below poverty (%) —-.09 —.05 .02 .02 —-.02 -.00
Median income .09 03 -.04 -.06 —.00 -.04
Block group
Non-White (%) —.03 —.00 -.05 —.04* -.02 -.02
Below poverty —.06 -.02 .06 .03 01 .01
Median income .05 —.00 -.03 —.05%* -.02 -.02
«County n = 46 for all, n = 45 with sites only; tract n = 821 for all, n = 385 with sites only; block group » = 3185 for all, n = 600 for sites
only.
*p < .08
**p < .01,
**x p < 001.

Whether or not this current analysis provides con-
clusive support of the inequity hypothesis is difficult to
say. Because our analysis focused on political divisions
(e.g., Census-defined areas) there are some caveats to
our conclusions. The geographic area may not be rep-
resentative of the impact area, which might extend be-
yond the boundary of the census unit. Second, the
facility may not be located in the center of the spatial
unit, and thus the representativeness of the sociodemo-
graphic data may be questionable as pointed out earlier

in the paper. This edge effect is a consistent problem in
census geography and one that could easily be remedied
using the analytical capabilities in a GIS. While not the
focus of this current study, this is a direction for future
research.

We also chose to examine associations between the
presence or absence of sites and socioeconomic char-
acteristics. This was deliberate as we wanted to compare
our findings to others in the literature. Again, a more
robust analysis could take a linear, predictive approach
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using probit or regression analyses, or a nonlinear ap-
proach utilizing neural network analysis. Both method-
ologies, however, are beyond the scope of this paper and
the questions we posed.

The next step is to focus on potential exposures to
hazardous substances from these facilities (as mentioned
above), not simply their presence or absence in the com-
munity. From our perspective, this is the most important
consideration for environmental justice research, as com-
munities of color might have greater potential exposure
levels to environmental contaminants even though the
number of hazardous waste/toxic sites is relatively small.
This type of analysis moves the debate from a static
dimension (e.g., the original siting decision and the cur-
rent demographic composition of communities) to a
more dynamic system involving both qualitative and
quantitative estimates on the amount of contaminants
discharged from facilities and the potential pathways of
exposure. These can then be generalized to estimate
which communities might be most affected, by what
type of contamination, and thus determine the appropri-
ate mitigation or policy responses. This localized ecol-
ogy of hazards and potential exposures could be
expanded to include other non-industrial sources of risk
such as those from agricultural use of pesticides or the
transportation of hazardous substances. A secondary line
of research should focus on the historical development
of the toxic landscape, and the need to identify which
came first (the facility or the people) as we track the
original siting of facilities and changes in community
composition over time. Both are needed as we focus on
the hazards of places and the implementation of envi-
ronmental justice principles.

Finally, our results suggest that tracts and block
groups are the most appropriate spatial scale for assess-
ing inequities because of wide intra-county and intra-zip
code variations in risks and socioeconomic indicators.
Empirical verification of environmental justice must be
conducted on a state-by-state basis to ensure the robust-
ness of the findings thus building the evidentiary support
from the local context to the national pattern. County-
level analyses are useful as a first cut to provide a com-
parative assessment at the national or regional level, but
to adequately measure and monitor environmental jus-
tice concerns, we must look to our own backyards and
our knowledge of the local setting. It may be that the
most appropriate scale lies beyond our ability to manip-
ulate statistical information (e.g., local neighborhoods or
blocks). Specific site-level visits may be required to de-
termine whether locational decisions, do, in fact, lead to
greater potential exposures for people of color. In mov-
ing beyond the activist rhetoric, we must have a better
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social scientific understanding of the complexities of en-
vironmental threats, locational patterns, spatial scale, and
the social geography of local places. A geographical un-
derstanding of all these dimensions is absolutely critical
in the implementation of environmentally-just public
policies.
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