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Concerns about the health effects of the dis-
proportionate exposure to environmental
burdens have been a major driving force in
mobilizing minority communities into a na-
tional environmental justice movement.1,2

More and more research suggests racial and
socioeconomic disparities in exposure to envi-
ronmental hazards,3–6 but nearly all of the
studies in this area have yielded only indirect
evidence, describing the demographic compo-
sition of areas and their proximity to hazardous
sites.7–19

In this ‘‘spatial coincidence’’20 or ‘‘unit-hazard
coincidence’’21 methodology, predefined geo-
graphic units of analysis (such as census tracts
or zip code areas) that do or do not contain
a hazard of interest are selected and then the
demographic characteristics of host and nonhost
units are compared.21–23 One limitation of this
approach is that it assumes that people living in
host units containing the hazard under investi-
gation live closer to it than do those living in
nonhost units, which is not necessarily the case.21

Another limitation is the great variability in the
size of the units. For example, the smallest tract
containing a hazardous waste facility is less than
0.1square mile (0.26 km2), whereas the largest is
more than 7500 square miles (19500 km2).21

Distance-based methods overcome these
limitations by assessing the precise distance
between the location of environmental hazards
and the individuals or places under study. In
1 study, the proportions of minority and poor
individuals living in the units within the 1-, 2-,
or 3-mile (1.6-, 3.2-, or 4.8-km) buffer zones
around hazardous facilities were much greater
than the proportions observed when only the
host units were considered,21,23 and meta-
analyses have shown that studies in which
geographic information system (i.e., distance-
based) methods are used reveal greater racial
and socioeconomic disparities in proximity to
environmental hazards than do studies in

which the conventional (i.e., unit-hazard
coincidence) method is used.6

Although distance-based studies are not as
prevalent as conventional unit-hazard coinci-
dence studies, they are increasing in fre-
quency.12,20–26 However, researchers applying
distance-based methods to census and other
predefined geographic units still must address
the problem that many units are only partially
captured by buffers, and there is no single
standard for determining whether or how to
categorize a partially captured unit as within or
outside a buffer.

An alternative to the research designs just
discussed, both of which rely heavily on census
geography to define analytic units, is to use
survey data to examine individual-level racial/
ethnic and socioeconomic disparities in resi-
dential proximity to hazardous sites. This
strategy has several advantages. First, survey
respondents can be represented as geographic
points, leaving little ambiguity in determining
whether they are located within specified

distances of hazardous sites. Second, using
individual-level data avoids the ecological fal-
lacy of incorrectly assuming that relationships
among geographic units translate to relation-
ships at the micro- or individual level.

Third, survey data afford more-extensive
and -detailed information about the life cir-
cumstances of people living near hazardous
sites than are available from the short and long
forms of the decennial census. This allows
better adjustments for confounding and offers
additional insight about the characteristics of
those living near environmental hazards. Fi-
nally, longitudinal survey data provide unique
opportunities to examine how living near haz-
ardous sites is related over time to racial and
socioeconomic differences in future health and
mortality.

Only a few localized studies have used
survey data to assess environmental inequal-
ities, and they generally confirm the presence
of social disparities in proximity to environ-
mental hazards.5,27 In this study, in which we
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used survey data from a representative proba-
bility sample of the American population linked
with national data from the US Environmental
Protection Agency (EPA), we conducted the
first national-level analysis, to our knowledge,
of social inequalities in the distribution of pol-
luting industrial facilities employing individual-
level survey data. Our goals were to demon-
strate the advantages of using survey data over
traditional census data approaches in conducting
environmental inequality analyses and, by con-
tributing to the growing body of evidence
pertaining to disparities in environmental expo-
sures, to lay a foundation for future analyses
of the role environmental factors play in racial
and socioeconomic disparities in health and
mortality.

METHODS

The data for this study were derived from
the 1986 baseline survey of the Americans’
Changing Lives Study (ACL),28 a nationally
representative panel study of the US adult
population. The ACL sample was recently
geocoded to determine precise geographic
locations of the respondents and linked to
similar geocoding of point locations of sites in
the EPA’s 1987 Toxic Release Inventory
(TRI),29 a national database of 21894 indus-
trial facilities reporting on-site and off-site
disposal of almost 650 toxic chemicals.

In the 1986 ACL baseline, face-to-face in-
terviews were conducted with a stratified,
multistage sample of 3617 noninstitutionalized
adults 25 years or older in the coterminous
United States.28 Response rates were 70% for
households and 68% for individual partici-
pants. Blacks and individuals older than 60
years were oversampled. In all analyses,
weighting was used to adjust for different
probabilities of selection and response rates.

Although ACL respondents were reinter-
viewed in 1989, 1994, and 2001, we focused
on the 1986 sample because it was represen-
tative of the US adult population when the
study was initiated. As a result of immigration
and attrition of the sample because of deaths
and nonresponse, more recent waves cannot be
considered representative of the full US pop-
ulation in 1989, 1994, or 2001. Furthermore,
most national-level studies of racial and socio-
economic disparities in proximity to hazardous

sites rely on the 1990 census, allowing an easy
comparison of the 1986 ACL with previous
studies. We used data from the 2001sample to
replicate our analyses, and the results were
very similar to our analyses focusing on the
original 1986 sample.

Data

We used the first year (1987) of the TRI
database because it provided information
closest to the time of the 1986 ACL interviews.
The 1987 TRI included 21894 industrial
facilities and was created in response to the
1984 industrial disaster in Bhopal, India.29 The
TRI seeks to provide citizens with information
about the presence of toxic chemicals in their
communities to help plan for and avert similar
disasters.29 Facilities within certain industrial
sectors are required to report to the TRI if they
employ 10 or more full-time-equivalent em-
ployees and ‘‘manufacture or process’’ in
a given year more than 25000 pounds (11250
kg) or ‘‘otherwise use’’ more than 10000
pounds (4500 kg) of any chemical listed in
section 313 of the 1986 Emergency Planning
and Community Right to Know Act,30 which
established the TRI. In the case of persistent
bioaccumulative toxic chemicals, the minimum
thresholds are 0.1 gram for dioxin and dioxin-
like compounds and 10 or 100 pounds (4.5 or
45 kg) for other chemicals in this category.

We determined point locations for both ACL
respondents and TRI facilities by geocoding
their address information, including street
number, street name, city, state, and zip code
area. Point locations for 3059 (84.6%) of the
3617 ACL 1986 respondent addresses were
obtained. Most of the remaining 558 cases
either involved errors in address information
or were incomplete. In 140 cases (3.9%), the
1980 census tract of the respondent was also
known, and hence the centroid of the inter-
section of the respondent’s tract and zip code
area was used to estimate the respondent’s
location. In another 410 (11.3%) cases, only the
respondent’s zip code area was known, and
thus the zip code centroid was used to locate
the respondent. Eight cases in which address
information was missing entirely or otherwise
insufficient to produce a point location were
excluded from our analyses.

Although the TRI database includes lati-
tudes and longitudes for all facilities, these

coordinates do not always place the facility in
the correct geographic location. For example,
the coordinates sometimes place a facility out-
side its reported zip code area or even outside
the United States. Hence, we did our own
geocoding of the 1987 TRI facilities, and this
coding produced point locations for 14456
(66.0%) facilities.

In cases in which addresses did not produce
a geocoded point location, either (1) the latitude
and longitude coordinates provided in the
TRI database were used to locate the facility, if
they produced a point inside the facility’s
reported zip code area (4486 cases, or 20.5%),
or (2) the centroid of the facility’s zip code area
was used (2648 cases, or 12.1%). A sensitivity
analysis conducted on the facilities whose
addresses produced geocodable point locations
showed that when the latitude and longitude
coordinates provided in the TRI database
correctly placed the facility inside its reported
zip code area, the distance between the location
we geocoded and the location provided by
the reported latitude–longitude coordinates
was less than 0.25 mi in most instances. The
remaining 304 cases (1.4%) in which informa-
tion was insufficient to produce a point location
were excluded from the analyses.

Statistical Analyses

We used logistic regression to assess the
relative importance of race and socioeconomic
variables in predicting respondents’ proximity
to a polluting facility (the dependent variable).
The dependent variable was coded 1 if an ACL
respondent lived within 1 mile of a TRI facility
and 0 if the respondent lived farther away.
Although we also found that disparities existed
out to 5 miles (when half-mile increments were
used), we present results for a 1-mile radius,
as in many previous environmental inequality
studies5,24,31 and in previous epidemiological
studies examining health outcomes near haz-
ardous waste sites.32,33 We did not disaggregate
facilities according to quantity or toxicity of
emissions, given that we were interested in the
general distributional patterns of TRI facilities,
whose physical presence may involve an array
of quality-of-life effects, including psychological
effects such as anxiety, depression, and social
stigmatization.34,35 Furthermore, our analyses
assessed only members of residential popula-
tions, and these individuals may have been away
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from pollutant sources during the periods in
which facilities were in operation (i.e., during
daytime hours).

Our analyses adjusted for potential con-
founding variables such as age, gender, marital
status, region of residence, and residence in
a city, suburb, or rural area. We used dichot-
omous measures of gender and race (Black vs
White; we excluded members of other racial/
ethnic minority groups because of their small
numbers), 3-category measures of age (younger
than 45 years, 45–64 years, 65 years or older),
1986 income (less than $15000, $15000–
$39999, $40000 or more), and educational
level (less than high school, high school and
some college, college), and a 4-category mea-
sure of marital status (married, widowed, di-
vorced or separated, never married). Results
were similar when we examined more-refined
categories of these variables. Both the region
(Northeast, Midwest, South, West) and type
(‘‘urbanicity’’) of area (central city, suburb, rural
area) in which ACL respondents lived were
categorized according to Census Bureau defi-
nitions.

Our main analytical goals were to estimate
racial and socioeconomic disparities in prox-
imity to polluting industrial facilities after con-
trol for age, gender, and the other potentially
confounding factors just described and to in-
vestigate whether such disparities varied
according to region of residence and urbanicity
of area of residence by including relevant
interaction terms in our models. We initially
sought to determine whether racial and socio-
economic disparities were not only indepen-
dent of confounding factors but also indepen-
dent of each other—that is, whether racial
disparities in the distribution of environmental
hazards were mostly a function of socioeco-
nomic disparities between Whites and minority
group participants or went beyond socioeco-
nomic differences alone.14,25,36,37

Our analysis was also motivated by recog-
nition that industrial activity tends to concen-
trate more in metropolitan areas than in rural
areas and more so in some regions of the
country (such as the Northeast and Midwest)
than others. Concentrations of racial/ethnic
minority groups also vary by place and region.
Although previous inequality studies have ex-
amined whether racial and socioeconomic dis-
parities in proximity to polluting industrial

facilities vary across region and place, none, to
our knowledge, have examined place and re-
gion effects simultaneously.

RESULTS

Table 1 shows the breakdown of the ACL
sample by unweighted respondent numbers
and weighted percentages. Almost one third
(29.5%) of the weighted sample lived within
1 mi of a polluting industrial facility; 38.1% of
Black respondents and 28.4% of White re-
spondents lived within a mile of such a facility,
a statistically significant disparity (c2

1=15.91;
P£ .001). The composition of the sample was as
follows: 11.6% Blacks and 88.4% Whites;
29.8% with incomes of less than $15000,
45.0% with incomes between $15000 and
$39999, and 25.2% with incomes of $40000
or more; and 25.2% with no high school
diploma, 55.0% with a high school diploma,
and 19.8% with a college degree.

Logistic Regression Analyses

Table 2 shows odds ratios (ORs) from our
logistic regression analysis of the sample
living within a mile of a TRI facility. Model 1
showed a significant racial disparity, after
adjustment for gender and age, such that Blacks
were significantly more likely than were
Whites to reside within 1 mile of such a
facility (OR=1.54; 95% confidence interval
[CI]=1.24, 1.92). There has been much debate
about whether such disparities are a function of
socioeconomic differences or of race-related
factors such as racial segregation and racialized
decisions about land use.2–8,14,21–26 The OR for
the race variable was attenuated when the
income and education variables were entered
into models 2 and 3 but remained statistically
significant (model 3: OR=1.38; 95% CI=1.10,
1.72). Thus, racial disparities in proximity were
explained partially but not fully by socioeco-
nomic differences.

Income and education were also both sta-
tistically significant predictors of respondents’
proximity to polluting facilities in model 3.
Those with incomes of less than $15000
(OR=1.46; 95% CI=1.15, 1.85) or between
$15000 and $39999 (OR=1.30; 95%
CI=1.07, 1.59) were significantly more likely
than were those with incomes of $40000 or
more to live within a mile of a polluting facility.

Those without high school diplomas were
significantly more likely to live near such
a facility than were those with diplomas or
college degrees (OR=1.42; 95% CI=1.10,
1.84). When marital status was added in model
4, education but not income continued to be

TABLE 1—Characteristics of Baseline

Sample: Americans’ Changing Lives

Study, 1986

Unweighted No.

(Weighted %a)

Proximity to polluting facility

Within 1 mi 1115 (29.5)

Beyond 1 mi 2374 (70.5)

Race/ethnicity

Black 1173 (11.6)

White 2316 (88.4)

Income, $

< 15 000 1618 (29.8)

15 000–39 999 1305 (45.0)

‡ 40 000 566 (25.2)

Education

Less than high school 1298 (25.2)

High school and some college 1713 (55.0)

College 478 (19.8)

Age, y

< 45 1257 (51.0)

45–64 1042 (28.7)

‡ 65 1190 (20.3)

Gender

Women 2190 (53.1)

Men 1299 (46.9)

Marital status

Married 1899 (69.2)

Widowed 639 (8.8)

Divorced/separated 568 (12.0)

Never married 383 (9.9)

Urbanicity of residence

City 1162 (24.2)

Suburb 1295 (46.5)

Rural area 1032 (29.2)

Region of residence

Northeast 683 (22.0)

Midwest 887 (26.6)

South 1385 (33.4)

West 534 (18.0)

aBased on Black and White respondents only
(n = 3489); non-Black minority group members
(n = 120) were excluded.
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statistically significant, suggesting that income
effects were to a considerable degree a product
of the low-income status of divorced, separated,
or never-married participants.

Because of historical patterns of industrial
development, migration, and housing segrega-
tion in the United States, we anticipated varia-
tions in racial and socioeconomic disparities
in facility locations among the various US
regions (Northeast, Midwest, South, West) as
well as across city, suburban, and rural loca-
tions. We indeed found in model 5 that
residents of city and suburban areas were

significantly more likely than were residents of

rural areas to live near a polluting industrial

facility. Also, those living in the Northeast and

Midwest were significantly more likely than

were those living in other regions to reside near

a facility, whereas those living in the South

were significantly less likely to reside near

a facility. At the same time, racial and socio-

economic variables remained statistically sig-

nificant in model 5, with little or no reduction

in ORs from those in models 3 and 4. In the

case of respondents without a high school

diploma, the OR increased somewhat in model

5, to 1.71 (95% CI=1.30, 2.25).

Race and Location Interactions

We more closely examined the effects of
region and urbanicity of residence on racial
and socioeconomic disparities in respondents’
proximity to polluting industrial facilities by
including in the models all possible interactions
between region, urbanicity, and race (or edu-
cation or income). Table 3 presents all of
the significant interactions from these models,
in which a pattern variable combining region

TABLE 2—Results of Logistic Regression Analyses Predicting Proximity Within a Mile of a Polluting

Industrial Facility Among the Baseline Sample: Americans’ Changing Lives Study, 1986

Model 1, OR (95% CI) Model 2, OR (95% CI) Model 3, OR (95% CI) Model 4, OR (95% CI) Model 5, OR (95% CI)

Black (vs White) 1.54*** (1.24, 1.92) 1.42** (1.14, 1.78) 1.38** (1.10, 1.72) 1.32** (1.06, 1.66) 1.36** (1.06, 1.74)

Women (vs men) 0.99 (0.85, 1.15) 0.95 (0.82, 1.11) 0.96 (0.83, 1.12) 0.95 (0.82, 1.11) 0.96 (0.82, 1.13)

Age, a y

45–64 0.97 (0.81, 1.15) 0.96 (0.80, 1.13) 0.90 (0.75, 1.07) 0.94 (0.78, 1.12) 0.90 (0.74, 1.08)

‡ 65 0.88 (0.72, 1.07) 0.76** (0.62, 0.94) 0.69*** (0.56, 0.86) 0.72** (0.57, 0.91) 0.66*** (0.51, 0.84)

Income,b $

< 15 000 1.70*** (1.37, 2.11) 1.46** (1.15, 1.85) 1.22 (0.94, 1.57) 1.40** (1.07, 1.82)

15 000–39 999 1.36** (1.12, 1.65) 1.30** (1.07, 1.59) 1.21 (0.99, 1.48) 1.32** (1.07, 1.63)

Educationc

Less than high school 1.42** (1.10, 1.84) 1.52** (1.17, 1.98) 1.71*** (1.30, 2.25)

High school and some college 1.00 (0.81, 1.23) 1.03 (0.84, 1.27) 1.03 (0.83, 28)

Marital statusd

Widowed 1.29 (0.95, 1.74) 1.19 (0.87, 1.62)

Divorced/separated 1.39** (1.10, 1.76) 1.21 (0.95, 1.54)

Never married 1.53*** (1.18, 1.97) 1.23 (0.94, 1.61)

Urbanicity of residencee

City 2.13*** (1.70, 2.68)

Suburb 1.84*** (1.50, 2.24)

Region of residencef

Northeast 2.53*** (1.99, 3.20)

Midwest 1.33* (1.05, 1.69)

South 0.68** (0.53, 0.87)

Constant 0.42*** 0.34*** 0.34*** 0.32*** 0.17***

–2 log-likelihood 4117.17 4100.88 4080.61 4064.72 3833.35

Model c2 17.08*** 40.83*** 53.65*** 69.54*** 300.90***

Note. OR = odds ratio; CI = confidence interval.
aRespondents younger than 45 years were the reference category.
bRespondents with incomes of $40 000 or more were the reference category.
cCollege graduates were the reference category.
dMarried respondents were the reference category.
eResidents from rural areas were the reference category.
fResidents from the West were the reference category.
*P £.05; **P £.01; ***P £.001.
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and urbanicity of residence was used to sim-
plify presentation and interpretation of the
results.

For example, regarding place and region
interactions, we found no statistically signifi-
cant differences between city and suburban
dwellers in their likelihood of living within 1
mile of polluting industrial facilities in the
Northeast, Midwest, or West. Thus, in models 1

and 2 (Table 3), we combined the urban and
suburban respondents in each region to create
metropolitan-area pattern variables for the
Northeast, Midwest, and West. We maintained
the distinction between urban and suburban
areas in the South because we found statisti-
cally significant differences in proximity to
polluting industrial facilities across these cate-
gories. Because our analyses indicated no

regional differences in the effects associated
with living in rural areas, these areas were
omitted in this analysis.

In model 1 (Table 3), we found that ACL
respondents residing in metropolitan areas of
the Northeast, Midwest, and West were signif-
icantly more likely than were those residing
in rural areas to live within 1 mile of a polluting
industrial facility. Also, residents of cities (but
not suburbs) of the South were significantly
more likely than were residents of rural areas
to live within 1 mile of such a facility. However,
these effects did not eliminate racial, income,
or educational disparities in respondents’
proximity to facility locations, although they
did reduce racial differences slightly.

In our final step, we examined whether racial
and socioeconomic disparities varied geo-
graphically according to region and urbanicity
of residence by entering interaction terms
between race or socioeconomic variables and
the region–urbanicity pattern variables. We
found no appreciable differences for the in-
come and education variables across region
and urbanicity of residence (data not shown).
However, we did find substantial geographic
differences in the magnitudes of racial dispar-
ities in respondents’ proximity to facility loca-
tions. As shown in model 2, disparities between
Black and White respondents in their proxim-
ity to facility locations were greatest in metro-
politan areas of the Midwest and West and
suburban areas of the South, with statistically
significant (P<.05) ORs of 2.63, 2.74, and
2.80, respectively. Racial disparities in prox-
imity to facility locations were not significant in
the metropolitan areas of the Northeast or in
the cities of the South.

The results of the interactions between re-
gion, place, and race can be seen more clearly
by examining the actual distribution of Black
and White respondents in the ACL sample
within 1 mile of a polluting industrial facility in
the various regions and city, suburban, and
rural locations in the United States. As can be
seen in Figure 1, the largest disparities in the
percentages of Black and White respondents
living within 1 mi of a facility were in metro-
politan areas of the Midwest; 58% of Black
residents in these areas lived within 1 mi of
such a facility, as compared with only one third
(35%) of White residents. Substantial racial
disparities in the metropolitan West and

TABLE 3—Results of Logistic Regression Analyses Predicting Proximity Within a Mile of

a Polluting Industrial Facility Among the Baseline Sample, After Control for Race and

Location Interactions: Americans’ Changing Lives Study, 1986

Model 1, OR (95% CI) Model 2, OR (95% CI)

Black (vs White) 1.29* (1.02, 1.63) 0.83 (0.47, 1.46)

Women (vs men) 0.97 (0.83, 1.14) 0.97 (0.83, 1.14)

Age,a y

45–64 0.88 (0.73, 1.06) 0.89 (0.74, 1.07)

‡ 65 0.66*** (0.52, 0.84) 0.66*** (0.51, 0.84)

Income,b $

< 15 000 1.39** (1.07, 1.81) 1.40** (1.07, 1.82)

15 000–39 999 1.32** (1.07, 1.62) 1.32** (1.08, 1.63)

Educationc

Less than high school 1.69*** (1.29, 2.22) 1.71*** (1.30, 2.24)

High school and some college 1.03 (0.83, 1.28) 1.03 (0.83, 1.28)

Marital statusd

Widowed 1.19 (0.87, 1.62) 1.18 (0.87, 1.62)

Divorced/separated 1.22 (0.96, 1.56) 1.22 (0.95, 1.55)

Never married 1.22 (0.94, 1.59) 1.23 (0.94, 1.60)

Region–urbanicity pattern variablese

Northeastern metropolitan 3.66*** (2.90, 4.62) 3.72*** (2.91, 4.76)

Midwestern metropolitan 2.63*** (2.09, 3.31) 2.37*** (1.86, 3.03)

Southern city 1.61** (1.18, 2.19) 1.66** (1.17, 2.37)

Southern suburb 0.78 (0.57, 1.07) 0.67* (0.47, 0.95)

Western metropolitan 2.03*** (1.57, 2.61) 1.88*** (1.45, 2.44)

Interactions

Black · northeastern metropolitan 1.05 (0.50, 2.19)

Black · midwestern metropolitan 2.63** (1.22, 5.66)

Black · southern city 1.21 (0.55, 2.70)

Black · southern suburb 2.80* (1.16, 6.73)

Black · western metropolitan 2.74* (1.04, 7.21)

Constant 0.17*** 0.18***

–2 log-likelihood 3877.11 3862.36

Model c2 257.15*** 271.89***

Note. OR = odds ratio; CI = confidence interval. City refers to the central cities of a metropolitan area; Metropolitan includes
the central cities and their surrounding suburbs.
aRespondents younger than 45 years were the reference category.
bRespondents with incomes of $40 000 or more were the reference category.
cCollege graduates were the reference category.
dMarried respondents were the reference category.
eResidents from rural areas were the reference category.
*P £.05; **P £.01; ***P £.001.
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suburban South were also evident: 50% of
Black residents and only 30% of White resi-
dents in metropolitan areas of the West lived
within 1 mile of a facility, whereas 30% of
Black residents and only 14% of White resi-
dents in the suburban areas of the South did.
No significant racial disparities were evident in
rural areas of the United States or metropolitan
areas of the Northeast.

DISCUSSION

The ACL provides new evidence and con-
firms patterns in a growing body of quantitative
research on racial and socioeconomic dispar-
ities in exposures to environmental hazards.
Racial disparities in the distribution of the ACL
sample around polluting industrial facilities
remained statistically significant even after we
controlled for socioeconomic and other vari-
ables. Nevertheless, socioeconomic and other
demographic variables were also found to be
significantly associated with proximity to a pol-
luting facility.

Lower-income people were found to be
significantly more likely than were higher-

income people to live near a polluting industrial
facility. Similarly, those without high school
diplomas were significantly more likely to live
near such a facility than were those with higher
levels of education. Although we did not find
significant gender differences in regard to prox-
imity to a facility, our results suggest that marital
status is correlated with the presence of nearby
polluting industrial facilities. Participants who
were divorced or separated or had never been
married were more likely than were participants
who were married or widowed to live near such
a facility, but at levels not quite reaching
statistical significance (i.e., the P<.05 level) once
we controlled for region and place.

Racial disparities were also much more
pronounced in certain areas of the country
than in others. Such disparities were greatest
in the metropolitan areas of the Midwest and
West and the suburban areas of the South.
No significant disparities were found in rural
areas or the metropolitan areas of the North-
east. We surmise that these outcomes were the
result of differences in historical patterns of
racial discrimination, industrial development,

and migration across the various regions of the
United States and the urban and rural areas of
these regions. Clearly, these patterns suggest
that region and urbanicity of residence
(city, suburb, or rural area) need to be exam-
ined more closely in future environmental
inequality studies.

Limitations

This study involved several limitations
worth noting. The first is that proximity to
hazardous facilities is at best an indirect in-
dicator of exposure. However, proximity has
necessarily been widely used in environmental
justice studies, given that data regarding vol-
umes, toxicity, and geographic dispersion of air,
water, and land pollutants have been scarce,
particularly at the national level. This is true as
well in unit-hazard coincidence studies, which
furthermore conflate geographic units with
‘‘communities.’’ Second, our survey data were
based on self-reports, and thus there may have
been error in our measurement of income,
education, and other variables used in the
analyses.

Note. Percentages were determined from the baseline populations in each of the respective geographic areas. Unweighted area sample sizes were as follows: United States, n = 3489; Rural,

n = 1032; Northeast metro, n = 572; West metro, n = 423; Midwest metro, n = 648; South city, n = 418; and South suburb, n = 396.

FIGURE 1—Percentages of people living within 1 mile of a polluting industrial facility, by race/ethnicity and geographic area: Americans’

Changing Lives Study, 1986.
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Third, although the baseline address infor-
mation available for respondents was consid-
ered to be of high quality (given that the ACL
baseline survey was conducted as a face-to-face
interview in people’s homes), there were
limitations in converting each address to a
latitude–longitude point location. Similar
problems were involved in converting TRI
facility addresses to point locations. Thus, there
was probably measurement error in the de-
pendent variable, the exact distance between
a respondent and the nearest polluting facility.
Although difficult to determine, the direction of
this measurement error most likely resulted in
an underestimation of the percentage of re-
spondents living within 1 mi of a facility.

A fourth limitation was that the data used in
this study were nearly 20 years old, although
replication of our analyses with the 2001 ACL
data yielded similar results. Nonetheless, the
primary contribution of this work is methodo-
logical, given that ours is the first national
study, to our knowledge, to demonstrate the
potential of combining location and sociode-
mographic information from surveys with ad-
ministrative data on environmental hazards
while also providing new evidence pertaining
to historical racial and socioeconomic dispar-
ities in the distribution of environmental haz-
ards.

Conclusions

Survey data such as those of the ACL have
a number of advantages over census data,
which have been the typical data used in
environmental inequality analyses, especially
those national in scope. Because survey re-
spondents can be represented as geographic
points, their proximity to environmental haz-
ards can be more precisely determined than
when 2-dimensional geographic units such as
census tracts and zip code areas are used to
determine the demographic characteristics of
the individuals living around hazardous sites.

Furthermore, surveys allow much more-
detailed controls for background factors per-
taining to people’s life circumstances than are
available from the decennial census. Survey
respondents can also be tracked over time so
that changes in life circumstances, including
those pertaining to living near environmental
burdens, can be more directly linked to
these individuals’ health and future mortality.

Multicollinearity problems in multivariate sta-
tistical analyses involving sociodemographic
variables are common in analyses of aggregate
census data but less likely in assessments
of individual-level data obtained from surveys.

Given the significant disparities we found in
the way in which the ACL baseline sample was
distributed around the nation’s polluting in-
dustrial facilities, an important next step in our
analyses will be to examine how these dispar-
ities affect future health and mortality. Re-
spondents’ proximity to polluting industrial
facilities in subsequent waves of the ACL
(1989, 1994, and 2001) can be determined.
Information about polluting industrial facilities
on the TRI database also is being updated
annually by the EPA. Along with adding new
facilities as reporting requirements change, the
EPA has recently begun extensive work to
model the quantity, toxicity, and distribution of
air and water pollution geographically.

In future studies, it will be possible to model
the cumulative residential toxic burdens on
ACL respondents since the inception of the
study in 1986 and to determine how these
cumulative burdens are related to future health
and mortality. Because the ACL also contains
extensive information on respondents’ social,
economic, and psychological states and other
life circumstances, it will be possible as well to
weigh the relative importance of these factors
along with incidence of environmental burdens
in understanding racial and socioeconomic
disparities in health and mortality. j
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