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Abstract 

Previous studies have analyzed the relationship between environmental hazards and the 
socioeconomic and demographic characteristics of communities. They found inequality in 
the distribution of hazards among the people in the communities, and that the inequality was 
determined by race and ethnicity and class. The purpose of this thesis is to examine the same 
problem in Tarrant County, Texas, through studying the distribution of environmental 
contamination generated by public and private sector activities as it relates to the social, 
demographic and economic characteristics of the inhabitants of this area. The hypothesis that 
socially vulnerable communities are more likely to contain a solid waste site is tested through 
analyses of 2000 U.S. Census data gathered at the census tract level and Superfund and 
municipal solid waste sites collected from the Texas Commission on Environmental Quality 
lists' for Tarrant County. Results show that none of the hypotheses are supported by the 
analysis of this data. Population density of a census tract is found to be the influencing factor 
for waste site presence. This might be due to Tarrant County's land use development. 



Introduction to the Research Problem 

"Distributional politics appear to have prevailed such that those segments of the population with 
fewer political, organizational, and technical resources have borne a disproportionate share of the 
society's environmental burdens." (Saha and Mohai, 2005, p. 639). 

Social inequality is inherent to the infrastructure of our society in such a manner that 

even our interactions with our environment (specifically how we contaminate it) result in 

patterns reflecting a discriminatory distribution of effects. This unequal distribution has 

compelled researchers to examine what is going on within society's interaction with the 

environment. There are three ways to contaminate an environment: through the air, the water and 

the ground. Water and air pollution are more difficult forms of pollution to examine for 

environmental injustice because of their transitory and migratory nature. Ground contamination 

for the most part stays in one location, and is always there. Most research in focusing on ground 

contamination uses various types of indicators for environmental hazards. The purpose of this 

study is to determine if there are any social, demographic, or economic correlations with the 

communities that live around two different types of waste sites: municipal solid waste landfills 

and Superfund sites in Tarrant County. Rodeheaver, Williams and Cutrer studied environmental 

inequality through a variety of solid waste indicators in Dallas County in 1997, but no study on 

Tarrant County has been identified. This study seeks to contribute waste distribution research 

about the rest of the Dallas-Fort Worth metropolitan area. 

Background 

Tarrant County had a population of 1,446,219 people living in 863.42 square miles in the 

year 2000. It is one of the largest urban areas in the United States, in terms of population, and is 

one of the fastest growing urban counties in the nation. Tarrant saw a 12.1% change in 

population from 2000 to 2005. In 2000, it had a population density of 1,675 per square mile and 



was one of the top four most densely populated counties of Texas (USBC 2000). The city of Fort 

Worth is the county seat and the largest city in the area, with a population of 534,694 in 2000. 

The other major city in Tarrant is Arlington with a population of 332,969 (CIP). The median 

income for the county was $46,179, and had a population make up of: 62% white (non-Hispanic) 

and 38% non-white in 2000 (USBC 2000). Tarrant County provides an adequate area to study for 

environmental inequality research because it is a well established area and has had a long history 

of development similar to the other areas in Texas that have been studied. 

Past Research 

The nature of this research is founded in or owes its existence to the collision of the civil 

rights movement and the growing public interest in the health of the environment in the sixties. 

Student environmental interest and activism was growing in the late sixties, and after the 1970 

Earth Day, started to concern itself with the health of the urban poor. The movements had started 

to grow together and over the decades evolved into a synthesized interest in environmental 

justice (Bullard 1990). This environmental justice movement can be explained by the principle of 

equal rights as propagated by past social justice movements and the surfacing of environmental 

quality as a basic right (Rodeheaver et al. 1997; Bullard 1990). A number of different issues 

came to the public's awareness in the early 1970s, such as waste disposal, air and water 

pollution, population control, and natural resource protection. The "energy crisis" in the 70s also 

challenged people to face up to environmental problems. Under the umbrella of concern for these 

problems were the American poor and the global poor (Bullard 1990). 

At the same time, Congress was passing legislation like the Solid Waste Disposal Act of 

1965 and the Resource Recovery Act of 1970 that shaped waste disposal practices. In a study of 

the historical context of hazardous waste facility siting, Saha and Mohai argue that these federal 



legislative acts were passed to promote states and municipalities taking control of dumping by 

allocating sanitary landfills. This helped to curb a portion of unregulated dumping, but hazardous 

waste was still uncontrolled until the Resource Conservation and Recovery Act (RCRA) of 1976 

and the Hazardous and Solid Waste Amendments (HSWA) of 1984. Saha and Mohai use Detroit 

as an example to show that before these legislations, when local governments were in charge of 

siting, strict regulations were lacking. What regulations did exist were weakly enforced during 

this era. They argue that this was because society at the time was not aware of the true nature of 

hazardous waste, and in correlation, there was also no infrastructure for information 

dissemination or public education either. By the time public awareness started to grow about 

these problems, the federal government passed the RCRA and HSWA which moved the 

responsibility of waste regulation from local governments where people would be able to 

participate in their own community to the state and national levels, weakening "the political 

opportunity structure for public participation in siting decisions" (Saha and Mohai 2005). 

The public apprehension growing in the seventies about waste facility locations led to 

community organizing and action (Saha and Mohai 2005). Although there was concern about the 

urban poor's environmental health at this time, and there was community organizing, it did not 

trickle down to the poor or minorities right away. They were lacking a voice in the political 

arena. With the nation undergoing an environmental revolution of sorts (where people were 

becoming aware of common polluting practices) and the media highlighting big cases (Love 
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Canal, New York ; Three Mile Island ; Warren County, North Carolina), environmental concern 

grew high, but the public's and for the most part, the middle class and white people's attention 

was not on equitable distribution of locally unwanted land uses (LULUs). Most of the people 

who were organizing were not low income or minority. Thus, they were also not well 



represented in governmental bodies. All of this "majority" concern resulted in the minorities and 

the poor cohabitating with society's negative externalities. They made up the commonly referred 

to path of least resistance for waste storage (Saha and Mohai 2005; Bullard 1990). These 

circumstances birthed the Not-In-My-BackYard (NIMBY) phenomenon. Locally unwanted land 

uses have a history of being allocated around the socially vulnerable, but this phenomenon 

furthered the disparaty of facility siting. Bullard maintains that "public officials and private 

industry have in many cases responded to the NIMBY phenomenon using the place-in-blacks'-

backyard (PIBBY) principle" (1990). 

Previous to this era of quasi-public watchdog-ism, facility siting was not as disparate. 

That may be due to the fact that prior to the 1960s, there was not heavy handed governmental 

regulation of waste. In 1979 following his visit to the Love Canal site, President Carter passed 

the "Superfund Act" (Comprehensive Environmental Remediation, Compensation, and Liability 

Act, or CERCLA) which listed uncontrolled sites where toxic waste had been dumped and was 

now abandoned. The most hazardous sites on this list are determined by the EPA to pose a 

substantial health threat to nearby residents. They are put on the National Priority List (NPL) to 

be funded in the future for cleaning and are known as Superfund sites (Saha and Mohai 2005). 

A study conducted in Florida analyzed the characteristics of communities around fifty 

three superfund sites. Blacks, Hispanics, the poor and the unemployed living in densely 

populated areas were more likely to live near a Superfund site. The researchers found that race 

was a stronger predictor than economic factors and argued that this is a manifestation of indirect 

discrimination, a long, institutionally-ingrained process (Stretesky and Hogan 1998). This is 

indicative of the lack of regulation in the past. Laws regarding waste were usually left up to local 

governments, who were not stringent in their legislation or enforcement. Superfund sites are a 



manifestation of this unregulated waste accumulating over time. Such was the case in Chicago, a 

city with a long history of illegal dumping. Pellow (2004) conducted a qualitative study on cases 

of illegal solid waste dumping in the city, starting in the early twentieth century. In the 1910s the 

city was experiencing a fight over the dumping of waste in African American and European 

immigrant neighborhoods. Officials of the city of Chicago and private waste haulers were 

working together in open dumping. This alliance between the private and public sectors of the 

city in regards to illegal waste practices seemed to be a constant even up into the nineties. Waste 

was still being dumped illegally into poor and minority neighborhoods, despite community 

organization and public outcry. 

Starting in the late sixties, as the nation's eye started to turn onto these practices and 

regulate them, the people who successfully protested the sites being located in their communities 

ended up pushing them onto the ones who put up the least fight. However, some sites were 

already slated for poor and minority areas of towns as a practice of discriminatory zoning. Such 

is the case in Houston with regards to municipal landfills. In Bullard's book (1990), landfills 

were found to be disproportionately overwhelming the black and poor communities. Nearly one-

fourth of the city's population was black, yet more than three-fourths of the solid waste facilities 

sat in these neighborhoods. Twelve out of thirteen of the city's landfills and incinerators were 

located in lower-income areas. 

This social history of environmental conflict provides the context in which this study 

operates. The history of the distribution of environmental hazards is key to constructing a lens in 

which to view the research of this field. Knowing this historical context allows one not only to 

understand theory but theorize as well, as to what factors had an influence in building this 

phenomenon that is now being studied. 



What it Researches 

Environmental inequality has been analyzed by looking at locations of specific 

environmental hazards in relation to characteristics of communities around them. Researchers 

use different variables that mainly focus on observing the status of environmental equity, which 

specifically looks at "the distribution of environmental resources and contaminants according to 

race and ethnicity, economic class, and other traditional sociological variables" (Rodeheaver and 

Cutrer 1995). The unit of analysis where data is gathered for these factors changes from study to 

study. Looking at towns, zip code areas, census tracts, and census block groups are all common 

units of analysis for the independent variables. Census tracts seem to be the most popular choice 

in the research because they are based on relative population homogeneity (Stretesky and Hogan 

1998). Environmental inequality studies vary widely in what proxies they use to measure each 

variable, whether it is percent non-white, percent black, or percent Hispanic for race or median 

household income, poverty status, or housing value for economic status. There are also a number 

of other factors at play, such as age, sex, educational attainment, and political voice. However, 

the results frequently come down to either race or economic status having the strongest 

correlation to a proxy for environmental inequality. 

The term environmental racism grew out of early studies of this type. Elevated rates of 

minorities living in communities where environmental hazards were located had been a popular 

finding of early environmental inequality studies. The impetus of environmental racism 

investigations and where the term environmental racism originated was the United Church of 

Christ Commission on Racial Justice in 1982 as it campaigned to help the residents of the small, 

mostly black town, Afton in Warren County, North Carolina receive aid in cleaning (Rodeheaver 

1995). Afton was subjected to a state determined dumping site "for more than 32,000 cubic yards 



of soil contaminated with highly toxic PCBs (phychlorinated biphenyls), which had been 

illegally dumped along the roadways in fourteen North Carolina counties in 1978" (Bullard 

1990). Nationwide protests about the situation spurred the U.S. General Accounting Office in 

1983 to investigate community characteristics of hazardous waste landfill sitings in the South. 

Three of the four major hazardous waste landfills of the South were located in black majority 

communities, and more than one fourth of all four communities had incomes below the poverty 

level (Rodeheaver and Cutrer 1995; Bullard 1990). 

In these cases, race had a stronger correlation to waste site presence than economic 

measurements. In research of environmental inequality, specifically waste distribution, much 

attention is given to determining the better predictor for site presence: race or economic status 

(environmental racism or environmental classism). Numerous studies find that either one or the 

other is a stronger predictor of site presence. A study done in Dallas County, Texas, used census 

tracts and toxic waste, solid waste, superfund sites and the EPA's Toxic Release Inventory 

(TRI) data to determine, based on what past literature has found, if race and ethnic minority 

status is a more important factor than economic class. The study found that median house values 

as a proxy for economic class was the significant variable (Rodeheaver 1997). In another study 

looking at the distribution of Superfund sites in the metropolitan areas of Texas and Louisiana 

race and ethnicity were found to be not significant. Proxies measuring class, status and power 

were found to be more correlated with the sites (Denq, Constance, & Joung 2000). Another 

article is devoted to examining the "race versus class" debate and exploring how different 

methodologies yield different results. The article first looks at possible problems with different 

indicators for environmental hazards. TRI data is self-reported and thus risks being 

underreported. It also might not be relevant to a deindustrialized area that is being studied, such 



as an urban area where industrial sites are now abandoned. Abandoned wastes sites, like 

Superfunds, would be a better indicator for this kind of study. However, a problem with using 

the NPL list is that not all sites that need to be on the list are on it because they have either not 

been detected or a community has not had the ability to successfully organize and draw attention 

to the problem. Another popularly operationalized variable are Treatment, Storage, and Disposal 

Facilities (TSDFs).These facilities are often found in industrial parks where there is not much 

population around them. TSDF's also may be inappropriate for measuring environmental 

inequality in a deindustrialized area (Krieg 1998). Taking these issues into account, Krieg 

proposes studying multiple indicators to increase the accuracy of the studies' results. Therefore, 

he operationalizes Superfund sites and TRI data as indicators for environmental hazards while 

looking at their correlation with race and median household income in towns in Boston and 

surrounding suburban areas. Median household income was found to be negatively associated 

with the TRI data regardless of the area. However, race had a stronger association with 

Superfund sites than TRI data inside Boston, and inversely, race had a stronger association with 

TRI data than Superfund sites in suburban areas. This is an important finding, as it illustrates that 

accurate findings hinge greatly upon the relevancy of environmental hazard indicator 

operationalized for an area. For example, in this study, TRI data was not appropriate for the 

deindustrialized city where minorities live around old, abandoned waste sites (Krieg 1998). 

The accuracy of findings is also very dependent on a broader and more fundamental 

methodological consideration: the definitions employed for environmental inequality that shape 

what a study is looking for. In a 2000 study exploring environmental inequality in metropolitan 

areas across the U.S., Downey used different definitions of environmental inequality to illustrate 

that the definitions employed for it affects the conclusions that can be drawn from a study's 



results. According to Downey, there are two broad categories of definitionsl: "those that focus on 

racially discriminatory intent and those that focus on inequitable environmental outcomes" 

(Downey 2006). He uses the definitions of disparate social impacts and relative distribution 

under the inequitable environmental outcomes category. Disparate social impacts inequality is 

defined as, "when members of a specific social group are more likely to live in environmentally 

hazardous neighborhoods than we would expect if group members were randomly distributed 

across residential space." Relative distributions of burdens versus benefits is defined as, "when 

those who receive greater benefits than others from the capitalist production and distribution 

process do not bear a greater share of the burdens of this process than do others." Thus, the study 

looks at whites, and the middle and upper classes versus minorities and the poor and working 

classes to see who is more burdened by industrial pollution. The disparate social impacts method 

of looking for environmental inequality in a given area is more frequently employed in studies. 

By using the Environmental Protection Agency's 2000 Toxic Release Inventory with 2000 U.S. 

Census data at the census tract level across 14 major metropolitan areas, the study found that the 

definitions employed to measure environmental inequality in different ways did have a 

significant effect on whether or not it was determined in an area. 

These are some important arguments about different methodological concerns that 

researchers need to address in accurately studying environmental inequality. Understanding how 

this kind of research developed and what key concepts and factors researchers employ as a 

means to evaluate the circumstances of environmental equity clears the way for understanding 

this study. 



HYPOTHESES 

Before analysis of the distribution of waste sites in Tarrant County, this study developed 

hypotheses based on the literature and on looking for some occurrences that past studies had not. 

1. Census tracts with the majority of the households' heads being nonwhite, female, or over 

the age of 65, as well as the majority of housing units being rented, are more likely to 

contain a waste site. 

2. Census Tracts with the majority of the population having less than a high-school degree, 

or less than a bachelor's degree are more likely to contain a waste site. 

3. Census tracts with lower median incomes are more likely to contain a waste site. 

4. Census tracts with the majority of the households' heads being nonwhite, female, or over 

the age of 65, as well as the majority of housing units being rented are more likely to be 

immediately adjacent to a tract that contains a waste site. 

5. Census Tracts with the majority of the population having less than a high-school degree, 

or less than a bachelor's degree are more likely to be adjacent to a tract that contains a 

waste site. 

6. Census tracts with lower median incomes are more likely to be immediately adjacent to a 

tract that contains a waste site. 
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METHODS AND DATA 

This study settled on looking at the distribution of two different types of waste sites in 

Tarrant County. As discussed in the literature review, there are many different indicators 

researchers use to measure environmental inequality, and some use more than one (Krieg 1998; 

Rodeheaver et al. 1997). Krieg makes the argument that different sites have different community 

characteristics, and thus, using more than one as an indicator yields more accurate results. This 

study looks at municipal solid waste sites or landfills to see how waste generated by the public is 

distributed among the public. In addition, this study also includes, as a second indicator, 

Superfund sites. Their nature and point of origin is much different than that of landfills; they are 

the result of private sector activities. Landfills are not necessarily toxic, but the Superfund sites 

are severely toxic. However, the goal of this research was not to examine the exposure of 

communities to toxicity, but to examine a full spectrum of locally unwanted land use 

distribution. Landfills, regardless of their toxicity, are a hazard society does not want to live 

around. This is why they typically follow the path of least resistance. The municipal solid waste 

site data was provided by the Texas Commission on Environmental Quality through a list of all 

open, closed, active, and inactive landfills in Texas. The Superfund sites were found through the 

Texas Commission on Environmental Quality as well. There are twenty sites in total. Five are 

Superfund sites, and fifteen are municipal solid waste landfills. To analyze the distribution of 

these sites, population data was gathered from the 2000 U.S. Census at the census tract level. 

Rodeheaver et al. used this unit of analysis in their 1997 study of Dallas County. Both 

Rodeheaver's and Stretesky's (1998) studies reasoned that despite past research relying on zip 

code areas as a unit of analysis, they prefer census tract level because zip codes boundaries 

ignore major demographic changes in communities. According to Rodeheaver et al., "the census 

tract as a unit of analysis (of aggregated data) is.. .probably the closest unit of analysis that 
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appears as a 'natural' area (or neighborhood)." Census tracts are a popular unit, as can be seen in 

several past studies of environmental inequality (Stretesky & Hogan 1998; Rodeheaver et. al 

1997; Denq et al. 2000; Downey et al. 2005; Downey 2006; Saha & Mohai 2005). A problem 

with using census tracts that researchers (Stretesky & Hogan 1998; Krieg 1998) acknowledge is 

the variation in size between urban and non-urban census tracts. This is the case especially in 

Tarrant County; the non-urban census tracts' physical boundaries are much larger than the urban 

tracts'. Despite the problems with the census tract level data, for the purpose of this research 

census tracts were deemed the most appropriate geographic unit. 

The dependent variable was a census tract containing a site present or not. As stated 

earlier, this study does not concern itself with a community's exposure to toxicity. Instead the 

focus is on the presence of a locally unwanted land use. Tracts with sites present were coded as 

1, and those without were coded as 0. The list of all the municipal solid waste landfills in Tarrant 

County included the physical addresses and coordinates of the sites listed as well. These location 

descriptions were used in conjunction with physical site visits, the program Google Earth™ 4, 

and Tarrant County census tract maps acquired via the U.S. Census website to determine their 

tract locations. The Superfund sites had similar information as well, and the same methods were 

used for determining their tract locations. There are 310 census tracts in Tarrant County. 

Seventeen of those had at least one site present. Only two tracts had more than one site in them: 

One tract had four sites in it, and another tract contained two sites. These tracts were still coded 

as 1 because, for the purpose of this study, the interest is only in presence, not quantity. One site 

fell on the border of two tracts, so both were included. A second group was made up of tracts to 

study that included the seventeen tracts with at least one site present and tracts immediately 

adjacent to those. This is illustrated in Figure 1. 
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FIGURE 1. Tarrant County: Tracts with Sites and Adjacent Tracts 

miles 
j Tract with Site 

] Adjacent Tract 

The adjacent tracts were determined by using Geographic Information Systems to indicate all the 

tracts with sites, and then to designate those tracts that shared a border as adjacent. Tracts that 

simply met at a corner were not deemed adjacent. The total number of tracts in this group was 

eighty-five. Stretesky and Hogan (1998) used this grouping method in their study on Superfund 

sites in Florida. They found that some variables were more statistically significant with the 

second group. 
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Our independent variable data came from the 2000 U.S. Census, in the Summary 3 File, 

acquired through the Texas State Data Center website5. We gathered census tract data on race 

and ethnicity of the household head, female-headed households, household heads aged sixty-five 

years and older, housing units rented, people with less than a high school degree and people less 

than a college bachelor's degree, and median income. We created nominal dummy-coded 

variables for all the data except median income, using a threshold of fifty percent. For race and 

ethnicity we coded percent non-white-headed households (including Hispanic ethnicity) as more 

than fifty percent of a tract a 1 and less than fifty percent a 0. The same was done for percent of 

female-headed households, percent of household heads age sixty-five and over, percent of 

renters, percent of people with less than a high school degree education, and percent less than a 

college bachelor's degree education in a tract. These variables, including median income, serve 

to represent traditionally socially vulnerable groups of the population. 

The statistical analysis started with running frequencies on all of the variables. The 

nominal dummy coded independent variables were run through cross-tabulations and Chi-square 

tests, comparing characteristics of tracts with a site versus those without sites. The second 

grouping of eighty-five adjacent tracts was also run through cross-tabulations and Chi-square 

tests. Variables measured at an interval-ratio level were run through T-tests exploring differences 

in means for both groupings of tracts with sites versus those without sites. 
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DATA ANALYSIS AND R E S U L T S 

First, frequencies tallied up all of the occurrences of the dichotomous variables. These 

descriptive statistics can be viewed in Table 1. Next, bivariate analyses were employed in 

determining results. The dummy-coded nominal variables, nonwhite headed households, female 

headed households, household heads of sixty-five years and over, rented housing units, less-than-

high-school degree education and less-than-college degree education were run through Cross 

tabulations and Chi-Square tests to determine the strength of their correlation to site presence. 

The results of these tests can be viewed in Tables 3-13 in the appendix. 

FREQUENCY 
(in tracts) PERCENT MEAN 

SITES 0 
1 

293 
17 

94.50% 
5.50% 

-

SITES + ADJACENTS 0 
1 

225 
85 

72.60% 
27.40% 

-

FEMALE HOUSEHOLD HEAD 0 
1 

295 
15 

95.20% 
4.80% 

" 

65+ yrs of age HOUSEHOLD HEAD 0 
1 

309 
1 

99.70% 
0.30% 

" 

NONWHITE HOUSEHOLD HEAD 0 
1 

164 
146 

52.90% 
47.10% 

RENTED HOUSING UNITS 0 
1 

180 
130 

58.10% 
41.90% 

" 

LESS THAN H.S. EDUCATION 0 
1 

243 
67 

78.40% 
21.60% 

-

LESS THAN BACHELOR'S DEG. ED. 0 
1 

231 
79 

74.50% 
25.50% 

" 

MEDIAN INCOME in Tracts without sites 
in Tracts with sites 

0 
1 

$48,178.97 
$42,023.71 

While looking at the Chi-Squares, not one of the variables was found to be significant in 

predicting site presence. There was no strong positive or negative relationship with site presence. 

This was true for both grouping of tracts with sites and tracts with sites plus adjacent tracts. The 

T-test for the median income for the differences of the means resulted in a t of 1.169 which was 
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also not significant at less than a .001 level. The average median income for tracts without a site 

was $48,179, and for tracts with a site, $42,024. This is not a large enough difference to be 

significant, but it is worth noting. Table 2 and Figures 2 and 3 show how the two most significant 

factors in the literature, race and ethnicity and economic status interact with waste site presence. 

TABLE 2. Nonwhite Headed Households and Tracts with Sites 
SITE IN 
TRACTS: 

absent (0) present (1) Total: 
TRACTS WITH MAJORITY 
NONWHITE HEADED 
HOUSEHOLDS: 

non-
majority (0) 153 11 164 

majority (1) 140 6 146 

Total: 293 17 310 

X — -316 

FIGURE 2. Nonwhite Status and Site Locations 

M 
=5 

miles 
Majority Non-White 
Majority White 



FIGURE 3. Median Income and Site Locations 

to 

I $11,000 to $20,000 

I $20,000 to $30,000 

] $30,000 to $40,000 

] $40,000 to $50,000 

] $50,000 to 70,000 

] Over $70,000 

f Site 

Not one of the variables was significant enough to reject the null hypotheses. Thus, none 

of the following hypotheses were supported in regards to Tarrant County, Texas: 

HI: Census tracts with a majority of non-white-headed households will be more likely to contain 

a waste site. 
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H2: Census tracts with a majority of female-headed households will be more likely to contain a 

waste site. 

H3: Census tracts with a majority of household heads over the age of 65 will be more likely to 

contain a waste site. 

H4: Census tracts with a majority of housing units being rented will be more likely to contain a 

waste site. 

H5: Census tracts with lower median incomes will be more likely to contain a waste site. 

H6: Census tracts with the majority of the population having less than a high-school degree will 

be more likely to contain a waste site. 

H7: Census tracts with the majority of the population having less than a bachelor's degree will be 

more likely to contain a waste site. 

H8: Census tracts with a majority of non-white-headed households will be more likely to be 

adjacent to a tract containing a waste site. 

H9: Census tracts with a majority of female-headed households will be more likely to be 

adjacent to a tract containing a waste site. 

H10: Census tracts with a majority of household heads over the age of 65 will be more likely to 

be adjacent to a tract containing a waste site. 

H11: Census tracts with a majority of housing units being rented will be more likely to be 

adjacent to a tract containing a waste site. 

HI2: Census tracts with lower median incomes will be more likely to be adjacent to a tract 

containing a waste site. 

H13: Census tracts with the majority of the population having less than a high-school degree 

education will be more likely to be adjacent to a tract containing a waste site. 
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H14: Census tracts with the majority of the population having less than a college degree 

education will be more likely to be adjacent to a tract containing a waste site. 

These were surprising results as the literature researched for this study has found that 

solid waste sites are not distributed equitably. Granted, the indicators that researchers use to 

measure environmental inequality differ, along with the unit of analysis, but both landfills and 

Superfund sites have been found to be inequitably distributed through the population, especially 

in the South (Bullard 1990; Rodeheaver et al. 1997; Stretesky and Hogan 1998; Denq et al. 

2000). The use of census tracts as the unit of analysis has been a common approach in this type 

of study. In their study of toxic waste sites in Dallas County using census tracts, Rodeheaver et 

al. (1997) found that tracts with higher median home values were less likely to have toxic waste 

sites located in or nearby, yet those tracts which were predominantly minority were more likely 

to have these sites. Stretesky and Hogan's (1998) study of Superfund sites in Florida also showed 

that predominantly minority and lower income census tracts were strongly correlated with toxic 

waste sites. The methods have proved themselves even concerning geographic area. Studies 

employing these methods have focused on areas as close to Tarrant County as the city of 

Houston, Dallas County, and the Arlington/Fort Worth area (Bullard 1990; Rodeheaver et al. 

1997; Stretesky and Hogan 1998; Denq et al. 2000). 

However, to determine what was causing these results this study examined another 

variable. Knowing that census tracts do differ in size considerably throughout Tarrant County 

and that this is a sign of different population densities, a hypothesis was developed that 

population density might have something to do with what the results were showing. A T-test on 

census tract population density was analyzed by using data pulled from the same census dataset. 

The average population density in the 293 tracts that did not contain a site was 3,507 people per 
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square mile, versus 808 people per square mile for the seventeen tracts that contained a site. The 

T-test of the difference of the means resulted in a t of 5.426, which is significant at less than a 

.001 level. 

DISCUSSION 

The population density results form a very reasonable explanation for the results of the 

original analysis. The larger the population density, the less likely a census tract was to have a 

site. Without conducting a social historical analysis of the development of these sites and their 

surrounding communities, it is clear that Tarrant County has developed quite differently than did 

Dallas or Harris Counties. Tarrant County has many large, rural and/or undeveloped census 

tracts near the outer edges of the county. This is basically illustrated in all the figures, but 

Figures 1 and 4 are more important in terms of visualizing development. Figure 1 does a good 

job physically demonstrating this via the road networks. In contrast, Dallas County is nearly 

completely developed. According to the 2000 U.S. Census, the population density of Dallas 

County was 2,522 people per square mile, whereas the population density of Tarrant County was 

1,675 people per square mile. Also notable is the fact that the land areas of the two counties are 

very similar. Tarrant's land area is 863.42 square miles while Dallas' is 879.6 square miles, 

although their population densities vary highly. 
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FIGURE 4. Population Density and Site Locations 
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Tarrant's low population density is magnified in its large census tracts. As Stretesky and 

Hogan (1998) pointed out, the main problem with using census tracts as the unit of analysis is the 

considerable difference in size between the urban and non-urban tracts. In 2000, these large 

tracts were relatively undeveloped, as is well illustrated back in Figure 1. Almost all the green 

and yellow coded tracts are devoid of the massive road networks that are indicative of 
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population. Anderton, Oakes, & Egan argue that the boundaries of large, non-urban census tracts 

obscure community differences rather than reflecting them (1997). Census tracts work well when 

an area is populated because they follow community lines, but their relevancy in a model falls 

away when there is not enough population. 

The intersection of these problems with low population density tracts was the key factor 

in this study's results. As the figures illustrate, it seems almost all the sites ended up being 

located away from the population. Due to the size of the county and the concentration of the 

population living in the more central areas, it seems that the cities and businesses could afford to 

locate waste outside of areas where people were living. However, in theory, as Tarrant grows, 

this study anticipates these tracts with sites and their adjacent tracts to reflect the general 

population disparity trends past studies have found and that this study hypothesized. More 

socially vulnerable people will move into these areas as they are the ones who typically cannot 

afford to live in other areas. 

After understanding this finding, it seems that there might exist other and maybe better 

ways of analyzing the distribution of these sites' within the population. Tarrant County's 

boundary lines are just a square designed to contain a group of areas. City boundaries are a more 

natural phenomena in describing an area. Thus looking at tracts within cities might be more 

accurate in representing the distribution of sites. As well, maybe there is a more accurate unit of 

analysis rather than census tracts. However, this may not entirely be the case, as the nature of the 

size of sites in this study would possibly similarly affect other units of analysis. These waste 

sites typically take up a considerable amount of space and may have buffer areas as well, 

contributing to the large size. It is understandable that they might be located in larger census 
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tracts and in areas that might not be immediately surrounded by residential zoning, regardless of 

the unit of analysis used. 

There are two other less substantial explanations for these results, and they pertain to 

methodological considerations. One possible contributing factor is the number of sites that this 

study used, which is also tied to the type of sites this study used. There were only twenty sites 

distributed within seventeen census tracts out of a total of 310 census tracts in Tarrant County. 

This might be indicative of a methodological error. Though using methods implemented in past 

studies, Tarrant County was discovered to have unique features that became problematic in the 

analysis. Chi-Squares are sensitive to small numbers. In the case of this study, the Chi-Squares 

were showing very small expected frequencies. A number like seventeen has this affect in 

analysis. To remedy this issue, other indicators of environmental inequality for solid waste, such 

as Treatment, Storage, and Disposal Facilities, have sometimes been found to be distributed 

differently and more prevalent than this study's sites and are thus found in other types of 

communities, possibly resulting in more data (Krieg 1998). 

In addition to addressing the amount of data, another possible problem with this study is 

how variables were constructed. This study dummy coded all the independent variables except 

for median income. In constructing these dichotomous variables, "majority tracts" coded as 1 

were based on a population amount over fifty percent of the tract's population. This method 

could have possibly overlooked important differences in the population distribution relative to 

Tarrant County. In a study done on Superfund sites in Texas and Louisiana metropolitan areas, 

Denq et al. introduced the idea of relative deprivation as a way to account for the significance of 

demographic differences in tracts that do not have absolute group majorities (2000). A way to 

employ this idea in this study would be to no longer code a majority tract as 1 because a group is 

23 



over fifty percent of the population of that tract, but instead, define majority as a group's 

population being over the average population for that group in all of Tarrant County. This 

method then illustrates the relative disparities in distribution within Tarrant. Also possibly 

overlooked due to dichotomous variable construction are the detailed interactions of race and 

ethnicity throughout the tracts. The literature has shown that race and ethnicity is one of the 

strongest if not the strongest predictor for environmental hazard presence. This study combined 

race and ethnicity in its operationalization of the measure. To obtain a more detailed observation 

of this variable's influence, separating blacks from Hispanics, and both from whites might help 

yield a more accurate way of looking at what is happening with race and ethnicity in regards to 

distribution. 

CONCLUSION 

The notion of environmental justice comes from the incident of society's waste burdening 

social groups disproportionately. This phenomenon has its place in history (Pellow 2004). 

However, it was not until the late sixties and early seventies, with the help of highly publicized 

cases of environmental contamination that the public started to develop awareness about the 

situation, and the government started to involve itself. As the government took a more active role 

in the regulation of waste, it was left to the public to organize and be represented concerning 

regulation. This shifting of power from local to state or federal governments allowed the 

opportunity for social inequality to arise and cause disparate waste regulation, site development 

and site allocation (Saha and Mohai 2005). 

This study looks at a small area of this research concentration and applies it to an area 

that has not been knowingly studied before, Tarrant County. Areas near Tarrant County, such as 
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Dallas County and Houston have been studied in the past to examine environmental inequality. 

These areas were found to have various forms of environmental racism or environmental 

classism (Rodeheaver and Cutrer 1997; Bullard 1990). Instead of only trying to determine if 

either race and ethnicity or class are the main factors in predicting site presence or not, this study 

looks at a list of sociological variables that traditionally reflect the socially vulnerable. In finding 

that none of the hypotheses was supported and that population density was the influencing factor, 

this study can offer up a series of conclusions that add to the study of environmental inequality in 

terms of solid waste. Firstly, it is important to understand how an area has developed in terms of 

zoning and population location when considering methods for measuring environmental hazard 

distribution. The results of this study do not explicitly support that environmental inequality is 

absent from Tarrant County, but that the measures used might not be the most relevant for 

studying it in this area. As Krieg's research showed, different types of indicators for 

environmental inequality are more relevant to certain areas, depending on the social history of 

their development (1998). This is also true when evaluating units of analysis. Census tracts are a 

proven acceptable means of looking at population distribution as they tend to adhere to 

community characteristics. However, this fails when an area has large differences in urban and 

non-urban tract size as well as the correlating occurrence of large differences in tract population 

densities. This problem may be due to the boundaries of the chosen study area. If the boundaries, 

like those of Tarrant, do not reflect a natural progression of community distribution and 

development, analysis can be thrown off by taking into consideration outlying areas that are 

negligible to the study's model. 

Secondly, variable construction needs to consider the nature of how the demographic and 

social aspects of a population are distributed, especially relative to that area. Differences can be 
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highlighted or ignored in the analysis of variables that combine too much of the population or 

ignores the relative distribution of groups throughout the area. If the goal is to understand how 

different groups of society are affected by waste, then constructing variables that stay the most 

true to real world circumstances are in the study's best interest. 

The data of this study did not allow for a precise assessment. Future research might want 

to address these methodological points in the search to conduct a more accurate study. 

Researchers may need to think about things such as dropping relatively insignificant non-urban 

tracts or looking at city boundaries instead of county lines as well as operating off of Krieg's 

(1998) findings by varying the indicators for environmental hazards, while making sure the 

indicators are the most relevant to the area. 

NOTES 

1. Lois Gibbs, a mother and houseweife living in the area of Love Canal (near Niagra Falls) helped gain 
the town publicity in 1979 for the fact that it was built on a company's hazardous waste dump (Saha and 
Mohai 2005). 
2. Three-Mile Island was a highly publicized nuclear accident in 1979 (Saha and Mohai 2005). 
3. Google Earth™ is a free program available online to download. "Google Earth combines the power of 
Google Search with satellite imagery, maps, terrain and 3D buildings to put the world's geographic 
information at your fingertips." Images are photographs taken by satellites and aircraft sometime in the 
last three years. From http://earth.google.com. 
4. Data was gathered via this site: http://txsdc. utsa.edu/txdata/ 
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APPENDIX 

TABLE 3. Female Headed Households and Tracts with Sites 

SITE IN 
TRACTS: 

absent 
(0) present (1) Total: 

TRACTS WITH MAJORITY FEMALE HEADED 
HOUSEHOLDS: 

non-majority 
(0) 278 17 295 

majority (1) 15 0 15 

Total: 293 17 310 
t = -339 

TABLE 4. Persons over the age of 65 Headed Households and Tracts with Sites 
SITE IN 
TRACTS: 

TRACTS WITH MAJORITY 
65+ yrs of age HEADED 
HOUSEHOLDS: 

absent (0) present (1) Total: 
TRACTS WITH MAJORITY 
65+ yrs of age HEADED 
HOUSEHOLDS: 

non-

majority (0) 

majority (1) 

292 17 

1 0 

309 

1 

TRACTS WITH MAJORITY 
65+ yrs of age HEADED 
HOUSEHOLDS: 

Total: 293 17 310 
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TABLE 5. Rented Housing Units and Tracts with Sites 
SITE IN 
TRACTS: 

TRACTS WITH MAJORITY 
RENTED HOUSING 
UNITS: 

absent(0) present(1) Total: 
TRACTS WITH MAJORITY 
RENTED HOUSING 
UNITS: 

non-

majority (0) 

majority (1) 

173 7 

120 10 

180 

130 

TRACTS WITH MAJORITY 
RENTED HOUSING 
UNITS: 

Total: 293 17 310 

TABLE 6. Individuals with Less than a High School Education and Tracts with Sites 
SITE IN 
TRACTS: 

absent(0) present (1) Total: 
TRACTS WITH MAJORITY 
LESS THAN H.S. 
EDUCATION: 

non-
majority (0) 229 14 243 

majority (1) 64 3 67 

Total: 293 17 310 
-683 

TABLE 7. Individuals with Less than a Bachelor's Degree and Tracts with Sites 
SITE IN 
TRACTS: 

TRACTS WITH MAJORITY 
LESS THAN BACHELOR'S 
DEG. EDUCATION: 

absent(0) present(1) Total: 
TRACTS WITH MAJORITY 
LESS THAN BACHELOR'S 
DEG. EDUCATION: 

non-

majority (0) 

majority (1) 

217 14 

76 3 

231 

79 

TRACTS WITH MAJORITY 
LESS THAN BACHELOR'S 
DEG. EDUCATION: 

Total: 293 17 310 
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TABLE 8. Female Headed Households and Adjacent + Site Present Tracts 
SITE IN 
TRACTS + 
ADJACENTS: 

absent (0) present (1) Total: 
TRACTS WITH MAJORITY 
FEMALE HEADED 
HOUSEHOLDS: 

non-
majority (0) 215 80 295 

majority (1) 10 5 15 

Total: 225 85 310 
X = -599 

TABLE 9. Household Heads 65 years of age & Over and Adjacent + Site Present Tracts 
SITE IN 
TRACTS + 
ADJACENTS: 

TRACTS WITH MAJORITY 
+65 yrs of age HEADED 
HOUSEHOLDS: 

absent (0) present (1) Total: 
TRACTS WITH MAJORITY 
+65 yrs of age HEADED 
HOUSEHOLDS: 

non-

majority (0) 

majority (1) 

224 85 

1 0 

309 

1 

TRACTS WITH MAJORITY 
+65 yrs of age HEADED 
HOUSEHOLDS: 

Total: 225 85 310 

TABLE 10. Nonwhite Household Heads and Adjacent + Site Present Tracts 
SITE IN 
TRACTS + 
ADJACENTS: 

absent(0) present (1) Total: 
TRACTS WITH MAJORITY 
NONWHITE HEADED 
HOUSEHOLDS: 

non-
majority (0) 117 47 164 

majority (1) 108 38 146 

Total: 225 85 310 

X -604 
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TABLE 11. Rented Housing Units and Adjacent + Site Present Tracts 
SITE IN 
TRACTS + 
ADJACENTS: 

absent(0) present (1) Total: 
TRACTS WITH MAJORITY 
RENTED HOUSING 
UNITS: 

non-
majority (0) 131 74 180 

majority (1) 94 36 130 

Total: 225 85 310 

X - -927 

TABLE 12. Individuals with Less than a H.S. Education and Adjacent + Site Present Tracts 
SITE IN 
TRACTS + 
ADJACENTS: 

absent(0) present (1) Total: 
TRACTS WITH MAJORITY 
LESS THAN H.S. 
EDUCATION: 

non-
majority (0) 174 69 243 

majority (1) 51 16 67 

Total: 225 85 310 
X = -463 

TABLE 13. Individuals with Less than a Bachelor's Degree and Adjacent + Site Present Tracts 
SITE IN 
TRACTS: 

TRACTS WITH MAJORITY 
LESS THAN BACHELOR'S 
DEG. EDUCATION: 

absent (0) present (1) Total: 
TRACTS WITH MAJORITY 
LESS THAN BACHELOR'S 
DEG. EDUCATION: 

non-

majority (0) 

majority (1) 

164 67 

61 18 

231 

79 

TRACTS WITH MAJORITY 
LESS THAN BACHELOR'S 
DEG. EDUCATION: 

Total: 225 85 310 

X - -285 
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