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ABSTRACT 

 The purpose of this paper is to assess how the characteristics of class and race are 

associated with facility pollution levels.  Other studies have examined the relationship 

between class and racial characteristics and firm emissions and have found mixed results.  

For example, Ringquist (1997) and Brooks and Sethi (1997) find a positive and 

significant correlation between income and emissions levels, while Centner (1996) fails 

to find a significant correlation between the two variables. Arora and Cason analyze 

neighborhood characteristics at the zip code level in an attempt to explain changes in 

toxic emissions releases between 1990 and 1993.  My paper builds on the work of Arora 

and Cason (1996) but differs in several important ways.  First, I focus on the St. Louis 

MSA.  Second, I use more recent Toxic Release Inventory and Census Data.  In my 

analysis, I address the following question: Are 2004 emissions (compared to 2000 

emissions) disproportionately larger in minority and low-income populations in the St. 

Louis MSA or not?  Using the Heckman two-step maximum likelihood model, I find that 

the level of pollution earlier in time is a positive predictor of pollution later in time.  

While environmental justice variables are not statistically significant in my results, 

further study over longer periods of time and over larger geographic areas may reveal 

ways in which these variables significantly affect communities.  
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INTRODUCTION 

Environmental justice is defined by Presidential Executive Order 12898 as “the fair 

treatment and meaningful involvement” of all people regardless of race, color, sex, national 

origin, or income with respect to the development, implementation and enforcement of 

environmental laws, regulations, and policies. (Schlosberg 2007)  The principle of environmental 

justice is meant to assure protection from environmental degradation, prevention of adverse 

health impacts from worsening environmental situations before harm happens, holding polluters 

not residents responsible, and restoring the environment in conjunction with human rights 

principles. (Cutter 1995) 

Concern about the possibility of environmental racism emerged in the 1960s and 1970s, 

but in 1982 a major event brought environmental justice to the national political arena.  State 

officials gave permits to locate a poly-chlorinated biphenyl (PCB) landfill near a predominatly 

black community in Warren County, North Carolina.  Intense protests developed resulting in the 

arrest of 500 people including Congressman Walter Fauntroy.  Following the events of 1982, a 

United States General Accounting Office (GAO) investigation provided evidence that three of 

the four major hazardous waste landfills were placed in predomnantly black communities in 

which the residents were disproportionately living below the poverty line. (Mohai 1992)  These 

early studies were the impetus for greater policy focus on the issue of environmental justice, 

culminating in Executive Order 12898 in February 1994.  Interest in documenting the extent of 

environmental justice has continued in both the research and policy arenas. For instance, at a 

national level, Pastor (2001) finds evidence that areas within a one-quarter mile of a toxic storage 

and disposal facility, on average, have 25% more minority individuals than in the rest of the 
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country. (Pastor 2001)  Today, the Black Congressional Caucus has the best environmental 

voting record in Congress which reflects that its members feel their constituents are victimized 

by poor environmental quality. (Cutter 1995) 

My study investigates whether a relationship exists between changes in the levels of 

emissions compared to the community factors, such as racial and income characteristics.  I 

examine the extent to which lower income neighborhoods and neighborhoods with larger racial 

minorities are exposed to higher relative toxicities.  My research is significant because I focus on 

the St. Louis MSA, which currently has little scholarly research.      

I have two primary research questions.  Are 2004 emissions compared to 2000 emissions 

disproportionately larger in minority and low-income populations in the St. Louis MSA?  

Furthermore, do minority and low-income populations face emissions of higher toxicities?   

Many studies about the relationship between environmental degradation and 

neighborhood characteristics discuss a linear relationship between pollution and racial 

discrimination or a linear relationship between pollution and class, while others alert scholars to 

the possibility of nonlinear effects.  Standard regression methods assume linearity.  In other 

words, they assume that the dependent variable changes by a constant amount with respect to the 

independent variable.  I look at the way in which polluting firm, racial, and income 

characteristics all fit into an equation with risky emissions releases.  While firms decide how 

much to emit from a production standpoint, this decision only accounts for one piece of the 

puzzle.  The vulnerability that certain communities and more specifically individuals within 

these communities face is demonstrated through income and racial characteristics.  Something 

that is unique to my study is that I have three different versions for my dependent variable 

(emissions).  A lot of studies only look at combined emissions regardless of the relative toxicity 
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of various chemicals, and other studies account for differences in toxicity.  Very few studies 

account for differences in exposure in addition to combined emissions and differences in 

toxicity, which is what I do in my study.  Additionally, I build upon the current literature by 

using more current Census and TRI data than employed by earlier scholars in the field, such as 

Arora and Cason (1996).  Arora and Cason (1996) focus on three sets of characteristics in 

communities to analyze how important each is in impacting environmental outcomes.  They 

address racial, gender, and immigrant characteristics, economic characteristics, and political 

action characteristics and the relationship between each set of qualities and environmental 

degradation.  Additionally, the Arora-Cason article argues that no theory exists indicating a 

linear relationship between pollution and community characteristics. (Arora 1996)  Arora and 

Cason use more complex techniques by using the Heckman method that allow them to make 

assumptions that are novel compared to previous studies. 

Most of the studies that I found do not discuss individual municipalities, but rather they 

discuss the United States at large.
1
  I wish to contribute detailed literature using similar 

methodology to previous studies but by addressing the St. Louis metropolitan area (as defined by 

the Census metropolitan statistical area) instead of the United States in its entirety.  Additionally, 

little environmental justice literature exists about St. Louis and its surrounding areas, so I wish to 

contribute to this field of study.   

In my exploration of the environmental justice movement and the impacts of pollution on 

low-income and minority communities, I use the Heckman two-stage maximum likelihood 

model.  The Heckman model is appropriate because in stage one I am able to distinguish which 

                                                           
1
 While most of the literature for my research did not focus on individual municipalities, location studies often do 

focus on individual municipalities.  For example, Pastor (2001) concentrates on Los Angeles, Krieg focuses on 

Boston (1995), and Baden (2002) discusses Chicago. 
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zip codes have one or more polluting facilities, and then in stage two I determine whether 

pollution increases, decreases, or remains that same in the zip codes with one or more facilities.  

I use Toxic Release Inventory (TRI) data in combination with US Census data to assess 

the relationship between neighborhood characteristics and toxic releases at the zip code level.  

While community characteristics and emissions data change over time, I draw my independent 

variables from US Census data in a previous period, 2000, relative to my dependent variable, 

2004 TRI emissions in an attempt to isolate one from the other.  Additionally, while I am using 

the TRI dataset, I use EPA’s Risk-Screening Environmental Indicators (RSEI) to employ two 

methods of aggregation—one method weights all chemicals equally and the other accounts for 

the different toxicities of the different chemicals.  Just as Arora and Cason’s analysis, I run my 

regressions with and without accounting for the chemical weights to assess how my results 

change. (Arora 1996)   

BACKGROUND 

Environmental justice advocacy emerges as the natural extension of the Civil Rights Act 

of 1964.  In addition to the Warren County events, a few major activities initiated the 

environmental justice movement in the United States both before and after Warren County.  In 

1971, the President’s Council on Environmental Quality’s (CEQ) annual report for the first time 

acknowledged racial discrimination adversely affects urban poor and the quality of their 

environment.
2
  Additionally, the dumping of nuclear waste into native lands was recognized as a 

large concern for environmental racism.  For example, according to Northern Arizona 

University’s Center for American Indian Economic Development, Native Americans living in 

the Southwest face the burden of radioactive waste dumping.  For years, waste disposal 

                                                           
2
 This can be accessed at www.whitehouse.gov/administration/eop/ceq. 
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companies have been attempting to convince Native Americans to allow dumping on 

reservations under the guise of improving economic conditions.  High rates of lung cancer and 

poisoned land have occurred on Navajo reservations generally from uranium mining.
3
   

The academic literature also began to recognize that race and poverty may be negatively 

correlated with environmental quality.  In 1978, Robert Bullard, the father of the environmental 

justice movement, began investigating Triana, Alabama where DDT contaminated a stream in a 

predominantly black and poor community.
4
  In 1990, he published Dumping in Dixie: Race, 

Class, and Environmental Quality, which is the first text on environmental justice.  While not a 

quantitative text, it illustrates that to be a minority or low-income often means experiencing a 

disproportionate amount of the US’s environmental problems.  Dumping in Dixie follows the 

efforts of five black communities empowered by the civil rights movement to link social justice 

and environmental activism. 

Other than the 1971 President’s CEQ report, serious government attention to the issue 

only came many years later as a result of increased attention by advocates within government.  In 

1990, the Congressional Black Caucus (CBC) met with the EPA officials to discuss its research 

that environmental harms are higher for minority and low-income communities.  The CBC 

contended that the EPA inspections did not address its population’s needs.  Subsequently, the 

EPA established the Environmental Equity Workgroup to address the risk burden placed on 

racial minorities and low-income populations.
5
  In 1992, the Workgroup formed the Office of 

Environmental Justice at the EPA in an effort to integrate environmental justice into the EPA’s 

permitting, inspection, and enforcement decisions.
6
 

                                                           
3
 This can be accessed at www.cba.nau.edu/caied/tribepages/Navajo.asp. 

4
 This can be accessed at www.drrobertbullard.com. 

5
 This can be accessed at www.epa.gov. 

6
 This can be accessed at www.epa.gov. 

http://www.epa.gov/
http://www.epa.gov/
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In March 1994, President Clinton issued Executive Order 12898, which addresses 

environmental justice in minority and low-income communities.  The intent of the Executive 

Order is to promote nondiscrimination in federal government programming related to human 

health and the environment.  Additionally, the Executive Order provides minority and low-

income populations access to public information and public participation in affairs of human 

health and the environment. (Executive Order 12898) 

The study of whether emissions disproportionately affect low-income or minority 

communities also was aided by the collection and publication of facility-level emissions data.  In 

1987, Congress passed the Emergency Planning and Community Right-to-Know Act (EPCRA), 

which requires manufacturing sector facilities (SIC codes 20-39) to report releases of more than 

300 chemicals and chemical categories in the Toxic Release Inventory (TRI) Chemical List.  

Passage of the 1990 Pollution Prevention Act expanded TRI to include information on toxic 

chemicals in waste and on source reduction methods.  In 1991, covered facilities were required 

to report quantities of TRI chemicals recycled, combusted for energy recovery, and treated both 

on- and off-site.  Subsequently, the EPA expanded TRI to cover more industrial facilities and 

chemicals than were originally included.  A variety of groups, including the EPA, have coupled 

these data with Geographic Information System (GIS) mapping, so that concerned citizens can 

easily see what is being emitted in their communities. 

In my analysis, I address the environmental justice movement and implications of toxic 

emissions releases in the St. Louis MSA.  The environmental justice movement is developing 

more slowly in the St. Louis MSA compared to other parts of the United States.  Nevertheless, 

awareness and actions to combat environmental injustice in St. Louis are occurring.   
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One of the most noteworthy projects in the St. Louis MSA is the St. Louis Gateway 

Initiative, including: the EPA’s Listening Tour, a Community Air Project, and the St. Louis Lead 

Coalition.
7
  The Listening Tour is designed to provide those who are most disadvantaged and 

disenfranchised with a venue in which to voice their concerns.  The Community Air Project and 

the St. Louis Lead Coalition among other projects primarily target minority and low-income 

populations.  

Importantly, a few state agencies are active in trying to manage the environmental 

hardships faced by low-income and minority populations in the St. Louis MSA.  The Missouri 

Department of Natural Resources and the Illinois EPA collaborated to create the St. Louis Air 

Quality Management Plan in 2010.
8
  Additionally, in August 2011, the state of Illinois founded 

the Environmental Justice Commission.  The Commission analyzes Illinois state laws and 

policies to ensure that no population bears an unfair burden of population risks.
9
  According to 

the state government of Illinois, the Commission began by addressing increasing asthma rates in 

minority communities throughout the state, including East St. Louis.
10

 

In the summer of 2011, the Metropolitan St. Louis Sewer District (MSD), which services 

St. Louis City, St. Louis County, and the surrounding areas in Missouri (no counties in Illinois), 

(Phone Interview with MSD operator) committed to invest $100 million in an innovative green 

infrastructure program that focuses on low-income and minority populations that have suffered 

an undue burden from air, water, or land pollution.  Furthermore, MSD committed $30 million to 

an enhanced pipe lining program as part of its environmental justice initiatives.  According to the 

US Department of Justice, MSD established these projects in a legal settlement between the US, 

                                                           
7
 Further information about the St. Louis Gateway Initiative can be found at www.epa.gov. 

8
 This can be accessed at www.dnr.mo.gov. 

9
 Further information can be accessed at www.news.stlpublicradio.org. 

10
 This can be accessed at www.illinois.gov/Press_Releases. 

http://www.epa.gov/
http://www.dnr.mo.gov/
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the Missouri Coalition for the Environment Foundation, and MSD in the US District Court for 

the Eastern District of Missouri.
11

   

In my investigation, I examine the environmental justice movement by assessing the 

effects of toxic emissions releases in the St. Louis MSA.  As illustrated in this section, 

environmental justice programs are relatively new on the federal level and in their infancy on the 

local level in the St. Louis MSA.  Therefore, I analyze the environmental justice literature and 

environmental justice variables to gain insight into this emerging field of study and subsequently 

to provide policy recommendations based off of findings.    

 

LITERATURE REVIEW  

When focusing on how low-income communities and minority groups face adverse 

outcomes from environmental degradation some scholars focus on emissions while some 

concentrate on facility location.  I update and expand upon the studies that focus on emissions 

releases.  Thus, my literature review will primarily discuss studies that examine the relationship 

between firm emissions and environmental justice relevant characteristics such as race and 

income. 

As introduced in my background information section, the EPA published the TRI data 

because of the Right-to-Know Act after public outcry over environmental harms.  Kennedy, 

LaPlante, and Maxwell identify a market failure in the provision of information about polluting 

consumer products and argue that there is a role for public information provision if no other 

policy instruments are available. The market failure occurs because the “individual consumer 

does not take full account of the benefit she bestows on other consumers if acquired information 

leads her to reduce her consumption of the polluting product.” (Kennedy 1994)  Additionally, in 

                                                           
11

 This can be accessed at www.justice.gov/opa. 
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terms of firm-based incentives, there is growing academic and policy-level interest in the use of 

information as quasi-regulatory mechanisms, such as TRI “green labels.”  Konar and Cohen 

provide evidence on the effectiveness of disclosure requirements by examining firm behavior in 

response to disclosures of TRI emissions.  The authors discover that firms with the largest stock 

price decline on the day the information became public subsequently reduced emissions more 

than their industry peers.  This information is consistent with the view that financial markets may 

provide strong incentives for firms to change their environmental behavior. (Konar 1997)  

However, this literature does not focus on differential effects of information provision by race 

and income. 

Ringquist provides a unique example of competing explanations for the distribution of 

environmental risks produced by TRI facilities.  Holding constant multiple background 

characteristics, he analyzes the assertions that risks from TRI facilities are concentrated in poor 

and minority areas.  The author employs a series of probit, negative binomial event count, and 

weighted least squares models for all United States residential zip codes.  He discovers that even 

when controlling for background factors TRI facilities and pollutants are concentrated in 

residential zip codes with large minority populations.  The racial attributes of neighborhoods, 

more than their class characteristics, best account for the patterns in the distribution of 

environmental risk.  Ringquist suggests that the racial composition of residential neighborhoods 

is used as a relevant criterion when approving the location of new TRI facilities. (Ringquist 

1997) 

Hamilton posits three hypotheses that might explain why environmental risks vary by 

race and income:  “pure discrimination,” differences in willingness to pay for environmental 

health, and variation in likelihood of participating in “collective action” against the polluters.  In 
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the “pure discrimination” model, owners of waste facilities tradeoff profits for prejudice.  The 

owners gain utility by maximizing financial profits regardless of the environmental and health 

destruction faced by racial minorities and low-income communities.  Hamilton explains 

“differences in willingness to pay for environmental health” by addressing the way in which 

firms take into account physical and demographic characteristics of a neighborhood.  Firms tend 

to locate in neighborhoods in which the residents have a low willingness to pay for the 

environmental harms and low expected damages in liability cases.  Therefore, the firm 

compensation demands and expected liabilities from operations are lower in areas with lower 

income populations.  Third, Hamilton describes the hypothesis of collective action as the ability 

of a group to voice its demands through the political process.  He then empirically examines 

whether community characteristic variables, such as income, education, race, and political 

participation rates, are relevant to toxic storage and disposal facility expansion decisions in the 

United States.  He finds that the hypothesis of collective action is most successful at explaining 

which areas were chosen for additional waste capacity.  The author’s findings, also, support the 

“differences in willingness to pay for environmental health” hypothesis.  Hamilton rejects “pure 

discrimination,” but such a rejection does not imply that racism is not relevant as an underlying 

factor.  If minority communities are less likely to participate in collective action and to avoid free 

rider problems, then firms may located in these communities because that is where political 

opposition is lowest. (Hamilton 1995)    

Brooks and Sethi examine the relationship between community-level exposure to air 

toxins and socioeconomic, political, and demographic characteristics of the population.  They 

run cross-sectional regressions on all continental US zip codes, and their findings reveal that 

greater exposure to air toxins occurs in black communities.  Ultimately, they focus on the US zip 
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codes with the highest levels of exposure to pollutants.  Furthermore, they demonstrate that voter 

turnout and socioeconomic conditions, such as income level, education level, and renter versus 

owner occupied units, affect exposure.  The authors find that the communities with lower 

educational attainment, higher poverty levels, higher minority concentrations, and higher renter 

occupied housing are more highly exposed to pollution (all significant at 1% level). (Brooks 

1997) 

Becker examines whether community characteristics impact the air pollution abatement 

activity at nearby manufacturing plants by using establishment-level data from the US Census 

Bureau’s Pollution Abatement Costs and Expenditures survey.  While controlling for facility 

characteristics and formal environmental regulation, he discovers that certain community 

characteristics have additional effects on local air pollution abatement expenditures.  For the 

most pollution-intensive industries, larger per capita income, higher degrees of homeownership, 

a greater concentration of Democratic voters, and being located in a metropolitan area are found 

to increase plant-level air pollution abatement activity.  In contrast, a greater presence of 

manufacturing employees is found to decrease air pollution abatement expenditures. (Becker 

2004) 

My research builds on Arora and Cason (1996).  They use data on the change in 

emissions releases between 1990 and 1993 along with 1990 Census data on racial, gender, and 

immigrant characteristics, economic characteristics, and political action characteristics.  Using 

the two-stage maximum likelihood sample selection model, in their first stage, they estimate a 

probit model with the dependent variable equal to one if the neighborhood experienced any toxic 

releases in 1990 or 1993 and zero otherwise.  In the second stage, they estimate their main model 

with the change in releases as the dependent variable, adding the estimated likelihood of any 
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releases for that zip code calculated from stage one.   Arora and Cason (1996) focus on the US at 

large as well as specific characteristics for California and the South.  Similar to Hamilton (1995), 

Arora and Cason analyze the following three hypotheses: “pure discrimination,” income 

differences in willingness-to pay, and collective action.  In their study the authors cannot 

completely reject any of the three hypotheses because of differences across the US regions.  

Overall, Arora and Cason find that their estimates based on the entire US indicate emissions 

releases decline in neighborhoods with very wealthy residents and in neighborhoods with high 

unemployment.  Furthermore, releases increase in neighborhoods with a high poverty rate 

(“economic” or “class” discrimination).  Their California estimates offer weak evidence that 

emissions releases decrease in areas with greater voter turnout (collective action hypothesis). 

(Arora 1996)
12

 

Building on the work by Arora and Cason (1996), I assess whether racial, economic, 

and/or other community attributes influence toxic emissions releases.  While they use 1990 

Census data and 1990-1993 TRI releases to examine this question, I use more recently available 

data from the 2000 Census and 2000-2004 TRI releases.  Also, while Arora and Cason examine 

the US, California, and the South, I focus on the St. Louis metropolitan statistical area.  I seek to 

contribute to the environmental justice literature for the St. Louis region, since little scholarly 

information is available for this MSA.  Furthermore, I will not look at collective action or voter 

participation variables, but instead I will focus on racial and socioeconomic characteristics.
13

  

                                                           
12

 There is an entire literature dedicated to investigating the dynamics of how the relationship between race, income, 

and emissions arose.  Two competing theories exist: One argues that the firm locates in a poor minority 

neighborhood, and the other contends that the community grew up around it because of the firm’s effect on property 

values.  For more information, see Been (1995) and Gupta (1997) for early examples of this type of research, and 

see Pastor (2001), Crowder and Downey (2010), and Gray and Shadbegian (2002) for more recent examples. 
13

 Nevertheless, I control for collective action by including an education variable and the total population variable. 
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CONCEPTUAL MODEL 

The main objective of my study is to answer the following questions: 

1. Are 2004 emissions (compared to 2000 emissions) disproportionately larger in minority 

and low-income populations in the St. Louis MSA? 

2. What is the association, if any, between various community characteristics and high 

levels of pollution? 

3. What community characteristics aspects deter or encourage higher levels of pollution? 

4. Do minority and low-income populations face disproportionately riskier or more toxic 

emissions? 

I do this by examining the level of TRI emissions in 2004 as a function of previous emissions 

and socioeconomic variables included to control for each of the three possible explanations 

offered by Hamilton (1995): pure discrimination; differences in willingness to pay for 

environmental health; and the likelihood of participating in collective action against the 

polluters.  
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Figure 1: Factors that Influence Emissions Effects 

 

  

 

 

 

 

 

 

 As outlined in the literature review, the “pure discrimination” hypothesis is based on 

phenotypic characteristics of race and the social stratification that results from it.  “Willingness 

to pay” includes identifiable measures of wealth that one has.  “Collective action” incorporates 

education level because education level is related to participation in a community institution and 

greater levels of education encourage more community participation and political activism. 

(Hamilton, 1995)  Additionally, population corresponds with collective action because increasing 

populations tend to exhibit reduced political participation.  Nevertheless, political participation in 

not evenly distributed, and in increasing populations power often shifts to the wealthier 

individuals and communities. (Borck, 2002)  The last category in the conceptual model 

incorporates other controls related to economic, state, and pollution differences that may affect 
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ANALYTIC MODEL 

My goal is to explain the changes in toxic chemical emissions using the socio-economic 

characteristics of zip code neighborhoods.  To translate my conceptual model into an 

econometric specification, I have two stages in the Heckman maximum likelihood model.   In 

stage one, I define the dependent variable as 1 if at least one polluting facility is present in a zip 

code and 0 if no polluting facilities are present in a zip code.  In stage two, I define the dependent 

variable as either the total toxic air releases in 2004 or the change in total toxic air releases 

between 2000 and 2004 for the zip codes that have at least one polluting facility in stage one. 

Prior to my model specification discussion, I wish to explain how I remedy the 

endogeneity problem.  In reality, neighborhood characteristics and environmental performance 

are determined simultaneously.  To explain, a facility locates in an area which in turn increases 

the environmental risk and causes the land and housing values of that area to decline.  

Furthermore, residents who choose to live in that area may either place a low value on the 

environment or may have low-incomes that limit their ability to locate in less environmentally 

degraded areas. (Arora 1996)  The manner through which I avoid this endogeneity problem is to 

use the 2000 Census data to explain changes in releases from 2000 to 2004.  Increases in releases 

occur from new facilities or expansion of existing facilities after 2000, so the 2000 community 

characteristics should be exogenous to these post-2000 facility decisions.  Nevertheless, I 

recognize that some level of endogeneity still might be present.   

 Sample selection bias poses a great potential challenge to my study.  In constructing the 

dependent measure of toxic release changes, I find that many neighborhoods do not have any 

toxic chemical releases in either 2000 or 2004.  68.48% percent of the 276 zip codes with 

demographic data report no toxic chemical releases to the TRI.  These zero release 
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neighborhoods are not a random sample of neighborhoods.  Therefore, if I exclude them, I likely 

would have significant sample selection bias.   

To overcome the problem of sample selection bias, I chose to utilize the Heckman two-

stage maximum likelihood sample selection model.  In this model, my change in releases 

equation explicitly accounts for the non-random selection of neighborhoods with any toxic 

chemical releases.  

Adapting from Arora and Cason, the first stage of the Heckman model estimates a probit 

model [dependent variable = 1 if the neighborhood experienced any toxic releases in 2000 or 

2004 (and = 0 otherwise)].  The second stage uses the change in releases as the dependent 

variable, and it estimates my main model by adding the estimated likelihood of any releases for 

that zip code calculated from stage 1. (Arora 1996)  I use emissions in 2000 to separately identify 

the second stage of the regression from the first stage. 

 

I run the following regression model for my study in the first stage:
14

 

 

One or More Polluting Facilities in a Zip Code =          Constant +                       ln(total 

population) +                   percent minority +                               percent high school 

graduate +                     percent unemployed +                                percent in 

manufacturing jobs +                                ln(average household income) + 

          (Missouri) 

 

 

                                                           
14

 Stage one must differ from stage two even if just slightly for the Heckman method to work properly. 
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I run the following regression models for my study in the second stage: 

 

ln(releases 2004) =          Constant +                    ln(releases 2000) + 

                       ln(total population) +                   percent minority + 

                              percent high school graduate +                     percent 

unemployed +                                percent in manufacturing jobs + 

                               ln(average household income) +           (Missouri) 

 

ln(change in releases between 2004 and 2000) =          Constant +                    ln(releases 

2000) +                        ln(total population) +                   percent minority + 

                              percent high school graduate +                     percent 

unemployed +                                percent in manufacturing jobs + 

                               ln(average household income) +           (Missouri) 

 

I use the natural log for several of my variables to convert absolute difference into relative 

differences for more plausible comparisons. 

 

When assessing the emissions findings, I use the weights from the Risk-Screening 

Environmental Indicators (RSEI) data, so I account for the adverse health outcomes faced by 

different populations in my dependent variable.  I use the following weighting scheme: 

Risk-related results Surrogate Dose x Toxicity Weight 

Hazard-based results Pounds x Toxicity Weight 

Pounds-based results TRI Pounds released 
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The pounds-based results are the raw information that the TRI data provide, and then I build 

from the pounds to weight for hazard-based results and for risk-related results.  Furthermore, I 

run my regression with and without weighting to assess whether the weighting has significant 

effects on my results. 

The variables that I include on the right hand side represent Hamilton’s (1995) three 

hypotheses about why environmental risks vary by race and income.  Representing pure 

discrimination is: percentage of minority residents.  Representing willingness to pay are: average 

and median household income and percent poor.
15

  Representing collective action are: 

percentage of high school graduate degree recipients and total population.  Representing state 

and economic controls are: percentage unemployed, percentage in manufacturing, total emissions 

releases in 2000, and a state indicator for Missouri versus Illinois.  I expect that zip codes with 

higher minority concentrations, higher levels of unemployment, lower educational attainment, 

and more people employed in manufacturing are exposed to greater quantities of emissions and 

to more toxic emissions.  Based on environmental justice literature and research, Hamilton 

(1995), Arora and Cason (1996), and Brooks and Sethi (1997) show that regions with higher 

minority concentrations, higher levels of unemployment, lower educational attainment, more 

people in manufacturing, and fewer people who participate in political activities tend to have 

higher quantities of toxic emissions.  Hamilton (1995), Arora and Cason (1996), and Brooks and 

Sethi (1997) find that environmental justice variables do affect pollution levels, and in 

accordance with their studies, I predict that such will be the case in the St. Louis MSA.  I expect 

race (minority) and income (lower-incomes) to be positively related to emissions releases. 

Race and poverty variable are the main variables of interest.  Based on the literature, one 

expects them to be positively related to emissions changes.  To elaborate, a higher percent of 

                                                           
15

 While I do not use percent poor in my main models, I use it in my sensitivity analysis. 
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minority persons is related to higher emissions releases.  Additionally, higher rates of poverty are 

associated with higher emissions releases.  Nevertheless, it is open to question whether percent 

minority and poverty variables will be significant due to the mix of results in previous studies.  

Importantly, I chose to use percentage unemployed as a measure for poverty status.  To explain, 

since the percent of poor residents is highly correlated with the percent of minority resident 

(correlation coefficient: 0.81), I need an instrument for poverty.  While the percent of 

unemployed is relatively less correlated with the percent of minority residents (correlation 

coefficient: 0.67), it is more closely correlated with poverty (correlation coefficient: 0.82), 

making percent unemployed a good proxy for percent poor residents.  As demonstrated, percent 

of unemployed is still correlated with minority, but including it as a proxy is a small 

improvement over direct inclusion of a poverty variable.  Additionally, I recognize that there are 

a variety of measures for conceptualizing poverty and income (which I address below).  I 

examine the alternative measures in my regressions through sensitivity analyses.    

I choose to use the percent of residents with a high school degree to represent level of 

education because high school graduate is commonly used in the literature, making it easier to 

compare my results with others.  I cannot include all levels of educational attainment because 

they are highly correlated with one another.  I anticipate that greater numbers of high school 

graduates will be in areas with lower emissions releases (i.e. negatively associated with one 

another).  This association corresponds with the work of Arora and Cason (1996), Brooks and 

Sethi (1997), and Ringquist (1997).  Additionally, I include total population because as total 

population increases I predict that emissions increase. (Shi 2003)  

The percent of individuals in manufacturing is a control variable that proxies the tradeoff 

between jobs and the environment.  As Hamilton (1995) suggests, most extreme pollution from 
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point source emissions occurs in zip codes where plants are located.  Accordingly, the 

manufacturing jobs are grouped in areas where plants are located because the plants have staffing 

needs to maintain their operation status.  It follows, that the percent of individuals in 

manufacturing is likely to be positively related to emissions releases.  Additionally, the average 

household income and median household income are measures for lower income populations.  I 

infer from previous studies, such as Ringquist (1997), that average household income and 

emissions releases will be negatively related.  Lower average household income will indicate 

higher emissions releases.  I use a dummy variable to indicate whether Missouri or Illinois zip 

codes are more likely to have higher emissions releases.  I assume that Missouri zip codes will 

have more facilities and thus higher emissions releases because more people who live in the St. 

Louis MSA live in Missouri.
16

  Different state-level emissions regulations, also, may affect the 

levels of emissions in Missouri and Illinois. 

 Finally, I hoped to differentiate my first and second stages in my model further by 

including whether zip codes were “in” or “out” of attainment for pollutants in my first stage and 

not in my second stage; however, I was not able to include attainment status in my regressions 

because all of my zip codes are “in” attainment for each of the six National Ambient Air Quality 

Standards, meaning that they are following EPA guidelines for pollution levels as zip codes at 

large.   

 

 

 

 

 

 

 

 

 

                                                           
16

 This can be accessed at www.city-data.com. 

http://www.city-data.com/poverty/poverty-East-St.-Louis-Illinois.html
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The following table provides detailed definitions of the aforementioned variables. 

 

Table 1: Definitions of Key Variables: 

Variable Description 

Total Releases 2000 

 

Emissions releases measured in pounds from 2000 Toxic 

Release Inventory Data—used as a measure of pollution 

**sum of all the pounds from all the facilities in the zip code 

Total Releases 2004 

 

Emissions releases measured in pounds from 2004 Toxic 

Release Inventory Data—used as a measure of pollution 

**sum of all the pounds from all the facilities in the zip code 

Total Persons Number of persons living in a zip code (from 2000 Census) 

Minority Percentage of population that is considered a minority in a 

zip code (from 2000 Census) 

High School Percentage of population that completed high school in a zip 

code (from 2000 Census) 

Unemployed Percentage of population that is unemployed in a zip code 

(from 2000 Census) 

Manufacturing Job Percentage of population that has a manufacturing job in a 

zip code (from 2000 Census) 

Average Household 

Income 

Average household income measured in dollars for a zip 

code (from 2000 Census) 

Median Household 

Income 

Median household income measured in dollars for a zip code 

(from 2000 Census) 

Missouri = 1 for Missouri; Indicates whether a zip code is in Missouri 

or Illinois in 2000 

Total Releases 2000 

(Hazard-based 

results) 

Emissions releases measured 2000 Toxic Release Inventory 

Data using Risk Screening Environmental Indicators 

weighting 

Pounds x Toxicity Weight 

(Unitless Measurement) 

Total Releases 2004 

(Hazard-based 

results) 

Emissions releases measured 2004 Toxic Release Inventory 

Data using Risk Screening Environmental Indicators 

weighting 

Pounds x Toxicity Weight 

(Unitless Measurement) 

Total Releases 2000 

(Risk-related results) 

Emissions releases measured 2000 Toxic Release Inventory 

Data using Risk Screening Environmental Indicators 

weighting 

Surrogate Dose x Toxicity Weight 

(Unitless Measurement) 

Total Releases 2004 

(Risk-related results) 

Emissions releases measured 2004 Toxic Release Inventory 

Data using Risk Screening Environmental Indicators 

weighting 

Surrogate Dose x Toxicity Weight 

(Unitless Measurement) 
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DATA DESCRIPTION 

This next section provides detail about the datasets that I use in my research.  

Toxic Release Inventory (TRI) Data 

Toxic Release Inventory (TRI) is a publicly available database of information on toxic 

chemical releases and other waste management activities from industrial and federal facilities 

organized by facility, zip code, county, industry, and many other variables.  The EPA publishes 

the data annually.  TRI data reflect the quantities of TRI chemicals that are disposed of, released 

to the environment, or managed (for example, treated, or recycled).  TRI data do not include 

information about public exposure (only releases) to chemicals.  TRI data, in conjunction with 

other information, such as the toxicity of the chemical, the release medium (e.g., air), and site-

specific conditions, can be used to begin evaluating exposures that may result from toxic 

chemical releases.   

TRI is a database that includes detailed information on nearly 650 chemicals and 

chemical categories that over 23,000 industrial and other facilities manage through disposal or 

other releases, recycling, energy recovery, or treatment.  The data are collected from industries 

including manufacturing, metal and coal mining, electric utilities, commercial hazardous waste 

treatment, and other industrial sectors.  The St. Louis MSA TRI data primarily includes metal 

production, power generation, oil and gas companies, agricultural chemicals and fertilizers, and 

car and airplane production.  A facility is required to submit a report on emissions to the EPA 

and its applicable state or territory if it meets the following three criteria: the facility is included 

in a TRI-covered North American Industry Classification System code; the facility has ten or 

more full-time employee equivalents; and the facility manufactures (including importing), 
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processes, or uses any EPCRA Section 313 chemical in quantities greater than the established 

threshold in the course of a calendar year. 

TRI data from 1987-2009 are available, but I will be using TRI data from 2004 and 

2000.
17

   My primary variable of interest from the TRI data is total air releases, which are 

aggregated up to the zip code level.  I also use 2008 TRI data as a way to examine the robustness 

of my results.   

The risk-related and hazard-based results are screening tools used to assess the relative 

impacts of releases of toxic chemicals by mixing toxicity, exposure level, and the exposed 

population to offer risk-related comparisons.  RSEI addresses chronic human toxicity as 

measured by cancer and noncancer indicators that are associated with long-term exposures.  

Toxicity weights are chemical-specific and are based on the single, most sensitive chronic-health 

endpoint for oral exposure.  RSEI determines the surrogate dose through pathway-specific 

modeling of fate and transport of the chemical through the environment combined with specific 

exposure factors for subpopulations.
18

 

MO and IL Population and Housing Census Data 

The US Census collects basic information about the US population every ten years.  I use 

2000 data from the Population and Housing Census.  I use zip code level data that matches the 

TRI reporting for the St. Louis MSA.
19

  The US Census Bureau publishes the data.  All of the 

demographic variables that I use are from the Census data.  I control for possible changes in zip 

codes from year to year because I use the zip code for a plant as defined in the 2000 TRI data to 

match that zip code to the Census data in 2000.  

 

                                                           
17

 The data can be accessed at www.epa.gov/tri/tridata. 
18

 Further information on RSEI weighting can be found at www.epa.gov/opptintr/rsei/index. 
19

 This data can be accessed at www.census.gov. 

http://www.epa.gov/opptintr/rsei/index
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Combining Data 

 I append my MO and IL TRI data (at the facility level) for 2000 and 2004 and then merge 

the newly appended 2000 TRI data and 2004 TRI data together. (See Figure 2 to view cross state 

boundaries between Missouri and Illinois)  I drop the facilities that are not in both years as seen 

from the merge.  I do this to be conservative in my approach as including them would introduce 

large emission changes over time (they would be zero in one year and positive in the other).  It is 

not clear why a facility only appears in one of two years – if it went out of business or came into 

creation over this four year period that would represent a genuine change in emissions.  

However, if it is still in existence and does not report for other reasons, I would be over-

representing the change in community emissions.  At this point, I aggregate the releases in 2000 

and 2004 to the zip code level.  Finally, I merge the collapsed TRI data with the Census 

demographic variables for the St. Louis MSA by zip code.  

 The following figure diagrams the St. Louis MSA, which is the region of focus for my 

study.  While not explicitly in Figure 2, there are 8 counties in the Illinois region of the St. Louis 

MSA with 127 zip codes.  There are 9 counties in the Missouri region of the St. Louis MSA with 

149 zip codes.  The Mississippi River is the natural and legal state dividing line.  The financial 

district of St. Louis is located on the Missouri side of the St. Louis MSA.   
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Figure 2: St. Louis MSA including Missouri and Illinois  



26 
 

Table 2: For Zip Codes with and without Facilities: 

 

 Zip codes with facilities 

(87 observations) 

 

Zip codes without 

facilities 

(189 observations) 

 

Variable Mean Standard 

Deviation 

Mean Standard 

Deviation 

Total Releases 2000 

(in lbs.) 

937,127 2,679,858 0 0 

Total Releases 2004 

(in lbs.) 

590,642 1,782,764 0 0 

Total Persons 

(Sample Estimate) 

18,524 14,974 6,441 9,848 

Minority 22.1% 28.73 10.05% 21.68 

High School 31.11% 8.03 37.12% 11.10 

Unemployed 7.14% 6.84 5.55% 4.99 

Average Household 

Income (in $) 

$51,573 18,654 $49,900 20,193 

Median Household 

Income (in $) 

$42,310 15,926 $41,124 14,393 

Missouri 70.11% 0.46 46.56% 0.50 

Total Releases  

2000 

(Hazard-based: 

Unitless measure) 

297,207.95 150,430.54 0 0 

Total Releases 

2004 

(Hazard-based: 

Unitless measure) 

239,078.56 68,065.02 0 0 

Total Releases 

2000 

(Risk-related: 

Unitless measure) 

305,343.67 170,500.00 0 0 

Total Releases 

2004 

(Risk-related: 

Unitless measure) 

246,702.41 68,989.32 0 0 

 

 To begin, I present summary statistics that compare zip codes with emissions from TRI 

facilities in 2000 and 2004 and zip codes with no reported emissions from TRI facilities.  First, 
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one notices that there are more zip codes without TRI facilities than with them.  Second, there 

are some noticeable differences across these two samples, indicating that there is reason to worry 

about potential selection bias.  The zip codes with facilities on average have decreased their 

emissions between 2000 and 2004.  The zip codes without facilities show smaller minority 

populations in comparison to those zip codes with facilities.  In terms of educational background 

for the residents, in the zip codes without facilities more of the population graduated from high 

school. 

 The zip codes without facilities experience, on average, less unemployment.  These zip 

codes have more people working in manufacturing than the zip codes with facilities.     

 The zip codes without facilities experience lower average household incomes, but the 

difference in incomes is relatively small, on average, between the two subsamples.  Lastly, there 

are more Missouri zip codes in the group with facilities than without facilities.  I surmise this to 

be the case because there are more Missouri zip codes than Illinois zip codes in the St. Louis 

MSA and larger population centers exist on the Missouri side of the Mississippi River. 
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Table 3: Changes in Total Releases in Zip Codes that Have Emissions between 2000 and 

2004: 

 
 INCREASE DECREASE No Change 

Variable Mean 
(18 

observations) 

Standard 

Deviation 

Mean 
(57 observations) 

Standard 

Deviation 

Mean 
(12 

observations1) 

Standard 

Deviation 

Total Releases 

2000 

(in lbs.) 

647,748 1,732,496 1,225,754 3,133,361 216 605 

Total Releases 

2004 

(in lbs.) 

815,734 2,249,253 643,860 1,803,109 216 605 

Total Persons 

(Sample 

Estimate) 

17,312 11,753 19,398 16,140 16,191 14,249 

Minority 30.16% 32.36 19.03% 25.99 24.58% 35.11 

High School 30.35% 7.62 30.79% 8.20 33.8% 7.95 

Unemployed 8.20% 5.46 6.90% 7.43 6.74% 6.01 

Manufacturing 

Job 

14.84% 5.03 15.20% 4.76 14.55% 3.63 

Average 

Household 

Income (in $) 

$48,802 18,142 $53,622 19,919 $45,995 11,122 

Median 

Household 

Income (in $) 

$38,876 15,222 $44,384 16,867 $37,607 10,523 

Missouri 72.22% 0.46 71.93% 0.45 58.33% 0.51 

Total Releases 

2000 

(Hazard-based: 

Unitless 

measure) 

260,828 74,522,25 357,734 102,032.34 102.30 32.45 

Total Releases 

2004 

(Hazard-based: 

Unitless 

measure) 

270,001 77,143.12 252,989.32 70,344.87 102.30 32.45 

Total Releases 

2000 

(Risk-related: 

Unitless 

measure) 

265,976.32 80,643.01 363,897.36 113,000.21 105.67 35.87 

Total Releases 

2004 

(Risk-related: 

Unitless 

measure) 

282,022.47 84,300.48 258,643.74 69,345.31 105.67 35.87 

       
1
 Nine of the zip codes experience no change from 0 to 0, while three of the zip codes experience positive emissions 

that have no change. 

 



29 
 

 Table 3 compares the socioeconomic characteristics and emission levels for zip codes in 

which facilities are present.  The changes are broken down into increases, decreases, and no 

change.  Notice that there are many more zip codes that experience a decrease in emissions (57 

zip codes) than those that experience an increase (18 zip codes) or no change (12 zip codes). 

 A number of differences are apparent.  First, a smaller minority population exists in zip 

codes that experience decreases or no change in emissions than in those with increases in 

emissions.  This is consistent with the hypothesis of discrimination found in the environmental 

justice literature.  Second, higher percentages of formal schooling tend to be seen in zip codes 

that decrease in emissions.  There is more unemployment in zip codes that show increases in 

emissions compared to zip codes that show decreases or no change, which is also expected based 

on the literature.  Zip codes that show decreases or no change show approximately the same 

percentage of unemployment, on average.  In terms of emissions, on average, emissions increase 

by a relatively small amount in zip codes that experience increases compared to zip codes that 

experience decreases. 

 In terms of the Missouri state indicator, about the same percentage of Missouri zip codes 

is present in each of the categories of zip codes with increasing and decreasing emissions.   

Looking into questions of firm location may be informative for illustrating the 

relationship between poverty, racial, and emissions characteristics.  Figure 3 below shows that 

higher emissions, indeed, are clumped in some areas where average family incomes are lower. 
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Figure 3:  

 

Emissions in 2004 in the St. Louis MSA 
 

 

   

Average Family Income St. Louis MSA (2000) 

 
20

 

 

 In the following results section, I analyze the data according to the Heckman two-step 

maximum likelihood model.  My results section details the ways in which my variables manifest 

themselves in the regressions to complement the aforementioned descriptive statistics. 

                                                           
20

 (Michael Cooper 2012) 
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RESULTS 

Table 4: 

stage 1: 

Variable
1 

Specification 1:
 

(dependent variable: At least 

one facility in the zip code in 

2004) 

Specification 2: 

(dependent variable: At least 

one facility in the zip code in 

2004) 

 

Constant 2.52 

(5.68) 

2.52 

(5.68) 

Natural Log of Total 

Population 

0.61*** 

(0.09) 

0.61*** 

(0.09) 

Percent Minority -0.01* 

(0.01) 

-0.01* 

(0.01) 

Percent High School 

Graduate 

-0.01 

(0.02) 

-0.01 

(0.02) 

Percent Unemployed 0.04** 

(0.02) 

0.04** 

(0.02) 

Percent in Manufacturing 

Jobs 

-0.01 

(0.02) 

-0.01 

(0.02) 

Natural Log of Average 

Household Income 

-0.73 

(0.48) 

-0.73 

(0.48) 

Missouri 0.17 

(0.21) 

0.17 

(0.21) 

   

# of observations 275 275 
 

1
Coefficients are listed first with standard error in parentheses below 

 
* 
= significantly different from zero at the 0.10 level 

** 
= significantly different from zero at the 0.05 level 

*** 
= significantly different from zero at the 0.01 level (all two-tailed tests) 
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Table 5: 

stage 2: 

Variable
1 

Specification 1:
 

(dependent variable: 

Natural Log of Releases in 

2004) 

Specification 2: 

(dependent variable: 

Natural Log of Change in 

Releases between 2004 and 

2000) 

Constant 4.71 

(33.50) 

4.71 

(33.50) 

Natural Log of Releases in 

2000 

0.81*** 

(0.06) 

-0.19 *** 

(0.06) 

Natural Log of Total 

Population 

2.10 

(3.48) 

2.10 

(3.48) 

Percent Minority -0.01 

(0.06) 

-0.01 

(0.06) 

Percent High School 

Graduate 

-0.09 

(0.13) 

-0.10 

(0.14) 

Percent Unemployed 0.14 

(0.26) 

0.14 

(0.26) 

Percent in Manufacturing 

Jobs 

0.14 

(0.15) 

0.14 

(0.15) 

Natural Log of Average 

Household Income 

-2.77 

(4.82) 

-2.77 

(4.82) 

Missouri 2.52* 

(1.41) 

2.52* 

(1.41) 

   

# of observations 87 87 

Mills Ratio 5.67 5.69 

Wald Chi
2 

228.55 16.59 
 

1 
Coefficients are listed first with standard error in parentheses below 

 
* 
= significantly different from zero at the 0.10 level 

** 
= significantly different from zero at the 0.05 level 

*** 
= significantly different from zero at the 0.01 level (all two-tailed tests) 

 

Table 4 presents the results for the first stage of my Heckman method of regression 

analysis, in which the dependent variable is a dummy equal to one when a zip code in 2004 hosts 

one or more polluting facilities.  Table 5 presents the results for the second stage in which the 

first column displays the results when the dependent variable is defined as the natural log of 
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emissions releases in 2004 for zip codes that host at least one polluting facility, while the second 

column shows the results when the dependent variable is defined as the natural log of the change 

in emissions releases between 2000 and 2004 for zip codes that have at least one facility. 

In the first of the above tables, I run a probit model for stage one of the Heckman method.  

I exclude the variable, releases in 2000, from this stage to differentiate between my stage one and 

stage two.  The results show that the natural log of total population is positive and significant at 

the 0.01 level, percent unemployed is positive and significant at the 0.05 level, and percent 

minority is negative and significant at the 0.10 level.  A positive sign for total population and for 

percent unemployment indicates that zip codes with a larger population and higher rates of 

unemployment have an increased likelihood of hosting one or more polluting facilities.  A 

negative sign for percent minority means that zip codes with a smaller minority population have 

a decreased likelihood of hosting one or more polluting facilities.  All other control variables—

percent high school graduate, percent in manufacturing jobs, average household income, and the 

Missouri indicator variable—are not significant in the first stage.  My sign and significance for 

total population, percent minority, and percent unemployment match the first stage for Arora and 

Cason (1996).
21

  As outlined above, I do not find percent high school graduate, percent in 

manufacturing jobs, average household income, and the Missouri indicator variable to be 

significant.  Arora and Cason find the number of people with bachelor’s degrees to be negative 

and significant; number of people in manufacturing jobs to be positive and significant; and 

median income to be positive and significant.
22

  My first stage findings are both similar and 

dissimilar to earlier environmental justice literature hypotheses on the topic.  My findings are 

                                                           
21

 For my stage one from Arora and Cason, I am comparing my findings to Arora and Cason’s first stage results for 

the entire US. 
22

 In my sensitivity testing, I tried using both median household income and average household income, but 

differences between my regressions with each of the variables are negligible. 
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dissimilar because I would expect household income, percentage in manufacturing, and percent 

high school graduate to be significant from the literature.  Perhaps my findings would have more 

similarities with the environmental justice literature if I included more controls for collective 

action variables, which were not available to me.  My findings are similar because percent 

unemployed and percent minority match Arora and Cason (1996). 

Similar to Arora and Cason (1996), I use total population as a control variable, and it 

proves to be insignificant in both equations.  I also include percent minority, percent high school 

graduate, percent unemployed, percent in manufacturing jobs, and average household income as 

variables related to the environmental justice literature.  As mentioned previously, unlike many 

studies such as Arora and Cason (1996), Ringquist (1997), and Brooks and Sethi (1997), I use 

unemployment as a direct proxy for poverty as opposed to using a poverty measure such as 

percent poor and percent unemployed separately.  The aforementioned environmental justice 

indicators all produce insignificant coefficient estimates in both equations.  My findings appear 

to differ from the literature on these variables.  In their results for the US, Arora and Cason 

(1996) find percent of nonwhite residents (negatively related to emissions), median income 

(positively related to emissions), percent of residents living in poverty (negatively related to 

emissions), unemployment rate in percent (negatively related to emissions), percent of 

population over 25 with a bachelor’s degree (negatively related to emissions), percentage of the 

labor force in manufacturing industries (positively related to emissions), and residential 

population (positively related to emissions) are significant in stage one of the Heckman method 

when the dependent variable is any releases.     

The second stage of my Heckman model runs an ordinary least squares regression with 

the dependent variable as the natural log of releases in 2004 in the first column and the natural 
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log of the change in releases between 2000 and 2004.  I run the two models to compare whether 

looking at absolute releases versus a change in releases causes a difference.  Additionally, the 

Mills ratio is not significant, indicating that there does not appear to be a sample selection 

problem.  However, since only three variables in the first stage are significant this may indicate 

that the sample selection equation does not perform particularly well as specified.  The Mills 

ratio differs only by 0.02 between the two specifications.   

Looking at the results for my second stage, the only variable that is significant at the 0.01 

level is the natural log of releases in 2000.  In both cases, it is positive in sign, indicating that 

emissions in the base year (2000) is positively related to either emissions in 2004 or the change 

in emissions between 2000 and 2004.   

 In essence, the level of pollution earlier in time is a predictor of pollution later in time.  

This finding is consistent with the Arora and Cason (1996) for this variable.  Interestingly, the 

figures for this variables change number and sign between the two equations.  In equation 1, the 

coefficient on releases in 2000 reveals that for a one percent increase in emissions releases in 

2000, emissions in 2004 are likely to be 0.81 percent higher.  In equation 2, the coefficient on 

releases in 2000 suggests that for a one percent increase in emissions releases in 2000, the 

change in emissions between 2000 and 2004 is likely to decrease by 0.19 percent.   

At the outset of my study, I expected to find a link between emissions releases and 

minority and low-income communities.  As I explain in this section, my results illustrate a 

different story.  In my findings, the only variables that are significant are emissions releases in 

2000 and a state dummy variable indicating which zip codes are in Missouri instead of Illinois.  I 

walk through these results in greater detail below and discuss how they compare to the results 

found in the empirical literature.  The only similarity between my results and Arora and Cason’s 
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(1996) results is that toxic releases in 1990 (Arora and Cason) and in 2000 (Rosenfeld) are 

significant and negatively related to emissions when the dependent variable is change in 

emissions.  Furthermore, using OLS, Brooks and Sethi (1997) also find that the following 

explanatory variables express statistical significance: proportion of persons who are black, 

proportion of persons with incomes below the poverty line, proportion of persons who are above 

25 who are high school graduates, proportion of persons in labor force who are employed in 

manufacturing, median household income, and population density (population divided by zip 

code area).  Brooks and Sethi (1997) look at the distribution of pollution rather than the change 

in pollution, so they do not include an explanatory variable for pollution at an earlier year than 

the dependent variable.
23

        

 Given that I assess conditions in the St. Louis MSA which spans two states, I use an 

indicator variable to show whether a zip code is in Missouri or Illinois.  The coefficient is 

significant at the 10 percent level in both regressions. The significance of state variable in my 

study is likely due to differences in state regulations and statewide economic conditions that vary 

between Missouri and Illinois. 

 The next table 6 provides alternative specifications to the original models.  Specifications 

1 and 8 shown below are originally presented in tables 4 and 5.  For the alternative 

specifications, the stage one is the same as in table 4.  Specification 2 includes median household 

income instead of average household income.  In an attempt to use a similar model to Arora and 

Cason, specification 3 inserts percent poor as one of the independent variables despite its high 

level of correlation with percent minority.  Specification 4 inserts percent poor but drops percent 

minority.  Specification 5 uses hazard-based weights for measuring emissions releases rather 
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 Even though Arora and Cason (1996) and Brooks and Sethi (1997) use squared terms for some of their variables, I 

do not because when I tried running regressions with squared terms the squared terms were not significant and the 

other variables did not change their significance. 
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than pounds.  Specification 6 uses risk-related weights for measuring emissions releases rather 

than pounds.  Specification 7 includes 2008 TRI data instead of 2004 data. 

 Specifications 2, 3, and 4 show the same levels of significance as specification 1, except 

for the variable, Missouri.  The Missouri indicator variable does not show significance for 

specifications 2-4.  In essence, regardless of the changes in specifications 2-4 from the original 

specification, once again the level of pollution earlier in time is a predictor of pollution later in 

time.  Specifications 5 and 6, which employ weighting schemes, are identical to specification 2.  

Perhaps the changes are not visible because the weighting averages out over the large number of 

different chemicals and zip codes.  Or perhaps the changes are not apparent because the 

chemicals used in the St. Louis MSA have similar weights to one another, which neutralizes the 

effects of weighting them compared to keeping them as their original pounds.  In order to 

discover the answer to such questions, one would need to research further into the types of 

industries and chemicals used in the St. Louis MSA.  However, on a basic level the primary 

industries in the St. Louis MSA as seen from the TRI are metal production, power generation, oil 

and gas companies, agricultural chemicals and fertilizers, and car and airplane production.    

When running descriptive statistics for weighted versus unweighted 2004 and 2000 emissions 

levels in Tables 2 and 3, the results show high levels of pollution for both hazard-based and risk-

related calculations, so I anticipated finding differences in these specifications from the other 

specifications.
24

  However, the hazard-based and risk-related results perfectly match the pounds-

based regression results for coefficients and statistical significance, since specifications 5 and 6 

are identical to specification 2.  Lastly, specification 7 shows the same levels of significance as 

specification 1.  In 2008, there are two fewer facilities than in 2004, but still the same number of 
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 I used a range based on 0-4,000,000.  However, the cutoff for the highest bracket group as shown by the EPA is 

from 516,138 and higher. 
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zip codes with at least one or more polluting facilities exists.  As shown in Table 2, total releases 

decreased from 937,127 pounds in 2000 to 590,642 pounds in 2004 (total decrease of 346,485 

pounds).  One would surmise that the trajectory of emissions reduction in the early 2000s would 

continue into the latter 2000s, but my data show that total emissions in 2008 decreased to 

588,655 pounds from 2004, only 1987 pounds.  Therefore, it follows that specification 7 is 

similar to specification 1 with the identical levels of significance and very similar coefficients.    
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Table 6: 

Stage 2: 

Variable1 Specific- 

ation 12 

 

2 
 

3 

 

4 

 

53 

 

64 

 

75 

 

86 

 

Constant 4.71 

(33.50) 

-16.33 

(39.64) 

-11.72 

(51.27) 

-8.39 

(55.49) 

-16.33 

(39.64) 

-16.33 

(39.64) 

-18.20 

(55.00) 

4.71 

(33.50) 

Natural 

Log of 

Releases in 

2000 

0.81*** 

(0.06) 

0.82*** 

(0.07) 

0.82*** 

(0.07) 

0.82*** 

(0.08) 

0.82*** 

(0.07) 

0.82*** 

(0.07) 

0.81*** 

(0.07) 

-0.19 *** 

(0.06) 

Natural 

Log of 

Total 

Population 

2.10 

(3.48) 

2.58 

(4.49) 

2.60 

(4.63) 

2.81 

(5.19) 

2.58 

(4.49) 

2.58 

(4.49) 

2.59 

(4.63) 

2.10 

(3.48) 

Percent 

Minority 

-0.01 

(0.06) 

-0.01 

(0.07) 

0 

(0.07) 

 -0.01 

(0.07) 

-0.01 

(0.07) 

-0.01 

(0.07) 

-0.01 

(0.06) 

Percent 

High 

School 

Graduate 

-0.09 

(0.13) 

-0.16 

(0.13) 

-0.06 

(0.15) 

-0.06 

(0.15) 

-0.16 

(0.13) 

-0.16 

(0.13) 

-0.17 

(0.15) 

-0.10 

(0.14) 

Percent 

Poor 

  -0.02 

(0.21) 

-0.05 

(0.28) 

    

Percent 

Unemploy- 

Ed 

0.14 

(0.26) 

0.19 

(0.35) 

0.20 

(0.40) 

0.21 

(0.44) 

0.19 

(0.35) 

0.19 

(0.35) 

0.20 

(0.39) 

0.14 

(0.26) 

Percent in 

Manufac-

turing Jobs 

0.14 

(0.15) 

0.13 

(0.18) 

0.13 

(0.18) 

0.12 

(0.19) 

0.13 

(0.18) 

0.13 

(0.18) 

0.13 

(0.18) 

0.14 

(0.15) 

Natural 

Log of 

Average 

Household 

Income 

-2.77 

(4.82) 

      -2.77 

(4.82) 

Natural 

Log of 

Median 

Household 

Income 

 -1.50 

(4.23) 

-1.93 

(6.45) 

-2.47 

(6.97) 

-1.50 

(4.23) 

-1.50 

(4.23) 

-1.63 

(5.23) 

 

Missouri 2.52* 

(1.41) 

2.62 

(1.74) 

2.63 

(1.78) 

2.73 

(1.94) 

2.62 

(1.74) 

2.62 

(1.74) 

2.59* 

(1.52) 

2.52* 

(1.41) 

         

# of 

observation 

87 87 87 87 87 87 87 87 

Mills Ratio 5.67 6.88 7.02 7.66 6.88 6.88 6.01 5.69 

Wald Chi2 228.55 156.70 150.48 124.77 156.70 156.70 160.03 16.59 
 

1 Coefficients are listed first with standard error in parentheses below 
2 Specifications 1-4 use the dependent variable-natural log of releases in 2004 
3 Specification 5 uses the dependent variable natural log of releases in 2004 with hazard-based weights (pounds x toxicity weight) 
4 Specification 6 uses the dependent variable natural log of releases in 2004 with risk-related based weights (surrogate dose x 

toxicity weight) 
5 Specification 7 uses the dependent variable-natural log of releases in 2008 
6 Specification 8 uses the dependent variable-natural log of change in releases between 2004 and 2000 
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* = significantly different from zero at the 0.10 level 
** = significantly different from zero at the 0.05 level 
*** = significantly different from zero at the 0.01 level 

LIMITATIONS 

In sum, one possible reason my results drastically differ from Arora and Cason’s (1996) 

is the extent of the geographic coverage.  While I address polluting firm emissions in the St. 

Louis MSA, Arora and Cason assess these emissions in the US at large.  Additionally, the 

relationship between prior emissions and the location of facilities may indicate that some 

environmental justice variables of interest, in fact, still matter.  Unfortunately, I do not have the 

data to explore this issue, but these variables are related to much earlier decisions about where to 

locate dirtier facilities.  Perhaps I need to look at emissions releases over a longer period of time 

to see more drastic changes.  Furthermore, while zip codes serve as a simple grouping for small 

sections of a MSA, they are created by the postal service to deliver mail rather than clear 

classifications of where, in what type of an environment, and with whom people live.  Finally, 

from a statistical analysis perspective, Arora and Cason leave in a lot of socioeconomic variables 

that might be highly correlated, so perhaps this affects the significance levels in their results 

while I do not include variables that might be statistically significant because they fail the 

correlation assessment. 

POLICY IMPLICATIONS 

 In general, the results that form the basis of the study illustrate that while the amount of 

pollution earlier in time is an indicator of the amount of pollution later in time, the relationship of 

pollution to environmental justice factors is less concrete.  Positive coefficients on emissions 
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releases in 2000 indicate that emissions releases in 2004 are likely to be high in zip codes that 

experienced high emissions in 2000.     

 Consequently, the municipal governments within the St. Louis MSA should focus on 

ways to reduce pollution for all residents.  Environmental justice factors certainly might be a part 

of the story, but regardless, health hazards are noticeable for all St. Louis residents.  My data 

demonstrate that if a zip code is successful in reducing its level of pollution that it is likely to 

maintain that same level of pollution from year to year, since a previous year’s amount of 

pollution is good predictor of pollution in years to come.  While St. Louis lies in two states, each 

state will assess its state’s zip codes in different manners based on statewide legislations and 

regulations.  Furthermore, the different states do matter from a statistical standpoint at the 0.10 

level as illustrated in Table 5. 

CONCLUSION 

I set out to assess the effects of racial and income characteristics on toxic release 

emissions for the St. Louis MSA.  My results differ from much of the existing literature because 

of my geographic area and because my racial and poverty characteristics are not significant.  My 

primary variable of significance is toxic emissions releases in 2000, which shows that pollution 

at an earlier time is a strong predictor for pollution at a later period in time.  To expand, it is 

apparent that emissions pose a great health risk to all because zip codes that were previous 

polluters tend to be polluters in future years.  As explained, the environmental justice field is an 

emerging field that makes the case that minority and low-income populations are adversely 

affected by environmental degradation.  While my results do not explicitly illustrate such a 

relationship from a statistical perspective, further study of emissions, poverty characteristics, and 



42 
 

racial indicators should be researched over a longer period of time and perhaps using measures 

other than zip code divisions.  
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