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I. Introduction 

 

Proximity to hazards, adverse health outcomes, and disproportionate impacts  

The goal of this paper is to explore and answer the question: “Does proximity to 

environmental hazards result in adverse health outcomes and account for health disparities, and if 

so, how does proximity contribute to disproportionate environmental health impacts?  In order to 

answer this question in a meaningful, comprehensive, and reliable manner, we have undertaken a 

substantive literature review and critique covering the salient research on these topics over the 

past two decades, including some earlier seminal works on the subject.  One of the main 

objectives of this paper was to assemble the best information possible, to synthesize the body of 

knowledge on this topic, and to provide a state-of-the-science paper that would put forward the 

most cogent and scientifically defensible evidence that will assist the EPA and other regulatory 

agencies in making the best decisions and reforms required in order to minimize environmental 

injustices.  This meta-analysis of the literature is the result of that effort. 

Concerns about health and environmental hazards transcend the academic, scientific, and 

regulatory worlds:  they are also of compelling interest to the public, who often recognize a 

relationship between environmental hazards and health.  In a 1999 national telephone survey 

among U.S. voters (Hearne et al., 2000), 74% of respondents thought that environmental factors 

had an important impact on childhood cancer and 73% thought these factors had an impact on 

birth defects.  Over one-half of the respondents expressed their opinion that air pollution, 

contaminated drinking water, and toxic waste had a “great deal” of impact on a person’s health.  

These concerns often result in public perceptions of disease clusters near environmental entities 

such as hazardous waste sites, industrial facilities, and other potential sources of chemical 

releases.  With the advent of geographic information systems (GIS), environmental scientists and 

public health researchers have been able to address these concerns more comprehensively and 

objectively with the use of various proximity analyses.  In this report, we will discuss the various 

methods available to assess the relation between living near potential hazards and health 

outcomes.  We will also systematically review studies that have examined residential proximity 

to environmental hazards in relation to environmental justice, adverse reproductive outcomes, 

childhood cancer, respiratory and cardiovascular conditions, and other adverse health outcomes.  
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Based on this review, implications for public health will be discussed, and recommendations for 

future research will be suggested based on gaps and weaknesses identified in the published 

studies.  

Although the mainstream environmental movement of the 1950s and 1960s alerted the 

public to the dangers posed by pollution and environmental degradation, these impacts on 

people’s health and the environment were not generally acknowledged (or thought) to be 

spatially or socially differentiated: everyone was presumed to be affected just about equally.  The 

understanding that environmental problems may impact certain places and people more than 

others (and in a predictable pattern based on race and income) is a relatively new concept that 

gained nationwide attention in the late 1980s with the publication of the groundbreaking 

environmental justice study, “Toxic Wastes and Race in the United States: A National Report on 

the Racial and Socio-Economic Characteristics of Communities with Hazardous Waste Sites,”  

published in 1987 under the auspices of the United Church of Christ’s Commission for Racial 

Justice (United Church of Christ, 1987).  This study found “race to be the most potent variable in 

predicting where commercial hazardous waste facilities were located in the U.S., more powerful 

than household income, the value of homes, and the estimated amount of hazardous waste 

generated by industry” (Bullard et al., 2007a). 

Since the late 1960’s, researchers have focused more specifically on the relationship 

between environmental health hazards and environmental health outcomes in nearby 

populations.  Much of the subsequent research demonstrates the existence of an uneven 

geographic distribution of environmental health hazards, and potentially disproportionate 

environmental burdens and differential exposure risk in the United States, resulting in 

communities of color and low income neighborhoods bearing the highest burdens (Apelberg et 

al., 2005; Bryant, 1995; Bullard, 1994; Camacho, 1998; Chakraborty and Zandbergen, 2007; 

Geschwind et al., 1992; Goldman, 1993; Johnston, 1994; Linder et al., 2008; Mohai and Saha, 

2007; Wilhelm and Ritz, 2003).  Typically, proximity to pollution sources has been used as a 

proxy for exposure in many of these studies, rather than assessing actual health outcomes in 

relation to proximity, and usually a comparison is made between the socio-demographic 

characteristics of communities hosting such facilities and reference populations living where no 

such facilities are located.  Facilities and land uses investigated are point sources of pollution, 

(such as Toxic Release Inventory facilities, power plants, and other stationary point sources of 
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air or water emissions) or non-point or area sources, (such as highways, landfills, hazardous 

waste sites, swine and poultry producing industries, and agricultural chemical applications), 

among others. 

 As will be shown in this report, much of the published literature has supported the 

hypothesis that proximity to environmental hazards translates to higher risks, including increased 

adverse health risks.  Concern about proximity to industrial facilities and other noxious land uses 

stems from the fact that industrial areas generally carry a higher environmental burden than do 

purely residential neighborhoods in terms of pollution and risks (Maantay, 2001).  Some of these 

burdens include poor air quality, noise and traffic safety; use and storage of hazardous materials; 

emissions of hazardous and toxic substances; illegal dumping; poor enforcement of 

environmental regulations; and inadequate response to environmental complaints (Maantay, 

2001).  In addition, there are many potentially negative consequences besides elevated exposures 

that are likely to be associated with living in close proximity to industrial emissions sources or 

hazardous waste sites, including odors, noise, traffic, contaminated soils, inferior housing, fewer 

amenities (e.g. parks, libraries), less safe neighborhoods and poorer environmental quality 

(Maantay, 2001; Perlin et al., 1995; Sexton, 1997).   

That these health and quality-of-life impacts are visited disproportionately on the most 

vulnerable populations, those least likely to be able to combat them effectively, render these 

impacts even more detrimental to the public’s health, and the need for remedy even more urgent.  

Some research has suggested that, not only are lower-income populations and communities of 

color more likely to live in close proximity to environmentally burdensome facilities and thus be 

more exposed to pollution, but that the health effects of exposure to these burdens are further 

modified by socio-economic status, and “due to material deprivation and psychosocial stress, 

[these populations] may be more susceptible to the health effects of air pollution,” (O’Neill et al., 

2003:1861).  

Health disparities (adverse health outcomes disproportionately affecting minority and 

lower-income populations) are a well-documented phenomena in the United States.  The 

National Center for Minority Health and Health Disparities (NCMHD) states that “African 

Americans, Hispanics, Native Americans, and Asian/Pacific Islanders, who represented 25 

percent of the U.S. population, continued to experience striking health disparities, including 
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shorter life expectancy and higher rates of diabetes, cancer, heart disease, stroke, substance 

abuse, and infant mortality and low birth weight”  (NCMHD, 2009).   

The elimination of minority health disparities is also a goal of environmental justice and 

requires attention to both physical hazards and social conditions.  Environmental conditions are 

believed to contribute to producing and maintaining minority health disparities, (Yen and Syme, 

1999; Evans and Kantrowitz, 2002).   The NIEHS Strategic Plan for eliminating such disparities 

notes, “both social and environmental exposures represent an important area of investigation for 

understanding and ameliorating the health disparities suffered by the disadvantaged of this 

nation” (NIEHS, 2004).  

 

Environmental Health Justice 

Environmental Justice, both as a term in our vocabularies and as a movement, came into 

being more than 20 years ago.  Narrowly interpreted, Environmental Justice (EJ) is the attempt to 

document and address the disproportionate environmental and health burdens borne by the poor 

and people of color.  In a broader context, EJ theory encompasses everything that is 

unsustainable about the world we have created, including rampant population growth, 

industrialization, pollution, consumption patterns, energy use, food production, and resource 

depletion. “The EJ movement has sought to redefine environmentalism as much more integrated 

with the social needs of human populations, and, in contrast with the more eco-centric 

environmental movement, its fundamental goals include challenging the capitalist growth 

economy, as well,” (Pellow and Brulle, 2005:3).   

The Environmental Protection Agency (EPA) currently defines environmental justice as: 

 

Environmental Justice is the fair treatment and meaningful involvement of all people 
regardless of race, color, national origin, or income with respect to the development, 
implementation, and enforcement of environmental laws, regulations, and policies. EPA 
has this goal for all communities and persons across this Nation. It will be achieved when 
everyone enjoys the same degree of protection from environmental and health hazards 
and equal access to the decision-making process to have a healthy environment in which 
to live, learn, and work (U.S. EPA, 2009). 
 

Another definition of environmental justice is "the provision of adequate protection from 

environmental toxicants for all people, regardless of age, ethnicity, gender, health status, social 
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class, or race" (Nordenstam, 1995:52), and the proximity of noxious land uses to populated areas 

is believed to jeopardize environmental health and justice.  Although many researchers have 

focused on the disproportionate environmental burdens borne by the poor and communities of 

color, others have expanded the definition of environmental justice to include additional 

vulnerable populations, such as the very young, the elderly, the infirm and immune-

compromised, pregnant women, immigrants, and future generations (Greenberg, 1993).   

Environmental justice obtained its official integration into the governmental decision-

making process in 1994, when President Bill Clinton signed Executive Order 12898, which read 

in part, "Each Federal agency shall make achieving environmental justice part of its mission by 

identifying and addressing, as appropriate, disproportionately high and adverse human health or 

environmental effects of its programs, policies, and activities on minority... and low-income 

populations."  In 1998 President Clinton signed an Executive Order committing the nation to 

eliminate racial and ethnic minority health disparities, which was also reflected in one of the two 

overarching goals of Healthy People 2010.  The National Institutes of Health (NIH) required 

each of its institutes to develop its own strategic plan for addressing disparity in the disease areas 

it studies, incorporated overall in “Addressing Health Disparities: The NIH Program of Action,” 

(NIH, 2005).   

In addition to Executive Order 12898, an important element of environmental justice 

activities is Title VI of the 1964 Civil Rights Act.  Title VI prohibits recipients of federal 

financial assistance from discriminating on the basis of race, color, or national origin in their 

programs or activities.  Thus, under Title VI, EPA has a responsibility to ensure that its funds are 

not being used to subsidize such discrimination.  This statute has been used as the basis of 

several complaints in recent years alleging adverse impacts that disproportionately fall on people 

in protected classes, resulting from the issuance of pollution control permits by state and local 

governmental agencies that receive EPA funding.  These complaints are addressed by EPA’s 

Office of Civil Rights (OCR), which has developed draft guidance for evaluation.  In the past 

year, the new EPA administration, headed by Lisa Jackson, has actively worked to expand the 

conversation on environmentalism and environmental justice, and is pursuing the integration of 

environmental justice and equity considerations into the agency’s policy-making apparatus, 

including risk assessments, rule-making, and budget decisions.   
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In the wake of the devastation to Gulf Coast communities of color rendered by Hurricane 

Katrina and the inadequate governmental response, the United Church of Christ Justice and 

Witness Ministries commissioned a 20th anniversary report, Toxic Waste and Race at Twenty, 

1987-2007:  A Report Prepared for the United Church of Christ Justice & Witness Ministries,” 

(Bullard et al., 2007a).  Their study again found that race was the most significant variable in 

predicting where commercial hazardous waste facilities were located in the U.S., and that by 

applying new methodologies, it was found that disparities had worsened over the two decades.  

Using 2000 Census data, the authors found that African-Americans, Latinos, and Asian-

Americans were 1.7, 2.3, and 1.8 times more likely than non-Hispanic whites to live within 3 

kilometers of the nation’s 413 commercial hazardous waste facilities across the entire country 

(p<0.001); the study found clustered and urban facilities to have similar or worse findings and 

statistically significant disparities in 9 of 10 EPA regions and 40 of 44 states with such facilities.  

The report was accompanied by an open letter to Congress, signed by more than 100 

Environmental Justice Network leaders, calling for the federal government to “protect and 

enhance community and worker right-to-know” as one recommendation among ten in the 

authors’ comprehensive plan, (Bullard et al., 2007b).  The question remains whether 

disproportionate proximity/exposure of communities of color and low income populations to 

environmental health hazards translates into increased adverse health impacts for these 

populations.   

 

The Role of Geographic Information Science in Environmental Health Justice 

Research  

Since the late 1980’s and beginning in earnest in the early 1990’s, Geographic 

Information Systems have been used to examine the spatial realities of environmental injustice 

(Boer et al., 1997; Bowen et al., 1995; Burke, 1993; Chakraborty and Armstrong, 1997; 

Chakraborty et al., 1999;  Maantay et al., 1997; Maantay, 2002; Morello-Frosch et al., 2001; 

Neumann et al., 1998; Perlin et al., 1995; Pollock and Vittas, 1995; Sheppard et al., 1999).  

GIS methods have been used in environmental justice research primarily to analyze the 

spatial relationships between sources of pollution burdens and the socio-demographic 

characteristics of potentially affected populations.  A GIS is ‘‘a powerful computer mapping and 

analysis technology that allows large quantities of information to be viewed and analyzed within 
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a geographic context,’’ (Vine et al., 1997:598).  GIS is more than just computer hardware and 

software.  It is an integrated system of components, consisting of information about the real 

world that has been abstracted and simplified into a digital database of spatial and non-spatial 

features, which, in conjunction with specialized software and computer hardware, and coupled 

with the expert judgment of the GIS user or analyst, produces solutions to spatial problems or 

questions.   

GIS technology is particularly well-suited for EJ research because it allows for the 

integration of multiple data sources (e.g., location of polluting facilities and population 

characteristics), representation of geographic data in map form, and the application of various 

spatial analytic techniques (e.g., buffering) for proximity analysis (Zandbergen and Chakraborty, 

2006). 

With GIS, it has become increasingly prevalent to try to map instances of environmental 

injustice, usually by geographically plotting facilities or land uses suspected of posing an 

environmental and human health hazard or risk, and then determining the racial, ethnic, and 

economic characteristics of the potentially affected populations compared with a reference 

population.  This often results in dramatic maps showing toxic facilities concentrated in areas 

with high proportions of African Americans, Latinos, or Native Americans (United Church of 

Christ, 1987; Burke, 1993; Glickman and Hersh, 1995; Maantay et al., 1997;  Clarke and Gerlak, 

1998).  Mapping became a favored method among researchers attempting to determine the 

existence of environmental injustice.  Additionally, the wealth of environmental and 

demographic data now available on the Internet, as well as the proliferation of websites with 

interactive mapping applications available, have brought environmental justice mapping within 

reach of virtually anyone.  

Although such maps can be unusually effective in visually demonstrating the 

disproportionate spatial distribution of noxious or hazardous facilities, these maps have also 

come under scrutiny and been criticized for being misleading and inaccurate, and their findings 

have often been contradicted by other spatial analyses.  Mapping a phenomenon such as 

environmental injustice is not a straightforward exercise, and the difficulties encountered in 

producing such spatial analyses leave the maps open to a variety of interpretations and second-

guessing.  Just as no map can be viewed as an objective embodiment of the real world, maps 
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depicting environmental injustice are also social constructions, and therefore subjective and 

based on assumptions (Dorling and Fairbairn, 1997; Wood, 1992).   

GIS approaches have thus proved to be quite controversial, and some researchers have 

questioned altogether the capabilities of GIS to adequately perform certain types of health 

research (Jacquez, 2000).  Doubts also remain about the efficacy of GIS to pinpoint 

environmental injustices and the health impacts of pollution, and many researchers who use GIS 

have commented upon the challenges and limitations inherent in this method of spatial analysis 

(Clarke et al., 1996; Dunn et al., 2001; FitzGerald et al., 2004; Jarup, 2004; Kulldorff, 1999; 

Maantay, 2002; McMaster et al., 1997; Moore and Carpenter, 1999; Richards et al., 1999; 

Rushton et al., 2000; Sheppard et al., 1999; Vine et al., 1997; Wall and Devine, 2000; Yasnoff 

and Sondik, 1999). 

Spatial and attribute data deficiencies, and methodological problems, especially those 

related to geographical considerations, are well-documented in these cited publications.  

Geographical considerations include the delineation of the optimal study area extent, determining 

the level of resolution and the unit of spatial data aggregation, and estimating the areal extent of 

exposure, as well as the various problems encountered in trying to statistically analyze and 

summarize spatial data.  Due to the principle of spatial autocorrelation, which states that data 

from locations near one another in space are more likely to be similar than data from locations 

remote from one another, spatial data is by its very nature not randomly distributed, as traditional 

statistical approaches require (Tobler, 1979).  Spatial autocorrelation, which is an inherent 

characteristic of geographically referenced data, thus becomes an impediment to the application 

of conventional statistical tests.  These limitations are discussed in more detail in Sections II, III, 

and IV, below.   

A fundamental concern with mapping environmental injustice is that it does not yield 

definitive findings about differential exposure levels or health outcomes for the population in 

proximity to the noxious facilities or land uses.  This drawback makes these studies less useful in 

conclusively demonstrating (and measuring) the correspondence between the location of 

potential environmental burdens, exposures, and health effects.  However, it is feasible to 

develop methods and tools for producing more meaningful spatial analyses, and recently health 

geographers and other researchers have been using GIS techniques effectively to show the 
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correspondence amongst factors such as proximity to hazardous facilities and land uses, adverse 

health outcomes, disproportionate exposure and risk, and health disparities.   

 Brulle and Pellow (2006:104) maintain that although there are many potential 

connections between environmental justice and health disparities research, the two remain, for all 

intents and purposes, separate disciplines.  However, GIS and geospatial analysis can serve as a 

methodological framework to integrate or bridge these two areas of research.  Although some of 

the papers that we reviewed for this report have succeeded in combining EJ and health 

disparities, (i.e., Grineski, 2007; Maantay, 2007; Chakraborty, 2009), one of the challenges we 

faced in assembling our literature review is that, generally speaking, papers fall into one or 

another of these categories, and only rarely merge all the topics we were interested in for the 

purposes of answering the research question posed at the beginning of the paper.  Most research 

studies tend to look at health outcomes in relationship to environmental hazards, or at the 

correspondence of populations’ socio-demographic factors to hazardous locations, or at health 

disparities based on disproportionate adverse health outcomes and socio-demographics, but 

studies do not usually examine more than one of these relationships at a time.  Therefore our 

critique and evaluation of the salient literature for this report by necessity is composed of several 

completely separate bodies of literature.  The following section discusses environmental justice 

studies and their findings.   

 

 

Environmental Justice Research Studies 

 

Rationale for study selection  

The papers selected for review in this section reflect our efforts to provide a 

comprehensive overview and synopsis of relevant environmental justice studies and a 

longitudinal view of the research on EJ and proximity to environmental hazards over the past 

two decades, from the early 1990’s to the present.  In this way, we sought to provide background 

on the evolution of EJ research, as well as to evaluate the methods and data used, to report the 

findings, and to compare the results.  The studies selected are significant because they are 

generally the most often-cited papers, and ones which have been consistently cited over time, an 

acknowledgement of their importance in the field.  Several are considered the seminal papers on 

the topic.  We attempted to find studies exhibiting as wide a range as possible in terms of 
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geographic extent studied, the variety of hazard types, and analytical methods employed.  The 

researchers who conducted these studies also come from a diverse array of backgrounds and 

disciplines, and include geographers, sociologists, political scientists, atmospheric scientists, 

public health practitioners, urban planners, epidemiologists, environmental scientists, 

community-based planners and advocates, hazard analysts, environmental attorneys, and risk 

assessors.   

The sub-sections below describe in general terms how most of the studies are 

constructed, regarding independent variables, dependent variables (hazard type), geographic 

scale or study extent, unit of analysis or resolution, and methods.  The section concludes with a 

summary of the findings.  See Table 1 for a detailed outline of the studies.    

 

Independent Variables and definitions  

Overview 

The independent variables for most of the studies included both socioeconomic status 

(SES) and race/ethnicity, or focused specifically on either SES or race/ethnicity.  The U.S. 

Census was usually the source for the socio-demographic information.  The 2005 study by 

Apelberg et al. is typical of the usage of both race and SES as independent variables, using 2000 

Census data.  The study measured the percentage of white, African American and Hispanic 

people in each Baltimore census tract, and to measure SES, the study looked at the median 

household income, per capita income, percent owner-occupied homes, percent with public 

assistance income, percent below poverty level, and percent without a high school diploma.   

   

Race as an Independent Variable  

Definitions of race are not consistent, due to the subjective nature of "preconceived 

notions of a racialized social structure" (Omi and Winant 1994:59), where, particularly in the 

United States, racial divisions have been exploited as a strategy to maintain access to power and 

resources.  However, the U.S. Census serves as a useful source of data related to race and 

ethnicity, although often recognized as being ambiguous, incomplete, and inconsistent itself.  In 

2000, the racial categories used by the U.S. Census include American Indian or Alaskan Native, 

Asian or Pacific Islander, Black, and White.  In addition, the two ethnicity categories include 

Hispanic origin and Not of Hispanic origin, while persons of either ethnicity may be of any race.  
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Most studies included in this literature review treated people of Hispanic origin as its own 

ethnic/racial group similar to Census racial categories.  Adding to the inconsistencies inherent in 

using census data, census categories have changed over time, reflecting what is perceived to be 

mainstream views of racial categories.  Therefore, longitudinal analyses of racial/ethnic variables 

are fraught with difficulties, and may result in inaccuracies and misleading comparisons.   

Chakraborty’s 2009 paper provides an example of a typical use of race variables, using 

2000 Census data at the census tract level in Tampa, Florida, to measure percentages of non-

Hispanic whites, African Americans (non-Hispanic Black) and Hispanics or Latinos (of any 

race).  As exemplified by this study, African American and Latino communities are often the 

primary focus of environmental justice studies, which is consistent with the attention paid in 

environmental justice and public health literature to health disparities faced by these populations 

in the United States, as well as these groups’ significant proportions in the overall United States 

population.  There are, however, a few environmental justice studies focusing on Native 

American communities, though these tend to be more anecdotal and descriptive than quantitative 

analyses (Bullard, 1994; The Akwesasne Task Force on the Environmental Research Advisory 

Committee, 1997; Clark and Gerlak, 1998; Berry, 1998; Camacho, 1998; Faber, 1998; Krakoff, 

2002).   

As demonstrated in the Findings sub-section below, race has a consistent spatial 

correspondence with the location of hazardous facilities and land uses, and a concomitant 

potential for disproportionate environmental exposures and disease burdens.  Chakraborty and 

Zandbergen (2007) looked at the percentages of students who self-identify as black, Hispanic, 

white, and other at 153 public schools in Orange County, Florida.  While the study did not 

explicitly measure SES variables, the authors point to the strong relationship between race, 

socioeconomic status, and educational attainment.  The case of Orange County, Florida, is 

illustrative of a broader pattern in the United States, where SES factors such as employment 

status, education, and poverty are closely associated with race.  

Residential segregation is a less-commonly explored factor, which poses environmental 

justice implications that could likely shed light on the connections between race and SES, as well 

as exposure to hazardous sites.  Morello-Frosch and Jesdale (2006) measured racial segregation 

(as opposed to simply percentages of racial/ethnic populations within the population at large), 

asserting that systemic racial segregation poses important implications for community health and 
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individual well-being, and needed to be analyzed in order to better understand the origins and 

persistence of environmental health disparities.  The authors measured segregation through the 

dissimilarity index (D), and calculated racial segregation for black, Hispanic, American 

Indian/Alaska Native, Asian/Pacific Islander, and white populations as an independent variable.  

 

SES as an Independent Variable  

Similar to race and ethnicity, the definition of SES is not concrete, and is somewhat fluid 

and inconsistent from study to study.  There is no standard definition of “socio-economic status,” 

but SES basically refers to a person's relative positioning and access to resources within a 

hierarchical social structure.  Because the meaning(s) of SES are complex and dynamic, their 

quantitative (and qualitative) components also cannot be easily or consistently defined.  This 

leads to the fact that each study we reviewed measured SES differently, although using similar 

methods and often based on U.S. Census data. Studies frequently looked at measures related to 

income, percent below poverty level, home ownership, education, and housing, and oftentimes 

expanded definitions of SES to incorporate education, employment, and family status.  Recent EJ 

studies make a distinction between income and wealth, using the proportion of owner-occupied 

homes as an indicator of community wealth (Pastor et al., 2004; 2005; Gilbert and Chakraborty, 

2008; Chakraborty, 2009).  Linder, Marko, and Sexton (2008) regarded education as a correlate 

of health risk, and also looked at variables related to family status, such as lone-parent families 

and welfare or state reliance.  Employment status or category were also frequently considered: 

for example, Linder, Marko, and Sexton (2008) examined percent of residents who worked in 

eight “blue-collar” occupations out of the 13 defined by the Census Bureau, and Sicotte and 

Swanson (2007) used the “population employed in manufacturing” as a proxy for SES.  As 

another SES indicator, Mirabelli et al. (2006) measured student usage of free or reduced lunch.  

While many studies looked at SES variables in conjunction with race/ethnicity, the two 

studies examining areas outside of the U.S., in Wales (Higgs 2009) and Hamilton, Canada 

(Buzzelli, 2003), did not take race into consideration and only used indicators of SES.  This is 

likely attributable to these study regions having predominantly white populations.  Higgs (2009) 

measured social deprivation, determined by reference to the Welsh Index of Multiple 

Deprivation of 2005, the official measure of deprivation used by the National Assembly for 

Wales.  This is composed of seven deprivation indicators, namely: income, employment, health, 
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education, housing, access to services, and environment.  There are no similar “official” 

measures of socioeconomic status or social deprivation used in the U.S. 

 

Population Density  

Green et al's study (2004), which measured proximity of schools to busy roads, looked at 

both race and SES data associated with social, economic, and housing status, and also looked at 

population density and total enrollment at schools as additional region-based variables.  

Additionally, Burke (1993), Bowen et al. (1995), Fisher (2005), Chakraborty (2009) and Maroko 

et al. (2009) all used population density as a variable, in addition to SES indicators and race.  

Population density serves as a useful independent variable to measure the degree to which an 

area is urbanized, which influences traffic volume as well as land use decisions.  Several studies 

have also used metropolitan classification (urban/rural) as a categorical or dummy variable 

(Pastor et al., 2005; Baden et al., 2007; Gilbert and Chakraborty, 2008; Mohai et al., 2009). 

Rurality, also determined by population density, served as a variable in Norton et al's study 

(2007).  In addition to measurements of race and the value of owner-occupied homes as a 

measure of wealth, they measured rurality by persons per square mile, because it serves as a 

possible determinant of landfill location, as these facilities require large parcels of unoccupied 

land for waste disposal.  Rurality also often correlates with poverty, particularly in this paper’s 

study region, eastern North Carolina.  

 
Dependent variables/environmental hazard and proximity to hazard 

Air pollution was the most common environmental burden examined in these studies, 

which typically measured proximity to sites that are pollution sources, including high-volume 

roads, power plants, and industrial facilities emitting air pollution.  The dependent variable has 

been measured in various ways (as outlined more fully in Section II): presence of hazards, 

number or density of hazards, distance to hazards, or a measure of its magnitude, in terms of 

quantity of pollutants, toxicity, or health risk.   

In order to measure health risk from air pollution, Morello-Frosch, Pastor, and Sadd 

(2001) used California’s AB 2588 “Hot Spots” Guidelines and the U.S. Environmental 

Protection Agency’s cancer risk guidelines.  This study assessed cancer risk through inhalation 

unit risk (IUR) estimates, and used cancer potency data from the U.S. EPA and the California 
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EPA.  Several similar studies on hazardous air pollutants used data from the EPA's National-

Scale Air Toxics Assessment (NATA), which offers ongoing evaluations of air toxics and 

estimates of associated health risk.  This data set has facilitated the making of connections 

between health risk and potential exposure, which has often proved difficult in environmental 

health studies.  Studies using NATA data usually focus specifically on cancer risk estimates 

(Apelberg, 2005; Morello-Frosch and Jesdale, 2006; Linder et al., 2008), while recent studies 

have examined both cancer and respiratory disease risk (Gilbert and Chakraborty, 2008; 

Chakraborty, 2009).   

Another source of data is the Toxic Release Inventory program of the Environmental 

Protection Agency, which includes annually collected data on releases and of certain toxic 

chemicals from industrial facilities.  Utilization of TRI data was especially common before 2000, 

and Burke (1993), Bowen et al. (1995), Glickman and Hersh (1995), Perlin et al. (1995), Pollack 

and Vittas (1995), Chakraborty and Armstrong (1997), McMaster et al. (1997), and Sheppard et 

al. (1999) all used this data.  Chakraborty and Zandbergen (2007) looked at potential exposure 

from TRI facilities as well as EPA’s aerometric information retrieval system (AIRS) and major 

roads.  Grineski (2007) used TRI data to collect a toxic air release score for each ZIP code.  

Other studies which did not focus primarily on air pollution or releases of hazardous 

substances to the air measured proximity to industrial zones and the characteristics of 

populations living near intensification of major industrial zones (Maantay, 2001); proximity to 

solid waste facilities (Been and Gupta, 1996; Mohai and Saha, 2007; Norton, 2007; Higgs and 

Langford, 2009); access to parks and active recreational spaces (Maroko et al., 2009); and 

proximity to flood prone areas (Maantay and Maroko, 2009).  Although natural hazards were not 

the focus of this review, we wanted to include at least one such research paper to point out the 

wide range of studies covering proximity to environmental burdens and environmental health 

justice.   

 

Geographic scale (study extent), and unit of analysis (resolution)  

Geographic Scale - Study extent  

The studies included in this literature review ranged in geographic extent from individual 

neighborhoods to nation-wide studies, but the majority were small-extent studies focused on 

cities or metropolitan areas to allow for incorporation of location-specific knowledge.  In 
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general, the cities and metropolitan areas selected for the studies reflected the geographic 

locations of the researchers, and perhaps over-represent major academic regions.  The use of 

individual cities versus entire counties or metropolitan areas reflected both the research 

methodologies, selected data sets, and the location-specific geographies.  For example, Sicotte 

and Swanson (2007) looked at the entire nine-county metropolitan statistical area including 

Philadelphia, PA, allowing them to disaggregate their results by county and neighborhood to 

compare results from suburban and urban areas in a manner that would not be possible using 

individual cities or a single county.  On the opposite end of the extent spectrum were studies 

conducted on a national scale.  Mohai and Saha (2007) conducted a study to replicate earlier 

nation-wide studies, using different spatial analysis methods, while Morello-Frosch and Jesdale 

(2006) focused on metropolitan areas within the continental U.S. to compare results using 

segregation as an explanatory factor to other national-scale studies that instead used racial/ethnic 

categories to help explain the same data sets (NATA) for environmental risk factors.  Ash and 

Fetter (2004) examined urbanized areas nationwide to determine whether or not minority 

populations tend to experience higher levels of toxicity-adjusted exposure to air pollution from 

TRI facilities.    

 

Unit of Analysis - Resolution  

Because of their focus on race and socioeconomic status, most quantitative studies in the 

environmental justice literature--not just limited to those included in this paper--require census or 

similar population data, and therefore, enumeration units are the natural choice for the primary 

units of analysis for the independent variables.  The majority of studies considered for this 

literature review used either census tracts or block groups as their unit of analysis depending on 

the extent of the study.  The choice between census tracts and block groups varied with study 

extent, and either resulted from or was a reason for specific census categories used in the 

analysis--studies on individual cities tended to use census block groups, while most of the larger-

extent studies used census tracts as their aggregation unit.  Studies that looked at environmental 

effects on populations within schools used individual school sites as their unit of analysis (Green 

et al., 2004; Mirabelli et al., 2006), while Chakraborty et al. (2007) also included individual 

residences.  Grineski (2007) was constrained to ZIP postal code zones as the unit of analysis on 

account of the available data resolution for asthma hospitalizations employed by the study, while 
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Hird (1993), Perlin et al. (1995), Bowen et al. (1995), and Daniels and Friedman (1999) used 

county-level data.   

Several of the studies (McMaster et al., 1997; Dolinoy and Miranda, 2004; Baden et al., 

2007; Mohai and Saha, 2007; Maantay and Maroko, 2009) were concerned with the effects of 

differing units of analysis on findings, and therefore used analysis units ranging from ZIP code 

postal zones down to census blocks.  Mohai and Saha (2007) compared results from three levels 

of aggregation and concluded that areal apportionment techniques of distance-based spatial 

analysis produced very similar results regardless of the unit of analysis between ZIP code postal 

zones, census tracts, and census block groups.  McMaster, Leitner, and Sheppard (1997) found 

that using smaller units of analysis allowed for detailed qualitative analysis that could be used to 

qualify and provide additional insight into the quantitative findings.  Maantay and Maroko point 

out that data collected based on administrative boundaries created for political or other 

seemingly arbitrary purposes (e.g., ZIP code postal zones or census tracts) do not necessarily 

relate to the distribution of the underlying environmental phenomena being mapped, so using the 

smallest possible unit of analysis results in greater data resolution, minimizing potential 

misrepresentation of geographically heterogenous populations.  They effectively disaggregated 

census block groups into individual tax parcels (cadastral units) using a GIS-based expert system 

(2009).  Dolinoy and Miranda, in their 2004 study of Durham County, North Carolina, used data 

aggregated at various different scales and found that potential exposure disparities increase as the 

analytical unit becomes smaller (ZIP code to block), for both race and income. Baden et al. 

(2007) examined the sensitivity of EJ findings at three different geographic scales (nation, state, 

and county) using four different unit of analysis. Although the results depicted an inconsistent 

story, this study found strong evidence of environmental injustice for Blacks and Hispanics at the 

national and state levels when census tract and block group data were used.  

Fisher et al. (2005) used a spatial analysis method, Ripley's K plots, borrowed from the 

epidemiology literature to identify statistically significant clusters of TRI facilities that could be 

used to establish proximity zones that served as the area for analysis, which, as discussed below, 

was also their method for determining proximity.  However, they still relied on census tracts and 

block groups to provide population characteristics within the proximity zones.   Downey (2006) 

used distance decay modeling to estimate hazard proximity to populations whose characteristics 

were aggregated by census tract.   
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Overview of proximity to environmental burdens  

All of the studies included in this literature review attempted to establish the existence of 

inequitable distributional patterns of environmental factors relative to various axes of population 

characteristics.  In general, these patterns can be revealed through either quantitative or 

qualitative methods; however for the epistemological purpose of public policy advocacy, which 

was at the core of the studies included in this literature review, quantitative methods of statistical 

and proximity analysis dominate.  The utility of these methods is that they typically provide both 

a magnitude of disproportion and a probabilistic significance of the results.  Quantitative 

methods are most useful for expediently and repeatably identifying larger-scale potential risk 

patterns that would be impractical using qualitative methods.  All of the studies included in this 

literature review utilized a combination of quantitative proximity and/or statistical methods, 

while some also included qualitative components.   

Qualitative methods, such as archival research or ethnographic studies, can reveal more 

detailed and holistic analyses of patterns of disproportionate environmental burdens, especially 

those not contained within the widely-available datasets used in most quantitative studies, such 

as TRI or NATA.  An example of the use of qualitative analysis is the neighborhood-scale study 

of the Phillips community in Minneapolis, MN, conducted by McMaster, Leitner, and Sheppard 

(1997), which incorporated local knowledge of potentially vulnerable populations not captured 

by census data.  In a study mixing quantitative and qualitative methods, Maantay (2001) used 

archival research on industrial zoning changes over a 40 year period in relationship to the socio-

demographic characteristics of proximate populations to show a pattern of inequity in land use 

zoning practices and policies. More recently, Mohai et al. (2009) used individual-level survey 

data from a baseline sample of the Americans Changing Lives Study to examine racial and 

socioeconomic disparities in the distribution of polluting industrial facilities. Grineski (2009) 

also used qualitative methods in her study on asthmatic children (i.e., interviews with parents) to 

demonstrate how individuals interact with polluted urban environments and attempt to modify 

such environments.   

The first methodological problem most of the studies addressed was how to establish the 

geographic extent of populations most vulnerable to environmental factors.  The specific 

methods used to address this problem depended on how the environmental factors were 
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measured.  Studies that used proximity to sources of environmental factors as a proxy for 

exposure effects employed techniques such as spatial coincidence, simple buffer intersection, 

and dasymetric mapping to associate the environmental factors with specific populations within 

the individual units of analysis (see Section II of this paper for definitions and explanations of 

these terms).  Other studies used exposure- or health-risk estimates calculated for the population 

within each individual unit of analysis and therefore didn't require additional proximity analyses.  

Maroko et al. (2009) used a kernel density analysis to map density of park activity sites and 

acreage, and Geographically-Weighted Regression (GWR) of these variables in relationship to 

the socio-demographics of the census block group units of analysis.  

The second methodological problem was how to determine if the environmental factors 

were "explained" by population variables, or put simply, whether or not the distribution of 

environmental factors was "equitable."  As with the problem of defining the vulnerable 

populations, Fisher et al. point out that within the environmental justice literature, "no clear 

consensus on appropriate spatial statistics has emerged, because each statistic addresses different 

types of questions" (2005).  Within the reviewed studies, statistical methods included generalized 

linear models, hypothesis testing (inferential statistics), and descriptive statistics.   

While it is a fair assumption that all of the studies ask the question of disproportionate 

distributions of environmental goods and bads, the studies make different assumptions about 

how to measure "disproportion."  Even the term “disproportionate impacts” is difficult to define 

to everyone’s satisfaction.  In this paper, we use the term to mean impacts that are not distributed 

evenly, uniformly, or equally across all populations and geographies, but rather tend to be more 

severe or of greater magnitude for certain groups in certain areas, as predicted by race/ethnicity 

and socioeconomic status, and in a way that is out of proportion with these groups’ populations, 

both in terms of absolute numbers and as a percentage of the general population.   

 

Determination of Vulnerable Population or Exposure Risk  

Studies that relied on the U.S. EPA's NATA or Cumulative Exposure Project (CEP) data 

(Apelberg et al., 2005; Chakraborty, 2009; Linder et al., 2008; Morello-Frosch et al., 2001; 

Morello-Frosch and Jesdale, 2006) did not require separate geospatial methods since the data are 

mapped to census tracts as part of their underlying estimation methodology (Chakraborty, 2009).  

Similarly, Buzzelli et al. (2003) used spatial interpolation of Total Suspended Particulate (TSP) 
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concentrations to determine potential exposure levels at the centroid of each census tract within 

the study area.   

The majority of studies that looked at proximity to point and mobile sources as an 

indicator of risk used the spatial coincidence method (Burke, 1993; Anderton et al., 1994; 

Goldman and Fitton, 1994; Bowen, 1995; Perlin et al., 1995; Been and Gupta, 1996; Cutter et al., 

1996; Boer et al., 1997; Brooks and Sethi, 1997; McMaster et al., 1997; Daniels and Freidman, 

1999; Fricker and Hengartner, 2001; Pastor et al., 2004; Mennis and Jordan, 2005; Baden et al., 

2007; Norton, 2007).  The spatial coincidence method is fully described in Section II of this 

paper, but briefly stated, it refers to an analytic approach that assumes potential exposure to 

environmental hazards is confined to boundaries of pre-defined geographic entities or census 

enumeration units (e.g., ZIP codes, census tracts, or block groups) that contain such hazards.   

Many other studies used proximity analysis (or distance-based analysis) in the form of 

circular buffers (or line buffers in the case of mobile sources) with radii ranging from 100 yards 

to 4 miles to establish proximate populations, (Glickman and Hersh, 1995; U.S. GAO, 1995; 

Chakraborty and Armstrong, 1997; Neuman et al., 1998; Perlin et al., 1999; Boone, 2001; Bolin 

et al., 2002; Maantay, 2007; Chakraborty and Zandbergen, 2007; Mohai and Saha, 2007; Sicotte 

and Swanson, 2007; Higgs and Langford, 2009), and several of these studies compared the 

results of buffer analysis with spatial coincidence methods.  Buffer analysis in EJ studies usually 

consists of the creation of circular or linear zones (buffers) around environmentally burdensome 

facilities/land uses, which represent areas of potential environmental impact from or exposure to 

pollutants, and then comparing the socio-demographic characteristics of the populations living 

within these zones (the potentially exposed populations) to those of the populations outside the 

buffer zones.   

Instead of using circular buffers, Pollock and Vittas (1995) and Stretesky and Lynch 

(1999) used the distance between block group centroids and TRI facilities as a proxy for 

exposure, while Glickman and Hersh (1995), Chakraborty and Armstrong (1997), Dolinoy and 

Miranda (2004), and Fisher et al. (2007) employed air pollutant dispersion models to delineate 

plume buffers around facilities.  Spatial coincidence methods were widely used as the exclusive 

method for spatially joining populations with environmental factors, although a handful of 

studies used multiple techniques to disaggregate their population data (Chakraborty and 

Armstrong,1997; Higgs and Langford, 2009; Mohai and Saha, 2007; Sheppard et al., 1999).   
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Maantay and Maroko (2009) focused on flood risk, but employed disaggregation 

techniques like those used in the hazardous air pollutant studies to map flood zones onto census 

data.  Fisher et al. (2005) used a spatial statistics technique called Ripley's K to locate 

statistically significant clusters of TRI facilities on a regional scale, then looked the entire 

neighborhood population within the area containing the most significant cluster of facilities.  

Chakraborty and Zandbergen (2007) used proximity analysis, but because their units of analysis 

were individually geocoded schools and residences, they were able to exactly map their 

population statistics onto the proximity ranges, which is not possible with census data due to 

anonymity requirements for data collection.  Unique within the reviewed studies, Mirabelli et al. 

(2006) conducted voluntary surveys at schools to assess respondents' observations of swine odor 

at their school sites, using the degree of odor as a proxy for the presence of hazardous air 

pollutants resulting from concentrated swine feeding operations.  Unlike those studies focused on 

hazardous air pollutants, Maroko et al. (2009) looked at access to parks, which prompted them to 

consider the physical infrastructure of the study area.  Therefore, they used kernel density 

analysis, a form of spatial analysis, to determine proximate park density throughout the study 

area.   

 

Evaluation of Disproportionate Risk or Burden  

The studies included in this review used a range of statistical methods to describe the 

relationship between independent and dependent variables as evidence of disproportionate 

environmental risks or burdens.  The majority of studies used generalized linear statistical 

methods to test for correlation between environmental factors and proximate population 

characteristics (linear or multivariate regression) or to test for significant differences between 

vulnerable and non-vulnerable populations (logistic regression, inferential statistics).  These 

methods all calculate a measure of disproportion/correlation and an associated probabilistic 

significance level. Studies that used multivariate regression were able to test for independence 

between the explanatory variables to provide an additional detail about the findings, for example, 

that race was predictive of environmental risk even when controlling for household income. 

Similarly, several of the studies controlled for or considered the effects of spatial autocorrelation 

using appropriate methods such as Moran's I (Buzzelli et al., 2003; Sicotte and Swanson, 2007; 
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Chakraborty, 2009) or Monte Carlo randomization (Sheppard et al., 1999) to estimate the 

significance of their findings.   

Nearly as prevalent as statistical methods in the reviewed studies were qualitative 

methods such as archival research and descriptive statistics to generally describe the extent and 

level of disproportion of environmental factors.  For example, Maroko et al. (2009) augmented 

their indeterminate quantitative results with historiographic research and field surveys of 

physical access factors at parks within a case study area.  In looking at differences between 

buffering methods in analysis of hazardous air pollutants, Chakraborty and Armstrong (1997) 

used descriptive statistics to compare results across methods, an acknowledgement that there is a 

great deal of uncertainty in aggregated population statistics and to provide statistical significance 

of differences in results across methods is meaningless since all of the results are themselves 

estimates with unquantified statistical significance.  

 

Summary of Findings of Environmental Justice Research Studies 

The majority of studies showed that both race and SES predicted a disproportionate 

spatial distribution of environmental burdens.  When these two suites of variables were 

compared, SES variables pointed to more significant risks of exposure than race (McMaster et 

al., 1997; Apelberg, 2005; Mirabelli, et al., 2006; Grineski, 2007; Linder et al., 2008), however 

race tended to be predictive of disproportion even when controlling for SES (Morello-Frosch et 

al., 2001; Pastor et al., 2005; Morello-Frosch and Jesdale, 2006; Chakraborty, 2009).  Linder, 

Marko, and Sexton (2008) found that, in addition to ethnicity and poverty being a significant 

indicator of cancer risk, the inverse relationship between a neighborhood population’s overall 

level of education and cumulative cancer risk levels showed the strongest statistical associations 

across all social and economic variables.  And studies pointed to the significant association 

between race and SES in their study areas, for example, McMaster et al. (1997:181) highlights 

"concentrated poverty" as an effective measure of potential exposure to hazardous air pollutants, 

emphasizing how it measures both income and race/ethnicity, due to the fact that people of color 

tend to be highly concentrated in areas with high poverty rates.    

When studying other vulnerable populations, Chakraborty and Armstrong (2001) found 

that a significantly high proportion of the special needs population (a self-identified group of 

individuals with a physical or mental disability) in Linn County, Iowa, was residing in areas 
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potentially susceptible to worst-case extremely hazardous substances (EHS) releases.  A similar 

study in Hillsborough County, Florida, demonstrated that a significantly large proportion of non-

White and impoverished individuals resided in areas exposed to multiple worst-case EHS 

releases (Chakraborty, 2001). 

Chakraborty (2009) had a number of unique outcomes.  First, while measuring factors 

related to both race/ethnicity and SES, the study did not significantly prove inequity based on 

socioeconomic status.  It did, however find a persistent pattern of racial and ethnic inequity in the 

distribution of estimated health risks from vehicular air pollution based on NATA data, even 

when controlling for relevant socioeconomic factors, and more so for the Hispanic population 

than African Americans.  Additionally, this study found that residential population density 

indicates the strongest association with both cancer and respiratory risk at the tract level in 

Tampa Bay, pointing to the significant health risks associated with living in densely populated 

urban areas.  Another unique finding was that households with no automobiles are 

disproportionately located in areas exposed to higher cancer and respiratory risks in comparison 

to the rest of the population, despite the fact that automobiles were the cause of health risks 

examined in these studies.  

There were several notable studies that did not find a definitively positive correspondence 

between the location of environmental hazards and high percentages of minority or low socio-

economic status populations.  Mennis and Jordan (2005) reported mixed results in their study of 

TRI facilities in New Jersey, finding that the relationship between TRI facility density and 

explanatory factors vary significantly over space, and minority proportion has a significant and 

positive effect in most, but not all, urban and suburban areas in the state.  Boone’s 2001 study of 

Baltimore’s TRI facilities found that tracts with White, working-class people are more likely to 

host TRI facilities than primarily Black tracts, but this pattern can be explained by a long history 

of residential and occupational segregation.  The results were also inconclusive for some of the 

earlier environmental justice studies which primarily used the spatial coincidence method of 

ascertaining the binary presence or absence of hazardous facilities within a given geography 

(Anderton et al., 1994; Cutter et al., 1996).  These results may be more attributable to the coarse 

unit of data aggregation used, as well as to the limitations of the spatial coincidence method used 

to approximate the potentially exposed population, rather than reflecting the realities of potential 

exposure.   
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Although TRI facilities have been used in many environmental health justice studies as 

the main locations from which to measure environmental exposures to vulnerable populations, 

and often act as a kind of a proxy for general environmental impacts areas, there are many 

limitations inherent with relying on TRI facilities to capture the entire range of environmental 

burdens that may affect a particular place or population group.  For instance, only selected 

industrial sectors or polluting activities (limited to 23,000 facilities in the U.S.) and selected 

chemicals (approximately 650 at present) are included in TRI.  Within the selected sectors and 

activities, facilities with fewer than 10 full-time employees are exempt from reporting, thus 

eliminating the vast majority of polluting facilities from consideration in the impact/exposure 

assessment.  Additionally, facilities releasing toxics each year at levels under the reporting 

threshold set for an individual chemical (or in a form different than that designated for reporting 

- in dust or fibrous form, for example) are exempt from reporting.  Limitations on regulation and 

data gathering obligations authorized under federal environmental statutes (e.g., grandfather 

clauses, toxic materials sent for recycling without intervening processing) will transfer to limits 

on TRI data  (Nationally Consistent Environmental Justice Screening Approaches Work Group, 

2010).  Therefore, the TRI database captures only the tip of the iceberg with respect to adverse 

environmental burdens borne by communities in close proximity to these sites, because 

frequently these facilities are located where other industrial uses are permitted, and typically 

many of these uses fall below the reporting thresholds for TRI and are not tracked at a national 

level in any publicly-accessible database.   

Studies focusing on air pollutants (TRI facilities, mobile sources, and so forth) dominated 

the literature and most consistently predicted disproportionate burdens.  However, a number of 

studies examined proximity to other environmental burdens, such as Superfund sites (Baden et 

al., 2007); hazardous waste TSDFs (Anderton et al., 1994; Boer et al., 1997; Bolin, 2002; Cutter 

et al., 1996; Fricker and Hengartner, 2001; Goldman and Fitton, 1994;); solid waste landfills 

(Been and Gupta, 1996; Higgs and Langford, 2009; Mohai and Saha, 2007; Norton, 2007; and 

the U.S. GAO, 1995); and noise pollution from airports (Most et al., 2004).  Most of these also 

found a positive spatial correspondence between minority/socio-economic status and proximity 

to hazards, with the exception of a few of the earlier studies (Anderton et al., 1994; Cutter et al., 

1996; U.S. GAO, 1995).   
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Additionally, several studies looked at the disproportionate distribution of other 

environmental factors, including access to parks (Maroko et al., 2009), industrial land-use zoning 

(Maantay, 2001), and flood zones (Maantay and Maroko, 2009; Maantay et al, 2009a).  Maantay 

(2001) showed zoning practices having a discriminatory impact, while Maantay and Maroko 

(2009) did not prove city-wide disparities in potential exposure to flood risk by race, although 

this varied amongst the different boroughs of New York City.  However, the study showed that 

minority populations were dramatically undercounted as living in flood zones, when compared 

with non-Hispanic whites, as contrasted with the conventional methods of calculating population 

numbers.  This points to the importance of taking into consideration factors related to historical 

and current patterns of residential settlement, industrial development, de-industrialization, and 

gentrification in certain areas of the city, and cultural changes over the years concerning the 

desirability of living along the waterfront and therefore the flood zones.  Maroko et al. (2009) 

does not definitively demonstrate inequity in park access based on race or SES, but rather shows 

“unpatterned inequity,” meaning that there is not an even distribution of parks and recreational 

areas in New York City, but the pattern cannot be predicted based on race or class.  The study 

emphasizes the importance of further exploration of this topic using various quantitative and 

qualitative methods. 

Studies that focused on methods for determining the proximity of disadvantaged 

populations to hazardous sites indicated that methods used in previous studies likely 

underestimated the disproportionate burdens faced by economically disadvantaged and non-

white populations (Chakraborty, 1997; Morello-Frosch and Jesdale, 2006).  Studies that included 

qualitative assessments generally found specific instances of disproportionate distributions of 

environmental factors that were not revealed through geostatistical analyses (Maantay, 2001; 

Maroko et al., 2009; McMaster et al., 1997).  Maantay and Maroko (2009) recommend further 

use of geospatial methods such as dasymetric mapping and similar means of disaggregating 

population data, particularly in heterogenous urban areas.  Dasymetric mapping refers to a 

process of disaggregating spatial data to a finer unit of analysis, using additional (or “ancillary”) 

data to help refine locations of population or other phenomena (Mennis 2003).  This 

disaggregation process will result in areas of homogeneity that take into account (and more 

closely resemble) the actual phenomena being modeled, rather than areal units based on 

administrative or other arbitrary boundaries (Maantay et al., 2007). 
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Norton's finding (2007) that the siting of public facilities was not disproportionate by race 

while the siting of privately owned facilities shows discriminatory impacts raises significant 

policy questions.  The recent shift towards privately owned solid waste facilities, public-private 

partnerships for solid waste management, and increasing size and decreased number of solid 

waste facilities pose further risk for disproportionate siting decisions.  For example, private 

companies may be subject to less stringent siting requirements than publicly-owned or -operated 

facilities.  

A previous literature review by Maantay (2002) on studies conducted throughout the 

1990s overwhelmingly found disproportionate burdens based on race (Perlin et al., 1993, Pollak 

and Vitas, 1995).  Most of the studies also found disproportionate burdens based on income, 

however, several of the studies found inverse or non-linear relationships between income and 

proximity to noxious facilities, which are likely similar to the "halo" effect described by Higgs 

and Langford (2009), who use this term to illustrate their findings that the most “deprived” 

populations sometimes do not live in the closest proximity to the noxious facility, but rather at a 

moderate distance away, creating a nimbus-like aura of deprived population around the facility 

or land use, with an interstitial area of relatively more affluent population, or one having a lower 

percentage of minority residents, sandwiched between the more deprived populations and the 

facility.  This was not, however, a prevalent finding.   

Maantay (2002) points out that many of the earlier studies conducted prior to the mid-

1990s focused exclusively on distributions of noxious facilities (e.g., Toxic Substance Disposal 

Facilities (TSDFs), Superfund sites, Resource Conservation and Recovery Act (RCRA) sites, and 

TRI facilities) and suffered from "definitional, conceptual, methodological, and data problems, 

which limited their usefulness and raised questions as to the ability of GIS to assess 

environmental health or equity."  Some of these problems were due to factors that are integral 

limitations with the datasets themselves, such as discussed above with regards to the TRI data. 

The shifts in the more recent studies included in this paper toward more complex data sets 

providing modeled estimates of exposure concentrations and health risks such as the NATA, and 

GIS techniques such as dasymetric mapping for data disaggregation, are demonstrative of 

attempts to improve the reliability and utility of environmental justice studies. 

As scientists continue to examine proximity to environmental hazards and health 

disparities by race and SES in order to better understand the persistence of inequity in exposure 
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to environmental hazards and associated health risks, Morello-Frosch, Pastor, and Sadd 

succinctly state their recommended objectives for future research.  Scientists should aim to 

"elucidate how institutional discrimination, uneven regional development, and a spatialized 

political economy shape distributions of environmental hazards, which in turn determine 

variations in community exposures and susceptibility to environmental hazards" (Morello-Frosch 

et al., 2001:572).  The refinement of GISc techniques and dasymetric mapping as well as 

increasing access to geographically detailed data sets such as NATA pose multiple opportunities 

for an increasing rigor in environmental justice research that can even more effectively serve to 

advance just and equitable policy. 

 

Summary of Section I and organization of the rest of the paper 

In Section I, we have presented an outline of environmental health justice as an advocacy 

movement, a legal and regulatory framework, and a focus of research inquiry.  We review 

research studies spanning more than two decades that demonstrate the significant spatial 

correspondence between the locations of environmentally burdensome facilities/land uses and 

communities of color and lower-income communities, as well as the disproportionate distribution 

of these environmental burdens.  Section II presents an historical overview of analytical methods 

used to examine environmental health justice, showing the evolution of the methods, the 

increasing sophistication of analyses, and offering a constructive critique of the analytical 

approaches, including a discussion of methodological and data limitations.  Section III addresses 

the question of whether or not the proximity to environmentally burdensome facilities/land uses 

results in actual adverse health outcomes, and to what extent these are borne disproportionately 

by communities of color and lower-income populations.  Health outcomes examined in these 

studies include adverse pregnancy outcomes, childhood cancers, and cardiovascular, respiratory 

and other chronic diseases.  Section IV offers conclusions and recommendations for improving 

future research on these issues, and the necessity of including, in a more systematic and robust 

way, the realities of environmental health justice and disproportionate health impacts in policy- 

and decision-making.   

Thus, the organization of this paper mirrors the trajectory of environmental health justice 

research itself: from the earlier environmental justice studies - which show that certain 

populations, closely predicted based on race/ethnicity and income, are disproportionately located 
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in proximity to environmentally hazardous facilities, and that proximity may result in increased 

risk of exposure - to studies showing that this increased exposure risk often results in adverse 

health outcomes for populations proximate to these noxious facilities and land uses.   
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II.  Methods and Models for Measuring Disproportionate Proximity 

and Exposure to Environmental Hazards 

 

 This section of the review explores how proximity to environmental hazards and potential  

exposure to their adverse health effects have been analyzed in previous empirical studies on 

environmental justice (EJ).  More specifically, we examine how the assessment of differential 

proximity and exposure to environmental health hazards in quantitative EJ research has evolved 

from comparing the prevalence of minority or low-income populations in geographic entities 

hosting pollution sources and distance-based buffer zones to more refined methods that utilize 

GIS, pollutant fate and transport models, and various geostatistical techniques to estimate 

disproportionate environmental exposure and health risks.  Methods used to estimate the number 

and socio-demographic characteristics of people residing in areas potentially exposed to hazards 

are also discussed and reviewed.  Spatial analytic approaches and methods reviewed in this 

section apply to environmental health justice studies, as well as to studies relating health 

outcomes to proximity to environmental hazards. 

 

 Spatial Definition of Proximity and Potential Exposure to Hazards 

A variety of spatial analytic approaches have been used in the EJ research literature to 

measure residential proximity to environmental hazard sources and estimate the geographic 

boundaries of areas potentially exposed to their adverse effects.  The different methodologies 

that have been employed in prior quantitative studies to derive the spatial definition of potential 

exposure can be classified into three broad categories: (a) spatial coincidence analysis; (b) 

distance-based analysis; and (c) pollution plume modeling.  These are described and discussed in 

detail below.   

 

Spatial Coincidence Analysis 

Spatial coincidence, in context of environmental justice research, can be used broadly to 

refer to an analytic approach that assumes potential exposure to environmental hazards is 

confined to the boundaries of pre-defined geographic entities or census enumeration units (e.g., 

ZIP codes, census tracts, or block groups) that contain such hazards.  This basic methodology 
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that has been utilized in numerous EJ studies requires the researcher to first identify locations of 

relevant environmental hazards on a map.  The next step is to estimate either the presence of the 

hazard being examined or a measure of its magnitude, for each unit of analysis within the study 

area.  All individuals residing in an analytical unit containing an environmental hazard (referred 

to a host unit) are considered to be living in equal proximity to that hazard, and only people 

living in the host unit are considered to be living in proximity to that hazard.  The demographic 

and socioeconomic characteristics of host units are statistically compared to all other analytical 

(non-host) units in the study area to determine disproportionate residential proximity or 

exposure.   

The implementation of the spatial coincidence approach for EJ analysis has also evolved 

and changed over time.  More specifically, several different methodologies have been used in 

previous studies to quantify potential exposure to environmental hazards within each host unit, as 

shown in Table 2.  The most widely used and traditional method, referred to as unit-hazard 

coincidence (Mohai and Saha, 2006), utilizes the location of an environmental hazard source 

within each analytical unit as a surrogate for environmental exposure or health risk.  Several 

influential and widely-cited EJ studies conducted at the national level have used the presence or 

absence of hazardous facilities within each ZIP code (e.g., United Church of Christ 1987; 

Goldman and Fitton 1994)  or census tract (e.g., Anderton et al., 1994; Been, 1995) to determine 

disproportionate risk burdens.  National and state level EJ studies have even used the county as a 

spatial unit for unit-hazard coincidence analysis (e.g., Hird, 1993; Daniels and Friedman, 1999; 

Tiefenbacher and Hagelman, 1999).   

The choice of analytical unit (county, ZIP code, census tract, or block group) to represent 

the host area or impacted community has been subject of considerable debate in the EJ literature 

(McMaster et al., 1997; Williams, 1999; Mennis, 2002).  Researchers have also examined how 

EJ results associated with the application of the unit-hazard coincidence method varies across 

multiple spatial scales, or the sensitivity of this technique to the size of the spatial unit selected 

(Glickman and Hersh, 1995; Cutter et al., 1996; Taquino et al., 2002; Baden et al., 2007).  

Although these studies are not comparable because of specific dissimilarities in study area and 

nature of the environmental hazard examined, their findings clearly suggest that different units of 

analysis potentially lead to different conclusions regarding the statistical effects of specific 

explanatory factors (e.g., proportions of minority or low-income populations) on the presence of 
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hazards.  Researchers have concluded that an EJ study conducted at a single spatial scale or 

based on particular areal unit cannot produce reliable findings because one can never tell how the 

analytical results are affected by the nature of data aggregation (Sui, 1999; Mennis, 2002).  Data 

aggregated at higher levels of governmental unit such as a county or metropolitan area (coarse 

spatial resolution), however, have been documented to be less reliable as indicators of 

disproportionate burdens and less accurate in identifying affected populations, compared to data 

aggregated to smaller units (finer spatial resolution) such as census block groups (McMaster et 

al., 1997; Sheppard et al., 1999; Maantay, 2002).  It is generally acknowledged that using the 

smallest practicable unit of analysis yields the most accurate and realistic results in terms of 

environmental justice and health outcomes (Maantay, 2007), although other studies have shown 

that the use of larger areal units (coarser spatial resolution) often increases the strength and 

significance of the statistical relationship between environmental risk indicators and socio-

demographic variables (Cutter et al., 1996; Taquino et al., 2002). 

Regardless of the particular analytical unit selected, the unit-hazard coincidence method 

is problematic because of three reasons.  First, most applications of this methodology do not 

usually draw a distinction between spatial units that host one environmental hazard source and 

those in which two or more sources are located.  A dummy variable is typically used to indicate 

whether or not each unit of analysis contains a hazard, thus ignoring the number of hazards 

within host units, as well as the quantity and toxicity of emitted pollutants.  Second, this 

approach does not account for boundary or edge effects.  These effects are concerned with the 

possibility that a hazardous facility could be so close to the boundary of the host unit that a 

neighboring spatial unit could be equally exposed to pollution.  A resident in a census tract 

containing a hazard (host unit), for example, may live farther away from the hazard than another 

person in an adjacent tract which does not contain any hazards (non-host unit).  Unless the 

hazard is located near the geographic center of the spatial unit, the representativeness of the 

socio-demographic data used to analyze EJ becomes questionable.  Third, the unit-hazard 

coincidence method assumes that the adverse impacts of environmental hazards are confined 

only to the boundaries of their host units.  It fails to consider that pre-defined geographic entities 

such as census units, ZIP code areas, or counties are unlikely to represent the shape or size of the 

area potentially exposed to the entire range of environmental health hazards associated with a 

polluting facility or hazard source.   
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Figure 1 illustrates the problematic nature of the assumptions associated with the unit-

hazard coincidence method.  The map depicts the distribution of 12 environmentally hazardous 

facilities across a subset of census tracts in a hypothetical county.  Most of these facilities are 

located near the boundaries of multiple tracts and closer to adjacent tracts than to the far end of 

their own host tract.  A few non-host tracts are surrounded by multiple facilities located 

immediately outside their boundaries, potentially facing greater exposure to hazards than some 

of the host tracts.  Given the spatial distribution of these hazardous facilities, it appears unlikely 

that their adverse impacts are confined solely to their host census units.  This problem becomes 

more pronounced when the size of census units vary substantially within a study area.  An 

additional limitation is that all tracts hosting hazardous facilities are treated equally, although the 

number of facilities within each host tract is not identical in Figure 1.    

The inability to distinguish between host analytical units based on the number or 

magnitude of hazards can be addressed by summing the number of hazardous facilities located in 

each unit or the amount of pollutants released within each unit in a given study area.   Instead of 

treating all host units equally, several EJ studies have extended the basic spatial coincidence 

approach by estimating either the total number of hazards, total volume of emitted pollutants, or 

toxicity-weighted volumes of all emitted pollutants associated with each host unit.  The 

summation technique has been used to enumerate the frequency of toxic facilities within census 

tracts (Burke, 1993; Fricker and Hengarner, 2001) and ZIP codes (Ringquist, 1997), as well as 

the number of airborne toxic releases within counties (Cutter and Solecki,1996).  Since certain 

EPA databases such as the Toxic Release Inventory provide detailed data on annual quantities of 

toxic chemicals released at each facility, a more refined assessment of the magnitude of pollution 

associated with each host spatial unit is possible.  While several EJ studies have relied on the 

total pounds of emitted pollutants from TRI facilities, others have used data on chemical toxicity 

indicators to weight annual release quantities and compute toxicity-adjusted emissions for each 

spatial unit in the study area, as shown in Table 2.  Since the TRI database does not include 

toxicity data for released chemicals, researchers have use surrogate measures such as threshold 

limit values (TLVs) to weight the pounds of emissions for each pollutant.  Although TLVs are 

available for many of the chemicals on the TRI list, it remains a problematic index for health risk 

and equity assessment because it was developed and intended to only assess occupational safety 

among a healthy worker population (Maantay, 2002).   
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The incorporation of data on the quality and quantity of pollution emitted from each 

hazard source have allowed researchers to distinguish between host spatial units on the basis of 

the magnitude of potential environmental risk and thus improve upon the basic unit-hazard 

coincidence method that examines the mere presence of hazards.  Applications of spatial 

coincidence analysis that utilize emissions or toxicity data, however, are still limited by their 

inability to: (a) consider the exact geographic location of the hazard within the host spatial unit; 

and (b) determine the geographic extent of potential exposure to the hazard.  Although the spatial 

coincidence approach facilitates statistical comparisons between host and non-host areas, it 

assumes that exposure to environmental hazards is distributed uniformly within and confined 

only to the boundary of the spatial unit containing a hazard.   

 

Distance-Based Analysis 

In order to address the limitations of the spatial coincidence approach, EJ studies have 

analyzed residential proximity on the basis of the distance from hazardous facilities to nearby 

spatial units.  A variety of simple and advanced distance-based techniques have been suggested 

and implemented for measuring disproportionate proximity or exposure to environmental 

hazards in the EJ research literature.  The most widely used method is commonly known as 

buffer analysis.  Buffer generation is a spatial analytic technique provided by GIS software 

programs for creating new polygons around point, line, or area features on a map.  Since the mid-

1990s, a large number of EJ studies have used GIS-based circular buffers of various radii around 

point sources of hazards to identify areas and populations exposed to their adverse effects (Table 

2).  The demographic and socioeconomic characteristics of areas lying inside such buffer zones 

are statistically compared to the rest of the study area (outside the buffers) to determine 

disproportionate residential proximity or exposure to the hazards of concern.  Figure 2 provides a 

typical example of buffer analysis, based on circles of radii one-half mile centered at each 

hazardous facility in our hypothetical county.  The underlying census tracts can be used to 

estimate the characteristics of the population residing within these buffer zones, as described 

later in this section.   

The radius of circular buffers in EJ studies have ranged from 100 yards (Sheppard et al., 

1999) to 3 miles (U.S. GAO, 1995; Mohai and Saha, 2006).  Distances of 0.5 and 1.0 mile from 

facilities of concern, however, have been used most frequently (Glickman, 1994; Zimmerman, 
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1994; Chakraborty and Armstrong, 1997; Neumann et al., 1998; Bolin et al., 2000; Baden and 

Coursey, 2002; Boone, 2002; Harner et al., 2002; Maantay, 2007; Kearney and Kiros, 1999; 

Mohai et al., 2009).  Instead of using a single radius or buffer, several studies have also 

constructed three or more circular rings at increasing distances from environmental hazard 

sources (e.g., Neumann et al., 1998;  Perlin et al., 1999; Sheppard et al., 1999; Atlas et al., 2002; 

Perlin et al., 2002; Pastor et al., 2004; Walker et al., 2006).  To represent relative risk and 

differentiate between buffers, some EJ studies have estimated pollutant concentrations, release 

volumes, or toxicity-weighted emissions within a fixed radius of each TRI facility in the study 

area (e.g., Bolin et al., 2002; Neumann et al., 1998; Harner et al., 2002). 

Circular buffer analysis provides a more accurate or realistic geographic representation of 

potential exposure to hazards than the spatial coincidence because it does not assume that the 

adverse effects are restricted solely to the boundaries of pre-defined analytical units hosting the 

hazard.  There are, however, specific limitations associated with its application in EJ analysis.  

First, the facility or hazard representing the center of the circle is assumed to be small enough to 

be treated as a point.  For undesirable land uses such as Superfund sites that are large in size, a 

generated circular buffer may not accurately depict the area surrounding the site if the radius is 

too small.  Some hazardous sites, therefore, need to be delineated as a polygon instead of a point 

and the buffer should be constructed around the polygon (Liu, 2001).  Although applications of 

the buffer method for EJ analysis have not considered this issue, the shape and size of the hazard 

source needs to be first examined before deciding which type of buffer is appropriate.  A second 

limitation is the radius of the circular buffer in most EJ studies is chosen arbitrarily and buffers 

around all hazards in a study area usually have the exact same radius.  The properties and 

quantities of hazardous substances stored or released at each individual facility have been rarely 

incorporated in the determination of buffer radii to reflect the spatial extent of environmental 

exposure. The operational parameters of emission releases (e.g., release height, exit velocity, exit 

temperature) are also not considered in the determination of the buffer size. An additional 

limitation of the circular buffer and other distance-based approaches is the implicit assumption 

that the emissions from a facility are uniformly dispersed in all directions around the facility 

without respect to prevailing wind patterns.  

The circular buffer method remains a widely-used approach because it can be easily 

implemented using GIS software, provides a simple visual representation (circles centered at 
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point sources), and makes statistical comparisons between potentially exposed (inside circle) and 

non-exposed (outside circle) areas and populations convenient.  An important assumption of this 

method, however, is that the adverse effects of a hazard are limited only to the specified circular 

area or distance.  EJ studies using this technique thus consider only areas within a fixed distance 

of hazards to be potentially exposed to pollution and areas outside to remain unaffected.  While 

this binary or dichotomous assumption makes comparisons convenient, the results are highly 

sensitive to the choice of buffer radius, as demonstrated in previously mentioned studies utilizing 

more than one circle around facilities of concern.  In addition, a discrete measurement such as 

‘within 1 mile of a facility’ is unlikely to reflect a more continuous and gradual reduction in 

environmental exposure with increasing distance from the hazard (Waller et al., 1997).  Using 

multiple circular buffers can overcome this limitation to a certain degree, but the determination 

of the number of buffers to use and choice of radii for each buffer remain ambiguous and do not 

necessarily result in a more accurate representation of potential exposure (Zandbergen and 

Chakraborty, 2006).  In any event, this characterization still results in a binary analysis (exposed 

vs.  not exposed) and even with additional buffers provides an ordinal comparison (e.g., high, 

medium, or low levels of exposure, and no exposure) based on tenuous assumptions.    

Continuous distances, based on the calculation of the exact distance between each hazard 

and the locations of the potentially exposed population, represent an alternative to the use of 

discrete distances.  Several EJ studies have utilized the distance from the centroid of each census 

tract or block group to their nearest hazard source as an indicator of residential proximity 

(Pollock and Vittas, 1995; Gragg et al., 1995; Stretesky and Lynch, 1999; Margai, 2001; Mennis, 

2002).  The description and analysis of continuous distances can be enhanced through the use of 

a cumulative frequency distribution (CDF).  A CDF is essentially a graph that depicts the number 

or percentage of observations falling below every threshold value.  Applied to any set of 

hazardous facilities, a CDF can be plotted as distance versus a potentially exposed population 

and would indicate how the size of this population (as a percentage of the total in the study area) 

increases with proximity.  The vertical axis of a CDF curve typically represents the percentage of 

the population (from 0 to 100), and the horizontal axis represents potential exposure, typically 

measured as distance from the hazard.  If the exact locations of each member of the population 

are unavailable and the analysis is based on data aggregated to spatial units (e.g., census tract or 
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block group), the point-to-point distance from each census unit centroid to the nearest hazard 

source can be used to generated a CDF curve.   

Figure 3 provides an illustration of a pair of CDF curves that compare the location 

patterns of two racial subgroups with respect to a set of hazardous facilities in a hypothetical 

county.  The CDFs representing the cumulative proportions of the non-White and White 

population in the county are depicted as a function of distance to the nearest facility, estimated 

on the basis of block group data.  The vertical axis shows the cumulative number of non-White 

and White residents as a percentage of their respective county totals.  The collective percentage 

of the population in each racial subgroup increases from 0 to 100 as distance from the facilities 

increase.  If the CDF curve for non-Whites is higher than the curve for Whites at any specific 

distance, the percentage of the county’s non-White population residing within that distance of 

their nearest facility exceeds the corresponding percentage of the White population.  According 

to Figure 3, approximately 13.0 percent of non-White residents in this county reside in block 

groups located within a mile of the polluting facilities, compared to about 12.4 percent of the 

White population.  Almost 50 percent of non-Whites and only 40 percent of Whites reside within 

a distance of two miles from these facilities.  While the gap between the two curves increases 

substantially with distance from the facilities, the CDF for non-Whites always remains higher 

than the CDF for Whites and suggests a racially inequitable location pattern in this county.   

The limitations of conventional buffer analysis based on arbitrary and discrete distance 

values can also be assessed from Figure 3.  A circular buffer of radius smaller than 0.75 mile 

would indicate almost similar percentages of non-White and White residents, or the lack of 

evidence for disproportionate proximity.  A buffer analysis based on a radius of 1 mile or 2 

miles, in contrast, would yield a significantly higher non-White proportion and a different 

statistical result.  Since discrete buffer distances are typically chosen without any knowledge of 

the actual empirical CDF, our results from Figure 3 indicate that this approach is likely to result 

in an incomplete characterization of environmental exposure and potentially lead to biased 

results. 

Several EJ studies have demonstrated that the CDFs are particularly well-suited for 

assessing disproportionate proximity because they overcome the limitations of choosing arbitrary 

and discrete buffer distances (Waller et al., 1997; 1999; Zandbergen and Chakraborty, 2006; 

Chakraborty and Zandbergen, 2007).  These studies also indicate the usefulness of CDFs in 
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comparing various subgroups of the residential population, to evaluate proximity patterns on the 

basis of race (e.g., White vs.  Black), ethnicity (e.g., Hispanic vs.  non-Hispanic), or economic 

status (e.g., below poverty vs.  above poverty level).   

While most proximity-based analyses of EJ assume that the adverse effects of an 

environmental hazard decline with increasing distance in a linear fashion, a few studies have 

utilized curvilinear distance decay functions to model residential proximity.  Pollock and Vittas 

(1995) hypothesized three functional forms of exposure (linear, square root, and natural 

logarithm) with respect to distance from TRI facilities in Florida.  They suggested that the square 

root function represents a gentle decline in slope, but the logarithmic function provides a steeper 

slope.  The natural logarithm of the distance to the nearest facility was selected as a proxy for 

exposure.  A GIS-based distance decay modeling technique was recently developed by Downey 

(2006) and applied to estimate residential proximity to TRI facilities in Detroit.  This technique 

also weights each hazard’s estimated adverse effect by distance such that the adverse effect 

declines continuously with distance from the hazard, thus providing more accurate estimates of 

proximity-based exposure.  While this technique was found to be flexible enough to incorporate 

any appropriate distance decay function, several different curvilinear and reverse curvilinear 

functions were used to estimate neighborhood proximity to TRI activity.   

An inherent limitation of this distance decay approach is that researchers are unaware of 

the actual and precise rate at which the adverse impacts of an environmental hazard decline with 

increasing distance (distance decay rate).  The mathematical functions used to calculate distance 

decay are typically based on assumptions about the distance decay process rather than on precise 

knowledge of the process (Downey, 2006).  Regardless of the distance decay rate or function 

utilized, it is important to consider that distance serves only as a surrogate for exposure and the 

actual extent of human exposure may not be a simple function of distance.  In reality, distance 

decay functions are likely to vary substantially based on circumstances of release, types and 

quantities of substances released, and local factors (e.g., wind, temperature, topography). 

Although distance-based approaches for EJ analysis have evolved from the use of 

discrete buffers to continuous functions, there are still limited by the fact that mere proximity 

many not always provide a valid proxy for exposure to environmental pollution.  Additionally, 

the buffer method and the continuous distance approach fails to consider directional biases in the 

distribution of environmental hazards by assuming that their adverse effects are equal and 
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uniform in all directions.  A resident who lives one mile upwind from a hazardous facility, 

however, is unlikely to face the same level of toxic exposure compared to someone living a mile 

downwind from the same facility.  Although physical processes do not operate in a perfectly 

symmetrical (isotropic) manner, distance-based analyses of EJ assume that exposure is invariant 

to prevailing wind direction and other factors that influence the movement and dispersal of 

emitted pollutants. 

 

Pollution Plume Modeling 

To provide a more realistic and accurate representation of areas potentially exposed to the 

adverse effects of a hazard, several EJ studies have utilized detailed information on toxic 

chemical emissions and local meteorological conditions to model the environmental fate and 

dispersal of pollutants released from each hazard source.  Geographic plume analysis is a 

methodology that integrates air dispersion modeling with GIS to estimate areas and populations 

exposed to airborne releases of toxic substances (Chakraborty and Armstrong,1996; 1997).  

Dispersion models typically combine data on the quantity and physical properties of a released 

chemical with site-specific information and atmospheric conditions to estimate pollutant 

concentrations downwind from the emission source.  This information is then used to identify the 

geographic extent or boundary of the area potentially exposed to the chemical’s spreading 

plume--the plume footprint.  The footprint represents the area where ground-level concentrations 

of the pollutant are predicted to exceed a user-specified limit or threshold level (Figure 4). 

Most applications of geographic plume analysis for EJ research have relied on ALOHA 

(Areal Locations of Hazardous Atmospheres), an air dispersion model designed to support 

emergency responses to hazardous chemical accidents.  ALOHA is a computer modeling 

package distributed by the National Safety Council in cooperation with the National Oceanic and 

Atmospheric Administration (NOAA) and the EPA that is designed for estimating plume extent 

and concentration for short-duration chemical releases.  Previous studies of disproportionate 

exposure to environmental hazards have used the ALOHA model to generate, at each facility of 

concern, a single plume footprint (Chakraborty and Armstrong, 1996), a composite footprint 

reflecting historical weather patterns (Chakraborty and Armstrong, 1997; 2004), or plume-based 

circular buffers whose radii are based on worst-case chemical release scenarios (Chakraborty, 

2001; Margai, 2001; Chakraborty and Armstrong, 2001).  In order to delineate the boundaries of 
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adversely impacted areas, other EJ studies have used the Industrial Source Complex Short Term 

(ISCST) air dispersion model (Dolinoy and Miranda, 2004; Fisher et al., 2006; Maantay et al., 

2009), ash deposition models (Bevc et al., 2007), and various noise pollution models 

(Chakraborty et al., 1999; Most et al., 2004).   

The application of pollutant fate and transport modeling allows the concentration of toxic 

pollutants released from a hazard source and their estimated health risks to: (a) decline 

continuously with increasing distance from the emitting source; and (b) vary according to 

compass direction.  Plume-based buffers are thus capable of addressing the problems of previous 

analytic approaches which assume that residing in either a census unit containing a hazard 

(spatial coincidence) or within a specific distance from a hazard (distance-based) results in 

environmental exposure and adverse health risks.  These are, however, certain limitations 

associated with plume modeling.  First, air dispersion models typically required large volumes of 

site-specific and facility-specific information, such as the facility’s stack height and diameter, 

gas exit velocity and exit temperature, accurate emissions data on each chemical released (e.g., 

average hourly quantities and rates), as well as detailed meteorological information (e.g., average 

monthly or hourly wind speed and direction).  The input data necessary for plume modeling is 

rarely available for all environmental hazard sources in a given study area (Maantay, 2007).  

Simplifying assumptions are frequently made when such information is unavailable, leading to 

inaccurate estimates of the potentially exposed area or population.  Second, some dispersion 

models such as ALOHA assume that topography is always flat and are unable to provide 

accurate concentration estimates when the atmosphere is stable or wind speeds are very low.  

Third, the creation of plume modeling data sets that encompass all toxic facilities and chemical 

emissions in a large geographic area is a time-consuming and expensive process (Downey, 

2006).  As a consequence, a limited number of large scale plume model data sets have been 

constructed and those that exist are limited to specific types of hazards.   

Data sets derived from pollutant fate and transport modeling that cover the entire U.S.  

include the Risk-Screening Environmental Indicators (RSEI) and National-Scale Air Toxic 

Assessment (NATA).  These national scale databases developed by the EPA are particularly 

appropriate for EJ research, not only because they allow researchers to estimate the potential 

health risks associated with specific environmental hazards and specific analysis units, but also 

because the plume modeling and risk assessment techniques used to derive these data take into 
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account factors such as wind speed, wind direction, air turbulence, smokestack height and the 

rate of chemical decay and deposition. 

The Risk-Screening Environmental Indicators (RSEI) model can be used to estimate 

potential human health risks from air pollutants based on toxicity and atmospheric dispersion of 

chemicals emitted by facilities in the TRI database.  For each individual TRI site and pollutant, 

the RSEI integrates information on the facility location, the quantity and toxicity of the chemical, 

fate and transport through the environment, the route and extent of human exposure, and the 

number of people affected for up to 44 miles (101 km) from the source of release.  The ambient 

concentrations of each TRI pollutant is determined for each square kilometer of the 101-km by 

101-km grid in which the facility is centered.  The model uses standard assumptions about 

human exposure to derive a surrogate dose which is an estimate of the amount of chemical 

contacted by an individual per kilogram of body weight per day.  The RSEI combines chemical-

specific toxicity weights with the surrogate dose delivered by each release to obtain a partial 

score for each square kilometer cell that represents the relative toxicity-adjusted potential human 

health effects from chronic exposure.  These partial scores from chemical releases at different 

facilities are summed to obtain a cumulative score for each 1 km by 1km grid cell that can be 

used evaluate the potential for chronic health risk within a study area.   

EJ studies have merged risk scores from the RSEI grids with census demographic data to 

analyze disproportionate exposure to TRI pollutants in the entire U.S.  (Bowes et al., 2001; Ash 

and Fetter, 2004) and in Philadelphia (Sicotte and Swanson, 2007).  Since the toxic pollution 

plumes used to obtain the risk estimates can extend in any direction for up to 44 miles from a 

TRI facility, the RSEI modeling technique had the advantage of allowing hazards and emissions 

in one unit of analysis to affect people living in other units.  While this represents a distinct 

improvement over the spatial coincidence or distance-based approaches, there are several 

problematic assumptions associated with the RSEI.  Each facility in the RSEI database, for 

example, is given a single smokestack height estimate.  Many industrial facilities, however, have 

multiple smokestacks of varying height.  Smokestack height estimates are often based on the 

median smokestack height for an entire industry (based on the facility’s SIC code) and in the 

RSEI model stack height is assumed to have has the greatest impact on predicted concentrations 

of air pollutants.  Additionally, the RSEI model assumes constant emissions rates and uses 

chemical decay estimates that are not necessarily accurate (Downey, 2006). 
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The National-Scale Air Toxic Assessment (NATA) was designed to guide air pollution 

reduction and related prioritization efforts, has also emerged as a valuable data set for estimating 

exposure concentrations and public health risks associated with inhalation of air toxics from 

different types of sources. While criteria air pollutants include common contaminants such as 

particulate matter, sulfur dioxide, nitrogen oxides, ozone, carbon monoxide, and lead, air toxics 

(also known as hazardous air pollutants) include 188 specific substances identified by the U.S. 

Congress in the Clean Air Act Amendments of 1990. Air toxics are known to or suspected of 

causing cancer and other serious health problems, including respiratory, neurological, immune, 

or reproductive effects (U.S. EPA, 2008).  The methodology used to generate estimates of health 

risk for the  NATA comprises several steps.  The National Emissions Inventory (NEI) serves as 

the data source on air toxics emissions from various stationary and mobile outdoor sources.  The 

NEI data is used as input to a Gaussian dispersion model that accounts for atmospheric decay to 

provide an estimate of the annual ambient concentration of air toxics.  Estimates of ambient 

concentrations from the ASPEN are then included as input in an inhalation exposure model that 

incorporates activity patterns that may influence personal exposure to ambient pollutants.  From 

these exposure concentrations, the NATA estimates potential public health risks (cancer, 

respiratory, and neurological) from inhalation of air toxics following the EPA’s standard risk 

characterization guidelines, which assume a lifelong exposure to current levels of air emissions.  

The census tract is the smallest spatial unit for which estimates of exposure and health risk are 

provided in the NATA. 

Tract level estimates of lifetime cancer risk from the 1996 NATA have been utilized for 

EJ analysis in Maryland (Apelberg et al., 2005), California (Pastor et al., 2005), and 309 

metropolitan areas of the U.S.  (Morello-Frosch and Jesdale, 2006).  Recent studies have used 

the 1999 NATA to examine the disproportionate distribution of cancer and respiratory risks in 

Florida (Gilbert and Chakraborty, 2008), and the metropolitan areas of Houston (Linder et al., 

2008) and Tampa Bay (Chakraborty, 2009).  An important advantage of the NATA is spatial 

compatibility with census demographic data--the modeled risk estimates are available at the level 

of spatial units (tracts) that provide population and housing characteristics.  In addition, this 

database provides cumulative health risk estimates for ambient exposure to multiple types of 

toxic emission sources.  The NATA thus allows EJ analysis to extend beyond major stationary 

sources such as TRI facilities and include smaller emitters, as well as various off-road and on-
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road mobile sources.  However, the NATA is somewhat limited by its specific focus on only one 

category of air pollutants (HAPs) and one avenue of human exposure (inhalation) to air toxics.  

The adverse health risks of exposure to criteria air pollutants and through other pathways such as 

ingestion and skin contact are not taken into account.     

Although plume modeling techniques and data sets represent a significant improvement 

over the spatial coincidence and distance-based approaches, these are often based on necessary 

and problematic assumptions and may not be as accurate as many researchers think.  More 

importantly, their use is limited to particular research questions (those having to do with specific 

public health risks) and hazards (those covered by the plume models).  It is important to consider 

that health risks associated with exposure to pollution may not be the only set of risks imposed 

by environmental hazards.  The presence of a hazard can also adversely affect nearby property 

values, perceptions of local health risks, psychological stress, local employment opportunities, 

sense of community and local economic activity (Downey, 2006).  These potential negative 

impacts cannot be analyzed on the basis of plume modeling methods and data.   

 

 Estimating Characteristics of Proximate Populations  

After delineating the geographic boundaries of areas potentially exposed to the adverse 

effects of environmental hazards, EJ studies have employed a variety of spatial analytic 

techniques to estimate the demographic and socioeconomic characteristics of the population 

residing in such areas.  These techniques can be classified into two basic categories, depending 

on the level of spatial aggregation of the residential population data: point interpolation and 

areal interpolation.  When the addresses of all individuals or households relevant to the study are 

available and can be located on a map, point interpolation is the appropriate method.  Street 

address information is typically used in conjunction with a detailed street network to determine 

an accurate location of each individual or household in the study area, utilizing the geocoding 

capabilities of commercial GIS software.  The total number and the socio-demographic 

characteristics of individuals or households potentially exposed to an environmental hazard can 

be estimated on the basis of points that fall inside a distance-based or plume-based buffer zone 

(point-in-polygon overlay).  The earliest application of this method can be found in a study 

conducted by Mohai and Bryant (1992) on hazardous waste facilities in Detroit.  Data from a 

metropolitan-wide probability sample survey were utilized to determine if the racial and 
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economic status of respondents living within circular buffers of radii 1 mile and 1.5 miles were 

different from respondents who reside outside the buffers.  Subsequent EJ studies using distance-

based and plume-based approaches have relied on point interpolation to estimate the number of 

self-identified individuals with special needs in Cedar Rapids, Iowa (Chakraborty and 

Armstrong, 2001), various characteristics of survey respondents in Fort Lauderdale, Florida 

(Bevc et al., 2007), and the racial/ethnic status of school children in Orange County, Florida 

(Chakraborty and Zandbergen, 2007).  These studies utilized the address matching functionalities 

of GIS software to geocode the locations of relevant individuals to the street network of their 

respective study areas.  A more recent study (Mohai et al., 2009) utilized addresses of survey 

respondents in the American Changing Lives Study to examine the racial/ethnic and 

socioeconomic characteristics of residents living within one mile of TRI facilities. 

Although point interpolation can be easily implemented to estimate potentially exposed 

populations effectively and accurately, a major limitation is data availability on the street 

addresses of all individuals and households relevant to the analysis.  Individual or household 

level data on demographic and socioeconomic characteristics of residents are not publicly 

available and can only be obtained through an extensive social survey that encompasses the 

entire study area.  Consequently, EJ studies have relied mainly on socio-demographic 

information collected by the U.S.  Census Bureau and other agencies that are commonly 

aggregated at the level of pre-defined administrative boundaries or census enumeration units.  If 

the area potentially exposed to a hazard is represented by a distance-based or plume-based 

buffer, the shape and size of the buffer area is unlikely to match the underlying administrative or 

census units that contain aggregated population data (see Figure 2 or Figure 4).  A method of 

areal interpolation (polygon-on-polygon overlay) is necessary to transfer data from census units 

(source zone) to the boundaries of areas potentially exposed to the adverse effects of a hazard 

(target zone).  Several different areal interpolation techniques have been utilized in previous EJ 

studies to accomplish this objective.  These are described below and illustrated in Figures 5 to 7, 

using a circular buffer around a single facility of concern.   

The simplest method is polygon containment, where all spatial units or census polygons 

that either intersected or entirely enclosed by a distance-based or plume-based buffer are selected 

(Chakraborty and Armstrong, 1997; Liu, 2001).  Also referred to as adjacency analysis (Most et 

al. 2004) or the boundary intersection method (Mohai and Saha, 2006), population 
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characteristics of any given buffer zone are derived through a simple aggregation of all census 

units that are within or in contact with the buffer (Figure 5).  The effective buffer zone obtained 

through this method, however, will not resemble the original buffer (i.e., circle or plume 

footprint) because it is based on the boundaries of the selected census polygons.  The polygon 

containment method also does not make any distinction between census polygons that are 

completely enclosed and those that are partially enclosed or barely touched by the original 

buffer.  This could lead to a severe overestimation of the potentially exposed population if people 

residing in a partially enclosed census unit are actually concentrated in a particular section of the 

unit that falls outside the buffer boundary.  A variation of this method is to use a cutoff criteria to 

limit the inclusion of census polygons that are partially contained within the given distance-

based or plume-based buffer.  The area of the census enumeration unit intersected by the buffer 

and the proportion of its area located inside the buffer are first calculated.  A decision rule is then 

implemented to include only those census polygons that have a significant overlap with the 

designated buffer zone.  The most common practice is to include census units that have more 

than half of their area within the circle or plume used to represent the buffer.  This variation of 

the polygon containment method is often referred to as 50% area containment method (Mohai 

and Saha, 2006; 2007).   

The second method for estimating population characteristics within a buffer zone is 

known as centroid containment (Chakraborty and Armstrong, 1997; Maantay and Maroko, 

2009).  This technique selects only those census polygons whose geographic centers or centroids 

are located within the buffer, thus limiting the number of census units that can be included 

(Figure 6).  It assumes that a point (centroid) represents the entire polygon in terms of its 

population characteristics.  Like the polygon containment method, the shape and size of the 

effective buffer zone will not resemble the original circle or plume.  Additionally, this method is 

likely to provide inaccurate estimates of the potentially exposed population if  the actual 

residences of people in census units intersected by the buffer are not concentrated near the 

centroid of the unit.  For plume-based buffers that are irregular in shape and become narrower at 

the source, this method could lead to an underestimation of the population exposed to a hazard.  

A census enumeration unit that contains the hazard, for example, can be excluded if its centroid 

is located outside the plume footprint used to represent the buffer.   
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The third and most widely-used method is buffer containment (Chakraborty and 

Armstrong, 1997; Liu, 2001).  Instead of either completely including or excluding partially 

enclosed polygons, this method includes all census units lying within the buffer and a fraction of 

the population from units that are interested by the buffer (Figure 7).  Recent studies have 

referred to this approach as the areal apportionment method (Mohai and Saha, 2006; Kearney 

and Kiros, 2009).  Unlike the other containment techniques, the buffer containment method has 

the advantage of retaining the area and shape of the original circle or plume used to delineate the 

buffer zone.  An areal weighting technique is typically utilized to determine the population 

characteristics of the buffer zone (Maantay and Maroko, 2009).  Specifically, the population of 

each census unit is weighted by the proportion of its area that falls inside the circular or plume-

based buffer.  An important limitation of this technique is the assumption that the population of a 

census unit and all its characteristics are distributed uniformly within its boundary.  The 

application of the buffer containment method could thus lead to inaccurate estimates of the 

potentially exposed population if the actual residences of people within a census unit are 

concentrated in specific areas instead of being dispersed throughout the unit.  The assumption of 

uniform distribution becomes particularly problematic for areal weighting when underlying 

census units are larger in size.  As an alternative to areal interpolation, one EJ study has utilized a 

hybrid method known as cross-area transformation (Most et al., 2004).  The population 

characteristics of census units that are intersected or partially contained within a buffer are 

estimated by borrowing data from the completely contained census units, based on the remaining 

area of the buffer zone that falls outside the boundaries of all fully contained units.  In addition to 

completely excluding census units intersected by the buffer, this method assumes that any census 

unit completely enclosed by a given buffer will adequately reflect the characteristics of people 

living in the larger area. 

All of these methods have been widely employed in the analysis of disproportionate 

exposure to hazards and no single best technique has emerged.  The application of dysametric 

mapping in combination with areal interpolation has been suggested as a promising approach 

(Holt et al., 2004; Zandbergen and Chakraborty, 2006; Maantay et al., 2007).  Dysametric 

mapping is a technique that uses ancillary information to redistribute spatial data in a more 

accurate and logical manner (Mennis, 2002).  This technique can be used to develop a more 

refined distribution of the population residing within a census enumeration unit using land cover 
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information.  However, dysametric mapping is somewhat cumbersome to carry out reliably and 

is very sensitive to the assumptions about the population density difference among land cover 

categories.  Recent studies suggest that cadastral dysametric mapping represents a meaningful 

improvement on the use of the aggregated demographic data when geocoded locations of 

individuals or households are unavailable (e.g., Maantay and Maroko, 2009; Maantay et al., 

2008).  Figure 8 provides an example of how a map showing the boundaries of land parcels can 

be used to estimate households residing within one-half mile of a hazardous facility.  Additional 

details such as housing tenure, ownership, and values can also be utilized to assess 

socioeconomic status of proximate households.   

 

 Geostatistical Techniques for Assessing Disproportionate Proximity and Exposure 

A variety of statistical methodologies have been employed in EJ research to determine if 

race/ethnicity and economic status is statistically related to indicators of proximity or exposure to 

environmental hazards.  To compare the demographic and socioeconomic characteristics of 

proximate areas (census units or buffer zones) that contain hazards to areas that do not contain 

hazards, several researchers have used two-sample inferential tests of means and proportions.  

Most studies, however, have relied on linear correlation or multivariate regression analysis to 

establish the statistical significance of the association between environmental risk and relevant 

characteristics of the residential population.  The dependent variable in regression models for EJ 

analysis has been represented by the presence of hazards (Burke, 1993; Sadd et al., 1999; Pastor 

et al., 2004; Mohai and Saha, 2006; Baden et al., 2007), distance to hazards (Pollock and Vittas, 

1995; Stretesky and Lynch, 1999; Mennis, 2002), quantity of pollutants released (Bowen et al., 

1995, Ringquist, 1997; Daniels and Friedman, 1999), toxicity-weighted emissions (Brooks and 

Sethi, 1997; Ash and Fetter, 2004; Sicotte and Swanson, 2007), and estimated health risks of 

exposure to air toxics (Morello-Frosch et al., 2001; Pastor et al., 2005; Gilbert and Chakraborty, 

2008).  While least squares regression is an effective and widely used technique for measuring 

the strength and significance of relationships between the dependent and multiple explanatory 

factors, it is based on two assumptions (independence and homogeneity) that are rarely met by 

spatially distributed data and variables. 
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Spatial Dependence and Spatial Autoregressive (SAR) Models 

The independence assumption of linear regression ignores the notion that locational 

proximity often results in value similarity when most demographic or socioeconomic variables 

are mapped.  This basic concept was articulated by Tobler (1970, 236) as “everything is related 

to everything else, but near things are more related than distant things” and is known as Tobler’s 

first law (TFL) of geography.  The practical implication of TFL is that observations from nearby 

locations are often more similar than what can be expected on a random basis.  This phenomenon 

is known as spatial dependence, and more formally as positive spatial autocorrelation.  The 

presence of such autocorrelation can be problematic for standard statistical tests such as 

correlation and regression that assume independently distributed observations and errors.  

Regression analysis of spatially distributed variables can thus lead to incorrect statistical 

inference regarding model coefficients when spatial autocorrelation is present and when model 

specifications fail to include proper corrections for spatial dependence.  Although EJ analysis is 

based on spatial data, most previous studies have assumed observations and error terms to be 

independent, thus violating one of the classical regression assumptions and ignoring spatial 

effects that could lead to incorrect inferences about the significance of key explanatory variables 

such as the proportion of racial/ethnic minorities or people in poverty. 

A large body of literature in geographic analysis has focused on the development of 

methods that can be used to detect violations of the independence assumption and models that 

account for spatial autocorrelation in the data (e.g., Cliff and Ord, 1981; Anselin and Bera, 1988; 

Anselin, 2005).  Spatial regression models, such as simultaneous autoregressive (SAR) models, 

are statistical models that consider spatial dependence as an additional variable in the regression 

equation and estimate its effect simultaneously with effects of other explanatory variables.  The 

use of spatial regression has increased in recent years, in part, due to the availability of user-

friendly spatial analysis software programs such as GeoDa (Anselin, 2005) that are that capable 

of implementing the underlying spatial econometric techniques.  With regards to EJ research, 

recent studies have begun to utilize SAR models that explicitly consider the effects of spatial 

dependence in the data (Pastor et al., 2005; Grineski and Collins, 2008; Chakraborty, 2009).  

Although SAR model performance and results depend on several analytical choices related to 

model specification (lag or error) and the approach used to select spatial neighbors (contiguity or 

distance), these EJ studies demonstrate the effectiveness of spatial regression models in reducing 
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spatial dependence of residuals and satisfying the assumption of independently distributed errors 

in regression.   

 

Spatial Heterogeneity and Geographically Weighted Regression (GWR) Models 

In addition to independence, the classical linear regression model assumes a generating 

process that is considered to be stationary or homogeneous.  When applied to a regression model, 

this means that a single set of global parameters is adequate to describe the process and there are 

no spatial variations in the relationships between the dependent and independent variables.  It has 

become increasingly evident, however, that local variations in statistical relationships can play a 

significant role in the analysis of spatial data.  The use of a single or ‘global’ regression model 

for an entire study area assumes model parameters do not vary spatially and thus ignores local 

differences in statistical associations between the dependent and independent variables.  Since 

conventional multivariate regression models that are used in EJ research do not account for this 

spatial variability and only provide global results for the whole study region, they have the 

potential to mask important geographic differences in relationships and ignore local processes.   

Geographically weighted regression (GWR) is a local spatial statistical technique used to 

analyze spatial nonstationarity, defined as when the measurement of relationships among 

variables differs from location to location (Fotheringham et al., 2002).  There are two ways in 

which GWR differs from conventional linear regression.  First, a separate regression is carried 

out at each location or observation using only the other observations that fall within a user-

specified local area surrounding that location.  Second, the technique includes a statistical device 

that weighs the attributes of nearby observations within the local area more highly compared to 

the attributes of distant observations.  Instead of generating a single global regression equation or 

one set of regression parameters for an entire study area, GWR produces a separate regression 

equation or a unique set of parameters for each observation or spatial unit.  Maps generated from 

GWR analysis can be used to explain and interpret how various regression diagnostics and the 

strength of statistical relationships differ from place to place within a study area.   

Figure 9 illustrates, for example, how the nature and significance of the statistical 

association between lifetime cancer risk from minor point sources of air toxics (1999 NATA) 

and four specific explanatory variables vary across census tracts in the state of Florida.  For each 

variable or GWR model coefficient, red shading is used to depict tracts showing a positively 



Proximity to Environmental Hazards: Environmental Justice and Adverse Health Outcomes  
By Maantay, Chakraborty, and Brender 
 

51 
 

significant t-statistic, blue shading is used to show tracts with a negatively significant t-statistic, 

and the grey shading is used to display tracts with a non-significant t-statistic.  These maps 

clearly indicate that the relation between environmental health risk and the presence of 

racial/ethnic minority or impoverished residents could be significantly positive in some areas, 

significantly negative in other areas, and not significant at other locations, within the same state 

or study region.  Traditional multivariate regression, however, is incapable of uncovering these 

spatial variations in statistical relationships and could potentially lead to incorrect conclusions 

regarding disproportionate proximity or exposure to environmental hazards. 

With regards to EJ research, only one published article has used GWR to examine 

disproportionate proximity to hazards (Mennis and Jordan, 2005).  This study focused on 

modeling the statistical association between the density of TRI facilities and race/ethnicity and 

other socioeconomic factors in New Jersey.  Maps based on the output from GWR analysis were 

used to illustrate how relationships among race, class, employment, urban concentration, and 

land use with facility density vary significantly over space within the state.  This study and other 

recent studies mentioned in this section demonstrate and emphasize the necessity to advance 

statistical methodologies for measuring the spatial association between exposure to 

environmental hazards and the racial/ethnic or socioeconomic characteristics of the residential 

population.  Instead of relying only on conventional statistical methods, there is growing need for 

future research on disproportionate proximity or exposure to incorporate geostatistical techniques 

that are particularly appropriate for analyzing spatial data and relationships.   

 

 Limitations and Data Needs 

 This review has explored how the assessment of proximity and potential exposure to 

environmental hazards in quantitative EJ research has emerged from simple coincidence or 

distance-based methods to more sophisticated techniques that utilize pollutant fate and transport 

models or provide modeled estimates of health risks from cumulative exposure to multiple 

pollutants and emission sources.  Methodological debates have also evolved from the choice of 

ZIP code or census tract for coincidence analysis to the selection of appropriate distance decay 

functions or geostatistical techniques that are more suitable for analyzing spatial data, variables, 

and relationships.   In spite of the methodological improvements in measuring disproportionate 

proximity and exposure to hazards, this research still remains constrained by several limitations.   



Proximity to Environmental Hazards: Environmental Justice and Adverse Health Outcomes  
By Maantay, Chakraborty, and Brender 
 

52 
 

 First, a majority of EJ studies have focused exclusively on night-time exposure to 

environmental hazards by utilizing demographic and socioeconomic data from the U.S.  Census.  

Since census variables represent residential or night-time populations, they cannot be used to 

assess day-time risk.  Most studies implicitly assume that people are non-mobile and are not 

exposed to pollution at non-residential locations.  However, daily mobility typically results in 

residents moving to and from various locations, such as to work or to school.  The journey-to-

work commute between the suburbs and central cities could have important implications for EJ 

research and policy.  A large number of affluent and White suburban residents, for example, 

could be spending a considerable amount of time during the day in census units near downtown 

locations that are exposed to adverse health risks.  At the same time, minority residents who 

commute daily to suburban job locations may face lower levels of exposure for most of the day, 

thus reversing the inequity patterns reported in empirical studies (Chakraborty, 2009).  In 

addition to geographic mobility, other factors that are not accounted for by the use of 

environmental exposure at residential locations as a surrogate for personal exposure include 

differences between ambient concentrations and those indoors or in vehicles. Although these 

factors are now considered by the NATA in its estimation of exposure concentrations and health 

risks, the analysis of EJ and disproportionate impacts is still based on census socio-demographic 

data which represents night-time residences of people. Future EJ research, however, should 

explore the use of additional data sources to construct temporally sensitive models that examine 

the day-time distribution of urban populations.  Available data that can be used for this purpose 

include those on employment and people in day-time institutions such as schools and daycare 

centers (McMaster et al., 1997).  Such information can be used to develop an independent model 

of the population distribution for the hours of 7 am to 5 pm to complement census residential 

data.   The EPA’s new Consolidated Human Activity Database (CHAD) is another useful 

resource that can be utilized for this purpose. 

 A second limitation in assessing disproportionate proximity or health effects  

is the difficulty in obtaining data at a spatial resolution that is sufficiently detailed to reliably 

demonstrate the connection between environmental conditions and potential exposure or adverse 

health outcomes.  As mentioned previously, the lack of address-specific and individual level 

information forces most EJ researchers to use socio-demographic data that are tied to analytical 

units such as ZIP codes, census tracts, or block groups.  This is problematic because boundaries 



Proximity to Environmental Hazards: Environmental Justice and Adverse Health Outcomes  
By Maantay, Chakraborty, and Brender 
 

53 
 

used to create these areal units of analysis are arbitrary with respect to the distribution of 

environmental hazards and exposure to environmental risk.  Since the boundaries of areas 

potentially exposed to hazards do not coincide spatially with the boundaries of census units, 

simplistic assumptions about the residential population distribution are necessary to estimate the 

number and characteristics of people at risk on the basis of areal interpolation.  Although 

interpolation inaccuracies can be reduced by using spatial units that are smaller in size (i.e., 

census blocks), socioeconomic variables are not published by the U.S.  Census at the block level 

of aggregation.  Survey data serves as a useful alternative to examine individual or household 

level racial/ethnic and socioeconomic disparities in residential proximity to environmental 

hazards and provides several advantages (Mohai et al., 2009).  First, addresses of survey 

respondents can be geocoded and represented as points on a map, leaving little ambiguity in 

determining their locations with respect to pollution sources or hazardous facilities.  Second, the 

use of individual or household level data avoids the ecological fallacy of incorrectly assuming 

that relationships observed for areal units translate to relationships at the micro or individual 

level.  Third, survey data typically provides more comprehensive and detailed information about 

the life circumstances of people living near hazardous sites than are available from the short and 

long forms of the decennial census.  This allows better adjustments for confounding factors and 

offers additional insights on the characteristics of residents living near environmental hazards.  

 Another data problem relates to the utilization of outdated census information for EJ 

analysis.  A temporal mismatch occurs, for example, when researchers evaluate the current 

distribution of environmental hazards (2009) with respect to demographic and socioeconomic 

data from the 2000 Census.  While values of certain socioeconomic variables (e.g., median 

household income) may not have changed significantly since the latest census, data on age and 

race/ethnicity reach their usable limit in a few years (McMaster et al., 1997).  Although adjusted 

estimates are often published by American Community Survey and private vendors, these are 

available only at coarser spatial resolutions such as counties and metropolitan statistical areas.  

To obtain more detailed and finer resolution (census tract or block group level) estimates 

necessary for assessing disproportionate proximity to hazards, researchers need to wait until the 

next census information is published (2011).  The problem repeats itself though every cycle of 

the decennial census, as key variables gradually become dated and of questionable accuracy.   
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 Finally, it is important to consider that most studies that examine disproportionate 

proximity or exposure to environmental hazards have relied on cross-sectional analysis to assess 

spatial disparities in the current patterns of adverse health risks (outcome equity).  Regardless of 

the method and model utilized, the findings of such studies cannot be used to evaluate the 

processes that led to the observed risk disparities (process equity).  Without detailed historical 

data on environmental conditions and socio-demographic characteristics, it is difficult to 

establish if hazardous facilities in a given study area were deliberately placed in locations more 

proximate to minority or low-income residents, or if subsequent residential choices and other 

factors caused the inequitable outcomes.  While the dispersion of toxic pollutants is an explicitly 

spatial process, geographic patterns of explanatory variables such as race/ethnicity and related 

disparities are shaped by various underlying social, political, economic, and historical processes.  

Although cross-sectional research based on statistical data from the latest census cannot explain 

the processes leading to current racial/ethnic disparities, the findings represent a starting point for 

longitudinal investigation on the historical production of environmental injustice.  Studies 

conducted in metropolitan areas such as Los Angeles (Pulido, 2000) or Phoenix (Bolin et al., 

2005) demonstrate that a combination of qualitative and quantitative methods are necessary to 

improve our understanding of the causes and consequences of disproportionate exposure to 

hazards.    

 While this section of our paper has examined methodologies for assessing 

disproportionate proximity or exposure to environmental health hazards and their sources, 

Section III addresses the question of whether proximity to such hazards and locally undesirable 

facilities/land uses results in actual adverse health outcomes, and to what extent these adverse 

health outcomes are borne disproportionately by people of color and lower socioeconomic status.  
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III. Health outcomes and proximity to environmental hazards  

 

Introduction 

As already reviewed in Sections I and II, numerous studies provide evidence that 

ethnic/racial minorities and persons of lower socioeconomic status are more likely than non-

Hispanic Whites and persons of higher socioeconomic status to live near potential environmental 

hazards.  Public health and environmental health agencies are often confronted, however, by 

concerns that perceived excess adverse health outcomes are due to residential proximity to such 

hazards.  The question also remains whether living in close proximity to various environmental 

entities such as hazardous waste sites, industrial facilities, and busy roadways is an actual risk 

factor for adverse pregnancy outcomes and childhood and adult health disorders. 

A comprehensive review of the literature was conducted to determine how proximity to 

environmental hazards impacts the health of residential populations, including adverse 

pregnancy outcomes, childhood cancer, cardiovascular and respiratory illnesses, end-stage renal 

disease, and diabetes.  With respect to cancer, we primarily focused our review on childhood 

cancers.  Given the relatively long induction and latent period of solid tumors in adults, 

residential histories would need to be determined up to 15 to 30 years prior to diagnosis of 

cancer to capture pertinent environmental exposures.  Although several recently published 

studies have included extensive residential histories (Bonner et al., 2005; Nie et al., 2007), there 

remains a dearth of such studies in the literature.  According to a forthcoming chapter containing 

a comprehensive literature review of environmental health studies that use residential histories, 

only 26 such studies could be found, out of myriad health studies using only current residential 

addresses (Boscoe, forthcoming).  Other health outcomes such as adverse pregnancy outcomes 

and childhood cancer have shorter latent periods between induction of disease from putative 

exposures and diagnosis; therefore, these types of outcomes are more easily studied in relation to 

proximity to environmental hazards.  Although the pathogenesis of various respiratory and 

cardiovascular conditions may take many years before manifestation of overt disease, 

environmental exposures to pollutants could have acute effects, i.e., precipitating asthma attacks 

or myocardial infarction in susceptible individuals. 
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The studies reviewed utilized a wide variety of methods to examine the relation between 

proximity to potential environmental hazards and adverse health outcomes including spatial 

coincidence analyses (e.g., residence in a zip code with one or more hazardous waste sites), 

distance-based analyses (e.g.,  residence within one mile of industrial facilities as defined by a 

one-mile buffer), and pollution plume modeling, with distance-based analyses used most 

frequently.  Tables 3, 4, and 5 provide details on the approaches used to assign exposure in each 

cited study in this Section. 

 

Adverse Pregnancy Outcomes and Childhood Cancers 

Adverse Pregnancy Outcomes 

 The relation between a maternal residence near potential environmental hazards and 

pregnancy outcomes has been investigated for a variety of outcomes including spontaneous 

abortion, fetal death, congenital malformations, low birth weight, preterm birth, and neonatal and 

infant deaths.  For the purposes of this review, we mainly focused on studies that have been 

published within the past 15 years.  We reviewed a total of 54 studies that examined the relation 

between residential proximity to one or more potential environmental hazards and adverse 

pregnancy outcomes.  In this review, studies were also examined for evidence of 

racial/socioeconomic disparities between residential proximity to these potential hazards and 

adverse pregnancy outcomes, and Table 3 lists the studies that specifically examined 

racial/ethnic and/or income disparities in pregnancy outcomes in relation to residential 

proximity.  Table 4a provides the characteristics of all studies reviewed by year published, types 

of study designs used, study populations, pregnancy outcomes included, methods of exposure 

assessment, major findings, and limitations.  Investigators most often focused exposure 

assessment on maternal proximity to hazardous waste sites or landfills, but a few studies 

examined residential proximity to industries, municipal waste incinerators, cropland and areas 

with pesticide applications, and roadways and traffic density/pollution.  

 

Study findings 

Few studies examined health impacts specifically in relation to race or socioeconomic 

status (Table 3).  Of those that did, conclusions were mixed as to the impact on specific racial or 

income groups.  In a study of maternal residential proximity to hazardous waste sites and 
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chromosomal anomalies, increased risk for Klinefelter variants was confined to births to 

Hispanic women (Brender et al., 2008a).  In the same study population, however, neural tube 

defects were associated with residential proximity within one mile of an industrial facility only 

among non-Hispanic White women (Suarez et al., 2007).  Among various ethnic/racial groups 

studied, Orr et al., (2002) noted the strongest associations between a maternal residence in a 

census tract with one or more NPL hazardous waste sites and birth defects among American 

Indians/Alaska Natives.  In Israel, Bedouin populations showed increased risk for major 

congenital malformations and perinatal mortality with residential proximity to an industrial park 

but no increased risk was noted for the Jewish populations with this residential characteristic  

(Bentov et al., 2006; Sarov et al., 2008).  In a Canadian population, risks for preterm and low 

birth weight births in relation to maternal residential proximity to highways were strongest for 

births among highly educated women and women who lived in wealthy neighborhoods 

(Genereux et al., 2007).   

Of all studies reviewed (Table 4a), several studies found positive associations between a 

maternal residence near waste sites and central nervous system defects (Geschwind et al., 1992; 

Croen et al., 1997 [neural tube defects];  Dolk et al., 1998 [neural tube defects];  Dodds & 

Sevior, 2001 [neural tube defects]; Orr et al., 2002 [neural tube defects]), heart defects (Shaw et 

al., 1992; Croen et al., 1997; Dolk et al., 1998; Malik et al., 2004; Yauck et al., 2004 [among 

offspring of women 38 years or older]; Langlois et al., 2009 [truncus arteriosus], Elliott et al., 

2009), surgical correction of gastroschisis and exomphalos (Elliott et al., 2001), hypospadias and 

epispadias (Elliott et al., 2009), and chromosomal anomalies in offspring (Geschwind et al., 1992 

[sites with plastics]; Orr et al., 2002; Vrijheid et al., 2002; Brender et al., 2008a  [Klinefelter 

variants among Hispanic births]). 

 Fewer studies explored the relation between maternal residential proximity to waste sites 

and adverse pregnancy outcomes other than congenital malformations.  Most of these studies 

reported minimal or no association except with maternal residential proximity to pesticide-

contaminated waste sites and fetal deaths (Mueller et al., 2007), PCB-contaminated sites and low 

birth weight among male births (Baibergenova et al., 2003), municipal solid waste landfills and 

low birth weight or small for gestational age births (Goldberg et al., 1995), and any hazardous 

waste site and low and very low birth weight (Elliott et al., 2001). 
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 In Europe and Japan, pregnancy outcomes were examined in relation to maternal 

residential proximity to incinerators or crematoriums.  Associations were noted between these 

residential characteristics and risk for neural tube defects (Dummer et al., 2003), heart defects 

(Dummer et al., 2003), oral clefts (Cordier et al., 2004), renal dysplasia (Cordier et al., 2004), 

stillbirths (Dummer et al, 2003), and infant deaths (Tango, 2004).  However, Tango et al. (2004) 

found no excess of deaths due to congenital malformations among births to mothers who lived 

near municipal solid waste incinerators in Japan. 

 In several populations, maternal residential proximity to industrial complexes was 

associated with increased risk of adverse pregnancy outcomes including central nervous system 

defects (Marshall et al., 1997; Bentov et al., 2006; Suarez et al., 2007 [neural tube defects]), oral 

clefts (Brender et al., 2006a), chromosomal anomalies (Brender et al., 2008a), undescended testis 

(Czeizel et al., 1999), perinatal mortality (Sarov et al., 2008), and low birth weight (Bhopal et al., 

1999).  Vinceti et al. (2001) noted that births with cardiovascular, musculoskeletal, and oral cleft 

defects were more likely to occur among women living in an industrial area contaminated with 

lead relative to women living away from this area.   

 Increased risks for low birth weight and preterm births were noted among offspring of 

mothers who resided near highways (Genereux et al., 2007) and in areas with high traffic density 

(Wilhem and Ritz, 2003), although no statistically increased risk was noted for fetal and early 

neonatal deaths with this maternal residential characteristic (de Medeiros et al., 2009).    

 Mothers living near cornfields at delivery were more likely to give birth to babies with 

limb malformations (Ochoa-Acuna and Carbajo, 2009), an association that might be attributed to 

exposure to pesticides used on this crop.  Rull et al. (2006) noted elevated risks for neural tube 

defects among offspring of women who lived within 1000 meters of applications of pesticides 

classified as amides, benzimidazole, methyl carbamate, organophosphates, benomyl, or 

methomyl.  Bell et al., (2001a) found risk for fetal deaths due to congenital malformations 

elevated if mothers lived near areas of pesticide applications. 

 

Limitations 

Without exception, the studies included in this review had one or more limitations that 

need to be considered in the interpretation of results and implications for environmental and 

public health.  All studies used residential proximity to some degree to assign exposure which 
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might have led to exposure misclassification.  Residential exposure to site contaminants, 

industrial emissions, traffic emission, and pesticide applications will also vary by climatic and 

topographic characteristics of geographic areas.  These conditions were rarely considered in the 

studies discussed with the exception of those by Bentov et al., (2006), Cordier et al., (2004), 

Goldberg et al. (1995), Vinceti et al. (2008, 2009), and Wilhem and Ritz (2004). Furthermore, an 

ecologic study design was used in several instances in which rates of pregnancy outcomes were 

compared between geographic areas of potential exposure and non-exposure without assignment 

of specific exposures to each maternal address.  Such a design can lead to an ecologic bias in 

which associations at an aggregate level do not represent exposures at the individual level among 

mothers with and without adverse pregnancy outcomes (Morgenstern, 2008). 

Many studies used maternal address at delivery rather than address around conception 

and during the first trimester to assign exposure.  While the addresses at delivery might be 

relevant for some adverse pregnancy outcomes, it can be problematic for assigning exposure in 

studies of chromosomal and non-chromosomal congenital malformations in which the time 

around conception and even earlier or the first trimester of pregnancy are respectively the most 

relevant. The estimated percent of women who change addresses between the time of conception 

and delivery has ranged between 12 and 33 percent depending on maternal populations examined 

(Canfield et al., 2006; Fell et al., 2004; Khoury et al, 1988; Shaw & Malcoe, 1992).   

Residual confounding can also be an issue in which information regarding factors that are 

related both to exposure and outcome are measured imprecisely or are not available at all.  

Maternal addresses are not randomly distributed, but depend on several factors such as 

socioeconomic status, parental occupation, and race/ethnicity.  These same factors may also 

increase or decrease the likelihood of living near potential environmental hazards.  

Race/ethnicity (Perlin et al., 2001; Woodruff et al., 2003; Brender et al., 2006b), maternal 

education (Brender et al., 2006b) and maternal occupation (Brender et al., 2008b) have been 

associated with maternal residential proximity to sources of pollution.  These factors are also risk 

factors for several adverse pregnancy outcomes.   

Data sources for pregnancy outcomes varied by the type of outcome studied.  Ideally, 

birth defect registries provide the most accurate and complete source of data for congenital 

malformations, a source that was used by most studies reviewed that examined the relation 

between maternal residential proximity to environmental hazards and birth defects.  By 



Proximity to Environmental Hazards: Environmental Justice and Adverse Health Outcomes  
By Maantay, Chakraborty, and Brender 

60 

 

September 2007, nearly every state in the U.S. had a birth defects registry in place (National 

Birth Defects Prevention Network, 2007), but these registries vary in scope and whether active or 

passive surveillance is used.  While birth certificates are a poor source data source for congenital 

malformations (DiGiuseppe et al., 2002; Gore et al., 2002), several studies have found these vital 

records excellent data sources for birth weight (Roohan et al., 2003), gestational age, and preterm 

birth (DiGiuseppe et al., 2002). In the studies reviewed of fetal deaths, fetal death certificates 

usually served as the data source for this pregnancy outcome.  However, fetal deaths tend to be 

underreported, especially those occurring before 28 weeks gestation (Harter et al., 1986; 

Goldhaber, 1989). 

 

Summary of Adverse Pregnancy Outcomes Research  

 Risk estimates for adverse pregnancy outcomes in relation to maternal residential 

proximity to sources of pollution have varied across studies.  Increased risks for central nervous 

system defects (including neural tube defects), congenital heart defects, chromosomal anomalies, 

low birth weight, and small for gestational age were noted in several U.S. and European study 

populations that lived close to hazardous waste sites.  Odds ratios and relative risks for other 

types of birth defects in relation to this residential characteristic tended to be close to 1.0, 

indicating no association.  Several studies also noted a maternal residence near active sites with 

chemical emissions (industries, incinerators, crematoriums) to be associated with fetal deaths, 

infant deaths, low birth weight, central nervous system defects, oral clefts, heart defects, renal 

dysplasia, and chromosomal anomalies. Residential proximity to pesticide applications or waste 

sites containing these chemicals was associated with fetal deaths, limb malformations, and neural 

tube defects.  In several studies, women who lived near highways were more likely to have 

preterm births and low birth weight offspring. 

 

Childhood Cancer 

 With respect to the relation between childhood cancer and residential proximity to 

potential environmental hazards, most published studies focused on all childhood cancers 

combined, leukemia, and/or brain cancer.  Table 4b lists the 25 studies reviewed by 

characteristics and findings.  As with adverse pregnancy outcomes, review of published research 

primarily focused on studies published within the past 15 years.  
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Study findings 

 Residential proximity to roadways and other indices of increased exposure to traffic-

related pollution were associated with increased risk of childhood leukemia in a number of 

European studies (Crosignani et al., 2004; Harrison et al., 1999), but not noted in several U.S. 

study populations (Langholz et al., 2002; Reynolds et al., 2002b, 2004; Von Behren et al., 2008) 

or in a Danish population (Raaschou-Nielsen et al., 2001).  Crosignani et al. (2004) estimated 

traffic-related benzene emissions through a Gaussian diffusion model and observed an OR of 

3.91 (95% CI 1.36, 11.27) for childhood leukemia with benzene concentrations greater than 10 

ug/m3. Residential proximity to roadways/traffic emissions was also associated with Hodgkin 

lymphoma in Danish children (Raaschou-Nielsen et al., 2001). 

 Risk for childhood cancer was examined in relation to residential proximity to cropland 

and pesticide applications in U.S. populations in California (Reynolds et al., 2002a, 2005; Rull et 

al., 2009) and Texas (Carozza et al., 2009).  A birth address within 1000 meters of cropland 

showed some association with germ-cell tumors, non-Hodgkin lymphoma, and Burkitt 

lymphoma although the elevated ORs were based on small numbers of cases (Carozza et al., 

2009).  In an exposure metric that consisted of residential proximity within one-half mile of 

pesticide applications (pounds per square mile), Reynolds et al. (2005) noted slightly elevated 

ORs for leukemia with birth addresses near applications of pesticides that were probable or 

possible carcinogens and near applications of organochlorine or organophosphate pesticides.  

Risk of acute lymphoblastic leukemia (ALL) was elevated in children who lived within one-half 

mile (lifetime residences) of applications of organophosphates, chlorinated phenols, and triazines 

and pesticides classified as insecticides or fumigants (Rull et al., 2009); ALL risk was associated 

with moderate but not high exposures.     

 Risk of childhood cancer risk was examined in relation to residential proximity to other 

sources of contaminants including industries reporting under the U.S. Toxic Release Inventory, 

petrochemical plants, petrol stations, repair garages, nuclear power plants, and landfill sites and 

hazardous waste sites. Increased risk for childhood leukemia was found with a residential 

address near petrol stations (Harrison et al., 1999; Steffen et al., 2004, Weng et al., 2009), repair 

garages (Steffen et al., 2004), and nuclear power plants (Kaatsch et al., 2008; Spix et al., 2008).  

Children whose mothers lived during pregnancy near industries covered under the TRI were 

more likely to have brain cancer especially if the mother lived within one mile of a facility with 
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emissions of carcinogens (Choi et al., 2006).  In a series of studies in which Knox (2000, 2006) 

and Knox and Gilman (1997) examined migration asymmetries via birth and death addresses of 

children who died from cancer in Great Britain, significant migration asymmetries were noted 

(close residential proximity more likely at birth than at death) for addresses near bus stations, 

railway stations, ferries, railways, roads, municipal and hospital incinerators, a variety of 

industries, airfields, and harbors. 

 

Limitations 

 Studies of proximity to environmental hazards and childhood cancer shared similar 

limitations as those with proximity and adverse pregnancy outcomes.  Exposure assignment was 

frequently based on one address such as address at birth, diagnosis, or death which potentially 

introduced exposure misclassification by not accounting for residential mobility.  In a California 

study of childhood leukemia (Urayama et al., 2009), 65.8% of the study children moved between 

birth and date of diagnosis with over one-third of those who moved having at least one residence 

outside of the county of birth residence. During the year before the child’s birth, 25% of the 

children’s mothers changed residences at least once.  Use of address at diagnosis or death may 

also be inappropriate with respect to temporality in that insufficient time might have been spent 

in the particular residential area to link nearby sources of pollution to cancer incidence.   

Potential residual confounding was also a limitation in several studies, especially lack of 

adjustment for parental occupation.  Maternal/paternal occupations have been associated with 

risk for childhood cancers (Savitz and Chen, 1990; Colt and Blair, 1998), and maternal 

occupations and residential proximity to sources of pollution appear related (Brender et al., 

2008b). 

 

Summary of Childhood Cancer Research 

 The results of several studies suggested an association between risk of childhood cancer 

and residential proximity to TRI facilities, highly trafficked roads, nuclear power plants, 

pesticide applications, and petrol stations or repair shops.  These positive associations were not 

consistently found, however, and several well-designed studies found no association between 

childhood cancer and proximity to roadways, pesticide applications, nuclear plants, and 

hazardous waste sites.  None of the reviewed studies compared the impact of this residential 
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characteristic across race or income although many adjusted risk estimates for these demographic 

factors to reduce confounding.  In these studies, too few children were available with the 

residential proximity characteristics of interest for stratified analyses by race and income. 

Assignment of potential residential exposures appeared challenging in such studies, and most 

often a single address either during the prenatal period or during childhood was used to define 

proximity.   

 

Cardiovascular, Respiratory and other Chronic Diseases  

A comprehensive review of the literature was conducted to examine the relation between 

residential proximity to environmental hazards and cardiovascular, respiratory, and other chronic 

diseases.  Studies employing a range of geospatial techniques, such as proximity analysis and air 

dispersion modeling, and using Geographical Information Systems Science (GISc) as an 

organizing framework, were selected to examine the public health effects of living near 

environmental burdens.  A total of 20 studies were identified, representing a wide range of 

hazards and health outcomes.  See Table 5 for a detailed outline of the research studies reviewed 

in this section.  This section is organized into the following outcome/exposure categories:  

 Cardiovascular and respiratory illness – air pollution;  

 PCB toxicity, end-stage renal disease, diabetes – hazardous waste sites; and  

 Cancer – industrial & nuclear plants, air pollution.  

 

Cardiovascular and Respiratory Disease – Air Pollution 

Research studies using GISc to investigate the effects of mobile and stationary sources of 

air pollution on cardiovascular and respiratory illness are the most common exposure studies 

reviewed for this section.  Despite a substantial body of literature on the topic, evidence of the 

connection between air pollution and various health effects remains mixed.  A search of the 

literature revealed 14 articles that investigated the impact of air pollution on various health 

outcomes.  Two studies assessed cardiovascular illness such as stroke, coronary heart disease, or 

chronic obstructive pulmonary disease, 12 articles examined asthma or respiratory symptoms, 

and one article pertained to both cardiovascular and respiratory diseases. 

 

Study Findings 



Proximity to Environmental Hazards: Environmental Justice and Adverse Health Outcomes  
By Maantay, Chakraborty, and Brender 

64 

 

Two ecological studies found significant associations between stroke mortality and air 

pollution (Hu et al., 2008; Maheswaran and Elliott, 2003).  Hu et al. (2008) determined the 

observed and expected stroke mortality at the census tract level for Escambia and Santa Rosa 

counties in Northwest Florida.  The standardized mortality rates (SMR) were calculated for each 

census tract by dividing the observed count by the expected count.  Air pollution was 

characterized by the presence of Toxic Release Inventory sites and other point sources (i.e., dry 

cleaners, sewer treatment plants, solid waste disposal, and superfund sites), and roads with high 

average vehicle traffic counts.  Using location, air pollution density surfaces for point sources 

and traffic were calculated and hierarchical logistic regression was employed.  The mean age-

adjusted stroke rate in the study areas was over eight times the expected rate and there was a 

significantly elevated risk of stroke mortality in census tracts with high levels of air pollution.  

Maheswaran and Elliott (2003) also looked at relationship between stroke mortality and 

residential proximity to main roads at the census enumeration district (CED) in England and 

Wales.  Mobile sources of air pollution were evaluated using road network data that 

characterized exposure as distance categories from the centroid of each CED to the nearest main 

road.  Logistic Regression controlling for age, sex, socioeconomic (SES) deprivation, and 

urbanization determined the associations between stroke mortality and distance categories.  

CEDs with distances of less than 200 meters to main roads had significantly higher stroke 

mortality rates than those with distances of over 1,000 meters.  This association held when 

stratified by sex and a significant dose-response relationship was determined for distance 

categories.  

Aylin et al. (2001) examined how residential proximity to operational coke works plants 

in England and Wales impacts the cardiorespiratory health of vulnerable populations including 

older adults and children.  The nine plants in operation are known local sources of air pollution 

including sulfur dioxide, oxides of nitrogen, and particulates such as black smoke and soot.  

Hospitalization data for coronary heart disease, stroke, respiratory disease, chronic obstructive 

pulmonary disease, and asthma was collected for children under 5 and adults age 65 and over 

living within a CED with a centroid distance of 7.5 km or less to a coke works plant.  For each 

CED, observed and expected disease risk ratios were calculated and compared based on distance 

categories to the plants.  Despite significant elevated risk ratios with proximity to the Teeside 

plant for coronary heart disease in older adults, and respiratory disease and asthma among 
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children, no other results demonstrated a significant association.  The impact of air pollution 

around the Teeside coke works plant should be further investigated, especially for vulnerable 

populations.  Although there was no elevated risk of cardiorespiratory hospitalizations with 

proximity to coke works (except for Teeside), the authors only took into account a single 

measure of air pollution, which most likely underestimated the exposure potential.  Taken 

together, these studies suggest that there is a significant association between residential exposure 

to combined sources of air pollution and stroke mortality.  

A case-crossover study by Smargiassi et al. (2009) examined the effects of residential 

proximity to point source air pollution on asthma among children.  Asthma hospitalization data 

for children two-four years of age was collected and the risk of asthma episodes was calculated 

for residential postal codes for the East End of Montreal Island.  Exposure was estimated using 

the American Meteorological Society/Environmental Protection Agency Regulatory Model 

(AERMOD), an air dispersion model, and sulfur dioxide (SO2) emissions data from two 

petroleum refineries and other point sources measured via two fixed air-monitoring sites.  

AERMOD computed estimations of daily SO2 exposure at the centroid of each postal code as 

well as average hourly predictions and daily peaks.  Logistic regression was used to evaluate SO2 

exposure in relation to asthma hospitalization days versus control days using a time-stratified 

approach.  Results revealed that short-term increases in SO2 are significantly associated with a 

higher number of asthma related emergency department visits and hospital admissions in 

children residing near refineries. 

Another study by Maantay et al. (2009c) used AERMOD to model air pollution from 

stationary point sources in the Bronx, New York City.  The article expanded on a prior study by 

the author that assessed the impact of mobile and point source air pollution on asthma 

hospitalization in adults and children residing in the Bronx (Maantay, 2007).  In the earlier study, 

doctor-diagnosed asthma hospitalization data were obtained from the New York Statewide 

Planning and Research Cooperative System (SPARCS) and stratified by age and sex.  Exposure 

was classified by creating buffers (ranging from 150 meters to 0.5 miles) around TRI, National 

Emissions Inventory (NEI), and HAPs sites as well as limited access highways, which average 

50,000 vehicles per day.  Proximity analysis determined whether the asthma cases fell within the 

buffers and revealed that residing within exposure buffers was significantly associated with 

asthma hospitalization for both children and adults.  In addition, standardized incidence ratios 
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showed that observed asthma rates were significantly higher than expected values at the census 

block group.  In an effort to validate the results from the proximity analysis, the author modeled 

five criteria air pollutants (PM10, PM2.5, NOx, CO, SO2) from stationary point sources on the NEI 

list to create plume buffers (Maantay et al., 2009c).  Asthma hospitalizations were geo-coded to 

actual individual patient addresses, and then rates were calculated inside and outside of the 

plume buffers using tax-lot data for population estimates.  Regression analysis revealed that the 

odds of being hospitalized for asthma was significantly higher inside the buffers versus outside.  

These studies demonstrate that residential proximity to point source air pollution is associated 

with asthma hospitalization regardless of which exposure measurement methodology was used.  

A prior literature review by Maantay and Porter-Morgan (2004) found additional 

evidence of a connection between residential proximity to mobile sources air pollution and 

asthma or respiratory symptoms in children and adults.  Edwards et al. (1994) examined the 

association between living near heavily trafficked roads and asthma hospitalization rates using a 

case-control proximity analysis in Birmingham, England.  Study subjects included cases 

consisting of children under 5 years of age with an asthma hospitalization and controls from both 

the hospital and the community.  To determine residential exposure to heavily trafficked roads, 

participant addresses were linked via the user postcode and fixed-distance buffers of 200 and 500 

meters were established around major roads.  Statistical analysis using chi-square tests were 

performed to determine the odds of asthma hospitalization among children living within road 

buffers versus those residing outside.  The odds of asthma hospitalization among children living 

within 200 meters of a major road was significantly higher among cases than community 

controls.  In addition, the odds of living near roads with high traffic flows (i.e., > 24,000 vehicles 

per hour) was significantly higher for cases as compared with both hospital and community 

controls. 

Three other studies assessed the same association and failed to find a significant 

relationship between proximity to roads and asthma hospitalizations among children (English et 

al., 1999; Livingstone et al., 1996; Wilkinson et al., 1999).  However, the odds of residing in 

high traffic flow areas were significantly higher for children experiencing more than one asthma 

hospitalization per year than for children having only one incident (English et al. 1999).  Several 

other studies found an increase of self-reported chronic respiratory symptoms such as wheeze, 

pulmonary function, attacks, and the use of respiratory medicine, with residential proximity to 
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major roadways (Oosterlee et al., 1996; van Vliet et al., 1997; Venn et al., 2001; Wjst et al., 

1993).   

Summary of Cardiovascular and Respiratory Disease Research 

The results from these studies suggest that residential proximity to both stationary 

sources (TRIs, NEIs, HAPs, petroleum refineries, etc.) and, with a few exceptions, heavily 

trafficked roads is significantly associated with asthma hospitalizations (Edwards et al., 1994; 

Maantay and Porter-Morgan, 2004; Maantay et al., 2009c; Smargiassi et al., 2009).  In addition, 

exposure to mobile sources air pollution increases the occurrence of chronic respiratory 

symptoms by exacerbating asthma (English et al., 1999; Oosterlee et al., 1996; Vliet et al., 1997; 

Venn et al., 2001; Wjst et al., 1993).  The studies reviewed (Hu et al., 2008; Maheswaran and 

Elliott, 2003; Aylin et al., 2001) also suggest that there is a significant association between 

residential exposure to combined sources of air pollution and stroke mortality.  

 

PCB Toxicity, End Stage Renal Disease, Diabetes – Hazardous Waste Sites 

Three studies we reviewed examined the impact of residing near hazardous wastes sites 

using GISc although the health outcomes of interest were different: cord blood Polychlorinated 

biphenlys (PCB) level, end-stage renal disease (ESRD), and diabetes.   

 

Study Findings 

Choi et al. (2006) obtained data from a cohort of mother-infant pairs participating in a 

study on PCB exposure and child development to assess whether living near a PCB-

contaminated superfund site, New Bedford Harbor in Massachusetts, is related to high cord 

serum PCB levels among infants.  Cord blood PCB levels were taken at birth from participants 

residing in New Bedford, Acushnet, Fairhaven, and Dartmouth, Massachusetts.  PCB 

concentrations were reported as the sum of 51 congeners and grouped into light and heavy PCB 

categories based on relative volatility.  Residential history and individual risk factors (i.e., diet, 

birthplace, etc.) were collected via a questionnaire and distances to the superfund hotspot were 

calculated.  Inverse distance weighting was used to create a surface of PCB cord serum levels 

within a 5-mile radius of the hotspot and linear regression controlling for neighborhood SES was 

employed.  The authors found no association between cord serum PCB toxicity and distance to 

the superfund site; individual characteristics (maternal age and birthplace) remained the most 
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significant predictors.  However, children born before or during dredging of the Harbor had 

significantly higher PCB levels than those born after dredging, suggesting that the impact of 

remediation should be further reviewed. 

In an effort to determine the risk of ESRD with residential proximity to hazardous waste 

sites, Hall et al. (1996) conducted a case-control study of 20 New York State counties.  Cases 

and controls were selected from the Health Care Financing Administration and matched by age, 

sex, and race.  A questionnaire assessed residential history, occupation, and individual risk 

factors such as hobbies, health, and lifestyle behaviors. Hazardous waste sites were compiled 

from the New York Inactive Hazardous Waste Site Registry and 1-mile buffers around each site 

were created.  Based on site history, sampling data, and other reports, exposure categories were 

assigned to 25 sectors within each buffer. Logistic regression controlling for SES and other 

confounders was used to assess the relationship between ESRD and residence within an exposure 

sector.  Although risk of ESRD was elevated for subjects residing within buffers and in medium 

and high exposure sectors, the results were not significant. 

Kouznetsova et al. (2007) conducted an ecological study to determine whether exposure 

to persistent organic pollutants (POPs) found near hazardous waste sites was associated with 

diabetes risk in New York. SPARCS data was used to calculate diabetes hospitalization rates in 

patients 25-74 years of age by ZIP code, controlling for age, sex, race, income, and urban/rural 

population density.  Hazardous waste sites were grouped into exposure categories by ZIP code: 

POP sites (dioxins/furans, PCBs, persistent pesticides), non-POP sites (volatile organics and 

metals, etc.), and clean sites.  Significantly higher diabetes hospitalization rates were found in 

POP ZIP codes versus both clean and non-POP sites.  Upon stratification, the rate ratios were 

highest for blacks and older age groups.   

 

Summary of Research on PCB Toxicity, Renal Disease, and Diabetes – Hazardous Waste Sites 

Although there is some evidence linking residential proximity to hazardous waste sites 

and adverse health impacts (Choi et al., 2006; Hall et al., 1996; Kouznetsova et al., 2007), the 

dearth of literature makes cross-study comparisons difficult.  Although there may be an 

association between exposure to hazardous waste sites and outcomes such as PCB toxicity, 

ESRD, and diabetes, more research is needed.  
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Cancer – Industrial and Nuclear Plants and Air Pollution 

 Three studies exploring the relationship between environmental burdens and cancer using 

GISc were reviewed.  The environmental exposures of interest in these studies range from 

industrial plants, a nuclear facility, and air pollution.  The evidence is mixed regarding proximity 

to industrial plants and nuclear facilities.   

 

Study Findings 

Morris and Knorr (1996) conducted a case-control proximity analysis to examine the 

relationship between radioactive emissions from the Pilgrim nuclear power plant in Plymouth, 

Massachusetts and adult leukemia.  Cases were selected from the Massachusetts Cancer Registry 

and hospital data.  Eligibility requirements included residence within 1 of 22 towns that were 

located in a 22-mile radius of the Pilgrim Plant and an age of 12 or older at time of diagnosis.  

Two controls were randomly matched to each case by age, sex, vital status, and year of death.  A 

telephone survey with the subject (or surrogate in case of death) determined residential history, 

occupation, health status, and sociodemographic information.  Exposure potential was calculated 

for both residential proximity to Pilgrim during years of high radioactive release (1974-1977) 

and as an individual exposure summary score derived from time spent at work, home, downwind 

from Pilgrim, and reported emissions.  Conditional logistic regression was used to calculate the 

odds of leukemia with distance to the plant controlling for cigarette smoking, SES, and 

occupation in a high-risk environment.  No significant associations were found between 

proximity to Pilgrim and adult leukemia.  However, using the exposure score, there was evidence 

of a dose response relationship where the odds of leukemia was significantly higher for subjects 

within higher exposure score categories than the lowest.  However, when stratified by sex, only 

women in the highest exposure score group had significantly higher odds of leukemia suggesting 

that risk may be different for subpopulations.  

Two studies examined the relationship between cancer and industrial plants with mixed 

results (Johnson et al., 2003; Wilkinson et al., 1997).  In a case-control study, Johnson et al. 

(2003) investigated the connection between Non-Hodgkin’s Lymphoma (NHL) and residential 

proximity to industrial plants in Canada, including copper, lead, and nickel smelters, steel, 

petroleum refineries, and kraft and sulfite pulp mills.  Cases were selected from the National 
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Enhanced Cancer Surveillance System based on a NHL diagnosis between 1994-1998 and 

residence within the study area comprised of eight Canadian Provinces.  Controls were obtained 

through health insurance plans and finance property assessment databases.  A questionnaire 

assessed individual risk factors (i.e., smoking, drinking), work and residential history, and SES.  

Individuals were grouped by distance categories to plants and years spent within each category.  

Odds ratios were obtained using unconditional logistic regression controlling for province, age, 

sex, smoking status, alcohol use, SES, residential history, chemical exposure (self-reported), and 

high-risk occupational history.  The authors found no significant association between distance to 

the combined measure of industrial plants and NHL.  However, the odds of NHL were 

significantly higher for subjects residing within two miles of a copper smelter and one-half mile 

of a sulfite pulp mill.  In addition, women residing within two miles of any industrial plant were 

significantly more likely to have follicular NHL.   

A small area study in Waltham Abbey, England by Wilkinson et al. (1997) explored 

cancer incidence and mortality around the pesticide and fertilizer producing Pan Britannica 

Industries Plant.  Observed and expected cancer incidence and death rates were calculated and 

compared for electoral wards using a distance decline model around Pan Britannica.  Although 

the authors found significant differences between observed and expected rates of cancer 

incidence and mortality for distance from 0-1 km and 0-7.5 km around the plant, there was 

mixed evidence of a dose-response relationship and the rate ratios were within the range for the 

region.  Also, the observed incidence for skin melanoma, and cancers of the lung, pancreas, and 

stomach were significantly higher than expected values.  

 

Summary of Research on Cancer – Industrial and Nuclear Plants and Air Pollution 

Similar to the hazardous waste site studies, studies assessing cancer risk from exposure to 

various environmental hazards suffer from comparability problems.  Residential proximity to 

certain industrial plants appears to be linked to cancer risk although the significance of the 

results depends upon the specific type of plant, population subgroup, and cancer types.  

Leukemia was significantly associated with proximity to Pilgrim nuclear power plant among 

women (Morris and Knorr 1996).  Although one study failed to find a relationship between 

cancer and exposure to the Pan Britannica Plant (Wilkinson et al., 1997), another found 

significant associations between other industrial plants and some cancers:  for instance, NHL was 
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significantly associated with proximity to a copper smelter and sulfite pulp mill (Johnson et al., 

2003).   

 

Limitations of Spatial Epidemiology 

Before the results from the literature review can be interpreted, it is important to 

understand how the limitations of this review will impact the ability to draw conclusions.  This 

literature review encompasses a broad range of environmental hazards and health outcomes but 

few studies evaluate the same associations between specific diseases.  In addition, the 

geographical location of interest as well as the target population (i.e., children or adults) varies 

by study.  Therefore, the results of these studies should be interpreted with caution due to 

inconsistency from methodological and data limitations inherent in the design of geospatial 

studies.  The following paragraphs summarize these challenges, which include measurement 

misclassification, comparisons across appropriate spatial units, and controlling for confounders.  

Each of these limitations will be discussed followed by a synthesis of the literature results. 

Despite the increase in interest of understanding the health impacts of residing near 

environmental hazards, it remains difficult to measure consistency across studies due to variation 

in both outcome and exposure measurement.  This means that similar research questions are 

addressed using different definitions, variables, and methodological techniques (Diez Roux, 

2001).  For example, exposure is most often defined using distance to the specific environmental 

hazards (i.e., major roads, hazardous wastes sites, etc.).  However, this can only serve as a crude 

proxy for exposure and does not accurately represent individual exposure levels to ambient 

conditions, or body or target organ dose (Aylin et al., 2001; Choi et al., 2006; Edwards et al., 

1994; English et al., 1999; Hall et al., 1996; Johnson et al., 2003; Kouznetsova et al., 2007; 

Livingstone et al., 1996; Maheswaran and Elliott, 2003; Morris and Knorr, 1996; Oosterlee et al., 

1996; van Vliet et al., 1997; Venn et al., 2001; Wilkinson et al., 1997; Wilkinson et al., 1999; 

Wjst et al., 1993).  In addition, the studies differ with regards to how they classify the exposure 

variables: some include a range of exposures (general air pollution) whereas others assess a 

specific source (mobile sources air pollution), and still others look at a specific pollutant (i.e., 

PM2.5).   

Individual-based exposure measurement is preferable although not always available, 

which may introduce bias from exposure misclassification (Elliott and Savitz, 2008).  The same 
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issues are also apparent in the measurement of the health outcome of interest especially when 

self-reported data on a particular disease or symptoms is used rather than an official medical 

diagnosis or health record (Oosterlee et al., 1996; van Vliet et al., 1997; Venn et al., 2001; Wjst 

et al., 1993).  Measurement misclassification has lead to inconsistencies in the evidence linking 

environmental hazards to specific health outcomes and renders comparability across studies 

difficult.    

 Another challenge is defining the geographical area to ensure that it is meaningful and 

representative of the exposure being measured, the target population, and the outcome of interest.  

However, the spatial delineation or classification of the unit of analysis is rarely considered 

systematically due to a dependence on existing datasets.  Many studies have relied on census-

defined or administrative boundaries (i.e., census tract, ZIP code) as a proxy for residential 

location when individual address was unknown.  This method, known as the “container 

approach,” (or “spatial coincidence analysis” – see Section II of this paper) determines exposure 

based on whether a specific environment hazard is present within a particular geographic unit of 

aggregation (Maroko et al., 2009).  This implies that all residents within a particular boundary 

are all impacted equally by the hazard of interest, without an accurate assessment of individual 

exposure.  For example, a case may live next to a particular hazard of interest but if the hazard is 

not located within their unit of analysis (i.e., ZIP code) then that case would not be defined as 

exposed.  In general, the larger the unit of aggregation, the more likely it is that bias will be 

introduced due to heterogeneity across and within these units (Maroko et al., 2009), and 

ecological fallacy may result.  However, these types of small scale studies (using larger units of 

aggregation) may serve as indicators of where further and more detailed investigation should 

take place (Elliott and Savitz, 2008).  

It is essential to ensure that certain factors present in the underlying study population, 

known as confounders, are not influencing the relationship between environmental hazards and 

health outcomes.  However, despite the importance of controlling for confounders, many of the 

studies reviewed did not include potential confounders such as race/ethnicity, SES, behavioral 

risk factors, and workplace or school exposure.  These underlying disease determinants tend to 

vary across the unit of analysis and if they are coincident with the exposure measures, then these 

spatial confounders will bias the results of the study.  SES status and certain lifestyle behaviors 

(i.e., smoking) may be particularly powerful confounders.  Again, choosing a smaller unit of 
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analysis can provide some protection against bias because confounding may be less of a threat 

and more easily controlled in the analysis (Elliott and Savitz, 2008). 

In conclusion, research using GISc and other geospatial techniques to explore the public 

health burdens of residential proximity to environmental hazards is in its infancy.  This literature 

review investigated the associations between only a few environmental exposures and health 

outcomes and is not by any means to be considered exhaustive.  In addition, consistency across 

the studies is vulnerable due to the differences in study designs and methodology.  However, 

despite the limitations mentioned above, a few general trends have emerged and are worth 

discussing.  

Air pollution and its impact on respiratory and cardiovascular disease are of particular 

importance given the extent of the exposed population.  Although there are a few exceptions, the 

evidence linking stroke and asthma to residential exposure of both point and mobile sources of 

air pollution is strong (Edwards et al., 1994; Maantay and Porter-Morgan, 2004; Maantay, 2007; 

Smargiassi et al., 2009).   In addition, air pollution, particularly from roads with a high traffic 

volume, can exacerbate self-reported chronic respiratory symptoms thus exacerbating existing 

asthma (English et al., 1999; Maantay et al., 2009c; Oosterlee et al., 1996; van Vliet et al., 1997; 

Venn et al., 2001; Wjst et al., 1993).  

Hazardous waste sites are an oft-mentioned source of concern for environmental justice 

advocates yet the lack of research investigating their relationship to adverse health impacts is 

problematic.  This review found only three articles focusing on these sites and each study 

specified a different outcome of interest, which makes comparison difficult.  In short, proximity 

to hazardous waste sites was associated with diabetes but not ESRD nor PCB toxicity (except 

before and during dredging) (Choi et al., 2006; Hall et al., 1996; Kouznetsova et al., 2007).  

However, more research assessing these relationships is clearly needed.  

Lastly, residential proximity to certain industrial plants appears to be associated to cancer 

risk although the significance of the results depends upon the industry and population of interest.   

Adult leukemia was significantly associated with residential proximity to Pilgrim nuclear power 

plant among women (Morris and Knorr, 1996), all-type NHL was significantly associated with 

distance to a copper smelter and sulfite pulp mill, and women residing within two miles of any 

industrial plant were more likely to have follicular NHL (Johnson et al., 2003).   
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IV.  Conclusions/Recommendations 

 

Conclusions 

Based on our review and evaluation of existing research on the relationship amongst 

proximity to environmental hazards, environmental justice, and adverse health outcomes, we 

have reached the following conclusions: 

1. A higher proportion of minorities and lower-income populations reside near 

environmental hazards, such as Toxic Release Inventory facilities; National 

Emissions Inventory facilities; other sources of hazardous air pollutants; hazardous 

waste treatment, disposal, and storage facilities; landfills; sewage treatment plants; 

power plants; major roadways; solid waste facilities; industrial zones in general; and 

air craft noise from airports. 

2. Although the results are mixed, several studies have found significant relationships 

between residential proximity to environmental hazards and adverse health outcomes, 

such as adverse pregnancy outcomes, (including increased risks for central nervous 

system defects, congenital heart defects, oral clefts, renal dysplasia, limb 

malformations, chromosomal anomalies, preterm births, low birth weight, small-for-

gestational-age, fetal deaths, and infant deaths); childhood cancers (including 

leukemia, brain cancer, germ-cell tumors, non-Hodgkin lymphoma, and Burkitt 

lymphoma); asthma hospitalizations and chronic respiratory symptoms; stroke 

mortality; PCB toxicity, end-stage renal disease, and diabetes.  Although populations  

living close to environmental hazards appear more likely to have adverse health 

outcomes, proximity does not necessarily equate to individual level exposure.   

3. Given that racial/ethnic minorities and/or lower-income populations are more likely 

to live near such environmental hazards and research has indicated that this 

residential characteristic might be associated with adverse health outcomes, it is 

highly likely that there is a disproportionate impact of this exposure on the health of 

minorities and lower-income populations. 

4. However, few studies have examined whether such exposures are more or less likely 

to increase risk for adverse health outcomes among minority and lower-income 

populations.  This dearth of studies is possibly due to a limitation of the available 



Proximity to Environmental Hazards: Environmental Justice and Adverse Health Outcomes  
By Maantay, Chakraborty, and Brender 

 

75 
 

health data, which often does not accurately or completely report race and ethnicity of 

the health outcome cases.  

5. Methods for assessing spatial proximity and potential exposure to hazards have 

evolved from comparing the prevalence of minority or low-income residents in pre-

defined geographic units hosting hazardous facilities to more rigorous techniques that 

are based on precise distances between hazards and people, quantity and quality of 

emitted pollutants, chemical fate and transport modeling, and data sets which provide 

modeled estimates of adverse health risks from cumulative exposure to multiple 

pollutants and emission sources.  

6. The lack of address-specific, individual/household data and information on day-time 

locations of people are major impediments in measuring disparities in proximity or 

exposure to environmental health hazards accurately and comprehensively.  

7. While conventional statistical methods such as correlation or regression have been 

used extensively in previous studies to evaluate racial/ethnic or socioeconomic 

disparities, these techniques violate several classical statistical assumptions (i.e. 

independence and homogeneity) and may not be appropriate for analyzing spatial 

data and relationships.   

 

Recommendations 

Given the conclusions above, which are based on the evidence of disparities by race and 

income in relation to proximity to environmental hazards, the adverse health outcomes for 

populations in close proximity to environmental hazards, and acknowledgement of the health 

disparities experienced in general by communities of color and lower-income communities, we 

suggest that these factors be given serious consideration in the decision-making process by 

governmental environmental and health agencies regarding the siting of environmentally-

burdensome facilities and land uses, in regulatory and enforcement efforts concerning pollution, 

and in the active promotion of environmental health justice and environmental health protection.   

We believe that there is sufficient evidence right now to justify the application of the 

Precautionary Principle to protect people from the deleterious effects of living near 

environmental hazards.  This means that, even in the absence of complete scientific proof, we 

have enough evidence of potential harm being done to take steps to rectify the problem, and that 
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there is a social responsibility to protect the public from exposure to harm when all available 

evidence points to plausible risk.  Nevertheless, economic and political forces will likely require 

stringent proof that specific recommendations, like the establishment of protective buffer zones 

around noxious land uses, will be effective.  And, indeed, the question remains whether it is 

advisable to create “no-man’s-lands” of environmentally hazardous areas under the probably 

erroneous assumption that if no one lives near these facilities and land uses, they are no longer 

dangerous or causing any problems.  That might only lead to a false sense of security, which is 

dangerously close to creating an “out of sight, out of mind” situation.  Perhaps actively 

confronting whether there is a need for these facilities and land uses to exist in the first place 

would get more to the root of the problem.   

A major drawback to re-crafting national environmental regulations with an eye to 

addressing the proximity issue is that the land use and zoning decision-making process is one of 

the largest drivers of the problem of proximity to environmental hazards and environmental 

health justice.  It may also be one of the largest drivers of the solutions to the problem.  But land 

use and zoning, by and large, are regulated at the most local levels of government, so any 

protective solution involving land use regulation would likely not be applied consistently on a 

national basis, potentially leading to more intensive “ghetto-ization” of environmentally 

hazardous uses, and the expansion of, or additional, “sacrifice zones.”   

An in-depth discussion of the policy implications of our review is beyond the scope of 

this paper, and would require a different set of skills and expertise than the authors possess, in 

order to analyze existing regulations and determine what would need to be changed and how to 

do it in such a way as to better protect people from environmental hazards.  However, some of 

the more obvious practical applications of our review are perhaps easier to state.  They fall into 

the category of “common-sense” guidelines, and constitute approaches that would be difficult to 

argue against.  These might include things like prohibiting the siting of schools near highways, 

and being cognizant of pesticide drift when planning residential locations or other sensitive land 

uses.  Our technical recommendations are informed primarily by the limitations of current 

research, as described in detail in the previous sections.  We recommend that the following 

deficiencies in available data, research methods, and research emphasis be addressed:  

1. Research gaps - there are significant gaps in current research, especially regarding the 

assessment of overall health outcomes in relation to proximity to environmental 
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hazards, and regarding the relationships between these issues and minority, low-

income, and other populations considered to be more vulnerable.   

2. Data needs – the data necessary for more definitive research on these relationships 

require increased accuracy and higher spatial resolution.  Data on health outcomes 

need to be made available at the individual patient level, which is possible now since 

issues of maintaining patient information confidentiality can successfully be handled 

through geo-coding masking and randomization techniques in graphic display.  

Aggregated health data is not sufficiently fine-grained enough for most research on 

the relationship between proximity to environmental hazards, health outcomes, and 

characterization of affected populations.  Data on environmental quality factors, 

meteorological conditions, and physical environmental infrastructure parameters are 

generally not complete or exact enough to serve as inputs to complex models, and 

these need to be augmented by better data as well.   

3. Methodological approaches – conventional statistical methods, which have been used 

for many health studies, are not the most appropriate or effective methods for fine-

grained spatial analysis, but more location-based geostatistical methods have not been 

adopted as frequently as would be desirable, due to the fact that many health and 

environmental researchers who conduct this type of research lack awareness of these 

methods and knowledge of their utilization.  Increased education and training in 

geostatistical analytic techniques would be useful to encourage new research 

incorporating these methods, and to assist researchers in developing additional new 

geographically-based methods.  Furthermore, although environmental modeling is 

often held out as the gold-standard of environmental impact assessment, it is still 

relatively cumbersome, labor-intensive, computer-intensive, and necessitates a high 

level of computational skills, as well as requiring extensive data inputs that are 

usually quite difficult to obtain.  Better and more generalized, easy-to-use models 

should be developed, preferably models that are well-integrated or closely-coupled 

with GISc software, rather than stand-alone models.  Multidisciplinary teams, such as 

those with expertise in GIS, epidemiology, environmental science, and statistical 

modeling, as well as community scientists, are in the best position to investigate the 
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relation between proximity to environmental hazards and adverse health outcomes 

(Maantay et al., 2009b). 

4. Paucity of environmental impacts investigated – many studies investigate the same 

type of hazard, (for example, TRI facilities) usually because of data limitations and 

the default use of hazard databases available at the national scale.  Most studies look 

at only one or two environmental hazards at a time.  Cumulative and synergistic 

impacts have rarely been examined, yet these types of impacts may have a larger than 

acknowledged connection to adverse health outcomes. 

5. Residential focus vs. daytime location – studies in this review that used census data to 

assess disproportionate impacts examined proximity to hazards from the perspective 

of residential location of the potentially exposed population, although, except for 

small children and perhaps the elderly, most people do not spend the majority of their 

time at home.  The true environmental impact on various populations can only be 

ascertained by achieving a better understanding of where people actually are located, 

other than simply their residential addresses.   

6. Exposure assessment – most studies of proximity to environmental hazards and health 

outcomes based exposure assessment on a single residential address.  This approach 

does not take into account residential mobility and is potentially a significant source 

of exposure misclassification.  Furthermore, the appropriate temporal sequence was a 

problem in some studies in which data on current environmental conditions were 

linked to past residential locations. 

 

These deficiencies in research focus, methodological techniques, exposure assessment, 

and data availability and access may be mitigated by providing more targeted funding to help 

correct some of these problems, and ensure that future research does not suffer from these 

drawbacks.  This would lead to increased reliability of results, stronger evidence, increased 

understanding of the complex interactions of environment-human factors, and better hope for 

finding real solutions to environmental health injustices and environmentally-related diseases 

and conditions.   
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Table 1.  Environmental Justice Research 
 

Study 
Reference  

Study Parameters  
(Study Extent /   

Unit of Analysis / 
Independent Variables)  

Environmental Indicators  
(Category of Environmental 

Indicator /   
What's  Being Measured)  

Methods  
(Determination of 

vulnerable population or 
exposure risk/Evaluation of 

disproportion)  

Findings  

Anderton et 
al., 1994 

Extent: MSAs in the 
United States 
 
Unit: Census tract 
 
Independent Variables: 
Race, ethnicity, income, 
employment 
 

Indicator: Commercial 
hazardous waste treatment, 
storage, and disposal (TSD) 
facilities in MSAs 
 
Measuring: Characteristics of 
the population outside and 
inside host areas (based on 
multiple spatial definitions), in 
all MSAs and the 25 largest 
MSAs 

Population: Spatial 
coincidence by tract 
 
Disproportion: Difference 
of means test to compare 
host and non-host tracts; 
logistic regression using 
presence of facilities as 
dependent variable 

No consistent 
association between 
location of TSD 
facilities and the 
percentage of either 
minority or low-income 
groups.  

Apelberg et 
al., 2005  

Extent: Maryland  
   
Unit: Census Tracts  
   
Independent Variables: 
race/ethnicity, income, 
home ownership,  public 
assistance,  poverty, and 
education 
   
 
 
   
   

Indicator: Hazardous air 
pollutants  
   
Measuring: Linkage of cancer 
risk estimates from NATA to 
racial and socioeconomic 
characteristics of census tracts  
 
   
 
   
   

Population: NATA data 
mapped to census tracts  
 
Disproportion:  
Linear and multivariate 
regression; statistical 
significance (Pearson’s chi-
squared and relative risk) of 
differences in proportion of 
high risk census tracts 
across quartiles of the 
independent variables  

Risk disparities for on-
road, area and non-road 
sources exist by SES, 
and on-road and area by 
race. On-road sources 
contribute most to 
cancer risk  

Ash and 
Fetter, 2004 

Extent: Census 
designated urbanized 
areas in the U.S. 
 
Unit: Block group 
 
Independent Variables: 
Race, ethnicity, income, 
population density, 
education, housing  

Indicator: Toxic Release 
Inventory (TRI) facilities and 
emissions, based on EPA’s 
RSEI model 
 
Measuring: Inequities in 
cumulative risk from TRI 
emissions, based on toxicity and 
atmospheric dispersion 

Population: Tract level  
chronic risk estimates based 
on pollution plume and 
exposure modeling 
 
Disproportion: Multivariate 
tobit regression and linear 
probability models 

African Americans tend 
to live both in more 
polluted cities and in 
more polluted areas 
within cities. Hispanics 
live in less polluted 
cities on average, but in 
more polluted 
areas within cities. 

Baden et al., 
2007 

Extent: Three scales: 
National (U.S.), state 
(California), county (Los 
Angeles). 
 
Unit: County, ZIP code, 
census tract, block group 
 
Independent Variables: 
Race, ethnicity, income, 
percent urban, MSA 

Indicator: Superfund sites on 
the National Priorities List 
(NPL) 
 
Measuring: Disparities 
associated with NPL site 
location at county, ZIP code, 
tract, and block group levels. 

Population: Spatial 
coincidence using four 
different units of analysis. 
 
Disproportion: Multivariate 
logistic regression using 
presence of NPL site as a 
dependent variable. 

Different results for 
different scales and 
units, but strong 
evidence of injustice for 
Blacks and Hispanics at 
national and state level 
with tract and block 
group data.  

Been and 
Gupta, 1996 

Extent: United States 
 

Indicator: Solid-waste facilities 
 

Population: Spatial 
coincidence 

Black and Hispanic 
populations were 



Proximity to Environmental Hazards: Environmental Justice and Adverse Health Outcomes  
By Maantay, Chakraborty, and Brender 
 

102 
 

Unit: Census Tracts 
 
Independent Variables: 
Race, income, 
population density, 
unemployment, 
occupation, housing 
value 

Measuring: Longitudinal 
comparison of host and non-
host census tracts prior to and 
after facility siting 

 
Disproportion: statistical 
significance of differences 
in proportions of host and 
non-host tracts; logit 
function to control for 
correlation between 
variables; linear regression 
for longitudinal 
comparison; comparative 
static exercises 

predictive of host tracts 
in 1990; Black 
populations did not, 
while Hispanic 
populations were 
predictive facility siting 
within tracts; working 
class and not poor 
neighborhoods 
predictive of facility 
siting 

Boer et al., 
1997 

Extent: Los Angeles 
County, California 
 
Unit: Census tracts 
 
Independent Variables: 
Race, ethnicity, SES, 
residential land, 
industrial land, 
population density, 
registered voters. 

Indicator: Hazardous waste 
treatment, storage, disposal 
facilities(TSDFs) 
 
Measuring: Inequities in the 
distribution of all TSDFs and 
large-capacity TSDFs 
(processing more than 50 tons 
annually)  

Population: Spatial 
coincidence to select tracts 
hosting any TSDF, large-
capacity TSDFs, and those 
within a mile of large-
capacity TSDFs.  
 
Disproportion: Univariate 
comparison of host and 
non-host tracts; multvariate 
logit regression. 

Both race and ethnicity 
significantly associated 
with TSDF location. 
Working class minority 
communities located 
near industrial areas 
most affected. 

Bolin et al., 
2002 

Extent: Phoenix 
metropolitan area, 
Arizona 
 
Unit: Census tract 
 
Independent Variables: 
Race, ethnicity, income 
 

Indicator: Four types of 
hazardous industrial and toxic 
waste sites 
 
Measuring: Inequities based on 
the number of hazards and 
hazard density indices for each 
tract 

Population: Combination of 
spatial coincidence and 
circular buffer analysis to 
measure hazard density 
index for each tract and 
type of hazard 
 
Disproportion: Bivariate 
correlation with hazard 
counts and hazard density 
indices 

A consistent pattern of 
environmental 
injustice by class and 
race across a range of 
hazards in the Phoenix 
metropolitan region 

Boone, 2001 Extent: City of 
Baltimore, Maryland 
 
Unit: Census tract 
 
Independent Variables: 
Race, income, level of 
education. 
 

Indicator: TRI facilities. 
 
Measuring: Historical analysis 
of the city’s residential and 
industrial geography to explain 
current location pattern of TRI 
facilities.  

Population: Spatial 
coincidence and circular 
buffer.   
 
Disproportion: Comparison 
of host and non-host areas, 
based on tract, circular 
buffers, and locally defined 
neighborhoods 

Tracts with White, 
working-class people 
are more likely to host 
TRI facilities than 
primarily Black tracts. 
Pattern explained by a 
long history of 
residential and 
occupational 
segregation.  

Bowen, 1995 Extent: Ohio 
   
Unit: County, with 
Cuyahoga County at 
tract level 
   
Independent Variables: 
Population density, 
race/ethnicity, value of 
owner-occupied homes, 
income, rent  

Indicator: Hazardous air 
pollutants 
 
Measuring: The degree of 
environmental hazard borne by 
various population groups by 
measuring spatial distribution of 
facilities in relation to 
demographic groups 

Population: Spatial 
coincidence examining 
geographic unit with, 
without, or adjacent to 
hazardous facility; toxicity 
index based on Threshold 
Limit Values and total 
pounds of emissions 
 
Disproportion: Zero-order 
correlations, partial 
correlations, and analysis of 
variance.  Tracts were 

Disproportionate 
burdens by race found 
statewide and by 
county, but not in 
Cuyahoga County's 
tracts.  Disproportionate 
burdens additionally 
found by SES variables. 
 
Pounds of air releases 
are strongly related to 
population density.   
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assigned to one of three 
categories based on number 
of TRI facilities  

Brooks and 
Sethi, 1997 

Extent: United States 
 
Unit: ZIP code 
 
Independent Variables: 
Race, income, level of 
education, housing 
value, population 
density, voter turnout in 
last presidential election. 

Indicator: TRI facilities and 
emissions  
 
Measuring: A ZIP code level 
index of TRI chemical exposure 
that is sensitive to toxicity 
differences and the distance 
from the emission source used 
to analyze determinants of 
disparities. 

Population: Spatial 
coincidence by ZIP code 
 
Disproportion: Multivariate 
OLS regression using 
exposure index and logistic 
regression using increase in 
exposure level as dependent 
variables. 

ZIP codes with higher 
Black proportions and 
lower voter turnout 
facing greater exposure 
to TRI releases.  

Burke, 1993 Extent: Los Angeles 
County, California 
 
Unit: Census Tracts 
 
Independent Variables: 
Income, population 
density, race/ethnicity  

Indicator: Hazardous air 
pollutants 
 
Measuring: The significance of 
race in the siting of industrial 
facilities when income and 
population density is controlled 

Population: Spatial 
coincidence 
 
Disproportion: Bivariate 
analysis and bivariate 
mapping to explore 
relationship between 
number of TRI facilities per 
census tract and percentage 
people of color and income  

Disproportionate 
burdens found by race 
and income, and 
Hispanics are 
disproportionately 
exposed to TRI 
facilities regardless of 
income.  The study 
concluded that it is not 
possible to determine 
whether race or income 
is more important in 
relation to TRI facility 
occurrence  

Buzelli et al, 
2003  

Extent: Hamilton, 
Canada  
   
Unit: Census Tracts  
   
Independent Variables: 
dwelling value, income, 
education, 
unemployment, type of 
employment, lone-
parent families, 
government assistance  
   

Indicator: Hazardous air 
pollutants  
   
Measuring: The relationship 
between changing TSP 
concentrations and SES 
characteristics of census tracts 
   
   

Population: TSP 
concentrations estimated for 
census tract centroids using 
point-kriging interpolation  
 
Disproportion: Linear 
regression using OLS, 
SAR, and GAM methods  

Disproportionate 
burdens, most notably 
based on dwelling 
value.  However, 
disparities decrease 
over time  

Chakraborty, 
2001 

Extent: Hillsborough 
County, Florida 
 
Unit: Block groups 
 
Independent Variables: 
Racial and poverty 
status. 
 

Indicator: Airborne releases of 
extremely hazardous substances 
(EHS) 
 
Measuring: Inequities in the 
spatial distribution of exposure 
to worst-case releases of toxic 
and flammable chemicals from 
EHS facilities 

Population: Plume 
modeling to determine radii 
of worst-case circular 
buffers for each chemical at 
each EHS facility 
 
Disproportion: Cumulative 
distribution functions to 
compare relevant sub-
groups based on number of 
potential EHS releases 

A significantly large 
proportion of non-
White and 
impoverished 
individuals residing in 
areas exposed to 
multiple worst-case 
EHS releases 
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Chakraborty, 
2009 

Extent: Tampa Bay, 
Florida Metropolitan 
statistical area  
   
Unit: Census Tracts  
   
Independent Variables: 
Race, ethnicity, income, 
home ownership, and 
transportation 
disadvantaged 
individuals. 

Indicator: Hazardous air 
pollutants  
   
Measuring: The distribution of 
cancer and respiratory risks 
based on NATA data from 
inhalation exposure to vehicular 
emissions of air pollutants  

Population: NATA data 
mapped to census tracts  
 
Disproportion: Descriptive 
statistics and multivariate 
regression using OLS; 
spatial regression using 
spatial thresholds for 
neighbor determination to 
control for spatial 
autocorrelation  

Disproportionate 
burdens based on race, 
even when controlling 
for SES. Also, tracts 
characterized by high 
population density and 
low rates of home/car 
ownership face 
significant disparities  

Chakraborty 
and 
Armstrong, 
1997  

Extent: Des Moines, 
Iowa  
   
Unit: Census block 
groups  
   
Independent Variables: 
income and race 
   

Indicator: TRI facilities and 
emissions  
 
Measuring: Differences in 
disparities for proximity to TRI 
facilities based on modeling 
method  

Population: Circular and 
plume-footprint buffers 
around individual facilities; 
buffer intersection, centroid 
containment, and areal 
weighting methods   
 
Disproportion: Descriptive 
statistics to compare 
proximate/non-proximate 
populations   

Disproportionate 
burden higher based on 
race using plume 
analysis as opposed to 
circular buffer analysis 
methods  

Chakraborty 
and 
Armstrong, 
2001 

Extent: Linn County, 
Iowa 
 
Unit: Gecoded 
residential locations 
 
Independent Variables: 
Special needs population 
(self-identified; those 
with physical and mental 
disabilities) 
 

Indicator: Airborne releases of 
extremely hazardous substances 
(EHS) 
 
Measuring: Inequities in the 
spatial distribution of exposure 
to worst-case releases from 
EHS facilities 

Population: Plume 
modeling to determine radii 
of worst-case circular 
buffers for each chemical at 
each EHS facility 
 
Disproportion: Observed 
distribution of population at 
risk compared to 1,000 
randomly simulated 
location patterns 

A significantly high 
proportion of the 
special needs 
population residing in 
areas potentially 
susceptible to worst-
case EHS releases 

Chakraborty 
and 
Zandbergen, 
2007  

Extent: Orange 
County, Florida  
 
Unit: Geocoded school 
and residence locations;  
 
Independent Variables: 
race (self-reported 
white, black, Hispanic, 
or other)  

Indicator: Point sources of toxic 
air pollution  
 
Measuring: Racial disparities in 
potential exposure to air 
pollution from TRI facilities, 
small facilities from EPA’s 
aerometric information retrieval 
system (AIRS), and major 
roads,  
for children based on their 
school and home locations  

Population: Increasing 
(concentric) buffer radii 
around facilities and roads; 
cumulative distribution 
function for schools and 
residences  
 
Disproportion: inferential 
statistics using two-sample 
z-test (black v. white and 
Hispanic v. white) at each 
buffer distance for each 
source individually  
 

Black and Hispanic 
children face a higher 
burden at any given 
distance from each type 
of pollution source 
 
   

Cutter et al., 
1996 

Extent: South Carolina 
 
Unit: Counties, census 
tracts, block groups 
 
Independent Variables: 
Population density, race, 

Indicator: TRI facilities, 
treatment, storage and disposal 
(TSD) facilities, and inactive 
hazardous waste sites 
 
Measuring: Inequities in the 
distribution of each type of 

Population: Spatial 
coincidence by county, 
tract, and block group 
 
Disproportion: Bivariate 
correlation to measure 
association between facility 

A disproportionate 
burden on White and 
more affluent counties 
in urban areas. No 
relationship between 
facility location and 
race or income at the 
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income, age, education, 
employment 

facility at the county, census 
tract, and block group levels. 

presence and characteristics 
of host units; difference of 
means tests between host 
and non-host units 

tract and block group 
levels.  

Daniels and 
Friedman, 
1999 

Extent: United States. 
 
Unit: County 
 
Independent Variables: 
Race, ethnicity, income, 
urban proportion, 
manufacturing 
establishments 
 

Indicator: TRI facilities with air 
releases 
 
Measuring: Inequities in the 
distribution of TRI sites 
reporting air emissions and 
emission amounts (total pounds 
of air releases divided by land 
area) at the county level.  

Population: Spatial 
coincidence by county.  
 
Disproportion: Multivariate 
logistic and OLS regression 
using presence of emissions 
and density of air releases 
as dependent variables, 
respectively.  

Positive relationship 
between toxic air 
releases and Black 
proportion, partly 
explained by 
urbanization and 
industrial location. 
Curvilinear association 
with economic status.  

Dolinoy and 
Miranda, 2004 

Extent: Durham County, 
North Carolina 
 
Unit: ZIP code, tract, 
block group, block 
 
Independent Variables: 
Race, income, age 
 

Indicator: TRI facilities and 
non-TRI facilities (smaller 
emitters) 
 
Measuring: Inequities in the 
distribution of modeled 
exposure to toxic air releases 
from both TRI and non-TRI 
point sources 

Population: Plume 
modeling to estimate 
exposure at centroid of 
spatial units, at each scale 
 
Disproportion: Multivariate 
regression and cumulative 
distribution functions to 
compare exposure potential 
differences, at each scale 

Exposure potential 
disparities increase as 
the analytical unit 
becomes smaller (ZIP 
code to block), for both 
race and income.  

Downey, 2006 Extent: Detroit 
metropolitan area, 
Michigan 
 
Unit: Census tract 
 
Independent Variables: 
Race, ethnicity, income, 
level of education, 
housing value, 
employment. 

Indicator: TRI facilities 
 
Measuring: Disproportionate 
proximity to TRI facilities, 
based on several distance decay 
functions 

Population: Distance decay 
modeling to estimate hazard 
proximity 
 
Disproportion: Bivariate 
correlation, multivariate 
regression, cumulative 
distribution functions 

Black neighborhoods 
disproportionately 
burdened by TRI 
facilities. Racial 
composition of tracts 
had a strong 
independent effect on 
proximity to TRI 
facilities. 

Fisher et al, 
2005  

Extent: San Francisco 
Bay Area, California; 
West Oakland 
neighborhood, Oakland, 
California  
   
Unit: Census tracts, 
block groups, and 
blocks; neighborhood, 
city, county, region  
   
Independent Variables: 
race and population 
density   

Indicator: Hazardous air 
pollutants  
   
Measuring: TRI facility 
clustering; disparities in point 
and mobile air pollutant 
sources; disparities in hazardous 
air pollutant dispersion for a 
single facility  

Population:   
Spatial statistical pattern 
analysis (Ripley's K) to 
locate statistically 
significant clusters of point 
sources of air toxics; 
population generalized by 
neighborhood; air 
dispersion modeling and 
buffer intersection for a 
single facility  
 
Disproportion: Descriptive 
statistics and qualitative 
neighborhood analysis  

Disproportionate cluster 
of point sources 
identified at the 
neighborhood scale, 
which corresponded to 
a community with high 
percentage of non-
white and lower income 
residents than 
surrounding areas; 
mobile sources 
disproportionately 
located near dense 
populations of non-
white and lower income 
residents; Ripley's K is 
useful for identifying 
statistically significant 
point source clusters for 
regulatory prioritization  
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Fricker and 
Hengartner, 
2001 

Extent: New York City 
metropolitan region, 
New York. 
   
Unit: Census tracts 
 
Independent Variables: 
Race, ethnicity, income, 
population density, 
indicators of water 
boundary, highway, and 
train track. 

Indicator: Various types of 
environmentally undesirable 
facilities, including TRI sites, 
TSDF facilities, landfills, 
incinerators, bus garages, and 
sewage treatment plants 
 
Measuring: The relationship 
between the total number of 
undesirable sites in a tract and 
independent variables. 

Population: Spatial 
coincidence by tract 
 
Disproportion: Log- linear 
and logistic generalized 
linear models to determine 
association of race and 
ethnicity with number of 
sites, after accounting for 
SES variables 

Hispanics are more 
proximate to  the 
undesirable sites than 
other groups. Both 
Hispanics and Black 
more proximate to sites 
in the Bronx and 
Queens, and less 
proximate to sites in 
Manhattan.  

Gilbert and 
Chakraborty, 
2008 

Extent: Florida  
   
Unit: Census Tracts  
   
Independent Variables: 
Race, ethnicity, poverty, 
age, home ownership, 
population density, and 
urban designation  

Indicator: Hazardous air 
pollutants  
 
Measuring: The distribution of 
cumulative cancer and 
respiratory risks based on 
NATA data on inhalation 
exposure to ambient air toxics  

Population: NATA data 
mapped to census tracts  
 
Disproportion: Bivariate 
correlation, multivariate 
regression analysis 

For both cancer and 
respiratory risks, 
evidence of inequity for 
race, ethnicity, and 
population density. 
Respiratory risk, but 
not cancer risk, was 
negatively associated 
with urban areas. 

Glickman and 
Hersh, 1995 

Extent: Allegheny 
County, Pennsylvania 
 
Unit: Municipality, 
census tract, block 
group, and block 
 
Independent Variables: 
race, income, age 

Indicator: Hazardous air 
pollutants, potential chemical 
releases, power plants 
 
Measuring: Disproportionate 
risk of fatality based on race, 
income and age due to exposure 
from TRI facilities  

Population: Spatial 
coincidence by tract, block 
group and municipality; 
proximity analysis by half 
mile and one mile buffers 
and plume buffers; 
exposure index by toxicity 
weights using RfD and 
potency carcinogens; 
dispersion modeling using 
ALOHA, ISCLT2, 
COMPLEX1 models 
 
Disproportion: GIS in 
conjunction with census 
data and impact models 
estimated the individual 
fatality rates for each social 
group.  These were 
compared to the individual 
fatality rates for the rest of 
the county's population  

Disproprtionate burdens 
found for income using 
all methods.  
Disproportionate 
burdens by race in all 
buffers, and not in all 
spatial coincidence 
models 

Goldman and 
Fitton, 1994 

Extent: United States 
 
Unit: ZIP code 
 
Independent Variables: 
People of color, poverty, 
per capita income 
 

Indicator: Commercial 
hazardous waste management 
facilities 
 
Measuring: Characteristics of 
the population in host and non-
host areas after classifying host 
ZIP codes into five groups 
based on their level of 
hazardous activity 

Population: Spatial 
coincidence by ZIP code 
 
Disproportion: Difference 
of proportions tests to 
compare host and non-host 
ZIP codes in each group, 
and examine changes from 
1980 

Minority populations 
were more likely to live 
in areas where facilities 
are located than they 
were in 1980. 
Race/ethnicity was a 
stronger indicator than 
income. 

Green et al., 
2004 

Extent: California; high-
density census tracts in 
Los Angeles County  

Indicator: Hazardous air 
pollutants (traffic counts on 
busy roads)  

Population: Spatial 
coincidence for schools and 
census tracts; identification 

As proximity of schools 
to busy roads 
decreased, the 
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Unit: Census tract and 
geocoded school 
locations  
   
Independent Variables: 
race/ethnicity, income, 
housing data, born 
outside the U.S., 
population density, 
school-related data 
including number of 
students eligible for food 
and work assistance, 
English-learners, and 
total school enrollment   

 
Measuring: Determine 
disparities between schools 
within 150m of busy roads by 
race and SES indicators  

of road with most traffic 
within 150 meters of 
schools as hazard source  
 
Disproportion:   
Logistic regression to 
compare odds ratios across 
 independent variables 
based on school groupings 
by categorical traffic levels  

percentage of both 
black and Hispanic 
students increased 
substantially.  Potential 
exposure to traffic also 
increased in relation to 
socioeconomic 
indicators, including 
English language-
learners 

Grineski, 2007   
 
 

Extent: Phoenix, 
Arizona  
   
Unit: ZIP code  
   
Independent Variables:   
neighborhood social 
class measured by 
median income and 
value of homes, ozone, 
air toxics, race (African-
American), ethnicity 
(Latino), indoor hazards 
based on proportions of 
rented households and 
age of housing  
 

Indicator: Asthma 
hospitalizations   
   
Measuring: Socio-demographic, 
indoor hazard, and air quality 
factors that contribute to 
disparities in asthma 
hospitalizations  

Population: Asthma data 
mapped to ZIP codes  
 
Disproportion:  
Multivariate regression 
analysis; no adjustment for 
multicollinearity, but shown 
through descriptive 
statistics  

Asthma is negatively 
associated with 
neighborhood social 
class and positively 
associated with ozone, 
toxic air releases, the 
proportion of racial 
minorities, and indoor 
hazards.  Ozone most 
strongly predicted 
asthma hospitalization  

Grineski and 
Collins, 2008 

Extent: Ciudad Juarez, 
Mexico 
 
Unit: Neighborhoods 
defined by Areas 
Geoestadisticas Basicas  
 
Independent Variables: 
Children, social class, 
formal residential 
development 

Indicator: Industrial assembly 
plants or maquiladoras 
 
Measuring: Inequities in spatial 
relationships between 
residential socio-demographics 
and density of maquiladoras 

Population: Combination of 
spatial coincidence and 
circular buffer analysis to 
measure maquiladora 
density for each 
neighborhood 
 
Disproportion: Multivariate 
spatial error regression to 
account for spatial 
autocorrelation in the data 

 Industrial facilities 
more likely to locate in 
neighborhoods 
characterized by lower 
social class, and higher 
proportions of children 
and formal housing.  

Higgs and 
Langford, 
2009  

Extent: Wales, United 
Kingdom  
 
Unit: Lower Super 
Output Areas (roughly 
equivalent to U.S. 
Census block groups)  
   
Independent 
Variables: Welsh Index 
of Multiple Deprivation 
2005, comprised of: 

Indicator: Solid-waste facilities  
 
Measuring: Various models of 
population estimation to 
measure SES characteristics of 
populations in closer proximity 
to sites compared to entire 
Wales populations  

Population: Spatial 
coincidence, buffer 
containment, and 
dasymetric weighting 
techniques with varied 
buffer radii  
 
Disproportion:   
Descriptive statistics to 
compare relative 
populations along 
depravation deciles  

Increasing buffer size 
diminished differences 
in deprivation profiles; 
deprived populations do 
not live in very close 
proximity, but at 
moderate (~1-4km) 
distances from landfill 
sites ("halo" effect).  
 
HRP is the preferable 
method in the UK 
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income, employment, 
health, education, 
housing, access to 
services, and 
environment 
   

context, and DBC may 
be preferable outside 
the UK because it’s less 
dependent on a specific 
data source.  

Linder, 
Marko, and 
Sexton, 2008   
   

Extent: Harris County 
(Houston, Texas)  
   
Unit: Census Tracts  
   
Independent Variables: 
SES, employment status, 
education, health risk, 
access to health care, 
crowding, household 
assets, race/ethnicity   
   

Indicator: Hazardous air 
pollutants  
 
Measuring: Cumulative cancer 
risk from airborne toxics based 
on the sum of all five emissions 
categories from 91 carcinogenic 
HAPs listed in NATA-1999 
HAPEM5  

Population: NATA data 
mapped to census tracts  
 
Disproportion: Inferential 
statistics (Pearson’s chi-
squared) test differences in 
independent variables 
across highest and lowest 
quartiles; linear regression 
of the independent variables 
against the quintiles of 
cancer risk as categorical 
variables; qualitative 
characterization of 
neighborhoods based on 
risk categories in terms of 
the independent variables  

Indeterminate findings 
based on race; Hispanic 
residents more likely to 
live in high-risk census 
tracts; no association 
found for Black 
residents; poverty and 
education were highly 
predictive of living in 
high risk areas  

Maantay, 2001  
   

Extent: New York, New 
York  
   
Unit: Planning zones  
   
Independent Variables: 
race, income, home 
ownership  

Indicator: Industrial land-use 
zoning 
 
Measuring: Rezoning in 
industrial areas over time 
   

Population: spatial 
coincidence between census 
tracts and land-use zones  
 
Disproportion: 
Longitudinal archival 
research; descriptive 
comparison of census tracts 
where zoning changes 
occurred  

Disproportionate 
industrial zoning based 
on race and SES. 
 Industrial zoning 
increased in areas with 
higher than average 
minority populations, 
lower than average 
incomes, and lower 
average rates of home 
ownership; industrial 
zoning decreased in 
areas with lower 
minority populations, 
higher incomes, and 
higher rates of home 
ownership; zoning 
changes exacerbated 
population 
discrepancies over 
time; industrial use 
increased in heavier 
industrial zones, 
decreased in lighter 
industrial zones. 
   

Mantaay, 
Maroko, 
2008/2009  

Extent: New York, New 
York  
   
Unit: Cadastral units, 
block groups  
 

Indicator: Flood zones 
   
Measuring: Vulnerability to 
100-year floodsDifferences in 
disparities based on modeling 
method based on FEMA Q3 

Population: buffer centroid 
containment and dasymetric 
disaggregation techniques  
(CEDS, areal weighting)  
 
Disproportion: Descriptive 

No disproportionate 
city-wide risk; higher 
risk at the borough 
level for Black 
residents in Manhattan, 
the Bronx, and Queens, 
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Independent Variables: 
race/ethnicity  

data  statistics  comparing 
relative likelihood versus 
city- and borough-wide 
expectations  

and for White residents 
in Manhattan and 
Brooklyn; people of 
color are undercounted 
using areal weighting 
and centroid-
containment versus 
CEDS  

Margai, 2001 Extent: Monroe County 
and Suffolk County, 
New York. 
 
Unit: Census tract 
 
Independent Variables: 
Race, ethnicity, income, 
education, age, housing, 
employment.  
 

Indicator: Accidental releases 
of hazardous materials 
 
Measuring: Whether these 
hazardous material accidents 
disproportionately affected 
disadvantaged neighborhoods.  

Population: Plume 
modeling to generate 
circular buffers or  impact 
zones for worst-case 
accidents 
 
Disproportion: Comparison 
of areas inside and outside 
impact zones based on 
difference of means tests 
and stepwise discriminant 
analysis. 

Neighborhoods 
impacted by chemical 
accidents characterized 
by a large proportion of 
families below the 
poverty line, Hispanics, 
and other minorities  

Maroko et al., 
2009  

Extent: New York, New 
York  
 
Unit: Census block 
groups; 50m raster data 
for park locations  
 
Independent Variables: 
race, educational 
attainment, poverty, 
language background, 
population density  

Indicator: Access to Parks  
 
Measuring: Access to parks as 
park acreage density and 
physical activity site density  

Population: Adaptive 
kernel density estimation  
 
Disproportion: linear and 
spatial regression (OLS and 
GWR); verification using 
Monte Carlo simulation to 
test for variability  

Indeterminate findings; 
statistical results 
showed no discernible 
consistent associations, 
but unpatterned 
inequality may exist  

McMaster, 
Leitner, and 
Sheppard 1997  

Extent: Twin Cities 
(Minneapolis and St. 
Paul), Minnesota 
Metropolitan statistical 
area; Phillips 
neighborhood of 
Minneapolis, Minnesota  
 
Unit: Census tracts, 
block groups, and block; 
city-level  
 
Independent Variables: 
race, poverty, 
concentrated poverty; 
neighborhood-scale land 
use and demographics  

Indicator: Hazardous air 
pollutants  
 
Measuring: Potential risk based 
on proximity to and exposure 
quantities from TRI sites at 
different scales  

Population: Spatial 
coincidence  
 
Disproportion: Descriptive 
statistics comparing 
aggregation units in terms 
of independent variables; 
qualitative inventory of 
environmental hazards 
incorporating “local 
knowledge”  

Disproportionate risk 
based on race, poverty, 
and concentrated 
poverty; relative 
toxicity highest in areas 
with highest 
concentrated poverty; 
assessment at 
neighborhood scale 
reveals specific issues 
not captured by larger-
scale studies  

Mennis and 
Jordan, 2005 

Extent: New Jersey 
 
Unit: Census tract 
 
Independent Variables: 
Race, class, 
employment, urban 

Indicator: All TRI facilities and 
a subset of facilities releasing 
persistent bioaccumulative 
toxins (PBT) 
 
Measuring: Inequities in the 
distribution of TRI and PBT 

Population: Spatial 
coincidence by census tract 
 
Disproportion: Multivariate 
OLS regression, followed 
by Geographically 
Weighted Regression 

Relationship between 
TRI facility density and 
explanatory factors 
vary significantly over 
space. Minority 
proportion has a 
significant and positive 
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concentration, and land 
use 

facility density; spatial variation 
in statistical associations 
between facility density and 
explanatory variables 

(GWR), and maps depicting 
spatial distribution of model 
parameters and fit 

effect in most, but not 
all urban and suburban 
areas in the state   

Mirabelli et 
al., 2006 

Extent: 226 Public 
schools in North 
Carolina  
   
Unit: Individual school 
sites  
   
Independent Variables: 
SES status as free or 
reduced lunch; race  
   

Indicator: Hazardous air 
pollutants  
 
Measuring: Risk for exposure to 
swine-related airborne toxins  

Proximity: Schools' 
reported odor levels as 
indicator of impact  
 
Disproportion: Prevalence 
ratios [logistic regression?]  

Disproportionate 
exposure due to race 
and SES; odor better 
predicted by SES than 
race; high SES least 
likely to be within 3 mi 
of swine CAFO or to 
have reported odor; 
low-white/low-SES 
most likely to be within 
3mi of swine CAFO; 
mean odor rating 
declined across tertiles 
of percent white and 
SES  

Mohai et al., 
2009 

Extent: United States  
   
Unit: Individual level 
survey data from 
Americans Changing 
Lives Study (ACLS) 
   
Independent Variables: 
race, ethnicity, income, 
education, age, gender, 
metropolitan status, 
region of residence 

Indicator: TRI facilities  
 
Measuring: Inequities in the 
distribution of ACLS survey 
respondents, based on street 
address geocoding, with respect 
to TRI facility locations.  

Proximity: Circular buffers 
(1 mi radius) around TRI 
facilities  
 
Disproportion: Multivariate 
logistic regression, using 
presence of a TRI site 
within a mile as a 
dependent variable 

Blacks and respondents 
at lower educational 
and income levels more 
likely to live within a 
mile of TRI facilities. 
Racial disparities more 
pronounced in urban 
areas of the Midwest 
and West, and in 
suburban areas of the 
South. 

Mohai and 
Saha, 2007  

Extent: United States  
   
Unit: ZIP codes, census 
tracts, census block 
groups  
   
Independent Variables: 
race/ethnicity, SES, 
employment status, 
political activity, 
education, employment 
type  

Indicator: Solid-waste facilities  
 
Measuring: Whether distance-
based proximity studies are 
more consistent and revealing 
than unit-based coincidence 
methods for assessing inequities 
in TSDF distribution (using 
different buffer sizes) along 
racial lines  

Proximity: Spatial 
coincidence, buffer 
containment, and areal 
apportionment  
 
Disproportion: Inferential 
statistics (Student’s t-test) 
between host and non-host 
tracts, based on aggregates 
and averages for each 
variable; logistic regression 
to compare different 
proximity methods   

Disproportionate 
burdens very significant 
for all variables using 
50% areal containment 
and areal 
apportionment; unit-
based coincidence 
produced little 
differences for most 
variables between host 
and non-host tracts, 
however still 
statistically significant 
(except percent African 
American and SES); 
better consistency 
between methods and 
across unit sizes using 
areal containment and 
particularly with 
apportionment method.  

Morello-
Frosch and 
Jesdale, 2006  

Extent: 309 metropolitan 
areas in the continental 
United States  
   

Indicator: Hazardous air 
pollutants  
 
Measuring: Cumulative cancer 

Population: NATA data 
mapped to census tracts  
 
Disproportion: Population 

Disproportionate risk 
based on race. 
Increased racial 
segregation predicts 
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Unit: Census Tracts  
   
Independent Variables: 
racial segregation  

risk based on NATA outdoor air 
toxics estimates  

risk index; calculation of 
relative cancer risk based 
on Poisson regression, 
controlled for region, 
population density, and 
tract-level SES  

increased cancer risks 
for all racial groups 
combined, strongest for 
Hispanics, somewhat 
weaker for whites, 
African Americans, and 
Asians; strong gradient 
observed for mobile 
and area emission 
sources and 
nonsignificant effects 
for point sources  

Morello-
Frosch et al., 
2001  

Extent: Southern 
California (South Coast 
Air Basin)  
 
Unit: Census Tracts  
 
Independent Variables: 
Population density, 
race/ethnicity, SES, land 
use/zoning  

Indicator: Hazardous air 
pollutants  
 
Measuring: Differences in 
lifetime cancer risk associated 
with air toxics exposures using 
CEP data, based on racial and 
economic differences, 
controlling for other variables 
that may also explain exposure  

Population: CEP data 
mapped to census tracts  
 
Disproportion: Population 
risk index; correlation 
analysis; multivariate 
regression analysis  

Disproportionate risk 
based on race, SES, and 
land use. Race/ethnicity 
had positive and highly 
significant association 
with cancer risk; 
lifetime cancer risk 
negatively associated 
with homeownership 
and positively with 
housing value; income 
has curvilinear 
relationship to cancer 
risk (risk decreases for 
lowest income levels); 
land use is highly 
predictive of cancer risk  

Most et al., 
2004 

Extent: St. Louis 
County, St. Charles 
County, and St. Louis 
City, Missouri.  
 
Unit: Block group 
 
Independent Variables: 
Protected (minority and 
low-income) 
populations. 
 
 

Indicator: Aircraft noise 
impacts around St. Louis-
Lambert Field Airport 
 
Measuring: Inequities in the 
spatial distribution of 
excessively high levels of 
airport noise in two time-
periods 

Population: Several areal 
interpolation techniques 
used to determine 
population within various 
noise level contours 
estimated by FAA’s 
Integrated Noise Model 
 
Disproportion: Descriptive 
statistics to compare 
percentages for protected 
and non-protected groups 

Higher percentage of 
protected populations 
residing within areas 
exposed to the highest 
levels of airport noise.  

Newmann et 
al., 1998 

Extent: Oregon 
 
Unit: Census block 
 
Independent Variables: 
Race, ethnicity, and 
household income 
 

Indicator: TRI facilities and 
emissions  
 
Measuring: Inequities based on 
a media-specific chronic 
toxicity index developed to rank 
TRI chemical releases 

Population: Five different 
circular buffers (equal areas 
between circles)  
 
Disproportion: Bivariate 
statistical analysis 

TRI facilities 
disproportionately 
located in lower income 
and minority 
neighborhoods. No 
relationship between 
hazard ranking of TRI 
facilities and the 
socioeconomic 
characteristics of  host 
neighborhoods 

Norton, 2007  Extent: North Carolina  
 
Unit: Census Block 

Indicator: Solid-waste facilities 
   
Measuring: Longitudinal study 

Population: spatial 
coincidence between block 
groups and facilities  

Disproportionate 
burdens based on race 
and SES; prevalence of 
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Groups  
 
Independent Variables: 
SES, race, population 
density and rurality, 
region within state  

(1990 - 2003) of the locations of 
existing and newly permitted 
solid waste facilities  

 
Disproportion:  
Prevalence odds ratios 
using logistic regression 
analysis with multiple 
indicator variables  

new facilities where 
there previously had 
been none was 
disproportionate based 
on race for private but 
not public facilities; no 
disproportionate 
prevalence of newly 
permitted facilities in 
blocks containing 
existing facilities based 
on race  

Pastor et al., 
2004 

Extent: California 
 
Unit: Census tract 
 
Independent Variables: 
Race, ethnicity, home 
ownership, population 
density, income, 
employment 

Indicator: TRI facilities with air 
releases 
 
Measuring: Locational 
inequities in the distribution of 
all TRI sites with air releases 
and TRI sites reporting releases 
of specific categories of toxic 
chemicals 

Population: Spatial 
coincidence by tract 
 
Disproportion: Multivariate 
regression analysis, 
ordered and multinomial 
logit regressions 

A pattern of 
disproportionate 
exposure based on race, 
with the highest 
disparity for Hispanics,  
after adjusting for 
varying levels of 
pollution risk 

Pastor et al., 
2005 

Extent: California 
 
Unit: Census tract 
 
Independent Variables: 
Race, ethnicity, income, 
home ownership, land 
use, population density, 
employment 

Indicator:  Hazardous air 
pollutants  
   
Measuring: The distribution of 
cumulative cancer risk based on 
NATA data from inhalation 
exposure to air pollutants from 
mobile and stationary sources 

Population: NATA data  
mapped to census tracts 
 
Disproportion: Descriptive 
statistics, multivariate OLS 
regression, and spatial error 
regression to account for 
spatial autocorrelation in 
the data 

A pattern of 
disproportionate 
exposure by race that 
persists even after 
controlling for other 
explanatory variables, 
as well as spatial 
factors 

Perlin et al., 
1995 

Extent: United States 
 
Unit: County 
 
Independent Variables: 
race/ethnicity and 
socioeconomic status 

Indicator: Hazardous air 
pollutants 
 
Measuring: Differences in 
exposure to airborne chemical 
releases from industrial 
operations in relation to socio-
economic status and 
race/ethnicity 

Population: Spatial 
coincidence 
 
Disproportion: Exposure 
index using Population 
Emission Index (PEI) based 
on total pounds emissions 
divided by population in 
county.  PEI for particular 
demographic group is 
compared to PEI for 
reference group of total 
white population in U.S.  

Disproportionate 
burdens based on race.  
On average, annual 
household income is 
higher in counties with 
higher TRI air releases  

Perlin et al., 
1999 

Extent: Kanawha 
Valley, West Virginia; 
Baton Rouge–New 
Orleans corridor, 
Louisiana; and the 
greater Baltimore 
metropolitan area,  
Maryland 
 
Unit: Block group 
 
Independent Variables: 
Race, ethnicity, poverty 

Indicator: TRI facilities 
 
Measuring: Inequities in the 
characteristics of the population 
residing near TRI facilities in 
the three study areas 

Population: Five different 
circular buffers around TRI 
facilities 
 
Disproportion: Comparison 
of proportions for relevant 
sub-groups; cumulative 
distribution function based 
on discrete distance 

Results from all study 
areas indicate that 
African Americans and 
those below the poverty 
level are more likely to 
live closer to the 
nearest TRI facility and 
also within 2 miles of 
multiple TRI facilities 
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status 
Pollak and 
Vittas, 1995 

Extent: Florida 
 
Unit: Census block 
group 
 
Independent Variables: 
Race/ethnicity, income 

Indicator: Hazardous air 
pollutants 
 
Measuring: Evenness in 
distribution of potential 
exposure to TRI pollutants 

Population: Proximity 
analysis using natural log of 
distance to hazardous 
facility 
 
Disproportion: Regression 
analysis controlling for 
urbanization, population 
density, manufacturing 
employment and housing 
values 

Disproportionate 
burdens by race, most 
strongly found for 
African-American 
households.  Although 
occupational and 
housing patterns 
account for much 
variation in proximity 
to TRI sites, both low-
income and white 
groups exhibit average 
proximity in 
comparison to the rest 
of the population 

Sheppard et 
al., 1999  

Extent: Minneapolis, 
MN  
   
Unit: Census Block 
Groups  
   
Independent Variables: 
race, SES  

Indicator: Hazardous air 
pollutants  
 
Measuring: Differences in 
proximity to TRI sites using 
different methods; validity of 
significance testing using 
randomization  

Population: Spatial 
coincidence and areal 
apportionment using 
multiple buffer sizes  
 
Disproportion: proximity 
ratios (demographic % 
proximate to % not 
proximate) to measure 
relative differences; Monte 
Carlo simulation to test for 
significance  

Indeterminate burdens 
based on race, 
disproportionate 
burdens based on SES. 
Strong association 
found for white and 
total populations below 
the poverty level, lower 
association for non-
white below the poverty 
level; relationships 
were similar for spatial 
coincidence and small 
buffers, but larger 
buffers had stronger 
association; Monte 
Carlo simulation 
supports findings and 
adds a level of 
"significance" to the 
results  

Sicotte and 
Swanson, 
2007 

Extent: Nine-county 
Philadelphia, PA MSA  
   
Unit: Census Block 
Groups  
   
Independent Variables: 
race, “most 
disadvantaged” (SES, 
education, 
unemployment), 
working class, people 
employed in 
manufacturing  

Indicator: Hazardous air 
pollutants  
 
Measuring: Discrepancies in 
residential proximity to the 
most hazardous RESI facilities 
based on inhalation cumulative 
chronic health risk  

Population: Buffer 
intersection with 1-km 
buffers around each facility  
 
Disproportion: Stepwise 
multiple regression using 
spatially weighted 
independent variables for 
each county individually 
and MSA as a whole; 
controlled for 
autocorrelation using rook 
contingency  

Disparate impact based 
on race in entire MSA 
and five out of nine 
individual counties; 
disparate impact based 
on “most 
disadvantaged” in MSA 
and two individual 
counties (negative 
association in one 
county); disparate 
impact for those 
employed in 
manufacturing in four 
counties but not overall 
MSA; no disparate 
impact based on 
“working class” since it 
was too highly 
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correlated with those 
employed in 
manufacturing  

U.S. General 
Accounting 
Office, 1995 

Extent: United States. 
 
Unit: Block groups 
 
Independent Variables: 
Race and income. 
 

Indicator: Nonhazardous 
municipal landfills.  
 
Measuring: Overrepresentation 
of minority and low-income 
populations in areas proximate 
to municipal landfills.  

Population: Circular 
buffers of various radii and 
areal apportionment 
 
Disproportion: Difference 
of means test to compare 
minority and low-income 
proportions within buffer to 
the remainder of the host 
county 

Minorities or low-
income people not 
overrepresented near a 
majority of landfills in 
U.S. The proportion of 
minorities or low-
income people living 
within 1 mile buffer 
was higher than the rest 
of the county in less 
than 50% of all 
landfills. 

United Church 
of Christ, 1987 

Extent: United States. 
 
Unit: ZIP codes 
 
Independent Variables: 
Race, income, housing 
value 
 

Indicator: Commercial 
hazardous waste management 
facilities. 
 
Measuring: Characteristics of 
population in four mutually 
exclusive groups of ZIP codes, 
(with/without facilities, 
with/without one of the five 
largest waste facilities).  

Population: Spatial 
coincidence by ZIP code 
 
Disproportion: Five 
different statistical tests to 
compare ZIP codes in each 
group.  

Race was the most 
significant factor for 
facility location. 
Minority percentage in 
ZIP codes with 
facilities, on average, 
was twice as high as 
other ZIP codes. 

United Church 
of Christ,  
(Bullard, et al., 
2007a) 

Extent: United States. 
 
Unit: Census tracts.  
 
Independent Variables: 
Race, ethnicity, income, 
education, housing 
value, and employment 
 

Indicator: Commercial 
hazardous waste management 
facilities. 
 
Measuring: Characteristics of 
the population with 3 km. of 
each facility, for comparison 
with areas lying beyond 3 km. 

Population: Circular buffer 
(3 km. radius), with areal 
apportionment method 
 
Disproportion: Bivariate 
statistical comparsion tests 
and multivariate logistic 
regression 

Percentages of Blacks, 
Hispanics and Asians in 
host areas are 1.7, 2.3 
and 1.8 times greater 
than non-host areas. 
Race continues to be 
the most significant 
predictor of waste 
facility location, after 
accounting for other 
factors. 
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Table 2. Methodology for Spatial Definition of Proximity and Potential Exposure to 
Environmental Hazards 
 

Approach Risk Indicator  Examples: Author and Year of Study 

Spatial 
Coincidence 
Analysis 
 

Presence of a hazard 
(unit-hazard 
coincidence) 

United Church of Christ 1987; Burke 1993; Hird 1993; 
Anderton et al. 1994; Goldman and Fitton 1994; Been 1995; 
Been and Gupta 1996; Cutter et al. 1996; Boer et al. 1997; 
Daniels and Friedman 1999; Fricker and Hengartner 2001; 
Boone 2002; Taquino et al. 2002; Walker et al. 2006; Baden et 
al. 2007. 

Total number or 
density of hazards 

Burke 1993; Cutter and Solecki 1996; Ringquist 1997; 
Tiefenbacher and Hagelman 1999; Fricker and Hengartner 
2001; Mennis and Jordan 2005. 

Total quantity of 
emitted pollutants  

Bowen et al. 1995; Krisel et al. 1996; Boer et al. 1997; 
Tiefenbacher and Hagelman 1999; Daniels and Friedman 
1999; Bolin et al. 2000. 

Toxicity-weighted 
quantity of pollutants 

Bowen et al. 1995; Perlin et al. 1995; McMaster et al. 1997; 
Brooks and Sethi 1997; Bolin et al. 2000.  

Distance-
Based 
Analysis 

Discrete distance from 
hazards (fixed buffer) 

Glickman 1994; Zimmerman 1994; U.S. GAO 1995; 
Glickman and Hersh 1995; Chakraborty and Armstrong 1997; 
Neumann et al. 1998; Perlin et al. 1999; Sheppard et al. 1999; 
Bolin et al. 2000, 2002; Altas 2002; Baden and Coursey 2002; 
Boone 2002; Pastor et al. 2004; Mohai and Saha 2006, 2007; 
Walker et al. 2006; United Church of Christ 2007; Kearney 
and Kiros 2009; Mohai et al. 2009. 

Continuous distance 
from hazards  

Pollock and Vittas 1995; Gragg et al. 1995; Stretesky and 
Lynch 1999; Cutter et al. 2001; Margai 2001; Mennis 2002; 
Waller et al. 1997; 1999; Zandbergen and Chakraborty 2006; 
Downey 2006; Chakraborty and Zandbergen 2007. 

Pollution 
Plume 
Modeling 

Geographic plume 
analysis 

Glickman 1994; Glickman and Hersh 1995; Chakraborty and 
Armstrong 1997, 2001; Chakraborty et al. 1999; Chakraborty 
2001; Margai 2001; Dolinoy and Miranda 2004; Most et al. 
2004; Fisher et al. 2006; Bevc et al. 2007; Maantay 2007. 

Plume-based health 
risk estimate 

Morello-Frosch et al. 2001; Bouwes et al. 2001; Asch and 
Fetter 2004; Apelberg et al. 2005; Pastor et al. 2005; Morello-
Frosch and Jesdale 2006; Sicotte and Swanson 2007; Gilbert 
and Chakraborty 2008; Linder et al. 2008; Chakraborty 2009. 
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Table 3.  Studies of Residential Proximity to Environmental Hazards and Adverse 
Pregnancy Outcomes with Reported Disparities by Race/Ethnicity or Socioeconomic Status 

 
Reference & 

Year 
Population Pregnancy 

Outcomes 
Disparities 
Examined 

Environmental 
Hazard & Disparities  

Bentov et al., 
2006 

Beer-Sheva 
subdistrict in 
Israel, 1995-2000 

Major 
congenital 
malformations 
combined and 
subcategorized 
into major 
congenital 
anomalies of 
central nervous 
system, 
chromosomal 
anomalies and 
other major 
congenital 
malformations 

Jewish 
populations 
(urban, urban 
satellite, and 
agricultural 
localities); 
Bedouin 
population 
(permanent 
localities and 
traditional tribal 
settlements) 

Residential proximity 
to a regional 
industrial park was 
associated with 
increased rates of 
major congenital 
anomalies among the 
Bedouin population 
but not with the 
Jewish population 

Brender et al., 
2008 

Texas (USA) live 
births and fetal 
deaths, 1996-
2000  

Chromosomal 
anomalies 
combined and 
categorized 
into nine 
categories 

Race/ethnicity 
(non-Hispanic 
white, Hispanic, 
African-
American, other) 

Hispanic women who 
lived near hazardous 
waste sites 7.9 times 
more likely (95 % CI 
1.1, 42.4) to have 
offspring with 
Klinefelter variants 

Genereux et 
al., 2007 

All live singleton 
births in 
Montreal, 
Canada, 1997-
2001 

Preterm birth, 
low birth 
weight, and 
small-for-
gestational age 
(SGA) 

Maternal 
education (< 11 
years, 11 years, 
12-13 years, >13 
years); census 
tracts ranked into 
quintiles 
according to 
neighborhood 
poverty level 

Proximity to 
highways associated 
with OR of 1.58 for 
preterm birth, OR of 
1.81 for low birth 
weight births, and OR 
of 1.32 for SGA 
births among women 
living in the most 
wealthy 
neighborhoods, but 
was not associated 
with these outcomes 
in less wealthy/poor 
areas; this residential 
characteristic was 
associated with 
preterm birth and low 
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birth weight births in 
the most highly 
educated women but 
not with the less 
educated  

Orr et al., 
2002 

California live 
births and fetal 
deaths, 1983-
1988 

All congenital 
malformations 
combined and 
subcategorized 
into nine 
defects/defect 
groups 

Race/ethnicity 
(Hispanic/Latino, 
black/African 
American, 
American 
Indian/Alaska 
Native, 
Asian/Pacific 
Islander) 

Although the 
numbers of exposed 
cases and controls 
small, strongest 
association noted 
among American 
Indians/Alaska 
Natives between a 
maternal residence in 
a census tract with 
one or more National 
Priority List 
hazardous waste sites 
and birth defects  

Sarov et al., 
2008 

Beersheba 
subdistrict, Israel, 
1995-2000 

Perinatal 
mortality (fetal 
deaths, 
intrapartum 
death, and 
postpartum 
death within 28 
days after 
delivery) 

Stratified by 
ethnicity (Jews 
and Bedouins) 
and by type of 
locality 

Residential proximity 
to an industrial park 
was associated with 
increased rates of 
perinatal mortality 
among Bedouin births 
but not among Jewish 
births 

Suarez et al., 
2007 

Texas live births 
and fetal deaths, 
1996-2000 

Neural tube 
defects 

Ethnicity (non-
Hispanic white, 
Hispanic)  

Maternal residential 
proximity (within 1 
mile) to one or more 
TRI industrial 
facilities associated 
with neural tube 
defects in offspring of 
white, non-Hispanic 
mothers (OR 1.8, 
95% CI 1.1, 2.8) but 
not with births to 
Hispanic mothers 
(OR 1.1, 95% CI 0.8, 
1.4) 

CI = confidence interval; OR = odds ratio; TRI = Toxic Release Inventory 
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Table 4.  Studies of Residential Proximity to Potential Environmental Hazards and  
Adverse Pregnancy Outcomes and Childhood Cancer 

 
 

Reference, 
Year,  

Country 

 
Study design, 

Regional 
description 

 
Health outcomes 

included 

 
Exposure 

description 

 
Findings 

Health outcome 
associated with 
proximity & 
limitations 

4a. Residential Proximity to Environmental Hazards and Adverse Pregnancy Outcomes 
Congenital malformations 

Bentov et al., 
2006 
Israel 

Ecologic 
study of 1995-
2000 live 
births and 
stillbirths in 
Beer-Sheva 
subdistrict in 
Israel divided 
into Jewish 
and Bedouin 
localities 

Major congenital 
malformations 
combined and 
subcategorized 
into anomalies of 
central nervous 
system, anomalies 
associated with 
chromosomal 
anomalies, and 
other major 
congenital 
malformations 

Distance of 
localities from 
regional industrial 
park and 
predominant wind 
direction (17 
chemical plants 
and one industrial 
toxic waste site) 

Risk of congenital 
malformations 
among Bedouin 
populations higher 
in proximal than 
distal localities 
(RR 1.6, 95% CI 
1.4, 1.8) 
especially risk of 
central nervous 
system defects 
(RR 2.3, 95% CI 
1.4, 3.6); 
congenital 
malformations not 
associated with 
residential 
proximity to 
industrial park 
among births in 
Jewish localities  

Residential 
proximity to 
industrial park 
associated with 
increased rates of 
major congenital 
malformations 
among Bedouin 
populations; 
limitations: 
potential for 
ecologic fallacy 
and residual 
confounding, 
study did not 
include 
information 
about 
pregnancies 
terminated 
before 22nd week 

Boyle et al., 
2004 
Great Britain 

Population-
based cohort 
and case-
control 
studies; 
Eastern 
Region of 
Ireland births, 
1986 - 1990 

Births with 
congenital 
anomalies (all 
combined) 
detected by the 
regional 
congenital 
anomalies registry  

Municipal landfill 
sites within 3 km 
(and other 
distances) of  
district electoral 
divisions; distance 
of case and control 
addresses from 
landfill sites 

In both area-level 
analyses and the 
case-control 
study, congenital 
anomalies were 
not found to occur 
more commonly 
in proximity to 
municipal 
landfills 

Living near a 
municipal 
landfill site was 
not found a risk 
factor for 
congenital 
malformations; 
limitations: 
potential for 
residual 
confounding and 
addresses at 
registration used 
that did not 
account for 
residential 
mobility during 
pregnancy 

Brender et Population- Live births and Residence at Neither residence Findings 
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al., 2006a 
USA 

based case-
control study 
of live births 
and fetal 
deaths in 
Texas, 1996 - 
2000 

fetal deaths with 
cleft palate 
without cleft lip; 
cleft lip without 
or with cleft 
palate; isolated 
oral cleft (without 
any other major 
defect besides 
oral clefts) 

delivery within 1 
mile of NPL or 
state hazardous 
waste site and/or 
within 1 mile of 
industries with 
reported air 
emissions of 
chemicals; limited 
sample also 
available from the 
Texas portion of 
National Birth 
Defects Prevention 
Study (NBDPS) 
for residence 
during the 
periconceptional 
period (3 months 
before to 3 months 
after conception) 
 

at delivery or 
during the 
periconceptional 
period associated 
with oral clefts if 
the mother lived 
within 1 mile of 
waste sites; 
among women < 
35 years, no 
association 
between residence 
within 1 mile of 
industrial facilities 
and oral clefts in 
offspring; among 
women  35+ 
years, oral clefts 
in offspring 
associated with 
residence within 1 
mile of industrial 
facilities (OR 2.4, 
95% CI 1.3, 4.2) 
especially 
smelters (OR 15, 
95% CI 2.8, 151) 

suggested that 
maternal 
residential 
proximity to 
industries might 
be associated 
with oral clefts 
in births to older 
mothers; 
limitations: most 
analyses based 
on residence at 
delivery which 
did not account 
for residential 
mobility during 
pregnancy, 
potential for 
residual 
confounding and 
exposure 
misclassification 

Brender et 
al., 2008a 
USA 

Population-
based case-
control study 
of live births 
and fetal 
deaths in 
Texas, 1996 - 
2000 

Live births and 
fetal deaths with 
chromosomal 
anomalies 
(combined) and 
categorized into 
nine categories 
based on BPA 
codes 

Residence at 
delivery within 1 
mile of industries 
with reported air 
emissions of 
chemicals or 
residence at 
delivery within 1 
mile of state or 
NPL hazardous 
waste site 

Autosomal 
deletions in 
offspring (OR 1.5, 
95% CI 1.0, 2.3) 
and Klinefelter 
syndrome (male 
births only, OR 
2.9, 95%  CI 1.1, 
7.3) associated 
with maternal 
residence within 1 
mile of industrial 
facility; among 
older women (35+ 
years), 
chromosomal 
anomalies in 
offspring 
associated with 
living near 
facilities with 
heavy metal or 
solvent emissions; 
maternal 

Findings 
suggested some 
relation between 
residential 
proximity to 
industries with 
emissions of 
solvents or heavy 
metals and 
chromosomal 
anomalies in 
births to older 
mothers; 
limitations: 
exposure 
classification 
based on address 
at delivery, 
pregnancy 
terminations not 
included, 
potential for 
residual 
confounding 
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residence near 
waste sites not 
associated with 
chromosomal 
anomalies in 
offspring except 
Klinefelter 
variants among 
Hispanic births 
(OR 7.9, 95% CI 
1.1, 42.4) 

Cordier et al., 
2004 
France 

Ecologic 
study of 
prevalence of 
birth defects 
in 
communities 
surrounding 
incinerators in 
southeast 
France, 1988-
1997 

Malformations 
among livebirths, 
stillbirths, and 
medical 
terminations 
divided into 
minor, 
chromosomal, 
monogenic, and 
other major 
anomalies; other 
major anomalies 
subdivided into 
23 different 
subgroups 

Dioxin 
concentration 
estimates in 194 
communities with 
municipal waste 
incinerators; 
residence in these 
communities  

RR for other 
major anomalies 
was 1.1 (95% CI 
0.98, 1.2) with 
living in exposed 
communities 
relative to 
unexposed 
communities; 
some association 
seen for facial 
clefts (RR 1.3, 
95% CI 1.1, 1.6) 
and renal 
dysplasia (RR 1.6, 
95% CI 1.1, 2.2); 
in exposed 
communities, 
dose-response 
trend of risk for 
obstructive 
uropathies seen 
with increasing 
exposure  

Rate of 
congenital 
malformations 
not significantly 
higher in 
exposed groups 
except for  facial 
clefts and renal 
dysplasia; 
limitations: 
potential for 
ecologic fallacy, 
exposure 
misclassification, 
potential for 
residual 
confounding and 
ascertainment 
bias 

Cresswell et 
al., 2003 
United 
Kingdom 

Ecologic 
study of 
prevalence of 
birth defects 
among 
livebirths in 
city of New 
Castle upon 
Tyne, United 
Kingdom, 
1985-1999  

Malformations 
among all 
livebirths, 
stillbirths, 
induced abortions, 
and fetal deaths 
after 14 weeks 
gestation 
categorized into 
chromosomal and 
non-chromosomal 
defects 

Residence within 3 
km of Byker waste 
combustion plant  

Relative to living 
3-7 km from 
plant, RR 1.11 
(95% CI 0.96-1.3) 
for living within 3 
km after site 
began operations; 
RR higher for 
non-chromosomal 
than for 
chromosomal 
defects among 
offspring of 
women living 
near waste 
combustion plant 

Little evidence 
of relation 
between 
prevalence of 
congenital 
malformations 
and residence 
near waste 
combustion 
plant; 
limitations:  
exposure 
misclassification, 
potential residual 
confounding by 
maternal age 
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Croen et al., 
1997 
USA 

Population-
based, case-
control study 
California live 
births, fetal 
deaths, and 
terminations, 
1989 - 1991 

Neural tube, 
conotruncal heart, 
and oral cleft 
defects 

764 hazardous 
waste sites 
classified with 
respect to human 
exposure potential, 
contaminated 
environmental 
media, and 
chemical 
contaminants 
present; maternal 
exposure defined 
as residence  in 
census tract and 
within 1 mile or 
less of one or more 
sites during 
periconceptional 
period  

Little or no 
increased risk 
noted for maternal 
residence in 
census tract 
containing one or 
more waste sites; 
some association 
seen between a 
maternal 
residence within 
¼ mile of a 
National Priority 
List site and 
neural tube 
defects (OR 2.1) 
and heart defects 
(OR 4.2), but the 
95% CIs were 
compatible with 
the null.  Positive 
associations were 
noted between a 
maternal 
residence within 1 
mile of sites with 
some heavy 
metals, polycyclic 
hydrocarbons, and 
solvents and 
neural tube 
defects in 
offspring. 

Overall, results 
did not suggest 
increased risks 
for these defects 
for a maternal 
residence in a 
census tract with 
one or more 
waste sites, but 
some association 
was seen 
between a 
maternal 
residence within 
¼ mile of an 
NPL site and risk 
for NTD and 
conotruncal heart 
defects in 
offspring; 
limitations: 
potential for 
selection bias 
due to 
differential 
participation  
between cases 
and controls, 
potential for 
recall bias, and 
potential for 
exposure 
misclassification 

Czeizel et al., 
1999 
Hungary 

Retrospective 
cohort – 
cluster 
analysis of 
live births, 
stillbirths, and 
terminations 
in surrounding 
region of 
acrylonitrile 
factory in 
Nyergesujfalu, 
Hungary 

Categorized into 
32 isolated and 5 
multiple 
congenital 
anomaly groups 

Three concentric 
bands around the 
acrylonitrile 
factory 
(Nyergesujfalu 
with factory, 
within 5 km from 
epicenter, and 5 
and 25 km from 
factory) 

Decrease in risk 
of undescended 
testis with 
increasing 
distance from the 
acrylonitrile 
factory 

Overall, found 
little evidence to 
support an 
association 
between living 
near acrylonitrile 
factory and 
congenital 
malformations in 
offspring with 
the exception of 
undescended 
testis; 
limitations: 
exposure 
misclassification, 
potential for 
residual 
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confounding 
Dolk et al., 
1998 
Europe  

Population-
based case-
control study 
Belgium, 
Denmark, 
France, Italy, 
UK 
Live births, 
fetal deaths, 
and pregnancy 
terminations 

Non-
chromosomal 
congenital 
anomalies 

21 landfill sites 
with hazardous 
waste 
zone within 3 km 
radius of site was 
defined as 
“proximate zone” 

Significant 
associations noted 
for residence 
within 3 km of 
site and neural 
tube defects (OR 
1.9, 95% CI 1.2, 
2.8), cardiac 
septal defects (OR 
1.5, 95% CI 1.1, 
3.2), and  
anomalies of the 
great arteries and 
veins (OR 1.8, 
95% 1.0, 3.2).  
Elevated odds 
ratios were also 
found for tracheo-
esophageal 
anomalies, 
hypospadias, and 
gastroschisis, 
although estimates 
were consistent 
with the null. 

Results indicated 
small, excess 
risk of non-
chromosomal 
defects in 
offspring among 
women who 
lived near 
hazardous waste 
sites; limitations: 
addresses not 
determined for 
the 
periconceptional 
period, potential 
for residual 
confounding 

Eizaguirre-
Garcia et al., 
2000 
United 
Kingdom 

Population-
based 
descriptive 
geographical 
study of birth 
defect cases 
and births 
during 1982 – 
1989 in 
Glasgow and 
nearby areas 

Congenital 
anomalies 
combined into 
one group 

Residence in a 
circle within 10 km 
in radius around 
former site of 
factory and area 
contaminated by 
chromium; areas 
divided into 2 km 
area containing site 
and 8 concentric 
rings around it, 
each 1 km wide 

Relative risk 
highest in an area 
2-4 km away from 
pollutant (RR 1.5, 
95% CI 1.2, 1.8); 
referent category 
0-2 km from 
center of polluted 
area  

Investigators 
concluded that 
results did not 
point to possible 
teratogenic effect 
of chromium 
waste; 
limitations: used 
residence at 
birth, congenital 
malformations 
combined 
together, 
potential for 
residual 
confounding by 
maternal age 

Elliott et al., 
2009 
Great Britain 

Ecologic 
study of births 
in  England, 
1983-1998 

Congenital 
malformations 
included 
hypospadias and 
epispadias, 
cardiovascular 
defects, neural 
tube defects, and 

Divided England 
into a grid of 5x5 
km squares in 
which births in 
each square were 
classified in terms 
of proximity (< 2 
km, 2+ km) to a 

Noted slightly 
positive  
associations for 
all congenital 
anomalies 
combined (OR 
1.08) and 
cardiovascular 

Weak 
associations 
noted between 
risk of all 
anomalies 
combined and 
selected 
anomalies and 
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abdominal wall 
defects; also 
combined all 
defects 

landfill site 1 year 
previously; landfill 
exposure index 
developed with 
four categories of 
intensity 

defects (OR 1.16) 
with landfill 
exposure index in 
third quartile for 
special waste sites 
and for 
hypospadias and 
epispadias for 
third and top 
categories (all 
ORs < 1.25) 

geographic 
density of special 
wastes sites at 
the level of 5x5 
grid squares; 
limitations: 
potential for 
ascertainment 
bias, exposure 
misclassification, 
and residual 
confounding; 
residential 
mobility not 
taken into 
account 

Geschwind et 
al., 1992 
USA 

Population-
based, case-
control study; 
New York 
State live 
births, 1983 – 
1984 

All birth defects 
combined; 
malformations 
grouped into 
seven general 
categories 

Exposure risk 
index that 
incorporated 
distance from and 
the hazard ranking 
score for each 
hazardous waste 
site within 1-mile 
radius of birth 
residence 

Maternal 
proximity to 
waste sites 
slightly associated 
with congenital 
malformations in 
offspring (OR 1.1, 
95% CI 1.1, 1.2) 
and high exposure 
risk was more 
strongly 
associated with 
these defects (OR 
1.6, 95% CI 1.3, 
2.0), especially 
for defects of the 
musculoskeletal 
and integument 
systems; 
proximity to sites 
with pesticides 
associated with 
defects of 
musculoskeletal 
system (OR 1.2, 
95% CI 1.1, 1.4); 
proximity to sites 
with plastics 
associated with 
chromosomal 
anomalies (OR 
1.5, 95% CI 1.0, 
2.1).  Modest 
effect for central 
nervous system 

Results 
suggested small, 
statistically 
significant 
additional risk 
for birth defects 
with maternal 
residential 
proximity to 
toxic waste sites; 
limitations: birth 
defects 
ascertained 
among live births 
only; maternal 
addresses based 
on residence at 
delivery, 
potential 
exposure 
misclassification 
and residual 
confounding 
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defects in 
offspring with 
maternal 
residence within 1 
mile (OR 1.3, 
95% CI 1.1-1.6) 
as well as high 
exposure risk 
category (OR 1.5, 
95% CI 0.7-3.2)  

Jarup et al., 
2007, Great 
Britain 
 

Ecologic 
study of births 
in England 
and Wales 
1989-1998 

Down syndrome Maternal addresses 
linked by year (2-
year lag) and 
postcode to landfill 
data; exposure 
defined as an 
address within 2-
km zone of a 
landfill site 

No excess risk of 
Down syndrome 
noted in 
populations living 
within 2 km of a 
landfill site, 
regardless of site 
type 

No association 
found between a 
residence within 
2 km of landfill 
site and Down 
syndrome in 
offspring; 
limitations: 
potential 
exposure 
misclassification, 
ecologic fallacy, 
and residual 
confounding; 
residential 
mobility not 
taken into 
account 

Kloppenborg 
et al., 2005 
Denmark 

Population-
based cohort 
of live births 
in Denmark, 
1997 - 2001 

Congenital 
anomalies 
combined and 
sub-grouped as 
defects of the 
nervous or 
cardiovascular 
systems in live 
births 

Distance of 
maternal residence 
from waste landfill 
sites in three buffer 
zones: 0-2, 2-4, 
and 4-6 km 

No association 
noted between 
landfill location 
and congenital 
malformations 
combined or 
nervous system 
anomalies; noted 
small excess risk 
for anomalies of 
the cardiovascular 
system 

Other than 
anomalies of the 
cardiovascular 
system, no 
excess risk noted 
between 
maternal 
residential 
proximity to 
landfills and 
congenital 
malformations; 
limitations: 
congenital 
anomalies 
restricted to live 
births, potential 
residual 
confounding by 
maternal age and 
other 
unmeasured 
variables, 
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residential 
mobility during 
pregnancy not 
taken into 
account 

Kuehn et al., 
2007 
USA 

Population-
based case-
control study 
of live births 
in Washington 
State, 1987 - 
2001 

Cases identified 
from linked birth-
hospital discharge 
records and 
categorized into 
11 groups based 
on system and 
type 

Distance of 
maternal residence 
at delivery from 
hazardous waste 
sites; proximity 
defined as various 
distances up to 5 
miles; waste sites 
categorized as high 
or low priority 
based on types of 
contaminants 
present and media 
contaminated 

Relative to living 
> 5 miles from a 
site, living within 
2 and 5 miles (OR 
1.2), 1 and 2 miles 
(OR 1.3), 0.5 to 1 
mile (1.3), and 
less than 0.5 miles 
(1.3) were 
significantly 
associated with 
increased risk of 
any congenital 
malformations in 
offspring; most 
associations with 
specific effect 
groups were 
modest except for 
birth defects 
involving skin if 
the mother lived 
within 1 mile of a 
site (OR 2.4, 95% 
CI 2.2, 2.7); 
associations for 
malformations 
stronger with sites 
in urban areas 
than in rural areas 

Results 
suggested an 
increased risk of 
congenital 
malformations 
among offspring 
of women living 
in close 
proximity of 
hazardous waste 
sites; limitations: 
congenital 
malformations 
restricted to live 
births, exposure 
based on 
maternal address 
at delivery only; 
potential for 
exposure 
misclassification 
and residual 
confounding 

Langlois et 
al., 2009, 
USA 

Population-
based case-
control study 
of Texas live 
births and 
fetal deaths, 
1996-2000 

Conotruncal heart 
defects with and 
without 
chromosomal 
anomalies and 
truncus arteriosus, 
transposition of 
the great vessels, 
and tetralogy of 
Fallot separately 

Residential 
proximity 
(maternal address 
at delivery within 1 
mile) to hazardous 
waste sites and 
industrial facilities 
with reported air 
emissions of 
chemicals 

Only truncus 
arteriosus 
associated with a 
maternal 
residence within 1 
mile of any waste 
site (crude OR 
2.80, 95% CI 
1.19, 6.54) and 
with NPL sites 
(adjusted OR 
4.99, 95% CI 
1.26, 14.51) 

In this 
population, 
residential 
proximity to 
waste sites or 
industrial 
facilities not 
associated with 
conotruncal heart 
defects with the 
exception of 
truncus 
arteriosus; 
limitations: 
potential for 
exposure 
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misclassification, 
ascertainment 
bias, and residual 
confounding; use 
of maternal 
address at 
delivery to 
assign exposure 

Malik et al., 
2004 
USA 

Population-
based case-
control study 
Dallas 
County, Texas 
live births 
1979 - 1984 

Live births 
diagnosed with 
congenital heart 
disease at any age 

Mothers’ residence 
at delivery within 
¼ and 1 mile of 
hazardous waste 
site 

Maternal 
residence within 
one mile of 
hazardous wastes 
site was slightly 
associated with 
congenital heart 
disease in 
offspring (OR 1.2, 
95% CI 1.1, 1.4) 

Results of study 
suggested small, 
but statistically 
significant, 
additional risk 
for congenital 
heart disease 
among offspring 
of women who 
lived near a 
hazardous waste 
site; limitations: 
congenital heart 
malformations 
restricted to live 
births, exposure 
based on 
maternal address 
at delivery, 
potential for 
residual 
confounding 

Marshall et 
al., 1997 
USA 

Population-
based, case-
control study 
18 counties in 
New York 
State, 1983 – 
1986  live 
births 

Central nervous 
system and 
musculoskeletal 
system defects 

Proximity and 
related exposure 
index of mother’s 
address at delivery 
to waste sites with 
solvents, metals, 
and pesticides; 
proximity (within 
1 mile) of maternal 
residence at 
delivery to 
industrial sources 
of air emissions; 
industrial sources 
identified from 
1988 Toxic 
Release Inventory 
(TRI); general 
dispersion model 
used for solvent 
emissions 

Minimal or no 
association was 
noted between 
maternal 
residential 
proximity to 
waste sites (in 
general and those 
sites with solvents 
or metals) and 
central nervous 
system and 
musculoskeletal 
system defects;   
central nervous 
system (CNS) 
defects in 
offspring 
associated with 
maternal 
residence within 1 

No increased risk 
noted between 
women living in 
areas with a 
medium or high 
probability of 
exposure to 
chemicals from 
hazardous waste 
sites and CNS 
and 
musculoskeletal 
birth defects in 
offspring; 
however, 
association seen 
between living in 
close proximity 
to industrial 
facilities with 
emissions of 
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mile of TRI 
facility with air 
emissions of 
solvents (OR 1.3, 
95% CI 1.0, 1.7) 
and metals (OR 
1.4, 95% CI 1.1, 
1.7).   

solvents or 
metals and CNS 
defects; 
limitations:  birth 
defects 
ascertained 
among live births 
only, maternal 
addresses based 
on residence at 
delivery, 
potential 
exposure 
misclassification 
(used data from 
1988 TRI) and 
potential residual 
confounding 

Ochoa-Acuna 
& Carbajo, 
2009 
USA 

Retrospective 
cohort study 
of rural 
women in 
Indiana and 
respective 
births 
conceived 
during spring-
summer 
months, 2000-
2004  

Births from 
Indiana Birth 
Records Database 
and birth defects 
divided into 
abdominal cavity, 
craniofacial, 
heart, limb, neural 
tube, other 
nervous system, 
and urogenital 
defects 

Developed land 
cover metric of 
pasture, soybeans, 
and corn crops; 
exposure defined 
as living within 
500 meter radius to 
a given crop that 
exceeded the 
median of the area 
planted with the 
crop for the entire 
dataset 

Only limb 
malformations 
associated with 
exposure to 
cornfields (OR 
1.22, 95% CI 
1.01, 1.47 per 
additional 10 
hectares planted 
with corn within 
500 meters); no 
associations found 
between maternal 
residential 
proximity near 
soybean crops and 
birth defects  

Significant 
association noted 
between increase 
in area planted in 
corn around 
maternal 
residences and 
risk  of limb 
birth defects;  
limitations: 
address at 
delivery used to 
assign exposure, 
elective 
terminations not 
included in birth 
defects, possible 
exposure 
misclassification 
and residual 
confounding 

Orr et al., 
2002 
USA 

Population-
based, case-
control study; 
California (24 
counties) 
births and 
fetal deaths, 
1983 – 1988; 
focused on 
minority 
births 

All birth defects 
combined; 
musculoskeletal, 
central nervous 
system, 
integumental, 
heart or 
circulatory, and 
oral cleft defects; 
chromosomal 
anomalies 

Maternal address 
at child’s birth 
(obtained from 
birth certificate) in 
census tract with 
one or more 
National Priority 
List (NPL) 
hazardous waste 
sites (n = 84 sites) 

Modest effects 
observed for 
NTDs (OR 1.5, 
95% CI 0.93, 2.6), 
anencephaly (OR 
1.9, 95% CI 0.91, 
3.8), and spina 
bifida (OR 1.3, 
95% CI 0.61, 2.5) 
though estimates 
compatible with 
the null;  

Modest 
association 
observed 
between a 
maternal 
residence in a 
census tract with 
one or more NPL 
sites and birth 
defects in 
offspring across 
all racial/ethnic 
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associations also 
noted with 
trisomy 13 (OR 
2.7, 95% CI 1.5, 
4.6), trisomy 18 
(OR 2.7, 95% CI 
1.4, 5.1), and sex 
chromosome 
anomalies (OR 
3.1, 95% CI 1.0, 
9.6); strongest 
association 
between birth 
defects and 
maternal 
proximity to NPL 
site was among 
American 
Indians/Alaska 
Natives 

groups studied; 
limitations: 
exposure based 
on maternal 
residence at 
delivery, used 
census tracts to 
assign exposure, 
potential for 
residual 
confounding, 
small numbers of 
exposed cases 
and controls 
available for 
study, congenital 
malformations 
restricted to 
those that 
resulted in live 
births and fetal 
deaths 20+ 
weeks gestation 

Palmer et al., 
2005 
Great Britain 

Population-
based cohort 
of live births 
in Wales 
1983-1997 

Congenital 
anomalies 
combined and 
sub-grouped as 
chromosomal 
anomalies, 
cardiovascular 
defects, and 
abdominal wall 
defects in live 
births 

Expected rates of 
congenital 
anomalies in births 
to mothers (at time 
of delivery) living 
within 2 km of 
landfill sites, 
before and after 
opening of the 
sites, with referent 
group living at 
least 4 km away 
from these sites 

Ratio of observed 
to expected rates 
of congenital 
malformations 
before landfills 
opened was less 
(0.87) than after 
their opening (1.2) 
giving a 
standardized risk 
ratio of 1.4 (95% 
CI 1.1, 1.7); 
although risk 
ratios for the 
subcategories of 
malformations 
also elevated, the 
95% confidence 
intervals around 
these estimates 
included 1.0 

Found increased 
risk of congenital 
anomalies after 
the opening of 
landfill sites 
from 1983-1997 
but increase did 
not persist during 
1998-2000; 
limitations: 
congenital 
anomalies 
restricted to live 
births, potential 
for residual 
confounding and 
exposure 
misclassification 

Rull et al., 
2006, USA 

Population-
based case-
control study 
of live births, 
fetal deaths, 
and 
terminations 

Neural tube 
defects combined 
and anencephaly 
and spina bifida 
separately 

Use of a 
geographic metric 
based on linkage of 
pesticide-use 
reports with land-
use survey maps of 
crops; proximity 

Elevated risks for 
NTDS and 
anencephaly and 
spina bifida 
subtypes were 
associated with 
pesticides 

Some 
associations 
noted between 
proximity to 
certain pesticide 
applications and 
NTD risk; 
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in California, 
1987-1991 

defined as 
maternal residence 
within 1000 m 
pesticide 
applications 

classified as 
amide, 
benzimidazole, 
methyl carbamate, 
or 
organophosphorus 
pesticides and 
with increasing 
pesticides; NTD 
risk also 
associated with 
benomyl and 
methomyl 
applications 

potential for 
recall bias of 
residential 
addresses and 
exposure 
misclassification 

Suarez et al., 
2007  
USA 

Population-
based case-
control study 
of live births 
and fetal 
deaths in 
Texas, 1996 - 
2000 

Live births and 
fetal deaths with 
neural tube 
defects  

Residence at 
delivery within 1 
mile of state or 
NPL hazardous 
waste site or within 
1 mile of industries 
with reported air 
emissions of 
chemicals 

No association 
noted between 
maternal 
residence near 
waste site and 
neural tube 
defects in 
offspring (OR 1.0, 
95% CI 0.6, 1.7); 
modest risk seen 
for neural tube 
defects in 
offspring with 
maternal 
residence at 
delivery within 1 
mile of industrial 
facility (OR 1.2, 
95% CI 1.0, 1.5) 
with a stronger 
association among 
mothers 35 years 
and older (OR 2.7, 
95% CI 1.4, 5.0) 
and among non-
Hispanic white 
mothers (OR 1.8, 
95% CI 1.1, 2.8) 

No excess risk 
noted for NTDs 
in offspring 
among women 
living near 
hazardous waste 
sites; however, 
close proximity 
to industrial 
facilities with 
chemical air 
emissions 
associated with 
NTDs in several 
subgroups; 
limitations: 
congenital 
anomalies did 
not include 
terminations, 
used residence at 
delivery to 
assign exposure, 
potential for 
residual 
confounding and 
exposure 
misclassification 

Vinceti et al., 
2001 
Italy 

Ecologic 
study of 
prevalence of 
birth defects 
during 1982-
1986, 1987-
1990, and 
1991-1995 in 
Provinces of 

All malformations 
combined and 
specific 
malformations 
divided into 18 
groups 

Prevalence of birth 
defects in Ceramic 
District 
(contaminated with 
lead) with the 
remainder of the 
two Provinces 
containing this 
District, but 

Relative to the 
unpolluted areas, 
excess risk of 
cardiovascular 
defects observed 
in lead-polluted 
area that 
decreased over 
time as pollution 

Parental 
residence in 
lead-
contaminated 
area associated 
with increased 
risk of all 
malformed births 
combined and 
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Reggio Emilia 
and Modena, 
northern Italy 

outside of the lead-
contaminated area 
serving as the 
unexposed 
population 

decreased (1982-
1986: RR 2.6, 
95% CI 1.7, 3.8; 
1987-1990: RR 
1.2, 95% CI 0.62, 
2.1; 1991-1995: 
RR 0.97, 95% CI 
0.57, 1.5); also 
found higher risks 
of oral clefts and 
musculoskeletal 
defects in lead-
contaminated area 
with decreasing 
risk over time 

several specific 
groups of defects 
in offspring; 
limitations: 
potential for 
ecologic fallacy-
misclassification 
of exposure at 
the individual 
level, potential 
for residual 
confounding 

Vinceti et al., 
2009, Italy 

Population-
based case-
control study 
of live births, 
fetal deaths, 
and 
terminations 
in a northern 
Italy 
community, 
1998-2006 

All anomalies 
combined, 
anomalies 
classified by 
system, 
chromosomal 
anomalies, oral 
clefts, eye 
anomalies 

Used a dispersion 
model to estimate 
concentrations of 
dioxins and furans 
emitted from 
municipal solid 
waste incinerator 
and designed maps 
of low, 
intermediate, and 
high ground level 
exposure to these 
compounds 

With adjustment 
for education and 
maternal age, OR 
for congenital 
anomalies was 
1.49 (95% CI 
0.70, 3.19) in the 
medium exposure 
group and 0.66 
(95% CI 0.25, 
1.79) in the high 
exposure group; 
chromosomal 
defects only 
specific group 
associated with 
exposure 
(medium) with 
OR 2.53 (95% CI 
0.88, 7.24) 

Maternal 
exposure to 
emissions from 
municipal solid 
waste incinerator 
not associated 
with excess risk 
of congenital 
anomalies in 
offspring (ORs 
consistent with 
unity) in this 
population and 
setting; 
limitations: 
potential for 
exposure 
misclassification 
and residual 
confounding 

Vrijheid et 
al., 2002 
Europe 

Population-
based case-
control study 
Belgium, 
Denmark, 
France, Italy, 
UK 
live births, 
fetal deaths, 
and pregnancy 
terminations 

Chromosomal 
congenital 
anomalies further 
classified as either 
Down’s syndrome 
or non-Down’s 
syndrome 

23 landfill sites 
with hazardous 
waste; 
zone within 3 km 
radius of site was 
defined as 
“proximate zone” 

With adjustment 
for maternal age 
and 
socioeconomic 
status, women 
who lived within 
3 km of hazardous 
waste site more 
likely to have a 
birth with a 
chromosomal 
anomaly than 
women who lived 
3-7 km (OR 1.4, 
95% CI 1.0, 2.0)  

Results indicated 
an increased risk 
of chromosomal 
anomalies with a 
maternal 
residence near 
hazardous waste 
landfill sites; 
limitations: 
potential 
misclassification 
of exposure, 
used maternal 
residence at birth 
to assign 
exposure 



131 
 

Wulff et al., 
1996 
Sweden 

Population-
based 
retrospective 
cohort study 
of 1973-1990 
births in 
selected 
parishes of 
Sweden 

All congenital 
malformations 
grouped into 13 
categories; heart 
defects sub-
categorized into 
17 subcategories 

Persons living in 
parishes within 20 
km from a copper 
smelter; parent 
employed at 
smelter 

Slightly larger 
proportion of 
malformations 
seen among 
exposed children 
in cohort than 
among reference 
population (RR 
1.2, 95% CI 0.95, 
1.4) with 
chromosomal 
anomalies more 
common among 
exposed group 
(RR 2.6, 95% CI 
0.90, 6.7). 
Authors attributed 
chromosomal 
association to  
under-reporting in 
reference area 
and/or active 
surveillance in 
exposed area. 

No significantly 
increased risk of 
birth defects 
noted in 
offspring of 
persons living in 
the vicinity of a 
smelter or who 
were employed 
at the smelter; 
limitations: small 
exposed 
population (N = 
2604), potential 
surveillance bias, 
residual 
confounding, and 
misclassification 
of environmental 
and occupational 
exposures 

Yauck et al., 
2004 
USA 

Population-
based case-
control study; 
Milwaukee, 
Wisconsin 
live births 
1997 – 1999 

Live births 
diagnosed with 
congenital heart 
defect (CHD) 
based on 
echocardiography, 
surgical findings, 
and autopsy 
reports 

Mother’s address 
at delivery within 
1.32 miles of waste 
sites and industrial 
facilities with 
emissions of 
trichloroethylene 
(TCE) 

Among older (> 
37 years) mothers, 
CHD in offspring 
associated with a 
maternal 
residence within 
1.32 miles of 
TCE-emitting 
sites (OR 3.2, 
95% CI 1.2, 8.7); 
no relation found 
between living 
near these sites 
and CHD in 
offspring among 
younger women 

Maternal 
residential 
proximity to 
waste sites and 
industries with 
TCE emissions 
associated with 
CHD in 
offspring of 
older but not 
younger women; 
limitations: 
maternal address 
at birth used to 
assign exposure, 
potential 
exposure 
misclassification 
and residual 
confounding, 
pregnancy 
terminations not 
included in case 
group 

Fetal/Neonatal Deaths 
Bell et al., 
2001a 

Population-
based case-

Fetal and neonatal 
deaths within 24 

Linked TRS 
(township, range, 

Largest risks for 
fetal death due to 

Excess risk of 
fetal death due to 
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USA control study 
of 1984 fetal 
deaths and 
live birth 
controls in ten 
California 
counties  

hours of birth due 
to congenital 
anomalies 

section) data from 
the state Pesticide 
Use Report 
database to 
maternal 
addresses; 
exposure defined 
as maternal 
residence within a 
TRS and/or within 
any of the 
surrounding 8 
TRSs; daily 
exposure estimated 
for each woman’s 
pregnancy 

congenital 
anomalies were 
from pesticide 
exposure during 
the 3rd – 8th week 
of pregnancy 
especially to 
halogenated 
hydrocarbon 
pesticides (OR 
2.2, 95% CI 1.3, 
3.9); odds ratios 
for all pesticide 
classes increased 
when exposure 
occurred within 
same square mile 
as residence and 
with exposure to 
multiple pesticide 
classes 

congenital 
anomalies noted 
with potential 
environmental 
exposure to 
pesticides during 
the 3rd to 8th 
week of 
pregnancy; 
limitations: 
maternal address 
at delivery used 
to assign 
exposure, 
potential 
exposure 
misclassification 
and residual 
confounding 

Bell et al., 
2001b 
USA 

Population-
based case-
cohort study 
of 1984 fetal 
deaths and 
random 
sample of live 
births in ten 
California 
counties  

Fetal and neonatal 
deaths within 24 
hours of birth due 
to causes other 
than congenital 
anomalies, 
multiple births, 
umbilical cord 
compression, and 
factors not likely 
to be influenced 
by environmental 
exposures 

Linked TRS 
(township, range, 
section) data from 
the state Pesticide 
Use Report 
database to 
maternal 
addresses; 
exposure defined 
as maternal 
residence within a 
TRS and/or within 
any of the 
surrounding 8 
TRSs; daily 
exposure estimated 
for each woman’s 
pregnancy 

No strong 
associations noted 
between 
residential 
proximity to 
pesticide 
applications and 
fetal deaths not 
due to congenital 
anomalies; 
slightly elevated 
hazard ratios (1.3 
– 1.4) were noted 
between a 
residence near 
applications of 
several types of 
pesticides and 
fetal deaths 

Overall, minimal 
or no association 
noted between 
residential 
proximity to 
pesticide 
applications and 
risk of fetal 
death due to 
causes other than 
congenital 
malformations; 
limitations: 
address at 
delivery used to 
assign exposure, 
potential 
exposure 
misclassification 
and residual 
confounding 

de Medeiros 
et al., 2009 
Brazil 

Population-
based case-
control study 
of 2000-2001 
perinatal 
deaths and 
births in 14 
districts 
located in the 

Perinatal deaths 
(fetal and early 
neonatal)  

Distance-weighted 
traffic density 
(DWTD) metric in 
the vicinities of 
maternal 
residences using a 
750 feet radius 
around the homes; 
DWTD values 

Adjusted odds 
ratios for fetal and 
neonatal deaths in 
the highest 
quartile of DWTD 
(relative to the 
lowest quartile) 
were 1.20 (95% 
CI 0.65, 2.24) and 

Some association 
noted between 
exposure to 
pollutants from 
heavy-traffic 
roadways and 
perinatal deaths 
but adjusted ORs 
consistent with 
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south region 
of Sao Paulo, 
Brazil 

grouped into 
quartiles based on 
the distribution for 
all subjects 

1.47 (95% CI 
0.67, 3.19) 
respectively 

unity and p-
values for trend 
not significant; 
limitations: 
potential 
exposure 
misclassification 
and residual 
confounding, did 
not account for 
residential 
mobility during 
pregnancy 

Mueller et 
al., 2007 
USA 

Population-
based case-
control study, 
Washington 
State vital 
records, 1987-
2001 

Fetal deaths 20+ 
weeks gestation 
and further 
grouped to early 
(< 28 weeks 
gestation) and late 
(28+ weeks 
gestation) death 

Measured straight-
line distances in 
miles between the 
mother’s residence 
at the time of live 
delivery or fetal 
death and the 
nearest hazardous 
waste site; 
hazardous waste 
sites were 
classified as high-
priority or low 
priority; also 
classified sites by 
contaminants and 
contaminated 
media 

Risk of fetal death 
not elevated with 
maternal 
residence •  0.5 
mile relative to 
greater than 5 
miles from 
hazardous waste 
site (adjusted OR 
1.06, 95% CI 
0.90, 1.25).  With 
the exception of 
women residing 
within 1 mile of a 
site contaminated 
with pesticides 
(OR for fetal 
death 1.28, 95% 
CI 1.13, 1.46), no 
association noted 
between fetal 
deaths and a 
maternal 
residence within 5 
miles of sites with 
contaminated air, 
soil, water, 
solvents, or metals 

With the 
exception of 
pesticide-
contaminated 
sites, fetal death 
not associated 
with maternal 
residential 
proximity to 
hazardous waste 
sites; limitations: 
used maternal 
residence at 
delivery to 
assign exposure 
although did 
have information 
on length of 
residence, 
potential for 
exposure 
misclassification, 
underreporting 
of early fetal 
deaths, and 
residual 
confounding, 
higher 
proportion of 
control births 
than case births 
successfully 
geocoded 

Sarov et al., 
2008 
Israel 

Ecologic 
study of births 
in Beersheba 
subdistrict, 
1995-2000 

Perinatal 
mortality divided 
into three 
categories: fetal 
death before 

Residential 
distance from 
industrial park that 
contained 
industries 

Overall, rates of 
perinatal mortality 
did not vary by 
distance (< 20 km 
with > 20 km as 

Increased risk of 
perinatal 
mortality for 
Bedouin but not 
Jewish births 
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delivery, 
intrapartum death, 
and postpartum 
death within 28 
days after 
delivery 

(chemical, 
pharmacochemical, 
and heavy 
industry) and a 
hazardous waste 
disposal site; 
exposure defined 
as living within 20 
km of the 
industrial park 

referent) to 
industrial park; 
with stratification 
by ethnicity, rates 
of perinatal 
mortality did not 
vary for Jewish 
births with 
proximity to the 
industrial park, 
but did vary for 
Bedouin births for 
perinatal mortality 
(RR 1.45, 95% CI 
1.22-1.72), 
postpartum deaths 
(RR 1.32,  95% 
CI 1.02, 1.71) and 
fetal deaths before 
delivery (RR 1.57, 
95% CI 1.23, 
2.00) 

observed with 
maternal 
residence within 
20 km of an 
industrial park; 
limitations: 
potential for 
ecologic fallacy, 
misclassification 
of exposure, and 
residual 
confounding, 
maternal 
residential 
mobility not 
taken into 
account in 
assignment of 
exposure 

Low Birth Weight/Preterm Birth 
Baibergenova 
et al., 2003 
USA 

Ecologic 
study of New 
York State 
births during 
1994-2000 
(excluding 
New York 
City) 

Low birth weight 
(1500 to < 2500 
grams) and very 
low birth weight 
(< 1500 grams) 

Exposure defined 
as maternal 
residence at birth 
in a zip code that 
contained or was 
adjacent to a PCB-
contaminated site 

Birth weight in 
the PCB zip codes 
on the average 
21.6 g less than in 
other zip codes (p 
<  0.001); 
adjusted OR for 
low birth weight 
with maternal 
residence in PCB 
zip code 1.04, 
95% CI 1.02, 1.07 
(association only 
noted for male 
births)  and for 
very low birth 
weight 0.95, 95% 
CI 0.88, 1.02 

Slight 
association noted 
for risk of low 
birth weight in 
male births and 
maternal 
residence in zip 
code with one or 
more waste sites 
contaminated 
with PCBs; 
limitations: 
potential for 
ecologic fallacy, 
exposure 
misclassification, 
and residual 
confounding 

Genereux et 
al., 2007 
Canada 

Retrospective 
cohort study 
of live 
singleton 
births in 
Montreal, 
Canada, 1997-
2001 

Preterm birth 
(gestational age < 
37 weeks), small-
for-gestational 
age births (< 10th 
percentile 
birthweight for 
gestational age), 
and low birth 
weight (< 2500 

Distance between 
residence at 
delivery and 
nearest highway; 
defined residential 
proximity as 
distance of 200 m 
from highway 

Proximity to 
highways 
associated with 
preterm birth 
(adjusted OR 
1.14, 95% CI 
1.02, 1.27) and 
low birth weight 
births (adjusted 
OR 1.17, 95% CI 

Proximity to 
highways 
associated with 
preterm and low 
birth weight 
births – effects 
mainly confined 
to wealthy 
neighborhoods 
and highly 
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grams) 1.04, 1.33); 
effects of 
proximity to 
highways 
strongest for 
preterm and low 
birth weight births 
among highly 
educated women 
and  wealthy 
neighborhoods  

educated 
mothers;  
limitations: used 
address at 
delivery to 
assign exposure, 
potential 
exposure 
misclassification 
with reliance on 
postal codes, and 
residual 
confounding 

Goldberg et 
al., 1995 
Canada 

Population-
based, case-
control study 
of live births 
to residents on 
Island of 
Montreal, 
1979-1989 

Low birth weight, 
very low birth 
weight, preterm 
births, small-for-
gestational age 
(less than or equal 
to the third 
percentile weight 
for gestational 
age) 

Defined three 
exposure zones 
representing areas 
proximal and distal 
to  a municipal 
solid waste landfill 
site; high exposure 
zone divided into 
two subzones to 
account for 
prevailing winds 

Significant excess 
of between 11 and 
20% in low birth 
weight and 
between 8 and 
13% in small for 
gestational age 
noted among 
births to mothers 
who resided 
adjacent to the 
landfill 

Increased risks 
for low birth 
weight and small 
for gestational 
age births noted 
among mothers 
who lived near 
landfill site; 
limitations: used 
maternal 
residence at 
delivery to 
assign exposure, 
potential for 
exposure 
misclassification 
and residual 
confounding 
from 
unmeasured risk 
factors  

Morgan et 
al., 2004 
United 
Kingdom 

Retrospective 
cohort study 
of singleton 
live births in 
England, 
1986-1999 

Low birth weight 
births 

Residence within 3 
km of a landfill; 
for all study areas 
pooled, defined 1-
km distance bands 
with 6-7 km as 
baseline 

Adjusted pooled 
OR for residence 
within 3 km of 
hazardous waste 
landfill site 1.03 
(95% CI 0.98, 
1.08); with 
adjustment of 
ORs, all ORs 
compatible with 
null in individual 
study areas; no 
trend of increased 
risk noted with 
closer proximity 
to sites 

No significant 
increase of low 
birth weight 
associated with a 
maternal 
residence near 
hazardous waste 
sites; limitations: 
assessed for 
limited number 
of confounders 
which might 
have led to 
residual 
confounding; 
potential for 
exposure 
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misclassification 
Wilhelm and 
Ritz, 2003 
USA 

Population-
based case-
control study 
of births to 
residents in 
112 zip code 
areas in Los 
Angeles, 
1994-1996 

Term low birth 
weight, preterm 
and low birth 
weight, and all 
preterm births 

Calculated a 
distance-weighted 
traffic density 
value (DWTD) for 
each subject by 
constructing 750-
foot radius buffer 
around each 
subject home and 
estimated 
dispersion of 
motor vehicle 
exhaust from 
roadways in this 
region 

Noted an elevated 
RR (1.08, 95% CI 
1.01, 1.15) for all 
preterm births in 
relation to 
maternal 
residence in the 
highest DWTD 
quintile; stronger 
associations for 
all outcomes 
noted for women 
whose third 
trimester fell 
during fall/winter 
months in the 
highest DWTD 
quintile; 
significant trend            
noted between 
increasing DWTD 
in the fall/winter 
months during the 
third trimester and 
risk of preterm 
birth and low birth 
weight births 

Results 
suggested 
exposure to 
traffic-related 
pollution might 
be risk factors 
for term low 
birth weight, 
preterm and low 
birth weight, and 
all preterm 
births; 
limitations: 
address at 
delivery used to 
assign exposure, 
potential for 
exposure 
misclassification, 
selection bias, 
and residual 
confounding 

Multiple Pregnancy Outcomes 
Bhopal et al., 
1999 
United 
Kingdom 

Population-
based, 
ecologic study 
of births, 
stillbirths, and 
terminations 
in Teesside 
and 
Sunderland, 
United 
Kingdom, 
1986 - 1993 

All congenital 
abnormalities 
(excluding 
isolated minor 
congenital 
abnormalities), 
low birth weight, 
stillbirth, sex ratio 

Residential 
proximity to major 
steel and 
petrochemical 
industries in 
Teesside divided 
into three zones 
based on distance 
with Sunderland 
serving as the 
reference 
population 

No significant 
differences in 
congenital 
malformation 
rates (combined) 
found either 
across the 
Teesside zones or 
between these 
zones combined 
and Sunderland, 
the reference 
population (OR 
ranged from 0.87 
– 1.2 with all 95% 
CI including the 
null); % low 
birthweight higher 
in Teesside than 
Sunderland (OR 
1.20 95% CI 1.09, 
1.33); no 

With exception 
of low birth 
weight, no 
excess risk of 
adverse 
pregnancy 
outcomes 
associated with 
living near major 
steel and 
petrochemical 
industries; 
limitations: 
potential for 
ecologic fallacy 
and residual 
confounding, 
maternal 
residential 
mobility during 
pregnancy not 
taken into 
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association noted 
with sex ratio 

account 

Dodds and 
Seviour, 
2001 
Canada 

Population-
based cohort 
study 
Nova Scotia, 
Canada 
Live births 
and stillbirths, 
1988-1998 

All major 
anomalies 
combined and 
nine anomaly sub-
groups, low birth 
weight, preterm 
delivery, 
intrauterine 
growth 
retardation 
(IUGR) 

Rates for 
malformations and 
other adverse 
pregnancy 
outcomes 
compared by 
maternal address at 
the time of 
delivery in Sydney 
(site of hazardous 
waste site), Nova 
Scotia, and Cape 
Breton County 
(excluding 
Sydney) 

Residents in 
Sydney (with 
hazardous waste 
site) were 1.3 
times more likely 
(95% CI 1.0, 1.5) 
to have births with 
a major congenital 
anomaly than 
Nova Scotia 
residents; also 
relative to Nova 
Scotia, rate ratio 
for NTDs elevated 
in births to 
Sydney  residents 
(RR 1.8, 95% CI 
1.1, 3.1); no 
excess risk noted 
in Sydney for low 
birth weight, 
preterm birth, or 
IUGR 

Small 
statistically 
significant 
increase in rate 
of major 
congenital 
malformations in 
community with 
a hazardous 
waste site; 
limitations: used 
residence at 
delivery to 
assign exposure, 
potential 
exposure 
misclassification 

Dummer et 
al., 2003 
United 
Kingdom 

Retrospective 
cohort study 
Cumbria 
(northwest 
England), 
1956-93 

Deaths from 
congenital 
anomaly (ICD 
740 – 749), 
stillbirth, neonatal 
death 

Distances of 
maternal address at 
child’s birth 
(obtained from 
birth certificate) 
from incinerators 
and crematoriums 

Risk of lethal 
congenital 
anomaly 
significantly 
increased (p < 
0.01) with 
maternal address 
closer to 
incinerators 
(restricted to heart 
defects and spina 
bifida); increased 
risk of 
anencephaly, 
other congenital 
anomalies, and 
stillbirth with 
maternal address 
near crematoriums  

Significant 
increased risk of 
spina bifida and 
heart defects 
with maternal 
proximity to 
incinerators and 
increased risk of 
anencephaly and 
stillbirth with 
maternal 
proximity to 
crematoriums; 
limitations: 
congenital 
malformations 
restricted to 
deaths, 
pregnancy 
terminations not 
included, used 
maternal 
addresses at 
delivery to 
assign exposure, 
potential for 
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exposure 
misclassification 
and residual 
confounding  

Elliott et al., 
2001 
Great Britain 

Ecologic 
study of live 
births, 
stillbirths, 
congenital 
malformations 
including 
terminations; 
Great Britain, 
1983-1998 

All congenital 
anomalies 
combined; neural 
tube, 
cardiovascular, 
and abdominal 
wall defects; 
hypospadias and 
epispadias; 
surgical 
correction of 
hypospadias and 
epispadias; 
surgical 
correction of 
gastroschisis and 
exomphalos; still 
births; low and 
very low birth 
weight 

Mother’s address 
(unclear when 
ascertained or from 
what sources); 
distance to 
hazardous waste 
sites; within 2 km 
categorized as 
exposed 

Unadjusted and 
adjusted relative 
risks close to 1.0 
for all defects 
studied; modest 
association 
observed for 
surgical correction 
of gastroschisis 
and exomphalos 
(RR 1.2, 99% CI 
1.1, 1.3) if mother 
lived within 2 km 
of site relative to 
living farther 
away; adjusted 
RR for low and 
very low birth 
weight 1.05 (99% 
CI 1.047, 1.055) 
and 1.04 (99% CI 
1.03, 1.05) 
respectively 

Found small 
excess risk of 
congenital 
anomalies and 
low and very low 
birth weight in 
populations 
living within 2 
km of landfill 
sites; limitations: 
potential for 
ecologic fallacy, 
exposure 
misclassification, 
and residual 
confounding 

Fielder et al., 
2000, United 
Kingdom 

Ecologic 
study of 
population in 
South Wales 
who lived 
near a landfill 
site, 1983-96 

All congenital 
anomalies 
combined and 
anomalies of the 
abdominal wall, 
low birth weight, 
spontaneous 
abortion 

Exposure defined 
as living in 
electoral wards 
within 3 km of the 
landfill; examined 
rates before and 
after site opened 

Increased risk for 
congenital 
malformations in 
births among 
residents living 
near the site both 
before opening 
(RR 1.9, 95% CI 
1.3, 2.85) and 
after opening (RR 
1.9, 95% CI 1.23, 
2.95); cluster of 
gastroschisis 
detected after the 
site opened; 
neither 
hospitalization 
rates for 
spontaneous 
abortion or 
percentage of low 
birth weight births 
differed between 
the populations 

Increased rate of 
congenital 
malformations 
(combined) 
found in 
population living 
near landfill 
which predated 
opening of 
landfill; 
limitations: 
potential 
ecologic fallacy 
and exposure 
misclassification 
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living near and 
farther away from 
the site 

Gilbreath & 
Kass, 2006 
USA 

Population-
based 
retrospective 
cohort study 
of live births 
and fetal 
deaths in 
Alaska Native 
villages, 1997 
- 2001 

Fetal deaths 20 
weeks of 
gestation or 
greater; neonatal 
deaths; 
observable 
congenital 
anomalies as 
recorded on the 
birth records 
grouped into five 
categories 
including central 
nervous system, 
circulatory and 
respiratory, 
gastrointestinal, 
urogenital, and 
musculoskeletal 
or integumentary 
defects 

Exposure variables 
obtained from 
hazard rankings of 
dumpsites; 
residence in village 
with open 
dumpsites ranked 
as lower or higher 
hazard 

The 95% 
confidence limits 
for crude and 
adjusted rate 
ratios for nearly 
all outcomes of 
interest were 
consistent with 
the null, although 
the adjusted point 
estimates of the 
rate ratios (rate in 
villages with 
higher hazard 
dumpsites relative 
to rate in villages 
with lower hazard 
dumpsites) were 
positive for all 
congenital 
anomaly 
categories except 
gastrointestinal 
defects; infants 
born to mothers 
residing in high 
hazard dumpsites 
were 4.27 times 
(95% CI 1.76, 
10.36) more likely 
to have anomalies 
classified as 
“other defects” 

With the 
exception of one 
group of 
congenital 
anomalies, no 
significant 
excess risk was 
found for fetal 
deaths, neonatal 
deaths, or 
congenital 
anomalies with a 
maternal 
residence in 
Alaska Native 
villages with 
higher hazard 
dumpsites; 
limitations: 
potential for 
exposure 
misclassification 
and residual 
confounding 
from 
unmeasured 
confounders; 
maternal address 
at delivery used 
to assign 
exposure; 
terminations not 
included in birth 
defects group 

Morris et al., 
2003 
Great Britain 

Ecologic 
study that 
included all 
births, 
stillbirths, and 
termination 
registries in 
Scotland 
between 1982 
and 1997 

All congenital 
anomalies 
combined; neural 
tube, 
cardiovascular, 
and abdominal 
wall defects; 
hypospadias and 
epispadias; 
surgical 
correction of 
hypospadias and 
epispadias; 
surgical 

Mother’s address 
(unclear when 
ascertained or from 
what sources); 
distance to 
hazardous waste 
sites; within 2 km 
categorized as 
exposed 

No statistical 
excess was found 
for all congenital 
anomalies 
combined (RR 
0.96, 99% CI 
0.89-1.02) or for 
any of the specific 
anomalies studied; 
no excess risks 
were found for 
low and very low 
birth weight or 
still births with a 

No excess risks 
of adverse 
pregnancy 
outcomes 
detected in 
population living 
within 2 km of a 
hazardous waste 
site; limitations: 
potential 
ecologic fallacy, 
ascertainment 
bias, 
misclassification 
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correction of 
gastroschisis and 
exomphalos; low 
and very low birth 
weight; still births 

residence within 2 
km of a hazardous 
waste site 

of exposure, and 
residual 
confounding 
from 
unmeasured 
variables such as 
maternal age 

Shaw et al., 
1992 
USA 

Population-
based, case-
control study 
Five-county 
San Francisco 
Bay Area live 
births and 
fetal deaths 
1983 - 1985 

All congenital 
malformations 
(grouped in 10 
malformation 
groups) except 
those considered 
to be inherited or 
could be 
attributed to 
another exposure; 
birth weight 

Mother’s residence 
at the time of 
delivery in a 
census tract with 
one or more sites 
with documented 
environmental 
contamination 

Few associations 
noted between 
malformations 
studied and 
maternal 
residence within a 
census tract with 
site(s) containing 
environmental 
contaminants;  
elevated risk (OR 
1.5, 95% CI 1.1, 
2.0) for 
heart/circulatory 
defects in 
offspring of 
mothers who 
resided in census 
tracts with sites 
with evidence of 
potential human 
exposure; minimal 
effects noted on 
birth weight with 
this exposure 

No excess risks 
found for 
reduced birth 
weight or 
congenital 
malformations 
with the 
exception of 
heart/circulatory 
defects; 
limitations: 
potential for 
exposure 
misclassification 
given varying 
land area of 
census tracts, 
address at 
delivery used to 
assign exposure, 
potential residual 
confounding 

Sosniak et 
al., 1994 
USA 

Population-
based case-
control study 
of births from 
the 1988 
National 
Maternal and 
Infant Health 
Survey 
conducted in 
48 states 

Low and very low 
birth weight, 
congenital 
anomalies, infant 
deaths, fetal 
deaths 

Distance between 
zip code centroids 
of maternal 
residences and 
National Priority 
List (NPL) sites; a 
distance of 1 mile 
or less from 
nearest NPL site 
was classified as 
exposed 

Adjusted OR for 
low birth weight 
in relation to 
residential 
proximity to NPL 
site was 0.99 
(95% CI 0.86, 
1.16).  Residential 
proximity to NPL 
sites as defined in 
this study not 
associated with 
congenital 
anomalies, fetal 
deaths, infant 
deaths, or very 
low birth weight 

Maternal 
residential 
proximity to 
NPL sites not 
associated with 
adverse 
pregnancy 
outcomes; 
limitations: 
distance 
measures based 
on zip code 
centroids that 
could have led to 
exposure 
misclassification 

Tango et al., 
2004 

Retrospective 
cohort of 

Infant, neonatal, 
and fetal deaths 

Distance of street 
addresses (from 

No significant 
excess noted in 

Peak-decline in 
risk noted with 
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Japan births and 
fetal deaths in 
Japan, 1997-
1998 

due to congenital 
malformations 
(all combined), 
male/female sex 
ratio, low and 
very low birth 
weight, neonatal 
deaths and infant 
deaths, fetal 
deaths 

vital records) from 
municipal solid 
waste incinerators 
divided into ten 
sub-areas delimited 
by ten circles of 
radii of 1,2,…, 10 
km. 

deaths due to 
congenital 
malformations 
with address 
within 2 km of 
municipal solid 
waste incinerator; 
statistical 
significant peak 
decline in risk of 
infant deaths and 
infant deaths due 
to congenital 
malformations 
(combined) with 
distance from the 
incinerators up to 
10 km with peak 
at 1-2 km 

distance from 
municipal solid 
waste 
incinerators for 
infant deaths and 
infant deaths 
with all 
congenital 
malformations 
combined; 
limitations: 
potential for 
exposure 
misclassification, 
maternal 
addresses at 
registration used 
which did not 
account for 
residential 
mobility during 
pregnancy, 
potential for 
residual 
confounding 

Vinceti et al., 
2008, Italy 

Retrospective 
cohort study 
of women 16-
49 years of 
age who 
resided in 
Modena, 
northern Italy 
and 
surrounding 
areas, 2003-
2006 

Spontaneous 
abortions and all 
birth defects 
combined 

Residential 
proximity to 
municipal waste 
incinerator with 
two zones 
delineated based 
on predicted mean 
annual 
atomospheric 
concentrations of 
dioxins and 
dibenzofurans; also 
considered 
occupational 
exposures  

No excess risk of 
miscarriage (RR 
1.00, 95% CI 
0.65, 1.48) or 
birth defects (RR 
0.64, 95% CI 
0.20, 1.55) noted 
in women residing 
in two zones close 
to the incinerator 
plant; in women 
working in plant, 
no excess risk for 
spontaneous 
abortions noted, 
but increase 
prevalence of 
birth defects 
found (RR 2.26, 
95% CI 0.57, 
6.14) 

No statistically 
significant 
excess risk for 
spontaneous 
abortions or birth 
defects noted 
among women 
residing near a 
municipal waste 
incinerator; 
limitations: small 
sample size, all 
birth defects 
combined, 
possible 
exposure 
misclassification 
and residual 
confounding 

4b.  Residential Proximity to Environmental Hazards and Childhood Cancer 
Carozza et 
al., 2008, 
USA 

Ecologic 
study; U.S.  
cancer cases 
ages 0-14 

All cancers 
combined and 
specific cancers 
diagnosed among 

Percent of 
cropland for each 
county based on 
1997 U.S. Census 

All cancers 
combined showed 
no association 
with percent 

Counties with a 
higher 
percentage of 
cropland showed 
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years 
diagnosed 
between 1995-
2001 and 
reported to 
member 
registries of 
the NAACCR 

children 0-14 
years 

of Agriculture; 
divided into <20% 
cropland (referent); 
20 - <60% 
(medium), and 
60+% (high); also 
examined six 
leading U.S. crops 

cropland in 
counties; 
incidence rates of 
several specific 
cancers showed 
an association 
with medium 
and/or high levels 
of agricultural 
activity; risk 
estimates for 
childhood cancer 
varied by type of 
crop grown with 
elevated risks 
noted in counties 
with corn, oats, 
and soybeans 

a higher 
incidence of 
several 
childhood 
cancers; 
limitations: 
potential for 
ecologic fallacy, 
use of county of 
residence at time 
of diagnosis, 
potential for 
residual 
confounding  

Carozza et 
al., 2009, 
USA 

Population-
based case-
control study; 
Texas 
childhood 
cancer cases 
and controls 
born 1990-
1998 

Childhood 
cancers reported 
among children < 
15 years of age to 
the Texas Cancer 
Registry 

Fields identified 
from digital 
orthophoto 
quadrangle data  
and Field Mass 
Index created to 
incorporate land 
area (cropland) and 
distance to each 
field from birth 
residence listed on 
birth certificate 

No association 
between a birth 
residence within 
1000 m of 
agricultural land 
use and all 
cancers combined.  
A birth residence 
near cropland 
showed some 
association with 
germ-cell tumors, 
non-Hodgkin 
lymphoma, and 
Burkitt 
lymphoma, but 
ORs based on few 
cases  

Minimal 
associations 
found between 
birth residence 
near cropland  
and childhood 
cancer; 
limitations: small 
numbers of 
exposed cases 
and potential for 
residual 
confounding 

Choi et al., 
2006, USA 

Population-
based case-
control study; 
cases < 10 
years of age at 
time of 
diagnosis 
during 1993-
1997 and 
residents of 
Florida, New 
Jersey, New 
York 
(excluding 
NYC), or 

Incident cases of 
primary brain 
cancer 

Residential 
proximity to Toxic 
Release Inventory 
(TRI) during 
pregnancy (less 
than or equal to 1 
or less than or 
equal to 2 miles), 
whether 
carcinogens were 
emitted, and a 
comparative 
ranking system for 
TRI releases that 
combined toxicity 

Increased risk for 
brain cancer 
among children 
less than 5 years 
of age at diagnosis 
observed for 
mothers living 
within 1 mile of a 
TRI facility (OR 
1.66, 95% CI 
1.11, 2.48) and 
living within 1 
mile of a facility 
releasing 
carcinogens (OR 

Results 
suggestive of 
relation between 
living in close 
proximity of TRI 
site emitting 
carcinogens 
during 
pregnancy  and 
childhood brain 
cancer; 
limitations: 
quality of 
exposure data, 
potential for 
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Pennsylvania 
at diagnosis 

information and 
total mass of 
release 

1.72, 95% CI 
1.05, 2.82) 

residual 
confounding 
from parental 
occupational 
exposures 

Crosignani et 
al., 2004, 
Italy 

Population-
based case-
control study; 
Varese 
Province, Italy 

Childhood 
leukemia cases 
diagnosed 
diagnosed 1978-
1997 

Exposure distances 
of childhood 
addresses from 
highly trafficked 
roads and also 
traffic densities in 
surrounding area; 
estimation of 
benzene 
concentrations 
with Gaussian 
diffusion model 

Relative to 
children whose 
homes were not 
exposed to road 
traffic emissions 
(< 0.1 ug/m3 
benzene as 
estimated by the 
model), risk of 
leukemia with 
benzene 
concentration > 
10 ug/m3 (OR 
3.91, 95% CI 
1.36, 11.27) 

Results suggest 
that motor 
vehicle 
emissions might 
be etiologic 
factor for 
childhood 
leukemia; 
potential for 
residual 
confounding 
from 
unmeasured 
confounders 
(parental 
occupation) and 
imperfect 
measurement 
(SES assigned 
based on 
municipality of 
residence) 

Harrison et 
al., 1999, 
United 
Kingdom 
 

Population-
based case-
control and 
retrospective 
cohort study 
designs, 
United 
Kingdom 
West 
Midlands 

Childhood 
leukemia cases 
diagnosed 
between 1990-
1994 

Exposure defined 
as an address at the 
time of diagnosis 
within 100 m from 
petrol station or a 
zone 100 m from a 
main road 

Odds ratios from 
case-control study 
1.61 (95% CI 
0.90, 2.87) and 
1.99 (95% CI 
0.73, 5.43) for 
living within 100 
m of a main road 
or petrol station 
respectively; 
incidence ratios 
from cohort 
analysis 1.16 
(95% CI 0.74, 
1.72) and 1.48 
(95% CI 0.65, 
2.93) for 
proximity to roads 
and petrol stations 
respectively. 

Results 
suggestive of 
association but 
CIs around risk 
estimates 
compatible with 
null; limitations: 
risk estimates not 
adjusted for age 
or sex  

Jarup et al., 
2002, Great 
Britain 

Ecological 
study that 
included 
cancer cases 

Childhood and 
adult leukemia; 
adult bladder 
cancer, brain 

Constructed 2 km 
buffer zones 
around 9565 
landfill sites using 

With rate ratios 
adjusted for age, 
sex, year of 
diagnosis, no 

No association 
found between 
living within 2 
miles of landfills 
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diagnosed 
from 1983-
1997 

cancer and 
hepatobiliary 
cancer 

GIS techniques. 
Postcodes lying 
outside 2 km 
buffer were the 
referent areas 

excess of any 
cancer was found 
in relation to 
living within the 
2-mile buffer of 
landfills 

and cancer; 
limitations: 
potential for 
exposure 
misclassification 
to chemicals in 
landfills and 
potential for 
ecological 
fallacy 

Kaatsch et 
al., 2008, 
Germany 

Population-
based case-
control study 
of 41 counties 
in the vicinity 
of 16 West 
German 
power plant 
sites   

Leukemia and 
other cancers that 
were diagnosed in 
children less than 
5 years of age 

Distance of 
residence at the 
time of diagnosis 
from the chimney 
of the nearest 
nuclear plant; 
residential 
proximity within 5 
km and within 10 
km 

For all leukemia 
cases combined, a 
dose-response 
effect was noted 
in which cases 
lived closer to 
sites than 
controls; 
residential 
proximity within 
5 km was 
associated with an 
odds ratio of 2.19 
(lower 95% CL: 
1.51) 

Positive 
relationship 
found between 
diagnosis of 
childhood 
leukemia and 
residential 
proximity to the 
nearest nuclear 
power plant; 
limitations: 
potential 
selection bias 
due to 
differential 
response rates 
between cases 
and controls and 
between those 
who lived within 
5 km and outside 
the buffer zone; 
potential residual 
confounding 

Knox, 2000, 
Great Britain 

Migration 
study of 4385 
children who 
died from 
cancer before 
age 16 in 
Great Britain, 
1953-1980 

Tumors were 
classified into 11 
groups 

Migration 
asymmetries of 
birth and death 
addresses and 
proximity of these 
addresses to 
municipal and 
hospital waste 
incinerators and 
landfill sites 

No systematic 
migration-
asymmetries were 
noted for landfill 
sites;  highly 
significant 
excesses of 
migrations away 
from birth places 
close to municipal 
and hospital 
incinerators 

Children with 
cancer more 
likely to live 
near incinerators 
at birth than at 
death; limitations 
no external 
control group nor 
control for 
demographic 
characteristics or 
proximity to 
other 
environmental 
hazards, deaths 
instead of 
incident cases 
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were used 
Knox, 2006, 
Great Britain 

Migration 
study of 5,663 
children who 
died from 
cancer before 
age 16 in 
Great Britain, 
1953-1980 

Tumors were 
classified into 10 
diagnostic 
subtypes 

Birth and death 
addresses linked to 
locations of 
railway stations, 
bus stations, ferry 
terminals, 
railways, roads, 
canals, and rivers 
and migration 
asymmetries of 
birth and death 
addresses 
examined 

Significant 
migration 
asymmetries 
(close residential 
proximity at birth 
but not at death) 
noted for 
residential 
proximity to bus 
stations, railway 
stations, ferries, 
railways and 
roads 

Children with 
cancer more 
likely to live 
near roads and 
railways at birth 
than at death; 
limitations 
include no 
external control 
group nor control 
for demographic 
characteristics or 
proximity to 
other 
environmental 
hazards, cancer 
deaths instead of 
incident cases 
were used 

Knox & 
Gilman, 
1997,  Great 
Britain 

Retrospective 
cohort study 
with 22,448 
addresses at 
death (and 
available birth 
addresses) of 
children ages 
0-15 years 
who died of 
leukemia and 
other cancers 
in England, 
Wales, and 
Scotland 

Deaths from 
leukemia and 
other childhood 
cancers 

Radial distances of 
home address 
postcodes (birth 
and death) from 
potential hazards 
including 
industries, railway 
lines, motorways, 
airfields, and 
harbors 

Relative excesses 
of leukemias and 
solid tumors were 
found with 
residences close 
to a variety of 
industries and 
airfields, railways, 
motorways, and 
harbors; hazard 
proximities for 
birth addresses 
were stronger than 
for death 
addresses; among 
children who 
moved between 
birth and death, 
the proximity 
effect was limited 
to birth addresses 

Authors 
concluded that 
childhood 
cancers were 
geographically 
associated with 
industrial 
atmospheric 
effluents that 
contained 1) 
petroleum 
derived volatiles 
and 2) kiln and 
furnace smoke 
and gases, and 
effluents from 
internal 
combustion 
engines; 
limitations: 
population at risk 
not enumerated 
at various 
distances, no 
adjustment for 
age or sex, 
analyzed cancer 
deaths instead of 
incident cases  

Langholz et 
al, 2002, 

Population-
based case-

Incident cases of 
childhood 

Integrated 
distance-weighted 

Although 
unadjusted ORs of 

No evidence 
found between 
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USA control study 
in Los 
Angeles 
County, CA, 
USA 

leukemia 
diagnosed during 
1978-1984 among 
children 0 to 10 
years of age  

traffic density was 
computed for the 
residence of 
longest duration 

the relation 
between quintile 
of traffic density 
and risk of 
leukemia 
suggested a linear 
trend, this trend 
was confounded 
by wire code 

traffic density 
and childhood 
leukemia with 
adjustment for 
wire code; 
limitations: 
potential 
exposure 
misclassification 
since traffic 
counts were 
obtained for 
1990-1994 

Liu et al., 
2008, Taiwan 

Population-
based case-
control study 
of 226 Taiwan 
municipalities 

Brain cancer 
deaths from 
Bureau of Vital 
Statistics 
occurring in 
persons 0 – 29 
years of age; 
controls included 
deaths from all 
causes other than 
cancer and 
diseases with 
respiratory 
complications 

Proportion of 
municipality’s total 
population 
employed in 
petrochemical 
industry used as 
indicator of 
petrochemical air 
emissions at 
residence at death 

With the 
petrochemical 
indicator variable 
divided into 
tertiles, persons in 
the highest tertile 
(with the lowest 
tertile as referent) 
had a significantly 
higher OR for 
death from brain 
cancer (OR 1.65, 
95% CI 1.0, 2.73)  
with adjustment 
for age, gender, 
urbanization level 
of residence, and 
nonpetrochemical 
air pollution (p-
value for trend < 
0.01) 

Risk of brain 
cancer associated 
with metric of 
residential 
exposure to 
petrochemical air 
pollution; used 
brain cancer 
deaths instead of 
incident cases 
and not clear if 
data available to 
distinguish 
primary from 
metastatic brain 
cancers; 
exposure metric 
based on 
municipality 
instead of 
individual 
distance from 
industry thereby 
introducing 
exposure 
misclassification; 
death address 
may not be 
relevant for cases 
who changed 
residences 
between birth 
and death 

Raaschou-
Nielsen et al., 
2001 
Denmark 

Population-
based case-
control study 
of Danish 
children < 15 

Leukemia, tumors 
of the central 
nervous system, 
malignant 
lymphoma 

Addresses from 
nine months before 
birth to diagnosis 
of cancer or similar 
date for the 

Risks of leukemia, 
CNS tumors, and 
all selected 
cancers combined 
not linked to 

Risk of 
Hodgkin’s 
lymphoma 
increased in 
offspring of 
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years 
diagnosed 
with selected 
cancers 1968-
1991 and 
control 
children 

diagnosed in 
children < 15 
years of age 

matched controls 
linked to average 
concentrations of 
benzene and 
nitrogen dioxide at 
the front door of 
dwelling with use 
of Operational 
Street Pollution 
Use Model 
 

exposure to 
benzene or 
nitrogen dioxide 
estimates; risk of 
Hodgkin’s 
lymphoma 
associated with 
highest categories 
of exposure for 
benzene and 
nitrogen dioxide 
(ORs respectively 
4.3 [95% CI 1.5, 
12.4] & 6.7 [ 95% 
CI 1.7, 26.0] 

mothers who 
resided in areas 
with high 
outdoor levels of 
traffic-related air 
pollution; 
limitations: 
parental 
occupation not 
taken into 
account in the 
analyses 

Reynolds et 
al., 2002a, 
USA 

Ecologic 
study using 
1988-1994 
childhood 
cancer 
incidence 
rates in 
California 

Cases of invasive 
cancer diagnosed 
in children less 
than 15 years of 
age during 1988-
1994 

Assigned census 
block groups to 
case residences at 
diagnosis; for each 
block group, 
estimated pesticide 
use density in 
pounds per square 
mile for four 
toxicologic groups, 
four chemical 
classes, and seven 
individual 
pesticides 

For all cancers 
combined, the RR 
for block groups 
with high 
propargite usage 
was 1.25 (95% CI 
included 1.0); 
with leukemia, the 
RR associated 
with propargite 
usage was 1.48 
(95% CI 1.03, 
2.13); no 
association noted 
between usage 
density of 
pesticides 
classified as 
probable 
carcinogens at or 
above the 90th 
percentile and all 
types of childhood 
cancer  combined 
(RR 0.95, 95% CI 
0.80, 1.13) 

Study found little 
evidence of 
association 
between 
residence at 
diagnosis in 
areas with high 
pesticide usage 
and childhood 
cancer incidence 
rates; limitations 
include potential 
for ecologic 
fallacy, potential 
for residual 
confounding, and 
exclusive use of 
residence at 
diagnosis to 
assign exposure 

Reynolds et 
al., 2002b, 
USA 

Ecologic 
study using 
1988-1994 
childhood 
cancer 
incidence 
rates in 
California 

All childhood 
cancers 
combined; 
leukemias; 
gliomas (brain 
cancer) diagnosed 
in children < 15 
years of age 

Assigned census 
block groups to 
case residences at 
diagnosis and used 
GIS to match 
addresses with a 
road network;  
estimates 
developed for 
vehicle, road, and 

Rate ratios at the 
90th percentile of 
traffic density 
were 1.08 (95% 
CI 0.98, 1.20) for 
all childhood 
cancers combined, 
1.15 (95% CI 
0.97, 1.37) for 
leukemia, and 

Results of study 
showed 
minimal/no 
association 
between high 
traffic, vehicle, 
or road density 
and childhood 
cancer; 
limitations: 
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traffic density; 
these three metrics 
were correlated 
with ambient 
measurements of 
carbon monoxide, 
nitrogen dioxide, 
PM10, benzene, 
and 1,3-butadiene  

1.14 (95% CI 
0.90, 1.45) for 
gliomas; 
minimal/no 
evidence of rate 
differences in 
these cancers in 
census block 
groups with high 
vehicle or road 
density; results 
were suggestive 
of an association 
between traffic 
density and 
Hodgkin’s 
lymphomas but a 
dose-response 
pattern was not 
observed 

potential 
ecologic fallacy, 
lacked data on 
potential 
confounding 
factors, used 
residence at 
diagnosis to 
assign exposure 
which might not 
be relevant for 
children  who   
changed 
residences 

Reynolds et 
al., 2004, 
USA 

Population-
based case-
control study; 
California 
state-wide 

Childhood cancer 
combined, 
leukemias, & 
central nervous 
system tumors 
diagnosed in 
children < 5 years 
of age 

Case- and control 
maternal 
residential address 
at delivery linked 
to road and traffic 
density in 500-foot 
radius of residence 

For all cancers 
combined, OR for 
highest road 
density exposure 
category 
compared with 
lowest was 0.87 
(95% CI 0.75-
1.0), OR for 
leukemia was 0.80 
(95% CI 0.64, 
1.01), and OR for 
CNS tumors was 
1.03, 95% CI 
0.75-1.43).  
Similar ORs were 
found with traffic 
density although 
OR for CNS 
tumors was 1.22 
(95% CI 0.87, 
1.70) 

Very little/no 
evidence of 
increased cancer 
risk in young 
children born in 
high traffic 
density areas; 
limitations: 
assignment of 
exposure limited 
to residence at 
birth and 
potential for 
residual 
confounding due 
to lack of 
information on 
parental 
occupational 
exposures, 
exposure to 
secondhand 
smoke, etc. 

Reynolds et 
al., 2005, 
USA 

Population-
based case-
control study; 
California 
state-wide 

Childhood cancer 
combined, 
leukemias, & 
central nervous 
system tumors 
diagnosed in 
children < 5 years 
of age 

Case and control 
maternal 
residential 
addresses at birth 
linked to pesticides 
used on land area 
(pounds per square 
mile) within one-

No clear risk 
patterns noted 
although mildly 
elevated ORs for 
leukemia 
associated with 
pesticides that 
were probable and 

No specific 
patterns of risk 
noted between 
living near 
pesticide 
applications and 
childhood 
cancer; 
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half mile of  
residence   

possible 
carcinogens, and 
use of 
organochlorines 
or 
organophosphates 

limitations: small 
numbers of 
children exposed 
to high-use 
areas, exposure 
assessment 
restricted to birth 
address, potential 
exposure 
misclassification 

Rull et al., 
2009, 
USA 

Population-
based case-
control study; 
selected 
counties in 
northern 
California 

Incident cases of 
childhood acute 
lymphoblastic 
leukemia 
diagnosed in 
children < 15 
years 1995-2002 

Case and control 
lifetime and first 
year of life 
residences linked 
to pesticides used 
on land area within 
one-half mile; 
Pesticides 
categorized by 
toxicological 
effects, 
physicochemical 
properties, and 
target pests or uses 
 

Noted increased 
risk of acute 
lymphoblastic 
leukemia (ALL) 
with lifetime 
moderate 
exposure to 
pesticide 
applications of 
organophosphates, 
chlorinated 
phenols, and 
triazines and with 
pesticides 
classified as 
insecticides and 
fumigants; 
elevated risk not 
consistent with  
high exposures 

Elevated ALL 
risk with 
moderate but not 
high exposure; 
limitations: small 
numbers of 
exposed cases 
and controls, 
climatic 
conditions not 
considered 

Sharp et al., 
1996, 
Scotland 

Ecological  
study of 
populations 
near seven 
nuclear sites 
in Scotland, 
1968-93 

Incident cases of 
leukemia & non-
Hodgkin’s 
lymphoma in 
children < 15 
years of age 

For each nuclear 
site, study zone 
constructed with a 
population centroid 
within 25 km; each 
nuclear site 
examined 
separately; small 
area statistical 
methods used 

No evidence of 
general increased 
incidence of 
childhood 
leukemia and non-
Hodgkin’s 
lymphoma noted 
around nuclear 
sites; only one site 
had appreciably 
more cases 
observed than 
expected (O/E 
1.99) 

No notable  
increased 
incidence of 
childhood 
leukemia & non-
Hodgkin’s 
lymphoma in 
children living 
near nuclear 
sites; limitations: 
minimal 
information on 
confounding 
factors, residence 
at diagnosis used 

Spix et al., 
2008, 
Germany 

Population-
based case-
control study 
around all 16 
major nuclear 
power plants 

Leukemia 
including specific 
forms, central 
nervous system 
tumors diagnosed 
in children < 5 

Metric of 
1/(distance in km) 
used as measure of 
proximity; 
categorical 
analyses of 5- and 

Effects modest 
except for the 
association 
between living in 
the inner 5-km 
zone and 

Results showed 
some increased 
risk for cancer 
among young 
children who 
lived within 5 
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in Germany years of age 
during 1980-2003 

10-km zones 
versus outer zones 

leukemia (OR 
2.19, lower one-
sided 95% CI 
1.51) 

km of nuclear 
power plants; 
limitations: other 
sources  of 
potential 
radiation 
exposure not 
accounted for, 
potential 
unmeasured 
confounders 

Steffen et al., 
2004 
France 

Multi-center, 
hospital-
based, case-
control study 
(four centers) 
in France of 
newly 
diagnosed 
cases during 
1995-1999 

Acute leukemia in 
children ages 0-14 
years  

History of 
exposure to 
hydrocarbons 
(residential 
proximity to 
roadways, car 
repair garage, 
petrol station) from 
date of conception 
to date of diagnosis 
(cases) or 
interview 
(controls); 
proximity 
information 
obtained by in-
person interview; 
also obtained 
information about 
parental 
occupation 

Found association 
between 
residential 
proximity to a 
petrol station or 
repair garage 
during childhood 
and risk of 
childhood 
leukemia (OR 4.0, 
95% CI 1.5, 10.3) 
which was 
stronger for acute 
non-lymphocytic 
leukemia (OR 7.7, 
95% CI 1.7, 34.3) 

Childhood 
residence near 
petrol station or 
automobile 
repair garage 
associated with 
childhood 
leukemia; 
limitations: 
proximity to 
hazards 
ascertained by 
self-report which 
could have 
introduced recall 
bias and inflated 
risk estimates 

Tsai et al., 
2006, USA 

Population-
based case-
control study 
of residents of 
California, 
Florida, New 
Jersey, 
Michigan, 
North 
Carolina, and 
Pennsylvania 

Wilms’ tumor 
diagnosed in 
children through 9 
years of age 
during 1992 - 
1995 

Maternal and 
paternal addresses 
in close proximity 
to a National 
Priority List (NPL) 
site during the 2-
year period before 
the child’s birth; 
residential history 
determined by 
parental interview 

OR of 0.35 (95% 
CI 0.12, 0.99) for 
Wilms’ tumor 
with a maternal 
residence within 1 
mile of NPL site 
during pregnancy 
and OR 0.39 
(0.16, 0.98) with a 
residence within 1 
mile of NPL site 
during 2 years 
prior to birth; no 
association noted 
for paternal 
residence 

Wilms’ tumor 
was not 
associated with a 
maternal or 
paternal 
residence near 
NPL site in two-
year period 
before birth; 
limitations: small 
numbers of 
exposed cases 
and controls and 
potential 
selection bias 
with African 
Americans more 
likely to not 
participate than 
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Whites 
Von Behren 
et al., 2008, 
USA 

Population-
based case-
control study 
in northern 
California 
counties 

Leukemia 
diagnosed in 
children < 15 
years of age 
during 1995-2002 

Traffic density 
within a 500-foot 
radius buffer 
determined for 
each address at 
diagnosis, birth, 
and lifetime 
average 

OR of 1.17 (95% 
CI 0.76, 1.81) for 
acute lymphocytic 
leukemia with 
residential traffic 
density above 75th 
percentile (0 
traffic density as 
referent) for 
residence at 
diagnosis, OR 
1.11 (95% CI 
0.70, 1.78) for 
residence at birth, 
and 1.24 (95% CI 
0.75, 2.08) for 
average lifetime 
traffic density 

No association 
noted between a 
residence in 
areas of high 
traffic density 
during any of the 
exposure periods 
and childhood 
acute lympocytic 
leukemia; 
limitations: 
potential 
selection bias 
with control 
subject families 
having higher 
household 
incomes than 
case families 

Weng et al., 
2009, Taiwan 

Population-
based case-
control study 
of all deaths in 
Taiwan 
residents 

Leukemia deaths 
in children < 15 
years of age, 
1996-2006 

Petrol station 
density in 
municipalities that 
the residents lived 
in at the time of 
death 

Adjusted OR for 
leukemia (death) 
was 1.91 (95% CI 
1.29, 2.82) in 
association with 
living in 
municipalities 
with the highest 
petrol station 
density; a 
significant trend 
was noted 
between 
increasing petrol 
station density 
and risk of death 
from childhood 
leukemia 

Increased risk for 
death from 
childhood 
leukemia noted 
with death 
address in a 
municipality 
with high petrol  
station density; 
limitations: 
studied deaths 
instead of 
incident cases of 
leukemia; 
exposure 
classification 
restricted to 
municipality of 
residence at 
death; petrol 
station density 
metric based on 
2008 data which 
might have 
introduced 
exposure 
misclassification; 
potential for 
residual 
confounding 

Yu et al., Population- Incident leukemia Exposure No overall Results varied by 
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2006, Taiwan based case-
control study 
in Kaohsiung, 
southern 
Taiwan, 1997-
2003 

diagnosed in 
persons < 30 
years of age 1997-
2003 

opportunity score 
assigned, based on 
residences up to 
two years before 
birth, that took into 
account residential 
mobility, length of 
stay in each 
residence, distance 
to petrochemical 
plants, monthly 
prevailing wind 
direction, and 
multiple 
petrochemical 
pollution sources 

association noted 
with acute 
lymphocytic 
leukemia in the 
group 0-19 years 
of age who had a 
higher exposure 
opportunity score  
OR 1.21 (95% 
0.89, 1.65); 
positive 
association seen 
between 
residential 
petrochemical 
exposure and 
leukemia among 
20-29 year olds 
(one unit increase 
in log-transformed 
exposure score: 
OR 1.54, 95% CI 
1.14, 2.09) 

age group. A 
positive relation 
found between 
residential 
exposure to 
petrochemicals 
and leukemia in 
persons 20-29 
years of age but 
no association 
seen with 
leukemia in 
younger persons 
with this 
exposure;  
limitations: 
potential for 
selection bias 
because of 
differential 
participation 
between cases 
and controls  

CI = confidence interval 
NAACCR=North American Association of Central Cancer Registries 
OR = odds ratio 
RR= relative risk 



Exposur
e

Outcome Reference, Year, 
Country

Study design, 
Regional description

Health outcomes 
included

Exposure description Target Population Geospatial Methods Findings Health outcome associated with 
proximity & limitations 
(blue=significant associations 
purple=mixed evidence, black=no 
sign  associations)

Industrial 
Plants

Respirato
ry

Aylin et al., 2001, 
England & Wales

Small area study 
(England and Wales), 
proximity analysis

Emergency hospital 
admissions primary 
diagnosis of respiratory 
or cardiovascular 
diseases

Industrial plants: Distance 
(buffers up to 7.5km buffers) 
from operating coke works 
facility 

Adults 65 years and over 
(n=87,760), Children 
under 5 years (n=43,932)

Distance decline model 
based on concentric 
areas around the facility

Older adults: only sign. regression 
result- coronary heart disease near 
Teesside plant RR=1.04 (1.00,1.08); 
no sign. findings for coke works 
combined
Children: respiratory disease 
RR=1.08 (0.98,1.20); asthma 
RR=1.07 (0.98,1.18); at Teeside 
plant gradation of declining risk with 
distance for both respiratory illness 
and asthma

Possible elevated risk of respiratory 
disease and asthma in children with 
proximity to Teesside coke works. 
Migration and mobility not 
controlled, use of a simple radial 
dispersion-decline model for 
estimating exposure. 

Hazardou
s Waste 
sites

PBC 
levels

Choi et al., 2006, USA Small area study (New 
Bedford, Acushnet, 
Fairhaven, and 
Dartmouth, 
Massachusetts), 
proximity and 
multivariate regression 
analysis

Cord serum 
polychlorinated 
biphenyl (PBC) levels 
in infants (collected at 
birth)

Exposure to superfund sites: 
Residences within 5 mile 
radius of superfund hot spot

Infants born to mothers 
residing near 
contaminated New 
Bedford Harbor

Residential distance to 
superfund hot spot

No association found between cord 
serum PCB levels and distance to 
hot spot. Maternal age and 
birthplace remained most significant 
predictors of PCB levels. 

No evidence that living near New 
Bedford superfund site is associated 
with increased cord serum PCB. 
But, higher levels found in children 
born before and during dredging of 
harbor. Exposure measurement 
simplified (pathway), cross-sectional 
study design. 

Air 
pollution

Respirato
ry

Edwards et al., 1994, 
UK

Case-control study 
(Birmingham, UK), 
proximity analysis

Hospital admission for 
asthma 

Mobile source air pollution: 
Residential proximity (within 
200 and 500 meters) to 
major roads and traffic flow 
(>24,000 vehicles per hour)

Children under 5 years 
(cases: n=715, hospital 
controls: n=736, 
community controls: n=?)

Distance decline model 
based on fixed distance 
buffers around major 
roads (200, 500 m) and 
high traffic flows

Sign. association between exposure 
to traffic and asthma hospitalization 
versus community control group: for 
distance to mj road: OR=1.52 
(1.22,1.90, p<0.0002); for high traffic 
flow roads: OR=1.40 (1.13,1.74, 
p<0.002), also between hospital 
controls: OR=1.29 (1.04,1.50, 
p<0.02); evidence of a dose-reponse 
relationship for traffic flow

Evidence of increased odds of 
asthma hospitalization with 
proximity to major roads and high 
traffic flow areas. Possible 
confounding (no controls for SES), 
measurement error (single exposure 
measure).

Air 
pollution

Respirato
ry

English et al., 1999, 
USA

Case-control study (San 
Diego County, CA), 
proximity analysis with 
logistic regression

Hospital admissions 
for asthma 

Mobile source air pollution: 
Residential proximity to high 
traffic flow (within 550 ft of 
residence)

Children 14 years or 
younger (cases: n=5,996, 
controls: n=2,284)

Fixed 550 ft buffer around 
residence, and actual 
distance from residence 
to street, traffic flow 
dispersion model

Only sign. results: among cases, 
those residing within high traffic flow 
areas more likely to have 2 or more 
visits than only 1 visit per year: 
OR=2.89 (1.07,7.40, p<0.05)

No evidence of increased hospital 
visits for asthma with higher traffic 
counts near residence. Among 
asthmatic children, greater number 
of visits associated with higher 
traffic counts (contributing rather 
than causal). Possible confounding 
(smoking), exposure 
misclassification.

Hazardou
s Waste 
sites

End-
stage 
renial 
disease

Hall et al., 1996, USA Ecological case-control 
study (20 counties, New 
York State), logistic 
regression analysis

End-stage renal 
disease (ESRD)

Exposure to hazardous 
waste sites: Listed on NY 
inactive hazardous waste 
site registry

Cases of ESRD reported 
to Health Care Financing 
Administration in 20 NYS 
counties (n=259) and pair-
matched control (n=259)

Fixed distance (1 mile) 
buffers around each site, 
25 sections classified 
within each buffer as 
high, medium, low, and 
unknown liklihood of 
exposure

Elevated associations found 
between residence within buffer, 
number of years at residence,  
high/medium exposure and ESRD 
but ORs not significant

No evidence of increased odds of 
living near hazardous waste facility 
and ESRD. Exposure measurement 
errors (residential vicinity as proxy 
for actual exposure measurement), 
small sample size).

Air 
pollution

Stroke 
Mortality

Hu et al., 2008, USA Ecological study 
(Northwest Florida, 
Escambia and Santa 
Rosa counties), 
Bayesian hierarchical 
model

Stroke mortality (age-
adjusted death rate) at 
census tract level

Air pollution (recorded point 
and mobile sources): Toxic 
Release Inventory (TRI) 
facilities, dry cleaning, sewer 
treatment, solid waste 
disposal superfund sites, 
and vehicular traffic

Residents of Escambia 
and Santa Rosa counties

Dasymetric mapping for 
environmental exposure 
value and spatial 
interpolation to create air 
pollution density surfaces

Elevated risk of stroke mortality in 
areas with high pollution, low 
income and low level of green 
space: 95% credible sets for traffic: 
0.034, 0.144; monitored point 
sources: 0.419, 1.495; unmonitored 
point sources: 0.413, 1.522

Increased risk of stroke mortality in 
high pollution areas. Measurement 
error (ischemic vs. hemorrhagic 
stroke and individual exposure 
assessments), ecological fallacy.

Industrial 
Plants

Cancer Johnson et al., 2003, 
Canada

Case-control study 
(Canada), residential 
distance and logistic 
regression analysis

Non-Hodgekin 
lymphoma (NHL)

Industrial plants: residential 
proximity (0.5 - 2 miles) to 
industrial plants: copper 
smelters, lead smelters, 
nickel smelters, steel, 
petroleum refineries, kraft 
pulp mills, and sulfite pulp 
mills

Cases of NHL (newly 
diagnosed) reported to 
provincial cancer registry 
(n=1,499) and population  
controls (n=5,039)

Residential distance to 
industrial plants (lat/long), 
distance categories of 
<0.5, 0.5-2, >2 miles

No sign. association found between 
proximity to industrial plant (all 
categories) and NHL. But sign. 
findings for 1) residing within 2 miles 
and follicular NHL in women: 
OR=1.48 (1.10-1.99, p<0.05); 2) 
residing within 2 miles of copper 
smelter: OR=5.1 (1.5,17.7, p<0.05); 
and 3) within 0.5 miles of sulfite pulp 
mill: OR=3.7 (1.5, 9.4, p<0,05)

No evidence of increased odds of 
NHL with residential proximity to 
industrial plants. Some significant 
finding with specific industry and 
types of NHL but sample sizes 
small, need for further research.  
Recall bias in exposure assessment 
possible, measurement error 
(emissions from plants not 
measured), potential confounding.

Table 5.  Studies of Residential Proximity to Potential Environmental Hazards and Cardiovascular, Respiratory, and other Chronic Diseases



Hazardou
s Waste 
sites

Diabetes Kouznetsova et al., 
2007, USA

Ecological study (New 
York State), negative 
binomial regression 
analysis

Diabetes inpatient 
hospitalization rates at 
ZIP code level

Exposure to hazardous 
waste sites by ZIP code: 
POP sites (dioxins/furans, 
PCBs, persistent pesticides), 
other sites (volatile organics 
and metals, etc.), and clean 
sites

Adults age 25-74 residing 
in NYS

Residence within ZIP 
code containing a 
hazardous waste site

Sign. association between diabetes 
hosp. rates for those residing in POP 
ZIP codes versus those in clean 
sites: Rate Ratio (IRR)=1.23 
(1.15,1.32, p<0.05); and those in non-
POP sites: IRR=1.25 (1.16,1.34, 
p<0.05)

Evidence of increased rates of 
diabetes hospitalizations in adults 
residing in POP ZIP codes. 
Exposure measurement error (only 
residential proximity measured), unit 
of analysis large, risk factors at 
individual-level not taken into 
account.

Air 
pollution

Respirato
ry

Livingstone et al., 1996, 
UK

Case-control study 
(London, UK), proximity 
analysis

Hospital admissions 
for asthma 

Mobile source air pollution: 
Residential proximity (within 
150 m) to high traffic flow 
(1,000 vehicles per hour at 
peak) by post code 

Patients age 2-64 years 
of age (cases: n=978, 
controls: n=5,685)

Shortest distance from 
residence post code and 
point process methods 
(distance decline) 

No difference in odds of asthma 
hospital admissions for those living 
150m or less from high traffic flow 
for any age group (adults or children 
under 16); no association for point 
process methods

No evidence of an association 
between living near high traffic flow 
and asthma admissions. Exposure 
measurement error (distance from 
road crude approximation of 
exposure to traffic pollution).

Air 
pollution

Respirato
ry

Maantay, 2007, USA Small area study 
(Bronx, NY), cross-
sectional proximity 
analysis

Asthma-related 
Hospitalization rates

Air pollution: distance 
(buffers up to 0.5 miles 
depending on source) from 
known noxious land uses 
(TRI facilities, heavily 
trafficked roadways, other 
point sources of pollution) 

Adults 16 years and 
older, Children under 16 
years 

Fixed distance buffers, 
areal interpolation by 
census block group

Combined exposure: Adults: 
OR=1.28-1.30 (p<0.01), Children: 
OR=1.11-1.17 (p<0.01), 
Standardized incidence ratios (SIRs 
over 5 years) inside and outside 
exposure buffers are sign. different 
(p<0.05)  

Elevated incidence of 
hospitalizations due to asthma in 
children and adults with proximity to 
air pollution sources. Data errors, 
exposure measurement errors, 
assumes everyone in buffer is 
impacted equally. 

Air 
pollution

Respirato
ry

Maantay et al., 2009, 
USA

Small area study 
(Bronx, NY), cross-
sectional proximity and 
multiple regression 
analysis 

Asthma-related 
Hospitalization rates

Air pollution (PM10, PM2.5, 
NOx, CO, SO2): distance 
from plume buffers of 
stationary point sources (21 
facilities); Source Impact 
Index (SII) for exposure to 
combined pollutants

Residents of the Bronx Air dispersion modeling 
(AERMOD) using loose 
coupling with GIS 

Regression analysis: sign. 
relationship between asthma rates 
and cumulative SII quantile groups 
(R2=0.305, • =0.553, p<0.05); Sign. 
differences between asthma rates 
inside buffers and outside (OR)

Sign. differences between asthma 
rates inside buffers and outside. 
Data errors, exposure measurement 
errors (only NEI stationary point 
sources included in exposure), 
assumes everyone in buffer is 
impacted equally. 

Air 
pollution

Stroke 
Mortality

Maheswaran and Elliott, 
2003, England and 
Wales

Small area ecological 
study (England and 
Wales), proximity 
analysis using log-
linear poisson 
regression

Stroke mortality (age-
adjusted death rate) at 
census enumeration 
district level (CED)

Mobile source air pollution: 
Proximity to main roads 
(from centroid of CED)

Adults age 45 and older Distance decline model 
based on centroid of CED 
distance from main roads 
(<200, 200-<500, 500-
<1,000, 1,000+ m from 
road)

Sign. associations between stroke 
mortality and distance to main roads 
(<200m versus 1,000+m) for: men 
IRR=1.07 (1.04,1.09, p<0.05); 
women  IRR=1.04 (1.02,1.06, 
p<0,05), dose-response 
demonstrated for distance 
categories

Evidence of increased rate of stroke 
mortality for adults residing near 
main roads. Exposure measurement 
error (proximity to roads as proxy for 
mobile air pollution), imprecision of 
centroid analysis, no controlling for 
individual risk factors, ecological 
fallacy.

Nuclear 
Plant

Cancer Morris and Knorr, 1996, 
USA

Case-control study 
(Plymouth, MA), 
proximity analysis with 
logistic regression

Adult Leukemia Radioactive emissions from 
nuclear plant: Individual 
summary exposure scores 
and residential proximity 
(within 4 miles) of Pilgrim's 
nuclear plant

Adults over 13 years of 
age (cases: n=105, 
controls: n=208)

Fixed buffers around 
plant <4, 4-12.9, 13-22.9, 
23plus miles) 

No sign. association found between 
proximity to plant (all categories) and 
adult leukemia (but odds increased 
with proximity to plant). For exposure 
score, evidence of dose-response 
relationship, each score category 
sign. higher than lowest level. When 
stratified, results sign. for highest 
exposed women versus lowest 
exposed: OR=5.19 (1.83-14.7, 
p<0.05)

Some evidence of sign. association 
between higher levels of exposure 
and adult leukemia. Small sample 
size, stratification further reduces 
statistical power, exposure 
measurement errors (not actual 
individual radiation doses), possible 
confounding and bias.

Air 
pollution

Respirato
ry

Oosterlee et al., 1996, 
The Netherlands

Small area study 
(Haarlem, The 
Netherlands), cross-
sectional study with 
logistic regression

Chronic respiratory 
symptoms (self-
reported by parents)

Mobile source air pollution: 
Residential proximity (lives 
on high traffic density street) 
to high traffic flow (10,000-
30,000 vehicles per 24 
hours)

Children under 16 
(exposed: n=106, 
unexposed: n=185); 
Adults (exposed: n=673, 
unexposed: n=812)

Mobile (traffic) air 
pollution  (street 
dispersion model)   

Children: only sign. association for 
use of respiratory medications: 
OR=2.2 (1.1,4.6, p<0.05); 
stratification results:  girls (ORs 
significant: wheeze, attacks, 
respiratory medicine) and children 
age 6-10 higher ORs.
Adults: only sign. association for 
dyspnoea-occasional: OR=1.8 
(1.1,3.0, p<0.05)

Evidence of increased odds for 
some asthma symptoms for children 
living on a high traffic flow road 
(effects greater for girls). Exposure 
measurement crude, possible 
information bias, small sample size 
for stratification analyses.

Air 
pollution

Respirato
ry

Smargiassi, 2009, 
Canada

Ecological study 
(Montreal, Canada), 
case-crossover (time-
series) proximity and 
logistic regression 
analysis

Asthma-related ED 
and hospital 
admissions

Air pollution (SO2): exposure 
to levels above the daily 
mean within 0.5-7.5 km of 
refinery stacks

Children age 2-4 years 
(n=3,470)

Air dispersion modeling 
(fixed monitoring sites 
and AERMOD) 
estimating daily SO2 

levels at the centroid of 
residential postal codes

Same-day ED visits, peak levels: 
OR=1.10 (1.00,1.22), p<0.05; same-
day hospital admissions, peak-
levels: OR=1.42 (1.10,1.82), p<0.05

Short-term increases in SO2 (above 
mean) are sign. associated with a 
higher number of asthma related 
episodes in children residing near 
refineries (lag of 0 days).  Data 
errors, exposure measurement 
errors (modeling, estimated 
exposure at residence may not be 
accurate), associations may 
represent pollutate mixture.  



Air 
pollution

Respirato
ry

Venn et al., 2001, UK Small area study 
(Nottingham, UK), cross-
sectional study with 
logistic regression

Wheeze (self-reported 
by parents)

Mobile source air pollution: 
Residential proximity to main 
road (from centroid of postal 
code)

Children 4-11 years old 
(n=6,147), children 11-16 
years old (n=3,709)

Distance decline model 
based on centroid of 
residential post code 
distance from main roads 
(quartiles)

Children 4-11: No sign effect found 
by quartile but for children living 
within 150m of road, increase in 
odds of wheeze with increasing 
proximity to roads: OR for 30m-
increment=1.08 (1.00,1.16, p<0.05); 
stronger effect for girls: OR for 30m-
increment=1.17 (1.05,1.31, p<0.05) 
but absent for boys.
Children 11-16:  No sign effect found 
by quartile but for children living 
within 150m of road, increase in 
odds of wheeze with increasing 
proximity to roads: OR for 30m-
increment=1.16 (1.02,1.32, p<0.05)

Evidence of increased odds of 
wheeze with increased proximity to 
roads (although only if analysis 
restricted to children living within 
150m). Increase in odds applies 
primarily to those residing within 
90m. Exposure measurement error 
(crude estimate of individual 
exposure), use of post code centroid 
inaccurate, possible reporting bias.

Air 
pollution

Respirato
ry

Vliet et al., 1997, The 
Netherlands

Small area study (South 
Holland, The 
Netherlands),  cross-
sectional study with 
logistic regression

Chronic respiratory 
symptoms (self-
reported by parents)

Mobile source air pollution: 
Residential proximity (within 
100m, 100-1,000m) from 
freeway (80,000-150,000 
vehicles per 24 hours, 
ambient air pollution)

Children 7-12 years old 
attending 13 different 
schools (n=878)

Residential distance to 
freeway, distance 
categories of <100m, 100-
1,000m

Only sign. findings: negative effect of 
car density and doctor-diagnosed 
asthma: OR=0.3 (0.09,0.97, p<0.05); 
but stronger effects for girls living 
within 100m of freeway and chronic 
cough: OR=2.45 (1.16,5.16, p<0.05); 
wheeze: OR=3.05 (1.11,8.41, 
p<0.05)

No real evidence of association 
between exposure variables and 
asthma symptoms except when 
stratfied by sex (girls). Possible 
information bias and confounding, 
long-term exposure measurement 
missing.

Industrial 
Plants

Cancer Wilkinson  et al., 1997, 
England

Small area study 
(Waltham Abbey, 
Essex England), 
proximity analysis

Cancer incidence and 
mortality

Industrial plants: Exposure to 
Pan Britannica Industries 
factory (pesticides and 
fertilizers), residential 
proximity by electoral ward 
within 7.5 km radius

Residents of Waltham 
Abbey

Distance decline model 
based on concentric 
areas around the facility 
(1, 2, 3, 4.3, 5,3, 6.1, 6.8, 
7.5 km) 

Sign. association between exposure 
to the plant and cancer (as 
determined by observed versus 
expected values): Incidence: 0-
7.5km distance O/E  ratio=1.04 
(1.02,1.06, p<0.05); 0-1km distance 
O/E ratio=1.10 (1.00,1.22); Deaths: 0-
7.5km distance O/E  ratio=1.04 
(1.02,1.06, p<0.05); 0-1km distance 
O/E ratio=1.24 (1.11,1.39); 
inconsistent evidence of dose-
response relationship

Some evidence of increase 
incidence and death from cancers 
for residents residing near the Pan 
Brittanica factory but inconsistent 
evidence of dose-response 
relationship (also, increase of non-
cancer mortality found). 
Measurement errors (population 
around facility, cancer records), 
potential confounding, effects from 
other exposures nearby.

Air 
pollution

Respirato
ry

Wilkinson et al., 1999, 
UK

Case-control study 
(North Thames, UK), 
proximity analysis with 
logistic regression

Asthma and respiratory 
illness-related hospital 
admissions

Mobile source air pollution: 
residential proximity (within 
150 m) to high traffic flow 
(1,000 vehicles per hour at 
peak) and volume (from 
centroid of postal code)

Children 5-17 years old 
(asthma cases: n=1,380, 
resp illness cases: 
n=2,131, controls: 
n=5,703)

Distance decline model 
based on centroid of 
residential post code 
distance from main roads 

No difference in odds of asthma or 
respiratory illness hospital 
admissions for those living within 
150m from main roads (for distance 
as dichatomous and continuous 
variable)

No evidence of an association 
between living near high traffic flow 
and volume roads and asthma or 
respiratory illness admissions. 
Exposure measurement error 
(distance from road crude 
approximation of exposure to traffic 
pollution), potential confounding.

Air 
pollution

Respirato
ry

Wjst et al., 1993, 
Germany

Small area study 
(Munich, Germany), 
cross-sectional with 
logistic regression

Pulmonary function 
(via pulmonary function 
test) and respiratory 
symptoms (self-
reported by parent)

Mobile source air pollution: 
Residence in school districts 
with high traffic flow (district 
represented by top value of 
census traffic count) 

Children in 4th grade, 
age 9-11 years (n=4,678)

Residence within school 
zones with varying traffic 
counts (>48,000, 26,000-
48,000, and <26,000 
vehicles per 24 hours)

Odds of reduced peak flow 
(pulmonary function) and recurrent 
dyspnoea  sign. associated to 
residing in school zone with greater 
traffic counts (top third) versus 
bottom third zone (no diff between 
middle third and bottom): peak flow 
%change=2.18% (3.3,1.04%, 
p<0.001); recurrent dyspnoea 
OR=1.40 (1.03,1.91, p<0.05); also 
odds of some respiratory symptoms 
sign. associated with increase of 
25,000 cars: recurrent wheezing 
OR=1.08 (1.01,1.16, p<0.033); 
recurrent dyspnoea OR=1.10 
(1.00,1.20, p<0.039), but not asthma

Evidence of reduced pulmonary 
function (and increase of some 
respiratory symptoms) with 
increased traffic counts. Possible 
reporting bias, exposure 
measurement area (school zone as 
proxy for individual exposure).
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Figure 1. Spatial Coincidence Approach: Selection of Host Census Units
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Figure 2. Circular Buffers of Uniform Radius around Facilities of Concern
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Figure 3. Cumulative Distribution Functions for Hazard Proximity: Comparing Racial 
Characteristics of the Population
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Figure 4. A Typical Plume Footprint for a Hypothetical Chlorine Release Scenario using the 
ALOHA Model
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Figure 5. Selection of Census Units with a Circular Buffer using the Polygon Containment 
Method
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Figure 6. Selection of Census Units within a Circular Buffer using the Centroid Containment 
Method
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Figure 7. Selection of Census Units using a Circular Buffer using the Buffer Containment or 
Areal Apportionment Method
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Figure 8. Cadastral Dasymetric Mapping: Estimating Households within a Circular Buffer using 
Land Parcels
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Figure 9. Using Geographically Weighted Regression to Explore Relationships between Cancer 
Risk from Other (Minor) Point Sources of Air Toxics and Various Explanatory Variables in 
Florida: Distribution of Local t-statistic by Census Tract 
 

a. Proportion Black b. Proportion Hispanic 

  

c. Proportion Below Poverty d. Population Density 

  

 

Source: Gilbert, 2009. 
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