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Abstract:

Environmental exposures, especially air pollutants, pose a threat for an increase in
asthma prevalence. In particular, hydrogen sulfide (H2S) gas can cause severe health effects
closely resembling asthmatic symptoms. Ambient concentrations of H,S gas correlates with
the amount of solid waste found in landfills. The potential for adverse health risks associated
with HoS emitted from landfills is of concern for those populations living in close proximity
to landfills. Asthma is one of the adverse health effects that can occur due to H»S exposure.
However, there is a lack of detailed studies characterizing possible associations between the
density of landfills and asthma prevalence in Texas. Understanding the potential exposure to
landfills for Texas residents has public health implications. This proposed study examined
the census tract-level association between landfill density and asthma prevalence in several
urban areas in Texas. We hypothesized that census-tracts with the highest density of landfills
had the highest prevalence of asthma. Population data was obtained from existing datasets

from the 500 Cities Project, the Texas Commission on Environmental Quality (TCEQ), and



the Municipal Solid Waste Sites and Landfills. This study used count regression models for
data analyses, and found no definitive relationship between Texas landfills and asthma
prevalence census-tracts. Findings from this study provides more information pertaining to
landfills and asthma prevalence. These results may contribute to the already established
Texas public health data and policies regarding landfill locations and potential health risks
among neighboring populations; however, future research is needed to investigate further

associations and exposure.
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ABSTRACT

Environmental exposures, especially air pollutants, pose a threat for an increase in
asthma prevalence. In particular, hydrogen sulfide (H2S) gas can cause severe health effects
closely resembling asthmatic symptoms. Ambient concentrations of H,S gas correlates with
the amount of solid waste found in landfills. The potential for adverse health risks associated
with HoS emitted from landfills is of concern for those populations living in close proximity
to landfills. Asthma is one of the adverse health effects that can occur due to H»S exposure.
However, there is a lack of detailed studies characterizing possible associations between the
density of landfills and asthma prevalence in Texas. Understanding the potential exposure to
landfills for Texas residents has public health implications. This study examined the census
tract-level association between landfill density and asthma prevalence in several urban areas
in Texas. We tested the hypothesis that census-tracts with the highest density of landfills had
the highest prevalence of asthma. Population data was obtained from existing datasets from
the 500 Cities Project, the Texas Commission on Environmental Quality (TCEQ), and the
Municipal Solid Waste Sites and Landfills. This study used count regression models for data
analyses. In summary, findings from this study failed to reject the null hypothesis, indicating
that there was no association between landfill density and asthma prevalence census-tracts in
the selected urban Texas Areas. These results, however, provide more information
pertaining to potential associations between landfills and asthma prevalence. These results
will can contribute to the already established Texas public health policies regarding landfill
locations and potential health risks among neighboring populations; however, future research

is needed to investigate further associations and exposure.
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BACKGROUND

In the United States (U.S.), asthma is a public health concern for both children and
adults (1). This is especially true for individuals from diverse backgrounds and ethnicities
(1). As compared with non-Hispanic whites, non-Hispanic blacks have a higher asthma death
rate, by about 15.5 deaths per million persons more, leading one to question the potential for
disproportioned exposure to environmental factors (1). With respect to possible
disproportionate environmental exposure, annual economic costs, particularly medical costs
for asthma treatment continues to grow every year, averaging around $983 per child (1). For
those with limited or no medical insurance, these costs present an issue that can deter
families from seeking appropriate medical attention for either themselves or their children,
and ultimately lead to adverse health consequences if left untreated. Medical costs are not the
only economic burden for families. Loss of work and/or school time are another detrimental
result, due to asthma related events, averaging a total of $56 billion a year (1). With loss of
work or school time, economic costs for overall loss of health and wellness may follow,
leading to further health complications, and/or a decline in everyday life functionality,
education and social interaction (1). In the 2015-2016 U.S. Centers for Disease Control and
Prevention (CDC) National Health Interview Survey (NHIS), a total of 24.6 million
individuals were currently living with asthma in the U.S. (2). In Texas, the adult current
asthma prevalence for 2016 was estimated at 7.6% (3). In the same year, asthma prevalence
in each of the four most populous cities in Texas, Houston, Dallas, San Antonio, and Austin,
were 8.8%, 9.4%, 8.4%, 8.3%, respectively (3-5).Comparison of these prevalence estimates

is important because it shows that all four cities have a higher asthma prevalence than the

4



states’ overall asthma prevalence. Thus, this may lead one to question why this may be the
case for each of these cities, and what, if any, potential environmental exposures may
contribute to their asthma prevalence.

Environmental exposures to air pollutants have been implicated as causative factors
for severe respiratory illnesses including asthma (6-8). This includes air pollutants released
by landfills, like hydrogen sulfide (H2S) (9), a toxic gas released by the decomposition of
landfill waste (10). Higher amounts of fresh landfill waste lead to higher ambient
concentrations of H»S gas (9, 11); and consequently, a greater potential for adverse health
risks among populations living in close proximity to landfills (9-13). This raises an
environmental concern for Texas’s growing populations, particularly those living in urban

areas that are more heavily populated and have a greater number of landfills.

Asthma

Asthma is a chronic lung disease that causes severe tightening and inflammation of
the bronchial airways (14, 15). Asthma symptoms may worsen for individuals who are
regularly exposed to various types of indoor and outdoor air pollution (16-18). Both types of
air pollution present a major concern for minority populations living in Texas, especially
those without insurance, who tend to live in lower-income areas found closer to landfills (19,
20). In Texas, those uninsured are four times more likely to lack any source of medical
insurance (19). In 2018, it was estimated that 1 in 6 individuals residing in Texas live at or
below the poverty level with no type of health coverage, and in 2017 11% of all children

residing in Texas were uninsured (19). Thus, this increases the chances for those uninsured to



be less likely to receive medical care, and inevitably develop life threatening health issues,
such as found with asthma (19).

Common asthma symptoms include shortness of breath, chest tightness or pain,
coughing, and wheezing (14, 15). Asthma may be triggered by allergic and/or non-allergic
exposures (14-16). Allergic triggers may involve exposure to pet dandruff, dust, pollen,
mold, and other allergens (14, 20). However, non-allergic triggers include: changes in
climate (like hot and cold air), smoke emissions not produced by industrial production (e.g.
cigarette smoke), and finally smoke emissions that are produced by industrial air pollution
(16-18, 20, 21). Both in the U.S. and worldwide, outdoor air pollutants pose a threat for an
increase in asthma symptoms (6-8, 14, 15). While short-term exposures to outdoor air
pollution can result in exacerbations of symptoms among asthmatics, long-term exposures,
can increase risk for asthma in both children and adults (16).

In an epidemiological study investigating air pollution and asthma severity in adults,
ambient ozone (O3) concentrations were significantly associated with asthma in adults (18).
However, air pollutants can also be released by the breakdown of landfill waste, such as seen
with hydrogen sulfide (H>S) gas (9, 10). This was found in three studies, all of which
reported on HS emissions from decomposition of waste areas and landfills (9-11).
Therefore, the density of landfills may contribute to Texas’s air quality, as well as the health

of its residents, thus potentially impacting the state’s overall asthma prevalence.



Exposure to Hydrogen Sulfide Gas (H2S)

H>S is a toxic gas that is corrosive, highly flammable and explosive, and has been
detected around sources, such as landfills, which have been reported to emit H,S (10, 13, 22).
H>S ambient concentrations may range between absolute measurements of 0.00011— 0.00033
parts per million (ppm) (10, 13). H2S average or mean ambient concentrations have also been
documented, showing a range between 0.00071- 0.066 ppm (22). However, human olfactory
senses detection can occur at low concentrations from 0.0005 to 0.01 ppm, ultimately
resulting with initial odor complaints (10, 12). HS is naturally produced by industrial
activities, such as natural gas drilling, wastewater treatment, geothermal power-plants, and
paper mills (10, 13, 18, 23). However, it is most commonly formed with the breakdown of
human and animal wastes, as found in either sewage or landfills (10, 13, 18). A 2017
literature review indicated that H>S was capable of causing initial health effects and nasal
irritation beginning at ambient concentrations between the ranges of 0.01-5 ppm; with
potential death resulting at 100 ppm (10). These range effects can be seen below in Figure 1,
which details “Categories of Lethal and Sub-Lethal H>S Poisonings™ (10). Looking at Figure

1, Rubright maps her review findings for 72
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Figure 1. Malone Rubright, S., Pearce, L., & Peterson, J. (2017)

. . “Categories of Lethal and Sub-lethal H,S Poisonings.”
concentrations, ranging between 0.00011-

0.00033 ppm, this may provide justification to assume that living near sources of HoS
(natural and/or man-made) could adversely impact asthma. Finally, the analysis determined
that living closer to sources producing H>S gas, and higher ambient H>S concentrations
within the environment, could lead to health complications (10). Exposure sources that were
reviewed in this paper, includes but are not limited to, animal feeding operations (AFOs),
industrial power plants like paper mills, natural gas drilling, sewer systems, and landfills
(10).

Inhalation is the main and most common route of exposure to HoS gas (10, 13). Once
inhaled, the hazardous gas is absorbed into the lungs (10). When absorbed, H>S gas can cause

a wide range of health outcomes, both acute and long-term, depending on the level of



concentration and the duration of exposure for residents living near industries or areas
emitting hydrogen sulfide (10, 13, 24). Acute health outcomes occurring at low H>S ambient
concentrations that have been released by landfills range between 0.01 ppm to 5 ppm
include: eye irritation, nausea, headaches, airway issues or bronchial constriction, and nasal
irritation resulting from odor pollution (9, 10, 13, 24). As this gas concentration increases to
moderate-high levels, e.g. from 20 ppm up to 50 ppm, symptoms become more severe,
showing development of gas eye, coughing, dizziness, respiratory tract irritation,
unconsciousness, and death after 48 hours (10, 24). In addition, those exposed to H>S at
moderate (20 ppm) landfill ambient concentrations, may begin to experience olfactory
fatigue, the loss of sense of smell that can become permanent after prolonged exposure (10,
24). Prolonged exposure may vary both for workers and people living near landfills. The
Occupational Safety and Health Administration (OSHA) permissible exposure limit for H>S
at 20 ppm though is set at a total 15-minute cap for a total 8-hour workday for workers in
either petroleum or mining industries (20, 21). Higher H»>S gas concentrations, at levels from
50 ppm to 100 ppm are considered by the OSHA to be Immediately Dangerous to Life and
Health (IDLH) for workers, and can lead to sudden death (10, 12, 21, 22). Exposure to these
higher H,S levels are again normally observed, and/or encountered by occupationally-
exposed persons in petroleum or other mining industries (12, 21, 22, 25, 27). These
occupational HoS limits, however, may be relevant for individuals living near urban sources
of HzS, like landfills, and sewer or sewer-runoff environments. Landfills and sewer
environments also have the potential to emit ambient concentrations of H>S, which could
lead to health issues found in combination with longer duration of exposure periods for

current residents (13, 23, 27). What causes some uncertainty regarding H>S impact for these



residents, are the environmental factors which might play a key role in H>S’s development
and exposure, differing from that of the occupational-exposed personnel. Climate change is a
key component when discussing effects of many environmental exposures. Record high
temperatures for example, or high humidity, altitude level, along with prevailing winds
and/or change in wind direction, all in combination with proximity and living duration to the
exposure source, can influence the intensity and severity of one’s exposure to the exposure
source. This may also be true for H>S, and for those living close to landfills and other sources
of H>S. Thus, those who may be regularly exposed to higher levels of H»S, for longer periods

of time, could be at risk for adverse health effects (13, 23, 27).

Health Effects Associated with Living Near Landfills

Some studies have reported that individuals living near municipal waste landfills
experienced differing health outcomes, including but not limited to, headaches, an increase in
respiratory illnesses, and possible trigger of asthmatic symptoms, or an increase in asthma
exacerbations (28-32). For instance, self-reported health surveys, recorded by individuals
living near landfills, consistently described a number of health outcomes, notably headaches,
allergies, respiratory diseases, and irritation of the eyes, nose, and skin (28,29). Vrijheid et al,
could not firmly conclude the prevalence or incidence of these health conditions solely on
toxic waste site emissions (28), due to possible reporting bias, including the observed
exposed population’s opposition or expressed fear and stress towards nearby waste sites (28).
Kret’s review suggested that though their findings needed additional investigation that would
address health concerns expressed by exposed households, the respiratory system should be

considered one of the most vulnerable parts of the human body when exposed to
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environmental pollutants (29). In a systematic review by L. Fazzo, evidence was found for
hazardous waste effects by H>S exposure on acute otolaryngologic (ear, nose, and throat),
and respiratory symptoms (Asthma) (30). Fazzo’s research though considered limited, was
based on a rating system (5-4) that indicated the number of studies reviewed which had
positive findings for strong/high values for relative risk and precise associations between
waste site air pollutants and asthma (30). His findings however, provided reason to assume
that there was a limited causal association between waste sites emitting air pollutants, like
H>S, and asthma for persons living near exposure sources (30). Lastly, two cohorts, one
conducted by Eero Pukkala and Antti Ponké& (31), and the other by Francesca Mataloni (32),
both found associations between waste site exposure and asthma. In Pukkala and Ponka’s
research, ambient and indoor air samples were collected and showed that asthma incidence
increased significantly with exposure to waste sites, having a standardized incidence ratio
(SIR) of 1.63, and a 95% confidence interval (CI) between 1.27-2.07 (31). Though
environmental exposures are not known to be risk factors for asthma, except in individuals
already living with asthma where their symptoms may worsen by environmental pollution,
Pukkala and Ponka could not rule out the possibility that the risk of asthma may be
associated with landfill toxic emissions (31). In the cohort by Mataloni, associations were
found specifically between landfill H>S and mortality and morbidity for asthma in adults and
children (32). These associations were reflected using effect estimates given in quartile
distributions for HoS (25-50, 50-75 and>75 percentile of the distribution vs<25 percentile)
and for a linear increase of H>S equal to 1 ng/m3 (32). For cause-specific mortality in all
persons, associations between HoS exposure and respiratory diseases, including asthma

measurements, resulted in a Hazard Ratio (HR) of 1.30, with a 95% Confidence Interval (CI)
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0f 0.99-1.70 (32). These findings were later confirmed when H>S exposure was seen as a
linear trend, which then provided a HR of 1.09, and a 95% CI of 1.00—1.19 for respiratory
diseases (32). For morbidity, Mataloni found associations between the highest quartiles for
exposure to H>S and hospitalizations for respiratory diseases (including asthma
measurements), having a HR of 1.05, and 95% CI 0.99-1.11 (32). These associations were
also confirmed when considering H>S exposure as linear, showing a HR of 1.02, and 95% CI
1.00-1.03 (32). Lastly, a link was determined between HoS exposure and respiratory diseases
(including asthma) (for the highest quartile, HR 1.11, 95% CI 1.01-1.22), as well as for acute
respiratory (including asthma) hospital admissions for children (for the highest quartile, HR
1.20, 95% CI 1.04—-1.38) (32). Mataloni concluded that her findings determined that exposure
to HaS could be a link between landfills and asthma, particularly pediatric hospital
admissions for asthma (32).

Other health outcomes that occurred with living near waste sites include the
development of certain cancers, such as laryngeal cancer and lung cancer, as well a number
of birth defects, and neurological conditions like unconsciousness with the exposure of H>S)
(32-38). These papers, however, also suggested that further research was needed, including
individual-level studies that would investigate landfill exposure and direct asthma
development (9, 10, 13, 24, 26, 32-38). Specific steps towards improvement on HoS
monitoring systems and equipment were also proposed, along with better state and city
documentation reporting on current and new exposures, resulting health effects, and
expansion on treatment methods for waste sites (9, 10, 13, 24, 26, 32-38). With that being
said, increasing the density of landfill sites could potentially increase ambient concentrations

of H2S gas, suggesting that living in close proximity to landfills might be a risk factor for
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higher asthma prevalence in Texas, via a H>S gas mechanism in both adults and adolescents

(9, 10, 13, 24, 26).

Hydrogen Sulfide Gas (H2S) Mechanism of Action in Asthma

Some studies also regard HoS gas, including H»>S gas emitted from landfills, as a
chemical respiratory irritant (10, 22, 39). HoS gas is considered both moderately hydrophilic
and has lipophilic properties (10, 40, 41). These characteristics increase H>S chances of being
absorbed into the human body, thus disrupting normal human biological activity (10, 40, 41).
In mammals, including humans, studies have shown that endogenous HS is regulated by the
central nervous system (CNS) and enzymes, cystathionine -synthase (CBS) and
cystathionine y-lyase (CSE) (13, 41-45). However, because of its capability of transmitting
chemical signals and inducing physiological bodily changes once inhaled, researchers’ have
termed H»S as a ‘gasotransmitter’ (13, 41). Gasotransmitters are capable of passing through
cell membranes (41, 44). They can either be internally produced or synthesized
(endogenously) in the organism, as mentioned earlier, or are inhaled from
ambient/atmospheric gas concentrations (exogenously), which can then transmit chemical
signals promoting or inducing various physiological changes inside a mammalian body (41,
44, 45). Their effect inside the body, however, depends on their concentration (41, 44, 45).
Thus, if exogenous HoS were to be inhaled, disrupting an individual’s normal endogenous
H>S bodily concentration, normal cell and enzymatic regulatory functions in the CNS would
be affected (13, 41, 44). This could ultimately have an adverse impact on human health.

In addition, altering HoS gas levels regulated within the CNS will change the level of

gas concentrations found throughout the body (45). In fact, research detected levels of both
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enzymes, CBS and CSE in the respiratory system which can be affected by the level of
exogenous H>S exposure (45-47). In an experimental study, participants reported having an
increase in upper respiratory symptoms including nasal congestion, choking, throat irritation,
and/or nose irritation with exposure to H»S (48, 49). Lower respiratory symptoms such as
shortness of breath, wheezing, chest tightening, chest pain, and/or coughing were also
reported with an increase in exogenous H>S exposure (48, 49). HoS’s role in the respiratory
system includes regulations of airway tone, and controlling for pulmonary or lung fibrosis,
oxidative stress, and lung function and inflammation (45, 46, 50, 51). In human studies,
higher exposure to H>S concentrations disrupted these same physiological functions, which
are associated with the development of asthma and worsening of symptoms in asthmatic
patients (52-55). In a review conducted by Bazhanov, H»S role in lung function was
measured and found that even low concentrations of endogenous H»S correlated with
abnormal lung pulmonary function and asthma severity tests (52, 56-58). Likewise, two
studies, showed that changes in the pathophysiology, or signs, symptoms, and triggers for
asthma were due to changes to the synthesis of endogenous HS (53,54). Therefore, it may be
reasonable to assume that this change to asthma pathophysiology could be caused by the
disruption of inhaled or ingested exogenous H»S, inevitably leading to changes to internal
endogenous H>S gas concentrations within the respiratory tract, and thus triggering asthmatic
development (55, 59-63). My study investigated estimates of a possible association between
landfills (exposure) and census-tract level asthma prevalence (outcome) via a potential H,S

mechanism for Texas’s growing populations.
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Global Health Implications

The impact of our worlds’ growing population has inevitably caused the amount of
municipal solid waste to rise (64-68). Globally, waste-site management practices in
developing or lower and middle-income countries have been faced with many obstacles
regarding proper waste management systems; especially in regards to legislation and
financial funds that would help implement proper waste systems and enforce environmental
and human health protection policies (69-71). In a review by Ziraba et al, Sub-Saharan
African urban areas, once deemed as places for opportunity, education, and overall better
quality of life and health, are now areas in decline that are struggling to meet basic human
demands for food, water, and shelter, whilst generating an abundance in waste (69). With the
continuous demands of society, these challenges have ultimately led countries to either lack
current disposal practices or fall behind in enforcing regulations for proper sanitation and
disposal methods (67, 69-71).

Having inadequate waste-site management disposal systems that cannot meet the
demands of a countries population can lead to severe environmental concerns, which can
later impact a populations overall health (66-73). Infectious diseases resulting from standing
waste, as well as toxic emissions released by the breakdown of waste can have a great impact
on environmental resources, as well as the health of those living in these urban areas (66-73).
For instance, the growing populations in China, India, and Japan have ultimately resulted
with rapid growth in urban waste, particularly industrial construction and demolition (C&D)
waste (68); which if not managed properly has been recorded to emit toxic H»S gases (9, 25,
42) resulting in respiratory health complications, including asthma (30-32, 52-55). As

compared to the United States, lower-income countries tend to have fewer regulations and
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filtration systems concerning landfill management, causing these toxic emissions to
accumulate resulting in even stronger environmental and human health effects (67, 69, 74,
75). Moreover, these toxic health effects are commonly found amongst the poorer
populations within the country who have limited resources to food, water and medical care;
as is seen among those living in the slums of Dhaka, Bangladesh (76, 77). As such, proper
waste management practices today are more important than ever to reduce the risk of

potential harmful health implications found with the continuous rise of global waste.
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Public Health Significance

Texas’ current, and only, practice for municipal waste disposal is landfill dumping
(78). This includes solid waste produced by all municipal, community, commercial,
institutional and recreational activities (78). The presented literature in this thesis indicating
potential for adverse health effects to occur with living in close proximity to landfills raises a
concern for Texas’s growing population. Thus, further investigation is needed to identify a
possible association between Texas landfills and asthma prevalence (79-88). Controlled U.S.
census-tract level data on population demographics, such as age, gender, race/ethnicity,
insurance coverage, as well as social-economic and health status factors in my analysis,
better identified possible susceptible populations. Controlled covariates, however, did not
reveal that minority neighborhoods are disproportionately exposed to landfills in Texas’ four
most populated cities: Austin, Dallas, Houston, and San Antonio (89). Lastly, this
information could lead to more research that may assess individual-level exposures and
asthma prevalence, and further contribute to the current information both on landfill waste
management policies, and on other minority communities who may be facing environmental
injustice in Texas. From a global standpoint, results from this study can serve to raise
awareness and provide insight into the rising global waste epidemic occurring in developing
countries, where populations face severe health implications resulting from the lack thereof,

or improper management of disposal waste-sites.
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Specific Aims

The current and publicly available information provided by Centers for Disease
Control and Prevention (CDC), states that in 2016 the asthma prevalence in Texas was 7.6%
(3). Asthma is an incurable, chronic condition that causes tightening of the lungs’ airways
(14). Environmental exposures such as industrial air pollutants and chemical irritants are risk
factors that can increase the prevalence of asthma (16, 17). This entails pollutants like H»S,
including landfill H>S (9, 10). Research has shown possible associations between HoS gas
function in the development of respiratory illnesses (10, 11, 60). However, the gap in
research examining landfill exposure hinders our ability to understand the role that landfill
sites may play on asthma prevalence in Texas.

The aim of this project was to examine the association between census tract-level
density of landfill sites and census-tract level prevalence of asthma in select urban areas in
Texas from 2015-2016. My study’s long-term goal is to provide more information on factors
that contribute to asthma prevalence, along with providing direction how to mitigate those
factors for those affected. The overall objective of my thesis, in attaining my long-term goal,
is to add to the already available information pertaining to the impact of environmental
exposures, like density of landfills, on asthma prevalence in Texas urban areas. Therefore,
my central hypothesis states that there is a positive association between higher area-level
density of landfill sites and higher census-tract level asthma prevalence in urban areas in
Texas. In contrary, the null hypothesis for my study states that there was no association
between higher area-level density of landfill sites and higher census-tract level asthma

prevalence in urban areas in Texas.
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METHODS
Study Design

This study used an ecologic study design to analyze data obtained from existing data
sources: the 500 Cities Project (79) (see details below), the Texas Natural Resources
Information System (TNRIS) Municipal Solid Waste Sites and Landfills dataset, and the
Texas Commission on Environmental Quality (TCEQ) datasets for inventory on Texas
landfills (80-82). The analysis for this study was conducted on a subset of the 2018 released
500 Cities Project data; which examines the 2015-2016 census-tract level asthma prevalence
data in Texas’s four largest urban areas: Austin, Dallas, Houston, and San Antonio (79, 83-
88). These data were linked with exposure data on locations of landfills in the same cities
drawn from the TNRIS, TCEQ, and the TCEQ Municipal Solid Waste Permit Department
(80-82, 90). Detailed descriptions of these datasets and methods and the analytical approach

follow.

Study Area

Density of landfill sites were compared to asthma prevalence estimates assessed
approximately at 200 to 600 different census-tracts center points, for varying urban areas
within each of the four most populated cities in Texas: Austin, Dallas, Houston, and San
Antonio (79-88). Maps of these cities and their city boundaries can be found at the end of this
proposal in Appendix A, labeled “Additional Maps — City Boundaries.” Geographic
information system (GIS) shapefiles were used for my analysis to store the geometric
location and attribute information of geographic features for landfill and asthma prevalence

location coordinate information.
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Data Collection

Outcome Data. Census tract-level asthma prevalence estimates for Texas’s four most
populated cities were abstracted from the 500 Cities Project (79, 86). The 2015-2016 500
Cities Project was developed and launched in 2018 by The Robert Wood Johnson
Foundation, the CDC Foundation and Centers for Disease Control and Prevention (CDC)
(79, 84). The parent project used small-area estimation (SAE) of population health outcomes
for the largest 500 cities (by population size) in the U.S. (83-88). The researchers conducted
a case-study using prevalence surveillance data for 27 chronic diseases gathered from the
CDC Behavioral Risk Factor Surveillance System (BRFSS), U.S. 2010 Census, and the
American Community Survey estimates (83-88, 91-95). This included estimates for the
health outcome asthma; where the 500 City study provided census-tract prevalence data for
adults aged 18 years or older, living within the population of the selected urban cities during
the 2015-2016 time period (83-88).

Study eligibility for the 500 Cities project for asthma included answering ‘Yes’ to
both BRFSS self-reported surveys questions: (a), ‘Have you ever been told by a doctor,
nurse, or other health professional that you have asthma?’, and (b) ‘Do you still have
asthma?’(85-88). For the 500 cities project, data were taken from the BRFSS surveys and
then combined with county and state level population estimates to approximate the
prevalence of asthma (85-88). This was done using a multi-level regression analysis to create
probabilities for urban city populations, and to approximate census-tract level data estimates
for asthma prevalence (85-88). Furthermore, the researchers used a post—stratification (MRP)
approach with the multi-level regression to help link the geo-coded BRFSS health surveys to

the spatial population demographic and socioeconomic (SES) data (85-88). The census-tract
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and city-level data from the 500 Cities study was validated by other CDC internal and
external research (91-95), and publicly released in 2018 via an interactive “500 Cities”
website (85-88).

Exposure Data. My analysis included landfills up to a 2 mile outside of each 500
City asthma prevalence census-tract. Within the study area, number of landfill locations were
obtained from the TNRIS Municipal Solid Waste (MSW) facility shapefile raw data, the
TCEQ Excel spreadsheet on registered active landfills, and the TCEQ Excel spreadsheet on
registered closed landfills for a complete dataset of Texas landfills in the selected four cities
(80-82). Landfill active dates for possible exposure represented the years from 1970 to 2016,
and were also identified using a separate TCEQ MSW Excel spreadsheet provided by the
TCEQ MSW permit department (90). This information was added to the full count dataset
created for Texas landfills in the selected four cities, as mentioned above. The exposure
variable in my analysis was defined as the number of landfills up to a 2 mile outside each
asthma prevalence census-tract center. Landfill density was calculated first by defining and
setting a 2 mile buffer around each asthma prevalence census-tract center. The number of
landfills surrounding each asthma census-tract center, including landfills within the 2 mile
buffer, was calculated using ArcGIS Mapping software. Resulting ArcGIS maps and tables
for landfills surrounding each asthma census-tract center were exported and are shown in the
results section.

Landfill Identification. Landfills were identified by specific waste disposal type,

consisting of but not limited to types 1, 1AE, 2, 3, 4, and 4AE; which were important to
include in this research because it aids in further identifying landfills that may regularly

release HoS gas; such as those used for construction and demolition waste labeled 1, 1AE, 4,
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and 4AE (96-100). Disposal facilities labeled Type 1 accept all types of municipal solid
waste which cannot be salvaged (96-100). Types 2 and 3 facilities are labeled historical
waste sites, and are required to be updated to Type 1 disposal waste facility standards for
continued active use and control of hazardous emissions (96-100). A Type 4 facility only
accepts brush, and industrial construction and demolition waste (96-100). Waste sites labeled
“AE” are considered “Arid Exempt” based on certain qualifications such as: total waste
acceptance rate is less than 40 tons per day, there is no existing groundwater contamination
evidence, no waste management alternative for the community, and/or the facility area
receives no more than 25 inches of annual precipitation (96, 97, 99, 100). Thus, Type 1AE
may accept the same waste as Type 1, following the “AE” qualifications (96, 97, 99, 100).

This same rule applies to facility Type 4AE (96, 97, 99, 100).

Data Analysis

For initial, GIS analysis, excel census-tract asthma prevalence information for each
Texas city, (Austin, Dallas, Houston, and San Antonio), was first imported to ArcGIS
Mapping software using the “Add XY Coordinate Data” tool and a geographic WGS 1984
coordinate system. Initially, ArcMap was unable to read the geographic asthma prevalence
data latitude and longitude coordinates; therefore, the data frame projection system was
converted to WGS 1984 Web Mercator Auxiliary Sphere (EPSG 3857) to provide a more
accurate geolocation planar representation. Keeping this same data frame projection system,
the asthma data was then exported as a feature class to create a workable mapping layer. This
entire process was then repeated once again for the imported landfill XY coordinate data.

Next, using ArcMap’s, Analyst Toolbox - Buffer Tool, a 0.5-mile buffer was created around

22



each of the asthma prevalence census-tract center points, setting the groundwork to begin the
spatial analysis for landfill count calculations, for the number of landfills found up to a '%
mile outside each asthma prevalence census-tract center.

Finally, to conduct the GIS analysis, the ArcMap’s, Spatial Join Function with a one-
to-one join option, was used to count the number of landfill points contained within each of
the 0.5-mile buffers. The resulting attribute table for the spatial join data was then exported
into a Word Excel document, where it was then prepared for the Poisson regression analysis.
In preparation for running the Poisson regression, socioeconomic data were taken from the
2015 American Community Survey (ACS) U.S Census Data to provide descriptive
information for variables; gender, age group, race, ethnicity, education, annual household
income, and insurance coverage. From these explanatory variables, regression variables of
interest (landfills (total count), % asthma prevalence, % population uninsured, % population
non-white, % population with Latino ethnicity, % household income less than $35,000, and
finally % population age 18 to 44 years) were then created for the study. Once these
regression variables were created, they were then joined to the ArcGIS landfill-asthma
prevalence data by merging both data formats into one document. After the distributions
were found, the merged regression variables and ArcGIS landfill-asthma prevalence data
were used to run the Poisson analysis in the analytical software, STATA 16.

A Poisson model regression was the set analysis to examine the possible association
between density of landfills and census-tract level asthma prevalence (79-88). The unit of
analysis for this particular regression model is the census-tract. A generalized linear model
(GLMMs) with asthma count as Poisson response and population data from 2015 American

Community Survey (ACS) U.S Census Data as offset, was implemented to evaluate the
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association between census-tract level landfill density and asthma prevalence (101-109). This
model enabled any interaction between areal-level landfill density and asthma prevalence to
be observed, while adjusting for potential confounders as covariates (107-109).

Furthermore, a simple count weighting algorithm was utilized as a primary exposure
metric to count the total number of landfill sites. This primary exposure metric is denoted in

the following equation:

Landfill Exposure = Number of Landfills within ’2-Mile of Centroid

In addition, landfill sites that became active after the year 2016 were identified again
using the TCEQ Municipal Solid Waste facility (MSW) Excel spreadsheet provided by the
TCEQ MSW permit department (90), and were excluded from my study. Finally, the Poisson
model analysis was performed using analytical software, Stata (Version 16) (110), with a set
statistical significance declared at p<0.05 with 95% confidence intervals.

Covariates. For each asthma prevalence census-tract, [ determined and compared
landfill density estimated to variables: % population non-white, % low annual household
income status (below $35,000), % younger communities (below the age of 44), % of high
school education or higher, and % of uninsured populations, for landfill-asthma prevalence
census-tract center correlation (101-109). These percentages are shown in Tables 6-10, and
were initially obtained using 2015 American Community Survey (ACS) U.S Census Data on
population descriptive statistics for variables; gender, age groups, race/ethnicities, annual
household income, number of landfills, insurance coverage, asthma health status (101-105).

Furthermore, to explore select social and demographic urban area differences in the
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association between landfill density and asthma prevalence, the fully-adjusted model was
fixed by city (Austin, Dallas, Houston, San Antonio). The given TractFIPS geocodes for
landfills and asthma prevalence in this model method provided accuracy for determining a
possible association between area-level landfill density and asthma prevalence at the
aggregated data level in the selected urban Texas areas (106-109).

Descriptive Statistics. Maps for population proximity to landfills illustrated the
observed differences in asthma prevalence exposure, set by 2 mile buffers around each
asthma prevalence census-tract center (59-63, 98, 106, 111). These figures, along with any
other descriptive maps were produced using ArcGIS software, ArcMAP, and depicted city-
landfill proximity for potential association to asthma prevalence (111). Lastly, for each of the
four cities (Austin, Dallas, Houston, San Antonio), 2015 American Community Survey
(ACS) U.S Census Data was included for population descriptive statistics, and displayed in
Tables 1-5 as both mean percentages and whole number counts for census-tracts for the
following variables: gender, age groups, race/ethnicity, education, annual household income,
and insurance coverage (101-105).

Finally, my research serves as a preliminary study that evaluated a possible
association between density of landfill sites (exposure) and census-tract level prevalence of
asthma (health outcome/disease) in selected urban areas in Texas from 2015-2016. Lastly,
findings from my study can be used to provide reason for future research, environmental or
individual-level analyses, to build a stronger case for more public health policies that better

monitor population health for asthma prevalence.
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Human Subjects

The 500 City Project dataset, the Municipal Solid Waste Sites and Landfills dataset
for Texas, and the Texas Commission on Environmental Quality (TCEQ) datasets on
inventory for Texas landfills were made publicly available, containing no personally human
subject information. Before analyzing the data and completing the final thesis, my proposed
research protocol was submitted to, and received approval from the Committee for the
Protection of Human Subjects (CPHS) (www.uth.edu/CPHS), the Institutional Review Board

(IRB) of The University of Texas Health Science Center at Houston (UTHealth).
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RESULTS

ArcGIS Analysis

Within this study, ArcGIS software was used to provide a descriptive overview of the
state of Texas, its surrounding active and inactive landfills in select cities Austin, Dallas,
Houston, and San Antonio, as well as plot the 500 cities asthma prevalence census-tract
coordinate locations for each of these four cities. As can be seen in the first descriptive map
labeled, Map 1: “Texas Area-Level Landfill Density and Asthma Prevalence Locations,”
Texas landfills, active and closed, are depicted as blue squares, and asthma prevalence city
census-tract points are shown as green circles. This map depicts the overall state view for
Texas landfill and asthma prevalence census-tract coordinate locations. When using the
“zoomed-out” ArcGIS tool, landfills initially seemed to reside within the inner most part of

each cities, as is depicted in Map 1 seen below.
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Map 1:
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Following this descriptive overview map however, individual maps (Maps: 2-5)
created for Austin, Dallas, Houston, and San Antonio Texas, showed a close-up view
indicating that majority of landfills were found outside the inner most part of the cities.
Furthermore, after a 0.5-mile buffer were set and applied around each asthma prevalence
census-tract centroid, depicted here in the maps as a light blue color, landfills again were
shown mostly located outside each city limits. This finding could be due to the physical
geographic region, as well as its feature variation within the area of interest, and in-turn may
lead to differences in census-tract development. Another possible reason could be these
urban areas are less populated, which unfortunately suggests the question of possible
geographical disparity. Since both types of descriptive Texas maps seem to allude to the
conclusion that landfills may not be in close proximity to asthma prevalence census-tract
points; thereby not acting as possible contributing factors to asthma prevalence within these
census-tracts, then perhaps other industrial powerplants could be the reason for asthmas’

prominence found in these urban areas. Maps 2-5 are shown below.
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Map 2:
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Map 3:
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Map 4:
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Map 5:
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After running the GIS spatial-joined analysis, this assumption was again apparent.
The resulting attribute table, “Table 1: Landfill-Asthma Prevalence Census-Tract Spatial-
Joined Attribute Table,” as was mentioned previously showed that the highest number of
landfills for an asthma prevalence census-tract point, within the 0.5-mile buffer, was found in
Houston, with a total of 6 landfills. Other landfill counts for Houston asthma census-tract
points included counts of 1, 2, and 4, respectfully, within the 0.5-mile buffer. The cities of
Austin, and San Antonio showed no more 2 landfills at various census-tract centroids, and
Dallas displayed only 1 landfill for asthma prevalence census-tract point locations.
Therefore, as general description, majority of asthma prevalence census-tracts in the maps
appeared outside the city limits. When compared to the asthma prevalence census-tract data
in Table 1, this was again apparent when majority of asthma prevalence census-tract centers
indicated having 0 number of landfills once spatial-joined, including within a set 0.5-mile
buffer. This points one to continue to question if there truly is an association between the
landfill density and asthma prevalence for each of the four cities. Below is the spatially
joined landfill-asthma prevalence city census-tract attribute table: Table 1: Landfill-Asthma
Prevalence Census-Tract Spatial-Joined Attribute Table. Note, Table 1 has been sorted, greatest to
least, by the variable, Join Count. This variable represents the number of landfills found up-

to or within each 0.5-mile buffer for each asthma prevalence census-tract point.
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Table 1: Landfill-Asthma Prevalence Census-Tract Spatial-Joined Attribute Table

1042 6 Houston Census Tract jg;g?ggi 700 precvrallllgice 7.6 2829
1017 4 Houston Census Tract 323(5)(1)28-1 200 precvrellllgflce 8 5682
152 2 Austin Census Tract 22222885 13 pre(\:/rallllfclice 9.2 3571
671 2 Houston Census Tract 323(5)(1)2(1)6 500 precvrellllgflce 8.9 4856
832 2 Houston Census Tract jg;g?ggb 500 precvrallllgflce 10.3 4041
959 2 Houston Census Tract 323(5)(1)22:?, 300 precvrellllgflce 10.2 2965
1283 2 Anstilrllio Census Tract jgg;g?gi 902 precvrallllgflce 44
1293 2 Alls‘[irlllio Census Tract j112(6);8(1)2;)800 precvrellllgflce o8 1568
31 1 Austin Census Tract 22222881 303 pre(\:/rallllfclice 7.6 2871
99 1 Austin Census Tract 32222881 813 precvrellllgflce 9.6 5853
326 1 Dallas Census Tract 221?288781 5 precvr;iflce 10.9 4606
340 1 Dallas Census Tract jg i ?288_7909 precvrellllgflce 7.3 2049
344 1 Dallas Census Tract jg } ?(3)88_79 13 pre(\:/rallllfclice 8.3 1860
386 1 Dallas Census Tract 321?288_9900 precvrellllsclflce 7.8 1803
390 1 Dallas Census Tract 321?38(30 500 precvrellllgflce 10.8 2798
392 1 Dallas Census Tract jg}?gg?o 502 prfvr;gfwe 10.7 3010
427 1 Dallas Census Tract jg } ?28?-221 1 precvralllliice 10.8 3961
564 1 Houston Census Tract 323(5)(1)8(1)_1 900 precvrellllsclflce 9.1 5225
604 1 Houston |  Census Tract jg;g?ggl 100 precvrellllgflce 10.6 4729
615 1 Houston Census Tract jg;g?ggé 401 precvrellllsclflce 8.8 1933
626 1 Houston Census Tract jg;g?ggé 102 precvralllliflce 18
638 1 Houston Census Tract 3238?826702 precvrellllsclflce 9.4 602
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4835000-

Crude

705 Houston Census Tract 48201313900 prevalence 8.1 4495
736 Houston Census Tract 323(5)(1)226900 preC\/relllliclce 9.7 7886
748 Houston Census Tract 2238?22-21 00 precvralllliice 11.3 3037
824 Houston Census Tract 323(5)(1)2(1):?, 100 preC\/relllliclce 6.9 3087
825 Houston Census Tract jg;g?g?g 201 precvralllliice 7 2626
828 Houston Census Tract 2238?2861 00 prec\/ralllliice 8.9 3062
917 Houston Census Tract 323(5)(1)22:?, 600 precvrellllgice 10.5 5281
947 Houston Census Tract jg;g?ggézoz prec\/ralllliice 8 2963
965 Houston Census Tract 323(5)(1)22:?, 601 precvrellllgice 9.8 2108
988 Houston Census Tract jg;g?g?b 600 prec\/ralllliice 6.5 4763
991 Houston Census Tract 323(5)(1)2(1)6900 precvrellllgice 6.9 6070
993 Houston Census Tract jg;g?g?i 002 prec\/ralllliice 7 4261
1041 Houston Census Tract 323(5)(1)22-1 600 precvrellllgice 8 2823
1043 Houston Census Tract jg;g?ggi 800 prec\/ralllliice 11.6 2352
1044 Houston |  Census Tract 323(5)(1)22_1900 precvr;‘elzce 11.5 4708
1099 Houston Census Tract jg;g?ggi 400 prec\/ralllliice 7.7 749
1138 Aliif;io Census Tract j112(6);8(1)(1)6600 precvrellllgice o1 7533
172 Anstilrllio Census Tract jgg;g?gi 404 precvralllliflce 104 4945
1199 Aliif;io Census Tract j112(6);8(1)2;)800 precvrellllgice 1.7 4848
1353 Anstilrllio Census Tract 22838?2_1402 precvralllliflce 8 1993
1363 Aliif;io Census Tract j‘12(6);8(1)2-1 704 precvrellllgice 8.3 4481
1 Austin City 4805000 A;ng;fgzd 8.2 790390
2 Austin City 4805000 precvr;‘elzce 8.3 790390
3 Austin Census Tract 228888?69 01 pre(i/rallllgflce 2
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. 4805000- Crude

4 0 Austin Census Tract 48453000101 prevalence 7.3 3611
) 4805000- Crude

5 0 Austin Census Tract 48453000102 prevalence 7.4 2552
. 4805000- Crude

6 0 Austin Census Tract 48453000203 prevalence 8.8 1546

Poisson Regression

As shown in Tables 2-5, each city revealed having an equally average percent of the

population of asthma prevalence per census-tract; Austin with 8.30, Dallas with 9.31,

Houston with 8.87, and San Antonio with 8.43. Moreover, Houston displayed having the
greatest number of landfills per census-tract at a count of 37; followed by San Antonio at 9.0,
Dallas at 7.0, and Austin at 4.0. This socioeconomic descriptive data along with the landfill
count for each of the four cities, Austin, Dallas, Houston, and San Antonio can be viewed
below in Tables 2-5. Note: Tables 2-5 provides the mean percentage of the population, as

well as the coincide mean count per asthma prevalence census-tract for each descriptive

variable.
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Table 2. Census-Tract Descriptive Statistics of Austin, Texas, 2015-2016
Total Population: 1,040,175
' Average % of Average Count
Variable Population per Census-
P Tract (N)
Gender Male 50.81 528605
Female 49.18 518730
18-34 32.37 329732
Ace Gro 35-44 15.55 164700
ge Lrotp 45-64 22.52 233244
> 65 8.49 81542
Asian 7.11 81745
Race Black 8.94 93076
White 79.21 822224
Other 7.98 84805
Ethnicity Latino 32.36 352154
< Highschool 12.25 97015
Education Highschool or GED 17.35 140111
> Highschool 70.38 572092
< $34, 999 29.68
Annual Household $35,000-$49,999 13.84
Income $50,000-$74,999 17.57
> $75,000 3891
Number of 4
Landfills
Insurance Insured 857636
Coverage Uninsured 17.56 182539
Asthma Crude | o/ \win Acthma 8.30
Prevalence
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Table 3. Census-Tract Descriptive Statistics of Dallas, Texas, 2015-2016

Total Population: 1,406,581

. Average % Average Count per
Variable of Census-Tract (N)
Population
Gender Male 49.52 705227
Female 50.47 715396
18-34 28.29 398485
Age Group 35-44 13.88 200973
45-64 23.25 318716
> 65 10.25 133492
Asian 4.07 53623
Race Blagk 24.15 351083
White 63.80 892504
Other 10.64 161738
Ethnicity Latino 37.00 576121
< Highschool 23.12 251983
. Highschool or
Education GED 22.46 245795
> Highschool 54.41 553888
Annual <$34, 999 39.95
Houschold $35,000-$49,999 14.48
Income $50,000-$74,999 16.41
> $75,000 29.14
Number of 7
Landfills
Insurance Insured 1030877
Coverage Uninsured 24.99 375704
Asthma Crude | o/ g1, A gihma 931
Prevalence
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Table 4. Census-Tract Descriptive Statistics of Houston, Texas, 2015-2016
Total Population: 3,241,803
o
. Average % Average Count per Census-
Variable of Tract (N)
Population
Gender Male 50.02 1618335
Female 49.97 1638845
18-34 27.31 878192
Age Grou 35-44 14.06 467212
g P 45-64 23.49 750654
> 65 98.06 295574
Asian 7.53 272834
Race Black 23.27 737244
White 60.90 1971611
Other 10.43 350996
Ethnicity Latino 41.11 1346820
< Highschool 22.22 503589
Education Highschool or
GED 23.93 563042
> Highschool 53.83 1325001
A 1 < $34, 999 37.79
Homepoq | $35,000-849.999 13.84
Income $50,000-$74,999 16.55
> $75,000 31.81
Number of 37
Landfills
Insurance Insured 2444747
Coverage Uninsured 24.72 797056
Asthma Crude |/ i) Acthma 8.87
Prevalence
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Table 5. Census-Tract Descriptive Statistics of San Antonio, Texas, 2015-2016
Total Population: 1,633,172
0
. Average % Average Count per Census-
Variable of Tract (N)
Population
Male 49.47 818988
Gender Female 50.52 844448
18-34 26.75 444885
35-44 13.06 220178
Age Group 45-64 23.21 380155
> 65 11.20 180358
Asian 3.21 56935
Black 8.05 139311
Race White 80.55 1338378
Other 11.28 182040
Ethnicity Latino 62.03 1010724
< Highschool 18.59 208109
Education Highschool or GED 26.63 323273
> Highschool 54.76 694194
A 1 < $34, 999 37.70
Hm?sne‘lﬁl q $35,000-$49,999 14.26
Income $50,000-$74,999 18.48
> $75,000 29.54
Number of 9.0
Landfills ’
Insurance Insured 1331684
Coverage Uninsured 19.00 301488
Asthma Crude |/ wip A sthma 8.42
Prevalence
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Regression variables were then created for the study, and distributions were recorded
for any changes in landfill count, percent of asthma prevalence per census-tract, and in the
remaining census-tract regression variables. As was indicated in Tables 6-9, all 4 cities had
on average 1.95, 2.19, 6.15, and 2.76 landfills, respectfully, per census-tract. The city of
Houston again had the most positive count of landfills at 6.15 per census-tract. Austin,
Dallas, and San Antonio had equally the same low average of landfills per census-tract. For
regression variable percent asthma prevalence, all four cities had approximately the same
average per census-tract. This was also true for the other census-tract regression variables,
when compared across each percentile. Overall, no significant descriptive or distribution
changes were observed between only tables 2-5 and tables 6-9; however, one interesting
finding seen in tables 6-9 was that all four cities had a high percentage of population with a

high school degree or higher. Tables 6-9 distributions for merged data can be seen below.
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Table 6: Distributions of Landfills, Asthma Prevalence, and Census-tract Level Factors in Austin, Texas Census-tracts, 2015

Mean 25™ Percentile 50 Percentile 75" Percentile
Landfills 1.95 0.00 0.00 0.00
% Asthma Prevalence 8.30 7.60 8.00 8.90
% Population Uninsured 17.56 9.10 15.90 23.50
% Population Non-White 24.03 14.20 21.00 33.60
% Population w/Latino 3736 13.70 26.20 4990
Ethnicity ) ) ) )
% Household Income
<$35,000 29.68 17.30 26.20 40.50
% Population
w/Highschool Degree or 87.74 80.33 93.24 97.27
Higher
7 Population age 18-44 47.92 40.29 45.88 55.01
years : : . .

Table 7: Distributions of Landfills, Asthma Prevalence, and Census-tract Level Factors in Dallas, Texas Census-tracts, 2015

Mean 25™ Percentile 50" Percentile 75" Percentile
Landfills 2.19 0.00 0.00 0.00
% Asthma Prevalence 9.31 7.90 9.10 10.40
% Population Uninsured 24.99 13.40 26.85 35.30
% Population Non-White 38.88 19.50 35.75 55.60
% Population w/Latino 37.00 14.40 30.05 5790
Ethnicity ] ) ] ]
% Household Income
<$35,000 39.95 23.60 39.40 53.70
% Population
w/Highschool Degree or 76.87 62.81 77.63 93.65
Higher
7o Population age 18-44 42.17 34.80 40.05 48.05
years ) ) ) )

43




Table 8: Distributions of Landfills, Asthma Prevalence, and Census-tract Level Factors in Houston, Texas Census-tracts, 2015
Mean 25" Percentile 50" Percentile 75" Percentile
Landfills 6.15 0.00 0.00 0.00
% Asthma Prevalence 8.87 7.80 8.80 9.70
% Population Uninsured 24.72 14.40 24.90 34.00
% Population Non-White 41.24 22.80 38.30 56.40
5 - -
7o Population w/Latino 4111 19.30 36.10 60.30
Ethnicity
% Household Income
<$35,000 37.79 22.30 36.60 52.30
% Population w/Highschool 7777 66.13 7973 92.00
Degree or Higher ) ) ) )
) : _
o Population age 18-44 41.37 36.14 40.27 45.01
years

Table 9: Distributions of Landfills, Asthma Prevalence, and Census-tract Level Factors in San Antonio, Texas Census-tracts, 2015

Mean 25™ Percentile 50" Percentile 75" Percentile
Landfills 2.76 0.00 0.00 0.00
% Asthma Prevalence 8.42 7.80 8.30 8.90
% Population Uninsured 19.00 11.90 19.50 26.10
% Population Non-White 22.55 14.70 19.90 26.90
% Population w/Latino 62.03 43 30 60.35 83.60
Ethnicity ] ] ] ]
% Household Income
<$35,000 37.70 20.60 38.90 52.50
% Population w/Highschool
Degree or Higher 81.40 70.69 85.35 94.02
7 Population age 18-44 39.81 34.74 38.04 42.34
years ) ) ) )
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Poisson regression was then performed. As depicted in Table 10, the relationship
between asthma prevalence census-tract points, and the census-tract covariates differed. For
the covariate predictor variable, landfill, a p-value of 0.999 was provided, along with a
0.0000307 coefficient. Having a p-value greater than the set 0.05 standard p-value
significance level, and or a coefficient that is approximately 0.00, indicates that there is no
statistical significance between the two variables in comparison. Therefore, having both
measures, p-value of 0.999, and coefficient of 0.0000307, for this study, suggests that there is
no significant relationship or association between landfills and asthma prevalence via census-
tracts. Therefore, we fail to reject the null hypothesis, the null hypothesis being that there no
association between higher area-level density of landfill sites and higher census-tract level
asthma prevalence in urban areas in Texas. For other covariates such as % population non-
white, % household income < $35,000, and % population with high school degree or higher,
all showed an overall p-value less than the set 0.05 significance p-value level, at 0.000,
0.000, 0.023, respectfully; indicating significant corresponding coefficients of 0.002793,
.0035904, and -0.3680682. Since Poisson analysis uses a log-linear model, the coefficients
0.002793, 0.0035904, and -0.3680682 of covariates, % population non-white, % household
income < $35,000, and % population with high school degree or higher, can be used to
describe the likelihood of these variables’ relationship to asthma prevalence. For instance, a
one-unit increase (X/Y = 1/1) in the % of the non-white population in a census-tract, with the
expected number of % of asthma prevalence, will increase by 1.002797 times (Exp”
(0.002793) = 1.002797). The same method can be applied for the variable % household

income < $35,000 in a census-tract, indicating that a one-unit increase (X/Y = 1/1) for
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percent household income less than $35,000, with the expected number of % of asthma
prevalence, will increase by 1.0036 times (Exp” (0.0035904) = 1.0036). Since the coefficient
for % population with high school degree or higher is negative the likelihood changes. Thus,
for a one-unit increase (X/Y = 1/1) in % population with high school degree or higher, with
the expected number of % of asthma prevalence, will decrease by 0.6921 times (Exp” (-
0.3680682) = 0.6921). Therefore, because the Poisson analysis was modeled to examine the
relationship between variables, the results found are correlational, not causational. All other
covariates listed had a p-value more than the set 0.05 standard p-value significance level.
Lastly, the Poisson regression model was fixed by city, with Austin, Texas used as the
reference city automatically applied by STATA. The resulting p-values for each city, once
the fixed effect had been applied, were then compared. All cities provided p-values greater
than the 0.05 standard p-value significance level, and was therefore also considered
statistically not significant. Table 10 can be found below, displaying the resulting Poisson
analysis data which indicates no association between area-level landfill density and asthma

prevalence in urban Texas areas.
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Table 10: Results of Poisson Model Evaluating the Association Between Areal-Level Landfill Density and Asthma Prevalence for

2015-2016
NUMBER OF OBS = 1,360
LR CHI2(10) = 22328
PROB > CHI2 = 0.0000
LOG LIKELIHOOD = -2757.8581 PSEUDO R2 = 0.0389
Asthma Prevalence Coefficient Standard Error V4 P-Value (P>(Z|) (95% Confidence

Interval

—

Covariates:
Landfills 10000307 1033944 0.00 0.999 0664984 | 0665598
% Population Uninsured ~.0004784 10016569 2029 0.773 ~0037258 | .002769
% Population Non-White 1002793 10005907 473 0.000 0016353 | .0039507
2 : .
% Population w/Latino -.0009122 0008994 1,01 0.310 ~.0026749 | .0008506
Ethnicity
% Household Income
<$35,000 10035904 10008397 428 0.000 0019446 | 0052362
. : :
% Population w/Highschool 3680682 1619298 227 0.023 _.6854448 | -.0506916
Degree or Higher
0 7 -
% POpula“;;Sage 18-44 -.1860601 100628 -1.85 0.064 -3832874 | 0111673
Asthma Prevalence Fixed by City: (Note: Austin, Texas used as Reference City in STATA)
Dallas ~.0131009 10337458 -0.39 0.698 -0792415 | .0530398
Houston -.0546757 0313281 -1.75 0.081 -1160776 | .0067263
San Antonio ~.0210806 10393517 -0.54 0.592 0982085 | .0560473
Interception 2.38319 11689034 14.11 0.000 2.052145 | 2.714234




DISCUSSION

The findings from my research differed from those examined in the literature review,
which suggested an association between landfills, respiratory illnesses including asthma, and
the role of Hydrogen Sulfide Gas (H2S) to play a role as a potential biologic mechanism for
asthma. This was definitively mentioned in Rubrights’ study, suggesting a strong correlation
between landfills and their ability to release hydrogen sulfide (H>S) gas, leading to a number
of severe health outcomes including asthma. My resulting Poisson data, however, did not
support this claim, nor my hypothesis, which alone stated there was a positive association
between landfills and asthma prevalence in these Texas urban areas. Moreover, because my
study used publicly available population data based on census-tract coordinate points, not
individual data, [ am unable to provide any inferences or reasonable evidence suggesting that
H>S can act as biological mechanism, which may lead to asthma or trigger asthmatic
symptoms.

Furthermore, as was stated in Vrijheid and Krets studies, future research is needed to
provide a closer look at environmental exposures, specifically landfill air pollutants, which
still may pose a great threat for an increase in asthma prevalence. Additional studies are
needed further evaluating potential landfill-asthma prevalence correlations, to better
understand and provide a more conclusive idea as to what, if any, geographic disparities are
found particularly within each of the Texas cities, Austin, Dallas, Houston, and San Antonio,

with regards to landfill locations.
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Study Strengths and Limitations

An ecologic study design has both strengths and weaknesses. Conducting an ecologic
study can be useful when individual data are either not available or possible, when there are
limited funds or a limited time frame, or the focus remains on only ecologic variables, such
as environmental exposures (106-109, 112, 113). Geographical, ecologic studies are typically
an examination of group-level associations of diseases and/or adverse health outcomes, while
making geographical comparisons (106-109, 112, 113). Performing an ecologic study,
however, does come with challenges. Ecologic fallacy, ecologic bias, or aggregation bias as
it is sometimes known, is found specifically with ecologic study designs (106-109, 112, 113).
This occurs when we assume that results observed at the group-level are also true at the
individual-level; thus, not accounting for the varying individual demographic and socio-
economic information and potential individual-level confounders (106-109, 112, 113).
Geographical confounding can also occur in ecologic studies (114). This type of confounding
happens when making comparisons between various locations where city and census-tract
level data are missing for select areas, or database location coordinates or dates are
inaccurate (114). My research attempted to control for possible geographical confounding by
including census-tract level covariates taken from the U.S. Census (101-105). Moreover,
individual data estimates used in the 500 City researcher’s multi-level analysis were not
made publicly available, thus potentially impacting the results of my study using only
census-tract data, as well as influencing my findings regarding possible geographically

disparities and asthma prevalence.
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CONCLUSION

Asthma is serious public health concern, worthy of further investigation, regardless of
the method or way of exposure. Though this ecological study did not provide statistically
significant evidence of an association between area-level landfill density and asthma
prevalence in the selected urban Texas areas, it can provide information for future
groundwork to be performed in other studies, environmental or otherwise. Future research,
however, should focus their efforts on expanding spatial GIS observations to entire Texas
census-tracts, rather than simple buffers around specific asthma prevalence centroids. This
may provide a better count of Texas landfill exposure for multiple asthma prevalence census-
tract coordinates that may overlap. Additional studies could expand their reach, and examine
other ways of Texas landfill exposure and its effects on asthma prevalence, via notions of
climate change, wind direction, or soil or groundwater contamination. This study touched

briefly on these concepts in the literature review, but did not provide in-depth observation.
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APPENDICES

Appendix A: Additional Maps — City Boundaries

MAP 6: AUSTIN, TX CITY BOUNDARIES
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MAP 7: DALLAS, TX CITY BOUNDARIES
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HOUSTON, TX CITY BOUNDARIES

MAP 8
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MAP 9: SAN ANTONIO, TX CITY BOUNDARIES

54



REFERENCES

. United States Environmental Protection Agency (EPA). (2018). Asthma Facts. Retrieved
March 10, 2019, from https://www.epa.gov/sites/production/files/2018-
05/documents/asthma_fact sheet 0.pdf.

Centers for Disease Control and Prevention (CDC). (2015). Asthma - Table 3-1 - Current
Asthma Population Estimates -- in thousands by Age, NHIS. Retrieved March 10, 2019,
from http://www.cdc.gov/asthma/nhis/2015/table3-1.htm.

. Centers for Disease Control and Prevention (CDC). (2019). Asthma — 2016 Archived
Most Recent Asthma State or Territory Data. Retrieved August 21st, 2019, from
https://www.cdc.gov/asthma/archivedata/2016/2016-archived-data-states.html.

. Centers for Disease Control and Prevention (CDC). (2017). 500 Cities Project: Local
Data for Better Health: Interactive Map. Retrieved March 10, 2019, from
https://nced.cde.gov/500 Cities/rdPage.aspx?rdReport=DPH_500_Cities.InteractiveMap
&islStates=59&islCategoriessfHLTHOUT&isIMeasures=CASTHMA.

. U.S. Census Bureau. (2011). Table 5. Population Change for the Ten Most Populous and
Ten Fastest-Growing Incorporated Places: 2000 to 2010. Retrieved, June 19 2019,
https://www.census.gov/prod/cen2010/briefs/c2010br-01.pdf.

. Li, T., & Lin, G. (2014). Examining the role of location-specific associations between
ambient air pollutants and adult asthma in the United States. Health and Place, 25, 26—
33. https://doi.org/10.1016/j.healthplace.2013.10.007.

. Nnoli, N.C, "The Combined Effect of Ambient Ozone Exposure and Toxic Air Releases

on Hospitalization for Asthma and Respiratory Illnesses in Harris County, Texas" (2017).

55



10.

11.

12.

13.

14.

Texas Medical Center Dissertations (via ProQuest). AAI10259888.
https://digitalcommons.library.tmc.edu/dissertations/AAI10259888

Shao, Q., Wong, H., Ip, W., & Li, M. (2010). Effect of ambient air pollution on
respiratory illness in Hong Kong: A regional study. Environmetrics, 21(2), 173-188.
doi:10.1002/env.991.

Colledge, M., & Colledge, M. (2008). Estimating impacts of Hydrogen Sulfide gas
emissions from a construction and demolition debris landfill. Retrieved from
http://search.proquest.com/docview/33917434/.

Malone Rubright, S., Pearce, L., & Peterson, J. (2017). Environmental toxicology of
hydrogen sulfide. Nitric Oxide, 71, 1-13. https://doi.org/10.1016/j.n10x.2017.09.011.
Ko, J., Xu, Q., & Jang, Y. (2015). Emissions and Control of Hydrogen Sulfide at
Landfills: A Review. Critical Reviews in Environmental Science and Technology, 45(19),
00-00. https://doi.org/10.1080/10643389.2015.1010427.

Etzel, R. (2003). How environmental exposures influence the development and
exacerbation of asthma. Pediatrics, 112(1), 233-9.

Agency for Toxic Substances and Disease Registry (ATSDR). (2016). Toxicological
profile for Hydrogen Sulfide / Carbonyl Sulfide. Atlanta, GA: U.S. Department of Health
and Human Services, Public Health Service. Retrieved June 24™, 2019, from
https://www.atsdr.cdc.gov/toxprofiles/TP.asp?1d=389&tid=67.

Kim, H., Mazza, J., & Kim, H. (2011). Asthma. Allergy, Asthma, and Clinical
Immunology: Official Journal of the Canadian Society of Allergy and Clinical

Immunology, 7 suppl 1(Suppl 1), S2—S2. https://doi.org/10.1186/1710-1492-7-S1-S2.

56



15.

16.

17.

18.

19.

20.

21.

22.

Subbarao, P., Mandhane, P. J., & Sears, M. R. (2009). Asthma: epidemiology, etiology
and risk factors. CMAJ: Canadian Medical Association journal = journal de
l'Association medicale canadienne, 181(9), E181-E190. doi:10.1503/cmaj.080612.
Guarnieri, M., & Balmes, J. (2014). Outdoor air pollution and asthma. The Lancet,
383(9928), 1581-1592. https://doi.org/10.1016/S0140-6736(14)60617-6.

Delfino, R. (2002). Epidemiologic Evidence for Asthma and Exposure to Air Toxics:
Linkages between Occupational, Indoor, and Community Air Pollution Research.
Environmental Health Perspectives, 110, 573-589.

Rage, E., Siroux, V., Kiinzli, N., Pin, 1., & Kauffmann, F. (2009). Air pollution and
asthma severity in adults. Occupational and Environmental Medicine, 66(3), 182—188.
https://doi.org/10.1136/0em.2007.038349.

Texas Medical Association. (2018). The Uninsured in Texas. Retrieved June 28, 2019,
from https://www.texmed.org/uninsured/.

Janssens, T., & Ritz, T. (2013). Perceived triggers of asthma: key to symptom perception
and management. Clinical and experimental allergy: journal of the British Society for
Allergy and Clinical Immunology, 43(9), 1000—1008. doi:10.1111/cea.12138.
Patczynski, C., Kuprys-Lipinska, 1., Wittczak, T., Jassem, E., Breborowicz, A., Kuna, P.,
& Patczynski, C. (2018). The position paper of the Polish Society of Allergology on
climate changes, natural disasters and allergy and asthma. Postepy Dermatologii i
Alergologii, 35(6), 552-562. https://doi.org/10.5114/ada.2017.71273.

National Research Council, Division on Earth and Life Studies, Board on Environmental
Studies and Toxicology, Committee on Toxicology, & Committee on Acute Exposure

Guideline Levels. (2010). Acute Exposure Guideline Levels for Selected Airborne

57


https://doi.org/10.1016/S0140-6736(14)60617-6

23.

24.

25.

26.

27.

28.

Chemicals: Volume 9. Hydrogen Sulfide Acute Exposure Guideline Levels. National
Academies Press. https://doi.org/10.17226/12978.

Nuvolone, D., Petri, D., Pepe, P., & Voller, F. (2019). Health effects associated with
chronic exposure to low-level hydrogen sulfide from geothermoelectric power plants. A
residential cohort study in the geothermal area of Mt. Amiata in Tuscany. Science of the
Total Environment, 659, 973-982. https://doi.org/10.1016/].scitotenv.2018.12.363.
Panza, D., & Belgiorno, V. (2010). Hydrogen sulphide removal from landfill gas.
Process Safety and Environmental Protection, 88(6), 420—424.
https://doi.org/10.1016/j.psep.2010.07.003.

Yang, K., Xu, Q., Townsend, T., Chadik, P., Bitton, G., & Booth, M. (2006). Hydrogen
Sulfide Generation in Simulated Construction and Demolition Debris Landfills: Impact of
Waste Composition. Journal of the Air & Waste Management Association, 56(8), 1130—
1138. https://doi.org/10.1080/10473289.2006.10464544.

Guidotti, T. (1996). Hydrogen Sulphide. Occup. Med. 46(5), 367-371.
https://doi.org/10.1093/occmed/46.5.367.

Mousa H. A. (2015). Short-term effects of subchronic low-level hydrogen sulfide
exposure on oil field workers. Environmental health and preventive medicine, 20(1), 12—
17. doi:10.1007/s12199-014-0415-5.

Vrijheid M. (2000). Health effects of residence near hazardous waste landfill sites: a
review of epidemiologic literature. Environmental health perspectives, 108 Suppl 1(Suppl

1), 101-112. doi:10.1289/ehp.00108s1101.

58



29.

30.

31.

32.

33.

34.

Kret, J., Dalidowitz Dame, L., Tutlam, N., Declue, R., Schmidt, S., Donaldson, K., ...
Khan, F. (2018). A respiratory health survey of a subsurface smoldering landfill.
Environmental Research, 166, 427—-436. https://doi.org/10.1016/j.envres.2018.05.025.
Fazzo, L., Minichilli, F., Santoro, M., Ceccarini, A., Della Seta, M., Bianchi, F., ...
Martuzzi, M. (2017). Hazardous waste and health impact: a systematic review of the
scientific literature. Environmental health: a global access science source, 16(1), 107.
doi:10.1186/s12940-017-0311-8.

Pukkala, E., & Ponka, A. (2001). Increased Incidence of Cancer and Asthma in Houses
Built on a Former Dump Area. Environmental Health Perspectives, 109(11), 1121-1125.
https://doi.org/10.2307/3454858.

Mataloni, F., Badaloni, C., Golini, M., Bolignano, A., Bucci, S., Sozzi, R., ... Ancona, C.
(2016). Morbidity and mortality of people who live close to municipal waste landfills: a
multisite cohort study. International Journal of Epidemiology, 45(3), 806—815.
https://doi.org/10.1093/ije/dyw052.

Porta, D., Milani, S., Lazzarino, A., Perucci, C., Forastiere, F., & Porta, D. (2009).
Systematic review of epidemiological studies on health effects associated with
management of solid waste. Environmental Health: a Global Access Science Source,
8(1), 60—60. https://doi.org/10.1186/1476-069X-8-60.

Mattiello, A., Chiodini, P., Bianco, E., Forgione, N., Flammia, 1., Gallo, C., ... Panico, S.
(2013). Health effects associated with the disposal of solid waste in landfills and
incinerators in populations living in surrounding areas: a systematic review. International

Journal of Public Health, 58(5), 725-735. https://doi.org/10.1007/s00038-013-0496-8.

59



35.

36.

37.

38.

39.

40.

41.

Ancona, C., Badaloni, C., Mataloni, F., Bolignano, A., Bucci, S., Cesaroni, G., ...
Forastiere, F. (2015). Mortality and morbidity in a population exposed to multiple
sources of air pollution: A retrospective cohort study using air dispersion models.
Environmental Research, 137, 467—474. https://doi.org/10.1016/j.envres.2014.10.036.
Lewis, R., & Copley, G. (2015). Chronic low-level hydrogen sulfide exposure and
potential effects on human health: A review of the epidemiological evidence. Critical
Reviews in Toxicology. Taylor & Francis.
https://doi.org/10.3109/10408444.2014.971943.

Hirsch, A. (2002). Hydrogen sulfide exposure without loss of consciousness: chronic
effects in four cases. Toxicology and Industrial Health, 18(2), 51-61.
https://doi.org/10.1191/0748233702th1310a.

Hessel, P., Herbert, F., Melenka, L., Yoshida, K., Nakaza, M., & Hessel, P. (1997). Lung
health in relation to hydrogen sulfide exposure in oil and gas workers in Alberta, Canada.
American Journal of Industrial Medicine, 31(5), 554-557. Retrieved from
http://search.proquest.com/docview/78916257/.

United States Department of Labor - Occupational Safety and Health Administration.
Hydrogen Sulfide in Workplaces. Retrieved March 12, 2019, from
https://www.osha.gov/SLTC/hydrogensulfide/hydrogensulfide found.html.

Munday, S.W., (2004), Hydrogen sulfide. In: Olson, K.R., Editor. (4™ Ed.) Poisoning
and drug overdose. (pp.224-225). Lange Medical Books/McGraw-Hill, New York.
Yalamanchili, C., Smith, M., & Yalamanchili, C. (2008). Acute hydrogen sulfide toxicity
due to sewer gas exposure. The American Journal of Emergency Medicine, 26(4),

518.e5-518.¢e7. https://doi.org/10.1016/j.ajem.2007.08.025.

60


https://doi.org/10.1016/j.ajem.2007.08.025

42.

43.

44,

45.

46.

47.

48.

Xu, Q., Townsend, T., (2004). Hydrogen sulfide emission and dispersion at construction
and demolition debris landfills. In: Proceedings of the 19" International Conference on
Solid Waste Technology and Management, Philadelphia, PA, (pp. 1263—-1272).

United States Department of Labor-Occupational Safety and Health Administration
(OSHA). (2005). Fact Sheet - Hydrogen Sulfide. Retrieved March 12, 2019, from
https://www.osha.gov/OshDoc/data Hurricane Facts/hydrogen sulfide fact.pdf.

Li, L., & Moore, P. (2008). Putative biological roles of Hydrogen Sulfide in health and
disease: a breath of not so fresh air? Trends in Pharmacological Sciences, 29(2), 84-90.
https://doi.org/10.1016/].tips.2007.11.003.

Panthi, S., Manandhar, S., Gautam, K., & Panthi, S. (2018). Hydrogen sulfide, nitric
oxide, and neurodegenerative disorders. Translational Neurodegeneration, 7(1), 3-3.
https://doi.org/10.1186/s40035-018-0108-x.

Jingjing Jiang, Adriano Chan, Sameh Ali, Arindam Saha, Kristofer J. Haushalter, Wai-
Ling Macrina Lam, ... Gerry R. Boss. (2016). Hydrogen Sulfide—Mechanisms of
Toxicity and Development of an Antidote. Scientific Reports, 6(1), 2083 1.
https://doi.org/10.1038/srep20831.

Wang, P., Zhang, G., Wondimu, T., Ross, B., & Wang, R. (2011). Hydrogen Sulfide and
asthma. Experimental Physiology, 96(9), 847—852.
https://doi.org/10.1113/expphysiol.2011.057448.

Fiedler, N., Kipen, H., Ohman-Strickland, P., Zhang, J., Weisel, C., Laumbach, R., ...
Lioy, P. (2008). Sensory and cognitive effects of acute exposure to hydrogen sulfide.

Environmental health perspectives, 116(1), 78-85. doi:10.1289/ehp.10531.

61



49.

50.

51.

52.

53.

54.

55.

Lim, E., Mbowe, O., Lee, A. S., & Davis, J. (2016). Effect of environmental exposure to
hydrogen sulfide on central nervous system and respiratory function: a systematic review
of human studies. International journal of occupational and environmental health, 22(1),
80-90. doi:10.1080/10773525.2016.1145881.

Wang, R., & Wang, R. (2002). Two’s company, three’s a crowd: can Hydrogen Sulfide
be the third endogenous gaseous transmitter? FASEB Journal: Official Publication of the
Federation of American Societies for Experimental Biology, 16(13), 1792—1798.
https://doi.org/10.1096/1].02-021 1hyp.

Szabo C. (2018). A timeline of hydrogen sulfide (H>S) research: From environmental
toxin to biological mediator. Biochemical pharmacology, 149, 5-19. doi:
10.1016/5.bcp.2017.09.010.

Bazhanov, N., Ansar, M., Ivanciuc, T., Garofalo, R., Casola, A., & Bazhanov, N. (2017).
Hydrogen Sulfide: A Novel Player in Airway Development, Pathophysiology of
Respiratory Diseases, and Antiviral Defenses. American Journal of Respiratory Cell and
Molecular Biology, 57(4), 403—410. https://doi.org/10.1165/rcmb.2017-0114TR.

Olson, K., Whitfield, N., Bearden, S., St Leger, J., Nilson, E., Gao, V., & Madden, J.
(2010). Hypoxic pulmonary vasodilation: a paradigm shift with a Hydrogen Sulfide
mechanism. American Journal of Physiology, 298(1). Retrieved from
http://search.proquest.com/docview/229749232/.

Wu, C. (2013). The role of hydrogen sulphide in lung diseases. Bioscience Horizons,
6(0), hzt009—hzt009. https://doi.org/10.1093/biohorizons/hzt009.

Wilson, M. S., & Wynn, T. A. (2009). Pulmonary fibrosis: pathogenesis, etiology and

regulation. Mucosal immunology, 2(2), 103—121. doi:10.1038/mi.2008.85.

62



56.

57.

38.

59.

60.

61.

62.

Zhang, J., Wang, X., Chen, Y., & Yao, W. (2014). Correlation between levels of exhaled
hydrogen sulfide and airway inflammatory phenotype in patients with chronic persistent
asthma. Respirology, 19(8), 1165-1169. https://doi.org/10.1111/resp.12372.

Tian, M., Wang, Y., Lu, Y., Yan, M., Jiang, Y., Zhao, D., & Tian, M. (2012). Correlation
between serum H2S and pulmonary function in children with bronchial asthma.
Molecular Medicine Reports, 6(2), 335-338. https://doi.org/10.3892/mmr.2012.904.

Wu, R., Yao, W., Chen, Y., Geng, B., Lu, M., & Tang, C. (2007). The regulatory effect
of endogenous hydrogen sulfide on acute asthma. Zhonghua jie he he hu xi za zhi =
Zhonghua jiehe he huxi zazhi = Chinese journal of tuberculosis and respiratory diseases,
30(7), 522-526.

Panettieri, R. A., Jr, Kotlikoff, M. 1., Gerthoffer, W. T., Hershenson, M. B., Woodruff, P.
G., Hall, I. P., ... National Heart, Lung, and Blood Institute (2008). Airway smooth
muscle in bronchial tone, inflammation, and remodeling: basic knowledge to clinical
relevance. American journal of respiratory and critical care medicine, 177(3), 248-252.
doi:10.1164/rccm.200708-1217PP.

Zhang, P., Zhou, X., Li, F. (2015). Hydrogen sul-fide in airway diseases. Pulm Res
Respir Med Open J., 2(2): 81-83. doi: 10.17140/PRRMOJ-2-113.

Cho, Y. S., & Moon, H. B. (2010). The role of oxidative stress in the pathogenesis of
asthma. Allergy, asthma & immunology research, 2(3), 183—187.
doi:10.4168/aair.2010.2.3.183.

Murdoch, J. R., & Lloyd, C. M. (2010). Chronic inflammation and asthma. Mutation

research, 690(1-2), 24-39. doi:10.1016/j.mrfmmm.2009.09.005.

63



63.

64.

65.

66.

67.

68.

69.

70.

Kudo, M., Ishigatsubo, Y., & Aoki, I. (2013). Pathology of asthma. Frontiers in
microbiology, 4, 263. doi:10.3389/fmicb.2013.00263.

Ferronato, N., Torretta, V., & Ferronato, N. (2019). Waste Mismanagement in
Developing Countries: A Review of Global Issues. International Journal of
Environmental Research and Public Health, 16(6).
https://doi.org/10.3390/ijerph16061060.

Idowu, I., Atherton, W., Hashim, K., Kot, P., Alkhaddar, R., Alo, B., & Shaw, A. (2019).
An analyses of the status of landfill classification systems in developing countries: Sub
Saharan Africa landfill experiences. Waste Management, 87, 761-771.
https://doi.org/10.1016/;.wasman.2019.03.011.

Chandler, N. (2017). Landfills. New York: Nova Science Publishers.

Rehab O. Abdel Rahman, & Hosam El - Din M. Saleh. (2016). Management of
Hazardous Wastes. InTechOpen.

Duan, H., Miller, T., Liu, G., & Tam, V. (2019). Construction debris becomes growing
concern of growing cities. Waste Management, 83, 1-5.
https://doi.org/10.1016/j.wasman.2018.10.044.

Ziraba, A., Haregu, T., & Mberu, B. (2016). A review and framework for understanding
the potential impact of poor solid waste management on health in developing countries.
(Report). Archives of Public Health, 74(1), 55. https://doi.org/10.1186/s13690-016-0166-
4.

Munawar, E., Yunardi, Y., Lederer, J., & Fellner, J. (2018). The development of landfill
operation and management in Indonesia. Journal of Material Cycles and Waste

Management, 20(2), 1128-1142. https://doi.org/10.1007/s10163-017-0676-3.

64



71. Ikhlayel, M. (2018). Development of management systems for sustainable municipal
solid waste in developing countries: a systematic life cycle thinking approach. Journal of
Cleaner Production, 180, 571-586. https://doi.org/10.1016/j.jclepro.2018.01.057.

72. Peter, A., Shiva Nagendra, S., & Nambi, 1. (2019). Environmental burden by an open
dumpsite in urban India. Waste Management, 85, 151-163.
https://doi.org/10.1016/j.wasman.2018.12.022.

73. Zarea, M., Moazed, H., Ahmadmoazzam, M., Malekghasemi, S., & Jaafarzadeh, N.
(2019). Life cycle assessment for municipal solid waste management: a case study from
Ahvaz, Iran. Environmental Monitoring and Assessment, 191(3), 1-13.
https://doi.org/10.1007/s10661-019-7273-y.

74. Park, S., & Lah, T. (2018). Same material different recycling standards: comparing the
municipal solid waste standards of the European Union, South Korea and the USA.
International Journal of Environment and Waste Management, 21(1), 80-93.
https://doi.org/10.1504/IJEWM.2018.091326.

75. Dave Campagna, Steven J Kathman, Ray Pierson, Steven G Inserra, Betty L Phifer,
Dannie C Middleton, ... Mary C White. (2004). Ambient hydrogen sulfide, total reduced
sulfur, and hospital visits for respiratory diseases in northeast Nebraska, 1998—2000.
Journal of Exposure Analysis and Environmental Epidemiology, 14(2), 180-187.
https://doi.org/10.1038/sj.jea.7500313.

76. Mannan, M. A. 2018. Burden of Disease on the Urban Poor.: A Study of Morbidity and
Utilisation of Healthcare among Slum Dwellers in Dhaka City. © Bangladesh Institute of

Development Studies. http://hdl.handle.net/11540/9487.

65



77.

78.

79.

80.

81.

82.

83.

Owusu-Sekyere, E., Attakora-Amaniampong, E., & Aboagye, D. (2016). Wealth, Health,
and Inequality: Households Exposure to Environmental Hazards. Geography Journal,
2016, 9. https://doi.org/10.1155/2016/6231020.

Texas Commission on Environmental Quality (TCEQ). (2018). Municipal Solid Waste
Topics - Types of MSW Facilities and Wastes Accepted. Retrieved March 12, 2019 from
https://www.tceq.texas.gov/permitting/waste permits/msw_permits/msw_types.html#faci
Is.

Centers for Disease Control and Prevention (CDC), Robert Wood Johnson Foundation,
CDC Foundation. (2018). 500 Cities: Current asthma among adults aged =18 years.
Published raw data. Retrieved February 16, 2019, from https://chronicdata.cdc.gov/500-
Cities/500-Cities-Current-asthma-among-adults-aged-18-yea/7zpf-ctr4.

Texas Natural Resources Information System (TNRIS). (2008). TCEQ Municipal Solid
Waste Sites and Landfills. Published raw data. Retrieved February 16, 2019, from
https://tnris.org/data-catalog/entry/tceq-municipal-solid-waste-sites-and-landfills/.

Texas Commission on Environmental Quality (TCEQ). (2018). Data on Municipal Solid
Waste Facilities in Texas. Retrieved February 16, 2019, from
https://www.tceq.texas.gov/permitting/waste permits/msw_permits/msw-data#current.
Texas Commission on Environmental Quality (TCEQ). (2018). Inventory of Closed
Municipal Solid Waste Landfills. Retrieved February 16, 2019, from
https://www.tceq.texas.gov/permitting/waste permits/waste planning/wp closed If inv.
html.

Centers for Disease Control and Prevention (CDC). (2017). 500 Cities: Local Data for

Better Health. Retrieved February 16, 2019, from https://www.cdc.gov/500cities/.

66



84.

85.

86.

87.

88.

89.

90.

Centers for Disease Control and Prevention (CDC). (2016). 500 Cities: Local Data for
Better Health — About the Project. Retrieved April 9, 2019, from
https://www.cdc.gov/500cities/about.htm.

Centers for Disease Control and Prevention (CDC). (2016). 500 Cities: Local Data for
Better Health — Methodology. Retrieved April 9, 2019, from
https://www.cdc.gov/500cities/methodology.htm.

Centers for Disease Control and Prevention (CDC). (2016). 500 Cities: Local Data for
Better Health — Health Outcomes - Current asthma prevalence among adult’s aged>18
years. Retrieved April 9, 2019, from https://www.cdc.gov/500cities/definitions/health-
outcomes.htm#CASTHMA.

Centers for Disease Control and Prevention (CDC). (2016). 500 Cities: Local Data for
Better Health — Data Questions. Retrieved April 9, 2019, from
https://www.cdc.gov/500cities/faqs/data-questions.htm.

Centers for Disease Control and Prevention (CDC). (2016). 500 Cities: Local Data for
Better Health — FAQ: Population and Measure Questions. Retrieved April 9, 2019, from
https://www.cdc.gov/500cities/fags/population-measure.htm.

Soliman, M., Derosa, C., Mielke, H., & Bota, K. (1993). Hazardous Wastes, Hazardous
Materials and Environmental Health Inequity. Toxicology and Industrial Health, 9(5),
901-912. https://doi.org/10.1177/074823379300900511.

Texas Commission on Environmental Quality Municipal Solid Waste Permit Department.

(2019). Municipal Solid Waste facility (MSW) Excel spreadsheet.

67



91. Feaster, D., Brincks, A., Robbins, M., & Szapocznik, J. (2011). Multilevel models to
identify contextual effects on individual group member outcomes: a family example.
Family process, 50(2), 167-183. doi:10.1111/j.1545-5300.2011.01353 x.

92. Zhang, X., Holt, J., Lu, H., Wheaton, A., Ford, E., Greenlund, K., & Croft, J. (2014).
Multilevel Regression and Post-stratification for Small-Area Estimation of Population
Health Outcomes: A Case Study of Chronic Obstructive Pulmonary Disease Prevalence
Using the Behavioral Risk Factor Surveillance System. American Journal of
Epidemiology, 179(8), 1025—1033. https://doi.org/10.1093/aje/kwu018.

93. Zhang, X., Holt, J., Yun, S., Lu, H., Greenlund, K., & Croft, J. (2015). Validation of
Multilevel Regression and Poststratification Methodology for Small Area Estimation of
Health Indicators from the Behavioral Risk Factor Surveillance System. American
Journal of Epidemiology, 182(2), 127-137. https://doi.org/10.1093/aje/kwv002.

94. Wang, Y., Holt, J., Zhang, X., Lu, H., Shah, S., Dooley, D, ... Croft, J. (2017).
Comparison of Methods for Estimating Prevalence of Chronic Diseases and Health
Behaviors for Small Geographic Areas: Boston Validation Study, 2013. Preventing
Chronic Disease, 14, E99. https://doi.org/10.5888/pcd14.170281.

95. Wang, Y., Holt, J., Xu, F., Zhang, X., Dooley, D., Lu, H., & Croft, J. (2018). Using 3
Health Surveys to Compare Multilevel Models for Small Area Estimation for Chronic
Diseases and Health Behaviors. Preventing Chronic Disease, 15, E133.
https://doi.org/10.5888/pcd15.180313.

96. Texas Commission on Environmental Quality (TCEQ). (2018). Data on Municipal Solid

Waste Facilities in Texas - Explanation of Municipal Solid Waste Data Fields. Retrieved

68



97.

98.

99.

100.

101.

February 16, 2019, from

https://www.tceq.texas.gov/permitting/waste permits/msw_permits/msw-data#current.
Texas Commission on Environmental Quality (TCEQ). (2018). Municipal Solid Waste
Topics - Types of MSW Facilities and Wastes Accepted. Retrieved March 12, 2019, from
https://www.tceq.texas.gov/permitting/waste permits/msw_permits/msw_types.html#faci
Is.

Yang, K., Xu, Q., Townsend, T., Chadik, P., Bitton, G., Booth, M., & Yang, K. (2006).
Hydrogen Sulfide generation in simulated construction and demolition debris landfills:
impact of waste composition. Journal of the Air & Waste Management Association
(1995), 56(8), 1130—1138. https://doi.org/10.1080/10473289.2006.10464544.

Texas Commission on Environmental Quality (TCEQ) (2019). Explanation of Municipal
Solid Waste Data Fields. Retrieved July 1, 2019, from
https://www.tceq.texas.gov/assets/public/permitting/waste/msw/msw-data-
explanation.pdf.

Texas Commission on Environmental Quality (TCEQ) (2019). Qualifying for an Arid
Exemption at a Municipal Solid Waste Landfill. Retrieved July 1, 2019, from
https://www.tceq.texas.gov/assets/public/permitting/waste/msw/arid_exemption guide.pd
f.

U.S. Census Bureau. American Community Survey 2015 Demographic and Housing
Estimates. Retrieved July 15, 2020, from
https://data.census.gov/cedsci/table?g=0400000US48.140000&tid=ACSDP5Y2018.DP0
S&hidePreview=false&vintage=2018&layer=VT 2018 140 00 PY D1&cid=DP05 00

O1E.

69



102. U.S. Census Bureau. American Community Survey 2015 Income in the Past 12
Months (In 2018 Inflation-Adjusted Dollars). Retrieved July 15, 2020, from
https://data.census.gov/cedsci/table?q=Income&tid=ACSST1Y2018.S1901&t=Income%o
20%28Households,%20Families,%?20Individuals%29&vintage=2018.

103. U.S. Census Bureau. American Community Survey 2015 Educational Attainment
Retrieved July 15, 2020, from
https://data.census.gov/cedsci/table?q=Education&tid=ACSST1Y2018.S1501 &t=Educati
on&vintage=2018.

104. U.S. Census Bureau. American Community Survey 2015 Selected Characteristics of
Health Insurance Coverage in the United States. Retrieved July 15, 2020,
https://data.census.gov/cedsci/table?q=Texas%20insurance%20coverage&g=0400000US
48&tid=ACSST1Y2018.52701.

105. U.S. Census Bureau. Retrieved July 15, 2020, from https://data.census.gov/cedsci/.

106. Morgenstern, H. (1995). Ecologic Studies in Epidemiology: Concepts, Principles, and
Methods. Annual Review of Public Health, 16(1), 61-81.
https://doi.org/10.1146/annurev.pu.16.050195.000425.

107.  Stoltey, J. E., Li, Y., Bernstein, K. T., & Philip, S. S. (2015). Ecological analysis
examining the association between census tract-level incarceration and reported
chlamydia incidence among female adolescents and young adults in San Francisco.
Sexually transmitted infections, 91(5), 370-374. doi:10.1136/sextrans-2014-051740.

108. Portnov, B., Dubnov, J. & Barchana, M. (2007). On ecological fallacy, assessment

errors stemming from misguided variable selection, and the effect of aggregation on the

70



outcome of epidemiological study. J Expo Sci Environ Epidemiol 17, 106—121. doi:
10.1038/sj.jes.7500533.

109. Mohebbi, M., Wolfe, R. & Jolley, D. (2011). A poisson regression approach for
modelling spatial autocorrelation between geographically referenced observations. BMC
Med Res Methodol 11, 133. doi1:10.1186/1471-2288-11-133.

110. StataCorp. 2019. Stata Statistical Software: Release 16. College Station, TX:
StataCorp LLC.

111.  A. Tedrow, L., & Ineel. (2004). Using GIS to Identify Remediation Areas in
Landfills. Twenty-Fourth Annual ESRI International User Conference, San Diego,
California.

112.  Anderson, C., Agran, P., Winn, D., & Tran, C. (1998). Demographic risk factors for
injury among Hispanic and non-Hispanic white children: an ecologic analysis. Injury
Prevention, 4(1), 33-338. https://doi.org/10.1136/ip.4.1.33.

113.  Levin, K. (2006). Study design VI - Ecological studies. Evidence-Based Dentistry,
7(4), 108. https://doi.org/10.1038/sj.ebd.6400454.

114.  Oliver, M., Matthews, K., Siadaty, M., Hauck, F., & Pickle, L. (2005). Geographic
bias related to geocoding in epidemiologic studies. International Journal of Health

Geographics, 4(1), 29. https://doi.org/10.1186/1476-072X-4-29.

71



	Area-Level Landfill Density And Asthma Prevalence In Urban Texas Areas
	Recommended Citation

	2020
	DEDICATION
	Table of Contents
	Background
	Public Health Significance
	Specific Aims

	Methods
	Study Area
	Density of landfill sites were compared to asthma prevalence estimates assessed approximately at 200 to 600 different census-tracts center points, for varying urban areas within each of the four most populated cities in Texas: Austin, Dallas, Houston,...
	Data Collection
	Outcome Data. Census tract-level asthma prevalence estimates for Texas’s four most populated cities were abstracted from the 500 Cities Project (79, 86). The 2015-2016 500 Cities Project was developed and launched in 2018 by The Robert Wood Johnson Fo...

	Data Analysis
	Covariates. For each asthma prevalence census-tract, I determined and compared landfill density estimated to variables: % population non-white, % low annual household income status (below $35,000), % younger communities (below the age of 44), % of hig...


	results
	Map 6: Austin, TX City Boundaries
	Map 7: Dallas, TX City Boundaries
	Map 8: Houston, TX City Boundaries
	Map 9: San Antonio, TX City Boundaries
	References

