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ABSTRACT

Mendez, Esmeralda, Assessing Intra-Urban Particulate Matter (PMz.5) Concentrations at the

Lower Rio Grande Valley (RGV), South Texas, USA, Using Low-Cost Sensors. Master of

Science (MS), August, 2022, 95 pp., 16 tables, 56 figures, references, 143 titles.

Rapid technological developments of novel low-cost air quality sensors enable long-term
ambient monitoring in neighborhood areas. In this study, spatial and temporal trends are
analyzed by localized level monitoring with low-cost sensors (TSI BlueSky Air Quality
Monitor). Eleven low-cost sensors were deployed across the Lower Rio Grande Valley, South

Texas region: Brownsville, Edinburg, Weslaco, and Port Isabel. 24-hour PM2.s concentrations
are

correlated with PMz.s from existing Texas Commission on Environmental Quality (TCEQ)
Continuous Ambient Monitoring Stations (CAMSs) to express temporal and spatial
heterogeneity from March 01, 2021, to March 31, 2022. Results indicated the deployed low-cost
sensors as a better representation of accurate exposure patterns at the intra-urban level, rather
than at the CAMSs. Conclusions from this study will shed light on the concerns and issues with

PM: s pollutant exposure by assessing real-time exposures in intra-and-inter-urban communities.
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CHAPTER I

INTRODUCTION

Nearly eight million people are estimated to die annually on a global scale due to air
pollution exposure (e.g., fine particulate matter PM» s) (Zamora et al., 2020; Anderson et al.,
2012; Organization, 2018). Continuous monitoring of various air pollutant species is not only
prevalent in academic research, but also among the common citizen, businesses, and
governments (Pang et al., 2021; Lewis & Edwards, 2016). For non-expert users, access to air
pollutant data is rare and challenging (Pang et al., 2021). In recent years, the use of low-cost air
quality monitors has caught the attention of scholars and individuals alike, because of their easy-
access properties and locally relevant data (Pang et al., 2021; deSouza et al., 2017; Morawska et
al., 2018; Sun et al., 2016; Weissert et al., 2017). Apart from aerial measurements and personal
exposure monitoring, additional features of such sensors include economic costs, low energy
consumption, convenient size, and lightweight properties (Pang et al., 2021; Pikridas et al., 2019;
Riidiger et al., 2018). Moreover, an increase in air quality studies around low-cost sensors gains
traction due to accessible flexibility (Feenstra, 2020; Pang et al., 2021). Low-cost sensors are
manufactured for ambient monitoring in local areas while providing high-resolution spatial and
temporal networks or near-to-real-time data (Liu et al., 2020; Wang, 2020; Feenstra, 2020; Lee et
al., 2019; Gao et al., 2015; Mukherjee et al., 2017). The improved availability of local ambient
monitoring will enhance pollution awareness in neighborhood environments surrounded by

growing industrialization (Zamora et al., 2020).



1.1 Particulate Matter Classification

Particulate pollution or particulate matter (PM) is classified as either primary or
secondary aerosols (Burton, 2017). The primary aerosols are released into the atmosphere while
secondary aerosols originate from the reaction of gases in the atmosphere (Burton, 2017).
Airborne PM varies in different aerodynamic diameters and chemical compositions in space and
time, generally consisting of a heterogeneous mixture of liquid and solid particles (Raysoni,
2011; Brook et al., 2004; Kim et al., 2015; Organization, 2013).

The United States Environmental Protection Agency regulates two size categories for
particles, generally PM> s and PM o particulates (Kim et al., 2015; Esworthy, 2013; Particulate
Matter (PM) Pollution, 2021). Coarse particulates (PMo) indicate a diameter range of less than
10um with a travel distance of 1 to 10 kilometers (Burton, 2017; Kim et al., 2015; Dausman,
2017; Srimuruganandam & Shiva Nagendra, 2012; Raysoni, 2011). PM; 5 fine inhalable particles
have a diameter of less than 2.5um and a travel distance of 100 to 1000 kilometers (Particulate
Matter (PM) Pollution, 2021; Kim et al., 2015; Srimuruganandam & Shiva Nagendra, 2012).
The lifespan of PM2 s may exist from days to weeks while PM o can last from minutes to hours
(Kim et al., 2015; Cheung et al., 2011). For comparison, in Figure 1.1, the size of PM3 5 and
PM; was scaled to human hair (50-70pm) and fine beach sand (90um), resulting in the hair
being roughly thirty times larger than PMa s (Particulate Matter (PM) Pollution, 2021).

Markedly, the chemical composition of PM> s consists of sulfate, nitrate, ammonium,
elemental carbon, organic compounds, hydrogen ions, biogenic organics, and particle-bound
water (Kim et al., 2015; Cheung et al., 2011). PM;o constituents are composed of resuspended
dust, coal and oil fly ash, mold spores, plant parts, and metal oxides (Kim et al., 2015; Cheung et

al., 2011). Organic and elemental carbon, metals, and particle-bound water expand the inorganic



ions that comprise PM chemical constituents (Kim et al., 2015; Cheung et al., 2011). PM
chemical compositions are diverse enough to comprise biological or organic compounds, and

metals (Kim et al., 2015).

€ PM25
Combustion particles, organic
HUMAN HAIR compounds, metals, etc.
50-70um <2.5um (microns)in diameter
(microns) in diameter
© PM1g

Dust, pollen, mold, etc.
<10 M (microns) in diameter

90 um (microns) in diameter
FINE BEACH SAND

Figure 1.1: Size scale comparison of PMzs5and PMio to the diameter(pm) of human hair
and fine beach sand (Source: Particulate Matter (PM) Pollution, 2021).
1.2 Sources of Particulate Matter
PM species are built from gaseous precursor conversions (i.e. non-methane organic

compounds) and/or direct emissions from anthropogenic or natural sources (Kim et al., 2015;
Atkinson et al., 2010). Anthropogenic sources are human-associated and highly variable, for
instance, industrial activities, biomass burning, and solid-fuel combustion (Kim et al., 2015;
Srimuruganandam & Shiva Nagendra, 2012). On the contrary, natural sources of particulate

matter originate from dust storms, volcanoes, and forest fires (Kim et al., 2015; Burton, 2017;

3



Misra et al., 2001). PM exposures pose a greater risk to human health than other common air
pollutants like ground-level ozone (Kim et al., 2015). PM; 5 sources include the combustion of
coal, gasoline, oil, and high-temperature processes like smelters and steel mills (Kim et al.,
2015). PM o originates from the suspension of disturbed soils, ocean spray, construction, coal,
and oil combustions (Kim et al., 2015).

The majority of PM pollution is directly connected to traffic originating from motor
vehicular-related emissions (Raysoni, 2011; Kim et al., 2015; de Kok et al., 2006). Additional
PM sources range from construction sites, road dust, mining operations, oil combustion,
agriculture dust, riverbeds, and crustal sources (Kim et al., 2015; Juda-Rezler et al., 2011;
Bozlaker et al., 2013; Bozlaker et al., 2014; Kulkarni et al., 2006; Kulkarni et al., 2007;
Williamson et al., 2021; Rayonsi, 2011). Construction areas increase PM levels by encompassing
large machinery that emits exhaust while upturning dust and dirt into the air (BlueSky Air Quality
Monitor). Considering these various sources, traffic aerosol exposure is a significant concern in
intra-and-inter-urban environments. An increase of studies suggests residential areas in the same
vicinity of major highways result in higher PM2 5 exposure patterns (Askariyeh et al., 2020;
Kioumourtzoglou et al., 2016; Girguis et al., 2016; Weinstock et al., 2013; Vallamsundar et al.,
2016). Vehicles idling at crowded intersections and parking lots result in elevated PM levels due
to the high concentration of vehicle exhaust, poor ventilation near buildings, and brake pad dust
(Kim et al., 2015; Raysoni, 2011).

Poor ventilation in buildings is proven to increase the concentration of indoor PM (Kim
et al., 2015). Raysoni et al. (2013) studied four schools in the El Paso region near construction
sites, intersections, and main roads to have a mean (standard deviation) of indoor PM: s ranging

from 8.2 (3.1) and 8.7 (2.4) ng m™. Indoor activities such as cooking and the use of household



products (e.g., printers and candles) may act as indoor PM sources (Kim et al., 2015; Madureira
et al., 2012). Wang (2020) indicated acute exposure to PM» s concentration (194 pug/m?) during
residential cooking, whereas Draggan (2011) reported the burning of an individual candle with
100 to 1700 pg hr™ ! (Kim et al., 2015).

1.3 Health Effects of Particulate Matter Exposure

Urban areas experience increased hospital admissions with human health effects
involving respiratory symptoms, premature mortality, decreased lung function, exacerbation of
chronic respiratory and cardiovascular diseases (Kim et al., 2015; Guaita et al., 2011; Halonen et
al., 2009; Perez et al., 2012; Samoli et al., 2008; Burton, 2017). Children exposed to high PM
levels are at risk of developing asthma, respiratory symptoms, and reduced lung function (Kim et
al., 2015; Burton, 2017; Wang, 2020). An estimation of 11-19% of the U.S. populace resides
within a couple of meters of major roads, resulting in about forty million citizens being affected
by high levels of PM2 s (Askariyeh et al., 2020; Weinstock et al., 2013; Brugge et al., 2007;
Rowangould, 2013).

Aerodynamic diameter is one of the main factors to determine PM transportation in the
atmosphere and/or the inhalation in the respiratory system (Kim et al., 2015; Esworthy, 2013).
Thus, PM diameter correlates with certain types of health issues in humans (Kim et al., 2015;
Brown et al., 2013). PM, s particles are fine enough to transport and penetrate themselves deep
into the respiratory tract passage (Kim et al., 2015; Brunekreef & Forsberg, 2005; Ambient
(outdoor) air pollution, 2021). PMy particles enter through nasal breathing, with mucus and cilia
effectively acting as a filter (Kim et al., 2015; Atkinson et al., 2010). The natural human body
counters such invaders with sneezes and coughs (Kim et al., 2015; Cadelis et al., 2014). The

remaining coarse particles settle into the trachea and/or the bronchi (Kim et al., 2015; Burton,



2017; Wang, 2020). Respiratory health effects occur after acute or chronic exposures. Acute
exposures result in premature mortality, heart attacks, respiratory symptoms, respiratory
diseases, and lung inflammation, whereas, chronic exposures lead to asthma, stunt lung growth,
and overall lung damage, and function (Kim et al., 2015; Atkinson et al., 2010; Cadelis et al.,
2014; Correia et al., 2013; Fang et al., 2013; Meister et al., 2012).

1.4 Air Quality Guidelines for Particulate Matter

The United States Environmental Protection Agency (USEPA) regulates fine and coarse
particulate matter as “criteria” air pollutants harmful to human health (Askariyeh et al., 2020;
Protection, 2022). National Ambient Air Quality Standards (NAAQS) are mandated under the
Clean Air Act of 1990 (Protection, 2022). The NAAQS includes primary standards focusing on
the protection of the public’s health including the health of sensitive populations (i.e. children,
asthmatics, and the elderly). Secondary standards aim to protect public welfare including
damaged vegetation, crops, animals, and buildings (Protection, 2022). The latest NAAQS (2012)
declares the annual mean (averaged over a three-year period) of PM2.s concentrations at 12
pg/m? as the primary standard and 15 pg/m? as the secondary standard (Table 1.1). The daily
mean (98" percentile averages over three years) of PMa s concentration is 15 pg/m? for both
primary and secondary standards (Protection, 2022).

Additionally, the Worlds Health Organization's (WHO) global air quality guidelines
(GAQG) (updated in 2021) have provided thresholds for harmful pollution levels. In 2019, 99%
of the world’s population was residing in locations where the GAQG levels were not met. In
2016, a worldwide estimation of 4.2 million premature deaths (cancers and cardiovascular and
respiratory disease) in urban and rural areas were caused by exposure to fine particulate matter.

In Table 1.2, the PM2 5 daily concentration averaged threshold is 15 pg/m? and the annual mean



i1s 5 ug/m? (Ambient (outdoor) air pollution, 2021). The GAQG interim goals are aimed to shift
PM concentrations lower and achieve significant reductions in health-associated effects.

Table 1.1: NAAQS reported standards as of 2012.

PM Standard Time Level
PM25 Primary 1 year 12.0 pg/m?
Secondary 1 year 15.0 pg/m?

Primary & Secondary 24 hours 35 pg/m?
PMio Primary & Secondary 24 hours 150 pg/m?

Table 1.2: WHO global air quality guidelines for 2021.
Particle pollution (PM)  Annual Daily
PM:s 5 pg/m? 15 pg/m?
PMio 15 pg/m* 45 pg/m?

1.5 Air Quality in the Rio Grande Valley

The United States (U.S.) and Mexico border region expands about 2000 miles throughout
four U.S. states (Texas, New Mexico, Arizona, and California) and six Mexican states
(Tamaulipas, Nuevo Leon, Coahuila, Chihuahua, Sonora, and Baja California) (Raysoni, 2011).
Population across the region estimates to be twelve million, with the expectation to double by the
year 2030 (Raysoni, 2011; Peach & Williams, 2004).

The Rio Grande Valley, South Texas, is located along the international U.S. -Mexico
border with a total population of 1,402,340 persons as of 2022 (Population Data for Region: Rio
Grande Valley). Given the proximity to the border, the RGV encounters cross-border trade with
Mexico (Akland et al., 1997). In 1994, the North American Free Trade Agreement (NAFTA)
formed a free trade zone for qualifying goods between Canada, Mexico, and United States.
Developments of U.S. -Mexico bilateral commercial trade in goods and services continued to
grow with Mexico ranking as the third-largest trading partner and second-largest exporter for the

U.S. (since 2018) (North American Free Trade Agreement (NAFTA)). As a result, vehicular



transportation, industrialization, and population have increased in the U.S. -Mexico border
regions (Raysoni, 2011). For instance, the study by Raysoni (2011) confirmed the Paso del Norte
region (the border area between Texas and Chihuahua) experienced high automobile emissions
from the accelerated border crossings.

Markedly, residents in the U.S. -Mexican border region shared their concerns about
environmental contaminants in the immediate air and water (Akland et al., 1997). Contaminants
ranged from transboundary pollution, traffic, refuse burning, local sources, and pesticides
throughout the agricultural areas (Akland et al., 1997). These environmental contamination
scenarios elicited interest in the local population to understand the actual exposure patterns. In
1983, the La Paz Agreement acknowledged the importance to improve and protect the
environment in the U.S. -Mexican border region (U.S.-Mexico border buffer polygon (la paz
1983), u.s. and mexico, 2019, u.s. environmental protection agency region 6, 2019; Raysoni,
2011). This framework established the border region to be within a sixty-two-mile range from
either side of the border (U.S.-Mexico border buffer polygon (la paz 1983), u.s. and mexico,
2019, u.s. environmental protection agency region 6, 2019). Most recently, The Border 2025
program stemmed from the La Paz Agreement to emphasize communities and local stakeholder
involvement (U.S.-Mexico Border Program, 2022). The goals for the Border 2025 program
include reducing air pollution, expanding access to clean water, promoting sustainable
management of materials and waste, improving joint emergency preparedness, and enhancing
emergency response to harmful environmental disasters (U.S.-Mexico Border Program, 2022).
The findings from this current study will add to the evolving body of air quality literature in the

U.S. -Mexican border region.



1.6 Local Conditions in the Rio Grande Valley

Exposure effectiveness of PM is influenced by conditions locally such as weather,
topography, seasons, sources of particles, microenvironments, and concentration of the emissions
(Kim et al., 2015; Casati et al., 2007). The RGV is a floodplain terrain that experiences
hurricanes from the Gulf of Mexico’s warm waters. Hurricane season typically begins June 1% to
November 30" with a higher chance of rain between August and September months. The RGV
region has a history of hurricanes occurring in the past two decades, from Hurricane Katrina in
2005 (category 5) to Hurricane Harvey in 2017 (category 4) to the most recent Hurricane Hanna
in 2020 (category 1), affecting the Texas coast (Mendez et al., 2022; The Official South Texas
Hurricane Guide, 2021). Moreover, every year usually from June to September, tons of dust is
transported roughly 5,000 miles across the Atlantic Ocean originating from the Saharan desert in
Africa (Danner, 2022; Spivey et al., 2022). The Saharan air layer (SAL) of dust brings dry air
containing very fine particulates of minerals forming an orange-brownish haze that may affect
those with respiratory issues. The tropical development is kept at a minimum when the SAL dry
air overlaps the humidity (Danner, 2022; Spivey et al., 2022). Lastly, in April 2022 RGV
Hidalgo County Commissioner Court ruled a local state of disaster and an emergency burn ban
due to wildfires in the county region. Dry weather conditions and outdoor burning had prompted
wildfires to burn over 800 acres in the county (Hidalgo County declares local state of disaster
due to wildfires, 2022; Outdoor burning, 2022). It is important to note the recent local conditions
in the RGV as it effectively influences PM exposure.

1.7 Thesis Goals and Hypothesis
The main objective of this research study is neighborhood-level monitoring of particulate

matter with low-cost air quality monitors. The findings of this research will help elucidate



particulate matter temporal and spatial trends. The conclusions emanating from this research
work will help characterize the accurate exposure burdens of communities in the Lower Rio
Grande Valley while complementing the existing Texas Commission on Environmental Quality
(TCEQ) Continuous Ambient Monitoring Stations (CAMSs). The Lower Rio Grande Valley
region consists of five active CAMSs i.e., CAMS 43, CAMS 80, CAMS 323, CAMS 1023, and
CAMS 1046 with only three stations monitoring PMa 5 i.e., CAMS 80, CAMS 43, and CAMS
323. Therefore, how can the limited amount of active CAMSs accurately access the exposure
burden for the populace of the RGV at over one million people? Given there is only three
CAMSs recording PM in local conditions, the PM exposure patterns will be a general estimation.
The average distance between the PM CAMSs is estimated to be fifty-one miles away from each
other in separate cities. Placing low-cost sensors in intra-and-inter-urban locations will provide
better access to PM ambient data at a personal exposure level. Significantly, this study is the first
to characterize PM exposures in the Lower Rio Grande Valley region using low-cost sensors.

This research was constructed on the following hypothesis that PMz s will vary spatially
and temporally in the various cities (Brownsville, Edinburg, Weslaco, and Port Isabel) in the
Lower Rio Grande Valley region. The resulting, statistical data analysis will demonstrate PM
concentrations from the TCEQ CAMSs (CAMS 43, CAMS 80, and CAMS 323) may not be an
accurate representation of the actual exposure patterns at an intra-urban level.

In order to proceed with this hypothesis, ambient monitoring of PM2.s was collected for
over a year and correlated with Texas Commission on Environmental Quality (TCEQ)
Continuous Ambient Central Monitoring Stations (CAMSs). Site-specific temporal and spatial

relationships between low-cost sensors and CAMSs were examined with correlation analytics.
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CHAPTER II

LITERATURE REVIEW

A literature review of low-cost sensors (LCSs) was performed to understand different
methods of ambient measuring of particulate matter. These indoor/outdoor consumer-grade
sensors emanate high-resolution data while providing near or real-time aerosol local ambient air
quality levels (Khreis et al., 2022; Wu et al., 2022; Gémez-Sudrez et al., 2022; Pawar & Sinha,
2022; He et al., 2022; Huang et al., 2022; Lu et al., 2021). Thus, the LCS ambient monitoring
networks are rapidly expanding temporally and spatially (Feenstra, 2020; Wang, 2020; Lee et al.,
2019). LCSs abilities range from measuring ambient, personal, or mobile exposures depending
on the manufactured purpose (Feenstra, 2020; Goémez-Suérez et al., 2022). The reviewed LCSs
varied with pre-set calibrations and metrics. In order to achieve quality assurance, it is
recommended to sample reference-grade instruments Federal Reference Methods (FRM) and
Federal Equivalent Method (FEM) near the LCSs to verify the sensors’ accuracy and
dependability (Lee et al., 2019; Lu et al., 2021; Feenstra, 2020; Lung et al., 2022). Additional
collocation samples with the same LCSs are suggested to further confirm the accuracy and
precision of the sensors (Feenstra, 2020; Lung et al., 2022).

Literature works focused on assessing PM species (PMi, PM» 5, PM4, and PM¢) were
incorporated into the review. Typically, PM LCSs operate with optical scattering sensors that

detect IR refracted by PM when particles pass through the optical chamber (Mykhaylova, 2018).
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These optical sensors are warned to be wary of temperature, relative humidity, and pressure
obscuring the PM sensor, therefore, PM sensors are often built with independent sensors for
relative humidity and temperature (Mykhaylova, 2018; Oluwadairo et al., 2022; Khreis et al.,
2022; Gomez-Sudarez et al., 2022). Quality control warrants the use of correction formulas for the
resultant PM data and/or calibration methods for the LCSs (Lu et al., 2021). The Air Quality
Sensor Performance Evaluation Center (AQ-SPEC) also provides thorough field testing
evaluations of available commercial LCSs to the public (7SI - BlueSky).

The review only considered literature after the publication date of January 2000 to the
current year 2022, with most of the literature published after 2015. Two literature review articles
were found in which Karagulian et al. (2019) reviewed LCSs with reference monitors and Lung
et al. (2022) conducted a review of LCSs used in the Southeast Asian region. A total of fifty-one
studies underwent review. The studies performed LCS monitoring in different site settings, with
some samples collected at multiple settings. As a result, the fifty-one studies included ten indoor
samples, thirty-eight urban/semi-urban sites, six rural/semi-rural locations, and six suburban
sites. All countries were included in the review, comprising of fourteen countries including the
U.S.A., Australia, Canada, China, Greece, India, Japan, Norway, Oman, Portugal, South Korea,
Spain, Taiwan, and the United Kingdom. Given that each research strove for different objectives
and goals, the duration of the study varied. Out of the fifty-one studies, 41% were long-term
studies (duration greater than or equal to six months), and 59% were short-term (less than six
months) studies.

Emission sources from the literature review varied with about 84% of the selected studies
determining the most common emissions for urban and suburban areas are vehicle and traffic

exhaust-related (Liu et al., 2020; Castell et al., 2017; Pang et al., 2021; Ardon-Dryer et al., 2020;
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Kelly et al., 2017; Chen, 2020; Zhang, 2019; Munir et al., 2019; Sayahi et al., 2019; Borrego et
al., 2016; Carvlin et al., 2017; Gupta et al., 2018; Jayaratne et al.; Stavroulas et al., 2020; Steinle
et al., 2015; Austin et al., 2015; Arvind et al., 2016; Wendt et al., 2019; Feenstra et al., 2019;
Jiao et al., 2016; Feenstra, 2020; Zheng et al., 2018; Marto, 2018; Hartin, 2015; Wang, 2020;
Dausman, 2017; Mykhaylova, 2018; Al Hanai, 2019; Williams & Duvall, 2018; Datta et al.,
2020; Wallace et al., 2021; Lee et al., 2019; Zamora et al., 2020; Tsou et al., 2021; Malings et
al., 2019; Magi et al., 2019; Wu et al., 2022; Khreis et al., 2022; Gomez-Suarez et al., 2022; Tian
et al., 2022; Lu et al., 2021). Indoor samples detected human activity emitting PM sources such
as cooking (Levy Zamora et al., 2019; Zervaki, 2018; Zhang, 2019; He et al., 2022; Steinle et al.,
2015), air conditioning for cooling and heating (Steinle et al., 2015), and using office equipment
(Huang et al., 2022), incense burning (Levy Zamora et al., 2019; Burton, 2017), cigarettes
(Burton, 2017; Steinle et al., 2015) and wood smoke (Wells, 2020).

In 78% of the studies, reference instruments were included in the sampling to determine
the LCSs accuracy. The other 22% of studies were nonapplicable with limited resources to
access reference instruments. Twenty-nine of the studies calibrated their LCSs with FRM or
FEM instruments (Liu et al., 2020; Castell et al., 2017; Ardon-Dryer et al., 2020; Kelly et al.,
2017; Chen, 2020; Sayahi et al., 2019; Borrego et al., 2016; Carvlin et al., 2017; Gupta et al.,
2018; Jayaratne et al.; Stavroulas et al., 2020; Wells, 2020; Steinle et al., 2015; Austin et al.,
2015; Wendt et al., 2019; Feenstra et al., 2019; Jiao et al., 2016; Feenstra, 2020; Zheng et al.,
2018; Marto, 2018; Wang, 2020; Al Hanai, 2019; Orlando, 2019; Levy Zamora et al., 2019;
Williams & Duvall, 2018; Datta et al., 2020; Wallace et al., 2021; Tsou et al., 2021; Magi et al.,
2019). Respective studies calibrated their LCS with the reference monitors GRIMM (Grimm

Aerosol Technik GmbH & Co. KG, Airing, Germany) (Oluwadairo et al., 2022; Huang et al.,
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2022; Gomez-Sudrez et al., 2022; Williams & Duvall, 2018; Chen, 2020) and DustTrak DRX
(TSI Inc., Minnesota, USA) (Huang et al., 2022). Most recently in Dallas, Tx urban region,
Khreis et al. (2022) co-located twelve commercial grade LCSs to a reference site operated by the
Texas Commission on Environmental Quality (TCEQ) with R? ranging from 0.20 to 0.39.

The objective of this review was to summarize various studies determining LCSs
performance to assess ambient PM concentrations. As a result, these global studies confirm
FRM/FEM samples and other collocation samples to calibrate LCSs accuracy and precision pre-

and post-study. The results from the review will aid in this study's performance with the selected

LCSs.
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CHAPTER III

STUDY DESIGN AND METHODS

3.1 Rio Grande Valley Demographics

The Rio Grande Valley (RGV) region of South TX, includes Starr, Hidalgo, Cameron,
and Willacy counties (represented in Figure 3.1). Our study focuses on the lower region of the
RGV (Hidalgo and Cameron counties). According to the U.S. Census Bureau, as of July 1%
2021, the Hidalgo County estimated population recorded 880,356 people, while Cameron County
registered 423,029 persons. Given the proximity of the RGV to the U.S. -Mexican border, these
county populations are predominantly of Hispanic or Latino ethnicity consisting of 92.5% of the
total population in Hidalgo county and 90% of Cameron county. The percent living in poverty in
the Hidalgo region was 23.9% while Cameron county was 24.4% of the population (QuickFacts
Hidalgo County, Texas;, Cameron County, Texas).

As 0f 2022, the total population in the RGV consist of 1,402,340 people with
Hispanics/Latinos comprising about 94% of those persons (Population Data for Region: Rio
Grande Valley). The percentage of families living below poverty in the region accounts for 25%
of the population. The median household income in the RGV ranks $45,599 with
Hispanic/Latino households making a median of $44,001 (Population Data for Region: Rio

Grande Valley).
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Figure 3.1: Texas outlined county map with the Rio Grande Valley region highlighted.
3.2 Site Selection
Five low-cost sensors (LCSs) were deployed in the city of Brownsville, three in
Edinburg, two in Weslaco, and one at Port Isabel. The labeling of LCSs was based on the
deployed city and numbered chronologically i.e., Brownsville locations (B1, B2, B3, B4, BS),
Edinburg (E1, E2, E3), Weslaco (W1, W2), and Port Isabel (PI). Figure 3.2 illustrates the study
area, in the Lower RGV, with color-coordinated location pinpoints to represent the location of

the deployed LCSs, followed by a U.S. map with a red marker denoting the Lower RGV. The
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Brownsville locations are marked with a deep blue pin. Edinburg sites are noted with gold pins.
LCS sites in Weslaco are symbolized with green pins. The Port Isabel site is signified by the
purple pin. Lastly, the TCEQ CAMSs are indicated with black triangle markers. The monitors
were strategically placed in neighborhoods, university centers, and police departments to

represent areas of low, medium, and high traffic density.
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The study duration was from March 1%, 2021, to March 31%, 2022 (396 days) to assess a
little more than a complete year of ambient PM monitoring by LCSs. General site specifications

for each of the LCSs are summarized in Table 3.1.

Table 3.1: Summarized site specifications of LCS sites in the Lower RGV.

LCS City County Site specifications

B1  Brownsville Cameron Right across from Dean Porter Park and adjacent to the
Gladys Porter Zoo in a semi-residential area.

B2  Brownsville Cameron University of Texas Rio Grande Valley (UTRGV)
Brownsville Campus police department, near the
campus student dormitories ‘Casa Bella’.

B3  Brownsville Cameron Music and Science Learning Center on University
Boulevard at the UTRGV campus.

B4 Brownsville Cameron Adjacent to Texas State Highway 69E and is only 0.04
miles away from the U.S. -Mexico International Port of
Entry.

B5 Brownsville Cameron Neighborhood surrounded by Resaca del Rancho Viejo
(Resacas are ox-bow lakes unique to Rio Grande River
(natural U.S -Mexico boundary)

El1  Edinburg Hidalgo UTRGYV Edinburg campus facing commonly used road:
Schunior St.

E2  Edinburg Hidalgo UTRGYV Edinburg campus facing commonly used road:
107 Texas

E3  Edinburg Hidalgo Closed gated residential community

W1 Weslaco Hidalgo Further from the city in a residence right off of Farm to
Market Road 88 (FM&S).

W2 Weslaco Hidalgo One of the buildings of the Weslaco Police department
on the frontage of Texas State Expressway 83

PI  PortIsabel Cameron UTRGV Coastal labs between two neighborhoods near
the tourist place of South Padre Island

Site B1 was in a semi-residential area adjacent to Brownsville’s Gladys Porter Zoo
(300m or 0.2 miles), the Town Resaca, and Dean Porter Park (Figure 3.3). The home is situated
on a road trailing off to a major Texas State Highway (69E) approximately 600m (0.4 miles)
east. On the University of Texas Rio Grande Valley (UTRGV) Brownsville campus, B2 was
established outside the campus police department building near the Casa Bella residential
campus apartments (Figure 3.4). This location is about 280m (0.2 miles) away from Texas State
Highway 69E. The B3 sensor was deployed in the Music and Science Learning Center 22.7m
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(0.01 miles) from the University Blvd at the UTRGV Brownsville campus (Figure 3.5).
Furthermore, the university’s music center stands in the middle of the Lozano Banco Resaca and
a frequently used parking lot. B4 resided at the edge of the UTRGV campus on the Vaquero
Plaza building, about 60m (0.04 miles) from a major intersection where University Blvd. and
Texas State Highway 69E connect (Figure 3.6). Further south, Highway 69E leads to the
customs and border U.S. -Mexico International Port of Entry. Markedly, the entire UTRGV
Brownsville Campus is located on the main state highway 69E on the U.S. -Mexico border.
Thus, traffic and vehicular-related exposures are of great concern in this region. Lastly in
Brownsville, BS was deployed in a neighborhood surrounded by the Resaca del Rancho Viejo.
The residential household itself is on the cusp of the curved neighborhood (Figure 3.7). Resacas
are unique features in the city of Brownsville representing the distributary channels of the Rio
Grande River, a natural international boundary between the U.S. and Mexico.

Outside the School of Medicine at the UTRGV Edinburg campus, site E1 directly faced
traffic and was surrounded by campus parking lots (Figure 3.8). The School of Medicine
building is 9.8m (0.01 miles) beside the commonly used W Schunior St. Station E2 was
deployed on the Student Academic Center of the Edinburg UTRGV campus (Figure 3.9). The
Center is 70.3m (0.04 miles) off the main road 107 Texas near the intersection with Sugar Rd. E3
was enclosed in a gated residential community with a resaca in the center (Figure 3.10).

Moreover, the first Weslaco location, W1, was located further from the city at a
household 164m (0.1 miles) near the crossroads of Farm to Market Road 88 (FM88) (Figure
3.11). Whereas W2 was deployed 63m (0.04 miles) on the frontage of Texas State Expressway
83 at the Weslaco police department (Figure 3.12). Site W2 was also adjacent to Weslaco’s

Border Patrol and approximately 600m (0.37 miles) from Mid Valley Airport. Lastly for this
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study, the PI sensor was deployed at the UTRGV Port Isabel: Coastal Studies building (Figure
3.13). These labs are located between two neighborhoods on the coast of the Laguna Madre near
the draw bridge towards Long Island. Port Isabel is the neighboring city to the popular tourist
destination, South Padre Island.

Overall, these LCSs deployed locations were deliberately chosen in order to present an
accurate representation of the daily PMas neighborhood exposure patterns. As a result, these
studied locations will capture spatial resolution in all the selected cities in the Lower RGV region.
Figures 3.3 -3.13 demonstrates the eleven LCSs installations and an aerial snapshot of their

adjourning environments.

~ | >
i 4
# ) Primos'Automatic) |
T’ F i q
ransmission

= ~.
)
Gladys'Porter;Zoo; 3 N f
{Lidsh parkwith 377 . Sombr‘ero Festival'§
S »Headquarters

R "25;‘54’;:,\4 ?
._{ ,7__&_.&,

Imagery date: 3/25/17-newer

Figure 3.3: B1 installation photo with a satellite aerial view of the adjoining environment
(Source: Google Earth).
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Imagery date: 3/25/17-newer

Flgure 3.4: B2 mstallatlon photo with a satellite aerial view of the adjoining envnronment
(Source: Google Earth).
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ngure 3.7: BS installation photo with a satellite aerial view of the adjoining environment
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3.3 Topography and Meteorology of the Lower Rio Grande Valley
The Lower Rio Grande Valley is a semi-tropical floodplain with humid summers located
on the border of Mexico near the Gulf Coast shores (Mendez et al., 2022; The Official South
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Texas Hurricane Guide, 2021; Rio Grande Valley, Texas Travel Guide). The proximity to the
Gulf of Mexico effectively incites a hurricane season from June 1% to November 30", with the
possibility of a hurricane occurring each month (Mendez et al., 2022; The Official South Texas
Hurricane Guide, 2021).

Prevailing wind patterns throughout the duration of this study (March 1%, 2021, to March
31%, 2022) are provided by the RGV active TCEQ CAMSs mandated by the USEPA.
Meteorological parameters influence the quality of air when hurricanes are present (Mendez et
al., 2022). Averaged wind direction is illustrated by the wind roses in Figures 3.14 -3.18 with
winds blowing from the southeast. Averaged wind speed for the continuous monitoring sites for

C43 at 2.82m/s, C80 blew at 3.01m/s, C323 at 3.37m/s, C1023 at 3.55m/s, and C1046 at

2.73m/s.
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Figure 3.14: Wind rose diagram for CAMS C43 (March 1%, 2021, to March 31, 2022).
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Figure 3.15: Wind rose diagram for CAMS C80 (March 1%, 2021, to March 31, 2022).
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Figure 3.16: Wind rose diagram for CAMS C323 (March 1%, 2021, to March 315, 2022).
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Figure 3.17: Wind rose diagram for CAMS C1023 (March 1%, 2021, to March 31%, 2022).
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Figure 3.18: Wind rose diagram for CAMS C1046 (March 1%, 2021, to March 31%, 2022).
3.4 Instrumentation
The LCSs used for this study - BlueSky Air Quality Monitor (Model: 8143) are

manufactured by TSI Incorporated, Minnesota, U.S. Currently these LCS were priced at $400
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and is practical enough to be installed in neighborhoods and related locations. The small device
weighs 0.35 1bs. with a power consumption to be less than SW (5 VDC @ 1 Amp). The
dimensions of the monitor are 6-inch x 5.5 inches x 4.5 inches (BlueSky Air Quality Monitor,
2020). The LCS is a 6-channel particulate counter measuring PM mass concentrations,
temperature, and relative humidity. The sensor parameters of PM, temperature, and humidity are
listed in fTable 3.2. The temperature sensor range is from -40°C to 125 °C, the humidity sensor

ranges between 0 to 100% RH, and lastly, the aerosol mass concentration varies between 0 to

1000 ug/m3 (BlueSky Air Quality Monitor, 2020). The PM sensor is pre-calibrated in the factory
to adhere to the same standards as those from high-quality monitors such as AM520 (TSI
Incorporated, Minnesota, U.S.) and DustTrak™ models (TSI Incorporated, Minnesota, U.S). The
self-diagnostic ability allows the monitor to run with more than 95% up-time to obtain high-
quality data (BlueSky Air Quality Monitor, 2020). TSI has measured the accuracy of the low-cost
PM sensor against the TSI DustTrak DRX PM sensor in a month-long study comparing PM3 s

readings in 2019 (Measure and Record your Air Quality Data). As a result, the accuracy of the
PM sensor is £10% @ 100 to 1000 ug/m3 when compared to the DustTrak sensor (BlueSky Air

Quality Monitor Operation and Maintenance Manual, 2021).

Table 3.2: LCS specifications.

Sensor Range Accuracy Measurement Resolution Response Time
PM 0 to 1000 ug/m3 +10 % @ 100 ug/m3 1 second

to 1000 ug/m3
Temperature -40°C to 125°C +0.2°C 0.04°C (12 BIT A/D) 5 to 30 seconds

Humidity 0to 100% RH +1.8% RH 0.04 RH (12 BIT A/D) 8 seconds

3.4.1 Theory of Operation
LCS units use an optical particle counter (OPC) to identify PM species (inside mechanics

are shown in Figures 3.19- 3.21). Typically, instruments containing optical PM sensors are either
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scattering-based or camera-based optical sensors (Molaie & Lino, 2021). In this case, these LCSs
are constructed to use the laser scattering single particle counter (Sensirion SPS30) principle to
sense particulate matter in real-time data (BlueSky Air Quality Monitor, 2020; TSI - BlueSky).
The particulate matter sensor is exhibited in Figure 3.22. Scattered-based OPC measures
scattered light from particles with a single-particle photodetector. The scattered intensity is
proportional to any particle individual size, thus reading in a range between low and high
concentrations (Molaie & Lino, 2021). This laser-based measurement converts particles to mass

concentrations through the appropriate algorithms (7SI - BlueSky).

Figure 3.20: Side profile of the installed PM sensor.
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The light measured is commonly IR-refracted with PM transitory in the optical chamber
(Figure 3.23). Light scattering is disadvantaged by the inability to detect ultrafine particulate
matter (less than 0.1pm) nor is it a direct mass measurement (Mykhaylova, 2018).

OPC is one of the main common gas sensors to operate the monitoring of ambient air
pollutants and one of the least expensive technologies (Mykhaylova, 2018). The gas sensor
creates an indicator when the target gas is contacted (Pang et al., 2021). The signal created
generally presents a linear relationship between the targeted gas concentration and the sensor
output (Pang et al., 2021). Interference may occur with environmental factors, such as co-
pollutants (CO, CO2, NO, NO», SO», and O3), temperature, and relative humidity (Pang et al.,

2021, 2018). Consequently, the machine learning method, sensor clustering technique, and/or
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correcting linear calculations are methods suggested to correct interference and accuracy in

complex aerosol systems (Pang et al., 2021; Mykhaylova, 2018).

Particle exit

e .

Photo receptor 0 ‘ . Q | IR LED
° .

_. Heating

* resistor

Particle entry
Figure 3.23: Diagram of optical light scattering sensor used for monitoring PM (Source:

Mykhaylova, 2018).
3.4.2 Low-Cost Sensor Database

Deployment of these LCSs can be utilized either outdoors or indoors with a setup
duration of fewer than 10 minutes. The sensors were installed at least six feet above the ground
to represent the human breathing zone. The sensors are normally used outdoors with 24/7
operation under the condition to maintain a constant power supply. When the database is
continuously connected to the internet network, data is transmitted through the cloud via online
TSIlink.com (BlueSky Air Quality Monitor Operation and Maintenance Manual, 2021). A web
browser and internet connection are required in order to access the LCSs’ real-time data. PMa s,
PM o, relative humidity, and temperature data are automatically uploaded to the cloud and ready
to be downloaded. Sensors are recommended to be in constant connection to the internet, in

order to foresee device and/or sensor error alerts. Simultaneously, aerosol mass concentration
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measurements of PM1, PM» s, PMa, and PM are stored in the built-in microSD card as duplicate

storage. The units of concentration of the PM species are ug/m3.

Logging intervals have the option of 1, 5, 10, 15, 30, and 60-minute averages. Each
monitor has the option to run an internal cleaning every day or week, depending on the location
of the monitor. Dusty areas may interfere with the PM sensors, as well as the quality of the data.
In this study, the logging intervals for the eleven LCSs are five minutes averaged with daily
cleaning intervals to receive the most accurate data. Data is collected every other week by
extracting the microSD card from the internal setup and downloading the .csv files. Fine
particulate matter PM3 5, temperature, and relative humidity were the chosen parameters for this
study.

3.4.3 TCEQ CAMS Database

The LCSs’ resultant ambient data were compared to available continuous data from the
Texas Commission on Environmental Quality (TCEQ) Continuous Ambient Monitoring Stations
(CAMSs) from the RGV region. Table 3.3 provides the status of all the Lower RGV stations and
Figures 3.24- 3.28 reveal the aerial satellite view of each location.

Table 3.3: General location, site specifications, status, and logged PM at TCEQ CAMSs.

CAMS EPA site City County  Status PM Latitude Longitude

C80 480610006 Brownsville Cameron Active PMjys 25.8925176 -97.4938295
C43 482150043 Mission Hidalgo Active PMas 26.2262097 -98.2910690
C323 480612004 South Padre Cameron Active PMas 26.0711000 -97.1577000
C1046 482151046 Edinburg Hidalgo Active N/A  26.2886220 -98.1520660
C1023 480611023 Harlingen = Cameron Active N/A  26.2003347 -97.7126837

CAMS-43 (C43) is located outside of John H. Shary Elementary school behind a

pediatric clinic and urgent care center in Mission (Figure 3.24). The nearest road is N. Glasscock

Rd about 65m (0.04 miles) from the CAMS. CAMS-80 (C80) is located at the UTRGV

Brownsville campus 280m (.17 miles) from the U.S. -Mexican border (Figure 3.25). CAMS-323
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(C323) is deployed at the South Padre Island UTRGV Coastal labs near a trailer park community
(Figure 3.26). South Padre Island is a barrier island along the Gulf of Mexico connected to the
city of Port Isabel via the Queen Isabella Causeway located over the Laguna Madre. CAMS-
1046 (C1046) is located on the frontage about 126m (0.08 miles) from Texas State Highway 69C
outside of the UTRGV CESS building (Figure 3.27). The adjourning surroundings include an
Edinburg middle school, park, and doctor’s office. Lastly, CAMS-1023 (C1023) lies on the
outskirt of a neighborhood on the field in a high school Freshman Academy HCISD (Figure
3.28). The TCEQ CAMSs were labeled with their given CAMS number from the USEPA 1i.e.,
C43, C80, C323, C1046, and C1023. A limited number of CAMSs are distributed across the
Lower RGV region with only one station in each city (i.e. Mission (C43), Brownsville (C80),
South Padre Island (C323), Edinburg (C1046), and Harlingen (C1023)).

CAMSs that qualify for this study must be actively recording particulate matter during
the years 2021-2022 in the RGV region. As a result, there are three qualifying stations C43, C80,
and C323. This study will assess how these three CAMSs accurately access the exposure burden
for over one million people in the RGV region. A yearly summary report was downloaded for
the two years 2021 and 2022 from tceq.texas.gov (accessed March 2022) from all CAMSs to
evaluate all relevant parameters from March 1%, 2021, to March 31%, 2022. CAMSs measure

hourly particulate matter concentrations in local conditions in pg/m?>.
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Figure 3.25: CAMS C80 satellite aerial view and adjoining environment
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CHAPTER IV

STATISTICAL METHODS AND DESIGN

4.1 Quality Assurance and Quality Control (QA/QC) of PM:25 Data

For this study, standard data quality assurance procedures from the USEPA (Protection,
2001) were implemented and demonstrated in Table 4.1. Completeness was computed by
dividing the observed sample by the targeted amount sampled (Raysoni et al., 2013). All
samples collected were recorded in five-minute intervals and converted to hourly PM; s (ng/m?)
concentrations. The total number of hours sampled and percent completion for each sample are
recorded in Table 4.1. Before the main study, a collocated sample was collected for four weeks
(with 600 sampled hours) in the city of Weslaco to sample the LCS W1. The resulting R*is 0.98
with the scatter plot and installation photo shown in Figure 4.1 and Figure 4.2. Once the main
study was over, four additional duplicate collocation samples were collected for the duration of
approximately one week (165 to 169 sampled hours) to sample at locations B4, B3, W2, and E3
(Figures 4.3 -4.10 respectively). All the hourly post-study tests proved the LCS’ accuracy with
moderate to strong 0.95< R?>0.99 correlations.

Furthermore, samples alongside Federal Equivalent Method (FEM) instruments such as
FEM TSI DustTrak Environmental Monitor and FEM DustTrak™ DRX Aerosol Monitor 8534
by TSI Incorporated, Minnesota, U.S. were calibrated to assure performance in the field (shown

in Figures 4.11 -4.13). As a result, the LCSs established good performance and evaluation with
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a strong 0.92 < R? > 0.98 correlation to federal reference-grade instruments and a 100%
completion.

Table 4.1: Hourly PM25 concentrations from collocated samples.

Sampled Duplicate Sampler Start End Sampled Completeness R?

Test (0to23 (0to23 Hours
hr.) hr.)
Pre-study B5 Wi 2/12/21 3/9/21 600 600/624 (96.2) 0.98
0:00 23:00
Post-study W1 B4 4/15/22  4/22/22 169 169/169 (100%) 0.98
11:00 12:00
Wi B3 4/22/22  4/29/22 169 169/169 (100%) 0.95
13:10 14:00
Wi w2 4/29/22  5/6/22 165 165/165 (100%) 0.99
17:00 14:00
El E3 5/13/22  5/20/22 167 167/167 (100%) 0.99
11:00 10:00
FEM FEM! E2 5/16/22  5/20/22 97 97/97 (100%) 0.98
16:00 16:00
FEM? E2 5/16/22  5/20/22 97 97/97 (100%) 0.92
16:00 16:00

FEM! TSI DustTrak Environmental, FEM? DustTrak™ DRX Aerosol Monitor 8534
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Figure 4.1: Scatter-line plot of the pre-study sample in site W1.

Figure 4.2: Installation photo of the pre-study sample in site W1.
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Figure 4.3: Scatter-line plot of the post-study sample in site B4.

Figure 4.4: Installation photo of the post-study sample in site B4.
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Figure 4.5: Scatter-line plot of the post-study sample in site B3.
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Figure 4.11: Scatter-line plot of the post-study sample with the FEM1 DustTrak
Environmental Monitor.

Figure 4.12: Installation phdto of FEMI DustTrak Envird_hental Monitor with FEM2
DRX Aerosol Monitor.
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Figure 4.13: Scatter-line plot of the post-study sample with the FEM2 DRX Aerosol
Monitor.

Hourly PM2 s (ug/m?) concentrations were calculated to 24-hour (ng/m?) concentrations
to estimate precision for the pre- and post-study samples (Table 4.2). PM» 5 was estimated as the
root mean square difference amongst the collocated samplers and divided by the square root of 2
(Raysoni et al., 2013; Protection, 2001). The precision percentage was evaluated by group, so the
four post-study samples were calculated together with 0.18% precision. The pre-study sample
estimated a 0.08% precision.

Table 4.2: 24-hour PM2 5 estimates of precision.

PM: s Sample Relative
precision %

Pre-study 0.08

Post-study 0.18
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According to a study in 2022 that evaluated long-term outdoor LCS’ completeness, the
main reason for missing data was the instability or loss of wireless connection (Connolly et al.,
2022). Therefore, in this study, the PM data was collected via microSD card to limit the loss of
data. Measurements were logged in the microSD card despite having a wireless connection. The
completeness values for the LCSs during the entire study duration were calculated in Table 4.3.

Data loss is due to many reasons, such as power outages or errors/malfunctions with the
PM sensors. In the LCS manual, the manufacturer TSI suggests replacing the PM sensor once a
year. The study period was from March 1%, 2021, to March 31%, 2022, with a total duration of
396 days. At certain points in the study, three sites B3, E1, and E2 required a PM sensor replaced
on the specified dates listed in Table 4.4. Shortly after replacing the PM sensor in B3, a device
error message ensued, resulting in a device (a new LCS) replacement on May 19™, 2021. Toward
the end of the study on March 21%, 2022, the PM sensor in site B1 malfunctioned. Thus, site B1
ended PM monitoring ten days prior to the study end date.

Despite the study difficulties with the sensor malfunctioning errors, the completeness
values from the Brownsville (B1-B5), Edinburg (E1-E3), Weslaco (W1 and W2), and Port Isabel
(PI) sites were > 89.4%. Comparably, the completeness of the TCEQ CAMS were C43(99.2%),
C80 (99.0%), and C323 (88.9%). The CAMSs were down when they underwent either
preventative maintenance or quality control auditing. If these CAMSs had delays and
breakdowns in the data communications or the data failed the automatic criteria, PM data was

not logged.
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Table 4.3: PMa.5 24-hour samples calculated for completion.

Site Completeness

Bl 384 /396 (97.0%)
B2 354 /396 (89.4%)
B3 379 /396 (95.7%)
B4 373 /396 (94.2%)
BS 385 /396 (97.2%)
El 390 /396 (98.5%)
E2 396 /396 (100.0%)
E3 394 /396 (99.5%)
W1 383 /396 (96.7%)
W2 396 /396 (100.0%)
PI 396 /396 (100.0%)
C43 393 /396 (99.2%)
C80  392/396 (99.0%)
C323  352/396 (88.9%)

Table 4.4: Sensor replacement dates for the appropriate sites.

Site Date of replacement

B3 4/27/2021  5/19/2021
E1  7/8/2021

E2  7/8/2021

4.2 Statistical Data Analyses

The resulting PM, temperature, and relative humidity data from the entire study duration

of March 1%, 2021, to March 31%, 2022, was downloaded from the microSD card from the eleven

LCSs and respective TCEQ CAMS to be processed for spatial and temporal analyses.

Descriptive statistics were prepared with Microsoft Excel (v.16.06 2022), SPSS for MacOS

(SPSS,

Inc., Chicago, IL), and R programming software (RStudio, Inc., Boston, MA). Raw data

directly from the sensors were cleaned and processed in Microsoft Excel using a conditional

(TRUE and FALSE) IF statement to flag any inconsistencies with the time interval settings of 5

minutes. These missing data points were all accounted for by the addition of blank rows in the

data sets. Subsequently, the cleaned data was converted into hourly and 24-hour data sets in

Microsoft Excel. PM2 s variability from both LCSs and TCEQ CAMS:s is demonstrated with box
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and whisker plots and time series. Spearman’s Rho Correlations were assessed, with a
significance level of 0.01, to determine PM> 5 site-specific temporal relationships between the
studied sites. Spatial heterogeneity between the various LCS locations and CAMSs were
examined from the following Coefficient of Divergence (COD) formula:

1 P X x|
ij — Xik
CODj, = _E l#]
p Xij + Xig

i-1

where X;; represents the i concentration measured in site j over the 24-hour study duration, the
number of observations is p, while the two sampled sites are j and & (Raysoni, 2011; Raysoni et
al., 2013; Krudysz et al., 2008; Pinto et al., 2004; Raysoni et al., 2011; Raysoni et al., 2022;
Mendez et al., 2022). COD estimates will underline a degree of uniformity between
simultaneously sampled study areas (Raysoni, 2011; Raysoni et al., 2013; Krudysz et al., 2008;
Pinto et al., 2004; Raysoni et al., 2011; Raysoni et al., 2022; Mendez et al., 2022). COD values
greater than 0.20 suggests a significant difference in the concentrations and thus spatial
heterogeneity between the selected sites. A low COD value of less than or equal to 0.20 specifies
similarities and refers to spatial homogeneity.

GIS ArcMap was used to prepare exposure patterns for PMz s in the Lower RGV region.
Hot-Spot Analysis (Getis-Ord Gi) in the region was performed using GIS spatial and mapping
techniques. Additionally, the spatial tools were used to conduct Cluster and Outlier Analysis

Anselin Local Moran’s Index (Raysoni, 2018).
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CHAPTER V

RESULTS AND DISCUSSION

5.1. PM2:5 24-hour Concentration Analyses

Boxplot visual analyses were devised from PM 5 24-hour concentrations (ug/m3) with
the applicable CAMSs and LCS sites for the entire study (Figures 5.1). The interquartile ranges
(75" & 25™) are demonstrated as the box while the whiskers show the minimum and maximum
values. PM3 s outliers are shown as an asterisk. In the box, the median is shown as a line and the
diamond signifies the mean. Figures 5.1 displays the boxplot for PM> s with the Lower RGV
sites labeled by color to symbolize the situated city. The color coordination catalogs B1, B2, B3,
B4, and B5 (deep blue) for the sites in Brownsville and E1, E2, and E3 (gold) in the city of
Edinburg. Sites W1 and W2 (green) are in Weslaco, and lastly, PI (purple) is in Port Isabel. The
CAMSs are colored black and identified as follows: CAMS43 (C43) in Mission, CAMSS80 (C80)
in Brownsville, and CAMS232 (C323) in South Padre. Evident outliers are clear when
performing a boxplot. The PM, s averages for all sites can be recognized as less than 15 pg/m’
with outliers less than 45 pug/m?.

Apart from the major identified outliers, CAMSs C43, C80, and C323 notably recorded
fewer outliers than those from the LCSs. Brownsville LCSs in the UTRGV (B2, B3, B4) all

demonstrated lower 24-hour averaged results when compared to the UTRGV C80 located
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0.17 miles from the U.S. -Mexican border. In the Brownsville residential sites Bl and BS5,
averaged values were slighter greater than those reported at the university Brownsville campus.
Correspondingly, the UTRGV Edinburg campus sites (E1 and E2) had marginally higher PM> s
average concentrations than the sensor in the gated residential community (E3). W1 deployed
site right off of Farm to Market Road 88 (FM88) exhibited greater averaged concentrations than
the other Weslaco location W2 off Texas State Highway 69. The Port Isabel (PI) averaged values
are noticeably lower than the famous touristed city of South Padre Island (C323), both sites

located outside the URTGYV coastal labs.
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Figure 5.1: Boxplot of 24-hour PM:.s concentrations (ug/m3) from the LCSs and TCEQ
CAMS:s. Asterisks correspond to outliers and diamond corresponds to the mean.

The LCSs deployed locations were intentionally selected in intra-and-inter-urban areas to
demonstrate accurate representations of daily PMa s exposures at the neighborhood level. With

resultant daily averaged PM2 s concentrations, spatial resolution can be assessed in the selected
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cities and compared with the logged PM 5 from CAMSs. Descriptive statistics (mean, standard

deviation, median, maximum, minimum, and count) of 24-hr ambient PM> 5 concentrations

(ug/m3) at each LCS site and the three CAMSs (C43, C80, C323) are presented in Table 5.1.

Notably, greater PM2. s concentrations in Brownsville varied with the mean and standard
deviation in C80 at 8.79 £ 5.39 pg/m? to B1 of 7.24 £+ 5.39 pg/m?. The university Brownsville
campus averaged lower concentrations in B3 of 5.05 + 3.35 ug/m?® and in B4 5.99 £ 4.01 pg/m?
than the residential areas B1 and B5. In the city of Edinburg, concentrations ranged from 5.69 +
4.08 pg/m? in E3 (gated community) to 7.16 = 4.97 pg/m? in E1 (university medical building
facing W Schunior St). C43 deployed outside of an elementary school recorded the overall
highest PM; 5 average concentration of 10.76 + 5.81 pg/m? in local conditions for the entire study
duration. Site C323 coastal labs and a nearby trailer park in South Padre Island (a famed tourist
area) recorded the second-greatest daily PM» 5 average of 10.74 £+ 6.00 pg/m?. Given South Padre
Island acts as a barrier island to the Gulf of Mexico, it is expected to encounter the southeastern
winds bringing humid air from the Gulf Coast and/or dust from SAL. The greatest PM2 s
averaged concentrations from all the LCSs was recorded in site W2 (7.43 £ 4.68 pg/m?)
residential household near the crossroads of FM88.

Maximum daily PM 5 concentrations from the LCSs ranged from 24.4 pg/m? in site B3
and 40.7 pg/m?® in E1. The maximum PM> s values from the CAMSs ranged from C323 (31.1
pg/m?) and C43 (38.3 pg/m?).

According to the NAAQS 2012 standards and the WHO global air quality guidelines of
2021, the average PMz s concentrations from the research findings did not exceed the 24-hour
mean threshold of 15 pg/m?3. These studied sites are just within these designated standards as

well throughout the study duration. Thresholds for harmful particulate matter levels are
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significant for the protection of the public’s health and welfare. Greater PM» 5 exposure levels in
urban areas would affect the health of sensitive populations and cause premature deaths.

The selected LCS locations are in the proximity of major Texas highways, commonly
used roads, and minor roads to measure low, medium, and high traffic density. C43 is deployed
approximately 0.04 miles from N. Glasscock Rd measuring a PM» 5 average concentration of
10.76 = 5.81 pg/m?. LCS B4 was deployed 0.04 miles from the major Texas State Highway 69E
recording (5.99 £4.01 pg/m?) PM s daily average with standard deviation. Similarly, W2 (6.47
+4.79 ng/m?) site was deployed 0.04 miles from the Texas State Expressway 83. Site Bl had a
higher averaged PM 5 of 7.24 + 5.39 ng/m* which may be because it is located on the same
street as the Lower RGV’s central attraction site Gladys Porter Zoo. School buses transporting
children to and from the zoo for school field trips are very common during the school year
(August to May). Site B2 (5.45 £ 3.62 pg/m®) and B3 (5.05 + 3.35 pg/m?) are located within the
UTRGYV and exposed to Brownsville campus traffic with B2 only 0.2 miles away from Texas
State Highway 69E.

UTRGYV Edinburg campus traffic is demonstrated with site E1 (7.16 = 4.97 ng/m?)
situated 0.01 miles from the commonly used W Schunior St. and E2 (6.45 +4.78 ng/m?) 0.04
miles from 107 Texas and intersection with Sugar Rd. The residential site of W1 (7.43 + 4.68
pg/m?) resided 0.1 miles near the crossroads of Farm to Market Road 88, and expresses traffic
exposures away from the city center but off frequently used roads. Deployed sites B5 (6.77 £
5.17 pg/m?) and E3 (5.69 + 4.08 pg/m?) represent exposures with less traffic density with one
being surrounded by the Resaca del Rancho Viejo and the other residing in an enclosed gated

community (respectively).
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Table 5.1: Descriptive statistics for 24-hour PM:2.5 concentrations (ug/m3) in the studied
sites.
Site Mean StDev  Median  Max Min

B1 7.24 5.39 5.50 39.95 1.14
B2 5.45 3.62 4.33 26.10 0.82
B3 5.05 3.35 4.07 24.39 0.76
B4 5.99 4.01 4.82 28.32 1.24
B5 6.77 5.17 5.08 35.57 1.12
El 7.16 4.97 5.45 40.70 1.41
E2 6.45 4.78 4.96 30.33 1.06
E3 5.69 4.08 4.40 29.29 0.93
W1 7.43 4.68 6.04 27.58 1.65
W2 6.47 4.79 5.00 37.21 1.10
PI 6.33 4.54 5.08 27.81 0.45
C43 10.76 ~ 5.81 9.13 38.29 1.96
C80 8.79 5.39 7.17 31.33 1.61
C323  10.74 6.00 9.19 31.09 0.00

StDev = standard deviation, N = 352 to 396 for all sites

The Time series plotted in Figure 5.2 conveys the temporal variations in PM> 5 24-hour
concentrations during the study period. Markedly, the series aids in the visual representation of
daily concentrations to compare the sites amongst each other and identify daily patterns. Figure
5.2 reveals that the daily concentrations across the sites, evidently, follow similar fluctuation
patterns. Given the proximity of the LCSs in repeated cities i.e., Brownsville, Edinburg, and
Weslaco, similar PM2 s levels are to be expected, apart from the occasional outliers. For instance,
during the time period of December 23, 2021, to January 3%, 2022, PM: s levels peaked at all
the sites. This temporal pattern may be a result of traditional U.S. celebrations such as Christmas
and 4™ of July Independence Day. These events are typically celebrated with outdoor cookouts

and firework displays, causing a collective increase in PM> s concentrations. Even though the

total daily PM, 5 averages did not pass the NAAQS standard of 15 ug/m3, short-term PM; 5 levels

throughout the study duration were still high enough to result in respiratory health issues.
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5.2 Coefficient of Divergence Analyses

Ambient exposure of 24-hour PM» 5 concentrations across the LCSs and CAMSs were
calculated into the COD matrix composed in Table 5.2. COD values greater than 0.20 are in bold
italics conveying spatial heterogeneity between selected locations. Selected CAMSs (C43, C80,
and C323) recording PM> s in local conditions suggest spatial non-uniformity with the LCS COD
values ranging from C80-W2 (0.25) and C323-B2 (0.58). In CAMS (C323, spatial variation was
more pronounced with the LCSs pairings C323-B2 (0.58), C323-B3 (0.54), C232-B4 (0.5), and
(C323-E3 (0.5). The Brownsville site B2 expressed the highest coefficients amongst the three
CAMSs with C43-B2 (0.49), C80-B2 (0.43), and C232-B2 (0.58), in thereof suggests site B2 and
the CAMSs were spatially heterogenetic. In the city of Edinburg, site E3 insinuated spatial non-
uniformity with CAMSs C43-E3 (0.38), C80-E3 (0.31), and C323-E3 (0.5). COD values
between the city of Weslaco (W1 and W2) and CAMSs were greater than 0.25, implying spatial
heterogeneity. Similarly, spatial non-homogeneity was exhibited in the values between the Port
Isabel site (PI) and CAMSs. These resulting COD values may insinuate an inaccurate
representation of neighborhood-level PM; s exposures with the Central Ambient Monitoring
Stations.

Spatial homogeneity was observed in the city of Edinburg location with COD values less
than 0.20 in E2-E1 (0.16) and E3-E2 (0.11) and equal to 0.20 in E3-E1. Homogeneity between
the LCS locations demonstrates the daily averages of PM2 5 concentrations to be spatially similar.
Equally, uniformity was also recognized in the following pairings: W2-E1 (0.17), W2-E2 (0.10),
W2-E3 (0.14), and PI-W2 (0.19) sites. Slight heterogeneity may be determined with values
proximate to 0.20 from pairings E2-B1 (0.23), E2-B5 (0.22), W2-B1 (0.21), W2-B5 (0.20), W2-

W1 (0.22), P1-B5 (0.22), P1-E2 (0.21), PI-E3 (0.23), and C80-C43 (0.23). The resultant COD
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statistics highlight the significance of ambient intra-and-inter-urban air monitoring of fine
particulate matter; with the majority of values pertaining to spatial heterogeneity.

Table 5.2: COD values from LCSs and TCEQ CAMSs with spatial heterogeneity identified
in bold italics.

PM,s B2 B3 B4 B5 EI E2 E3 WI W2 PI C43 C80 (323
Bl 0.37 031 0.31 025 0.26 0.23 0.26 0.28 021 0.24 033 0.27 047

B2 0.39 032 0.39 0.40 036 0.36 0.43 0.36 037 0.49 0.43 0.58
B3 0.33 0.30 031 0.27 027 035 026 026 045 0.36 0.54
B4 0.31 031 0.28 0.29 0.34 0.27 0.29 0.42 034 0.50
B5 0.25 0.22 0.24 0.29 020 022 037 029 048
El 0.16 0.20 0.24 0.17 0.26 0.30 0.26 0.46
E2 0.11 0.24 0.10 0.21 0.33 0.27 0.47
E3 0.27 0.14 0.23 0.38 031 0.50
W1 0.22 029 031 028 046
W2 0.19 033 0.25 0.46
PI 0.37 0.28 0.47
C43 0.23 0.39
C80 0.40

5.3 Spearman’s Correlation Analyses

Spearman’s rho correlation coefficients were processed to evaluate temporal relationships
between LCSs and TCEQ CAMS:s indicated in Table 5.3. Correlational coefficients are all
statistically significant at the 0.01 level in a two-tailed test (represented by **). Resultant
coefficients range from + 1 to determine the association between the two variables, in this case
sites. Stronger relationships will indicate values nearing +1, whereas coefficients nearing 0 imply
a weaker correlation. The site pairings all validated positive correlations with statistical
significance. The LCSs demonstrated moderate to strong correlations 0.76> r < 0.99 amongst the
other LCSs. Similarly, the CAMSs had moderate correlations 0.62>r < 0.89 with the LCSs.

Within the city of Brownsville, the five LCSs and C80 were all moderately correlated
with r >0.96. Relatedly, Edinburg LCSs were also strongly correlated amongst each other with

r>0.96 as well as site W1 and W2 (r =0.95). The sensor at the Port Isabel site indicated moderate
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to strong correlations with the other sites and a moderate association with C43(r =0.68).
Additionally, C80 (located in Brownsville) demonstrated a moderate correlation (r >0.85) with
the five LCSs in Brownsville (B1-B5). Overall, the coefficients from Spearman’s analyses
determined the varied correlations of PM» s concentrations in the Lower RGV region.

Furthermore, Figure 5.3 illustrates spearman’s correlation-colored matrix. This diagram
provides a visual aid for identifying coefficient relationships with a color scale. Therefore, as the
value is nearing +1 the color is displayed as a darker shade of blue. The Brownsville sites
illustrate darker shades of blue, conveying the stronger relationships between the sites.
Coefficients nearing 0 are represented as the lighter shades of blue, which is seen in the CAMSs
(C43, C80, C323). Although the resulting diagram consists of varying shades of blue, there are
no indications of a weak negative correlation between ranks (red shade).

Consequently, a spearman’s correlation plot is procured with appropriate histograms,
density functions, and smoothed regression analysis is exhibited in Figure 5.4. The correlating
coefficients are statistically significant with (***) corresponding to a 1% (0.01) level. Results are
equivalent to Table 5.3 and Figure 5.3, with histogram curves and regression analyses

confirming the positive correlational relationship between the LCSs and CAMSs.
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Table 5.3: Spearman’s rho correlation coefficients of PM2.s concentrations between the varied sites.

Bl B2 B3 B4 BS5 El E2 E3 Wi W2 PI C43 C80 (323

B1 1

B2 976%*% 1

B3 O75%%  957**% ]

B4 983#*  978**  973** ]

BS 986**  .960** 961** 973** ]

El 881#* 877 853**  BRI**E  8R1FF ]

E2 888**  Bo8**F  BOS*HF  8B3**  §93*F*  963** ]

E3 873%%  B5T7H*E B50**  8T74**k  RTTEE 96T7FF  972%* ]

Wil 889**  BT9**k  R6O** 889F*  gT9**  933**  9I5*k  927** ]

W2 934%%  915%*  910**  927**k  Q27H*k  O44%*%  Q41F*  Q34%*  945%* ]

PI 903**  B77**k  ROgHE  O5S*E  905** 7T0*F* TRO*FF T64**  [763**  824** ]

C43  764**  762%*  768%* 778** 756** B62** 833** B46** QIT7** Llo*F .678*%* 1

C80  .861**  B57** BO4** RO** 51** TRS*F*  7O1*F* 776**  78O** .g29** 8O9** 838*F* |
C323  706**  .697** [734%*  720** 715** 615** .676** .638** .619%* .672%* 826%* .672*%* 790** 1

Correlation is significant at the 0.01 level (2-tailed), N = 352 to 396 for all pairs.
D
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Figure 5.3: Spearman’s rho correlational colored matrix for all the selected sites.
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5.4 Surface Meteorological Conditions
Descriptive statistics of 24-hour meteorological parameters from LCSs and CAMSs are
portrayed in Table 5.4 and Table 5.5 respectively. The LCS parameters provided temperature (T)
and relative humidity (RH). According to the Air Quality Sensor Performance Evaluation Center
AQ-SPEC summary evaluation, T and RH reported minimal effects on the LCS’ precision (757 -
BlueSky). Therefore, a correction formula was not necessary for the resulting PM> 5
concentrations.

Table 5.4: Summary statistics of 24-hour meteorological parameters from the LCSs.

Site Mean Median Max Min StDev N

T(C) Bl 26.7 276 351 54 6.2 385
B2 282 28.7 37.8 74 5.8 354
B3 288 304 36.3 6.8 5.7 378
B4 268 27.4 359 5.6 6.0 373
B5 269 28.0 356 5.7 59 385
E1 287 29.7 377 8.8 6.7 392
E2 282 29.6 36.1 8.6 5.5 396
E3 264 274 356 6.5 6.7 394
W1 262 273 344 59 64 383
W2 278 29.0 355 68 58 396
PI 270 275 351 5.8 6.1 396

RH% Bl 664 66.2 83.8 342 74 385
B2 62.1 62.6 80.4 30.7 7.9 354
B3 588 60.0 784 26.7 8.5 378
B4 652 65.6 84.0 31.6 8.6 373
B5S 652 659 834 329 82 385
E1 527 53.0 69.8 21.0 8.6 392
E2 572 588 80.9 18.8 10.0 396
E3 63.0 632 83.1 28.8 0.1 394
W1 659 664 86.9 283 8.9 383
W2 598 614 83.2 19.6 10.2 396
PI 683 68.7 852 40.0 7.8 396

StDev = standard deviation, T = temperature in (°C), RH = relative humidity %.

Notably, throughout the entire study period, there were no detected abnormal T or RH

readings from the sensors. The LCS PM sensor's operational temperature range is -10°C to 60°C

63



or 14°F to 140°F, while the operational humidity range is between 0 to 95% non-condensing
(BlueSky Air Quality Monitor, 2020). The lowest T recorded was in site B1 at 5.4°C (41.7°F) and
the highest T was in site B2 at 37.8°C (100.1°F), which is not an abnormally high T value for the
RGYV region. In the Lower RGV summers often do reach the 37.8°C (100.1°F) range. Overall,
the LCS sites averaged T was within the PM sensor operational temperature range varying from
26.2°C <T >28.8°C or 79.2°F < T > 83.8°F. Similarly, the RH throughout the study duration
was within the PM sensor humidity operational range, with the average range between 52.7% <
RH > 68.3%. The lowest percentage of RH was logged at site E2 (18.8%) while the maximum
percentage was in site W1 (86.9%). Evidently, T and RH observed samples (N) are greater than
the N of PM> s samples because the T and RH sensors did not encounter malfunction errors like
the PM sensors.

Moreover, applicable meteorological parameters from the TCEQ CAMSs in the Lower
RGV region (C43, C80, C323, C1023, and C1046) are summarized in Table 5.5. All CAMSs in
the Lower RGV were included for meteorological analysis, regardless of their PM status, in
order to assess conditions throughout the region in the five cities (Mission, Brownsville, South
Padre, Harlingen, and Edinburg). Resultant wind speed and direction from the CAMSs were
concocted as wind roses in Figures 3.14 -3.18 illustrating southeast winds. Windspeed and
direction are meteorological variables that may significantly affect particulate matter vertical
mixing, horizontal transportation, and dispersion (Seaman, 2000; Tian et al., 2022).

Additionally, the CAMSs similarly documented an average of 23°C or 73.4°F for the
entire study duration. It is noted in Table 5.4 the deployed sensors demonstrate greater variability
of temperature rather than the temperature from the CAMSs in Table 5.5. Furthermore, solar

radiation (SR) values were expressed in Langley’s per minute to measure the total
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electromagnetic radiation emitted at the sites. Only two CAMSs monitored solar radiation with
daily averages of C43 (0.3) and C80 (0.3) Langley’s per minute.

Table 5.5: Summary statistics of 24-hour meteorological parameters from CAMSs.
Site Mean Median Max Min StDev N
RWS C43 2.8 2.7 6.1 1.0 1.0 396

(m/s) C80 3.0 2.8 8.3 0.1 1.4 393
C323 34 3.7 6.7 1.1 1.1 396
C1023 3.6 33 8.7 14 13 396

Cl1046 2.7 2.4 8.2 08 1.3 394
RWD (43 148.8 143.3 336.5 469 46.2 396
C80 162.3 158.8 340.2 438 51.7 393
C323 150.5 1452 3434 27.8 543 396
C1023 1582 156.0 349.6 33.6 47.8 396
C1046 147.6 1394 3344 19.0 47.0 394
T C43 233 246 31.3 44 -11.7 396
(°C) C80 232 24.1 30,6 2.8 -12.1 396
C323 235 245 309 33 -12.1 395
C1023 232 243 31.1 3.1 -11.7 396
Cl1046 234 246 31.3 41 -11.7 396
SR C43 0.3 0.3 0.5 0.03 0.1 396
C80 0.3 0.3 0.5 0.02 0.1 396
StDev = standard deviation, RWS = resultant wind speed in m/s, RWD = resultant wind direction
in degrees compass, T = temperature in ( °C), SR = solar radiation measured in Langley’s per
minute.

5.5 Seasonal Analyses
. 3 . .
To capture various seasonal and temporal PMa s (ug/m”) patterns at the various locations,

box and whisker plots were plotted for each season (Figure 5.5 -5.8). Season variability may
outline PM concentration fluctuations from weather conditions and determine LCSs’
performance levels (Chen, 2020). The color coordination in the legend is akin to Figure 5.1, in

which the color categorizes the LCSs by city.

. : 3
As reported by the boxplots, spring expresses higher PM> 5 (ug/m’) average
concentrations and decreases during summer. Autumn continues to present lower PM

concentrations then increases once more in winter. The temporal variation may be influenced by
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the meteorological parameters associated with the Lower RGV’s hurricane season (June Ist to
November 30" or summer to autumn). Additionally, winter detects greater amounts of outliers
than the other three seasons which may be a result of the use of heaters and fireplaces to keep

warm during the cold weather (Indoor Air Quality (IAQ), 2022). Seasonal descriptive statistics

for 24-hour PM 5 concentrations (ug/m3) in the studied sites are shown in Table 5.6. Markedly,
the CAMSs indicated a mean higher than the LCSs during each season. The maximum mean
throughout the seasons is from sites C323 (14.17 = 5.72 pg/m?), C232 (12.77 £ 6.28 ug/m?3), C43
(8.94 £4.88 ng/m?), and C43 (10.77 £ 5.81 pg/m?) for spring, summer, autumn, and winter

respectively.
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Table 5.6: Seasonal descriptive statistics for 24-hour PM:2.5s concentrations (ug/m3) in the
studied sites.
Sitet Mean Median Max Min StDev N
Spring Bl 9.61 6.82 26.15 2.17 633 92
B2 7.34 5.48 18.57 1.81 4.44 80
B3 7.00 5.61 18.86 1.70 4.16 75
B4 8.50 6.76 21.72 2.10 5.03 80
B5 9.84 6.81 2698 245 6.61 81
El 8.75 5.83 2575 2.58 6.04 86
E2 948 6.83 28.00 2.58 6.51 92
E3 7.82 5.55 22,62 2.18 533 92
W1l 995 753 27.58 2.69 644 92
W2 932 6.52 26.27 217 634 92
PI 8.60 7.06 2498 1.88 5.19 92
C43 1299 10.31 33.33 338 720 92
C80 1135 9.15 2833 2.74 6.19 92
C323 14.17 13.06 2980 542 572 92

Summer Bl 6.27 5.35 20.67 1.58 3.59 92
B2 4.67 4.02 13.67 127 249 84
B3 472  4.08 13.02 147 240 92

68



Table 5.6 continued.

B4
BS
El
E2
E3
Wi
W2
PI
C43
C80
C323

Autumn Bl

B2
B3
B4
B5
El
E2
E3
Wi
W2
PI
C43
C80
C323

Winter B1

B2
B3
B4
BS5
El
E2
E3
Wi
W2
PI
C43
C80
C323

5.19
6.04
6.21
5.79
4.95
6.48
5.23
6
10.64
9.03
12.77

5.89

4.73
4.12
4.85
5.35
6.22
4.93
4.48
6.23
5.19
4.76
8.94
7.29

6.99

7.05

5.42
4.92
5.95
6.56
7.85
6.09
5.95
7.09
6.49
6.14
10.77
7.74
8.69

4.48
5.08
5.53
5.06
4.41
5.89
4.72
5.28
9.6
7.91
12.07

4.3

4.17
3.1
3.74

4.72
3.84
3.49
5.15
4.06
3.62
7.52
5.52

6.06

5.18

4.16
3.87
4.64
4.51
5.76
4.54
4.44
6.02
4.84
4.66
9.35
5.92
7.31

15.08
19.79
15.94
17.68
13.82
18.26
16.87
17.72
24.67
21.42
31.09

23.96

15.78
14.29
17.11
22.3
21.58
18.35
16.18
18.12
17.2
22
29.92
29.71
28.76

35.91

26.1

24.39
28.32
35.57
40.7

30.33
29.29
22.4

37.21
27.81
38.29
31.33
25.85

1.53
1.33
1.81
1.59
1.29
1.75
1.1

1.11
2.75
2.04
4.13

1.45

1.34
0.84
1.33
1.18
1.54
1.06
1.28
1.91
1.42
0.45
1.96
1.61

2.56

1.14

0.82
0.76
1.24
1.12
1.41
1.21
0.93
1.65
1.11
0.97
3.48
2.63

2.59
3.58
3.05
3.01
2.51
3.23
2.52
3.6

5.04
4.8

6.28
4.02

2.8

2.73
3.07
3.84
3.94
3.21
2.82
3.71
3.33
3.9

4.88
4.97
3.88

5.61

4.09
3.65
4.32
5.6

6.28
4.8

4.59
3.83
5.32
4.81
5.81
4.96
5.03

81
92
92
92
90
92
92
92
92
92
69

91

86
91
91
91
91
91
91
91
91
91
90
89
78

90

81
90
90
90
90
90
90
77
90
90
90
88
82

StDev = standard deviation
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Meteorological parameters from each season were assessed in Table 5.7 to read 24-hour
RWS (m/s), T (°C), and solar radiation from the three CAMSs that actively log PM».5 (C43, C80,
(C323). Wind speeds at CAMS C80 fluctuated from 3.60, 2.68, and 2.35, to 3.11m/s during
spring, summer, autumn, and winter respectively. Consistent with the temporal pattern exhibited
with PM» s, averaged wind speeds decreased after spring and increased in winter. Temperature
and solar radiation peaked in the summer with CAMSs reaching an average of 28 °C (83°F) and
0.36 Langley’s per min (C43).
Table 5.7: Seasonal descriptive statistics of 24-hour meteorological parameters from
selected CAMSs.

Site  Parameter Mean Median Max Min StDev N
Spring C43 RWS (m/s) 3.37 334 532 1.41 0.89 92

T (°C) 2378 2445 29.12 1404 386 92

SR 0.30 0.31 047 0.04 0.11 92

C80 RWS (m/s) 3.60 331  7.68 085 128 92

T (°C) 2328  23.66 2829 13.62 353 92

SR 0.27 0.28 0.44 0.03 0.11 92

C323 RWS (m/s) 3.72 3.62  6.55 .77 1.11 92

T (°C) 22.81 23.43 28.09 1350 353 92

Summer C43 RWS (m/s) 2.81 2776  4.70 .10 0.79 92
T (°C) 2898 2942 3121 2359 154 92

SR 0.36 0.39 047 0.04 008 92

C80 RWS (m/s) 2.68 244  6.11 0.12 1.10 92

T (°C) 28.59 2888 30.56 23.17 132 92

SR 0.32 035 0.43 0.06 0.09 92

C323 RWS (m/s) 2.97 2.89 5.03 .72 0.66 92

T (°C) 28.64 2943 3086 -17.78 5.00 92

Autumn C43 RWS (m/s) 241 231 425 .12 0.69 91
T (°C) 2492 2573 31.27 1292 452 91

SR 0.28 0.28 0.40 0.04 008 91

C80 RWS (m/s) 235 203 5.85 020 1.14 91

T (°C) 2487 2543 3045 1330 4.09 91

SR 0.27 0.28 0.40 0.07 0.09 91

C323 RWS (m/s) 3.54 332 5.99 1.73 099 91

T (°C) 26.14 2693 30.73 1627 350 91

Winter C43 RWS (m/s) 2.60 246 543 1.02 099 90
T (°C) 16.79 16.49 26.42 439 597 90

SR 0.19 021 0.36 0.03 0.09 90

C80 RWS(m/s) 3.11 3.00 6.73 0.13 136 87
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Table 5.7 continued.

T (°C) 17.11 17.43 25.80 280 580 90
SR 0.19 0.20 0.38 0.02  0.09 90
C323 RWS (m/s) 3.38 3.12 6.65 1.05 141 90
T (°C) 17.65 17.71 25.62 330 526 90

StDev = standard deviation, RWS = resultant wind speed in m/s, T = temperature in (°C),
SR = solar radiation measured in Langley’s per minute.
5.6 Hot Spot Analysis

Hot Spot Analysis (Getis-Ord Gi) was conducted to determine PM> 5 distribution in the
Lower RGV region using ArcGis. 3000 m was the average distance reported for the analysis.
The z-scores were analyzed to better understand the statistical significance of PM: s distribution
in the appropriate counties. Figure 5.9 illustrates the hot spot output of the average PM2 s data
from March 1%, 20221, to March 31%, 2022. Evidently, the results illustrate higher z-values in the
cities of South Padre and Port Isabel (Cameron County) while Hidalgo County shows greater

scores in the Mission city area.

GlZScore

Value

mr High © 2.03713
! 0 125 25 50 Miles

B Low:-121283

Figure 5.9: Hot spot analysis for PM2.s concentrations in the Lower RGV region.
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Additionally, Cluster & Outlier Analysis (Anselin Local Morans I) was conducted to
assess autocorrelational patterns in PMa s distributions from the CAMSs and LCS sites. The Z-
score results in this analysis examine the degree of spatial clustering. Figure 5.10 demonstrates
the spatial clustering reporting random PM> s distribution. Moran’s Index is indicated as 0.41

with a z-score of 1.35 (p<0.18).

Moran’s Index: 0.406135
z-score: 1.345115
p-value: 0.178588

Significance Level Critical Value
(p-value) (z-score)
0.01 <-2.58
0.05 -2.58 - -1.96
0.10 -1.96 - -1.65
- -1.65 - 1.65
1.65-1.96
1.96 - 2.58
>2.58

0.10
0.05
0.01

aagoom

S |

Significant

|

Significant

Random Clustered

Figure 5.10: Spatial clustering report for PM2.s concentrations in the Lower RGYV region.
Various maps were designed using hot spot analysis to accentuate the demographic and
socio-economic results in the RGV region. The metrics used were from the 2018 census tract by

the Centers for Disease Control and Prevention (CDC) Agency for Toxic Substance and Disease

Registry (ATSDR) found at www.atsdr.cdc.gov (accessed in June 2022). The social vulnerability
indexes are calculated by county. ArcGis outputs express the percent of persons below poverty,
the amount per capita income (US dollars), the percent of persons aged 65 and older, and the
percent of minorities in the RGV region (Figures 5.11 -5.14 respectively). These figures were

examined to provide necessary interpretation for the Lower RGV region of South Texas.
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Figure 5.11: Hot spot analysis for the percentage of persons below poverty in the Lower
RGYV region.

N

A

Amount per capita income (US dollars)
13350 - 19258
19259 - 23546
I 23547 - 27861
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I 33815 - 43439 T |

Figure 5.12: Hot spot analysis for the amount per capita income (US dollars) in the Lower
RGYV region.
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Percentage of persons aged 65 and older
86-128

12.8-16.5
16.5 - 20.6
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0 15 30 60 Miles
B 256-359 .
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Figure 5.13: Hot spot analysis for the percentage of persons aged 65 and older in the Lower
RGYV region.

Percentage of minority (not including white non-hispanics)
9.3-244

244-375
0 375-537
B 537 -747

0 15 30 60 Miles
B 727-993 I

Figure 5.14: Hot spot analysis for the percentage of minorities in the Lower RGYV region.

The included variables are estimated percentages of the data collected over the five years

period (2014-2018) from the American Community Survey (ACS). The cities in this study were
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based in the Hidalgo and Cameron counties, this is considered the lower area of the RGV.
However, the entire RGV is included in the figures i.e., Starr, Hidalgo, Cameron, and Willacy
counties. The RGV community’s social vulnerability is exhibited by socioeconomic variables.
Notably, the recorded persons living below poverty were 27% to 40% of the population in the
RGV with bordering counties documenting 3% to 15%. The entire RGV region along with
neighboring counties convey per capita income of less than $19,258. The household composition
of persons aged 65 and older in the Lower RGV encompassed less than 13% of the population.
The elderly populace is significant because they are a type of sensitive group that is more
susceptible to human health issues.

The estimated total population of minorities was divided over the total population to
assess the percentage of the minority population. Persons of white (non-Hispanic) ethnicity were
not included in the estimate. Prominently, the demographic composition of minorities in the
RGYV region and adjoining counties comprised about 75% to 99% of the entire population. The
resulting percentage is expected, considering the geographical proximately of the RGV with the
U.S. -Mexican border. Correspondingly, Hispanics/Latinos comprise about 94% of the total
population (1,402,340 persons) in the RGV region as of 2022 (Population Data for Region: Rio
Grande Valley).

5.7 Discussion

Overall, the objective of this study was to assess PM2 s neighborhood-level monitoring
with low-cost sensors. The results from this study characterize accurate exposure burdens in
different communities of the Lower Rio Grande Valley. The PM> 5 daily concentration averages
in the cities of Brownsville, Edinburg, Weslaco, South Padre, and Port Isabel were within the

designated standards from the NAAQS and WHO daily average standards. Thresholds for
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harmful particulate matter levels are placed significantly for the protection of the public’s health
and welfare. Notably, there were short-term PMb s daily values that did exceed the threshold
warning of 15 pg/m3. Greater PM exposure levels in these urban areas would affect human
health. The study period occurred around a year after the 2020 coronavirus mandatory lockdown
in Texas. The PM2 5 daily concentration averages could be a demonstration of people’s exposure
in the RGV region during and after quarantine. A study by (Chadwick et al., 2021) compared
monthly PM; 5 averaged concentrations using LCSs to show a significant reduction of 71.1% and
21.3% from 2019 to 2020, due to the quarantine measures limiting traffic use.

PM 5 concentrations were expected to vary spatially and temporally because of the
various placements in the cities of Brownsville, Edinburg, Weslaco, and Port Isabel in the Lower
Rio Grande Valley region. Spearman’s rho correlational matrix analyzed moderate to strong
positive relationships amongst the LCSs themselves (r < 0.98) and the relationship between the
LCSs and CAMSs (r < 0.89). High spatial resolution for these selected cities was provided by the
LCSs and demonstrated with PM> s temporal and spatial trends. The resultant COD statistics
confirmed the spatial heterogeneity between PMb» s concentrations from the TCEQ CAMSs (C43,
C80, and C323) and LCSs. Henceforth, the significance of this study highlights CAMS central
monitoring may not be a true representation of intra-urban exposures of fine particulate matter.
The deployment of LCSs in intra-and-inter-urban locations provided better access to the personal
exposure levels of PM2 s.

Ambient monitoring with sample reference-grade instruments Federal Reference
Methods (FRM) and Federal Equivalent Method (FEM) may fail to distinguish important
pollution occurrences or spatial clustering of high pollution values i.e., hot spots (Connolly et al.,

2022; Kelly et al., 2021; McLaughlin et al., 2020). Multiple studies examine traffic air pollutants
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by collecting pollution data from central ambient monitoring sites to express long-term or short-
term exposures (Raysoni et al., 2013; Dockery et al., 1993; Pope et al., 2002). Air quality
performance with air monitoring instruments is exorbitant; therefore, studies typically use central
ambient monitoring sites providing outdoor measurements (Wang, 2020; Faridi et al., 2018; Guo
etal., 2017; Pun et al., 2017). These central ambient monitoring sites may not be appropriate for
determining personal exposures. Studies have assessed central ambient monitoring sites for
personal exposures of sensitive groups i.e., asthmatic children to determine potential exposure
misclassifications (Raysoni et al., 2013, Adgate et al., 2002; Kousa et al., 2002). Henceforth, air
quality LCSs are part of the ever-growing air quality studies around the world, because of their
cost, accessible properties, and locally relevant data (Pang et al., 2021, deSouza et al., 2017;
Morawska et al., 2018; Sun et al., 2016; Weissert et al., 2017). Objectively, this is a case study of
ambient PM2 s monitoring in the Lower RGV region with novel LCSs. FRM/FEM samples and
other collocation samples were performed pre- and post-study to calibrate the LCSs' accuracy
and precision, as suggested from the literature reviewed on LCSs (Lee et al., 2019; Lu et al.,
2021; Feenstra, 2020; Lung et al., 2022). The results from the literature review helped guide this
study's methodology with LCSs.

The difficulties encountered in this study would be the sensitivity of the PM sensors to
malfunctions and not having an immediate replacement. Therefore, to avoid similar
complications, extra LCSs should be added to act as an immediate spare to the sensors that

become faulty during the study.
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CHAPTER VI

CONCLUSION

This novel study is one of the first of its type in the Lower Rio Grande Valley in South
Texas to use low-cost sensors to monitor multiple towns and cities (Brownsville, Edinburg,
Weslaco, and Port Isabel) and characterize PM» s exposures at the intra-and-inter-urban level.
Since this is the first of its kind, this research work will influence and aid with upcoming air
quality assessments in the RGV region. Our focus in this study was solely on characterizing fine
particulate matter (PM2s). Nevertheless, with the ever-growing market of novel low-cost sensors,
diverse air pollutant species (i.e. NO2, CO, O3) can be incorporated into future air quality studies
to determine different exposure burdens for various criteria air pollutant lands in the RGV.
Building upon this study will ultimately provide vital information for the citizens residing in the
RGYV while adding to the steadily growing body of air quality literature in this region.

This research study will aid local policymakers in drafting guidelines for the citizenry to
limit their particulate matter exposure burden to the general population in the RGV region. Given
the standards already provided by NAAQS and WHO, daily averaged PM> s concentrations in
this study were still within the designated guidelines throughout the study period. However,
short-term PMa s levels throughout the study duration were still high enough to result in
respiratory health issues.

Findings from this study become ever more important due to the 2020 coronavirus

pandemic that primarily targeted the human respiratory system. The impact of PM2 s exposure
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causes major acute and chronic health effects, and only increase when paired with the effects of
the 2020 pandemic. Low-cost sensor technology is advancing rapidly. Together with central
ambient monitoring sites, these low-cost sensors help the community to monitor both spatial and
temporal pollutant patterns in real-time.

Future studies in this region focusing on other criteria air pollutants will definitely
contribute to the growing body of air quality literature, especially in the U.S. -Mexico border
region. Future studies should also contemplate performing similar pollutant monitoring across

the international border in Mexico, once the security situation improves.
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