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Abstract

The problem investigated in this research is about the potential risk of tech-
nological hazards, which poses a perilous threat to humankind and the envi-
ronment. Rapid urbanization has been increasing the population density in
an area, elevating the risk of exposure to technological disasters. Therefore, it
is necessary to detect the areas with higher chemical risk to spread awareness
about the potential risk zones and reduce actual damage and casualties re-
sulting from the hazardous substance events. The basic design of the study
utilizes geospatial analysis to map the TRI (Toxics Release Inventory) facili-
ties in the communities of Texas to establish a relationship between potential
hazardous material release zones and the human population at risk. The study
identified the vulnerable counties as well as investigated how those risk areas
are related to race/ethnicity, income and education. The research would con-
tribute to the policymakers acting on the hazard situation and keep them bet-
ter prepared for chemical hazards. In addition, it would help the residents
and emergency managers to better understand the circumstance to mitigate
the consequences as well as increase their awareness to be ready for the un-
certainties in the hotspots involved in high risk of the hazards.
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1. Introduction

Technological hazards can be defined as a threat to the natural and manmade
environment, including human beings and their properties, which results from
various human actions such as producing, shipping, storing, and utilizing toxic
chemical materials. Those human-made hazards can have a negative influence on
almost all communities, requiring their collective action to prepare and respond
to a technological disaster and mitigate the negative impacts of such environmen-
tal threats. Therefore, stakeholders, particularly local governments, should iden-
tify which geographic areas are at risk and what segments of their population are
vulnerable to the hazard before enforcing any collective actions to protect lives
and properties from it. To this end, this research is designed to investigate how
the scientifically estimated risk of hazardous material releases is associated with
community at the levels of census tracts and counties in the state of Texas. One
of the main goals of this research is to analyze hazardous material-related risk and
how it is associated with social, economic, and demographic factors such as race,
ethnicity, educational attainment and poverty. In addition, this study aims to iden-
tify specific locations in the state with the highest level of concentration of the
TRI (Toxics Release Inventory) facilities dealing with toxic chemicals that can
claim human injuries and deaths. TRI is a database that contains information about
“toxic chemical releases and pollution prevention activities” conducted by busi-
nesses and governments (EPA, 2021).

A hazardous material has any one or more characteristic properties (e.g., igni-
tability, corrosivity, reactivity, toxicity), leading to harmful effects on human be-
ings, property, and the environment. Such hazards include toxic waste, air/water
pollution, fires and explosions, radioactive accidents, and hazardous material spills
or releases (Kates & Kasperson, 1983; Flores et al., 2021). Technological advance-
ments and the development of the human lifestyle have also had the other side.
Along with increasing benefits, we should be prepared for the risk of generating
an equal amount of hazardous material. There has been an upsurge in the use
and production of industrial chemicals with rapid evolution resulting from hav-
ing increased the industrial revolution. Such a phenomenon has been evidenced
in each of the countries of the world regardless of their developmental or eco-
nomic status where its industrialization has resulted in increased exposure to ha-
zardous chemicals (Xu et al., 2020; Ak et al., 2020; Poku-Boansi et al., 2018; Tha-
kur et al., 2018; Andersen et al., 2017). It is apparent that human exposure to
harmful substances, in turn, increases health-related problems. These risks of ex-
posure to various toxic chemicals vary according to the spatial distance, socioe-
conomic factors, and environmental levels (Lowry et al., 1995). In general, tech-
nological disasters result from the use of improper equipment and equipment
failure and failure to follow safety procedures. However, a chemical accident may
often be related to a natural disaster. For example, at the time of natural disasters
such as earthquakes, hurricanes, and tornadoes, power outages very often occur.

It could be due to strong wind or storm surges which can result in damaging

DOI: 10.4236/gep.2021.97005

63 Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2021.97005

S. N. Hwang, V. S. Kannegalla

electrical equipment in an industrial facility holding unstable, reactive chemical
compounds maintained at a lower temperature, eventually causing leakage of ha-
zardous chemicals into the environment (Santella et al., 2010, Flores et al., 2021).
Much literature has addressed these problems at different geographic levels,
making it hard for policymakers to follow and understand the current state of
knowledge. The empirical research conducted by Li and his colleagues attempted
to identify a geospatial pattern in which the exposure to industrial toxic chemi-
cals can be consistently controlled (Li et al., 2016). However, the amplified ab-
undance of hazardous materials has increased risk to human health, property, or
the environment. Previous studies show effects and causes of increased mortality
and morbidity of fatal diseases and ailments in the population (Gong et al., 2018;
Palmer et al., 2006). The Bhopal disaster that occurred in December 1984 at the
Union Carbide India Limited is one of the worst chemical disasters in history,
which took more than 2,000 lives in few days (Sriramachari, 2004).

There is empirical evidence that such chemical disasters disproportionately have
influenced minorities or arisen from racial and ethnic minority groups such as
African Americans and Hispanics. For instance, a study performed in the met-
ropolitan area of Atlanta, Georgia, United States showed a scenario of the area in
which low socioeconomic status populations and minorities are more likely to be
exposed to potentially harmful chemicals (Johnson et al., 2016). The authors also
claimed that lower socioeconomic status and non-White communities were dis-
proportionately exposed to hazardous substances.

The accidental release of toxic substances during transportation, process, treat-
ment, and discharge to the environment tends to increase the exposure to toxic
material (Quddus et al., 2018). The risk of exposure to hazardous materials can
be estimated with the amount of those produced in the manufacturing process.
A few facts about the amount of toxic release in Texas compared to the US are
presented in Table 1. The TRI program administered by the Environmental Pro-
tection Agency asks private and federal facilities dealing with hazardous sub-
stances to report their hazardous chemicals that may lead to “cancer or other
chronic human health effects, or adverse environmental effects.” It is notable that
Texas accounts for about 8.4 percent of the total number of TRI facilities in the
United States while it generates around 3.9 billion pounds of toxic waste, about
13% of the total production-related waste managed in the U.S. (EPA, 2019). The
unwanted exposure needs to be analyzed and requires modeling at adequate le-
vels of geographic resolution, which could reveal exposure inequalities by in-
come and race (Dolinoy & Miranda, 2004).

As described earlier, continuous exposure to toxic materials may intensify
the immediate and long-term impacts on public health. Variables regarded as a
measuring factor to decide the human exposure scenario may include socioeco-
nomic status, ethnicity, and literacy rate. Some research has been done to investi-
gate relationships between technological hazards and socio-demographic factors
(Sohrabi et al., 2020; Malecha et al., 2020; Batisse et al., 2017; Johnston et al., 2016;
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Table 1. TRI quick facts.

Texas United States
No. of TRI Facilities: 1782 21,458
Total Production-Related Waste Managed: 3.9 billion Ibs. 30.6 billion Ibs.
Total On-site and Off-site Disposal or Other Releases: ~ 188.6 million Ibs. 3.4 billion Ibs.

Total On-site:

o Air:

e Water:

e Land:

Total Off-Site:

158.7 million Ibs.

50.6 million Ibs.

17.2 million Ibs.

90.9 million Ibs.

29.8 million Ibs.

2.9 billion Ibs.
600.2 million lbs.
201.2 million Ibs.
2.1 billion Ibs.

456.5 million Ibs.

Source: EPA (2019).

Maantay, 2007; Thomas et al., 2002; Chakraborty, 2020; Sheppard et al., 1999).
However, little research has utilized GIS (Geographic Information System) to
investigate how technological hazards correlate with socio-demographic charac-
teristics even though GIS-based environmental risk assessment has been exten-
sively used since the 1990s. As a matter of fact, GIS enables researchers to represent
a complex geographical distribution of geospatial data. It is proved to be one of
the best ways of representing various geographical issues that are georeferenced
for natural hazards such as earthquakes, landslides, floods, and technological ha-
zards such as hazardous material releases (Senouci et al., 2021). Additionally, var-
ious geoprocessing tools in ArcGIS can be used to analyze complex data sets that
contain attributes about diverse populations and geographic locations at risk of
those hazards (Zhao & Liu, 2017).

For this research, GIS was used to georeference the individual TRI facility loca-
tions in Texas to identify the possible scenarios estimated and listed in risk of ex-
posure. To be more specific, various GIS tools such as Proximity, Extract, Overlay,
Data management, and Spatial Analyst, helped analyze relationships between the
potential exposure risk of hazardous material from the TRI and the socioeconomic
demographic characteristics across Texas. Representation of the TRI facility and
community data through GIS is expected to provide a picture of the current situa-
tion about how the technological hazard is associated with the socioeconomic de-
mographic variables. It will help policymakers and the mitigation personnel to con-
clude how to mitigate the hazard and protect their citizens against the risk (Dolinoy
& Miranda, 2004). These research findings are meaningful, considering that they
help local governments better prepare to protect their communities against hu-

man-made hazards such as biological or chemical threats.

2. Data and Methods

The study area of this research includes all the counties in Texas which the se-

cond-largest populated state in the US. It has been reported to experience 23.25%
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of the total events recorded in the category called Hazardous Substances Emer-
gency Events Surveillance (Wattigney et al., 2009). It is noticeable that much of
the state has been plagued with a wide range of perilous technological hazards
and chemical accidents). The incidents involved fixed facility events, estimated
to be 25.3% of all fixed facility events and 18% of events during transportation.
Hundreds of petrochemical manufacturing and distribution facilities are situated
along the Gulf of Mexico and significant metropolitan areas (Dallas-Fort Worth-
Arlington and San Antonio New Braunfels). These locations lead to a significant
risk of hazardous material releases in their operation or transportation, threat-
ening public health and safety and disrupting the natural and manmade envi-
ronment. It becomes essential to track these events to understand the cause, di-
mensions, and aftereffects. The State of Texas consists of 322 counties and 23 met-
ropolitan areas, including the Dallas-Fort Worth-Arlington including Dallas Coun-
ty, the Houston—The Woodlands-Sugar Land including Harris County, and the
Austin-Round Rock-San Marcos (or Greater Austin), including Travis County.
It is noticeable that the TRI facilities dealing with toxic chemicals are concen-
trated in these three metropolitan areas.

The main objective of the research is to utilize geospatial technology to enu-
merate communities and the human population most vulnerable to technologi-
cal hazards. These hazards are related to TRI facilities dealing with toxic chemi-
cals that can claim human injuries and deaths. To examine how the geographical
pattern of the chemical risk is associated with the different populations such as
white, black, Asian, and Hispanic people at the county and census tract level in
Texas. In addition, this research will capture how the risk is related to social and
economic factors such as educational attainment and poverty. Its primary goal is
to contribute to a research community by providing knowledge about how hu-
man-induced hazards can influence different populations’ segments.

Two major types of datasets were collected to conduct the research. One is the
geospatial data showing each location of the industrial and federal facilities re-
quired to report to Environmental Protection Agency information about ha-
zardous chemical releases through its TRI program every year. The EPA’s pro-
gram was designed to better manage over 690 hazardous materials from over
20,000 US industrial facilities that may threaten public health and the environ-
ment when released into the air, water, and soil. There were 1817 TRI facilities
in Texas as of 2015. The other is the dataset about socio-demographic characte-
ristics such as race, ethnicity, level of education, and income collected through
the Bureau of Census. The dataset also includes census tract and county bounda-
ries, containing information about socio-demographic characteristics (e.g., race,
ethnicity, educational attainment, and income level) as attributes in each data
table. The attributes come from the 2014-2018 ACS (American Community Sur-
vey) 5-Year estimates.

These data imported into ArcMap for geospatial analysis and projected into
the USA Contiguous Albers Equal Area coordinate system helped analyze the

effects of the potential health risk of toxic chemical releases on the communities
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in Texas through GIS-based spatial analysis. Various analytical methods that will
be employed include geoprocessing operations (such as Buffer, Clip, Intersec-
tion, and Dissolve, and Point Density analysis). The results of this geospatial anal-
ysis created maps that represent information on the geographic locations of the
facilities dealing with hazardous materials and human populations and socioe-
conomic and demographic factors that can be influenced by the potential risk of

hazardous substances escaping into the environment.

3. Results

Each of the Figures 1(a)-(d) provides a choropleth map layer showing the per-
centage of the white, black, Hispanic, and Asian population by county in Texas,
respectively. Each of which is overlaid with a dot density layer showing the num-
ber of TRI facilities (used as a proxy to the risk of hazardous material releases) to
represent relationships between race/ethnicity and the risk. These maps give a
quick overview of where both a specific population group and the hot spots of
the TRI facilities are concentrated. In general, Figure 1(a) and Figure 1(d) show
that the higher the representation of the black or Asian people residing in the
higher chemical risk zones, while Figure 1(b) and Figure 1(c), the higher per-
centage of the white or Hispanic population, living in the lower-risk zones. The
settlement of population sets in low and high-risk zones suggests that the white
and Hispanic people tend to reside in a county with a lower risk level of toxic
materials. In contrast, the black and Asian people, comparatively, have a higher
risk level. Figure 1(e) and Figure 1(f) represent an association between the num-
ber of TRI facilities closer to one county centroid than the other and the white or
black population percentage, respectively.

It should be noted that those counties with no red triangle symbol have no
single TRI facility that is closest to each county. Overall, this map clearly shows
that the white population has a propensity to live in a county far away from TRI
facilities. At the same time, the black population is near TRI facilities. On the
other hand, Figure 1(g) and Figure 2(h) capture a relationship between a dis-
tance from a facility point to a county boundary closest to the point and the white
and black population percentage, respectively. A TRI facility point that falls in-
side a county was regarded as being closest to the county, receiving zero meters.
This map suggests that the black population tends to reside in areas dispropor-
tionately vulnerable to technological hazards.

As a more in-depth geospatial analysis, each of the race/ethnicity categories (i.e.,
Low, Medium, and High) was given values of one, two, three, respectively, to re-
present a race-specific population concentration index. Map layers representing
racial/ethnic were dissolved into three classes (or indices) based on the Quantile
Method, where features (i.e., 254 counties) were aggregated in equal numbers,
(i.e., 85 counties each in each index) and plotted on each map as shown in Figures
2(a)-(d). The index of 0 indicates the lowest concentration of a race/ethnicity

while the index of 3, the highest concertation of the same race/ethnicity.

DOI: 10.4236/gep.2021.97005

67 Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2021.97005

S. N. Hwang, V. S. Kannegalla

# of TRIs
¢ ° 1-7
N ® 8-19
® 20-55
@ 56-143

@ 124-410

w —~E T Milcs Black (%)
0 75 150 300
Low (0% - 1.47%)
I Medium (1.48% - 7.67%)
I High (7.68% - 33.84%)

()

%
‘ ° . : ..-': .05 ® o0
‘ ‘.i ‘.01’“'.".".'0'
SRR Sfle?

1-7
8-19
20-55
56-143
144 - 410

Qs e . .

W‘(‘yE Miles  White (%)
7 0 75 150 300
Low (40.99% - 75.05%)

S
Medium (75.06% - 91.63%)
B High (91.64% - 99.71%)

(b)

DOI: 10.4236/gep.2021.97005 68 Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2021.97005

S. N. Hwang, V. S. Kannegalla

# of TRIs

.« 1-7

e 38-19

® 20-55
@ 56-143
N @ 144-410
Miles Hispanic (%)

/ 0 75 150 300 Low (3.54% - 20.42%)

S
I Medium (20.43% - 49.38%)
I High (49.39% - 99.07%)

(©
R .5
NEem-
= =. L]
.. .
. .

) 9 # of TRIs

.« 1-7
" & 8-19

DOI: 10.4236/gep.2021.97005

® 20-55
@ 56-143

N @ 144-410

w<¢a5 - e—ilcs Asian (%)

7 0 75 150 300 Low (0% - 0.02%)

B Medium (0.03% - 0.71%)
I High (0.72% - 19.91%)

(d)
69 Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2021.97005

S. N. Hwang, V. S. Kannegalla

..A

BN - B .

N R

B ..

A .

S | -

deEom malae oA,
i BN 05 %

‘. # of TRIs closer to one county
. == centroid than they are to another

4 1-20
A 21-89
Ii A 90-32
W‘(‘ %1 Miles  White (%)
y ¢ B 10 200 Low (40.99% - 75.05%)

Medium (75.06% - 91.63%)
B High (91.64% - 99.71%)

(e)
s lajalala
l.‘ =
A-o0m
S ™
x g7 ..
o B ]

# of TRIs closer to one county
centroid than they are to another

« 1-20
A 21-89
A 90-322

_ Black (%)
W p e —Miles
75 150 300 Low (0% - 1.47%)

I Medium (1.48% - 7.67%)
I Hiich (7.68% - 33.84%)

®

DOI: 10.4236/gep.2021.97005 70 Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2021.97005

S. N. Hwang, V. S. Kannegalla

w“(‘L}vE

| . ] B
g
(4]
(4]
A nuﬁnu
B A [
| - A o go y
o np‘ o o
By s

alk
| AN ¢
wt
"‘I ﬁ Distance to TRI (meters)
] 0-1,852

1,853 - 11,199
11,200 - 58,334

White (%)

0 75 150 300
Low (40.99% - 75.05%)
Medium (75.06% - 91.63%)
I High (91.64% - 99.71%)
()
4 |
=
A
N b ah
L]
ang o
- | Sdg &
Ny ()

Q%% X
oy %‘g‘?

.;%6
%

Distance to TRI (meters)
0-1,852

1,853 - 11,199
11,200 - 58,334
Miles  Black (%)

75150 300 Low (0% - 1.47%)
I Medium (1.48% - 7.67%)
I 1iich (7.68% - 33.84%)
(h)

Figure 1. Relationships between race/ethnicity and the number of TRI
facilities by county in texas.
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Figure 2. Race-specific population index in association with the

number of TRI facilities.
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A spatial join operation was carried out to identify the total number of TRI fa-
cilities in each population concentration index. As shown in Table 2, the results
show that the more the representation of the white population (i.e., Index three),
the fewer the number of TRI facilities present in the given index, and vice versa.
On the other hand, the statistics state that the more the representation of the
black or Asian population (i.e., Index three), the more the number of TRI facili-
ties present in the given index, and vice versa. Meanwhile, the number of TRI fa-
cilities was highest in Index 2 with the medium level of the Hispanic population.

Point density analysis was conducted by using the ArcGIS Point Density tool
to quantify TRI facilities spread across the counties in Texas and to identify the
chemical risk hot spots. The GIS tool enables ArcGIS users to estimate the den-
sity of input vector features composed of points around each of the output raster
cells. The highest value range or hot spots were assigned “High” while the lowest
value range or cold spots as “Low” to represent the risk level of hazardous ma-
terial releases. The dark brown signals the highest level of chemical risk, while
the white color, the lowest risk level among the three (see Figure 3(a)). The

quantities were reassigned to each county through the ArcGIS Spatial Analyst

Table 2. Race/Ethnicity vs. the number of TRI facilities in texas.

Race/Ethnicity Index Total Population*  Racial/Ethnic Population (%)  # of TRIs (%)

14,325,988 1330
1 20,678,606
(69.3%) (73.2%)
R 3,708,524 297
White 2 4,310,481
(86.0%) (16.3%)
2,686,177 190
3 2,896,108
(93.0%) (10.5%)
20,964 99
1 2,868,562
(0.7%) (5.5%)
219,574 328
Black 2 4,918,896
(4.5%) (18.0%)
3,125,245 1390
3 20,097,737
(15.5%) (76.5%)
752,838 363
1 4,825,923
(15.6%) (20.0%)
. . 3,725,301 773
Hispanic 2 12,158,195
(30.6%) (42.5%)
6,443,417 681
3 10,901,077
(59.1%) (37.5%)
1289 64
1 894,851
(0.1%) (3.5%)
. 19,923 266
Asian 2 3,278,863
(0.6%) (14.6%)
1,287,045 1487
3 23,711,481
(5.43%) (81.8%)
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Figure 3. Relationships between race/ethnicity and chemical risk by
county in texas.
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Geoprocessing tool called Zonal Statistics, which calculates statistics on values of
the point density raster within the county vector dataset. This new raster pro-
viding a quick snapshot of which county belongs to the risk hot spots is displayed
using the five classes, representing the county’s chemical risk levels (see Figure
3(b)). The point density raster was overlaid with each of the layers showing the
levels of representation for the white, black, Hispanic, and Asian population (see
Figures 3(c)-(f)). These maps show almost the same results as those discussed
in the section titled “Relationships between Race and the Number of TRI Facili-
ties by County in Texas.” For example, According to Figure 3(c), white people
tend to avoid the counties at a higher risk of hazardous material facilities. In
contrast, according to Figures 3(d)-(f), the black and Asian populations are dis-
proportionally concentrated in the counties with a higher level of chemical risk.
Lastly, Figure 3(e) shows no or weak relationship between the Hispanic popula-
tion and the scientifically measured chemical risk, considering that many areas
with a higher and medium level of representation for the Hispanic people have a
higher level of chemical risk.

Figure 4(a) and Figure 4(b) show how educational levels are associated with
the risk of hazardous material releases at the county level. Observation shows no
relationship between educational attainment and chemical risk. The “No School-
ing Rate” or the percentage of the population with a BA or higher degree and the
chemical risk (i.e., # of TRI facilities in each county) has no relation. Namely, it
means that a higher level of the “no schooling rate” is not related to a higher lev-
el of chemical risk at the county level. However, Figure 4(c) and Figure 4(d)
show how education levels correlate with the chemical risk at a more detailed
geographical resolution, such as the census tract level. According to Figure 4(c),
It is evident that the higher the no schooling rate, the higher the chemical risk.
In the same manner, Figure 4(d) supports a solid relationship between the edu-
cational level (i.e., the percentage of the population with a BA or higher degree)
and the chemical risk. These maps indicate that people with a higher level of edu-
cational attainment would prefer to reside in communities with a lower level of
chemical risk.

Figure 5(a) and Figure 5(b) delineate how income levels are associated with
the risk of hazardous material releases at the county level. The results show the
geographic patterns like the previous results indicating the relationship between
educational attainment and the chemical risk, as seen in the section above. What
is clear is that the median household income and the rate of household income
with $200,000 or higher are not in the range of TRI facilities in each county, sug-
gesting that a higher level of income level is not related to a higher level of chemi-
cal risk at the county level. However, Figure 5(c) and Figure 5(d) show how in-
come levels correlate with the chemical risk at a more detailed geographical lev-
el, such as the census tract level. What seems to be apparent in Figure (y) is that
the higher the income (i.e., the median household income), the higher the chemi-

cal risk. In the same manner, Figure 5(d) supports a solid relationship between
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Figure 4. Relationships between educational level and chemical risk.
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Figure 5. Relationships between income level and chemical risk.
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the income level (i.e., the rate of household income with $200,000 or higher) and
the chemical risk. These maps indicate that people with a higher level of house-
hold income would prefer to reside in communities with a lower level of chemi-

cal risk.

4. Conclusion

It is apparent that identifying and tracking technological hazards and the com-
munity at risk should be conducted through what is referred to as risk identifica-
tion and vulnerability analysis. It is primary step in the risk management and ha-
zard reduction paradigm. Such confirmed risk factors will be communicated to
the risk managers and policymakers to establish communication and develop ha-
zard-related public policies and regulations, which, in turn, contribute to leading
to improving emergency management.

The present study attempts to analyze the risk of exposure to hazardous mate-
rials release and its relations with socioeconomic demographics. To be more spe-
cific, this research aimed to identify the location and extent of areas subject to
the technological hazard and to reveal how race, ethnicity, income levels, and
educational attainments are related to the risk of the hazard at the county and
census tract levels in the state of Texas. This research showed the technological
hazard-prone communities have a comparatively higher representation for the mi-
nority populations such as blacks and Asians. On the contrary, the white popu-
lation tends to avoid residing in communities subject to technological hazards.
The study results can be used as a basis for future decisions of policymakers to
prevent or reduce the impacts of a technological disaster on communities.

Additionally, the geographical patterns explored in the study will help develop
and calibrate the regulation of the release/treatment of hazardous materials. This
research suggests that emergency managers and urban planners should identify
which part of their community is vulnerable to technological hazards. It will also
help them better prepare for, respond to, recover from such a human-made ha-
zard, and mitigate its potential harmful effect if a disaster should strike. In addi-
tion, the research would contribute to helping the policymakers aware of the cur-
rent hazard situations and keeping them better prepared for chemical hazards.
Lastly, it would help the residents to better understand the circumstance to mi-
tigate the consequences at the individual level as well as increase their awareness
to prepare for and respond to the uncertainties in the hotspots involved in high
risk of the hazards.
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