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Abstract 

SPATIO-TEMPORAL VARIATIONS IN ASTHMA HOSPITALIZATIONS 

IN TEXAS 2005-2011 BY COUNTY AND POSSIBLE ASSOCIATION 

WITH OZONE EXPOSURE 

 

Supatsara Khunsri, PhD 

 

The University of Texas at Arlington, 2015 

 

Supervising Professor: Andrew Hunt 

 

Texas asthma hospitalization data at the county level has been reviewed 

for the period 2005-2011. Exploratory data analysis revealed a general 

countywide reduction in the number of hospitalizations over this time period. The 

data revealed a clear rural county versus urban county disparity in asthma 

hospitalization rates which were different for both children (< 18 years) and adults 

(>18 years). County hospitalization rates (per 10,000 Texas residents) used in 

this study are based exclusively on inpatient hospitalizations. Asthma 

hospitalization data was provided by the Texas Department of State Health 

Services. Age-adjusted hospitalization rates revealed that the number of 

hospitalizations for counties designated as "rural" were consistently greater than 

for “urban” designated counties among adults and children. The differences 

between rural and urban hospitalizations were found to be statistically 
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significantly different (p<0.05). Spatial differences across the state were identified 

with a "hotspot" of higher hospitalization rates for rural and urban counties in 

south east Texas in the vicinity of Corpus Christi. Counties in this region 

recorded consistently high hospitalization rates over time.  

 

Ozone levels at measurement sites in urban and rural counties in Texas 

were reviewed for the period 2005-2011. There were almost no statistically 

significant correlations for most of relationship between ozone exposure and 

asthma hospitalization rates. Tropospheric ozone formation depends on the 

ambient levels of pre-cursor gases. Because of the availability of biogenic volatile 

organic compounds; that are important pre-cursor chemicals, ozone 

concentrations can be elevated in rural areas. In this study, ozone measurement 

sites across Texas were categorized as either coastal, intermediate, general 

urban, or rural. Only one rural site yielded continuous ozone data for the time 

period of interest, and the data from this site recorded a high percentage of 

hourly unhealthy air quality events. The coastal sites, some associated with 

Texas counties reporting high asthma hospitalization rates, recorded a pattern of 

ozone concentration variations that had peak periods in April/May and 

September/October in contrast to the general urban sites where the peak in 

ozone concentrations generally occurred in August/September. 
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  Chapter 1

Introduction 

1.1 Asthma 

The word asthma comes from the Greek aáζιν (aazein), which translates 

as “to breathe with open mouth or to pant”. It first appeared in Homer's Iliad 

meaning short of breath, and probably was first used in a medical sense by 

Hippocrates. In the Middle Ages, Moses Maimonides had recognized in his 

Treatise on Asthma that symptoms often started with a cold and he advised to 

avoid polluted environments. 

Asthma is a heterogeneous clinical pulmonary disorder characterized by 

episodic wheezing, chronicity, hyperresponsiveness of airways to a variety of 

stimuli, and largely reversible obstruction of airways. Presentation is 

accompanied by inflammation in the airways.  Long-time asthmatics may have 

airway remodeling over time and this can cause permanent structural changes 

and decline in lung function.  Asthma signs and symptoms include: 

a. Shortness of breath 

b. Chest tightness  

c. Problems with sleeping caused by shortness of breath, coughing or 

wheezing 

d. A wheezing/whistling or wheezing sound when exhaling  
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Exposure to various substances/triggers can induce the typical signs and 

symptoms of asthma. Asthma triggers differ between individuals, the following 

are usually involved:  

a) Airborne allergens, such as pollen, animal dander, mold, cockroaches and 

dust mites 

b) Respiratory infections, such as rhinovirus, and respiratory syncytial virus 

c) Exercise 

d) Breathing cold air 

e) Air pollutants  

f) Some medications 

g) Stress 

h) Preservatives and sulfites in food and drink. 

 

Asthma can be classified by four levels of severity : (1) mild intermittent, 

(2) mild persistent, (3) moderate persistent, and (4) severe persistent 

1) mild intermittent  

a) symptoms less than once per week  

b) brief exacerbations  

c) nocturnal symptoms less than 3 times per month  

d) Forced Expiratory Volume in one-second (FEV1)  at least 80% 

predicted, Peak Expiratory Flow (PEF) at least 80% of personal 

best, PEF or FEV1 variability < 20% 
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2) mild persistent  

a) symptoms more than once per week but less than once per day  

b) exacerbations may affect activity and sleep  

c) nocturnal symptoms more than 2 times per month  

d) FEV1 at least 80% predicted, PEF at least 80% of personal best, 

PEF or FEV1 variability 20-30% 

3) moderate persistent  

a) symptoms daily  

b) exacerbations may affect activity and sleep  

c) nocturnal symptoms more than once per week  

d) daily use of inhaled short-acting beta-2 agonist  

e) FEV1 60-80% predicted, PEF 60-80% of personal best, PEF or 

FEV1 variability > 30% 

4) severe persistent  

A. symptoms daily  

B. frequent exacerbations  

C. frequent nocturnal symptoms  

D. limitation of physical activities  

E. FEV1 < 60% predicted, PEF < 60% of personal best, PEF or FEV1 

variability > 30% 
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1.2 Asthma in Texas 

1.2.1 Texas Demographics  

Texas is the second most populous, and the second largest state in the 

U.S. The U.S. Bureau of Census estimates the 2013 population of Texas to have 

been 26,448,193 (total U.S. population estimate 316,128,839) (Texas State 

Libraries and Archive Commission, 2010b). There are 254 counties in Texas 

which is more than any other state in the U.S. (Figure 1-1). Approximately 44.0% 

of the population is white, 38.4% is Hispanic/Latino and 12.4% is African 

American. The population is not evenly distributed spatially across the state, and 

with an estimated 11.5% of the population designated as rural most Texans live 

in the large urban areas. The clustering of population in Texas is shown in Figure 

1-2 where the spatial distribution is displayed on a county-by-county basis.  Major 

population areas are located in the Dallas-Arlington-Fort Worth Metroplex, the 

Houston-Galveston-Brazoria (HGB) area, the San Antonio-Austin-Waco corridor, 

the (isolated) communities of El Paso Abilene, San Angelo, Midland/Odessa, 

Amarillo, Lubbock, and Brownsville. Areas such as West Texas, the Panhandle, 

and Rio Grande are far less populated than other regions in Texas. 

Accompanying the spatial variations in population density across the state, there 

are also socioeconomic differences with a spatial dimension. For example, in 

terms of the percentage of people living in poverty, on a county-by-county basis 

(Figure 1-3), the Rio Grande region of the state is more socioeconomically 

disadvantaged than other regions of the state.  There are pockets of high poverty 
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in Concho County in West Texas (close to San Angelo), and Garza county in the 

Panhandle (close to Lubbock). Counties with the lowest percentage population 

living in poverty are generally associated with major urban centers in the state.  

These include: the DFW Metroplex counties (Tarrant and Dallas), Travis County 

(county seat Austin), Harris County (county seat Houston), and Midland County 

(county seat Midland). However, large urban areas can also be associated with 

high poverty levels. Cameron County, whose county seat is the city of 

Brownsville, which is the eight most populous metropolitan area in Texas, is the 

third highest ranked county in terms of percentage of people living in poverty in 

the state. Also, low poverty levels are not exclusively associated with urban 

areas, there are low population density rural counties in the Panhandle region 

that report low poverty levels. 
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Figure 1-1 Map of Texas by County 
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Table 1-1 Texas Population by ethnic designation 

RACE Total Percentage 

One Race 24,466,560 97.3 

White 17,701,552 70.4 

Black or African American 2,979,598 11.8 

American Indian and Alaska Native 170,972 0.7 

Asian 964,596 3.8 

- Asian Indian 245,981 1.0 

- Chinese 156,820 0.6 

- Filipino 103,074 0.4 

- Japanese 18,360 0.1 

- Korean 67,750 0.3 

- Vietnamese 210,913 0.8 

- Other Asian 161,698 0.6 

Native Hawaiian and Other Pacific Islander 21,656 0.1 

- Native Hawaiian 4,794 0.0 

- Guamanian or Chamorro 6,591 0.0 

- Samoan 2,918 0.0 

- Other Pacific Islander 7,353 0.0 

Some Other Race 2,628,186 10.5 

Two or More Races 679,001 2.7 

White; American Indian and Alaska Native 92,305 0.4 

White; Asian 91,963 0.4 

White; Black or African American 109,713 0.4 

White; Some Other Race 240,679 1.0 

Total population 25,145,561 100.0 
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Figure 1-2 Texas populations by county 
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Figure 1-3 The percentage of people living in poverty in Texas  

on a county-by-county basis 

 

There also exist in Texas some clear spatial differences in the ethnic 

make-up of the population. Most striking is the concentration of Hispanic in the 

south, south/western, and western part of the state (Figure 1-4). This 

concentration of the Hispanic population in this area of the state stands in 

contrast to small Hispanic population in the east Texas and north central Texas 
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(except where there are major urban areas such as in Dallas County and in 

Tarrant County). 

 

 

Figure 1-4 Hispanic Percent of Total Population in Counties in the State of 

Texas, 2000 
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1.2.2 Asthma Reporting in Texas 

Asthma is an ongoing public health problem not only in the United States, but 

also in Texas. In the United States an estimated 18.9 million adults, age 18 and 

older, and 7.1 million children have asthma (NHIS, 2014). The costs associated 

with asthma (ranging from lost work days to health care costs) in the US 

approach $56 billion a year (CDC, 2011). In its 2014 ranking of the 100 worst 

U.S. cities for asthma the Asthma and Allergy Foundation of America (AAFM) 

listed five Texas cities (AAFM, 2014b). The third worst city in the list is McAllen, 

TX (in the border county of Hidalgo), followed by at: #43, Dallas; at #57, San 

Antonio; at #63, Houston; and at #74, Abilene. It has been reported that for 2009, 

an estimated 2.2 million adults, age 18 and older in Texas had lifetime asthma 

(self-reported), and 1.2 million adults in Texas had current asthma (Harrison, 

2011). In a subsequent report (Wickerham, 2013b) it was observed that for 2011 

in Texas the   prevalence of asthma among children was 8.0% (533,155 

children). The hospitalization rate for Texans of all ages in 2009 was 11.6 per 

10,000 residents (in excess of 28,000 admissions) at a cost of $694.4 million 

(Harrison, 2010). In 2010, about 17 percent of those hospitalized with asthma 

were children younger than 5 years. In 2011, among adults 18 years of age or 

older, there were 15,125 asthma hospitalizations. Of those, more than 90% were 

considered potentially preventable (TDSHS, 2011). This suggests that if an 

individual who was hospitalized due to asthma had access to healthcare and 

followed a plan to manage his/her asthma, the hospitalization would likely not 
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have occurred. The seriousness of asthma as a public health threat in Texas is 

underscored by the disparities in the burden of asthma in different demographic 

groups (i.e., groups based on: gender, race/ethnicity, age, and area of 

residence). For example, in 2011 the number of children with current asthma was 

greatest among Hispanics (210,418) (Wickerham 2013b). Also, in terms of 

asthma fatalities, Wickerham (2012), reported that in the period 2004-2010, 11 

counties in Texas recorded at least 20 deaths where the underlying cause was 

attributed to asthma. And that the highest numbers of asthma related deaths 

were reported in Harris County (major city Houston) and Dallas County. More 

than 2,000 asthma related deaths occurred in Texas between 2002 and 2010. 

 

 Asthma prevalence across the state exhibits specific ethnic differences in 

the Adult population (Table 1-2), and the Child population (Table 1-3) according 

to the Texas Behavioral Risk Factor Surveillance System Survey Data in 2011 

(created by the Texas Department of State Health Service’s Center for Health 

Statistics (CHS)), asthma prevalence was highest among the black non-Hispanic 

population (Wickerham, 2013b). 
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Table 1-2 Prevalence of Current Asthma among Adults (18 years and older) and 

Estimated Number of Adults with Current Asthma, Texas, 2011 

 

 
Table 1-3 Prevalence of Current Asthma among Children (0-17 years) and 

Estimated Number of Children with Current Asthma, Texas, 2011 
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Aggregation of asthma prevalence data by the Texas Department of State 

Health Services (DSHS) has been reported at both county and “Health Service 

Region” designations. There are currently seven of these, however here earlier 

ordering of Health Service Regions (HSRs) with the state divided into 11 regions 

is used. The locations of these 11 HSRs in the state of Texas are set out Figure 

1-5 (CHS, 2014a). According to BRFSS, the prevalence of current asthma in 

2012 by HSRs for adults and children respectively are set out in Figures 1-6 and 

1-7 (Wickerham, 2013c, 2014). 

 
Figure 1-5 Health Service Regions (HSRs) within the state of Texas 



  15 

 
Figure 1-6 Childhood current asthma prevalence by health service region (HSR), 

Texas 2012 
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Figure 1-7 Adult current asthma prevalence by health service region (HSR) 

Texas 2012 
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In terms of asthma prevalence by health service region (HSRs) in Texas in 

2012 there were obvious spatial differences. Pediatric asthma prevalence rates 

were highest in HSR 9 (Figure 1-6) while adult asthma prevalence was greatest 

in HSR 1 (Figure 1-7). As discussed later, at the individual county level in Texas, 

asthma hospitalizations mirror the HSR asthma prevalence to some degree, 

although some high reporting counties are located in low prevalence reporting 

HSRs. There is a clear child vs. adult asthma prevalence mismatch in Texas. 

According to “Texas Youth Risk Behavior Surveillance System” results 

from the Texas Department of State Health Services, the percentage of students 

who had ever been told by a doctor or nurse that they had asthma increased 

between 2005 and 2011 (this was the case for both males and females) [(Table 

1-4), CHS, 2014b]. In terms of ethnicity, students identified as white experienced 

no change in this asthma designation over the period, however students 

identified as black, Hispanic, or other all reported increases in this asthma 

designation. In terms of age group, children greater than 16 years of age 

appeared to have a greater percentage increase in doctor and nurse diagnosed 

asthma than those less than 16 years of age (Table 1-4). 

 

Health Service Region-by-Health Service Region data on asthma 

prevalence and corresponding data on region demographics are set out in Figure 

1-8 to Figures 1-29 (CHS, 2013). Obvious associations in these data summaries 

are the associations between HSRs with a predominant Hispanic population 
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(HSRs 9, 10 and 11 with >80% population Hispanic), and a high prevalence of 

current asthma among children (HSRs 9 and 11 >10%), and a high percentage of 

total hospital charges by payer among patients with asthma as primary diagnosis 

paid by Medicaid (> 34%). However, what appears to be an association between 

lower socioeconomic status, large Hispanic population, and high asthma 

prevalence does not appear to apply consistently across the state. For example 

in HSR 3, with an Hispanic population <30%, and a high prevalence of current 

asthma among children of 10%, has a high percentage of total hospital charges 

by payer among patients with asthma as primary diagnosis paid by Medicare of 

30%. Interestingly, in terms of prevalence among adults HSR 10 has the lowest 

percentage (4.7%), and the highest level of adult asthma prevalence was 

reported in HSR 4, with a low percentage Hispanic population (14.3%), but with 

the highest (with HSR 5) percentage of total hospital charges by payer among 

patients with asthma as primary diagnosis paid by Medicare of 43%.   
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Table 1-4 Percentage of students who had ever been told by a doctor or nurse 

that they had asthma 

Students % of Student 
95% CI 

Sample Size 
Lower Upper 

Total All Students 

2005 18.2 16 20.6 2888 

2007 19.7 17.5 22.2 3347 

2009 19 17.2 21 3488 

2011 21.4 19.3 23.6 4062 

Gender - Male 

2005 18.4 16.4 20.7 1415 

2007 19.7 17.2 22.4 1690 

2009 18.8 16.5 21.4 1849 

2011 22.4 20.2 24.8 2006 

Gender - Female 

2005 17.9 14.8 21.4 1465 

2007 19.8 17.2 22.7 1654 

2009 19.1 16.8 21.5 1636 

2011 20.3 17.5 23.4 2044 

Race/Ethnicity - White 

2005 22.1 19.7 24.7 1468 

2007 21.9 19.9 24.1 1376 

2009 20.1 18.4 21.9 1534 

2011 22.7 19.8 25.9 1117 

Race/Ethnicity - Black 

2005 20 17.1 23.2 392 

2007 26.7 22.4 31.5 369 

2009 25.2 20.3 30.9 428 

2011 28.1 22.7 34.3 412 

Race/Ethnicity - Hispanic 

2005 12.7 9.6 16.6 839 

2007 14.7 12 17.9 1349 

2009 15.1 12.5 18.1 1198 

2011 18 15.6 20.7 2151 

Race/Ethnicity -other 

2005 17.2 12.2 23.8 177 

2007 21.5 15.3 29.3 200 

2009 24.1 19.4 29.6 268 

2011 21.8 19 24.8 274 
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Table 1-4 Continued 

Age Group – 15 Years or Younger 

2005 20.1 16.7 24.1 904 

2007 20 17 23.5 1230 

2009 19.9 17.3 22.7 1144 

2011 22 19 25.2 1489 

Age Group – 16 or 17 Years  

2005 17 14.3 20 1541 

2007 19.5 17.2 22.1 1697 

2009 18.6 16.7 20.6 1735 

2011 20.9 18.6 23.4 2047 

Age Group – 18 Years or Older 

2005 17.2 13.5 21.5 438 

2007 19.7 15.4 24.9 411 

2009 18.2 14.6 22.4 601 

2011 21.4 17.4 26.1 516 

Grade Level - Ninth 

2005 19.5 15.6 24 727 

2007 20 16.5 24.1 976 

2009 18.2 15.6 21.1 935 

2011 22 18.5 25.9 1198 

Grade Level - Tenth 

2005 17.1 13.8 21.1 749 

2007 19.5 16.6 22.8 1074 

2009 19.5 16.5 22.9 857 

2011 21.2 18 24.8 1117 

Grade Level - Eleventh 

2005 19.1 16.2 22.5 814 

2007 19.6 16.5 23.2 722 

2009 19.3 16.8 22 822 

2011 21.6 18.1 25.6 1050 

Grade Level - Twelfth 

2005 16.3 12.6 20.9 589 

2007 19.5 15.6 24 561 

2009 19.3 16.2 22.8 862 

2011 20.7 17 25 662 
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Figure 1-8 Adult and child asthma summary and demographic data for HSR 1, 

Texas 2011 (a) 
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Figure 1-9 Adult and child asthma summary and demographic data for HSR 1, 

Texas 2011 (b)  
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Figure 1-10 Adult and child asthma summary and demographic data for HSR 2, 

Texas 2011 (a) 
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Figure 1-11 Adult and child asthma summary and demographic data for HSR 2, 

Texas 2011 (b) 
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Figure 1-12 Adult and child asthma summary and demographic data for HSR 3, 

Texas 2011 (a) 
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Figure 1-13 Adult and child asthma summary and demographic data for HSR 3, 

Texas 2011 (b) 
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Figure 1-14 Adult and child asthma summary and demographic data for HSR 4, 

Texas 2011 (a) 

  



  28 

 

Figure 1-15 Adult and child asthma summary and demographic data for HSR 4, 

Texas 2011 (b) 
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Figure 1-16 Adult and child asthma summary and demographic data for HSR 5, 

Texas 2011 (a) 
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Figure 1-17 Adult and child asthma summary and demographic data for HSR 5, 

Texas 2011 (b)  
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Figure 1-18 Adult and child asthma summary and demographic data for HSR 6, 

Texas 2011 (a) 
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Figure 1-19 Adult and child asthma summary and demographic data for HSR 6, 

Texas 2011 (b)  
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Figure 1-20 Adult and child asthma summary and demographic data for HSR 7, 

Texas 2011 (a) 
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Figure 1-21 Adult and child asthma summary and demographic data for HSR 7, 

Texas 2011 (b)  
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Figure 1-22 Adult and child asthma summary and demographic data for HSR 8, 

Texas 2011 (a) 
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Figure 1-23 Adult and child asthma summary and demographic data for HSR 8, 

Texas 2011 (b) 
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Figure 1-24 Adult and child asthma summary and demographic data for HSR 9, 

Texas 2011 (a) 
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Figure 1-25 Adult and child asthma summary and demographic data for HSR 9, 

Texas 2011 (b) 
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Figure 1-26 Adult and child asthma summary and demographic data for HSR 10, 

Texas 2011 (a) 
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Figure 1-27 Adult and child asthma summary and demographic data for HSR 10, 

Texas 2011 (b) 
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Figure 1-28 Adult and child asthma summary and demographic data for HSR 11, 

Texas 2011 (a) 
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Figure 1-29 Adult and child asthma summary and demographic data for HSR 11, 

Texas 2011 (b) 
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The causes of asthma in Texas are difficult to tease out. In an analysis by 

Wickerham (2013a) an effort was made to examine the relationship between 

active asthma status and exposure to asthma triggers in the home by 

socioeconomic status (SES) among children in Texas. Data was for the period 

2006-2010 and used Child Asthma Call-Back Survey data. Of course, such 

surveys suffer from a degree of recall bias. The outcome of interest was 

active/inactive asthma status. Active asthma was designated as “in the previous 

12 months any of the following occurred”: (i) adult talked to a doctor or other 

health care provider about the child’s asthma, (ii) child took any asthma 

medication, or (iii) child had any symptoms of asthma without having a cold or 

respiratory infection. Nine questions were asked about presence of 

environmental (asthma) triggers in home categorized into 4 types: (i) Cigarette 

smoke, (ii) mold, (iii) furry/ feathered animals, and (iv) Indoor use of wood 

burning/gas. Exposure was categorized into 0, 1, 2, or 3-4 environmental trigger 

types. Household socioeconomic status (SES) was defined as (i) low if 

household income <$25,000, (ii) middle if household income $25,000-$75,000, 

and if high household income ≥$75,000. Full models were adjusted for child’s 

age, child’s sex, current flu vaccine, and adult’s race/ethnicity. The outcomes 

were somewhat contrary to what might be expected. Low SES children in Texas 

exposed to more asthma triggers were less likely to have active asthma (p=0.04). 

Exposure to environmental asthma trigger groups was not associated with active 

asthma in bivariate analysis (the highest adjusted odds ratio for active asthma 
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were among high SES children with one asthma trigger in the home). In all 

environmental trigger groups (0, 1, 2, or 3-4) the lowest adjusted odds ratio for 

active asthma were among the low SES children. A number of study limitations 

were recognized, for example, (i) temporality of exposure variables was 

inconsistent, (ii) temporality of exposure and categorization of active asthma 

status, (iii) not enough information to determine size of environmental exposures 

or if the exposure is in fact an asthma trigger for the child. Nevertheless, the 

asthma triggers investigated seemed to be of limited importance for asthma 

responses in the child population. So, what is/are the problematic factors that 

are responsible for asthma attacks in asthmatic populations in Texas? 

 

The etiology of asthma hospitalization is likely to be more complex and 

likely is to be affected by poor asthma management. Asthma is the one of the 

most frequent reasons for hospital admissions among children. Millions of missed 

school days and parental workdays are attributed to pediatric asthma 

hospitalizations. Statewide pediatric (Figure 1-30) and adult (Figure 1-31) asthma 

hospitalizations are quite variable across Texas. There is a obvious disconnect 

between where childhood asthma hospitalizations occur in Texas and where 

adult asthma hospitalizations occur. 
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Figure 1-30 Pediatric asthma hospital admissions per 100,000 population  
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Figure 1-31 Adult asthma hospital admissions per 100,000 population 
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1.3 Ozone 

1.3.1 Ozone Basics 

The formation of tropospheric ozone is a complex process involving many 

chemical species and reactions. Commonly, at the center of the process, is the 

splitting by sunlight of atmospheric nitrogen dioxide into nitric oxide and an 

oxygen atom. The combination of the oxygen atom and dioxygen forms ozone, 

but there is no net ozone production as ozone reacts with nitric oxide to create 

nitrogen dioxide and oxygen. However, in the presence of precursor gases such 

as NOx (nitrogen dioxide, and nitric oxide), VOCs, and others, ozone can be 

formed by reactions that involve the oxidation of VOCs and that also involve 

NOx. Elevated levels of the precursor gases often result from urban/industrial 

activities. Thus, ozone can reach unhealthy levels on hot sunny days in urban 

environments. Ozone concentrations are cyclical at different temporal scales. 

There is a seasonal pattern where higher concentrations are often recorded in 

the warmer summer months; a daily solar cycle mediated pattern, and cycles 

involving anthropogenic activities that superimpose other patterns on 

concentration levels.  

 

Ozone exposure for the U.S. population has improved in recent decades. 

According to the United States Environment Protection Agency (EPA), 

“Nationally, ground-level ozone concentrations were 10% lower in 2008 than in 

2001,” and a comparison of ozone levels from the monitoring sites cited by the 
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EPA between the periods 2001-2003 and 2006-2008, showed that 97% of the 

sites recorded some or no decline in ozone (EPA, 2010). Across the U.S. there 

was a recorded decline ozone levels in the 1980's, that leveled off in the 1990's, 

which was followed by a marked decline after 2002 that continued through 2013 

(EPA, 2013). Similar changes were identified by Paoletti et al. (2014) in an 

investigation of matched urban and rural ozone measuring sites at 15 locations in 

the United States and in Europe. In this study the principal summary data 

measures were: annual mean of hourly ozone concentrations; maximum value of 

hourly concentration in a year; annual sum of the excess of hourly concentrations 

over the cut-off of 40 ppb during daytime hours (8 am - 8 pm). The investigators 

concluded at both the European and U.S locations over the period 1990-2010 the 

ozone levels at the city sites had increased more than at rural sites, but peak 

values had decreased. 

 

1.3.2 Ozone in Texas 

A cursory review of asthma hospitalization data for Texas suggests that 

rural (county) hospitalization rates have, at times, exceeded urban (county) rates. 

Such differences, one can posit given the size of Texas, may be affected by 

some common, regional-scale phenomenon. It could be argued that an obvious 

potential socioeconomic issue is access to healthcare, however quantifying the 

impact of such a factor is challenging, and may not be consistent over disparate 

geographic regions. And, Wickerham (2013a) noted that children in Texas of 
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lower socioeconomic status with exposure to more asthma triggers were less 

likely to have active asthma. A possible environmental factor that can affect 

differential asthmatic responses at a large-scale is exposure to tropospheric 

ozone. Ozone is considered an important factor contributing to asthma problems, 

for example the Asthma and Allergy Foundation of America in its 2014 ranking 

(AAFA, 2014b) has the city of Philadelphia in the top five worst cities for asthma, 

and cites the poor air quality “… with too many unhealthy ozone days” as the 

reason for the city’s ranking. Ozone levels follow specific annual cycles and 

exhibit differences in concentration in urban and rural locations. Here we explore 

changes in asthma hospitalizations in Texas from 2005-2011, and the apparent 

differences in hospitalization rates between rural and urban counties over that 

period. We have also reviewed changes in ozone levels at various urban and 

rural sites across Texas over the same time period. The aim of this study was to 

assess whether an association might exist between the different asthma 

hospitalization rates at a county level across Texas and differences in potential 

ozone exposures across the state. 
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  Chapter 2

Background 

2.1 Asthma and Ozone 

Asthma is a chronic condition of the lungs that is characterized by 

bronchoconstriction, mucous production, and airway inflammation. The signs and 

symptoms that typify asthma are: wheezing, chest tightness, shortness of breath 

and coughing. It has been shown that for children one of the leading contenders 

for hospitalization is asthma (Nelson, and Zorc 2013). Of the many factors that 

might affect hospitalizations, those that have been most studied are: clinical risk 

factors, demographic risk factors, psychosocial risk factors, and environmental 

factors (Chung et al., 2014). In the latter category, exposure to tobacco smoke, 

allergic response to common allergens, and traffic pollution exposure have all 

been considered (Newman et al., 2014). Although not usually grouped under the 

collective heading of “traffic related air pollution” (TARP), ozone, which forms 

from pre-cursor chemicals derived from traffic emissions, and is a more 

dispersed secondary pollutant, can cause asthma exacerbations (Jackson et al., 

2011). Tropospheric ozone (O3) is a product of chemical reactions between 

oxides of nitrogen (NOx) and volatile organic compounds (VOCs), which are 

catalyzed by ultra violet (UV) light from the sun. Exposures to elevated levels of 

ozone have been linked to a variety of adverse health effects; as a powerful 

oxidant gas it can elicit a range of physiological responses once inhaled 

(Mudway and Kelly, 2000). The relationship between ozone exposure and health 
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outcomes including mortality and morbidity (hospitalizations, decrements in lung 

function, and asthma status), at ambient exposure levels, it has been argued, is 

more difficult to resolve (McClellan et al., 2009). However, evidence suggests 

that ozone inhalation poses a significant risk for sensitive populations, such as 

individuals with asthma. The respiratory effects of ozone for the general 

population likely underestimate the importance of the effects on asthmatics. 

Asthma pathogenesis is complex and the relationship between ozone exposure 

and asthma onset, asthma exacerbation and asthma hospitalization has 

garnered considerable attention (EPA 2014). In a report by the EPA (2014) after 

reviewing multiple lines of evidence (e.g., Gilliland et al., 1999), it was suggested 

that while asthma is, to a degree, dependent on genetic factors (conferring a 

predisposition to susceptibility), it is affected also by behavioral influences, and 

likely shaped by environmental exposures. Agents in the environment, as a result 

of being involved in metabolic reactions involving enzymes coded for by various 

host genes, can influence the onset of asthma. The significance of gene-

environment interactions in relation to new-onset asthma has been demonstrated 

by the Children’s Health Study (CHS) conducted in California, USA. The 

importance of genes that code for enzymes of the glutathione S-transferase 

(GST) family whose function is to detoxify xenobiotics has been  discussed by 

Islam et al. (2009), specifically the GSTP1 Ile/Ile and GSTM1 null genotypes, in 

relation to risk for new onset asthma. The authors found that the risk was 

greatest for adolescents living in high ozone exposure areas who participated in 
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three or more team sports (as opposed to no participation) with the GSTP1 Ile/Ile 

genotype. Guarnieri and Balmes (2014) have argued that there is sufficient 

evidence to posit that ozone might be a cause of new-onset asthma in genetically 

susceptible children. In terms of asthma hospitalizations the situation is 

somewhat clearer, there appears ample evidence to support “… a causal 

relationship between acute ambient ozone exposures and increased respiratory 

morbidity resulting [in]…. [h]ospital admissions during the warm season …” 

(EPA, 2006). The relationship between acute (short-term) exposures to high 

levels of ozone during longer, hot, sunny, summer days and hospitalizations 

have been found in a number of studies for a warm season (Silverman and Ito, 

2010) and for a whole year (e.g., Stieb et al., 2009; Strickland et al., 2010). 

However, the effects of chronic ozone exposure and hospitalizations have been 

less well defined. Lin et al. (2008) in a retrospective cohort study reviewed the 

history of a birth cohort in New York State from inclusion until a first asthma 

admission in relation to chronic ozone exposure indicators. The study found that 

chronic ozone exposure was positively associated with hospital admissions for 

asthma. The conclusion drawn was that children with chronic exposure to 

elevated ozone levels were at risk for asthma development to a severity level 

necessitating hospital admission. 
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  Chapter 3

Materials and Methods 

3.1 Asthma data for Texas 

Data on asthma hospitalizations in Texas for the period 2005-2011, 

inclusive, at yearly intervals, on a county-by-county basis was provided by the 

Texas Department of State Health Services (only adjusted data reviewed here). 

The data was also provided broken down into two age groups: for adults (>18 

years) and for children (<18 years). Upon request, the Department of State 

Health Services also supplied information on the designation of individual 

counties as “urban” or “rural.” There are 254 counties in Texas (more than any 

other state), and here data reporting on asthma hospitalizations on a yearly basis 

included only counties with a minimum of 12 recorded hospitalizations a year. 

For this study, data on “all” hospitalizations (child and adult) was provided for 153 

counties for which there was a positive hospitalization for one of the years in the 

study period. Data on hospitalizations varied year-to-year over the study period. 

Adult hospitalizations were recorded for between 53 and 63 rural counties 

annually, and for between 63 to 67 urban counties annually over the study 

period. For child hospitalizations, data was far more scant, and hospitalization 

records were only available for between 20 and 35 rural counties and for 

between 52 and 57 urban counties annually. The counties with urban designation 

are set out on Figure 3-1. For reporting convenience, we further grouped 

counties using the Texas Department of State Health Services “Health Service 
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Region (HSR)” designation. There are currently seven of these, however here we 

have used an earlier ordering of Health Service Regions (HSRs) with the state 

divided into 11. The locations of theses 11 HSRs are set out (as insert) in Figure 

1-5. The ratio of urban to rural counties varied between the HSRs. The 

urban/rural county totals are, HSR 1 (high plains): 8/33; HSR 2 (northwest 

Texas): 6/24; HSR 3 (DFW metroplex): 14/5; HSR 4 (upper east Texas): 18/5; 

HSR 5 (southeast Texas): 11/4; HSR 6: (gulf coast) 9/14; HSR 7 (central Texas): 

13/17; HSR 8 (upper south Texas):10/18; HSR 9 (west Texas): 5/25; HSR 10 

(upper Rio Grande): 2/4; HSR 11 (lower south Texas): 6/13. The urban counties 

in each HSR are anchored to cities in the state. Namely (ranked on population 

size in Texas (Texas State Libraries and Archive Commission, 2010)), in HSR 1: 

Amarillo (14) and Lubbock (11); in HSR 2: Abilene (27) and Wichita Falls (31); in 

HSR 3: Garland (12), Irving (13), Grand Prairie (15), McKinney (18), Mesquite 

(19), Frisco (21), Carrollton (24) and Denton (26); in HSR 4: Texarkana (84), 

Tyler (34), and Longview (42); in HSR 5: Beaumont (28), and Port Arthur (63); in 

HSR 6: Houston (1), Woodlands (38), Sugarland (41), and Pearland (35); in HSR 

7: Austin (4), Killeen (20),  Waco (23), Round Rock (30), and College station 

(36); in HSR 8: San Antonio (2), Victoria (54) and New Baunfels (55); in HSR 9: 

Midland (25), Odessa (29) and San Angelo (37); in HSR10: El Paso (6); in HSR 

11: Corpus Christi (8), Laredo (10), Brownsville (16), and McAllen (22). The 

largest aggregation of urban communities is in north central Texas around the 

Dallas-Fort Worth axis (metroplex). According to the Texas Behavioral Risk 
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Factor Surveillance System (BRFSS) data, the prevalence of current asthma in 

2012 by HSR for adults and children respectively was as follows: HSR 1 - 10.2%, 

7.3%; HSR 2 - 9.1%, nd; HSR 3 – 7.9%, 7.9%; HSR 4 – 6.2%, 4.5%; HSR 5 – 

5.4%, nd: HSR 6 - 4.9%, 5.7%; HSR 7 – 9.1%, 9.8%; HSR 8 - 6.5%, 9.8%; HSR 

9 – 8.6%, 10.3%; HSR 10 – 8.4%, 5.6%; and HSR 11 – 4.2%, 8.6% (Wickerham, 

2013c, 2014). There are obvious geographic differences in the prevalence (%) of 

current asthma across the state. For example, in HSR 11 the prevalence is 

greater among children, while in HSR 1 the prevalence is greater among adults. 
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Figure 3-1 Texas Counties by Urban and Rural Classification 

*Urban (Blue), Rural (Orange) 
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3.2 Ozone data for Texas 

Ozone data for the period 2005-2011 were obtained from the databases 

made available on-line by the Texas Commission for Environmental Quality 

(TCEQ, 2013). Hourly ozone data was extracted from the records of a number of 

monitoring sites across Texas. The data, made available by the TCEQ are from a 

number of monitoring networks that are operated by various entities and for 

reference purposes, the continuous air monitoring stations (CAMS) numbers are 

used here to identify individual measurement sites. All ozone monitoring stations 

in Texas are set out on Figure 3-2. The ozone records analyzed here were not 

restricted only to validated data. It was felt that the year-by-year comparisons 

made for hourly ozone measurements could accommodate non-validated data. 

When, for various reasons, no measurements were collected at a site (e.g., 

during periods of instrument maintenance, span check, calibration, etc.), we 

ascribed a blank value to the data. Hourly ozone data was extracted month-by-

month, and was subsequently concatenated into annual, or multi-year, datasets. 

Differences in asthma hospitalization rates guided this review of ozone site data. 

  



  58 

 
 

Figure 3-2 All ozone monitoring stations in Texas (116 sites), 4 sites in rural 

counties and 112 sites in urban counties 
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We focused on data from urban county measurement sites located in both 

major metropolitan areas, and in smaller population centers with notably high 

asthma hospitalization rates (Figure 3-3 and Table 3-1). The data evaluated here 

are almost exclusively from urban sites. Data was extracted from 4 rural 

designated sites in: Harrison County (by Karnack (CAMS 85)), Brewster County 

(in Big Bend National Park (CAMS 316)), Fayette County (by Roundtop (CAMS 

601)), and Navarro County (at Corsicana airport (CAMS 1051)). With the 

exception of the data from Harrison County the ozone results for the rural sites 

were either incomplete of covered a limited number of years in the study period. 

Hence, only the Harrison County data has been presented in the most detail. The 

urban sampling sites are located in the proximity of major urban centers in 

Texas. For convenience, and also for similarities in annual ozone concentration 

variations, here the urban locations are separated into coastal locations, 

intermediate, and general urban. In the general urban category we have 

reviewed the annual ozone data from sites in: El Paso County (in El Paso (CAMS 

12)), Tarrant County (in Fort Worth (CAMS 13)), Dallas County (in Dallas (CAMS 

60) In the intermediate: Travis County (in Austin (CAMS 3)), Harris County (in 

Houston (CAMS 304), Bexar County (located in Northwest San Antonio (CAMS 

23) and in Pecan Valley (CAMS 678)). In the coastal category: Victoria County 

(in Victoria (CAMS 87)), Nueces County (in Corpus Christi West (CAMS 4), and 

in Corpus Christi Tuloso (CAMS 21)), San Patricio County (in Aransas Pass 

(CAMS 659), in Odem (CAMS 686), and in Taft (CAMS 687)). 
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Figure 3-3  17 Ozone monitoring stations with CAMS number 
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Table 3-1 Ozone monitoring stations 

Locations CAMS Site Name City County O3 data 

Rural 85 Karnack Karnack Harrison 7 years 

316 Bravo Big Bend Big Bend Nat Park Brewster <5 years 

601 Fayette County Round Top Fayette 7 years 

1051 Corsicana Airport Corsicana Navarro <3 years 

Urban 3 Austin Northwest Austin Travis 7 years 

12 El Paso UTEP El Paso El Paso 7 years 

13 Fort Worth Northwest Fort Worth Tarrant 7 years 

60 Dallas Hinton Dallas Dallas 7 years 

304 Clinton Houston Harris 7 years 

23 San Antonio Northwest San Antonio (1) Bexar (1) 7 years 

678 CPS Pecan Valley San Antonio (2) Bexar (2) 7 years 

Urban 
Coastal 

4 Corpus Christi West Corpus Christi(1) Nueces (1) 7 years 

21 Corpus Christi Tuloso Corpus Christi(2) Nueces (2) 7 years 

87 Victoria Victoria Victoria 7 years 

659 Aransas Pass Aransas Pass San Patricio (1) <5 years 

686 Odem-SEP Odem San Patricio (2) <5 years 

687 Taft-SEP Taft San Patricio (3) <5 years 

 

3.3 Statistical Analysis 

This study investigated the effects of ambient air pollution on 

hospitalizations rates for adults and children among rural-urban disparities in 

Texas 2005-2011. We used the Statistica software for statistical analysis. Non-

parametric statistics (the Mann-Whitney U Test) was used to evaluate differences 

in asthma hospitalizations by age groups and rural-urban disparities. In addition, 

Spearman rank correlation was used to measure the relationship between ozone 

exposure and asthma hospitalization by age groups. 
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Trend analysis was used to analyze changes in ozone concentration data. 

The Savitzky-Golay filter method was used to produce smoothed curves for the 

hourly ozone data for each site from which data was obtained. It essentially 

performs a local polynomial regression to determine the smoothed value for each 

data point. This method is superior to adjacent averaging because it tends to 

preserve features of the data such as peak height and width, which are usually 

'washed out' by adjacent averaging. The software program “Originlab” was used 

to perform this analysis. 

In addition, a geographic information system (GIS) used to demonstrate 

spatial variations in asthma hospitalizations and ozone monitoring stations 

across Texas. 
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  Chapter 4

Results 

4.1 Texas asthma hospitalizations by county 2005-2011 

4.1.1 Urban vs Rural differences 

Overall, for the study period, adult and child asthma hospitalizations were 

greater in rural counties than in urban counties in Texas (Table 4.1 and Table 

4.2). There are more rural counties in Texas than urban, however approximately 

85% of the population in Texas is urban (US Census Bureau, 2010)). Also, over 

the study period for both rural and urban counties, the trend was towards fewer 

child asthma hospitalizations in recent years (Table 4-2). In the case of rural 

county asthma hospitalizations the reduction from 2005 to 2011 was 

approximately 30%, for urban counties it was approximately 20%. For the adult 

population in the study, asthma hospitalizations, whether the adults came from 

rural or urban counties, were less than those recorded for children. This is much 

like the pattern observed for child hospitalizations; in the adult population, 

hospitalizations in rural counties were greater than those in urban counties. 

Furthermore, the hospitalization rates for adults also declined over the study 

period. In the case of the rural counties the average decline was approximately 

5% and in for the urban counties it was approximately 2.5%. The reduction in 

adult hospitalization was far less significant than the reduction in child 

hospitalizations. However, it should be noted that at the start of the study period 

the adult asthma hospitalization rates were much lower than those for children. In 
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summary, irrespective of the general decline in hospitalization rates,  for each 

reporting year the rates (both average and median values) from highest to lowest 

followed the order rural child > urban child > rural adult > urban adult (Figure 4-

1). Proportionately more children than adults were hospitalized for asthma, and 

individuals from rural counties (rather than urban counties) were also more likely 

to be hospitalized. 

Table 4-1 Texas asthma hospitalization rates (per 10,000) by county 2005-2011 

for adults 

Average Asthma hospitalization rates for adults in rural counties* 

Year 2005 2006 2007 2008 2009 2010 2011 2005-2011 

Average 
hospitalization  

14.55 14.98 12.76 13.53 12.94 13.04 10.14 13.13 

Number of 
counties 

55 63 57 58 55 54 53 56 

Average Asthma hospitalization rates for adults in urban counties* 

Year 2005 2006 2007 2008 2009 2010 2011 2005-2011  

Average 
hospitalization  

11.57 10.55 10.49 10.55 10.41 9.72 8.86 10.31 

Number of 
counties 

66 67 66 64 65 66 63 65 

 

Table 4-2 Texas asthma hospitalization rates (per 10,000) by county 2005-2011 

for children 

Average Asthma hospitalization rates for children in rural counties* 

Year 2005 2006 2007 2008 2009 2010 2011 2005-2011  

Average 
hospitalization  

24.30 29.91 26.76 21.87 23.81 21.26 17.20 23.59 

Number of 
counties 

20 35 28 24 26 21 21 25 
 

Average Asthma hospitalization rates for children in urban counties* 

Year 2005 2006 2007 2008 2009 2010 2011 2005-2011  

Average 
hospitalization  

18.38 19.90 20.29 16.62 18.92 15.89 14.66 17.81 

Number of 
counties 

54 54 57 54 56 52 52 54 
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Figure 4-1 Average asthma hospitalization rates by rural and urban counties 

2005-2011 for adult and children 

 
4.1.1.1 Child 

The summary data for urban and rural county child hospitalizations 

revealed significant spatial variations across Texas. For purposes of comparison, 

the top 15 ranked counties in terms of child asthma hospitalizations are listed in 

Table 4.3. For just the top ranked 15 counties the average child hospitalization 

rates for most years were very similar, except for 2005 (rural < urban) and 2006 

(rural > urban). Counties with high asthma hospitalizations at the start of the 

study period tended to remain so. For example, among the rural counties in the 
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top ranked 15 counties for asthma hospitalizations, Howard County was ranked 

first in six of the seven study years. Similarly, Kleberg County ranked in the top 

three highest reporting counties. Spatial differences were also apparent. Over the 

study period, among the top ranked 15 counties for asthma hospitalizations, each 

year, three to four counties were located in HSR 11. All these rural counties: Bee, 

Jim Wells, and Brooks, neighbor Kleberg County, as do the less high reporting 

rural counties of Willacy and Starr (Table 4-3). Additionally, as will be discussed 

below, urban counties with some of the highest child asthma hospitalization rates 

also neighbor Kleberg County (namely, Nueces, and San Patricio). Clearly, a 

Texas regional “hot spot” in child asthma hospitalizations in HSR 11 existed over 

the study period. Interestingly, no rural county from HSR 10 ranked in the top 15 

child asthma hospitalization rankings in any year of the study period. Also, only 

twice did a rural county from HSR 2, and once did a rural county HSR 6 rank in 

the top 15. Most of the counties in HSR 6 are classified as urban which probably 

affected the ranking, however most of the counties in HSR 2 are rural. The size 

of the rural populations may have influenced the reporting numbers, 

nevertheless, as discussed in detail below,  in HSR 6 urban county child asthma 

hospitalizations were recorded only once in the top 15 in three of the seven 

years, and in HSR 6 is located the largest city in Texas (Houston). 

 

The rankings of the urban counties with the highest childhood asthma 

hospitalizations varied more over the study period than did those for the rural 
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county hospitalizations. As noted previously, from HSR 11 Nueces and San 

Patricio counties consistently recorded high urban child asthma hospitalizations. 

Taylor County (largest city Abilene), was the only county in HSR 2 that had 

consistently high hospitalization rates. Similarly, Ector County (largest city 

Odessa) was consistently at the top of the hospitalization rankings and with the 

lower ranked Tom Green County (largest city San Angelo), are both in HSR 9. 

Interestingly urban counties of Harris (largest city: Houston), Travis (largest city: 

Austin), and Tarrant (home to the cities of Fort Worth and Arlington), were not 

ranked in the top 15 for child hospitalizations, while the urban counties of Bexar 

(largest city: San Antonio), Dallas (largest city: Dallas) and El Paso (largest city: 

El Paso) typically did not rank consistently in the top 10 over the study period 

either.  In terms of hospitalization rates for individual counties, for most urban 

and rural counties, rates either changed little between 2005 and 2011 but with 

significant yearly fluctuations, or consistently declined from 2005 to 2011. 

However for nine counties child asthma hospitalization rates consistently 

increased from 2005 to 2011 (Figure 4-2), of these eight were urban and one 

was rural (Van Zandt County in HSR 4). Five counties were in HSR 7. Only four 

of these counties were ever placed in the top 15 ranked counties either rural or 

urban, over the period (Table 4-3). 
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Table 4-3 Top 15 Ranked Counties by year (2005-2011) for Child hospitalizations based on Rural vs. Urban 

designations and Heath Service Region (HSRs) locations 

Rank 

Rural Urban 

County 
Hospitalization 
Rate 

Absolute Rank 
Among all 
Counties 

HSRs County 
Hospitalization 
Rate 

Absolute Rank 
Among all 
Counties 

HSRs 

2005 

1 Howard  62.9 2 9 Victoria  67 1 8 

2 Kleberg  53.5 3 11 Ector 41.6 5 9 

3 Brooks  53.2 4 11 San Patricio 40.9 6 11 

4 Jim Wells  33.2 9 11 Taylor  34.7 7 2 

5 Anderson  31.1 11 4 Tom Green  33.3 8 9 

6 Maverick  29.8 13 8 Nueces  32.3 10 11 

7 Hockley 24.3 15 1 Potter  30.2 12 1 

8 Brown  20.8 22 2 Falls  27.2 14 7 

9 Hill  19.7 26 7 Ellis 23.8 16 3 

10 Navarro  19.4 28 3 El Paso 23.3 17 10 

11 Nacogdoches  17.6 36 5 McLennan 22.8 18 7 

12 Henderson  17.5 37 4 Liberty  22.5 19 6 

13 Hall  16.9 38 1 Bexar  21.7 20 8 

14 Starr 16.6 40 11 Randall  21.4 21 1 

15 Cherokee 15.8 43 4 Wichita  20.7 23 2 

2006 

1 Terry  90.9 1 1 San Patricio  46.2 7 11 

2 Brooks 79.2 2 11 Victoria 42.6 9 8 

3 Kleberg  73 3 11 Taylor  41.8 10 2 

4 Trinity  66.9 4 5 Nueces 38.9 11 11 

5 Howard  66.3 5 9 Potter  35.1 12 1 

6 Bee 46 6 11 Ector  34.9 13 9 

7 Ward 44.7 8 9 Atascosa  32.8 15 8 

8 Jim Wells  34.6 14 11 Wichita 27.2 20 2 

9 De Witt 32.8 16 8 El Paso 26.1 23 10 

10 Jackson 32.5 17 8 Bowie  25.5 24 4 
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Table 4.3—Continued 

11 Scurry 31.8 18 2 Tom Green  24.7 26 9 

12 Hockley  31.2 19 1 Hidalgo 23.8 28 11 

13 Anderson 26.6 21 4 Bexar 23.4 29 8 

14 Houston  26.4 22 5 Galveston 22.3 33 6 

15 Moore 25.5 25 1 Dallas  21.1 34 3 

2007 

1 Howard  92.6 1 9 Goliad  73.8 2 8 

2 Gray  41.9 5 1 Victoria  48.3 3 8 

3 Kleberg 41.4 6 11 Ector   44.7 4 9 

4 Milam  41 7 7 Nueces  41 8 11 

5 Anderson  39 9 4 Taylor  38.4 10 2 

6 Terry  37 12 1 Robertson 38.3 11 7 

7 Cooke  36 14 3 San Patricio 36.9 13 11 

8 Maverick 35.8 15 8 Potter 31.8 18 1 

9 Houston  32.9 16 5 Falls  30.4 19 7 

10 Bee  31.9 17 11 Bowie  29.9 20 4 

11 Freestone  27.4 23 7 Ellis  29 21 3 

12 Jim Wells  24.8 26 11 Randall  28.7 22 1 

13 Uvalde  24.4 27 8 McLennan  27 24 7 

14 Willacy  23.8 31 11 Tom Green  26.7 25 9 

15 Hockley  22.3 35 1 Gregg  24.3 28 4 

2008 

1 Howard  42.8 3 9 Nueces  44.7 1 11 

2 Kleberg  37.4 4 11 San Patricio  43.4 2 11 

3 Gray  32.3 5 1 Taylor  31.5 8 2 

4 Anderson 32 6 4 Hidalgo  30.1 10 11 

5 Jim Wells  31 7 11 Victoria  29.3 11 8 

6 Bee  30.7 9 11 McLennan  27.5 12 7 

7 Hill  25.9 14 7 Ector  27.3 13 9 

8 Uvalde  25.9 15 8 Tom Green  24.5 17 9 

9 Panola 25.8 16 4 Bell 21.5 21 7 

10 Cooke 23.3 18 3 Bowie 21.3 22 4 

11 Milam  22.8 19 7 El Paso  21.2 23 10 
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Table 4.3—Continued 

12 Shelby  22.2 20 5 Atascosa 20.6 25 8 

13 Henderson  21.2 24 4 Potter  20.6 26 1 

14 Navarro  20.5 28 3 Wichita 20.6 27 2 

15 Polk  19.6 30 5 Bexar 20.1 29 8 

2009 

1 Howard  68.8 1 9 Taylor 39 3 2 

2 Bee  49 2 11 Nueces 37.8 4 11 

3 Kleberg  32.2 6 11 Ector  36.4 5 9 

4 Moore  32.2 7 1 McLennan  32 8 7 

5 Milam 32 9 7 Tom Green  31 10 9 

6 Gray  30.7 11 1 Bell  30.5 12 7 

7 Navarro 29.4 13 3 Kaufman 29.2 14 3 

8 Anderson 28.4 15 4 Potter  27.2 16 1 

9 Hockley  26.4 18 1 Jefferson  26.7 17 5 

10 Hill  25.6 21 7 Hidalgo  26.2 19 11 

11 Uvalde  22.8 28 8 Victoria  26.2 20 8 

12 Panola  22.3 31 4 Dallas  25.2 22 3 

13 Jim Wells 21.8 32 11 Bowie  25.1 23 4 

14 Nacogdoches  21.3 35 5 El Paso 24.9 24 10 

15 Walker  19.5 41 6 Atascosa  24.4 25 8 

2010 

1 Howard  77.6 1 9 Callahan  46.5 2 2 

2 Kleberg  32.3 5 11 Taylor  40.4 3 2 

3 Panola  29 8 4 Ector  32.9 4 9 

4 Anderson  28.8 9 4 Nueces 30.8 6 11 

5 Hill  27 11 7 San Patricio 30.1 7 11 

6 Bee  25.8 12 11 Potter 27.9 10 1 

7 Gray  23.3 14 1 Kaufman  24.5 13 3 

8 Nacogdoches  21.2 16 5 Victoria  22.4 15 8 

9 Navarro 20.1 20 3 Jefferson  20.9 17 5 

10 Shelby  19.3 24 5 McLennan  20.9 18 7 

11 Hale 18.2 26 1 Bexar  20.2 19 8 

12 Lamar  18.2 27 4 Tom Green  19.7 21 9 
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Table 4.3—Continued 

13 Jim Wells 17.9 28 11 Bell  19.5 22 7 

14 Polk  17.8 30 5 Dallas  19.3 23 3 

15 Cooke 15.3 37 3 El Paso  18.4 25 10 

2011 

1 Howard  48.1 1 9 Bell  29.5 3 7 

2 Gillespie  32.1 2 8 Ector 27 6 9 

3 Kleberg 28 4 11 Taylor  26.6 7 2 

4 Anderson  27 5 4 Potter  25.9 8 1 

5 Bee 22.6 12 11 Kaufman  23.4 9 3 

6 Hockley 21.2 14 1 McLennan  23.2 10 7 

7 Burnet 20.3 16 7 Nueces  22.9 11 11 

8 Hutchinson 19.7 17 1 Bexar  22 13 8 

9 Lamar  16.8 28 4 Orange 20.5 15 5 

10 Navarro  15.7 32 3 Randall  19.5 18 1 

11 Van Zandt 13.7 40 4 Lubbock  18.8 19 1 

12 Cooke 13.2 41 3 Jefferson  18.4 20 5 

13 Jim Wells  13.2 42 11 Dallas  18.1 21 3 

14 Polk  12.7 44 5 Tom Green  17.8 22 9 

15 Maverick  11.7 49 8 Wichita  17.7 23 2 



 

 

 

Figure 4-2 Annual child asthma hospitalization rates for those Texas 

counties with increased rates between 2005 and 2011 

 

4.1.1.2. Adult 

The top 15 ranked counties in terms of adult asthma hospitalizations were 

reviewed independently (the rankings are set out in Table 4-4). Interestingly, the 

rural adult asthma hospitalization rates do not mirror the child rates. For example, 

Red River County (HSR 4) returned either the highest of second highest rates of 

rural asthma hospitalization over the study period. Red River County was not 

ranked in terms of child hospitalizations; the only county in HSR 4 that was 



 

 

ranked in terms of rural child and adult hospitalizations was Anderson County. 

Rural counties in HSR 4 and HSR 5 (e.g., Trinity County) generally ranked higher 

in adult hospitalizations than in child hospitalizations. It is unclear why such a 

disparity might exist. Similarly, counties from HSR 11 (with the exception of 

Brooks County) did not rank as highly in the rural adult asthma hospitalization 

rates as they did in the child hospitalization rates. This is a difference that also 

requires further study.  Among the highest ranked urban asthma hospitalization 

counties, Ector County (HSR 9) consistently recorded high hospitalization rates, 

but only Tom Green County was the other HSR 9 county that repeatedly 

appeared in the top 15, and these two counties (centered on the cities of Odessa 

and san Angelo) also consistently recorded high child asthma hospitalization 

rates. In contrast, urban adult hospitalization rates were not prominent in 

counties in HSR 11 compared to child hospitalization rates (for which Nueces 

County and San Patricio County were prominent). Perhaps the prominent feature 

of the top ranked urban adult hospitalization counties was the on-going 

importance of HSR 7 Central Texas counties (Caldwell, Robertson, Lampasas 

and Burleson). In the urban child hospitalization rankings only a couple of 

counties frequently appeared in top rankings and these were different HSR 7 

counties (Bell and McLennan).
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Table 4-4 Top 15 Ranked Counties by year (2005-2011) for Adult hospitalizations based on  

Rural vs. Urban designations and Heath Service Region (HSRs) locations  

Rank 

Rural Urban 

County 
Hospitalization 
Rate 

Absolute Rank 
Among all 
Counties 

HSRs County 
Hospitalization 
Rate 

Absolute Rank 
Among all 
Counties 

HSRs 

2005 

1 Red River 51.80 1 4 Bandera 23.50 9 8 

2 Trinity 39.80 2 5 Ector 23.20 10 9 

3 Comanche 37.70 3 2 Liberty 22.40 12 6 

4 Camp 30.10 4 4 Lampasas 18.70 17 7 

5 Brooks 29.80 5 11 Victoria 18.20 19 8 

6 Brown 29.20 6 2 Johnson 16.30 23 3 

7 Maverick 25.60 7 8 Caldwell 15.40 25 7 

8 San Jacinto 25.00 8 5 Galveston 15.40 26 6 

9 Jim Wells 22.80 11 11 Atascosa 15.30 27 8 

10 Duval 20.40 13 11 Hunt 15.00 30 3 

11 Franklin 19.20 14 4 Burleson 14.90 31 7 

12 Houston 19.00 15 5 Potter 14.90 32 1 

13 Walker 19.00 16 6 Tom Green 14.40 36 9 

14 Morris 18.20 18 4 Hood 14.20 37 3 

15 Kleberg 17.30 20 11 Orange 14.00 38 5 

2006 

1 Terry 55.20 1 1 Crosby 35.90 4 1 

2 Red River 38.90 2 4 Ector 18.50 19 9 

3 Comanche 38.10 3 2 Liberty 17.10 22 6 

4 Trinity 30.20 5 5 Atascosa 16.00 27 8 

5 Winkler 29.90 6 9 Caldwell 16.00 28 7 

6 Brooks 29.30 7 11 Orange 15.60 31 5 

7 San Saba 29.30 8 7 Lampasas 15.50 32 7 

8 Franklin 28.70 9 4 Bowie 15.30 33 4 

9 Camp 24.50 10 4 Burleson 14.60 37 7 

10 Scurry 23.90 11 2 Johnson 14.40 38 3 
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Table 4.4—Continued 

11 Brown 23.80 12 2 Tom Green 14.20 39 9 

12 Maverick 22.10 13 8 Lubbock 14.00 41 1 

13 De Witt 20.80 14 8 Hunt 13.60 42 3 

14 Houston 20.30 15 5 Medina 13.50 43 8 

15 San Augustine 19.50 16 5 Callahan 13.40 44 2 

2007 

1 Trinity 36.20 1 5 Caldwell 18.90 13 7 

2 Red River 32.80 2 4 Liberty 17.70 15 6 

3 Maverick 24.70 3 8 Robertson 16.80 16 7 

4 Howard 24.60 4 9 Ector 15.90 19 9 

5 Comanche 22.10 5 2 Hunt 15.80 21 3 

6 Brown 21.30 6 2 Atascosa 15.70 22 8 

7 Terry 20.10 7 1 Orange 15.50 23 5 

8 Willacy 19.70 8 11 Burleson 15.30 25 7 

9 Runnels 19.60 9 2 Johnson 14.80 27 3 

10 San Augustine 19.50 10 5 Tom Green 14.80 28 9 

11 Nacogdoches 19.30 11 5 Bandera 14.30 30 8 

12 Walker 19.10 12 6 Victoria 13.80 34 8 

13 Houston 18.70 14 5 Lampasas 12.60 39 7 

14 San Jacinto 16.70 17 5 Ellis 12.40 42 3 

15 Leon 16.50 18 7 Gregg 12.30 43 4 

2008 

1 Red River 54.90 1 4 Robertson 20.30 10 7 

2 Runnels 28.10 2 2 Liberty 20.20 12 6 

3 Moore 25.70 3 1 Caldwell 19.50 14 7 

4 Howard 25.10 4 9 Lampasas 19.30 15 7 

5 Maverick 24.20 5 8 Johnson 16.30 21 3 

6 Jim Wells 23.20 6 11 Victoria 16.00 22 8 

7 Nacogdoches 22.40 7 5 Orange 15.20 25 5 

8 Trinity 22.10 8 5 Potter 15.20 26 1 

9 Mitchell 20.40 9 2 Upshur 14.70 29 4 

10 Comanche 20.20 11 2 Lubbock 14.50 31 1 

11 Camp 19.90 13 4 Tom Green 14.40 32 9 
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Table 4.4—Continued 

12 Brown 17.90 16 2 Comal 14.30 33 8 

13 Willacy 17.70 17 11 Hunt 14.10 34 3 

14 Brewster 17.60 18 10 Ector 13.50 35 9 

15 San Jacinto 17.10 19 5 Bastrop 13.40 36 7 

2009 

1 Anderson 48.80 1 4 Liberty 17.20 7 6 

2 Red River 33.90 2 4 Victoria 14.80 11 8 

3 Trinity 29.30 3 5 Caldwell 14.50 14 7 

4 San Jacinto 19.50 4 5 Lampasas 13.70 15 7 

5 Houston 18.60 5 5 Robertson 13.10 16 7 

6 Brown 17.30 6 2 Gregg 12.80 17 4 

7 Brewster 17.00 8 10 Johnson 12.70 19 3 

8 Freestone 15.10 9 7 Hunt 11.60 22 3 

9 Leon 14.80 10 7 Ector 11.30 24 9 

10 Howard 14.70 12 9 Kaufman 10.70 26 3 

11 Walker 14.70 13 6 Orange 10.10 30 5 

12 Jim Wells 12.80 18 11 Tom Green 10.10 31 9 

13 Maverick 12.70 20 8 Bowie 9.80 34 4 

14 Duval 12.20 21 11 Burleson 9.40 39 7 

15 Sabine 11.40 23 5 Lubbock 9.10 41 1 

2010 

1 Red River 43.50 1 4 Victoria 24.10 4 8 

2 Brooks 24.90 2 11 Johnson 20.80 10 3 

3 Brown 24.80 3 2 Caldwell 18.20 16 7 

4 Maverick 22.00 5 8 Liberty 16.70 18 6 

5 Van Zandt 21.80 6 4 Kaufman 16.30 21 3 

6 Childress 21.70 7 1 Ector 15.80 23 9 

7 Howard 21.70 8 9 Robertson 15.30 26 7 

8 Trinity 21.70 9 5 Bandera 14.00 29 8 

9 Palo Pinto 19.90 11 3 Orange 13.50 31 5 

10 Houston 19.70 12 5 Grayson 13.30 32 3 

11 Duval 19.50 13 11 Burleson 12.20 37 7 

12 Milam 18.70 14 7 Hunt 12.20 38 3 
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Table 4.4—Continued 

13 San Augustine 18.60 15 5 Lubbock 11.70 42 1 

14 Jim Wells 17.50 17 11 Gregg 11.60 43 4 

15 Freestone 16.50 19 7 Lampasas 11.50 45 7 

2011 

1 Brooks 24.90 1 11 Goliad 21.50 3 8 

2 Red River 22.30 2 4 Victoria 18.60 5 8 

3 Howard 18.60 4 9 Ector 16.80 6 9 

4 San Augustine 16.10 7 5 Robertson 16.00 9 7 

5 Willacy 16.10 8 11 Johnson 14.30 13 3 

6 Comanche 15.40 10 2 Gregg 13.50 17 4 

7 Leon 14.80 11 7 Tom Green 13.10 18 9 

8 Freestone 14.40 12 7 Kaufman 12.80 19 3 

9 Duval 13.70 14 11 Lampasas 12.30 21 7 

10 Houston 13.70 15 5 Galveston 11.80 24 6 

11 Matagorda 13.70 16 6 Liberty 11.30 31 6 

12 Palo Pinto 12.80 20 3 Nueces 11.00 33 11 

13 Trinity 12.30 22 5 Caldwell 10.60 38 7 

14 Lamar 11.90 23 4 Hunt 10.60 39 3 

15 Cherokee 11.70 25 4 San Patricio 10.50 40 11 

 



 

78 

4.1.2 Asthma Hospitalization rate changes over time 2005-2011 

The differences between rural and urban hospitalizations were found to be 

statistically significantly different. Mann-Whitney U test (for unpaired samples) 

demonstrated that the hospitalization rates among children for all reporting 

counties was significantly different between from those from rural versus those 

from urban counties (p=0.05) in 2005, 2006, 2007, and 2008 for both crude and 

adjusted rates (Table 4-5 for adjusted rate comparisons(only shown here)). 

 

Table 4-5 Mann-Whiney U test (w/continuity correction) rural child 

hospitalizations (group 1) vs. urban child hospitalizations adjusted hospitalization 

rates (marked tests significant at p <0.05) 

Year U Z p-value 
Z-

adjusted 
p-value 

Valid n 
group 1 

Valid n 
group 2 

2*1 sided 
exact p 

2005 215 2.16 0.03 2.16 0.03 13 54 0.02 
2006 348 2.34 0.02 2.34 0.02 20 54 0.02 
2007 348 2.05 0.04 2.05 0.04 18 57 0.04 
2008 216 2.44 0.01 2.45 0.01 14 54 0.01 
2009 344 1.40 0.16 1.40 0.16 16 56 0.16 
2010 221 1.92 0.05 1.92 0.05 13 52 0.05 
2011 262 1.56 0.10 0.10 0.10 14 52 0.11 

 

The hospitalization rates among adult for all reporting counties was 

significantly different between from those from rural versus those from urban 

counties (p=0.05) in 2006, 2007, 2008, and 2010 for both crude and adjusted 

rates (Table 4-6 for adjusted rate comparisons (only shown here)). 
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Table 4-6 Mann-Whiney U test (w/ continuity correction) rural adult 

hospitalizations (group 1) vs. urban adult hospitalizations adjusted hospitalization 

rates (marked tests significant at p <0.05) 

 

4.2 Ozone at measurement sites across Texas 2005-2011 

4.2.1 24 hour variations 

Ozone data was available mostly from sites in counties designated as 

general urban following urban/rural division employed in the review of asthma 

hospitalizations.  Ozone variations observed at the sites examined here exhibited 

cyclical patterns at various scales. Diel variations were consistent across the 

sites. As shown in Figure 4-3 at the rural site (Harrison County) the lowest hourly 

concentration over 24 hours (averaged across a year) was at 5.00 am, at the 

urban site (Fort Worth), and coastal site (Nueces 1) the lowest average was 

recorded at 6.00 am. This is in keeping with diel changes recorded elsewhere 

(see e.g., EPA, 2014 Figure 3.45). Noteworthy here, was that the hourly 

maximum value for the rural and the urban site occurred at 3.00 pm with the 

highest values forming a plateau between 2.00 and 4.00 pm, while the coastal 

site had a maximum value at 2.00 pm and exhibiting a plateau of high values 

Year U Z p-value 
Z-

adjusted 
p-value 

Valid n 
group 1 

Valid n 
group 2 

2*1 sided 
exact p 

2005 1523 1.52 0.13 1.58 0.13 55 66 0.13 
2006 1467 2.99 <0.01 2.99 <0.01 62 68 <0.01 
2007 1495 1.96 0.05 1.96 0.05 57 66 0.04 
2008 1444 2.09 0.04 2.09 0.04 57 65 0.03 
2009 1496 1.51 0.13 1.51 0.13 54 66 0.13 
2010 1184 3.15 <0.01 3.15 <0.01 54 66 <0.01 
2011 1320 1.94 0.05 1.94 0.05 53 63 0.05 
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between 1.00 and 3.00 pm. At all the sites, the lowest hourly ozone 

concentrations over 24 hours was higher at the end of the study period (2011) 

than the beginning (2005), however at the urban and the rural site the afternoon 

high concentrations declined from 2005 to 2011, and in contrast at the coastal 

site the afternoon values were higher in 2011 than in 2005. 

 

 

Figure 4-3 Diel (24-hour) changes in ozone levels, based on average values for 

all days in the year for selected measurement sites at the start and end of the 

study period 
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4.2.2 Annual variations 

On an annual basis, for all the sites from which data was reviewed, a clear 

periodicity was apparent with typically low ozone concentrations in the winter 

months and higher concentrations in the other months (typically during the 

summer). Examples of such cyclical variation can be seen in Figures 4.4 - 4.20, 

with the average monthly ozone concentration for the seven-year study period 

summarized for of the study sites. The winter low and summer high in ozone 

concentrations are clearly observable in data from sites in Fort Worth, El Paso, 

and Dallas (the “general urban” sites). In Harrison County (rural location), the 

annual pattern was similar, however at the other rural sites annual ozone 

variations were flatter (fewer variations across the seasons). In contrast, 

measurements from the “coastal location” sites typified by those in Nueces 

County, in the vicinity of Corpus Christi, the record exhibited a seasonal low in 

the ozone concentrations in the summer months. The timing of these annual 

changes in ozone levels are most apparent in the time-series of hourly averages 

in concentration. This annual “coastal location” pattern was also observed, but to 

a less pronounced extent, in the data from the “intermediate” sites (between 

“general urban” and “coastal”) in Houston (Figure 4-12), Austin (Figure 4-8) and 

San Antonio (Figures 4-13 and 4-14). 

 

The Harrison county site was the only rural site for which seven-years of 

ozone concentration data was available, although incomplete data was available 
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from the rural counties of Brewster, Navarro, and Fayette (Figures 4-4 to 4-9). 

The trends for these sites seem to exhibit a less marked seasonal variation 

(although less so in the data from the Harrison county site), where ozone 

formation is less likely dependent on increased vehicular traffic in the summer 

months). However, at the Harrison Country site (Figure 4-4) the ozone levels 

proceeded to climb from a winter low to periods of high values over the summer 

months interspersed with shorter periods of low ozone levels, followed by a 

return to low ozone concentrations over November and December. 

 

The Fort Worth (Figure 4-10) site is representative of a general urban 

ozone exposure scenario (matching Dallas (Figure 4-11) and El Paso (Figure 4-

9)). Ozone concentrations in Fort Worth at the start of the year were low and 

climbed to a period of summer maximum values that tended to peak in 

September. However, there were considerable fluctuations in the ozone 

concentrations at this site with periods of a week or more in duration with 

elevated ozone levels that were interspersed with periods of lower 

concentrations. By way of example, although ozone levels at this site were 

generally highest in the month of September, in 2009 there was a period of low 

ozone levels in this month. After the summer high in Fort Worth, the ozone 

concentrations consistently declined to a winter low. 
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The Nueces County site typifies a ‘coastal” site ozone exposure setting 

(corresponding data from Victoria and San Patricio (Figures 4-15 to 4-19).  In 

contrast to the data from the Fort Worth, a June through August period of low 

ozone levels was observed at the coastal locations in the Nueces County site 

(Figure 4-15 to 4-16). Maximum values for ozone at this site typically occurred 

twice in the years during April/May and September/October (also observed at the 

other “coastal” site locations). Moreover, the winter month ozone concentrations 

at the Nueces county sites were unexpectedly marginally higher at times than the 

summer concentrations. 

 

The “intermediate” sites (Houston, Austin and San Antonio) show annual 

variations similar to the “general” urban sites (lower ozone levels in the winter 

and generally higher levels in the summer), but like the coastal sites usually 

exhibited at some point a low levels of ozone over during the summer. 

 



 

84 

 

Figure 4-4 Hourly ozone concentrations for each year between 2005 and 2011 

for the measurement site in Harrison County (CAMS 85, rural site)  
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Figure 4-5 Hourly ozone concentrations for each year between 2007 and 2011 

for the measurement sites in Brewster County (CAMS 316, rural site) 
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Figure 4-6 Hourly ozone concentrations for each year between 2005 and 2011 

for the measurement sites in Fayette County (CAMS 601, rural site)  
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Figure 4-7 Hourly ozone concentrations for each year between 2009 and 2011 

for the measurement sites in Navarro County (CAMS 1051, rural site) 
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Figure 4-8 Hourly ozone concentrations for each year between 2005 and 2011 

for the measurement sites in Austin (CAMS 3)  
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Figure 4-9 Hourly ozone concentrations for each year between 2005 and 2011 

for the measurement sites in El Paso (CAMS 12)  
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Figure 4-10 Hourly ozone concentrations for each year between 2005 and 2011 

for the measurement sites in Fort Worth (CAMS 13)  
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Figure 4-11 Hourly ozone concentrations for each year between 2005 and 2011 

for the measurement sites in Dallas (CAMS 60)  
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Figure 4-12 Hourly ozone concentrations for each year between 2005 and 2011 

for the measurement sites in Houston (CAMS 304)  
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Figure 4-13 Hourly ozone concentrations for each year between 2005 and 2011 

for the measurement sites in San Antonio, Bexar (CAMS 23)  
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Figure 4-14 Hourly ozone concentrations for each year between 2005 and 2011 

for the measurement sites in San Antonio, Bexar (CAMS 678)  
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Figure 4-15 Hourly ozone concentrations for each year between 2005 and 2011 

for the measurement sites in Corpus Christi, Nueces (CAMS 4, coastal)  
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Figure 4-16 Hourly ozone concentrations for each year between 2005 and 2011 

for the measurement sites in Corpus Christi, Nueces (CAMS 21, coastal)  



 

97 

 

Figure 4-17 Hourly ozone concentrations for each year between 2005 and 2011 

for the measurement sites in Victoria (CAMS 87, coastal)  
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Figure 4-18 Hourly ozone concentrations for each year between 2006 and 2011 

for the measurement sites in Aransas Pass, San Patricio (CAMS 659, coastal) 
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Figure 4-19 Hourly ozone concentrations for each year between 2007 and 2011 

for the measurement sites in Odam, San Patricio (CAMS 686, coastal) 
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Figure 4-20 Hourly ozone concentrations for each year between 2007 and 2011 

for the measurement sites in Taft, San Patricio (CAMS 687, coastal) 
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From a human health perspective, an alternative way to assess how the 

ozone levels varied over time at the different sites involves evaluating changes in 

the hourly excursions above the various air quality levels. Accordingly, a 

comparison of the percentage of total hourly measurements in the ozone 

concentration ranges: 60-75 (of moderate health concern to unusually sensitive 

people), 76-95 (unhealthy for sensitive groups) and >95 (unhealthy for the 

general population) between 2005 and 2011 for the measurements sites in 

Harrison County, El Paso, Dallas, Fort Worth, Houston, Austin, Victoria, and the 

two sites in San Antonio and Nueces County are set out in Table 4-7. It is notable 

that, 2/3 of the years covered in this table, the annual percentage of hourly ozone 

levels >95 ppb was less than 0.1%. Only in Dallas and Fort Worth in 2005 did the 

percentage of hourly excursions >95 ppb approach 1% (0.6% in both cases). 

Also, the percentage of hourly ozone levels between 76 and 95 ppb ranged from 

<0.1 to 3.0%. The latter value, recorded at Fort Worth site in 2005, was a 

significant high that was approximately three times greater than the percentages 

recorded at the other sites in this time frame. A perhaps more useful exposure 

index, because of the higher percentages, is the relative proportion on hourly 

ozone levels in the range 60-75 ppb. The highest percentages for hourly ozone 

concentrations in this range were recorded at the Harrison County site in both 

2005 and 2011 (6.2% in each year). Only in El Paso, Dallas, Fort Worth, Austin 

and San Antonio1 in 2005 did the percentage of hourly ozone measurements in 

the range approach 5%. At the Houston site, San Antonio2, and the two sites in 
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Nueces County (with one exception at a Nueces County site in 2005) less than 

3% of the hourly ozone measurements were in the in the 60-75 ppb range. At the 

Harrison and Austin sites there were no percentage changes between 2005 and 

2011 and at all the other sites the recorded percentage went down. Harrison was 

the highest percentages of hourly excursions in ozone levels in the range 60-75 

ppb. The high rural county percentages are of interest, given that hospitalization 

rates for asthma were highest in rural counties in Texas over this time period. 

Reductions in the percentage values reflect an improvement in air quality from 

2005 to 2011 at the locations in Table 4-7. Curiously, as noted previously, 

elevated asthma hospitalization rates were identified in counties around Corpus 

Christi, however the percentage of ozone concentrations above 60 ppb were the 

lowest of those listed in Table 4-7 in Nueces County. While the changes in the 

annual percentage of ozone levels in specified air quality ranges provides a 

measure of air quality improvement in relation to human health, it provides no 

information on which periods during the year that poor air quality (high ozone) 

may have the most impact, and ozone concentrations peak at different times of 

year in Texas at different locations (Figures 4-4, 4-10, 4-16). These differences 

are apparent from the data on the percentage of hourly ozone excursions above 

60 ppb for rural, urban and coastal locations, on a month-by-month basis (for 

2011 in Figures 4-21 and 4-22). At the rural sites (in Harrison and Navarro 

counties) and the urban sites the maximum  percentages of hourly ozone 

concentrations ≥60 ppb occurred in August and September (Figure 4-21), 
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suggesting that these are the most unhealthy months for susceptible population. 

At the coastal sites (Houston being include here with data not reported earlier 

from San Patricio County) the percentages of hourly ozone concentrations ≥60 

ppb peaked first in April and then to a greater degree in September (Figure 4-22). 

These data indicate that in these areas unhealthy levels of ozone occur twice in 

the year. 

 

Comparisons between hospitalization rates in rural and urban counties in 

relation to ozone levels are problematic because of data size limitations. 

Complete coverage (2005-2011) in terms of ozone data availability could only be 

extracted for one rural site. This site in Harrison County, in terms of the number 

of hourly data points between 60 and 75 ppb, recorded a higher percentage than 

the major urban sites (Table 4-7) and two to three times higher than the coastal 

sites in Nueces County which returned high numbers of child asthma 

hospitalizations (frequently ranked in the top 5 reporting counties). However 

Harrison County, was not remarkable in terms of child asthma hospitalizations 

(generally did not rank in the top 20 reporting counties) or adult asthma 

hospitalizations (ranked only once in the top 40) in the study years. In contrast, 

the rural county of Navarro, for which there were only two and a half years of 

hourly ozone data for the period of this study, for child asthma hospitalization 

rates, was ranked in the top five reporting counties in five of the seven study 

years, but only twice in the top twenty reporting counties for adult asthma 
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hospitalizations. In terms of ozone concentrations, again evaluated in terms of 

the number of hourly recordings between 60 and 75 ppb, for the year 2011 at the 

Navarro County site 5.5% of the hourly measurements were in this range. 

Compared to the other sites for that year Table 4-7 this value is closer to that 

reported by the other rural site (6%), and higher than the urban and coastal site 

values. This is only suggestive of a relationship between child asthma 

hospitalizations and elevated ozone levels, given that in the Harrison county data 

a strong relationship was not apparent. The lack of ozone concentration data 

from other rural counties is a problem for this type of assessment. 

 



 

 

1
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Table 4-7 Percentage of recorded hourly ozone levels over a year in relation to specified air quality index levels 

at the start and end of study period for select ozone sampling locations in Texas. 
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Figure 4-21 Percentage of hourly ozone levels above 60 ppb by month for select 

rural and urban measurement sites in 2011 
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Figure 4-22 Percentage of hourly ozone levels above 60 ppb by month for select 

coastal measurement sites in 2011 

 

4.2.3 Spatial variations in ozone across Texas 

Spatial variations in ozone levels across Texas are complex and are likely 

dependent on many factors. Here it is posited that some “broad brush” variations 

are observable across the state. First, at what we refer to as the “coastal” 

measurement sites in Nueces, San Patricio, and Victoria counties, there appears 

to be consistent pattern of consistent lower ozone over the summer months. This 

can be readily observed in the time-series smoothed data from these sites using 
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a Savitzky-Golay 30 day smoothing of the hourly Ozone data (Figure 4-23 and 

Figure 4-24). Then there appears to be a group of transitional sites that have a 

somewhat similar (but less pronounced) pattern as the coastal sites. These sites 

are located in the cities of Houston, Austin and San Antonio (Figure 4-25). 

Houston has pretty much a coastal location, but in the summer months it records 

many spikes in ozone levels, which are likely a response to local industrial 

activity. Houston is a major center for the petrochemical industry. Austin and San 

Antonio while not located near the gulf coast, are not too far inland to not be 

influences by onshore gulf air masses that might carry ozone produced in the 

coastal cities. The measurement sites in the cities of Dallas, Fort Worth and El 

Paso, are in a third category, tentatively described as “general urban” locations 

where the ozone levels peak during the summer months (Figure 4-26). All of 

these locations (in three broad categories) are in counties designated as “urban.” 

A fourth category could be considered to be defined by the sites in the “rural” 

counties. It is difficult to generalize for these sites, because the data sets from 

the rural measurement sites are of limited extent (from Brewster, Harrison and 

Navarro counties) and the locations are very different (Brewster County is in Big 

Bend in the far southwest of the state while Harrison County is in far northeast 

Texas and borders Louisiana). Nevertheless, the limited data suggest that ozone 

levels seem to vary little across the year (although this is less so at Harrison 

County) at these locations (Figure 4-27). Why, the spatial variations may be of 

this nature is likely due to many complex factors, for instance at rural sites ozone 
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formation may be rate limited by the release of biogenic VOCs. Or, there may be 

out of state sources of ozone that contribute to ozone levels in some areas due 

to circulation patterns. These and other possible factors controlling ozone 

generation Texas will be discussed next.  

 

 

Figure 4-23 Savitzky-Golay 30 day smoothing of the hourly Ozone data from 

Nueces and Victoria counties for 2005-2011  
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Figure 4-24 Savitzky-Golay 30 day smoothing of the hourly Ozone data from San 

Patricio county for 2005-2011 
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Figure 4-25 Savitzky-Golay 30 day smoothing of the hourly Ozone data from 

Houston, Austin, and San Antonio cities for 2005-2011 
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Figure 4-26 Savitzky-Golay 30 day smoothing of the hourly Ozone data from 

Dallas, Fort Worth, and El Paso cities for 2005-2011 
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Figure 4-27 Savitzky-Golay 30 day smoothing of the hourly Ozone data from 

Brewster, Harrison, and Navarro counties for 2005-2011 

 

4.3 Relationship between ozone exposure and  

asthma hospitalization rates 

We used Spearman rank correlation to assess the possibility of 

relationship between ozone exposure and asthma hospitalization rates. Data was 

reviewed from counties reporting asthma hospitalization rates, and that also had 

an ozone recording site. We chose to look at data from 2005 and 2011. We 

considered it unlikely that there would not be any significant deviation in the data 

for the intervening years. For 2005, data was available for 9 counties and in 2011 



 

114 

for 11 counties. Spearman rank correlation coefficients were calculated 

comparing asthma rates with various measures of ozone exposure. The latter 

included: percentage hourly ozone values greater than 60 ppb, percentage 

hourly ozone values greater than 75 ppb, annual average ozone concentration 

and average ozone concentration for each of the seasons (March to May, June 

to August, September to November, and December to February). The results of 

this analysis are set out in the table below (Table 4-8). Most of the ozone 

exposure metrics showed no significant correlation for either child or adult 

asthma rates. The few significant correlations were contradictory. For example, 

the September to November ozone concentration average showed a negative 

correlation for asthma hospitalizations for children but a positive one for adults. 

Similarly, the adult hospitalization for 2005 showed a positive correlation with the 

September to November ozone concentration average but negative correlations 

for the June to August and the December to February ozone concentration 

average. The limitations for this analysis were the small sample size, and the 

reporting period for the asthma hospitalization rate. The latter was reported on an 

annual basis, without any breakdown on the time of year when the admissions 

occurred. So, admissions at the start of the year would likely bear no relationship 

to ozone exposure metrics that related to the whole of that year. 
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Table 4-8 Spearman rank correlations for county level asthma hospitalizations 

(per 10,000) vs. ozone levels (marked tests significant at p <0.05) 

Ozone Levels Year Child Adult 

% >60 ppb 2005 -0.500000 -0.166667 

 2011 0.022779 -0.574033 

% >75 ppb 2005 -0.533333 -0.200000 

 2011 -0.082005 -0.382689 

Annual Average 2005 -0.333333 -0.283333 

 2011 0.396356 -0.186789 

Mar-May Average (Spring) 2005 0.300000 -0.066667 

 2011 0.378133 0.182233 

Jun-Aug Average (Summer) 2005 -0.316667 -0.033333 

 2011 -0.095672 -0.469250 

Sep-Nov Average (Fall) 2005 -0.016667 0.033333 

 2011 0.542143 0.291573 

Dec-Feb Average (Winter) 2005 0.333333 -0.050000 

 2011 0.287017 0.455582 
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  Chapter 5

Discussion 

5.1 Asthma disparities 

Data presented here demonstrate that disparities between urban and rural 

county asthma hospitalizations for both children and adults existed in Texas over 

the study period. There are many potential reasons why such disparities might 

exist especially across such a large geographic area as Texas. One possible 

reason might be access to healthcare. Knudson et al. (2009) suggested that 

disparities can arise because rural children are less likely to have insurance 

coverage. Other possibilities include differences: in lifestyle, in socio-economic 

status, and in exposure to environmental agents. The latter was the focus of this 

study. 

 

The salient features of the rural vs. urban county asthma hospitalization 

rates from 2005 to 2011 in Texas may be summarized as follows. Among the 15 

top ranked counties for rural child hospitalizations over the study period, Howard 

County (almost always ranked number one) was the only ranked county located 

in HSR 9 (rural west Texas). Information on any environmental pollution 

exposure in this county is not obviously available. The county seat of Big Spring 

is a small city with various medical facilities that would suggest that an absence 

of access to healthcare is not a problem in the county. The nature of this ongoing 

localized “hot spot” of rural child hospitalizations needs further study. It is 
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unknown whether child hospitalizations for asthma are a problem in other HSR 9 

counties, and whether low rural population numbers affect reporting. In the 

coastal region in HSR 11, Bee, Jim Wells, Brooks, and Kleberg counties (rural); 

and Nueces, and San Patricio counties (urban) and the neighboring HSR 8 

counties of Victoria and Goliad (urban), all consistently reported significant child 

asthma hospitalizations over the study period. In terms of possible ozone 

exposure in this regional asthma “hotspot,” the counties in the vicinity of the city 

of Corpus Christi recorded a distinctive annual ozone cycle with an extended 

period of low ozone concentrations during the summer months. These locations 

did report ozone concentrations higher than those recorded in other urban county 

locations in the spring (March-April) and in the fall (September-October). 

However, as the data on asthma hospitalizations was only provided as annual 

summaries, the impact of seasonal variations in ozone exposure cannot be 

assessed. 

 

For most counties, both rural and urban, child and adult asthma 

hospitalization rates declined over the study period. However, in a limited number 

of counties there was a consistent increase in child hospitalization over this 

period, and these counties were concentrated in HSR 7 (central Texas) 

neighboring, and including Travis County (the home of the city of Austin, the 

fourth largest city in Texas in terms of population size). These counties did not 
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have the highest hospitalization rates, and why these counties are concentrated 

in HSR 7 is unclear. 

5.2 Ozone disparities 

Annual fluctuations in ozone concentrations were observed at all the sites 

investigated. Within these annual cycles considerable variations in ozone levels 

were also recorded. Short term changes were likely a response to differences 

(even on a daily basis) between periods of sunny hot weather, the passage of 

fronts, and periods less conducive to ozone formation. The hourly average data 

did not suggest that short periods of elevated levels of ozone occurred at the 

same time over multiple years. These results are in-keeping with what is known 

about low level ozone formation. Tropospheric ozone levels are recognized as 

exhibiting a pronounced seasonal periodicity where concentrations are higher in 

the summer months or warm season (often known as the ozone season), and 

lower in the colder months (EPA, 2006). It also generally the case that there exist 

rural vs. urban differences in ozone concentrations. In conditions that favor lower 

ambient NOx concentrations (rural locations) the formation of ozone increases as 

NOx levels rise, however in environments where the concentration is higher 

(urban locations) there is ozone depletion as it reacts with nitric oxide (EPA 

2006). In the urban environment ozone production is controlled by VOC levels, 

such locations are “VOC-limited” or “VOC-sensitive” (Royal Society, 2008), while 

in rural areas ozone formation is controlled by levels of biogenic VOCs (notably 

isoprene) released by vegetation (Calfapietra et al., 2013). In the rural 
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environment, where ozone production is not rate limited by VOC levels, ozone 

levels are “NOx-limited.” The case of the Houston area is somewhat different, 

ozone formation in the Houston-Galveston-Brazoria (HGB) area has been 

extensively investigated in the Second Texas Air Quality Study (TexAQS II) and 

reported by Cowling et al. (2007). TexAQS II findings posited that high levels of 

ozone in the HGB area are the result of a rapid ozone formation process 

involving highly reactive VOCs and NOx species both emitted from petrochemical 

plants in the area. Other urban locales in Texas, not having petrochemical 

facilities producing the precursor gases that the HGB area does, might be 

expected to experience lower levels of ozone. However, the Corpus Christi area 

is also industrialized. The Corpus Christi airshed encompasses the bordering 

counties of Nueces and San Patricio. Contributing emissions to this airshed is a 

large industrial and petrochemical complex, and the area is home to two large 

military bases, and it is the fifth busiest deep-water port in the United States. The 

ozone levels in this area can be affected by ozone transported from the HGB 

region (Kumar and John 2002). But, the annual pattern of ozone concentration 

variations in the Corpus Christi area, while similar to those recorded in the HGB 

area,  are more pronounced. This coastal region experiences strong consistent 

sea breezes which may modify local ozone levels. Biswas and John (2007) have 

stated that the sea breeze effect results in pollutants (presumably including 

ozone) from the Corpus Christi airshed being transported inland and impacting 

San Antonio and its environments. Furthermore, they suggested that the “… 
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typical haze events … during September and during early spring months of April 

and May in South Texas cities of San Antonio and Corpus Christi” are related to 

a high-pressure systems that have stagnated and led to the accumulation of 

haze over the middle Mississippi River Valley, lower Ohio River Valley, and 

Tennesee and transported the haze into South Texas. Irrespective of such 

considerations, it seems likely that the spring and fall “highs” and the summer 

“lows” in ozone concentrations in the Corpus Christi region are affected by 

regional meteorological conditions. The long range transport of ozone has the 

potential to raise local ozone levels in Texas. For both the Dallas and Houston 

areas ozone source regions in Midwest/Ohio River Valley, with precursor NOx 

originating along the Southern Great Lakes (Chicago being a prime source) have 

been identified (Cowling et al., 2007). 

 

Assessing the potential importance of ozone as a factor affecting rural 

asthma hospitalizations has proved difficult. With too few rural county ozone 

measurement sites, identifying any relationship is challenging. What information 

that has been forthcoming has been somewhat contradictory. One rural site 

(Harrison County) that recorded high ozone levels did not report either child or 

adult hospitalizations for asthma that were noteworthy. At a second rural location 

(Navarro County) elevated ozone levels were reported, and child asthma 

hospitalizations between 2005 and 2011 were consistently at high levels. 

Additional data is required for a fuller assessment.  
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  Chapter 6

Conclusions 

Asthma is a complicated disorder, and it is increasingly recognized that 

the disease may encompass a number of subtypes (Holgate, 2011). The role of 

ozone exposure in adverse asthma outcomes is well documented. Despite 

continuing reductions in ground-level ozone concentrations, ozone exposure is 

still considered a public health threat. So much so, the EPA is advocating a 

downward revision of the health-based national ambient air quality standard 

(NAAQS), with a primary standard to be changed to between 60 and 70 ppb for 

ozone (EPA 2014). The EPA has argued that reduced ozone levels affected by 

reductions in precursor gases are considered to be essential in that “… O3-

associated mortality and morbidity would be expected to decrease nationwide 

following reductions in precursor emissions to meet the current O3 standard” 

(EPA, 2014). With the possibility of future climate warming, efforts at ozone 

exposure reduction must be considered even more desirable. While predictions 

of future trends in ozone levels may be problematic, for the New York City 

metropolitan region models suggest that, for example, an increase in emergency 

room visits for children with asthma by 7.3% by the 2020s could be affected by 

regional increases in ozone as a result of a rapid growth in greenhouse gas 

emissions (Sheffield et al., 2011). Here, rural child asthma hospitalizations 

exceeded those in urban counties, and rural adult asthma hospitalization 

exceeded those in urban counties. With the exception of a small number of rural 
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counties where the number of child hospitalizations continually increased over 

the study period, both child and adult asthma hospitalizations declined over the 

period 2005-2011.  

 

Understanding the relationship between asthma hospitalizations and 

ozone exposure in Texas is very challenging. Ozone levels, and hence ozone 

exposure, depends on many factors. In urban areas (like the DFW metroplex) 

ozone creation is VOC-sensitive, although in the HGB area ozone formation is 

facilitated by VOC and NOx availability. The stability of “Urban Heat Islands” 

(UHIs) is likely important, as urban areas that are close to the coast have UHI 

perturbed by onshore winds. At rural locations, biogenic sources of VOCs (e.g., 

isoprene) can be important (as in places like east Texas) as the main control of 

ozone formation. The potential exists also in rural areas for ozone to persist 

longer because of lower rates of chemical scavenging. Moreover, such areas 

may have ozone levels increased by ozone transported from other (principally 

urban) areas. Urban areas themselves may also experience elevated ozone 

levels due to the flux of ozone from remote areas. Rural county ozone 

measurements in Texas are limited (most measurement sites are in urban 

areas), thus making it difficult to assess the exposure threat for rural populations. 

From the limited data presented here, in one rural county, Harrison County in 

east Texas, the annual percentage of hourly rural ozone excursions in the range 

60 to 75 ppb exceeded those recorded at the urban sites. In a second rural 
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county (Navarro) similar elevated levels of ozone were recorded and this county 

consistently reported high child asthma hospitalizations. Limited coverage of rural 

counties by ozone measurement networks is, perhaps, not unrealistic given that 

most of the population of Texas lives in urban areas. Nevertheless, locating 

measurement sites in consistently high asthma hospitalization rate rural counties 

(e.g., Howard County for children, and Red River County for adults), could prove 

instructive. 

 

There are a number of limitations associated with this study. The 

designation of Texas counties as either “rural” or “urban” has changed over time, 

and the dichotomy here may not report accurately on the character of some 

counties now, or in the recent past. The limited number of rural site 

measurements makes it difficult to generalize about rural exposures. Moreover, 

rural site data, except for that from Harrison County did not cover the entire study 

period, and/or was relatively incomplete. For the Brewster County site data was 

available only for 2008 onwards, for the Navarro County site data was available 

for half of 2009 onwards, and for the Fayette County site at least a third of the 

ozone measurements were missing each year. Moreover, two of these counties 

reported no, or low, asthma hospitalizations in any year, likely because of 

population size.  
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Longer term data, both in term of asthma hospitalizations and ozone level 

variations, would likely provide more insights into the possible relationship 

between exposure and health response. Moreover, data on emergency room 

(ER) visits for asthma “problems” (as reported in discharge data), would provide 

more fine resolution data on the problem of asthma in Texas than hospitalization 

data. However, obtaining statewide hospital discharge date for asthma related 

ER admissions is complicated by many factors, and may be an elusive task. 
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