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ABSTRACT

PROXIMITY OF CANCER CASES TO AIRPORTS

WITHIN THE STATE OF TEXAS

Sala Nanyanzi Senkayi, Ph.D.
The University of Texas at Arlington, 2012

Supervising Professor: Melanie L. Sattler

Determining whether the incidence of cancer may be associated with pollutants emitted
from airports is important in order to better plan cities to reduce such incidences. This research
aims to answer the following questions: 1) Is there a trend between the incidence of various
kinds of cancer and proximity to air emission sources, including airports, in Texas? and 2)
Specifically, is there a relationship between childhood leukemia and airport benzene emissions?
Texas has two airports ranked among the top 10 U.S. airports in terms of enplanements for
Jan.-March 2010: Houston ranked 7", while Dallas was 3™." State-wide cancer incidence data
was obtained in July of 2009%; additionally, state-wide data on age, race and gender-specific

458 \vere obtained from the Texas Department of State Health Services (DSHS)'.

cancer rates
These rates were applied to the demographic make-up of each geographical unit to compute
the number of cancer cases which would be expected in each area. The observed number of

cases in each area was compared to the expected number for leukemia, lymphoma (both for

children 9 years and under), colon and respiratory (both for all ages) cancers at the state-wide



block group level. Colon cancer was used as a negative control because benzene exposures
are not expected to be associated with the incidence of colon cancer. The ratio of the number of
observed cases was divided by the number of expected cases for each block group and was
then plotted against the distance to major emission sources (railroads, airports, industrial
facilities and roads), using Geographical Information Systems (GIS). In order to address the
second question of a relationship between childhood leukemia and airport benzene emissions,
a Poisson regression model was developed using county emissions as the predictor variables
and childhood leukemia as the response variable. Additionally, distance to the emission sources
for children under age 9 with and without leukemia was compared. The 3 analyses all suggest

that airport benzene emissions contribute to incidences of childhood leukemia in Texas.
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CHAPTER 1
INTRODUCTION

1.1 Statement of the Problem

Texas is home to nearly 20.9 million residents,? making Texas the second most populated state
in the Union (according to the US Census). Texas comes in fourth behind New York, Florida and
California (which has the highest cancer rates)’ in terms of total cancer cases within the United States
(incidences per 1,000,000 population for both males and females) for 2001-2005. According to the
“Impact of Cancer on Texas,” documents (5" and 6" Editions released in 1991 and 1995 respectively),

10,11

cancer is the second leading killer after heart disease within Texas (and the United States). More

recent publications continue to rank cancer second to heart disease in terms of deaths within the US.'*"
Cancer not only has a grave effect on those who suffer from it, it also has a devastating impact on the
friends and family members of those who are diagnosed with the disease. In addition, cancer places a
large burden on the economy, “costing millions of dollars for health care and resulting in more than two
billion dollars in lost earnings”.™

More recent articles demonstrate an increased economic burden due to the disease. Figure 1.1

represents the cost of cancer care (in millions of dollars) within regions of the State as of 2007."
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Figure 1.1. Cost of Cancer Care in Texas by HSR, 2007 (all figures are in millions of dollars)

Figure 1.2 shows the cost of cancer morbidity (in millions of dollars) within regions the State as of

2007."

1

Lubbock Wichita®
° Falls 2 $207.5

#® Regional Office

Figure 1.2. Cost of Cancer Morbidity in Texas by HSR, 2007 (all figures are in millions of dollars)

Finally Figure 1.3 provides a map of regions within the State that demonstrates the cost of cancer

mortality (in millions of dollars) as of 2007.""
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Figure 1.3. Cost of Cancer Mortality in Texas by HSR, 2007 (all figures are in millions of dollars)

Notice that all three maps clearly demonstrate that both the Dallas Fort Worth and Houston areas
spend the most in terms of cost of cancer care, morbidity and mortality. These two areas are also the
home of several relatively large airports that inevitably contribute to the air pollution within these locations.
Texas has two airports ranked among the top 10 U.S. airports in terms of enplanements for Jan.-March
2010: Houston ranked 7", while Dallas came in 3"."

Various studies have linked air pollutant emissions to cancer."® According to a presentation that
was provided by Ted Palma of USEPA-QAQPS, benzene is the most significant carcinogen in the 2002
National-Scale Air Toxics Assessments (NATA) Pollutant Drivers Chart, as shown in Figure 1.4. A

20,21,22

number of sources have linked benzene exposure to development of leukemia. Airports are known

sources of benzene emissions.???°
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Figure 1.4. 2002 NATA Pollutant Drivers Chart via The US Air Toxic Program and Results from the
National Evaluation of Air Toxics Presentation given by Ted Palma, August 2009.

1.2 Objectives of this Study

Determining if pollutants have an effect on public health in the form of cancer, and potentially
minimizing the public’s exposure to such pollutants, would be beneficial in order to lessen this economic
and emotional burden suffered due to each newly diagnosed case of cancer. Specifically, determining
whether cancer incidences may be associated with pollutants emitted from airports may lead to improved
city planning or even infrastructure, where proximity to polluting facilities is better understood and
accounted for.

This study thus aims to answer the following questions:

1. Is there a trend between the incidence of various kinds of cancer and proximity to air emission
sources, including airports, in Texas?

2. Specifically, is there a relationship between childhood leukemia and airport emissions?



1.3 Dissertation Organization

The organization of the remaining dissertation chapters is as follows:

Chapter 2 reviews previous literature concerning studies linking air emissions and cancer, studies
linking benzene and leukemia, and studies of air pollution impacts of airports.

Chapter 3 describes methods used to address the question “Is there a trend between incidence (or
the observed incidence divided by the expected) of various kinds of cancer and proximity to air
emission sources, including airports, in Texas?”, as well as results.

Chapter 4 describes methods used to address the question “Specifically, is there a relationship
between childhood leukemia and airport emissions?” as well as results.

Chapter 5 summarizes important results and main conclusions associated with the research

objectives. In addition, further studies and recommendations are suggested.



CHAPTER 2
LITERATURE REVIEW

2.1 Studies Linking Air Emissions and Cancer

Several studies have attempted to look at the effects of known air pollution®® on cancer in
general.

An article presented at the Mickey Leland National Urban Air Toxics Research Center in 2005 indicated
that air pollution is one of the major pathways of humans being exposed to polycyclic aromatic
hydrocarbons (PAHs) (which are made up of two or more benzene rings).?"?

A study entitled “geographic risk modeling of childhood cancer relative to county-level crops,
hazardous air pollutants and population density characteristics in Texas” (2008) utilized geographic
information systems (GIS) to link geographic factors with various diseases. The study found higher rates
of germ cell tumors and "other" gliomas in areas of intense cropping (note these areas are known to use
pesticides); higher rates of hepatic cancer near hazardous air pollutant (HAP) release facilities; and
higher rates of Hodgkin lymphoma and malignant bone tumors in counties with rapidly growing
population.® The study notes that there are conflicting results in reference to automobile exhaust and
childhood cancer, in addition the report notes that a “critical review concluded that the weight of the
epidemiological evidence indicates no increased risk for childhood cancer associated with exposure to
traffic-related residential air pollution".30 This study, like many other studies related to cancer, focused on
counties. County-level data maybe too broad to decipher minute trends associated with cancer
incidences/rates and proximity to several polluting facilities.

A study titled “extended follow-up and spatial analysis of the American Cancer Society study of
particulate air pollution and mortality” (2009) looked at several types of deaths for individuals and their
relationship to pollutants. This study concluded that some areas (Los Angeles, for example) showed a
relationship of particulate matter (PM) exposure and deaths, while other areas did not. The document

hints that these “divergent results argue for caution in extrapolating from such studies in any one



metropolitan area to other areas”.”’

A group of researchers lead by Dr. Daniel Krewski has
conducted a very extensive follow-up study (2000), in which all causes of death, lung cancer and cardio-
pulmonary disease (CPD) were looked at spatially (Los Angeles and New York City Intra-Urban Areas) in
order to note any trends with PM2.5 and sulfur dioxide (SO;). The follow-up study concluded that there
may be an increased risk of lung cancer due to long-term exposure to PM2.5; however, timing of
exposure could not be accounted for in this study.32

An investigation of the relationship between air emissions of volatile organic compounds (VOCs)
and the incidence of cancer in Indiana counties (2006) is the last article linking air emissions and cancer
that will be mentioned. This study utilized statistical linear regression modeling to address Toxic Release
Inventory (TRI) emissions of VOC and county level incidence of some types of cancers and found
correlations between VOCs and the incidence of some types of cancer. The most significant correlations
in all three models were cancers of the brain and nervous system. Remaining significant correlations
involve cancers almost exclusively related to the skin and endocrine systems (skin, melanoma, endocrine
system, and thyroid cancers). The other cancers for which there were significant correlations in at least
one model include urinary system, female genital system, lymphoma, leukemia, and oral cavity. Finally,
cancers not significantly predicted by any TRI emission rates included pharynx, digestive, lung,

respiratory, male genital, and breast cancers.

2.2 Studies Linking Benzene and Leukemia

Cancer among children is on the rise, and approximately one third of childhood cancers are
leukemia, according to the National Cancer Institute. Benzene has been shown to trigger leukemia in
young children, as noted by Dr. Barbara Glenn and by the US Department of Health and Human Services
(DHH). Additionally, the World Health Organization (WHO) indicates that a lifetime exposure of 1 pg/m®
will lead to an estimated six cases of leukemia per million inhabitants. A very interesting study was
conducted in 2008 titled “Childhood Lymphohematopoietic Cancer Incidence and Hazardous Air
Pollutants in Southeast Texas, 1995-2004,” which documented that census tracts containing the highest

levels of benzene also demonstrated higher rates of acute lymphocytic leukemia (ALL) and acute myeloid



leukemia (AML), which are the two most common types of leukemia in children. In addition, there was not
a relationship between benzene or 1,3-butadiene and lymphoma incidences. The benzene and 1,3-
butadiene concentrations were obtained via a U.S. EPA 1999 National-Scale Air Toxics Assessment
(NATA) project. The project utilized a computer simulation model, the Assessment System for
Population Exposure Nationwide (ASPEN), in order to estimate the pollutant levels for each census tract
within the Unites States.

A study titled “Benzene and human health: A historical review and appraisal of associations with
various diseases” indicates that there is not enough known about the actual measurement of different
chemicals that form pollution. In addition, the author hypothesizes that not enough benzene is present,
within the natural environment, to cause various diseases. In addition this article states that many studies
have failed to demonstrate a relationship between traffic density and incidence of childhood cancers (note
that in this study, childhood cancers refers to children under 5). The study recommends looking at genetic
risk factors in addition to pollutants (within the environment) and they note that there have been some
studies which have demonstrated a relationship between benzene and cancer while others studies do

not.

2.3 Studies of Air Pollution Impacts of Airports

Based upon searches of various research databases, including the use of the Environmental
Protection Agency’s (EPA’s) Library System Search, internet search engines, and personal discussions
with experienced personnel and academia involved within the area of air pollution/air quality and cancer,
it appears that very little research has been conducted to examine the health related impacts of airports
revolving around a ten year timeframe for an entire state. However, the following studies have attempted
to look at the air pollution impacts of airports. The study “personal, indoor, and outdoor exposure to VOCs
in the immediate vicinity of a local airport” (2009) focused on measuring the ambient concentration of
benzene, toluene, ethylbenzene, and o-, m-, and p-xylene (BTEX) at 15 homes located “close” to the
airport. This study focused on Teterboro Airport, the oldest operating airport in the New York/New Jersey

metropolitan area, which has also become one of the busiest local airports in the US. The study



demonstrated that individuals living near the airport are not at any greater risk of being exposed to
benzene verses others within the entire US; however, personal benzene levels are higher than the World
Health Organization (WHO) recommended lifetime levels of 1 ug/m>.** The study also concluded that it is
possible to measure airport activities within the “immediate vicinity”; however, these measurements were
dependent on other variables such as wind. In addition, the study also suggested that further studies
should be conducted in order to understand all of the relationships.34

A separate study (2000) conducted by ENVIRON International Corporation for the City of
Chicago was based on estimated emissions of certain hazardous air pollutants (HAPs) that were provided
by K.M. Chng. Dispersion modeling, exposure parameters and toxicity criteria were used in this study,
which followed approaches provided by EPA. The goal of this study was to quantify the risks associated
with the type of emissions generally found at airports. It is interesting to note that the emissions data used
were lower than those found in the US EPA’s National Emission Trends database (for VOC). Plus, not all
of the pollutants typically associated with airports were included; in fact, pollutants such as acetaldehyde
and naphthalene were not included in this risk evaluation. However, the list of pollutants was very
extensive and did include pollutants such as benzene, 1,3-butadiene, formaldehyde, 7-PAH and others. A
positive feature of this report is that a comprehensive list of sources of volatile organic compounds was
included: aircraft; ground support service vehicles; motor vehicles on roadways, including traffic on airport
roadways, queuing at the terminal curbsides and traffic in parking facilities; fuel storage and handling; and
heating and a refrigeration plant. Finally, it is important to note that these risk estimates only include
emissions from potential sources that are associated with only O’Hare Airport. Thus, based on the
estimated emissions of the pollutants mentioned previously, the individual cancer risk due to operations at
O’Hare Airport exceeded 10° within 1,000 square miles surrounding Chicago, lllinois O’Hare (ORD)
airport, and the cancer risks exceed 1 in 100,000 (i.e., 1x10-5) over an area of approximately 40 square
miles, assuming 70 years of exposure. Plus, the document quotes “the maximum hypothetical cancer risk
at the airport property boundary is estimated to be approximately 1 in 10,000 (i.e., one in ten thousand, or
1x10™). These risk estimates do not include emissions from potential sources not associated with O’Hare

Airpor‘[”.35



Another study conducted in Southern California (2009) indicates that “Aircraft activity clearly
results in markedly elevated ultra fine particulate (UFP) number concentrations”.*

A study entitled “residential proximity to large airports and potential health impacts in New York
State” (2000) was conducted in order to determine whether individuals residing near commercial airports
demonstrated an increased rate of hospital admissions for respiratory conditions, verses individuals
residing further from the airports. This particular study only showed a relationship with 2 of the 3 airports.
The study indicates that other variables need to be accounted for, such as how many times one goes to

the hospital or if sick persons go to a hospital at all.¥’

2.4 Importance of this Study

A number of studies, like those cited above, have linked air pollution and cancer incidence; and
specifically benzene emissions and leukemia. Although a number of studies have looked at airport
emissions, only one, focused on Chicago O’Hare, has investigated a potential link between airport
emissions and cancer incidences. The Teterboro Airport study did look at benzene exposures
surrounding the airport; however, this study had limitations such as finding the appropriate emissions data
and trying to disaggregate or determine the exact source of the pollutants.

As mentioned in Chapter 1, Texas has two airports ranked among the top 10 U.S. airports in
terms of enplanements: Houston (7") and Dallas (3").® Even though invasive cancer incidence rates in
Texas (with respect to leukemia from 1995 to 2005) have remained relatively the same (see Figures 2.1
and 2.2), Texas does rank high in the U.S. in terms of lymphocytic leukemia, as well as chronic myeloid

leukemia, as shown in Figures 2.3 and 2.4.

10



Invasive Cancer Incidence Rates in Texas

Leukemia, 1995-2005

Year ‘ 1995 ‘ 1996 ‘ 1997 ‘ 1998 ‘ 1999 ‘ 2000 ‘ 2001 ‘ 2002 ‘ 2003 ‘ 2004 ‘ 2005 ‘ ]é%%%-
Population at Risk ~|18958751 [19340342 19740317 20157531 |20558220 20945963 |21332847 (21710788 22057801 |22418319 (22798770 | 230019649
Total Cases | 2012 | 2025 | 2169 | 209 | 2301 | 2418 | 265 | 2511 | 2663 | 2706 | 2690 | 26247

Crude Rate | 10.6 | 10.5 | 11.0 | 10.4 | 1.2 | 1.5 | 12.4 | 11.6 | 12.1 | 12.1 | 11.8 | 11.4

Age-Adjusted Rate | 12.4 | 12.3 | 12.8 | 12.1 | 13.0 | 13.5 | 14.5 | 13.4 | 13.9 | 13.8 | 13.3 | 13.2

95% lLower| 118 | 117 | 122 | 116 | 125 | 129 | 19 | 128 | 134 | 133 | 128 | 130

Confidence

Interval ‘Upper| 12.9 | 12.8 | 13.3 | 1256 | 1356 | 14.0 | 15.1 | 13.9 | 14.4 | 143 | 13.9 | 13.4

Note: All rates are per 100,000. Rates are age-adjusted to the 2000 U.S. Standard Population.

Data accessed April 29, 2012. Cancer Incidence File, January 2012.

Veterans Health Administration and military hospital reporting is incomplete for 2008-2009 Texas Cancer Registry (TCR) cancer cases.
Therefore, case counts and incidence rates in 2008-2009 are underestimated and should be interpreted with caution.

Figure 2.1. Invasive Cancer Incidence Rates in Texas via Texas Cancer Registry.

Invasive Cancer Incidence Rates in Texas
Leukemia, 1995-2005
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Figure 2.2. Invasive Cancer Incidence Rates Trend Graph in Texas via Texas Cancer Registry.
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Airports are known sources of benzene emissions.**“%*' Given that benzene has been linked to leukemia,
that airports are significant sources of benzene emissions, and that Texas has several large airports, a
study to determine whether a link between airports and leukemia exists in Texas would be valuable.
Focusing on childhood leukemia in particular can eliminate several confounding factors, including
smoking and workplace exposure, as discussed in later sections.

This study thus aims to answer the following questions:

1. Is there a trend between the ratio of observed to expected incidence of various kinds of cancer
and proximity to air emission sources, including airports, in Texas?

2. Specifically, is there a relationship between childhood leukemia and airport emissions?

Chapter 3 will address question 1, and Chapter 4 will address question 2.
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CHAPTER 3
METHODOLOGY AND RESULTS FOR QUESTION 1:
IS THERE A TREND BETWEEN OBSERVED CANCER CASES OR THE OBSERVED TO EXPECTED
RATIOS OF VARIOUS KINDS OF CANCER AND PROXIMITY TO AIR EMISSION SOURCES,

INCLUDING AIRPORTS, IN TEXAS?

Methodology to address this question included 2 steps:
A) Calculate the observed to expected ratio for block groups state-wide for various types of cancer
(leukemia, lymphoma, colon, and respiratory),
B) Plot the observed to expected ratio for each block group vs. distance to major emission sources
(railroads, airports, industrial facilities, roads), using GIS.

Each of these steps will be discussed in turn.

3.1 Calculate the observed to expected ratio for block groups state-wide for various types of cancer
(leukemia, lymphoma, colon, and respiratory)

Observed to expected (O/E) ratio can be calculated as follows:
Observed number of cancer cases per population in a given
geographic area, per time period of interest

O/E ratio =

Expected number of cancer cases per population in a given
geographic area, per time period of interest

Data used to calculate observed to expected ratio is discussed below.
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3.1.1 Obtain block group and census tract data

A shape file containing GIS information for Texas was obtained from SimpIyMap.42 Texas county
spatial data was obtained via the EPA.

Block group and census tract shape files for the state of Texas®™ were obtained from
Environmental Systems Research Institute also known as ESRI (this data was uploaded into GIS using
the WSG 84 projection). This initial block group shape file included 14,463 block groups, and the census
tract shape file consisted of 4388 census tracts. Block group spatial information coupled with
demographic information was later obtained from EPA in order to perform the observed to expected
calculations. It is important to note that the ESRI block group and census tract shape files are compatible
with GIS. Since the ESRI shapefiles were already loaded into GIS early in the project, all that was needed
was to join the EPA demographic data (for the year 2000) to this file after performing the observed to
expected calculations. Therefore, instead of uploading the EPA block group shape files with the
demographic data already attached, the demographics data (race, gender and age) was simply extracted
for each of the block group area and later matched with the ESRI block groups already in GIS. Using the
EPA demographics data and just matching it with the ESRI shape files also eliminated having to reproject
this data shape file to match that of the GIS map already in use, as well as having to request
demographic data from DSHS.

When performing the observed to expected ratio calculations, individual population counts were
needed for age groups (grouped in 5 year sets), for both male and females within each of the three race
categories (Black, Hispanic and White). In other words, population demographic data was needed in
order to calculate the observed to expected ratios (as already explained); thus, the census population
demographics data was obtained and matched to each of the 14,463 block groups already uploaded into
GIS (again these ESRI shape files are files with spatial information attached making it easy to upload
them into GIS). It is important to note that the 2000 block group polygon GIS shape file boundaries do not
match the boundaries of the 2000 census tract or county polygon shape files; therefore, the following
crucial steps were performed. The 2000 block group polygon GIS shape file was converted into points

using a tool that converts features (such as these block group polygons) into centroid points (a point
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within the middle of each of the block group polygons in order to assist in avoiding point overlap).
Additionally, this new layer, consisting of both the total cancer cases of leukemia, lymphoma, respiratory
and colon cases along with the demographic data (that had already been adjusted) for those respective
groups, was aggregated into the census tract and county polygon layers. These census tract and county
polygon layers now contained the observed cancer data along with the expected calculations that could

then be divided in order to obtain the observed to expected ratios for those larger areas.

3.1.2 Obtain observed cancer incidence data
3.1.2.1 Cancer observed incidence data: strategies for addressing uncertainty in latency period and
confounding factors.**

Carcinogenesis is a complex multistage process. Each stage of development may involve
different lengths of time and be caused by a different set of etiologic factors. Most cancer types are
diagnosed several years after they were initiated, promoted and then matured to a stage where they
come to the attention of the individual or their doctor (e.g., lung, breast, prostate). In other words, these
cancer types have a long latency. The relevant exposures that may have caused the initiation of the
cancer were those that occurred prior to the initiation. Environmental contaminants also may cause the
progression of a cancer to the next stage of development but prior to detection.

Therefore, models of residential proximity or emissions that exist today are not necessarily
relevant to cancer diagnosed in recent years, unless the researcher can establish that the exposure
conditions were the same during the relevant period when cancers were initiated or progressed through
the stages. One strategy to minimize the uncertainty in considering the length of a latency period is to
pick a cancer type known to have a shorter latency, such as lymphohematopoietic cancer. This would
allow for better temporal targeting of the etiologically relevant window of time during which exposure may
have caused a case of cancer. There are also several subtypes of lymphohematopoietic cancer and the
epidemiologic literature contains many studies that suggest associations with specific hazardous

substances for some of the subtypes.
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Another approach to address the uncertainty in cancer latency periods is to restrict the analysis
to childhood cases, which would very clearly define the maximum length of latency. For children less
than 10 years old with leukemia diagnosed during 1995-2005, their etiologically relevant window of time
would likely be from 1985 to 2000, assuming 5-10 year latency.

Limiting analysis to childhood cancers can also eliminate confounding factors, such as smoking
and occupational exposure, associated with adults’ exposure history. Exposure history linked to other
locations (including moving from another city/state or country after having lived there for 50 years or so) is

another confounding factor for adults, which is less of an issue for children.*®

3.1.2.2 Cancer observed incidence data used in this study

The Department of Social and Health Services (DSHS) provided 10 years of cancer data (from
1995 — 2005) for Texas (visit the Data Dictionary to learn more about the provided cancer data).46 The
database included 925,781 total incidences of all types of cancer. This data provided the observed cancer
incidences per area per time and can be obtained via a request to DSHS.Y

Incidences of leukemia, lymphoma, respiratory cancer, and colon cancer were pulled from the
database and were selected for this analysis for the following reasons. Since leukemia and lymphoma in
children represent specific types of lymphohematopoietic cancers and have a relatively short latency
period, it is acceptable to assume that current airport emissions and location are representative of the
etiologically relevant exposure period. Respiratory cancer has been associated with air pollutants;
however, according to the American Lung Association smoking is responsible for approximately 90% of
lung cancer deaths. Colon cancer is not felt to be associated with air pollutants and is a test of the GIS
methodology to assess cancer associations. This concept is important since a link between air pollutants
and cancer is more likely to be able to be identified for a specific type of cancer, such as leukemia, and
for a specific pollutant, such as benzene. In addition, aggregating exposures (i.e. the combined output of
NATA emissions in pounds) will tend to blur any true causal effects of one chemical if other chemicals
that do not play a role in cancer development are included. Since different chemicals cause different

cancers, specificity is important.
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The cancer incidence data contained the latitude and longitude (lats/longs) for each incidence,
which were used to upload this shape file into GIS. The cancer data was then “intersected” with the State
of Texas shape file in order to eliminate cancer indices that fell outside of the state; in addition, those
indices with inconclusive lat/longs were also eliminated (for example, there were quite a few with lat/longs
of 0/0). This task deleted about 200 points, leaving 925,510 incidences, which were utilized for the
remainder of the project. The cancer leukemia density map, with cancer density shown in white in Figure
3.1, was overlain by an airport shape file obtained from EPA and consisting of 1966 airport points, shown
in pink in Figure 3.1. Note (as documented earlier), the two largest airports are located in areas with the

greatest leukemia density, which are roughly within the Houston and DFW areas.

Figure 3.1. Map of Airports via EPA Dataset & Leukemia Cancer Density

The block group shape file was joined with the cancer shape file to generate a new count column
representing all the aggregate cancer incidences within each block group. Since greater numbers of

cancer cases are expected to be found in population centers, cancer cases in a given geographic area

19



are typically divided by the population of the area to provide an idea of how many incidences occurred
within these areas for that timeframe (number of cases/population).

Block group population numbers range from very small to very large populations. It is important
to note that migration patterns of individuals within these block groups cannot be accurately tracked for
this study. Although epidemiological studies can be performed which take into account movement
patterns, this kind of information was not available for this study. It is also important to note that these
types of population movements will have a great effect on the observed to expected ratio for areas with a
tiny population. Basically, if 1 incidence occurs in a population of 4 total individuals residing within a
particular block group, then according to this type of calculation, one would expect the crude observed to
expected ratio to be equal to the incidence (1 for this example) divided by the total population of 4. Thus,
this cancer incidence has occurred 25% of the time within this example block group population, for a
given year. However, this simple formula does not account for the rate at which individuals of different
age, race and gender would acquire this type of disease within a given population; therefore,
demonstrating the importance of adjusting the total population by the age, race and gender rates for each
block group. This entails further dividing the example incidence of 1 by a total population that has already
been adjusted by age, race and gender for a given time period. This is done by simply multiplying the
total population by a rate adjusted for a specific age/race/gender of an area per 1,000,000 childhood
population or 100,000 total population per time (please see the example provided in Section 4.1.2). Now
imagine if that individual moved from this block group to another before the Census 2000 Population Data
had been collected, or this individual may have just passed away. In reference to the previous example,
this would mean that there is a cancer incidence of one; however, the population is now just made up of 3
(or fewer) individuals rather than the original 4. In addition, if this individual were to have gotten several
different kinds of cancers (which happens), then it's feasible that 25% can quickly increase to even larger
numbers. Because of the above example, the data demonstrated that areas with populations smaller than
1,000,000 children or 100,000 total population had higher observed to expected ratio (O/E) outcomes due
to the lack of a large enough population to account for performing these calculations. The Department of

State Health Services (DSHS) performs their expected calculations using counties with large
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populations,48 a list of these counties can be found in Appendix B. Figure 3.2 below demonstrates the
Age-Adjusted Invasive Cancer Incidence Rates in Texas by county, rate per population of 100,000. Note
that the counties with “Risk Population less than 1000” are highlighted in white to indicate that a rate per
100,000 could not be accurately provided at this time. For this project, observed to expected calculations
were performed at block group levels, which are much smaller than census tracts and counties; therefore,
we obtained some very large observed to expected ratio numbers. However these observed to expected
calculations were very useful in that we were able to notice minute relationships between higher observed
to expected ratios and visibly closer distances to certain emitters (see Appendix B for all scatter plots and
maps of the observed to expected ratios in addition to Figures 3.6 to 3.21 of the observed to expected
scatter plots). Observed to expected verses distance to emitter plots were made at the census tract and
county levels as well (also located in Appendix B). It is important to note that there were a lot of zeros
calculated for these observed to expected ratios due to the many block groups with no diagnosed cancer

cases.
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Age-Adjusted Invasive Cancer Incidence Rates in Texas
All Sites, 19952005

By County

Age-Adjusted to the 2000 LS. Standard Fopulation

Texas Rate: 453.9

Rate per 100,000
] 233.2- 4051
] 4059- 4394
L] 4402- 4680
B 465.1- B55.1 1

Risk Population

less than 1000

—]

Data accessed August 7, 2011,
Cancer Incidence File, Movernber 2010,
Copyright (C) 2011 Texas Cancer Registry
Yeterans Health Administration hospitals did not report cancer cases to the
Texas Cancer Registry (TCR) far all of 2008, Therefare, case counts and incidence
rates in 2008 are underestimated and should be interpreted with caution.

Figure 3.2. Map of Age-Adjusted (to the 2000 US Standard Population) Invasive Cancer Incidence Rates
in Texas (All Sites 1995 — 2005) by county rate per population of 100,000

Additionally, due to reasons explained in the previous paragraph, it was interesting to note that
some block group areas had more cancer incidences than the total population, since it is very possible
that one individual could get cancer repeatedly within several years. The cancer data spans 10 years,
while the census data was only for the year 2000, thus demonstrating the importance of multiplying the

Census 2000 Population Data by 10 in order to account for all 10 years of the provided cancer data time
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period. In summary, if persons develop more than one kind of cancer during the 10 year period, the
incidences could be higher than the total population for the year of 2000, as was demonstrated with this
set of cancer incidence data. Therefore, multiplying the total population by 10 was very essential in order
to account for the 10 year timeframe of when these cancers occurred; thus, all observed to expected
calculations performed within this project included multiplying the total population by 10 (please see

Figure 3.4 with respect to the observed to expected ratio calculations).

3.1.3 Calculate expected incidences

Expected cancer incidences are cancer incidences that are typically common for a given area
during a defined length of time. In other words, the expected cancer cases (calculated using historical
cancer data) are essentially estimates of anticipated cancer incidences; observed incidences greater than
or less than an expected value would indicate a deviation from the norm. However, needless to say,
observed cases equaling expected cases will yield a 1 to 1 ratio (or observed to expected ratio of 1 to 1),
thus signaling that there was neither an increase nor decrease in new cases. As previously noted,
expected cancer incidences are calculated using historical cancer incidence data thus resembling
benchmarks; therefore, dividing the known, observed cancer incidences by what is expected will produce
an observed to expected ratio that accounts for these historically cancer cases. In order to calculate the
expected cancer incidences, the Census 2000 Population Data (from the previous sections) was
multiplied by rates specific for the differing age, race and gender groups (as expressed earlier), thus
adjusting for those inherent differences. The rates used within this study were obtained by the Texas
Department of State Health Services (DSHS) and were for years between 1995 - 2000.°%°"°?%® Rates can
be found in Appendix A. In addition, an example of the leukemia rates used can be found in Figure 3.3

below. The Center for Disease Control documents how these rates are obtained.>
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Childhood Lenkemia Cancer Rates per 1,000,000
u\Datareg' 20100037 5thi2. xls

Texas statewide Age-Specific Rates, Average Annual Rates, 1995-2000,
Selected Age Groups, and Dy race and ethnicty and sex (Data Request # 10378)
All Chioldhood Leukemias combined (ICCC-3 Group 1)

Rates are per
1,000,000

All White Non-

Races Hispanic Black Hispanic Other Race

Male Female Male Female Male Female Male Famale Male Female

Rate Rate Rate Rate Rate Rate Rate Rate Rate Rate
D0-09 years B9.6 51.7 66.0 512 2r.7 2rT 862 59.1 69.7 51.0
00-04 years 91.3 719 90.0 744 419 40.1 1074 774 T0.4 B67.5
05-09 years 475 3.3 431 292 144 16.3 625 389 68.9 332

*Rates are per 1,000,000.

Prepared by the Texas Department of State Health Services, Cancer Epidemiclogy and

Surveillance Branch, Texas Cancer Registry. Data Request ® 10378 11/5/2010
Incidence Source: Texas Department of State Health Services, Cancer Epidemiology
and

Surveillance Branch, Texas Cancer Registry, Incidence - Texas, 1995-2007, Cut-off 11-19-09,
SEER*Prep 243, .

Figure 3.3. Childhood Leukemia Cancer Rates per 1,000,000 provided by the TX DSHS

3.1.4 Calculate observed to expected ratio
Observed to expected ratio is calculated using the following ratio (formula provided by Office of

Research and Development Environmental Epidemiologists Drs. Barbara Glenn and Thomas Bateson):

Observed number of cancer cases per population in a given

geographic area, per time period of interest

O/E ratio =

Expected number of cancer cases per population in a given

geographic area, per time period of interest
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As expressed previously, the aggregate observed cases were simply divided by the aggregate
expected cases (which had already been adjusted for age, race and gender) for each block group. This
formula for calculating either Specific Relative Risk (the observed incidences for each age, race and
gender group divided by the expected incidences that had been adjusted for each age, race and gender
group) or the Standardized Relative Risk (the observed incidences for the different age, race and gender
groups aggregated for each area divided by the expected incidences for the different age, race and
gender groups aggregated for each area) was provided by Drs. Barbara Glenn and Thomas Bateson
(Environmental Epidemiologists) of Office of Research and Development (ORD). Figure 3.4 demonstrates
the spreadsheet used to calculate the expected incidences and ultimately the observed to expected ratios

that were used in the scatter plots provided in Figures 3.6 to 3.21.
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Relative Risk Calculations Provided by the Office of Research and Development (Drs Glenn & Bateson)
Calculation of relative risk as the ratio of Observed cases to Expected cases adjusting for Gander, Race and Age

Gender, Race,
and Gender, Race, and
Sum of Sum of Age-standardized
Tiphract/ #iN2000  Gender, Race, and Expected Observed Age-specific RR  RR
Cansus
Cancer coumty Gendor Hace Age 10 Agespacific Rate Expocted Observed por Geo. Unit per Gao. Unit RR=0E RR-OVE
Firdtwse UseTXorCA®
Leukemia 1 Female W 08 #s nesded =F5'G5 ssum(HSH11)  Ssum{Si11) =I5Hs =H5U5
Leuwkemia 1 Femae B -8
Lewkemia 1 Female *H 08
Leukemia 1 Mae W 09
Liukimi 1 Mas B 08
Leskemia 1 Mae = 09
kg 2 Female W 08 ETC.

Figure 3.4. Relative Risk (also referred to as the Observed to Expected Ratio) Calculation Process provided by Drs. Barbara Glenn and Thomas
Bateson of National Center for Environmental Assessment (NCEA) the Office of Research and Development, Environmental Protection Agency



Observed to expected ratios were calculated for each category shown in Table 3.1 below, for
each block group within the State, using the General Relative Risk Calculation spreadsheet. Since colon

cancer would not be expected to be impacted by airport emissions of benzene, it was used as a negative

control.
Table 3.1. Observed to Expected Ratio Categories
Type of Cancer Races Age Gender
Leukemia Black, White and Hispanics | Ages 9 and under | Males and females
Lymphoma Black, White and Hispanics | Ages 9 and under | Males and females
Respiratory Black, White and Hispanics | All ages Males and females
Colon Black, White and Hispanics | All ages Males and females

3.2 Plot the observed to expected ratio for each block group vs. distance to major emission sources
(railroads, airports, industrial facilities, roads), using GIS

Sources of data for the major emission sources are shown in Table 3.2 below.

Table 3.2. Sources of data for major emission sources

Number
Shape File Source (ex: points, segments,
polygons, or items)
Airport benzene emissions EPA 1966 points
Toxic Release Inventory (TRI) Facilities — benzene emissions | EPA 247 points
Roads GIS -(Interstate, Major Road, State Highway | EPA 25,131 segments
and US Highways only)
Statistics: County Level Benzene Emissions | EPA 254 items
Railroads GIS EPA 47,287 segments
Statistics: County Level Benzene Emissions | EPA 254 items

An example of the airport emission data provided via EPA is shown within Table 3.3. The top 50

Texas airports (in order from most benzene emissions to least) are presented in this table. The top 2 (as
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expressed previously) are George Bush (IAH) with 7.4 tons/year and Dallas/Fort Worth (DFW) with 6.09
tons/year. No other airport comes close to these emissions. It is interesting to note that quite a few of the
top 10 airports are located within the DFW or Houston areas. In addition, all other airports (starting with
number 11 and greater) are under 0.9 tons/year and nowhere near the over 6 tons/year seen by the two
leaders. The importance of using the EPA airport emissions data is that it already had emissions in
tons/year associated with each airport (as demonstrated in the table). In addition, the EPA data included
far more airports (1966 total points for hospital airports, farm airports, etc.) than those provided by Texas
Department of Transportation (aka TxDOT which just had 387 points total); thus, airports such as those
used for careflights were also analyzed. Using this file inevitably increased the validity of this project, thus
demonstrating one of many major advantages of working with the EPA. The EPA airport, facility, road and
railroad data will be used in the all of the following analysis: GIS Observed to Expected Ratios, Statistical

and GIS Distance to Analyses.
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Table 3.3. Top 50 Texas Airport Benzene Emissions (tons/year, in order from largest to smallest)

Facility
IAH
DFW
HOU
DAL
SAT
AUS
DWH
52F
SSF
ADS
AFW
T41
GKY
ELP
FTW
HYI
HQZ
DTO
RBD
TKI
LBB
LVJ
GPM
EFD
IWS
GGG
AXH
CXO
SGR
LBX
MAF
TPL
TA90
GTU
GLsS
ABI
CRP
FWS
AMA
TYR
MFE
PWG
0TX1
F39
ERV
TX91
RKP
LRD
HRL
ODO

Facility Name
George Bush Intercon
Dallas/Fort Worth In
William P Hobby
Dallas Love Field
San Antonio Intl
Austin-Bergstrom Int
David Wayne Hooks Me
Northwest Regional
Stinson Muni
Addison

Fort Worth Alliance
La Porte Muni
Arlington Muni

El Paso Intl

Fort Worth Meacham |
San Marcos Muni
Mesquite Metro
Denton Muni

Dallas Executive

Mc Kinney Muni
Lubbock Intl

Clover Field

Grand Prairie Muni
Ellington Field

West Houston

East Texas Rgnl
Houston-Southwest
Montgomery County
Sugar Land Rgnl
Brazoria County
Midland Internationa
Draughon-Miller Cent
GREEN ACRES
Georgetown Muni
Scholes Intl At Galv
Abilene Regional
Corpus Christi Intl
Fort Worth Spinks
Amarillo Intl

Tyler Pounds Rgnl
Mc Allen Miller Intl
Mc Gregor Executive
PECAN PLANTATION
Grayson County
Kerrville Muni/Louis
MADEIRA AIRPARK
Aransas Co

Laredo Intl

Valley Intl
Odessa-Schlemeyer Fi

Type
AIRPORT
AIRPORT
AIRPORT
AIRPORT
AIRPORT
AIRPORT
AIRPORT
AIRPORT
AIRPORT
AIRPORT
AIRPORT
AIRPORT
AIRPORT
AIRPORT
AIRPORT
AIRPORT
AIRPORT
AIRPORT
AIRPORT
AIRPORT
AIRPORT
AIRPORT
AIRPORT
AIRPORT
AIRPORT
AIRPORT
AIRPORT
AIRPORT
AIRPORT
AIRPORT
AIRPORT
AIRPORT
AIRPORT
AIRPORT
AIRPORT
AIRPORT
AIRPORT
AIRPORT
AIRPORT
AIRPORT
AIRPORT
AIRPORT
AIRPORT
AIRPORT
AIRPORT
STOLPOR
AIRPORT
AIRPORT
AIRPORT
AIRPORT

Latitude
29.9901
32.9094
29.6408
32.8512
29.5418

30.18
30.074
33.0498
29.3384
32.9778
32.9975
29.6692
32.6624
31.8017
32.8248
29.8936
32.7469
33.2007
32.6872
33.1683
33.6824
29.5213
32.6985
29.5936
29.8181
32.3914
29.5061
30.3518
29.6222
29.1086
31.9474
31.1525
29.9746
30.6788
29.2653
32.4202
27.7769
32.5652
35.2054
32.3468
26.1828
31.4849
32.3540
33.7141
29.9767
32.9076
28.0867
27.5326
26.233
31.9205

29

Longitude
-95.363
-97.0833
-95.2869
-96.8636
-98.4863
-97.6789
-95.5555
-97.23224
-98.4808
-96.8407
-97.3221
-95.06419
-97.09391
-106.4
-97.3666
-97.86469
-96.53042
-97.19798
-96.8766
-96.592
-101.8293
-95.24217
-97.04653
-95.1663
-95.67261
-94.7215
-95.47692
-95.41447
-95.65653
-95.46208
-102.2166
-97.40778
95.818005
-97.67938
-94.86041
-99.6953
-97.5135
-97.30808
-101.733
-95.4115
-98.2465
-97.31653
97.676414
-96.67367
-99.08568
-96.596936
-97.04461
-99.4654
-97.6641
-102.38709

Landing/Take off
33961222
37174309

3048647
2707080
4398445
4025715
107224
83000
84712
73995
104116
70284
67093
1420937
62335
61520
60364
58606
55500
52965
417240
50484
50539
73474
45121
49509
43631
44877
39882
38036
190229
38130
35785.22
35330
30075
69357
213492
29871
280434
33937
146633
27436
26706.09
27195
25900
25504.62
41110
138961
268143
22878

Benzen
71432
71432
71432
71432
71432
71432
71432
71432
71432
71432
71432
71432
71432
71432
71432
71432
71432
71432
71432
71432
71432
71432
71432
71432
71432
71432
71432
71432
71432
71432
71432
71432
71432
71432
71432
71432
71432
71432
71432
71432
71432
71432
71432
71432
71432
71432
71432
71432
71432
71432

Emissions
7.4044854
6.0890914
2.2633908
2.2374011
1.8341946
1.6894803
1.4376865
1.1229041
1.1007393
1.0052453
0.9956113
0.9508698
0.9048621
0.8608799
0.8375401
0.8189424
0.8166624
0.7929486
0.7484381
0.7203811
0.6885316
0.6831286
0.6831023
0.6591979
0.6110312
0.5993077
0.5902823
0.5563584
0.5403891
0.5142711
0.5033091
0.4921949
0.4841371
0.4738477
0.4142133
0.4096476
0.4093409
0.4038165
0.4036318
0.388553
0.3842018
0.3705007
0.3613058
0.3609709
0.3499184
0.3450511
0.3365638
0.3250858
0.3191143
0.3095156



3.2.1 Near distance to GIS runs

In addition to airports, industrial facilities, roads and railroads were included in the analysis since
they also contribute to air quality. A distance to the nearest emitter (in miles) was obtained (within GIS);
this process was repeated five times (for the entire cancer data provided by the DSHS) in order to nearest
emitter from airports, TRI facilities, road segments, railroad segments, and all 4 categories combined (All
Emitters).

Near is one of the analysis tools used in calculating proximity. This tool computes the distance
from each point in the input feature class or layer to the nearest polyline, or point, in the near feature
class or layer, within the maximum search radius.”® Figure 3.5 below demonstrates how nearest distance

is determine within GIS.

POINT LINE

Figure 3.5. GIS

The average Near_Distance was calculated by summing the distance for each cancer incidence
to the closest airport and then dividing by the total number of incidence distances. The near tool was also
used to determine the average distance of the cancer incidences to roads, railroads and facilities. The
average distance was used within the observed to expected ratio analysis, in addition to the distance to
analysis presented within Section 4.2.2 of this report. The block group observed to expected ratio data
was plotted verses the average distance of the cancer incidences within each block group to airports,
roads, railroads and facilities. Figures 3.6 to 3.21 present the observed to expected ratios verses

Distance scatter plots. Notice the difference between the negative control (Colon Cancer) and the other
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three cancers that were added to this analysis in order to determine if any or all demonstrate a
relationship with the previously described emitters.
3.2.2 Plot Results

The plots can be interpreted in the following manner: as observed to expected ratio increases
(demonstrated by moving up the y axis), the distance should decrease (demonstrated by moving left on
the x axis), indicating a close proximity to the source. Therefore, the higher observed to expected ratio
should have a distance approaching zero on the x axis, and this is demonstrated by the leukemia
observed to expected plots. It can be argued that respiratory and lymphoma somewhat demonstrate this
attribute, but not to the extent of leukemia. Note it appears that block groups demonstrate a proximity to
roads in the scatter plots, irrespective of high and low observed to expected ratios. Additionally, the road
scatter plots tend to resemble the all emitter scatter plots, hinting that roads contribute generously to the
total county benzene concentration. This will be apparent in the Poisson regression statistics section
presented later within this report (Section 4.2). Such plots for airports, facilities, roads and railroads are
shown in Figures 3.6 to 3.15 below. Note that Figures 3.6, 3.8, 3.10, 3.12, and 3.14 show data for only
447 of the 14,463 block groups; the other 14,016 block groups had O incidences, and thus were not
plotted. These 14,016 block groups that do not have an observed lymphoma case are therefore
represented by zeros with respect to the O/E ratio. Logging the y - axis eliminates these block groups
(since the log of zero does not return any value in GIS). These points thus do not appear on the scatter
plot. Additionally, for colon cancer, O/E ratios for 1,243 block groups were also eliminated in the same
fashion, while 12,592 block groups with respect to leukemia and 463 block groups with respect to
respiratory were also eliminated. This step is important in that it ensures block groups without cancer
cases are not provided a zero distance to the emitters.

The five color classifications in Figures 3.6 to 3.15 were generated using Jenks natural breaks
default classification within GIS. Note that GIS has several different methods of classifying data, each of
which would yield differing results. Jenks is the default and seems to be the most widely used;***’ thus,
Jenks was used for this study. Since GIS’s Natural Breaks (Jenks) Classification was used to categorize

these dataset within the provided scatter plots, it is important to note that this method of categorizing data
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actually separates the dataset in places where large changes occur, thus ensuring that the variation
within each category (there are five total categories) is small, while the variation between the 5 categories
is large. This ensures that data within a category (or group) is more similar then other data outside of that
classification category. Again, Jenks Natural Breaks is one of several univariate classification schemes

within GIS and it utilizes the steps shown in Figure 3.6 in order to group the data.”®

Step 1: The user selects the attribute, x, to be classified and specifies the number of classes
required, k.

Step 2: A set of k-1 random or uniform values are generated in the range [min{x},max{x}]. These are
used as initial class boundaries.

Step 3: The mean values for each initial class are computed and the sum of squared deviations of
class members from the mean values is computed. The total sum of squared deviations (TSSD) is
recorded.

Step 4: Individual values in each class are then systematically assigned to adjacent classes by
adjusting the class boundaries to see if the TSSD can be reduced. This is an iterative process, which
ends when improvement in TSSD falls below a threshold level, i.e. when the within class variance is
as small as possible and between class variance is as large as possible. True optimization is not
assured. The entire process can be optionally repeated from Step 1 or 2 and TSSD values compared.

Figure 3.6 Jenks Natural Breaks Algorithm59
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Figure 3.7. Scatter Plots of Ratio of Observed to Expected Incidences of Colon Cancer (all ages), Respiratory Cancer (all ages), Leukemia (age 9

and under), Lymphoma (age 9 and under), versus the Average Near Distance to Airports
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Figure 3.8. Scatter Plot of Highest Ratio of Observed to Expected Incidences of Colon Cancer (all ages),
Respiratory Cancer (all ages), Leukemia (age 9 and under), Lymphoma (age 9 and under), versus the
Average Near Distance to Airports

In Figure 3.7, if an emission source is causing cancer, one would expect the ratio of the observed
to expected incidences to decrease as the distance from the emission source increases. Additional
analysis using scatter plots focusing on the highest observed to expected ratio with respect to distance
was performed. See Figures 3.8, 3.10, 3.12, 3.14 and 3.16 for the highest observed to expected ratio with
respect to distance airports, facilities, roads, railroads and all emitters. These scatter plots have colon,
leukemia, lymphoma and respiratory all on the same plot so the reader can note the distances between
the each cancer type.

Figure 3.8 demonstrates what we will refer to as the highest of the observed divided by expected
cancer incidences that were obtained using GIS’s Natural Breaks (Jenks) Classification and plotted
against an average distance with a maximum of 0.14 miles in order to obtain a zoomed in view of the
points.

Note that the closer the points in Figure 3.8 are to the sources, the more likely that a relationship
may exist. Leukemia demonstrates a closeness to the source (with a 0.05 miles furthest distance), while
data for colon, lymphoma, and respiratory are dispersed to a distance of 0.15 miles. Thus, as noted in

Figure 3.7, these scatter plots suggests a relationship between observed to expected ratio for leukemia
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(more so then the other three cancer groups) and proximity to emission sources of airports in Texas.
Additionally, Table 3.4 below provides the average distance from airports for the observed to expected
ratios shown in Figure 3.8 and demonstrates that high observed to expected ratios for leukemia are
closer to airports, with an average distance of 0.0239 miles, while colon ratios are furthest, with an

average distance of 0.0757 miles. This suggests that a relationship between leukemia and airports exists.
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Figure 3.9.Scatter Plots of Ratio of Observed to Expected Incidences of Colon Cancer (all ages), Respiratory Cancer (all ages), Leukemia (age 9

and under), Lymphoma (age 9 and under), versus the Average Near Distance to Facilities.
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Figure 3.10. Scatter Plot of Highest Ratio of Observed to Expected Incidences of Colon Cancer (all ages),
Respiratory Cancer (all ages), Leukemia (age 9 and under), Lymphoma (age 9 and under), versus the
Average Near Distance to Facilities

According to Figure 3.9, it is apparent that leukemia demonstrates closeness to the source, while
data for colon, lymphoma, and respiratory are dispersed to greater distances, up to 1.5 miles. Thus, these
scatter plots suggest a relationship between observed to expected ratio for leukemia (more so then the
other three cancer groups) and proximity to emission sources of facilities, in Texas. Additionally Table 3.4,
located below, provides the average distance from facilities for the scatter plots located within Figure 3.10
and demonstrates that leukemia (for the highest observed to incidence ratio) is on average closer to
facilities with a distance of 0.1023 miles, while respiratory is the furthest with a distance of 0.3970. The
fact that colon (our negative control) demonstrates a closeness to facilities as well indicates that there is

not a strong relationship with facilities emissions and these cancer cases.
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Figure 3.11. Scatter Plots of Ratio of Observed to Expected Incidences of Colon Cancer (all ages), Respiratory Cancer (all ages), Leukemia (age

9 and under), Lymphoma (age 9 and under), versus the Average Near Distance to Roads




Incidences/Expected Cancer
o oy 5 o Colon
10,000 o Leukemia
8 Lymphoma
o .
o Respiratory
el
L
[$]
o
o
x
u
31,0004 5
2
Q
173 (=]
e}
o L]
o
a
o ]
;" :
1005
] T T T T T T T
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07
Average near road distance, miles

Figure 3.12. Scatter Plot of Highest Ratio of Observed to Expected Incidences of Colon Cancer (all ages),
Respiratory Cancer (all ages), Leukemia (age 9 and under), Lymphoma (age 9 and under), versus the
Average Near Distance to Roads

Figure 3.11 can be interpreted similarly as is described for Figure 3.7. However, it is important to
note that from a qualitative inspection, the general trend of decreasing y-values with increasing x-values
cannot be seen as clearly for these scatter plots as was demonstrated for scatter plots of airports. In fact,
it appears that the distance is generally similar irrespective of high or low observed to expected ratios.
Thus, from qualitative inspection, one can conclude that within the State of Texas, most persons reside
near a road regardless of observed to expected ratios.

Figure 3.12 demonstrates the highest of the observed divided by expected cancer incidence
ratios plotted against an average distance with a maximum of 0.75 miles in order to obtain a zoomed in
view of the points. It is apparent that leukemia demonstrates a closeness to the source (with a 0.17 miles
furthest distance), while data for colon, lymphoma, and respiratory are dispersed to greater distances of
up to 0.75 miles. Thus, these scatter plots suggest a relationship between observed to expected ratio for
leukemia (more so then the other three cancer groups) and proximity to emission sources of roads, in
Texas. Additionally Table 3.4 below provides the average distance from roads for the scatter plots located
within Figure 3.12 and demonstrates that leukemia (for the highest observed to incidence ratio) is on
average closer to roads with a distance of 0.0060 miles, while colon is the furthest with a distance of

0.0181. Thus, a relationship between leukemia and roads may exist.
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Figure 3.13. Scatter Plots of Ratio of Observed to Expected Incidences of Colon Cancer (all ages), Respiratory Cancer (all ages), Leukemia (age

9 and under), Lymphoma (age 9 and under), versus the Average Near Distance to Railroads
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Figure 3.14. Scatter Plot of Highest Ratio of Observed to Expected Incidences of Colon Cancer (all ages),
Respiratory Cancer (all ages), Leukemia (age 9 and under), Lymphoma (age 9 and under), versus the
Average Near Distance to Railroads

Figure 3.14 demonstrates the highest of the observed divided by expected cancer incidence
ratios against an average distance with a maximum of 0.4 miles in order to obtain a zoomed in view of the
points. It is apparent that leukemia demonstrates closeness to the source (with a furthest distance around
0.12 miles) Respiratory and lymphoma are dispersed to greater distances of 0.2 and 0.4 miles. Colon,
however, is closest to the source, dispersed only up to about 0.8 miles. Thus, these scatter plots suggest
a relationship between observed to expected ratio for colon (more so then the other three cancer groups)
and proximity to emission sources of railroads, in Texas. Additionally, Table 3.4 below provides the
average distance from railroads for the scatter plots located within Figure 3.14 and demonstrates that
colon (for the highest observed to incidence ratio) is on average closer to railroads with a distance of
0.0352 miles, while respiratory is the furthest with a distance of 0.0794 miles. This suggests that a
relationship between leukemia and railroads does not exist; additionally, a relationship between railroads

and the cancers documented within this study does not exist since colon cancer (our negative control)

demonstrates a closer distance with respect to the highest observed to expected ratio to railroads.
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Figure 3.15. Scatter Plots of Ratio of Observed to Expected Incidences of Colon Cancer (all ages), Respiratory Cancer (all ages), Leukemia (age

9 and under), Lymphoma (age 9 and under), versus the Average Near Distance to All Emitters
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Figure 3.16. Scatter Plot of Highest Ratio of Observed to Expected Incidences of Colon Cancer (all ages),
Respiratory Cancer (all ages), Leukemia (age 9 and under), Lymphoma (age 9 and under), versus the
Average Near Distance to All Emitters

Figure 3.16 demonstrates the highest of the observed divided by expected cancer incidence
ratios plotted against an average distance with a maximum of 0.075 miles in order to obtain a zoomed in
view of the points. It is apparent that leukemia demonstrates a closeness to the source (with a 0.02 miles
furthest distance), while data for colon, lymphoma, and respiratory are dispersed to greater distances up
to 0.075 miles. Thus, these scatter plots suggest a relationship between observed to expected ratio for
leukemia (more so then the other three cancer groups) and proximity to emission sources of all emitters,
in Texas. Additionally Table 3.4 below provides the average distance from all emitters for the scatter plots
located within Figure 3.16 and demonstrates that leukemia (for the Highest observed to incidence ratio) is

on average closer to all emitters with a distance of 0.006 miles, while colon is the furthest with a distance

of 0.0176. This suggests that a relationship between leukemia and all emitters may exist.

Table 3.4. Average distance of highest of cancer incidences to emission sources

Leukemia | Lymphoma | Respiratory | Colon
Number of Observations 3 13 3 5
Average Distance to Emission Source, miles
Airport 0.0239 0.0428 0.0535 0.0757
Facility 0.1023 0.2449 0.3970 0.2373
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Table 3.4. — Continued

Road 0.0060 0.0091 0.0129 0.0181
Railroad 0.0459 0.0670 0.0794 0.0352
All Emitters 0.0060 0.0090 0.0129 0.0176
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CHAPTER 4
METHODOLOGY AND RESULTS FOR QUESTION 2:
SPECIFICALLY, IS THERE A RELATIONSHIP BETWEEN CHILDHOOD LEUKEMIA AND AIRPORT

EMISSIONS?

There are several limitations in using an ecological type of analysis to evaluate associations of exposure
to air pollutants with cancer risk because no individual-level data are available regarding exposure or
other risk factors. Other risk factors for benzene and leukemia include smoking, radiation exposure, and
exposure to other leukemia-causing chemicals. Childhood leukemia was selected for study because,
given its relatively shorter latency period, we could reasonably assume that current airport locations and
benzene emissions (for 2005) are relevant to those in existence in a 10-year time frame before the cancer
cases were diagnosed. For example, for children less than 10 years old with leukemia diagnosed during
1995-2005, their etiologically relevant window of time would reasonably be from 1985 to 2000, assuming
5-10 year latency. In addition, risk factors such as smoking and occupational exposure to benzene
would not be expected to be confounders of the analyses in children. Exposure history linked to other
locations (including moving from another city/state or country after having lived there for 50 years or so) is
another confounding factor for adults, which is less of an issue for children.®® However, environmental
tobacco smoke exposure could be a confounder; our analyses were not adjusted for this risk factor since
this data was not provided in the dataset obtained from the Texas DSHS.

The methodology to address Question 2 included 2 steps:

A) Develop a Poisson regression model correlating childhood leukemia incidence to benzene
emissions from various sources (railroads, airports, industrial facilities, roads) on a county level,
and

B) Use GIS to compare average nearest distance to various sources (railroads, airports, industrial

facilities, roads) for those with and without childhood leukemia state-wide.
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Each of these steps will be discussed in turn.

4.1 Develop a Poisson regression model correlating childhood leukemia incidence to benzene emissions
from various sources (railroads, airports, industrial facilities, roads) on a county level.

Using SPSS, the following regression equation relating childhood leukemia incidence to benzene
emissions (NATA emissions from 2005) was developed:

=-6.664 + 0.440 * In (P) + 0.497 * In (Byoags) + 0.230 * In (Bairports)
where
L = number of leukemia cases in children 9 years and under within the county.
P = population of individuals 9 and under in the county in the year 2000,
Broads = county-wide benzene emissions from roads (tons/year),
Baiports = county-wide benzene emissions from airports (tons/year),
Data for 3 of Texas’ 254 counties (1.2%) was excluded from the analysis since these counties contained
zeros and missing values. It is important to note that TRI facilities did not demonstrate a strong
relationship with leukemia for those 9 and under when viewed in a GIS scatter plot of dependent and
independent variables, and thus was eliminated as a predictor variable. Benzene emissions from
railroads were also included as a potential predictor variable, but its coefficient was not statistically
significant; therefore, it was eliminated from the final model. Table 4 provides minimum, maximum, mean,
and standard deviation values for the response and predictor variables, which indicate the range of
values over which the regression equation applies. Logs were taken of the predictor variable values
because the data did not fit linear assumptions in its raw form (as was demonstrated by the initial scatter
plots, see Appendix C); thus the data needed to be transformed, thereby increasing linearity thus

ensuring a better linear model.

Table 4.1 Response and predictor variable information

Variable . S.td'.
N Min. Max. Mean Deviation
L 251 .0 408.0 8.49 34.08
InP 251 8.42 20.13 14.52 1.77
In Broads 251 -.09 6.38 2.5 1.2
In Bairports 251 -4.73 2.74 -1.82 1.48

A Pearson Chi-Square goodness of fit test was run and yielded a value of 1.872, which indicates

a good fit for the model since it is much less than 5 and close to 1.
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Finally, Table 4.1 indicates that population and benzene emissions from roads and airports are

statistically significant predictor variables for childhood leukemia incidences.

Table 4.2 Regression model parameter estimates

Parameter B Std. 95% Wald Confidence Hypothesis Test
Error Interval
Lower Upper Wald Chi- df Sig.
Square
(Intercept) -6.664 6643 | -7.967 -5.362 100.631 1 .000
In P 440 0507 340 539 75.221 1 .000
N Broads 497 0712 358 637 48.811 1 .000
In Bairports 230 0414 149 311 30.813 1 .000

Thus, according to the regression model developed, a relationship does exist between childhood

leukemia and benzene emissions from roads and airports.

4.2 Use GIS to compare average nearest distance to various sources (railroads, airports, industrial
facilities, roads) for those with and without childhood leukemia state-wide.

The near tool was used to determine the average distance of the cancer incidences to roads,
railroads and facilities, as described in Section 4.1.2.1. Next, a synthetic population shape file was
obtained from Research Triangle Institute (RTI International). RTI International states that the company
provides health solutions by “offering innovative research and technical services to governments and
businesses worldwide”. The synthetic population file was created by “extending an iterative proportional
fitting method to generate a synthesized, geospatially explicit, human agent database that represents the
US population in the 50 states and the District of Columbia in the year 2000”.%" This file contained
latitude and longitude coordinates for each individual (approximately 20 million) living within the entire

State of Texas, but only data relating to those ages 9 and under (4.1 million individuals) was used for this

project. Again, the “near tool” was used in order to determine the distance in miles from each of the
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synthetic population points to the four kinds of emitters previously mentioned, as well as the nearest

emitter, regardless of type (titled All Emitters).

Table 4.3 below compares:

1) the average distance between the 4 categories of emitters and all individuals 9 and under in
Texas, and

2) the average distance between the 4 categories of emitters and individuals 9 and under with

leukemia in Texas.

Table 4.3 Average distance from benzene emitters for persons 9 and under with/without
leukemia in Texas

Avg. distance (in miles) from persons 9
and under to nearest emitter Difference

Emitter Persons without between Dist

Category cancer Persons with cancer 1&2* Pr >t

Airports 0.045 0.042 0.00215 0.0042;
Significant Difference

TRI Facilities 0.221 0.190 0.0222 0.0001;
Significant Difference

Roads 0.0048 0.0050 -0.00034 0.1016; not a
Significant Difference

Railroads 0.033 0.031 0.00127 0.2573; not a
Significant Difference

* Please note that rounding occurs at different stages within the statistical program causing slight

differences in the output for the Difference Between Dist 1&2 column.

All those average distances that are furthest from the emitters are highlighted in yellow. Notice
that for 3 of the 4 cases, the average distance of those without cancer is higher than the average distance
of those with cancer; this is to be expected. In other words, it is expected that those who are not inflicted
with cancer should reside further from the emitters, or those with cancer should live on average closer to
the source if the source is suspected of contributing to the iliness. However, in the case of the roads, it is
apparent that the individuals with cancer actually live further on average from the source (roads) then
those who do not have the disease. This statement is supported by the scatter plots, where it was noted

that most of the block groups (irrespective of having a high or low observed to expected ratio)
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demonstrated a close proximity to roads. This simple observation minimizes the chance of the roads
having any effect on those individuals sick with cancer due to the obvious fact that those individuals
without cancer reside closer on average to the source.

T-Tests were performed in order to determine whether the difference in mean distances were
statistically significant. According to Table 4.3, for airports and TRI facilities, the average distance of
persons with cancer is lesser than the average distance of those without cancer, and the difference is
statistically significant to a 95% confidence level. This provides evidence that airports and TRI facilities
may be contributing to cancer incidences. For roads and railroads, the difference between the average
distance from the facilities for persons with and without cancer was not statistically significant. The T Test

ANOVA output can be found in Figure 4.1.
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The SAS System 15:10 Saturday, February 18, 2012 1
The TTEST Procedure

Variable: airports (airports)

sick N Mean Std Dev Std Err Minimum Maximum
0 4133728 0.0447 D.03¢6 0.000017 S5.0Z4E-6 0.5211
1 2133 0.0428 0.0345 0.00074¢ 0.00157 0.4257
Diff (1-2) 0.00215 D.034¢ 0.000750
=ick Method Me=an S$5% CL M=an 8td Dew S5% CL 2td Dew
] D.0447 0.0447 D.0448 D.0D34¢ D.034¢& 0.0347
1 0.042¢ 0.0411 0.0441 0.0345 0.0335 0.0355
Diff (1-2) Pooled 0.00215 D.000676 0.00362 0.034¢6 0.034¢ 0.0347
Diff (1-2) Satterthwalte 0.00215 D.000682 0.00361
Method Variances DF t Valus Ppr > |t]
Pooled Equal 4.14E¢% 2.8¢ 0D.0042
Satterthwaite Unegual 2134.2 2.87 0.0041

Fquality of Variances

Method Num DF Den DF F Value Fr ¥ F
Folded F 4_13E6 2132 1.01 0.7639
The SRS System 15:10 Saturday, February 18, 2012 2

The TTEST Procedure

Variakle: railroads (railrsads)

sick N M=an 3td Devw 2td Err Minimum Maximum
] 4133728 0.0323 0.0574 0.000028 0 0.8545
1 2133 0.0310 0.051% 0.00112 3.6E-& 0.6873
Diff (1-2) 0.00127 0.0574 0.00124
=ick Method Mean $5% CL Mean 3td Devw $5% CL Std Dev
4] 0.0323 0.0322 0.0323 0.0574 0.0574 0.0573
1 0.0310 D.0288 0.0332 0.0515 0.0504 0.0535
Diff (1-2) Pooled 0.00127 -0.00117 0.00371 0.0374 0.0574 0.0573
Diff (1-2) Satterthwaite 0.00127 -0.00033 0.00348
Method TVariances DF < Valus BEr ¥ |t|
Dooled Egqual 4.14E8 1.02 0.3082
Satterthwaite Un=gual 2134.7 1.13 0.2573

Fguality of Variances
Method Num DF Den DF F Value Br > F

Folded F 4.13E6 213z 1.23 <.0001

Figure 4.1. T-Test SAS output of the distance to airports and railroads for those with and without
leukemia (9 years and under).
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The SAS System 15:10 Saturday, February 18, 2012 3
The TTEST Procedure

Variakle: facilities [facilities)

zick N Mean Std Dev std Err Minimum Maximum
0 4133728 0.2121 0.2389% 0.000117 0.000118 2.6550
1 2133 0.1l858 0.2173 0.00472 0.00254 1.33%8
Diff (1-2) D.0222 0.2388 0.00517
=ick Method Mean $5% CL Mean 3td Devw $5% CL Std Dev
4] 0.2121 0.211% 0.2123 0.2385 0.2387 0.2350
1 0.1858 0D.180¢6 0.1551 0.2175 0.211¢ 0.2247
Diff (1-2) Pooled 0.0222 0.0121 0.0324 0.2388 0.2387 0.2350
piff (1-2) Satterthwalte b.oz2z22 0.0130 0.0315
Mathod Tariancses DF t Valus or > |z
Pooled Equal 4.14E6 &.30 <.0001
Satterthwaite Unegual 2134.86 4.71 <.0001
Equality of Variances
Method Num DF Den DF F Value Pr > F
Folded F 4.13E6& 2132 1.20 <.0001
The SAS System 15:10 Saturday, February 18, 2012 £
The TTEST Procedure
Tariable: roads (roads)
=ick N M=an Std Dev std Err Minimum Maximum
] 4133728 0.00483 0.0072% 3.383E-¢& 0 0.2845
1 2133 0.00318 0.00571 0.000210 2.03E-7 0.1%80
Diff (1-2) -0.00034 0.0072% 0.000158
sick Method Mean 55% CL Mean Std Dev 55% CL Std Dev
1] 0.00483 0.00483 0.00484 0.00725 0.00728 0.00725
1 0.00518 0.00476 0.00555 0.00571 0.00543 0.0100
Diff (1-2) Dooled -0.00034 -0.00063 -0.00004 0.00725 0.00728 0.00725
Diff (1-2) Satterthwaite -0.00034 —-0.00076 0.0000&8
Method Variances DF t Value Br > |t|
Pooled Equal 4.14E8 -2.18 0.0251
Satterthwaite Unequal 2133.2 -1.64 0.1016

Equality of Variances
Method Num DF Den DF F Value Pr > F

Folded F 2132 4_.13E6 1.78 <.0001

Figure 4.2. T-Test SAS output of the distance to facilities and roads for those with and without
leukemia (9 years and under).

51




CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions
This study provides 3 lines of evidence that airport benzene emissions contribute to

increased incidences of childhood leukemia in the State of Texas:

e First, ratios of observed to expected incidences were plotted for 4 kinds of cancer vs.
distance to major emission sources (railroads, airports, industrial facilities, roads), for
each block group in the State of Texas using GIS. According to this more general
analysis, respiratory cancer, colon cancer and leukemia do demonstrate a decrease in
observed to expected ratio with an increase in distance from the airport source. Thus, a
separate analysis was conducted which focused on the highest observed to expected
ratio. This analysis demonstrated a visual closeness to the source for leukemia (0.05
miles), while all the other cancers were dispersed to a further distance of 0.15 miles.
Therefore, an average distance from emitters was calculated for these highest
observed to expected ratios. Of this analysis, leukemia was the closest, while colon (the
negative control) was the furthest. This suggests a relationship between leukemia (for
those block groups with the highest observed to expected ratios) and proximity to

emission sources, including airports, in Texas.
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Second, a separate (independent of the previous) analysis involving a Poisson
regression model was developed for estimating cases of childhood leukemia and
benzene emissions from roads and airports (all grouped at the county level). Since the
coefficient for benzene emissions from airports was statistically significant in this model,
it indicates a link between airport emissions and incidence of childhood leukemia, which

supports our previous findings.

Third, the average nearest distance to the 4 benzene emitter categories of persons with
and without childhood leukemia in Texas was compared. For airports and TRI facilities,
the average distance of children with leukemia was lesser than the average distance of
children without leukemia, and the difference was statistically significant to a 95%
confidence level. This final analysis (also independent of the previous analyses)
provides additional evidence that airport benzene emissions contribute to childhood

leukemia incidences.

5.2 Recommendations for Future Work

The intent of this project was to devise a relatively efficient, quick and easy way for

agencies to provide evidence that polluting entities do or do not impact the health of the general

public. Agencies in other states could conduct similar analyses for childhood leukemia and

benzene emissions. Using an approach similar to that used in this study, other childhood

diseases with environmental stimuli could be studied. As this study noted, focusing on children

may eliminate important confounding factors that are almost impossible to account for with large

sets of (state or nationwide) data. .If a relationship between a type of emission source and
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disease is suggested, it would be wise to take steps to reduce the public’s exposure to such

sources.
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APPENDIX A
TEXAS DEPARTMENT OF STATE HEALTH SERVICES (DSHS) RATES, IN ADDITION TO A

RELATIVE RISK CALCULATION SPREADSHEET PROVIDED BY DRS.
BARBARA GLENN AND THOMAS BATESON OF NCEA
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9G

Childhood Leukemia Cancer Rates per 1,000,000
u:\Datareq\2010\10378tbl2.xls

Texas statewide Age-Specific Rates, Average Annual Rates, 1995-2000,
Selected Age Groups, and by race and ethnicty and sex (Data Request # 10378)
All Chioldhood Leukemias combined (ICCC-3 Group I)
Rates are per
1,000,000

All White Non-
Races Hispanic Black Hispanic Other Race
Male Female Male Female Male Female Male Female Male Female
Rate Rate Rate Rate Rate Rate Rate Rate Rate Rate

00-09 years 69.6 51.7 66.0 51.2 27.7 27.7 86.2 59.1 69.7 51.0
00-04 years 91.3 71.9 90.0 74.4 41.9 40.1 107.4 77.4 70.4 67.5
05-09 years 47.5 31.3 43.1 20.2 14.4 16.3 62.5 38.9 68.9 33.2

*Rates are per 1,000,000.

Prepared by the Texas Department of State Health Services, Cancer Epidemiology and
Surveillance Branch, Texas Cancer Registry. Data Request # 10378 11/5/2010
Incidence Source: Texas Department of State Health Services, Cancer Epidemiology
and

Surveillance Branch, Texas Cancer Registry, Incidence - Texas, 1995-2007, Cut-off 11-19-09,
SEER*Prep 2.4.3, .
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Colon Cancer Rates per 100,000

Texas statewide Age-Specific Rates, Average Annual Rates, 1995-2000,
Five-Year Age Groups, and by race and ethnicty and sex (Data Request # 10378)
Colon Cancer (ICD-0-3), Rates are per 100,000

00-04 years
05-09 years
10-14 years
15-19 years
20-24 years
25-29 years
30-34 years
35-39 years
40-44 years
45-49 years
50-54 years
55-59 years
60-64 years
65-69 years
70-74 years
75-79 years
80-84 years
85+ years

All White Non-

Races Hispanic Black Hispanic Other Race
Male Female Male Female Male Female Male Female Male Female
Rate Rate Rate Rate Rate Rate Rate Rate Rate Rate

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.1 0.0 0.1 0.2 0.0 0.0 0.0 0.0 0.0
0.2 0.3 0.2 04 0.0 0.0 0.2 0.2 0.0 0.0
0.5 0.5 0.6 0.7 0.5 0.7 04 0.2 0.5 0.6
1.3 1.0 1.6 1.0 2.0 0.8 0.7 1.0 14 1.0
1.9 24 1.8 2.3 3.2 3.0 1.7 2.1 1.5 2.1
4.6 4.6 4.8 4.7 74 6.5 3.4 3.8 2.7 3.1
8.9 9.1 9.3 8.2 11.3 12.8 74 9.8 4.3 6.1
18.5 18.5 17.5 17.0 28.0 31.7 171 16.8 15.8 10.8
355 27.9 34.5 27.0 57.2 49.1 29.2 21.6 28.7 17.3
63.0 44.5 63.2 43.8 98.9 71.8 48.0 37.2 459 18.2
98.8 64.2 100.4 65.2 142.4 92.0 77.2 48.3 53.3 53.9
154.9 105.2 159.7 106.5 188.7 154.8 124.1 76.3 94.0 85.6
206.0 148.6 213.8 152.0 258.5 217.6 154.9 102.2 110.8 112.4
271.3 199.2 283.1 203.1 307.7 268.3 199.9 143.7 187.9 133.4
323.9 243.6 331.1 248.9 398.2 2914 240.1 185.3 287.2 182.7
383.6 309.2 405.4 319.9 432.2 335.6 254.0 204.7 189.1 362.5

* Rates are per 100,000.
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Prepared by the Texas Department of State Health Services, Cancer Epidemiology and
Surveillance Branch, Texas Cancer Registry. Data Request # 10378 11/5/2010
Incidence Source: Texas Department of State Health Services, Cancer Epidemiology
and
Surveillance Branch, Texas Cancer Registry, Incidence - Texas, 1995-2007, Cut-off 11-19-09,
SEER*Prep 2.4.3, .
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Respiratory Cancer Rates per 100,000
u:\datareq\2010\10385tbl2.xls

Texas Statewide Age-Specific Rates, Average Annual Rates, 1995-2000,
Five-Year Age Groups, and by race and ethnicity and sex (Data request # 10385)
All Respiratory System Cancers (ICD-O-3), Rates per 100,000

White Non-
All Races Hispanic Black Hispanic Other Race

Male Female Male Female Male Female Male Female Male Female

Rate Rate Rate Rate Rate Rate Rate Rate Rate Rate
00-04 years 0.5 0.3 0.8 0.5 0.3 0.2 0.2 0.3 0.6 0.0
05-09 years 0.2 0.1 0.3 0.1 0.0 0.0 0.1 0.1 0.0 0.0
10-14 years 0.2 0.0 0.2 0.1 0.2 0.0 0.2 0.0 0.0 0.0
15-19 years 0.3 0.3 0.2 0.3 0.2 0.5 0.3 0.2 0.6 0.0
20-24 years 0.9 0.4 0.9 0.6 0.9 0.4 0.9 0.2 0.5 0.0
25-29 years 0.9 0.9 14 1.0 0.5 0.8 0.6 0.6 0.5 1.5
30-34 years 2.2 1.6 2.8 1.9 2.2 1.7 1.1 1.1 3.0 1.0
35-39 years 6.4 54 6.8 6.4 12.7 7.1 3.1 2.6 4.8 4.2
40-44 years 18.8 12.7 20.8 14.7 34.1 18.0 8.3 5.8 8.6 7.8
45-49 years 42.5 24.8 44 1 28.4 90.7 35.0 19.1 11.1 20.3 16.9
50-54 years 95.2 54.4 101.4 63.8 196.7 70.1 40.2 21.7 29.7 28.2

55-59 years 190.3 104.3 203.3 123.0 333.5 129.6 93.2 39.2 80.0 42.0
60-64 years 327.9 165.9 356.0 196.2 523.6 195.2 154.7 62.8 121.6 61.4
65-69 years 496.5 248.5 535.2 291.7 679.8 263.2 274.0 96.6 209.2 95.4
70-74 years 646.1 311.0 676.0 359.1 919.5 2871 416.1 138.3 360.1 119.2
75-79 years 685.7 3159 705.5 350.6 860.1 2724 507.8 158.5 524.6 266.8
80-84 years 665.9 262.8 674.3 279.9 784.5 211.9 558.8 182.9 590.4 333.2

85+ years 555.8 199.7 562.6 200.8 535.4 175.6 532.8 214.0 486.2 166.1

Rates are per 100,000.
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Prepared by the Texas Department of State Health Services, Cancer Epidemiology
and

Surveillance Branch, Texas Cancer Registry. Data Request # 10385 (table 2) 11/19/2010
Incidence Source: Texas Department of State Health Services, Cancer Epidemiology and
Surveillance Branch, Texas Cancer Registry, Incidence - Texas, 1995-2007, Cut-off 11-19-09,

SEER*Prep 2.4.3, .
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Lymphoma Cancer Rates per 1,000,000
u:\datareq\2010\20385tbl.xIs

Texas Statewide Age-Specific Rates, Average Annual Rates, 1995-2000
Selected Age Groups, and by race and ethnicity and sex (Data Release #10385)
All Childhood Lymphomas (ICCC-3: Il Lymphomas and reticuloendothelial neoplasms)

Rates are per 1,000,000

White Non-
All Races Hispanic Black Hispanic Other Race

Male Female Male Female Male Female Male Female Male Female
Rate* Rate* Rate* Rate* Rate* Rate* Rate* Rate* Rate* Rate*

00-09 years 15.4 10.3 15.3 8.6 1.1 8.4 16.4 13.1 15.7 3.4
00-04 years 1.4 13.0 12.9 12.6 3.2 6.4 12.6 16.2 6.0 0.0
05-09 years 19.2 7.8 17.7 4.8 18.7 10.4 20.1 10.1 25.0 6.6

*Rates are per 1,000,000 and age-adjusted to the 2000 US Std Population (19 age groups - Census P25-1130)
standard.

Prepared by the Texas Department of State Health Services, Cancer Epidemiology and
Surveillance Branch, Texas Cancer Registry. Data Request # 10385 11/16/2010
Incidence Source: Texas Department of State Health Services, Cancer Epidemiology
and
Surveillance Branch, Texas Cancer Registry, Incidence - Texas, 1995-2007, Cut-off 11-19-09,

SEER*Prep 2.4.3,
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Relative Risk Calculations Provided by the Office of Research and Development (Drs Glenn & Bateson)

Calculation of relative risk as the ratio of Observed cases to Expected cases adjusting for Gender, Race and Age
Gender, Race,

and Gender, Race, and
Sum of Sum of Age-standardized
Zipltract/ #in 2000 Gender, Race, and Expected Observed Age-specific RR  RR
Census *
Cancer county Gender Race Age 10 Age-specific Rate Expected Observed per Geo. Unit per Geo. Unit RR=0/E RR=0/E
Find these Use TX or CAas
Leukemia 1 Female W 0-9 #s needed =F5*G5 =sum(H5:H11) =sum(15:111) =I5/H5 =K5/J5
Leukemia 1 Female B 0-9
Leukemia 1 Female H 09
Leukemia 1 Male w 09
Leukemia 1 Male B 0-9
Leukemia 1 Male H 0-9
Leukemia 2 Female W 09 ETC......



APPENDIX B

OBSERVED TO EXPECTED SCATTER PLOTS
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The following are block group scatter plots of observe to expected ratios verses distance to emitters (in
miles). These scatter plots can be found in Chapter 3 of the dissertation. The vertical axis has been
logged in order to better visualize the data points. Additionally, maps that correspond with these scatter
plots have been provided. Note that these maps correspond with all of the provided block group scatter
plots of observe to expected ratios verses distance to emitters (in miles).
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Observed to Expected Ratios of Colon Cases by
Block Group

Legend
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Observed to Expected Ratios of Leukemia Cases by
Block Group

Legend
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Observed to Expected Ratios of Lymphoma Cases by
Block Group

Legend

LymbkgpOE
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Observed to Expected Ratios of Respiratory Cases by
Block Group

Legend

ResbkgpOE
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Colon, Leukemia, Lymphoma and Respiratory Average Near Distance to Airports

Colon Cancer
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Colon, Leukemia, Lymphoma and Respiratory Average Near Distance to Facilities

Colon Cancer
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Colon, Leukemia, Lymphoma and Respiratory Average Near Distance to Roads
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Colon, Leukemia, Lymphoma and Respiratory Average Near Distance to Railroads
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Colon, Leukemia, Lymphoma and Respiratory Average Near Distance to All Emitters
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Highest Observed to Expected Ratios verses the Avera

e Near Distance to Airports, Facilities, Roads and Railroads
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Highest Observed to Expected Ratios verses the Average Near Distance to All Emitters

Graph of Block Group Incidences/Expected
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The following are block group lymphoma scatter plots of observe to expected ratios verses distance to emitters (in miles). All rows
have three scatter plots representing the data points 1) in their natural form, 2) with the vertical axis logged and 3) with the horizontal
axis set to a distance of 2.5 miles.
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The following are block group lymphoma scatter plots of observe to expected ratios verses distance to emitters (in miles). All rows have three
scatter plots representing the data points 1) in their natural form, 2) with the vertical axis logged and 3) with the horizontal axis set to a distance

of 2.5 miles.
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The following are block group lymphoma scatter plots of observe to expected ratios verses distance to emitters (in miles). All rows have three
scatter plots representing the data points 1) in their natural form, 2) with the vertical axis logged and 3) with the horizontal axis set to a distance

of 2.5 miles.
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The following are block group lymphoma scatter plots of observe to expected ratios verses distance to emitters (in miles). All rows have three
scatter plots representing the data points 1) in their natural form, 2) with the vertical axis logged and 3) with the horizontal axis set to a distance

of 2.5 miles.
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The following are block group lymphoma scatter plots of observe to expected ratios verses distance to emitters (in miles). All rows have three
scatter plots representing the data points 1) in their natural form, 2) with the vertical axis logged and 3) with the horizontal axis set to a distance

of 2.5 miles.
Graph of Lymphoma Block Group Graph of Lymphoma Block Group
® O
400 O
a
350
100-{E=
o 300 L ° L]
2 2
o o
8 250 g
X X
w w
B 200 - 3
2 2
3 g 1048

Qo Qo
] (]

= g

o

a
o
o a P
T T T T T T T ' T T T T T T T T T T T T T
0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11 0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 22 24
o Average near all emitter distance Average near all emitter distance
o 1) Colors represent the largest to smallest Incidences/Expected - (Red, Blue, Green, Orange and Gray (sm)) 2) Colors represent the largest to smallest Incidences/Expected - (Red, Blue, Green, Orange and Gray (sm))

Graph of Lymphoma Block Group

10,000

1,000

Observed/Expected
g
o

T T T T T T T T T T
0 0.2 0.4 0.6 0.8 1 1.2 14 1.6 1.8 2 22 24

Average near all emitter distance
Colors represent the largest to smallest Incidences/Expected - (Red, Blue, Green, Orange and Gray (sm))

3)



I8

The following are block group leukemia scatter plots of observe to expected ratios verses distance to emitters (in miles). All rows
have three scatter plots representing the data points 1) in their natural form, 2) with the vertical axis logged and 3) with the horizontal
axis set to a distance of 2.5 miles.
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The following are block group leukemia scatter plots of observe to expected ratios verses distance to emitters (in miles). All rows
have three scatter plots representing the data points 1) in their natural form, 2) with the vertical axis logged and 3) with the horizontal
axis set to a distance of 2.5 miles.
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The following are block group leukemia scatter plots of observe to expected ratios verses distance to emitters (in miles). All rows
have three scatter plots representing the data points 1) in their natural form, 2) with the vertical axis logged and 3) with the horizontal
axis set to a distance of 2.5 miles.
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The following are block group leukemia scatter plots of observe to expected ratios verses distance to emitters (in miles). All rows have three
scatter plots representing the data points 1) in their natural form, 2) with the vertical axis logged and 3) with the horizontal axis set to a distance

of 2.5 miles.
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The following are block group leukemia scatter plots of observe to expected ratios verses distance to emitters (in miles). All rows
have three scatter plots representing the data points 1) in their natural form, 2) with the vertical axis logged and 3) with the horizontal
axis set to a distance of 2.5 miles.
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The following are block group respiratory scatter plots of observe to expected ratios verses distance to emitters (in miles). All rows
have three scatter plots representing the data points 1) in their natural form, 2) with the vertical axis logged and 3) with the horizontal
axis set to a distance of 2.5 miles.
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The following are block group respiratory scatter plots of observe to expected ratios verses distance to emitters (in miles). All rows
have three scatter plots representing the data points 1) in their natural form, 2) with the vertical axis logged and 3) with the horizontal
axis set to a distance of 2.5 miles.
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The following are block group respiratory scatter plots of observe to expected ratios verses distance to emitters (in miles). All rows
have three scatter plots representing the data points 1) in their natural form, 2) with the vertical axis logged and 3) with the horizontal
axis set to a distance of 2.5 miles.
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The following are block group respiratory scatter plots of observe to expected ratios verses distance to emitters (in miles). All rows
have three scatter plots representing the data points 1) in their natural form, 2) with the vertical axis logged and 3) with the horizontal
axis set to a distance of 2.5 miles.
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The following are block group respiratory scatter plots of observe to expected ratios verses distance to emitters (in miles). All rows
have three scatter plots representing the data points 1) in their natural form, 2) with the vertical axis logged and 3) with the horizontal

1)

axis set to a distance of 2.5 miles.
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The following are block group colon scatter plots of observe to expected ratios verses distance to emitters (in miles). All rows have
two scatter plots representing the data points 1) in their natural form, 2) with the vertical axis logged; also note that the horizontal axis
is set to a distance of 2.5 miles.
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The following are block group colon scatter plots of observe to expected ratios verses distance to emitters (in miles). All rows have
two scatter plots representing the data points 1) in their natural form, 2) with the vertical axis logged; also note that the horizontal axis
is set to a distance of 2.5 miles.
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The following are block group colon scatter plots of observe to expected ratios verses distance to emitters (in miles). All rows have
two scatter plots representing the data points 1) in their natural form, 2) with the vertical axis logged; also note that the horizontal axis
is set to a distance of 2.5 miles.
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The following are census tract scatter plots of observe to expected ratios verses distance to
emitters (in miles). The vertical axis has been logged in order to better visualize the data points.
Additionally, maps that correspond with these scatter plots have been provided.
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Observed to Expected Ratios of Colon Cases by
Census Tract
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Observed to Expected Ratios of Leukemia Cases by
Census Tract
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Observed to Expected Ratios of Lymphoma Cases by
Census Tract

Legend

LymtractOE
tractObsExp

[ |ooo-389
I 4.00-12.11
B ziz2-2257

B 2255-47.15 90 45 O 50 180 270 360
™ ™ e — L]
B 7 15- 9813 WAles

97



Observed to Expected Ratios of Respiratory Cases by
Census Tract
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Colon, Leukemia, Lymphoma and Respiratory Average Near Distance to Airports
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Colon, Leukemia, Lymphoma and Respiratory Average Near Distance to Facilities

Colon Cancer

1,000

Observed/Expected

0 0.5 1 1.5 2 25
Average near facility distance

Colors represent the largest to smallest Incidences/Expected - (Red, Blue, Green, Orange and Gray (sm))

Leukemia Cancer

100

Observed/Expected
=]

T T
0.5 1 1.5 2 25

Average near facility distance

Colors represent the largest to smallest Incidences/Expected - (Red, Blue, Green, Orange and Gray (sm))

Lymphoma Cancer

Observed/Expected

T T T T
0 0.5 1 1.5 2 25

Average near facility distance
Colors represent the largest to smallest Incidences/Expected - (Red, Blue, Green, Orange and Gray (sm))

Respiratory Cancer

' .
[
. ] ° [
g
S 104
g n:r,; o
B = o
2 &g i
g o . o
8 o ° o ° g0 @O
08 g ? 5o By 0o O
ng O IEFEB og
pof 0o gy @ o o
@G o o o
oo g
1 o o Dnn o
T T T T
0 0.5 1 15 2 25

Average near facility distance
Colors represent the largest to smallest Incidences/Expected - (Red, Blue, Green, Orange and Gray (sm))




0]

Colon, Leukemia, Lymphoma and Respiratory Average Near Distance to Roads
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Colon, Leukemia, Lymphoma and Respiratory Average Near Distance to Railroads
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Colon, Leukemia, Lymphoma and Respiratory Average Near Distance to All Emitters
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The following are county scatter plots of observe to expected ratios verses distance to emitters
(in miles). Additionally, maps that correspond with these scatter plots have been provided.
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Observed to Expected Ratios of Colon Cases by
County
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Observed to Expected Ratios of Leukemia Cases by
County
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Observed to Expected Ratios of Lymphoma Cases by
County
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Observed to Expected Ratios of Respiratory Cases by
County
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Colon, Leukemia, Lymphoma and Respiratory Average Near Distance to Airports
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Colon, Leukemia, Lymphoma and Respiratory Average Near Distance to Facilities
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Colon, Leukemia, Lymphoma and Respiratory Average Near Distance to Roads
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Colon, Leukemia, Lymphoma and Respiratory Average Near Distance to Railroads
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Colon, Leukemia, Lymphoma and Respiratory Average Near Distance to All Emitters
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The following are scatter plots of observe to expected ratios verses distance to emitters (in
miles) for counties with arelatively large population. Additionally, maps that correspond with
these scatter plots have been provided.

Directly below is a list of the 32 counties (with relatively large population sizes) used in
the following scatter plot analysis.
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Observed to Expected Ratios of Colon Cases for
Counties with a Larger Population
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Observed to Expected Ratios of Leukemia Cases for
Counties with a Larger Population
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Observed to Expected Ratios of Lymphoma Cases for
Counties with a Larger Population
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Observed to Expected Ratios of Respiratory Cases for
Counties with a Larger Population
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Colon, Leukemia, Lymphoma and Respiratory Average Near Distance to Airports
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Colon, Leukemia, Lymphoma and Respiratory Average Near Distance to Facilities
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Graph of natural log of number of cases of leukemia per county verses county road
emissions in tons/year. This graph demonstrates the need for transforming the data in
order to increase linearity.
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Graph of natural log of number of cases of leukemia per county verses county railroad
emissions in tons/year. This graph demonstrates the need for transforming the data in
order to increase linearity.
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Graph of natural log of number of cases of leukemia per county verses county airport
emissions in tons/year. This graph demonstrates the need for transforming the data in
order to increase linearity.
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Graph of natural log of number of cases of leukemia per county verses county
population. This graph demonstrates the need for transforming the data in order to
increase linearity.
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Graph of natural log of number of cases of leukemia per county verses natural log of
county road emissions in tons/year. This graph demonstrates an improvement in

natural log of number of cases of leukemia
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Graph of natural log of number of cases of leukemia per county verses natural log of
county railroad emissions in tons/year. This graph demonstrates an improvement in

natural log of number of cases of leukemia

linearity.
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Graph of natural log of number of cases of leukemia per county verses natural log of
county airport emissions in tons/year. This graph demonstrates an improvement in

linearity.
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Graph of natural log of number of cases of leukemia per county verses natural log of
county population. This graph demonstrates an improvement in linearity.
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List of Model Terms

Poisson Model Run Output

N = number of items

Sum_Count = number of leukemia cases (in children 9 years and under) within the county

Inpop = natural log of number of cases of leukemia (in children 9 years and under) per county

Inonroad = natural log of county-wide benzene emissions from roads (tons/year),
Inairport = natural log of county-wide benzene emissions from airports (tons/year),

Model Information

Dependent Variable Sum_Count
Probability Distribution Poisson
Link Function Log

Case Processing Summary

N Percent
Included 251 98.8%
Excluded 3 1.2%
Total 254 100.0%

Continuous Variable Information

N Minimum Maximum Mean Std. Deviation
Dependent Variable Sum_Count 251 .00000000 |1408.00000000(8.4940239044134.081944840
98
Covariate Inpop 251 8.42 20.13 14.5229 1.76924
Inonroad 251 -.09 6.38 2.5039 1.19587
Inairports 251 -7.73 2.74 -1.8157 1.47874
Goodness of Fit’
Value df Value/df
Deviance 435.929 247 1.765
Scaled Deviance 247.000 247
Pearson Chi-Square 462.482 247 1.872
Scaled Pearson Chi- 262.045 247
Square
Log Likelihood®® -490.311
Adjusted Log Likelihood® | -277.813
Akaike's Information 988.622
Criterion (AIC)
Finite Sample Corrected | 988.784
AIC (AICC)
Bayesian Information 1002.724
Criterion (BIC)
Consistent AIC (CAIC) 1006.724
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Omnibus Test®

Likelihood Ratio
Chi-Square df

Sig.

4378.942 3

.000

Tests of Model Effects

Type lll
Wald Chi-
Source Square df Sig.
(Intercept) 100.631 1 .000
Inpop 75.221 1 .000
Inonroad 48.811 1 .000
Inairports 30.813 1 .000
Parameter Estimates
95% Wald Confidence Interval Hypothesis Test
Wald Chi-
Parameter B Std. Error Lower Upper Square df Sig.
(Intercept) | -6.664 .6643 -7.967 -5.362 100.631 1 .000
Inpop 440 .0507 .340 539 75.221 1 .000
Inonroad 497 .0712 .358 .637 48.811 1 .000
Inairports .230 .0414 149 311 30.813 1 .000
(Scale) 1.765°
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Raw Residual

Graph of Residuals from model by predicted leukemia cases per county
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T Test Output

The below T Test was performed in order to determine whether the difference in mean distance (in miles) to airports (of
individuals 9 & under with or without leukemia) were statistically significant.

The SAS System 15:10 Saturday, February 18, 2012 1
The TTEST Procedure

Variable: airports (airports)

sick N Mean Std Dev Std Err Minimum Max imum
0 4133728 0.0447 0.0346 0.000017 9.024E-6 0.5211
1 2133 0.0426 0.0345 0.000746 0.00157 0.4257
Diff (1-2) 0.00215 0.0346 0.000750
sick Method Mean 95% CL Mean Std Dev 95% CL Std Dev
0 0.0447 0.0447 0.0448 0.0346 0.0346 0.0347
1 0.0426 0.0411 0.0441 0.0345 0.0335 0.0355
Diff (1-2) Pooled 0.00215 0.000676 0.00362 0.0346 0.0346 0.0347
Diff (1-2) Satterthwaite 0.00215 0.000682 0.00361
Method Variances DF t Value Pr > |t|
Pooled Equal 4_.14E6 2.86 0.0042
Satterthwaite Unequal 2134.2 2.87 0.0041

Equality of Variances
Method Num DF Den DF F Value Pr > F

Folded F 4_.13E6 2132 1.01 0.7639
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The below T Test was performed in order to determine whether the difference in mean distance (in miles) to railroads (of
individuals 9 & under with or without leukemia) were statistically significant.

The SAS System 15:10 Saturday, February 18, 2012 2
The TTEST Procedure

Variable: vrailroads (railroads)

sick N Mean Std Dev Std Err Minimum Max imum
0 4133728 0.0323 0.0574 0.000028 0 0.8949
1 2133 0.0310 0.0519 0.00112 3.6E-6 0.6873
Diff (1-2) 0.00127 0.0574 0.00124
sick Method Mean 95% CL Mean Std Dev 95% CL Std Dev
0 0.0323 0.0322 0.0323 0.0574 0.0574 0.0575
1 0.0310 0.0288 0.0332 0.0519 0.0504 0.0535
Diff (1-2) Pooled 0.00127 -0.00117 0.00371 0.0574 0.0574 0.0575
Diff (1-2) Satterthwaite 0.00127 -0.00093 0.00348
Method Variances DF t Value Pr > |t|
Pooled Equal 4_.14E6 1.02 0.3062
Satterthwaite Unequal 2134.7 1.13 0.2573

Equality of Variances
Method Num DF Den DF F Value Pr > F

Folded F 4.13E6 2132 1.23 <.0001
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The below T Test was performed in order to determine whether the difference in mean distance (in miles) to facilities (of
individuals 9 & under with or without leukemia) were statistically significant.

The SAS System 15:10 Saturday, February 18, 2012 3
The TTEST Procedure

Variable: facilities (facilities)

sick N Mean Std Dev Std Err Minimum Max imum
0 4133728 0.2121 0.2389 0.000117 0.000118 2.6590
1 2133 0.1898 0.2179 0.00472 0.00254 1.3398
Diff (1-2) 0.0222 0.2388 0.00517
sick Method Mean 95% CL Mean Std Dev 95% CL Std Dev
0 0.2121 0.2119 0.2123 0.2389 0.2387 0.2390
1 0.1898 0.1806 0.1991 0.2179 0.2116 0.2247
Diff (1-2) Pooled 0.0222 0.0121 0.0324 0.2388 0.2387 0.2390
Diff (1-2) Satterthwaite 0.0222 0.0130 0.0315
Method Variances DF t Value Pr > |t|
Pooled Equal 4_.14E6 4.30 <.0001
Satterthwaite Unequal 2134.6 4.71 <.0001

Equality of Variances
Method Num DF Den DF F Value Pr > F

Folded F 4.13E6 2132 1.20 <.0001
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The below T Test was performed in order to determine whether the difference in mean distance (in miles) to roads (of
individuals 9 & under with or without leukemia) were statistically significant.

The SAS System 15:10 Saturday, February 18, 2012 4
The TTEST Procedure

Variable: vroads (roads)

sick N Mean Std Dev Std Err Minimum Max imum
0 4133728 0.00483 0.00729 3.585E-6 0 0.2845
1 2133 0.00518 0.00971 0.000210 2_.03E-7 0.1980
Diff (1-2) -0.00034 0.00729 0.000158
sick Method Mean 95% CL Mean Std Dev 95% CL Std Dev
0 0.00483 0.00483 0.00484 0.00729 0.00728 0.00729
1 0.00518 0.00476 0.00559 0.00971 0.00943 0.0100
Diff (1-2) Pooled -0.00034 -0.00065 -0.00004 0.00729 0.00728 0.00729
Diff (1-2) Satterthwaite -0.00034 -0.00076 0.000068
Method Variances DF t Value Pr > |t|
Pooled Equal 4_.14E6 -2.18 0.0291
Satterthwaite Unequal 2133.2 -1.64 0.1016

Equality of Variances
Method Num DF Den DF F Value Pr > F

Folded F 2132 4.13E6 1.78 <.0001
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