
Autism spectrum disorder prevalence and proximity to industrial
facilities releasing arsenic, lead or mercury

Aisha S. Dickerson a,⁎, Mohammad H. Rahbar a,b, Inkyu Han b, Amanda V. Bakian c, Deborah A. Bilder c,
Rebecca A. Harrington d, Sydney Pettygrove e, Maureen Durkin f, Russell S. Kirby g, Martha Slay Wingate h,
Lin Hui Tian i, Walter M. Zahorodny j, Deborah A. Pearson k, Lemuel A. Moyé III l, Jon Baio i

a Biostatistics/Epidemiology/Research Design (BERD) Core, Center for Clinical and Translational Sciences (CCTS), University of Texas Health Science Center at Houston, Houston, TX 77030, USA
b Division of Epidemiology, Human Genetics, and Environmental Sciences (EHGES), University of Texas School of Public Health at Houston, University of Texas Health Science Center at Houston,
Houston, TX 77030, USA
c Division of Child Psychiatry, Department of Psychiatry, University of Utah School of Medicine, Salt Lake City, UT 84108, USA
d Department of Epidemiology, Johns Hopkins Bloomberg School of Public Health, Baltimore, MD 21205, USA
e Mel and Enid Zuckerman College of Public Health, University of Arizona, Tucson, AZ 85721, USA
f Waisman Center, University of Wisconsin School of Medicine and Public Health, Madison, WI 53726, USA
g Department of Community and Family Health, College of Public Health, University of South Florida, Tampa, FL 33612, USA
h Department of Health Care Organization and Policy, School of Public Health, University of Alabama at Birmingham, Birmingham, AL 35205, USA.
i National Center on Birth Defects and Developmental Disabilities, Centers for Disease Control and Prevention, Atlanta, GA 30333, USA
j Department of Pediatrics, Rutgers New Jersey Medical School, Newark, NJ 07103, USA
k Department of Psychiatry and Behavioral Sciences, University of Texas Medical School, Houston, TX 77054, USA
l Division of Biostatistics, University of Texas School of Public Health at Houston, Houston, TX 77030, USA

H I G H L I G H T S

• We examined associations between au-
tismprevalence and proximity to pollut-
ant sources.

• We found that tracts in the closest 10th
percentile had higher autism prevalence.

• We found that results were still signifi-
cant after adjusting for socioeconomic
status.
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Prenatal and perinatal exposures to air pollutants have been shown to adversely affect birth outcomes in off-
spring andmay contribute to prevalence of autism spectrum disorder (ASD). For this ecologic study, we evaluat-
ed the association between ASD prevalence, at the census tract level, and proximity of tract centroids to the
closest industrial facilities releasing arsenic, leadormercury during the 1990s.Weused 2000 to 2008 surveillance
data from five sites of the Autism and Developmental Disabilities Monitoring (ADDM) network and 2000 census
data to estimate prevalence. Multi-level negative binomial regression models were used to test associations be-
tween ASD prevalence and proximity to industrial facilities in existence from 1991 to 1999 according to the US
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Environmental ProtectionAgency Toxics Release Inventory (USEPA-TRI). Data for 2489 census tracts showed that
after adjustment for demographic and socio-economic area-based characteristics, ASD prevalence was higher in
census tracts located in the closest 10th percentile compared of distance to those in the furthest 50th percentile
(adjusted RR = 1.27, 95% CI: (1.00, 1.61), P = 0.049). The findings observed in this study are suggestive of the
association between urban residential proximity to industrial facilities emitting air pollutants and higher ASD
prevalence.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

1.1. Autism spectrum disorder

Autism spectrum disorder (ASD) is defined by the Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition (DSM-5) as a persis-
tent impairment in social interaction and communication across multi-
ple contexts that presents in early development and causes clinically
significant social, educational, and occupational deficits (American
Psychiatric Association, 2013). Recent surveillance studies estimate
the prevalence of ASD in U.S. children to be about 1–2% (Autism and
Developmental Disabilities Monitoring Network Surveillance Year,
2010 Principal Investigators, 2014; Blumberg et al., 2013). The etiology
of ASD is poorly understood, but it has been hypothesized that exposure
to environmental factorsmay trigger or enhance genetic risk (Volk et al.,
2014).

1.2. Air pollutants and birth outcomes

Prenatal and perinatal exposures to air pollutants, such as carbon
monoxide, nitrogen dioxide, and particulate matter, have been shown
to adversely affect birth outcomes (Bell et al., 2010;
Calderon-Garciduenas et al., 2011; Ezziane, 2013; Freire et al., 2010;
Lakshmi et al., 2013; Munroe and Gauvain, 2012; Padula et al., 2013;
Tang et al., 2014). Associated complications include developmental
delay (Tang et al., 2014), congenital heart defects (Padula et al., 2013),
low birth weight (Bell et al., 2010; Ezziane, 2013), cognitive deficits
(Calderon-Garciduenas et al., 2011; Freire et al., 2010; Munroe and
Gauvain, 2012), and mortality (Ezziane, 2013; Lakshmi et al., 2013).
Prior research has shown residential proximity to point source pollution
to be positively associated with congenital malformations, including
chromosomal anomalies (Brender et al., 2008) and neural tube defects
(Suarez et al., 2007), increased allergen-specific immunoglobulin-E in
children (Patel et al., 2011), adverse birth outcomes (i.e. fetal death, pre-
term birth, and low birth weight) (Brender et al., 2011), and childhood
brain cancer (Choi et al., 2006).

Both long-term and short-term exposures to ambient air pollutants
have been shown to stimulate oxidative stress and inflammation in
humans, which may also affect neurologic development (Block and
Calderon-Garciduenas, 2009; Calderon-Garciduenas et al., 2009). Stud-
ies have also shown that inflammationmay contribute to the pathogen-
esis of ASD (Enstrom et al., 2009; Li et al., 2009). Thus, inflammation
may serve as a link between ASD risk and ambient air pollutant expo-
sure. In addition, lead (Jarup, 2003; Sanders et al., 2009; Zheng et al.,
2003), mercury (Aschner and Aschner, 1990; Jarup, 2003; Zheng et al.,
2003), and arsenic (Jarup, 2003) are well-established neurotoxicants
known to cross the blood–brain barrier and effect neurodevelopment.
Mercury has been shown to have harmful effects including intellectual
and developmental disabilities (Counter et al., 2002) while studies
have also indicated that higher arsenic levels are associated with de-
creased cognitive abilities including decreased attention, comprehen-
sion, and language skills (Calderon et al., 2001), reduced intelligence
quotient (IQ) scores (Wang et al., 2007; Wasserman et al., 2004;
Wright et al., 2006), and diminished verbal learning and memory
(Wright et al., 2006). Furthermore, lead can have adverse effects on
health of children, causing behavioral and neurological problems

(Bellinger, 2008; Ha et al., 2009) and reduction in IQ scores (Canfield
et al., 2003).

1.3. Air pollutants and ASD

Some recent studies have investigated the relationship betweenASD
and exposure to ambient air pollutants (Blanchard et al., 2011;
Kalkbrenner et al., 2010, 2014; Ming et al., 2008; Palmer et al., 2009;
Roberts et al., 2013; Volk et al., 2011, 2014; Windham et al., 2006). Sev-
eral of these studies have demonstrated associations between ASD and
prenatal or perinatal air concentrations of various air pollutants, includ-
ing particulate matter (Becerra et al., 2013; Kalkbrenner et al., 2010,
2014; Roberts et al., 2013; Talbott et al., 2015; Windham et al., 2006).
Additionally, proximity to sources of airborne pollutants, including in-
dustrial facilities (Palmer et al., 2009), agricultural pesticides (Shelton
et al., 2014), and high-traffic roadways (Volk et al., 2011), have been as-
sociated with ASD diagnosis and school-reported administrative preva-
lence, respectively. Based on results from these studies, observed
relationships should be further investigated on a larger scale using high-
ly reliable data. For the current study, we used surveillance data from
multiple states to evaluate the association between ASD prevalence of
8-year old children at the census tract level and proximity of tract cen-
troids to point source industrial facilities with air releases of well-
known and frequently released neurotoxic substances fromwaste facil-
ities, arsenic, lead, and/or mercury, during 1991 to 1999.

2. Materials and methods

2.1. Data sources

Weused data from the Autism and Developmental DisabilitiesMon-
itoring (ADDM) Network, a multi-state public health surveillance sys-
tem for ASD and other developmental disabilities established by the
CDC in 2000 to measure ASD prevalence among 8-year-old children in
2000, 2002, 2004, 2006, and 2008. Details of ASD case definition and as-
certainment have been described previously (Rice et al., 2007; Van
Naarden et al., 2007); a synopsis of the ADDM methodology follows.
School and health sources are queried for childrenwho have special ed-
ucation exceptionalities and/or diagnoses that trigger further evaluation
for ASD. ASD case status of 8-year-old children is determined through a
systematic review of records from healthcare and education sources
such as primary care clinics, hospitals, schools, and diagnostic and treat-
ment centers. These records are reviewed by expert clinician reviewers
to determine if behaviors are described in the abstracted data which
meet the number and pattern required for an ASD diagnosis based on
the Diagnostic and Statistical Manual of Mental Disorders, 4th edition,
Text Revision (DSM-IV-TR) (American Psychiatric Association, 2000).
Data for 8-year-old children identified with ASD during the ADDM sur-
veillance years (even years) spanning from 2000 through 2008 were
obtained through a data sharing agreementwith the CDC for the follow-
ing five participating sites: Arizona, Maryland, New Jersey, South Caro-
lina, and Utah. These sites provided de-identified data aggregated by
census tract, including total number of identified children with ASD
along with race and sex distributions. It is important to note that for
race distributions, virtually all Hispanics did not report race for this
data source. Thus, Black and White categories exclude almost all
Hispanic individuals.
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