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Background Information
About this Report
The purpose of this project was to describe the current status of environmental health along the
Arizona-Sonora border; identify trends and gaps; and provide recommendations. The status of
environmental health was evaluated by collecting existing data from different sources including
health agencies and literature. Data was analyzed to identify trends and compare with regional
and national data along the Arizona and Sonora border region, and the United States (U.S.) and
Mexico. Environmental health indicators such as those established by U.S. Environmental
Protection Agency (U.S EPA) and published in the 3rd edition of the America’s Children and the
Environment (ACE3)1 report were used to guide data collection and analysis activities. Data
analysis and reporting followed similar format as the ACE3 to ensure systematic interpretation
and easy comparison of similar data in the future, whenever possible. Indicators analyzed in this
report include environment and contaminants (water and contaminants, Criteria Air Pollutants
(CAPs), Hazardous Air Pollutants (HAPs), and pesticides in foods), biomonitoring (lead in
blood) and health (childhood cancer and adverse birth outcomes). Current status, data gaps, and
recommendations for these indicators are presented in this report.

1

http://www.epa.gov/ace/
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Background Information
Introduction
The United States (U.S)-Mexico Border region is defined as the area within 100 km from either
side of the border. The Arizona-Sonora Border extends 350 miles (Robinson et al., 2010)1, and
includes four border counties; Cochise, Pima, Santa Cruz, and Yuma. There several sister cities
along border region; Yuma San Luis Arizona and San Luis Rio Colorado Sonora; Nogales
Arizona and Nogales Sonora; Naco Arizona and Naco Sonora; and Douglas Arizona and Agua
Prieta Sonora. 2. As a result, the population along the border share similar environment, culture
and social characteristics. The population of the Arizona border counties is approximately
1,378,269 million, of which 7% are under 5 years; 25% are under 18 years; and 17 % are 65
years and older3,4. The population in the state of Sonora is approximately 2.6 million.
Approximately 450,000 of the population residing in sister cities on the Sonora side; 37% are
under 18 years of age and 6% are 65 years and over5. These particular groups are at increased
risk of health complications associated with environmental exposures, especially for children
under 5 years of age since they are still in developmental stages. Communities along border
regions tend to be predominantly low income with high poverty rate, underserved, and due to
their socioeconomic status, need resources the most. Unincorporated communities also known as
colonias still exist along the border. They tend to have inadequate housing, roads, sewage
systems and drainage, and lack of potable water supplies (Robinson et al., 2010). Resources to
provide relief and to alleviate poverty, environmental and health burdens, do not easily reach
these communities. Children are usually more affected than the rest of the population due to their
developmental stages and their small sizes, which make the harmful effects more concentrated.
Children’s body systems such as the nervous, endocrine, reproductive, respiratory and immune
systems are in developmental stages making them more susceptible to damage. Even when the
effect of harmful environmental exposure is not immediately evident, effects may become
evident years after development.
Data collected and analyzed will benefit children under 18 years of age, including 5 years, as
well as the general population along the border. Information will shed light on the current state
of the environmental health, especially where children are concerned, so resources, education,
and expertise can be directed where needed. Also, data analyzed will provide information to
allow agencies and other stakeholder’s advocate for policies to alleviate environmental exposure
burdens for particular groups that may be most at risk.

1

Robinson, K., Ernst, K., Johnson, B., Rosales, C. (2010). Health Status of Southern Arizona border counties: a
Healthy Border 2010 midterm review. Revista Panamericana de Salud Publica.
2
https://www.epa.gov/border2020/cross-border-contingency-plans-us-mexico-sister-cities
3
http://www.census.gov
4
http://www.azdhs.gov/diro/borderhealth/pdf/health_indicators (2010)
5
http://www.inegi.org.mx/
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Key Findings, Data Gaps, and Recommendations
Key findings, data gaps and recommendation summarize the information collected and analyzed
on environment and contaminants, biomonitoring and health data indicators along the ArizonaSonora Border. For more detailed information, refer to the full report.

Environment and contaminants
Water and contaminants
Key findings
 There was an overall downward trend for all categories of health-based violations between
2006 and 2014.
 Between 2006 and 2014, the estimated percentage of total Arizona Border population
supplied by public water systems that had any health-based violation varied between 8% in
2006 and 11% in 2008. This is below the national average at 13% and 7% between 2003 and
2009 respectively.
 Between 2000 and 2014, the estimated percentage of total Arizona Border population
supplied by public water systems that had any type of monitoring and reporting violation
averaged between 15% and 20% except in 2006-2007, similar to the national average (U.S
EPA, 2013).
Data gaps
 No water quality monitoring data was obtained for the Mexico side. Even though similar
Drinking Water Quality Monitoring Standards exist in Mexico, it is not clear if data are
available to the public.
 Data submitted to the Safe Drinking Water Information System (SDWIS) are voluntary, and
may not fully capture water quality issues.
Recommendations
 Work collaboratively to develop a system for sharing water quality information binationally.
Arizona-Sonora Border region share similar watershed. Poor water quality or water
contamination on one side of the border may pose health risks to the border population.
Criteria Air Pollutants
Key findings
 Percentage of children ages 0-17 lived in counties with particulate matter 10 micrometers or
less (PM10), above the level of the current PM10 24-hr standard at least one day during the
year, increased from 28% in 2005 to 100% in 2013. This is much higher compared to the
national average of 3-5% between 1999-2009 (U. S EPA, 2013). The percentage significantly
decreased to 26% between 2013 and 2015.
 Between 2005-2009, on the average 30% of children ages 0-17 lived in counties with
particulate matter 2.5 micrometers (PM2.5) above the levels of the current 24-hr PM2.5
standards at least once a year, compared to the national average of between 60-32% during
2005-2009 respectively. From 2010 to 2015, no children ages 0-17 lived in counties with PM
2.5 levels above the National Ambient Air Quality Standards along the Arizona Border region.
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 Between 2005-2015, the percentage of children living in counties with ozone concentrations
above the levels of the current 8-hr ozone standard at least one day decreased from 48% to
26%. This is lower than the national average of 50-65% between 1999-2009 respectively
(U.S EPA, 2013).
 Along the Arizona Border counties, 80% of children ages 0-17 years live in counties with no
air quality monitoring for carbon monoxide, nitrogen oxides, sulfur oxide, or lead.
 Along the Arizona Border counties, 29% of children live in counties with no air quality
monitoring for ozone, compared to the national level of 27% (U.S EPA, 2013)
 On average, between 1996-2008, 100% of the children in Nogales, Sonora lived in a
municipality with PM10 above the U.S. National Ambient Air Quality Standards.
 A total of 75% of children ages 0-17 years live in municipalities with no PM10 air quality
monitoring, while 100% live in municipalities with no PM 2.5, carbon monoxide, sulfur
dioxide, nitrogen dioxide or lead air quality monitoring.
 For all the four Arizona Border counties, only 1% of days were designated as unhealthy in
2005 compared to the national levels of 5-2% between 2005 and 2009.
Data gaps
 Only Pima County monitors for all six criteria air pollutants.
 Santa Cruz and Cochise do not monitor for sulfur dioxide, nitrous oxide, carbon monoxide,
or lead. In addition, Santa Cruz does not monitor for ozone.
 Since the beginning of 2007, Yuma does not monitor for sulfur dioxide, nitrous oxide, or
carbon monoxide.
 Approximately, 75% of the population along the Arizona Border live in counties where
sulfur dioxide, nitrogen dioxide or lead are not monitored.
 Along the Mexico side of the border, only Nogales, Sonora monitors for PM10, and data were
available up until 2009. The remaining municipalities (San Luis Colorado, Naco, and Agua
Prieta) do not monitor for air quality.
Recommendations
 Work binationally to monitor for all six criteria pollutants along the Sonora side of the
border. The Arizona-Sonora Border share a similar air shed. Air pollution on one side of the
border affect border population on both sides of the border.
 Monitor for sulfur dioxide, nitrous oxide, and carbon monoxide in Santa Cruz, Cochise, and
Yuma.
Hazardous Air Pollutants
Key findings
 99.3% and 100% of the entire Arizona Border region children population lived in census
tracts where total cancer risk of HAPs summed to exceed the 1-in-100,000 cancer risk
benchmark for 2005 and 2011 respectively. Similarly, national data demonstrates that 99.9%
of all children in the country live in census tracts where concentrations of HAPs summed to
surpass the 1-in-100,000 cancer risk benchmark for 2005 (U.S EPA, 2013).
 All children in both 2005 and 2011 in the Arizona Border region attended schools located in
census tracts where total cancer risk summed to exceed the 1-in-100,000 cancer risk
benchmark. These are the same results as the national scale.
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 No children attended school located in a census track where at least one HAP exceeded the
benchmark for non-cancer health effects in 2005 or 2011 compared to 56% for the national
average in 2005 (U.S EPA, 2013).
Data gaps
 There are limited HAPs data for the Sonoran Border Region.
 NATA does not include possible HAPs emissions from Mexico that could impact the
ambient concentration in the Arizona-Sonora Border region. Thus, health risk estimates for
census tracts on the U.S side of the Border are likely to be underestimated (EPA, 2015).
Recommendations
 NATA should include HAPs emissions from the Sonora border region. HAPs emitted on one
side of the border may potentially affect population on either side of the border.
Pesticides in foods
Key findings
 Yuma County had the highest percentage of sampled meals with detectable residues for 10 of
the 18 pesticides. This could be due to agricultural activities and pesticide applications in
Yuma County, compared to the other two counties.
 More than 50% of sampled meals in households for all three counties had atrazine, fluoreneD10 and heptachlor residues.
 100% of Yuma households were found to have atrazine residues, while 97% and 96% of
households in Cochise and Santa Cruz had atrazine residues, respectively.
Data gaps
 Data were collected in 1997-1998 and no recent data were available.
 Arizona is not part of the 10 State Pesticide Data Program, limiting comparisons to national
data.
 National data available looks at pesticides for specific food groups, compared to the
NHEXAS U.S. Border 2012 Program, which was done by looking at an entire meal rather
than food categories. Therefore, it is difficult to compare with national data as well.
 The study for 24-hr solid food duplicate diet did not include Pima county.
 Even though there is data for pesticides residue on grains in Sonora (Aldana-Madrid, et. al,
2008) raw data could not be obtained despite multiple attempts.
 Data from the NHEXAS U.S. Border 2012 Program are reported as percentage detectable,
which does not necessarily explain risk.
 The NHEXAS data does not provide an explanation of whether or not the produce was
washed by the participant before analysis.
Recommendations
 Include Arizona in the USDA Pesticide Data Program to collect data for pesticides in food to
be able to compare with national data or collect most recent data for pesticides in food in
Arizona for NHEXAS follow-up (replicate NHEXAS data).
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 Create a platform for sharing pesticides in foods information binationally. Mexico, including
the state of Sonora is the top supplier of fresh foods and vegetables in the United States,
especially in the winter months.

Biomonitoring
Blood lead
Key findings
 Overall decrease in the percentage of children with BLL > 5 µg/dL between 2005 to 2014
(based 20% screening rate)
 The percentage of children screened with BLL > 5 µg/dL remained 2% between 2009 to
2015 except for Cochise county, compared to the national average of 2.8-6% (CDC, 2016)
during the same period.
 There is a slight increasing trend in the percentage of screened children with BLL > 5 µg/dL
beginning in 2015 for Cochise and Yuma counties. We speculate this may well be due to the
initiatives to increase screening rates
Data gaps
 In Arizona, the screening rate is very low and therefore number of children with elevated
BLL may be underestimated.
 There is a need to establish a current geometric mean BLL for Arizona and along the border
counties to measure progress of current health initiatives to address blood lead in children.
 Even though data for BLL may be available in the State of Sonora, data were not accessible.
The available data conducted by Cowan et al. (2006) that collected from both side of the
border were old. This limits the ability to better understand the current status of BLLs along
the Arizona-Sonora Border as a whole.
 The screening is based on at risk index, mostly the Latino population. However, it is
important to note that Yuma and Santa Cruz counties are made up of 80 and 60% Hispanic
populations, respectively. Conversely, approximately 30% of Pima and Cochise counties’
populations are Hispanic. Targeting Hispanic population in Santa Cruz may yield
representative data for the population while the same approach may not be ideal for Pima.
Recommendations
 Even though less than 15% of the homes along the border are pre-1978; shared cultural
practices especially those related to food including ceramic imports for food preparation,
may all increase the potential risks for elevated BLLs for children along the border,
especially of Hispanic origin. More recent data, such as a follow-up study by Cowan et al.
(2006) will provide a snapshot of the current status of BLL for children along the ArizonaSonora Border.
 Continue to target older homes with campaign to emphasize on repairing old paint and other
lead mitigations.
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Key Findings, Data Gaps, and Recommendations
Health
Childhood cancer
Key findings
 The age-adjusted cancer incidence in children between the years 2000 and 2013 for each
county ranged from 31 to 484 cases per million. For the most part, all four counties were
below the national average with exceptions of some peak years. The national average ranged
from 157 to 175 cases per million children
 Leukemia was the most common diagnosis in all four counties between 2000-2013,
accounting for approximately 28% of all cancer cases for those years respectively. National
average was 28% from 2004-2006 (U.S EPA, 2013).
 The age-adjusted childhood cancer mortality in children between the years 2000 and 2013 for
the entire state of Arizona ranged from 21 to 39 cases per million children compared to the
national rates of 20.5 to 24.8 cases per million.
 The childhood cancer incidence for Mexico has slowly increased from 2008 to 2014 from 91
to 112 cases per million children.
 The childhood cancer incidence for Sonora has been below the national average from 2008 to
2013 ranging from 70 to 94 cases per million children. In 2014, the cancer incidence for the
state surpassed the national childhood cancer incidence by 15 cases to 127 cases per million
children.
 The childhood cancer mortality in children in Sonora has remained above or at the same level
as the national level for 5 out of the 7 years illustrated in Figure 4 ranging from 36 to 61
cancer cases per million children between 2008 to 2014.
Data gaps
 Some data in the ACR are not complete and thus cancer cases may be underreported or
underestimated.
 Statewide childhood cancer mortality case data were available in the ACR for analysis but
not for the individual Arizona border region counties of interest.
 Queries in the ACR for age could only be done from 0-4 years, 5-14 years and 15-24 years.
The latter age group had to be excluded from analysis due to a mixture of adult and children
data. Thus, relevant data for this indicator for children between the ages of 15-19 is missing.
 Childhood cancer incidence and mortality are not comparable between the United States and
Mexico due to different age groups analyzed in this report.
Recommendations
 Work collaboratively to develop a system for sharing cancer information binationally, that
also allows comparison within similar age groups by cancer types.
 Improve the Arizona Cancer Registry to allow greater flexibility to query data by different
age groups, by counties and ethnicities.
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Key Findings, Data Gaps, and Recommendations
Adverse birth outcomes
Key findings
 Percentage of infants delivered at term with low birth weight has remained relatively the
same between 2000-2014 for the Arizona Border region and the state of Arizona at 7% and
nationally at 8%.
 The percentage of infants delivered at term with low birth weight along the Sonora border
region, and the state of Sonora are relatively similar between 3-6%, which is below the
Mexico national average of 5-8% during 2008 and 2014.
 The U.S, Arizona and along the Arizona side of the border have higher percentages of birth
delivered pre-term (9-11%), compared to Mexico, the state of Sonora and the Sonora side of
the border (5-7%).
Data gaps
 Arizona county data for preterm and LBW births are not available by race/ethnicity to allow
comparisons of these adverse birth outcomes by county and race/ethnicity.
 The percentage of mothers in rural municipalities who have birth in their homes due to lack
of access to transportation to health facilities is unknown and is not reflected in the data for
Mexico.
 It is not clear why percentage of preterm birth in the U.S and Arizona are higher than Mexico
and along the Sonora Border.
Recommendations
 Even though health agencies may collect data by race, income and age by county, most of the
time data were not easily available on their websites. Being able to analyze data for preterm
and low birth weight by race/ethnicity would allow comparisons of these adverse birth
outcomes by county and race/ethnicity. This will shed light on where to focus efforts to
further lower cases of preterm and low birth weight, to improve overall children’s health.
Preterm and low birth weight can cause long-term health problems for babies and have longlasting effects into adulthood.
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1 Environment and Contaminants ǀ Drinking Water Contaminants
Drinking Water Contaminants
Clean drinking water is essential for life. Water security1 is of a great concern along the ArizonaSonora Border in particular due to its semi-arid climate. Both Arizona and Sonora have
identified managing water resources as a high priority to ensure water availability and quality in
the present and in the future. The primary drinking water sources are groundwater and surface
waters, including the Colorado River. Approximately 43% of Arizona drinking water comes
from groundwater (Arizona Department of Water Resources (ADWR, n.d.). In Sonora, drinking
water comes from groundwater and surface water, and in Ambos Nogales2 50% of potable water
comes from the Santa Cruz aquifer (Sprouse, 2005). The border-counties in Arizona and
northern Sonora share a similar watershed. Water pollution, water quality degradation, and water
stress in one country has an impact on the other. Due to its semi-arid climate3, the ArizonaSonora border region receives less annual precipitation compared to other regions and, as a
result, experiences low recharge to its aquifers and high-water stress (Mumme, 1999; Statistics
on Water in Mexico (SWM), 2010 Edition). Arid and semi-arid regions will be to a greater
extent impacted by climate change due to rise in temperatures and increase in drought with lower
stream flows, which in turn will result in water scarcity and degradation of water quality (IPCC,
2007; Gleick, 2010; Spring 2014).
Drinking Water and Contaminants along the Arizona-Sonora Border Region
Economic development and increase in population growth all add pressure on the drinking water
supply systems. Between 2000 and 2007, the U.S-Mexico border region as a whole grew by
10%, of which 2.2% increase was from the Arizona side, while the Sonora side saw a decrease of
less than 1% (Pavlakovish-Kochi & Lim, 2009). However, there was a profound increase
previously, between 1990 and 2000, during which time population along the border grew 17.9%
along the Arizona side of the Border, while the Sonora of the border saw a 3% decrease
(Pavlakovish-Kochi, 2005). While population on the U.S side has continued to grow, that of the
Sonora Border region has remained relatively the same. The northern part of Mexico has
experienced health concerns due to lack of proper sanitation and clean water, in addition to water
scarcity concerns (SWM, 2010 Edition). Moreover, deficiencies in wastewater treatment,
disposal of effluent, and inadequate operations and maintenance of treatment plants have all
posed health risks due to potential contamination of both the surface and groundwater in urban
and rural border communities (Arizona Department of Environmental Quality (ADEQ), n.d.; Pan
American Health Organization (PAHO), 2012).
While the United States has seen continuous improvements in water quality and delivery from
the early 1970s following the Clean Water Act, the Arizona-Sonora Border region has not kept
up the same pace. While 98% of the households have access to piped drinking water in the U.S
1

Water security is defined as the capacity of population to safeguard sustainable access to adequate quantities of
acceptable quality water for sustaining livelihoods, human well-being, and socioeconomic development, to ensure
protection against water-borne pollution and water-related disasters, and for preserving ecosystem in a climate of
peace and political stability (UN-Water, 2013)
2
Ambos Nogales refers to the twin sister cities of Nogales Arizona and Nogales Sonora
3
Semi-arid climate is characterized by light rainfall and having from about 10 to 20 inches of annual precipitation
(Merriam-Webster dictionary)
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1 Environment and Contaminants ǀ Drinking Water Contaminants
border cities overall, only 78% have such access in border cities like Nogales, Sonora (PAHO,
2012). In Sonora, Mexico, piped tap water is received intermittently and is not available to all
neighborhoods even in urban areas. In some cases, people rely on ‘pipas’ water supply as a
delivery system, especially in the Colonias4 with no access to piped water (Norman, 2012).
‘Pipas’ are diesel trucks that haul large metal containers filled with water that are used to fill
large containers owned by homeowners via a hose. The pipas system may be operated though
Organismo Operador Municipal de Agua Potable (OOMAPAS)5, a water utility company that is
responsible for both distribution and water monitoring or through private vendors (Norman et al,
2012). While those served by pipas from the municipality may adhere to better water quality
standards, private pipas delivery system may not necessarily adhere to water quality standards
(Norman, et al., 2012) or the storage tanks may be contaminated rendering people ill (Caldera,
2011). In addition, there is a population that use domestic wells. In the U.S., users of domestic
wells are not required by law to monitor water quality. As of 2007, it was estimated that 5% of
the U.S border population were on domestic wells (Artiola and Uhlman, 2009). The Arizona –
Sonora Border region has a long history of environmental pollution, including water
contamination (Sanchez, 1995; U.S Department of Health and Human Services (DHHS), 2006).
As a result, the Border population has a perceived idea that it is safer to consume water from
purchased water bottles as opposed to consuming drinking water supplied by the utility
company. Not surprisingly, Mexico is one of the largest consumers of bottled water per capita
than any other country in the world (Rodwan, 2014; Victory, n.d.).
In Arizona, the U.S EPA and the ADEQ are responsible to ensure water supply for public use is
safe and meets drinking water quality standards set by U.S EPA. The drinking water standards
require public water suppliers to be disinfected and monitored to protect public health. The U.S
EPA has set standards to monitor for microbial, organic and inorganic chemicals pollutants, as
well as monitoring for physical parameters such as turbidity. In the U.S, violations of these
standards are voluntarily reported by the water supply system to the U.S EPA. This information
is also available to the public, through the Safe Drinking Water Information System (SDWIS) on
the U.S EPA website. Similarly, the EPA requires U.S community water systems to provide
consumers with annual drinking water quality reports, termed “Consumer Confidence Reports”.
In the Sonora Border region, the Secretariat of the Environment and Natural Resources
(SERMANAT) sets limits of the type and quantity of pollutants allowed in water for agricultural
purposes (Official Mexican NOM-001-ECOL-1996) (Comisión National del Agua (CONAGUA)
n.d.), while the drinking water monitoring standards are set by the Ministry of Health. The
Ministry of Health has established requirements for water supply systems, transportation of
drinking water, as well as sampling procedures. The standards established by the Ministry of
Health to ensure safety of drinking water for human use include; monitoring for inorganics and
organic chemicals, microbial as well as physical parameters (The Joint Academies Committees
on the Mexico City Water Supply, 1995).

4

Colonia is an unincorporated housing development, characterized by high poverty rate and may lack basic
community infrastructure (PAHO, 2012).
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Safe Drinking Water Information System (SDWIS)
The Safe Drinking Water Information System also known SDWIS is U.S EPA database for
drinking water violations (monitoring, reporting or health-based). Information is provided to the
U.S EPA voluntarily by the drinking water supply system. Water supply systems are required by
law to monitor for certain drinking water contaminants and where these requirements are not
met, they are required to report these violations back to the state. The state then reports back to
the U.S EPA. For each public water system, it provides the county, the city and population it
serves, the type of water source and a unique water system ID, as well as the type of violation.
Health Based Violation
Health based violation indicator represents violations where surface water was not treated
properly or a monitored contaminant exceeded a safety standard (i.e., Maximum Contaminant
Level (MCL)). (U.S EPA SDWIS). These violations are grouped as follows:
 Surface water treatment: includes violations of guidelines within the Surface Water
Treatment Rule and the Interim Enhanced Surface Water Treatment Rule. Both rules
stipulate maintenance proceedings as well as treatment types for public water systems in
order to prevent drinking water contamination through microbes.
 Chemical and radionuclide: includes violations of MCLs for organic and inorganic chemicals
based on the Chemical Contaminant Rules. These include chemicals like: benzene, carbon
tetrachloride, cadmium, endrin and glyphosate. Violations for radionuclides are also included
based on the Radionuclides Final Rule, which include uranium and radium.
 Lead and copper: includes violations to guidelines implemented for the control of lead and
copper in drinking water including water treatment requirements.
 Total coliforms: includes violations in the health goal (Maximum Contaminant Level Goal
(MCLG)) and the legal limits (MCL)) for total coliform bacteria, which EPA considers an
indicator for other pathogens in drinking water.
 Nitrate/nitrite: includes violations of the MCL’s for nitrates and nitrites.
 Disinfectants and disinfection byproducts: includes violations of disinfectant standards,
which include chloramines, chlorine and chlorine dioxide. Violations for disinfection
byproducts are also accounted, which include bromate, chlorite, haloacetic acids (HAA5) and
total trihalomethanes (TTHM’s).
Monitoring and Reporting Violations
This indicator represents violation of monitoring and reporting where a system failed to complete
all samples or a sample in a timely manner, or had another non-health-based violation. An
example would be a water system that failed to take a large percentage of the required samples or
the water system failed to take some of the required samples (U.S EPA SDWIS)
Evaluation of Environmental Health along the Arizona-Sonora Border 2017
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1 Environment and Contaminants ǀ Drinking Water Contaminants
Data Presented in the Indicators
Health indicator (Figure 1) presents the estimated percentage of the total Arizona border
population served by community water systems with violations of drinking water monitoring and
reporting requirements. The statistics are based on data reported to SDWIS on violations
between the years 2000 and 2015. The indicator is calculated by first obtaining all public water
systems with any violations in the EPA SDWIS database within each Arizona Border county
(Cochise, Pima, Santa Cruz and Yuma). The percentage population was obtained by adding the
number of people supplied by the water supply systems who reported violations. Water suppliers
that served less than 500 people were excluded (approximately 44,711 people). The total number
of people served by each water system with violations for each county was then summed up.
U.S. census data were used to estimate the total percentage of children exposed to water served
by water systems with violations.
Figure 2. shows the estimated percentage of the total Arizona border population served by
community water systems that failed to meet health-based drinking water standards between the
years 2006 to 2015. The data were also obtained from SDWIS and the same procedures used to
determine reporting and monitoring violation shown on figure 2. However, it must be noted that
the categories nitrates/nitrites, lead and copper and surface water treatment are not present in the
table because there were no health-based violations in these categories.
Both Figure 1 and 2 illustrate comparable data throughout the 10-year period between 20062015. However, there were some changes in drinking water standards that are reflected in the
analysis. Changes in the surface water treatment rule were made in 2006 (U.S EPA). This
includes changes to arsenic levels in drinking water supply systems. In 2007, there were changes
to the lead and copper rule (U.S EPA). It should also be noted that low number of violations for
health-based standards could be due to under-reporting. According to the U.S. Government
Accountability Office (GAO) Report to Congressional Requesters (2011), data reported to EPA
are unreliable and fail to reflect water system performance. Furthermore, the report illustrated
that 97% of all discrepancies found in the SDWIS database were due to underreporting, and this
may also affect monitoring and what is known about health based violations (GAO, 2011).
It must be noted that both monitoring and reporting, and health based indicators fail to provide a
direct measure of people’s exposure to contaminants in drinking water. Data was analyzed to
only estimate the percentages of people served by these water systems using U.S. census data
and the SDWIS database.
About the indicators: Data for both indicators; health based violation (figure 1) and monitoring
and reporting violation (figure) were obtained through EPA’s Safe Drinking Water Information
System database. The data are voluntarily reported by the water supply systems. Since data are
voluntarily reported, the data may be inaccurate or underreported. Figure 1 represents the
percentage of total Arizona Border population served by community water systems that did not
meet all applicable health-based drinking water standards. Figure 1 is aligned with the America’s
Child and the Environmental (ACE3), indicator E7. Figure 2 shows the percentage of the total
Arizona Border population served by community water systems that violated the drinking water
monitoring and reporting requirements. Figure 2 is also aligned with ACE3 indicator E8.
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Percentage

Figure 1: Estimated percentage of total Arizona border population served by community
water systems that did not meet all applicable health-based drinking water standards,
2006-2015
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Data: U.S. Environmental Protection Agency, Office of Water, Safe Drinking Water Information
System
Data Characterization
- Data was downloaded from the U.S EPA Safe Drinking Water Information System (SDWIS)
by county. However, not all violations are reported and may therefore be underestimated.
- Drinking water standards have changed over time and may therefore some violations may not
be comparable.
- About 5% (300,000) of the population in Arizona were on private wells as of 2007 (Artiola
& Uhlman, 2009). Private wells are not regulated and therefore not included in this report.
- For reference, the following are the statistics for percent of the population for children under
18 years of age in the four Border counties: 21.9% (Pima), 28.3% (Santa Cruz), 26.2%
(Yuma), 22.4% (Cochise) (U.S Census, 2011)
Key Findings
 There was an overall downward trend for all categories of health-based standards between
2006 and 2014.
 Between 2006 and 2014, the estimated percentage of total Arizona Border population
supplied by public water systems that had any health-based violation varied between 8% in
2006 and 11% in 2008. This is below the national average at 13% and 7% between 2003 and
2009 respectively.
 There was an increase in number of violations between 2007-2008 from 8% to 11%.
 The estimated percentage of Arizona Border population supplied by public water systems
that failed to meet health-based standards for chemical and radionuclides was about 2% in
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2006 and decreased to 0.2% in 2014. The national average has been steady at less than 2%
from 1993-2009 (U.S EPA, 2013)
 The estimated percentage of Arizona Border population supplied by public water systems
that failed to meet health-based standards for total coliforms was about 10% in 2006 and
decreased to 2% in 2014 compared to the national level which averaged 4% between 19972009 (U.S EPA, 2013).

Figure 2: Estimated percentage of total Arizona Border population served by community
water systems with violations of drinking water monitoring and reporting requirements,
2000-2015.
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Data: U.S. Environmental Protection Agency, Office of Water, Safe Drinking Water Information
System
Data Characterization
- Data was downloaded from the U.S EPA Safe Drinking Water Information System (SDWIS)
by county. However, not all violations are reported and may therefore be underestimated.
- Drinking water standards have changed over time and may therefore some violations may not
be comparable.
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Key Findings
 From 2009 onward, violations of drinking water monitoring and reporting requirements
remained relatively constant.
 Between 2000 and 2014, the estimated percentage of total Arizona Border population
supplied by public water systems that had any type of monitoring and reporting violation
averaged between 15% and 20% except in 2006-2007, similar to the national average (U.S
EPA, 2013).
 In 2005 and 2006 43% of the Arizona Border population were supplied by public water
systems with monitoring and reporting violation, compared to the national average of
approximately 23% during similar period.
Data Gaps
 No water quality monitoring data was obtained for the Mexico side. Even though similar
Drinking Water Quality Monitoring Standards exist in Mexico, it is not clear if data are
available to the public.
 Data submitted to the Safe Drinking Water Information System (SDWIS) are voluntary, and
may not fully capture water quality issues.
Recommendations
 Work collaboratively to develop a system for sharing water quality information binationally.
Arizona-Sonora Border region share a similar watershed. Poor water quality or water
contamination on one side of the border may pose health risks to population on both sides of
the border.
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Criteria Air Pollutants
The Clean Air Act (CAA), which was enacted in 1970 and was later amended in 1977 and 1990,
allows the United States Environmental Protection Agency (U.S. EPA, 2016) to establish the
National Ambient Air Quality Standards (NAAQS) to protect public health. The CAA identifies
two types of national ambient air quality standards. The primary standards provide public health
protection and protect the health of those considered vulnerable such as those with asthma,
children and the elderly. The secondary standards protect the public welfare including protection
against decreased visibility, damage to crops and vegetation, animals as well as buildings (U.S
EPA, n.d). The U.S EPA has national air quality standards for six Criteria Air Pollutants (CAP).
The six criteria air pollutants which are also the common air pollutants are ground-level ozone
(O3), particulate matter (PM), carbon monoxide (CO), sulfur dioxide (SO2), nitrogen dioxide
(NO2), and lead (Pb).
Ozone (O3): ground-level ozone is not directly emitted into the air but rather forms because of
chemical reactions between nitrogen oxides (NOx) and Volatile Organic Compounds (VOCs) in
the presence of sunlight. Major sources of NOx and VOCs include: industrial facilities, electrical
utilities, motor vehicles, gasoline, and others (U.S EPA, n.d). Breathing ozone may trigger
respiratory problems especially for the elderly, children and those with lung and asthma diseases
(U.S EPA, 2016; McBride et al., 1994). Ozone may cause premature deaths; developmental,
reproductive, and cardiovascular harm; asthma attacks; wheezing and coughing; susceptibility to
infections; and lung redness and swelling. (American Lung Association, 2016).
Particulate matter (PM): is a mixture of particulates such as nitrates and sulfate acids, organic
chemicals, metals, soil, dust particles and liquid droplets. The U.S EPA is particularly concerned
with PM10 and PM2.5. PM10 are inhalable particles such as those from dust, are larger than 2.5
micrometers and smaller than 10 micrometers. PM2.5 includes fine particles 2.5 micrometers and
smaller such as those from smoke, haze, and gases from industries (U.S EPA, 2016). Particulate
matter is of concern to human health. There is a correlation between the size of the particulate
matter and health. When inhaled, these particles are small enough to get into the lungs and may
exacerbate respiratory symptoms, irritate airways, cause difficulty breathing, aggravate asthma,
and contribute to the development of Chronic Obstructive Pulmonary Diseases (COPD). (Hansel
et al., 2016; Gorai et al., 2014; Delfino et al.,1996). Furthermore, some particles are small
enough that they may enter the bloodstream (U.S EPA, 2016).
Carbon monoxide (CO): The majority of outdoor carbon monoxide emissions come from
mobile sources emitted from combustion processes and indoor sources include chimneys, gas
stoves, and gas-fueled space heaters (U.S EPA, 2016). Carbon monoxide is a colorless and
odorless gas that reduces oxygen delivery to vital organs such as the heart and the brain when
inhaled (U.S EPA, 2016). At high levels, carbon monoxide may cause death. Carbon monoxide
poisoning symptoms includes headache, dizziness, upset stomach, confusion and vomiting. The
Center for Disease Control (CDC) estimates 20,000 visits a year to emergency rooms due to
carbon monoxide poisoning and 4,000 hospitalizations (CDC, 2015).
Sulfur dioxide (SO2): EPA’s NAAQS for sulfur dioxide is to protect the population from the
entire group of sulfur oxides (SOx). SO2 is the compound of greatest concern and is used to
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represent the group. SOx react with other chemicals to form smaller particles that may get into
the lungs and exacerbate respiratory diseases and heart diseases (U.S EPA, 2016). One of the
major sources of sulfur oxide is fossil fuel combustion in power plants and industrial facilities
(U.S EPA, 2016). People with lung diseases, children, and older adults may be more sensitive to
sulfur oxide. Sulfur oxide is also linked to a number of respiratory diseases.
Nitrogen dioxide (NO2): is the indicator compound for another group of highly reactive gases
known as nitrogen oxides (NOx). The NOx group also includes nitrous acid and nitric acid.
Nitrogen dioxide is a combustion-generated oxidant gas that is present both indoors and outdoors
(Samet and Bell, 2004). The major source for outdoors is from combustion engines and power
generators. The U.S EPA NAAQS use the nitrogen oxides group to monitor a large group of
nitrogen oxides such as nitrous and nitric acid. Indoor nitrogen oxide levels are also of a concern
to health, as short-term exposures can irritate the respiratory system and lead to complications
(U.S EPA, 2016). Indoor nitrogen oxides at levels below the NAAQS levels have shown to
increase asthma morbidity in children (Belanger et. al., 2013).
Lead (Pb): is a naturally-occurring metal that is used in various industrial settings. Sources of
lead in the air may include ores in metal processing, waste incinerators, utilities and lead-acid
battery manufacture. Prior to 1980, sources of lead in the air were primarily from combustion of
leaded gasoline (EPA, 2016). However, EPA’s regulatory efforts to curb the use of lead in
gasoline, the amount of lead in the air has reduced by 98% from 1980-2014 (EPA, 2016). Lead
intake into the body can affect the nervous system, immune system, kidneys and the capacity for
the blood to carry oxygen into the body. Children are more sensitive to lead exposure, even at
lower concentrations because it can affect childrens’ brain development and may also cause
behavioral problems (EPA, 2016).
Air Quality along the Arizona-Sonora Border
The two types of air pollution that dominate in the U.S are ozone and particulate matter. In the
U.S., over 166 million people live in counties with unhealthy levels of one or both of these
pollutants (American Lung Association, 2016). In the U.S., progress has been made to improve
air quality over the years. However, challenges still exist to continuously tackle air quality along
the border region, including along the Arizona-Sonora Border. The Border Region shares a
common air shed. Poor air quality along one side of the border impacts the population on the
other side of the border. PM pollution is of a particular concern along the border region due to
unpaved roads, poorly maintained and aging vehicles, and the maquiladora industries along the
border communities. In Ambos Nogales, unpaved roads were identified as one of the largest
source of particulate matter (ADEQ, 2005). The semi-arid environmental condition and high
winds all elevate the PM levels in the regions. Even though there is an extensive network of
Ambient Air Quality Monitoring along the U.S. side of the border, efforts have been lagging
especially along the Mexico side of the border.
Along the Arizona side of the border, not all CAPs are monitored in each of the four counties.
Pima County monitors all six of the CAPs. Cochise and Yuma Counties monitor for ozone,
PM2.5, and PM10, while Santa Cruz only monitors for PM 2.5 and PM10. Along the Mexico side of
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the border, only Nogales, Sonora monitors for PM10 and PM2.51. Several studies have been
conducted over the years to set up groundwork for air quality monitoring on the Mexico side of
the border. These studies have collected data for PM10, Air Emissions Inventory, and human
health risk assessment (ADEQ, 2012) to establish future air quality monitoring efforts. These
efforts are underway and ongoing. Currently, The Sonora Commission on Ecology and
Sustainable Development (CEDES), the Secretariat of Environment and Natural Resources
(SERMANAT), U.S EPA Border 2020, and ADEQ are working together to establish Air Quality
Monitoring Network along the Arizona-Sonora Border.
Data Presented in the Indicators
Data presented for Figures 1-4 were downloaded from the U.S. EPA Air Quality Data, Air
Quality Statistics Report. Data were queried by year and county and include exceptional events.
Data presented in Figure 1 show children 0-17 years of age living in counties with criteria air
pollutants above the National Ambient Air Quality Standards2 including exceptional events3.
Data for children ages 0-17 years of age were obtained from census data for the four border
counties presented herein. Data presented in Figures 2-4 show the criteria air pollutants by
county, including exceptional events. Data presented in Figure 5 for Nogales Sonora were
obtained from the Arizona Department of Environmental Quality (ADEQ) Office of Border
Health. Data presented in the graph are also for PM10 concentrations by year, including
exceptional events.
About the indicators: Figure 1 represents the percentage of children living in counties where
measured ambient concentrations of criteria pollutants were greater than the levels of the Clean
Air Act health-based standards at any time during a year. Figure 1 presents results for criteria
pollutant for each year, and is aligned with the third America’s Child and the Environment
(ACE3) report. Figures 2-4 show the concentrations of the monitored Criteria Air Pollutants by
county. Figure 5 shows the concentrations PM10 of the monitored Criteria Air Pollutants in
Nogales, Sonora municipality.

1

Data for PM2.5 from Nogales Sonora were not included in this report.
National Ambient Air Quality Standards: https://www.epa.gov/criteria-air-pollutants/naaqs-table#3
3
Exceptional events are unusual or naturally occurring events that affect air quality. These events may not be
reasonably controlled using techniques that the agencies have put in place to attain the NAAQS (U.S EPA).
2
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Figure 1: Percentage of children ages 0 to 17 years living in the Arizona Border counties
with pollutant concentrations above the levels of air quality standards, by pollutant, 2005–
2015
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Data source: U.S EPA, Outdoor Air Quality Data, Air Quality Statistics Report.
Data Characterization
-

-

-

Data were queried from AirData, Air Quality Statistics Report by year, county, and
exceptional event. Exceptional event data were included to provide daily information when
NAAQS were not met.
Ozone data are based on Pima, Yuma and Cochise counties. Santa Cruz does not monitor for
ozone. Therefore, the percentage of children population for Santa Cruz is not accounted for
ozone exposure. As a result, the percentage of children living in counties with ozone above
the levels of current air quality standards may be underestimated.
PM10 and PM2.5 based on all four border counties.

Key Findings
 Percentage of children ages 0-17 lived in counties with PM10 above the national air quality
standard above the level of the current PM10 24-hr standard at least one day during the year,
increased from 28% in 2005 to 100% in 2013. This is much higher compared to the national
average of 3-5% between 1999-2009 (U. S EPA, 2013). The percentage significantly
decreased to 26% between 2013 and 2015.
 Between 2005-2009, on the average 30% of children ages 0-17 lived in counties with PM2.5
above the levels of the current 24-hr PM2.5 standards at least once a year, compared to the
national average of between 60-32% during 2005-2009 respectively. From 2010 to 2015, no
children ages 0-17 lived in counties with PM 2.5 levels above the National Ambient Air
Quality Standards along the Arizona Border region.
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 Between 2005-2015, the percentage of children living in counties with Ozone concentrations
above the levels of the current 8-hr ozone standard at least one day decreased from 48% to
26%. This is lower than the national average of 50-65% between 1999-2009 respectively
(U.S EPA, 2013).
 Along the Arizona Border counties, 80% of children ages 0-17 years live in counties with no
air quality monitoring for carbon monoxide, nitrogen oxides, sulfur oxide, or lead.
 Along the Arizona Border counties, 29% of children live in counties with no air quality
monitoring for ozone, compared to the national level of 27% (U.S EPA, 2013)
Figure 2: Ozone concentration along the Arizona Border counties, 2005-2015
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Data source: U.S EPA, Outdoor Air Quality Data, Air Quality Statistics Report.
Data Characterization
-

-

Data were queried from AirData, Air Quality Statistics Report by year, county, and
exceptional event. Exceptional event data were included to provide daily information when
NAAQS where not met.
Ozone data were based on Pima, Yuma and Cochise Counties. Santa Cruz does not monitor
for ozone.

Key Findings
 Only Pima, Yuma, and Cochise Counties monitor for ozone
 Pima has maintained ozone levels below 0.075 ppm since 2006 while Yuma has had at least
one 4th maximum 8-hour concentration above the current standard for seven out of the eleven
years between 2005-2015.
 Ozone in Cochise County has stayed relatively below the National Ambient Air Quality
Standards.
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Figure 3: PM10 concentration along the Arizona Border counties, 2005-2015
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Data source: U.S EPA, Outdoor Air Quality Data, Air Quality Statistics Report.
Data Characterization
-

-

Data were queried from AirData, Air Quality Statistics Report by year, county, and
exceptional event. Exceptional event data were included to provide daily information when
NAAQS where not met.
PM10 data are based on all four border counties; Pima, Yuma, Santa Cruz and Cochise.

Key Findings
 On average, Yuma and Santa Cruz had at least one day of PM10 2nd maximum above the
national standard annually between 2005-2015.
 Pima County had at least one day of PM10 2nd maximum above the standard between 20102013.
 Cochise maintained PM10 levels below the National Ambient Air Quality Standard except in
2013.
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Figure 4: PM2.5 concentration along the Arizona Border counties, 2005-2015
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Data source: U.S EPA, Outdoor Air Quality Data, Air Quality Statistics Report.
Data Characterization
-

-

Data were queried from AirData, Air Quality Statistics Report by year, county, and
exceptional event. Exceptional event data were included to provide daily information when
NAAQS where not met.
PM2.5 data were based on all four border counties; Pima, Cochise, Santa Cruz and Yuma.

Key Findings
 All counties maintained PM2.5 below the National Ambient Air Quality Standard except for
Santa Cruz. In 2009, at least one day the measured PM2.5 concentration was more than three
times higher than the national standard.
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Figure 5: PM10 concentration above the levels of air quality standards along the Nogales
Sonora Border, 1995-2009.
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Data source: Arizona Department of Environmental Quality (ADEQ), Office of Border Health.
Data Characterization
-

Raw data for 2010 were available, but were not quality assured and therefore not included.
Raw data for all other years that were available from 1995-2009 were plotted taking into
account only the 2nd 24-hr >150 µg/m3.

Key Findings
 On average, between 1997-2007, Nogales Sonora had at least one day of 2nd maximum above
the standard except for 20034.
 On average, between 1996-2008, 100% of the children in Nogales, Sonora lived in a
municipality with PM10 above the U.S. National Ambient Air Quality Standards.
 A total of 75% of children ages 0-17 years live in municipalities with no PM10 air quality
monitoring, while 100% live in municipalities with no PM 2.5, carbon monoxide, sulfur
dioxide, nitrogen dioxide or lead air quality monitoring.

4

In 2003, there was only one day where PM10 concentration was above the standard. The PM10 concentration
above the standard was 182.6 µg/m3 .

Evaluation of Environmental Health along the Arizona-Sonora Border 2017

Page 24 of 95

1 Environment and Contaminants ǀ Criteria Air Pollutants
Air Quality Index
The AQI is based on daily measurements of up to six air criteria pollutants (carbon monoxide,
ozone, nitrogen dioxide, particulate matter, and sulfur dioxide), excluding lead. Lead is not
included because it requires averaging concentrations over three-months period, and samples
may take several weeks to be analyzed (EPA, 2013). Pollutants included in the AQI depend on
the air criteria pollutant monitored in the area each day. Each pollutant is given a value on a scale
relative to the air quality standard for the pollutant. The daily AQI value of 50 is defined as
either the level of the annual standard, if one has been established, or a concentration equal to
one-half the value of the short-term standard used to define index value of 100 (U.S EPA, 2013).
EPA divides AQI into scales; good, moderate, unhealthy for sensitive groups, and unhealthy.
Air quality is considered good (code green), if the AQI is between 0-50, posing little risk or no
risk. Code yellow refers to moderate air quality with AQI between 51-100. Air quality
designated as code yellow may pose health effects to a small number of individuals. Code orange
refers to air quality that presents moderate health concerns at AQI between 101-150. Air quality
designated as code orange may pose health effects to some sensitive groups such as the children.
Between AQI 151-200 (code red), the general population may experience health effects, while
AQI values between 201-300 are designed very unhealthy (code purple). Values between 301500 are considered hazardous (code maroon) (U.S. EPA, 2016).
Data presented in Figure 6 were queried from the Outdoor Air Quality, Air Quality Index report
by year and by county. The report provides AQI annual summaries, which includes the AQI
value and the count of days in each AQI category. Data for the number of days good, moderate
or unhealthy were averaged by year for the four border counties.
About the Indicators: Figure 6 represents Air Quality Index (AQI) values for counties along the
Arizona Border Region, and is aligned with the ACE3 (E3). AQI is an indicator of the overall air
quality, and takes into account criteria air pollutants measured in a geographic area (U.S. EPA).
Even though AQI includes all available pollutants measurements, it is important to keep in mind
that some areas have air monitoring stations and some do not.
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Pecentage of days with good, moderate
and unhealthy

Figure 6: Percentage of days with good, moderate, or unhealthy air quality along the
Arizona Border Region, 2005-2015
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Data source: Data dowloanded from the U.S EPA Outdoor Air Quality Data, Air Quality
Index Report.

Data Characterization
-

AQI are based on daily monitoring data for the five air criteria pollutants.
Data presented include the average days of AQI for Pima, Santa Cruz, Cochise and which
were above 300 days per year between 2005-2015.

Key Findings
 For all the four Arizona Border counties, only 1% of days were designated as unhealthy in
2005 compared to the national levels of 5-2% between 2005 and 2009.
 The percentage of days designated as moderate stayed at or below 40 % between 2005 and
2014, and dropped to 28% in 2015, compared to national levels of between 10-15% in 2005
and 2009.
 The percentage of days designated as days with good air quality increased from 53-62 %
between 2005 and 2009, compared to national average of 41-57% during same period. The
days designated with good air quality further improved to 69% in 2014.
Data Gaps
 Only Pima County monitors for all six criteria air pollutants.
 Santa Cruz and Cochise do not monitor for sulfur dioxide, nitrous oxide, or carbon
monoxide, or lead. In addition, Santa Cruz does not monitor for ozone.
 Since the beginning of 2007, Yuma does not monitor for sulfur dioxide, nitrous oxide, or
carbon monoxide
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 Approximately, 75% of the population along the Arizona Border live in counties where
sulfur dioxide, nitrogen dioxide or lead are not monitored.
 Along the Mexico side of the border, only Nogales, Sonora monitors for PM10, and data were
available up until 2009. The remaining municipalities (San Luis Colorado, Naco, and Agua
Prieta) do not monitor for air quality.
Recommendations
 Work binationally to monitor for all six criteria pollutants along the Sonora side of the
border. The Arizona-Sonora Border share a similar air shed. Air pollution on one side of the
border affect border population on both sides of the border.
 Monitor for sulfur dioxide, nitrous oxide, and carbon monoxide in Santa Cruz, Cochise, and
Yuma.
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Hazardous Air Pollutants
Hazardous Air Pollutants (HAPs) are toxic air pollutants that may cause cancer and other
detrimental health issues (Windham et al., 2006). The detrimental effect can range from
reproductive adverse effects to respiratory complications or neurological issues. Currently, a
total of 187 HAPs are controlled by the United States Environmental Protection Agency (U.S
EPA) under the Clean Air Act. These include: asbestos, benzene, trichloroethylene (TCE),
arsenic compounds, beryllium and many others.
Sources of HAPs may include mobile sources such as emissions from cars and trucks; stationary
sources such power plants; and indoor sources such as building materials (U.S EPA, n.d.). Other
sources such as the wildfires common in the U.S. Southwest may also contribute to hazardous air
pollutants emissions. The amount of HAPs released by any of these sources largely depends on
the size of the source. For example, major sources such as facilities like copper smelters,
advanced manufacturing and defense industries typically account for a large portion of HAPs
released into the air (Kampa et al., 2008). However, when HAP concentrations released into the
air by small businesses are summed together, the overall contribution is significant. Common
sources of HAPs are abundant. Gasoline, a ubiquitous commodity in our daily lives, contains
benzene. Low levels of benzene have been proven to cause genotoxic effects in workers (Nilsson
et al., 1996). Gasoline has also been associated with acute myeloid leukemia in children
(Nordlinder et al., 1997). Many adults and children spend most of their time indoors, and
numerous studies have documented that indoor HAPs concentration are often higher than
ambient due to additional indoor sources such as cleaning products (Spengler and Sexton, 1983;
Jones, 1999). There are no available data to measure the concentrations of HAPs in these indoor
sources (U.S EPA, 2015).
In the United States, EPA sets standards through the Clean Air Act to control emissions of
HAPs. The states work with EPA to ensure monitoring is done following the set standards. In
Mexico, the Secretaría del Medio Ambiente y Recursos Naturales (SEMARNAT) is responsible
for setting limits for HAPs, many of which are similar to U.S. standards set by EPA. However,
limited HAPs data exist for the Sonora Border region.
National Air Toxics Assessment
The National-Scale Air Toxics Assessment (NATA) is an ongoing EPA evaluation of air toxic
emissions in the United States. Its purpose is to help estimate potential human exposure to
hazardous air pollutants and the risk of adverse health effects, such as cancer from these
exposures by census tract. Although the assessment is comprehensive on a national level,
modeled concentrations of HAPs in regions where monitors are lacking serve only as estimates
and might not be accurate. Every three years, EPA compiles and updates air toxics emissions in
the United States which are then analyzed and verified to make available for the public. EPA’s
NATA modeling allows for estimation of HAP concentrations in areas where monitors might not
be present. This allows the Agency to estimate ambient concentrations for these air toxics and
their dispersion. Screening-level inhalation exposure modeling is used to estimate the people
affected. The National Emissions Inventory (NEI), along with the dispersion model AERMOD
(in HEM-3) and the chemical transport model CMAQ, were all used to determine modeled
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concentrations of HAPs for 2005 and 2011 (U.S. EPA, n.d.). HAPEM7 or hazardous air pollutant
exposure model was used in NATA 2011 to model inhalation exposures.
In the 2005 NATA, information on a total of 178 air toxics or HAPs was compiled for that year.
Emissions sources included: stationary sources such as large industrial facilities, mobile sources
such as cars, background such as long-range transport and secondary formation of pollutants
created from other pollutants. Secondary formation was the largest contributor to cancer risks
(U.S. EPA, n.d.). In the 2011 NATA, information on a total of 180 air toxics or HAPs was
compiled for that year. Emissions sources included: stationary sources, mobile sources,
background, secondary formation, events such as wildfires and biogenics such as naturallyoccurring emissions. This version of NATA combined both a long-range transport and chemistry
model as well as a near-field model in order to provide more accurate air quality estimates. This
includes better predictions on air pollution transport, secondary pollution formation and location
conditions close to specific sources (U.S. EPA, n.d.).
It must be noted that NATA estimates of health risks from HAPs is based only upon inhalation
exposure, and not through dermal or ingestion exposure. Exposures to diesel particulate matter
(diesel PM) were not accounted in the 2005 NATA due to unavailability of unit risk estimate
during the time of publication (U.S. EPA, 2011). NATA for 2011 includes diesel PM, but only
for non-cancer health effects (U.S. EPA, n.d.). NATA estimates exclude emission sources from
Mexico, which are crucial in order to assess the air quality in the Arizona-Sonora Border region.
Thus, the NATA estimates for the Border Region is likely to underestimate the risks to those
communities.
Health Benchmark for Hazardous Air Pollutants
EPA uses three health benchmarks to identify HAPs that are of concern (U.S. EPA, 2015). Of the
three health benchmarks, two are health benchmarks for cancer risk at levels 1: 100,000 and 1:
10,000. The third health benchmark estimates exposure to the HAPs that may cause minimal risk
for adverse non-cancer health effects (Caldwell et al., 1998; U.S EPA, 2015). Exposures to
HAPs concentrations above this benchmark can lead to neurological, respiratory, reproductive or
developmental adverse effects. Based on how every individual reacts to chemical exposures
differently, it is possible that no adverse effects are observed even if an individual is exposed to
HAPs concentrations above the benchmark. The same concept may also mean that some
susceptible individuals may have adverse health effects if they were exposed to HAPs
concentrations below the health benchmark. Health benchmarks come from animal testing as
well as epidemiological studies of workers who have been exposed to HAPs. However,
benchmarks have been established for some HAPs but not all. There is limited data and studies
on many of them. Furthermore, benchmarks are generally based on the possible health risks for
adults and not children. If children would be considered, some health benchmarks would have to
be lowered based on their increased exposure and susceptibility to HAPs due to their physiology,
behaviors and other factors (Hubal et al., 2000; Collins, 2008). For the 2005 and 2011 NATA, a
total of 87 HAPs were classified as cancer-causing, 105 were considered as causing adverse
health effects, excluding cancer, and some HAPs caused both cancer and non-cancer effects.
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Figure 1. presents the potential cancer risk of 1-in-100,000 people as well as 1-in-10,000. The
indicator represents the probability of 1 person contracting cancer in 100,000 or 10,000 people if
exposed 24 hours a day to modeled concentrations over a period of 70 years. This cancer case
would be an addition to the cancer cases of the unexposed population within that timeframe.
Both cancer risk benchmarks include data for HAP’s that are considered carcinogenic to humans,
possibly carcinogenic or those that show evidence of carcinogenicity. They also only take into
consideration long-term exposure rather than acute exposures at high concentrations (U.S EPA,
2015).
Data Presented in the Indicator
The HAP indicator presents modeled concentrations of hazardous air pollutants in the air for
three health benchmarks for both 2005 and 2011. Figure 1 shows the percentage of children ages
0 to 17 years living in census tracts where estimated hazardous air pollutant concentrations were
greater than the 1-in-100,000 cancer benchmarks in 2005 and 2011 in the Arizona Border
Region. However, it excludes the potential cancer benchmark of 1-in-10,000 because there was
no census tract with a cancer risk at this level in the Arizona-Sonora border region. There was
also no census tract in the region that exceeded the health benchmark for non-cancer adverse
health effects, and therefore this is not shown in figure 1. In order to determine the indicator,
modeled concentrations of each census tract (about 4,000 residents) were compared to
benchmark concentrations.
For each census track, the cancer risk for each carcinogen HAP are summed up to determine if a
particular census tract surpassed either of the two cancer risk benchmarks. The non-cancer
adverse effect benchmark for all HAPs combined takes into consideration each HAP
individually. If a HAP modeled concentration exceeds a non-cancer benchmark specifically for
that HAP, then the census tract and the county as a whole exceed the non-cancer adverse effects
benchmark.
According to EPA, estimates of risks in NATA tend to generally overestimate rather than
underestimate impacts in order to make them “health protective” (U.S. EPA, 2015). However,
the reports for both 2005 and 2011 also state that certain guidelines EPA follows for modeled
HAP concentrations can lead to underestimates as well (U.S. EPA, 2015). Therefore, the results
demonstrated in this indicator may either underestimate or overestimate the percentage of
children living in census tracts that exceed either of the three health benchmarks discussed. The
indicator (health benchmarks) shown in figure 1 are not to compare NATA results from 2005
and 2011 to show trend, but rather to provide information for both years. It is advised by EPA to
not compare NATA estimates between years because improvements in methodology make
comparisons meaningless and may be the reason for increases or decreases in modeled
concentrations of HAPs rather than changes in emissions. However, methodology improvements,
including models used, were minimal between 2005 and 2011 (U.S. EPA, 2015).
The indicator reflects exposure to HAPs concentrations through inhalation. Other exposure
routes are not included which could lead to increases in actual exposures to children and
potential health risks. Furthermore, modeled concentrations are only snapshots and do not take
into considerations the actual day-to-day variations of HAP concentrations in a particular census
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tract. Children do spend the majority of their time indoors with a combination of home and
school (Franklin, 2007). Indoor modeled HAP concentrations are not included in NATA for
either year. It only takes into account HAPs released into the outdoor air, which could lead to
increases or decreases in ambient HAP concentration exposures. HAP sources in other
neighboring countries such as Mexico are not included in NATA- underestimating modeled HAP
concentrations in the border region in Arizona.
The pollutant that contributed the most to cancer risk was benzene, but the concentrations were
not large enough to have any significant effect for this benchmark. Benzene is considered to be
carcinogenic to humans (Wiwanitkit, 2008). The pollutant acetonitrile contributed hazard indices
at the highest levels (about .0028). However, these levels are below the 1 threshold. Metabolism
of acetonitrile can produce hydrogen cyanide, producing delayed toxicity in humans (Muller et
al., 1997).

About the Indicator: Figure 1 illustrates the percentage of children living in census tracts where
estimated hazardous air pollutant concentrations were greater than the 1-in-100,000 cancer
benchmark. Modeled concentrations were obtained from the National Air Toxics Assessment for
2005 and 2011 for census tracts in the Arizona-Sonora Border Region.
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Figure 1. Percentage of children ages 0 to 17 years living in census tracts where estimated
hazardous air pollutant concentrations were greater than the 1-in-100,000 cancer
benchmark in 2005 and 2011 in the Arizona-Sonora Border Region
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Data: U.S. Environmental Protection Agency, National Air Toxics Assessment 2005 and 2011
Data Characterization
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Data for this indicator on outdoor air hazardous air pollutant concentrations were obtained
through EPA’s National Air Toxics Assessment computer model predictions for 2005 and
2011. Due to improvements in methodology in the assessment, EPA notes that it is not
meaningful to compare assessments. NATA 2005 and 2011 assessment are shown above to
provide the status of HAPs over the last 10 years and are not meant not to compare between
the two assessments.
Hazardous air pollutant concentration estimates are given for every census tract in the
Arizona Border Region
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Key Findings
 99.3% and 100% of the entire Arizona Border region children population lived in census
tracts where total cancer risk of HAPs summed to exceed the 1-in-100,000 cancer risk
benchmark for 2005 and 2011 respectively. Similarly, national data demonstrates that 99.9%
of all children in the country live in census tracts where concentrations of HAPs summed to
surpass the 1-in-100,000 cancer risk benchmark for 2005 (U.S EPA, 2013).
 No children lived in census tracts where total cancer risk of HAPs summed to exceed the 1in-10,000 cancer risk benchmark for 2005 or 2011, compared to the national data where
6.6% of the children population in the country lived in census tracts where total cancer risk
of HAPs summed to surpass the 1-in-10,000 cancer risk benchmark for 2005 (U.S. EPA,
2013).
 No children lived in census tracts in the Arizona Border Region where the total wholebody
hazard index of an individual HAP exceeded the benchmark for other health effects for 2005
or 2011. National data shows that 56.4% of children in the U.S lived in census tracts where
the total wholebody hazard index of an individual HAP exceeds the benchmark for other
health effects for 2005 (U.S. EPA, 2013).
 All children in both 2005 and 2011 in the Arizona Border region attended schools located in
census tracts where total cancer risk summed to exceed the 1-in-100,000 cancer risk
benchmark. These are the same results as the national scale.
 No children attended school located in a census tract where the total cancer risk summed to
exceed the 1-in-10,000 cancer risk compared to 7% for the national average (U.S. EPA,
2013)
 No children attended school located in a census track where at least one HAP exceeded the
benchmark for non-cancer health effects in 2005 or 2011 compared to 56% for the national
average in 2005 (U.S EPA, 2013).
Data Gaps
 There are limited data for the Sonoran Border Region on HAPs.
 NATA does not include possible HAP emissions from Mexico that could impact the ambient
concentration in the Arizona-Sonora Border region. Thus, health risk estimates for census
tracts on the U.S side of the Border are likely to be underestimated (EPA, 2015).
Recommendations
 NATA should include HAPs emissions from the Sonora border region. Arizona-Sonora
Border share a similar air shed. HAPs emitted on one side of the border may pose health risks
to the population on either side of the border.
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Pesticides in Food
Chemicals have been used throughout history for insect control. Systematic studies into the use
of chemical for food protection began in the middle of the nineteenth century (World Health
Organization (WHO), 1990)). During the first and second world war, the number and complexity
of chemicals for food protection increased. Pesticides such as organochlorines and chlordane
were introduced in the United States (U.S.) as early as 1945. Pesticides are used to prevent and
control pests, weeds and other plant pathogens and can increase crop yield and improve crop
quality when properly applied (United States Department of Agriculture (USDA), 2014).
However, pesticide exposures may potentially cause adverse health effects such as cancer and
endocrine disruption (Sugeng et al., 2014; WHO, 2016). There is toxicological evidence that
even at repeated low exposures, pesticides such as organophosphates (OP) may affect
neurodevelopment and growth in animals (Eskanazi et al., 1999). Children are especially
vulnerable to pesticide exposures due to their less-developed detoxification pathways and
developing bodies (NRC, 1993; Eskanazi et al., 1999).
With the projected increase in global population to 8.5 billion by the year 2030 (United Nation
(UN), 2015), there is a concern for global food security. An increase in population means more
demand for food. Food producers have invested in new methods and technologies thought to
heighten food production efficiency. The demand for current and future food demand brings
additional concern including potential increase in pesticide use. The term “pesticides” refers to
products designed to control pests and includes herbicides, insecticides, and fungicides, among
others. For example, herbicides are designed to control other plants that may hinder the growth
of a crop whereas insecticides target various insects that may eat, destroy, or otherwise damage
crops. The United States Department of Agriculture (USDA) found in its Economic Research
Service report summary that the use of pesticides in 211 selected crops in U.S. agriculture have
decreased between 1960-2008 (USDA, 2014). In 1960, 58% of pesticides applied by farmers in
the U.S were categorized as insecticides and only 18% were herbicides. By 2008, the usage had
reversed, with insecticides and herbicides accounting for 6% and 76% of the pounds of
pesticides applied respectively (USDA, 2014).
Pesticides in Food along the Arizona-Sonora Border Region
Food can become contaminated by chemicals or microorganisms through various sources.
Although there are U.S. federal agencies and programs that protect the safety of our food chain
such as the Food and Drug Administration, the Food Safety and Inspection Service, the Center
for Disease Control and Prevention, and the U.S Environmental Protection Agency (U.S EPA)
under the Food Quality Protection Act (FQPA), food contamination still occurs every year. The
latter is especially true in agricultural regions around the U.S. where pesticides are used
intensively. Yuma County in the Arizona border region is one of among many agricultural hubs
in the Southwest, ranking third in the nation for largest vegetable producer. It is also the supplier
for 90% of the Nation’s leafy vegetables during the winter. The agricultural sector in the
Mexican state of Sonora is also considered one of the most developed and one of the most
productive in Mexico (Quintanar et al., 2014) where they also produce fruits, vegetables, and
1

The 21 crops included; corn, soybeans, potatoes, cotton, wheat, sorghum, oranges, peanuts, tomatoes, grapes, rice
and others.
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grains, among others. It is also important to note that vegetable production for food is pesticide
intensive (Pérez-Olvera et al., 2011).
In the U.S., three federal agencies are responsible for the regulation of pesticides: the U.S
Environmental Protection Agency (U.S EPA), the Federal Drug Administration (FDA), and the
U.S Department of Agriculture (USDA) (FDA, 2013). The U.S EPA registers and approves the
use of pesticides and establishes the maximum amount of pesticide residue allowed (i.e.
tolerance) in human or animal foods. The FDA enforces the tolerance in domestic and imported
foods, except for meat, poultry and some egg products for which USDA is responsible (Neff et
al., 2012). While the FDA has a sampling program to enforce the tolerance for both domestic and
imported foods, the Mexican government has limited monitoring capabilities for their produce
exports and relies on the private sector to conduct monitoring (U.S Government Accountability
Office (GAO), 1992). Even though the U.S. has programs to enforce these tolerances, there are
critical information gaps regarding pesticide residues on foods imported into the U.S. The
USDA inspects less than 1% of the foods imported into the U.S even though 15% of the food in
the U.S is imported (Neff et al., 2012). In respect to all foods tested in 2014, 41% of the samples
had no detectible pesticides, and 99% had residues below the tolerance levels set by the U.S
EPA. Of these samples, 75.5 % were domestic and 30% were imported (USDA, 2014).
The State of Sonora in Mexico is known for its agricultural activities such as the production and
exportation of grains and a variety of vegetable crops. However, there is limited information on
pesticide residues on foods in Mexico (Aldana-Madrid et al., 2008; Pérez-Olvera et al., 2011).
Even though there are research studies on pesticides residue in crops, most of the information on
pesticide residues in crops grown in Mexico comes from countries importing their agricultural
products. Most of this information is from rejected shipment of crops, where pesticide residue
levels were above the allowed levels (Pérez-Olvera et al., 2011).
There is limited data on chemicals in food for the Border region. In this chapter, we report an
indicator presented for 20 different pesticides in “solids foods” as measured by the National
Human Exposure Assessment Survey (NHEXAS) Border Project conducted between 1996 and
2002. The 20 pesticides were grouped in six different chemical types classified based on toxicity
by the World Health Organization (WHO). This includes organophosphates, carbamates,
organochlorine compounds, dinitroanilines, triazines and polycyclic aromatic hydrocarbons
(PAHs).
Organophosphates
Many of the chemicals important to the survival of humans are organophosphates. They have
been part of our genetic makeup for centuries, ranging from DNA containing hereditary material
to ATP used up by cells for energy. Currently, these chemicals have been used as solvents,
pesticides, and even nerve agents during war. As insecticides, organophosphates target the
enzyme acetylcholinesterase by inhibiting it in an irreversible manner, impairing nerve
functionality essential for life (Katz et al., 2015). Organophosphates are problematic because of
their ability to accumulate in the environment and have toxic effects on organisms. Toxic effects
of organophosphates have been found in the fish we eat (Narra et al., 2012). In humans, it has
been found to cause spermatotoxicity in males as well as cancer (Suzuki et al., 2013; Baldi et al.,
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2001). Chemicals in this category include acephate, malathion, diazinon, chlorpyrifos and methyl
parathion.
Carbamates
Carbamates are organic compounds that are used by various industries. They are components of
polyurethanes, pesticides, wood preservatives, cosmetics and even pharmaceutical drugs
(Badreshia et al., 2002). One of their major uses is in the formulation of insecticides. They
include chemicals such as: carbaryl, methomyl, and propoxur. Unlike organophosphates,
carbamates function by reversibly inactivating acetylcholinesterase in insects, which ultimately
kills them (Aigueperse et al., 2005). This group of pesticides can cause neural adverse effects in
the body as well as hormonal changes that can be detrimental to human health (Karami-Mohajeri
et al., 2010).
Organochlorines
Organochlorines are organic compounds with a covalently attached chlorine atom.
Organochlorine compounds such as polychlorinated biphenyls (PCBs) have been used as
insulators; chloromethanes have been used as solvents; vinyl chloride has been used in PVC
piping and DDT and its derivatives; and dieldrin, heptachlor, chlordane and
hexachlorocyclohexane have been used as pesticides. These chemicals cause leakage of sodium
ions that in turn causes repeated discharges of neurons ultimately causing tremors and seizures
(Bradbury et al., 1989). Other studies have found that occupational exposure of organochlorine
compounds has led to increased risk of certain cancers (Purdue et al., 2007).
Dinitroanilines
Pendimethalin and trifluralin are both herbicides classified as dinitroanilines, which are created
using aniline and dinitrobenzenes. This class of chemical compounds are used in the preparation
of dyes. Dinitroanilines also work as herbicides by inhibiting cell division by targeting
microtubules, specifically in plants (Morrissette et al., 2004). Pendimethalin exposure associated
with increased risk of lung cancer in pesticide applicators (Alavanja et al., 2004). Trifluralin can
result in the synthesis of nitrosamines, which are known to cause cancer in animals (West et al.,
1979).
Triazines
Triazines, such as atrazine, are one of the most widely used herbicides in the U.S. They are also
used to synthesize resins and are components of reactive dyes (Sueda et al., 1977). Oil and gas
industries also use these chemicals in their operations. Groundwater contaminated with mixtures
of chemicals that include atrazine were found to have behavioral, endocrine and immune effects
on human health (Jaeger et al., 1999; Brusick, 1994; Cooper et al., 2000). Atrazine contaminated
food has also been linked to detrimental reduction in body fat content as well as nutritional wellbeing (Eason et al., 2002) Chronic exposures have also been linked with mitochondrial
dysfunction, and insulin resistance (Lim et al., 2009).
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Polycyclic aromatic hydrocarbon
Polycyclic aromatic hydrocarbons (PAHs) are organic compounds composed of multiple
aromatic rings. They are generally found in fossil fuels and can be produced due to incomplete
combustion (Samanta et al., 2002). PAHs such as acenaphthene, phenanpthrene, and fluorene,
are used to manufacture pesticides (Abdel-Shafy & Mansour, 2016). They have been found to
cause various health issues such as cancer in the lung, stomach and liver (Bostrom et al., 2002).
Cardiovascular disease and adverse developmental effects have also been linked to exposure to
PAHs (Korashy et al., 2006). Studies point to the presence of polycyclic aromatic hydrocarbons,
such as fluorene, in many foods we eat as well (Nieva-Cano et al., 2001; Muntean et al., 2013;
Dost et al., 2012).
NHEXAS U.S. Border 2012 Program Data
As part of the National Human Exposure Assessment Survey (NHEXAS), environmental and
personal samples were collected in 954 households from Arizona counties along the U.S.Mexico Border. Household surveys and food questionnaires were also administered. Sample
types included air, water, soil, dust, surface wipes, blood, urine, and 24-hour duplicate diets.
Samples were analyzed for pesticides, metals, PAHs, and volatile organic compounds
(Robertson, et. al, 1999). The Arizona counties that were included were Cochise, Santa Cruz, and
Yuma. The samples were collected from participating households between September 1997 and
July 1998. The study looked at pesticides in food consumed in the home.
For pesticides in the home environment, this study looked at occurrence of chlorpyrifos and
diazinon pesticides in the indoor and outdoor home environment. The highest concentrations for
both pesticides were found indoors. The most frequent indoor chlorpyrifos occurrences were
floor dust (88%), indoor air (65%), and sill wipes (54%), with the highest concentrations found
on sill wipes (16,000 µg/m2). The indoor air and floor dust concentrations ranged from 3.2-3280
µg/m3 and <0.004-119 µg/m2 respectively. The top two most frequent occurrences for diazinon
also occurred indoor, with indoor air (63%) and floor dust (53%). The concentrations for indoor
air and floor dust ranged from <2.1-20,500 µg/m3 and <0.02-50.5 µg/m2 respectively. The study
concluded that the concentrations of both chlorpyrifos and diazinon were comparable with those
found in Florida, Massachusetts, and Texas, where similar studies were conducted, and also with
other similar reported studies in the literature. The study further highlighted these sources were
attributed to indoor use rather than outdoor use (Gordon et. al, 1999). These findings shed a light
for the potential exposure of pesticides in homes, in addition to concerns of pesticides exposure
from foods.
With respect to the study conducted to look at pesticides in foods, a total of 20 pesticides were
tested in 86 households, constituting 86 food samples. The respondent in each household
collected a duplicate sample of the solid food they consumed within a 24-hour period for the
extent of the 4-day food diary they completed. A total of 1,599 different entries (foods) were
recorded. These included bread, chili, pop tart, Ensure, beans, and salad (NHEXAS, 2012).
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Data Presented in the Indicator
The 20 different pesticides that were sampled in the study are included in the calculation of the
indicator. However, there were some exclusions in each of the counties explained in the data
characterization section below.
Even though data was collected for the state of Arizona, data presented herein that considered the
pesticides in food, was not conducted for Pima county. Although the U.S. Department of
Agriculture collects recent national pesticide data in food through the Pesticide Data Program,
Arizona is not part of the 10-state program. Therefore, no more recent pesticide in food data is
available for the Arizona border region.

About the indicator: Figure 1. illustrates percentage of sampled meals (solid foods) with
detectable residues of a given pesticide from Arizona border county households. Results were
reported by the NHEXAS U.S. Border 2012 Program (NHEXAS, 2012). Only food categorized
as ‘solid food’ was used. ‘Liquid food’ data was unavailable. Liquid food pesticide
concentrations may be higher or lower than the solid foods presented in this indicator.
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Figure 1. Percentage of sampled meals in Arizona border county households with
detectable residues of a given pesticide
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Data were collected between September 1997 through July 1998.
Data for Pima County were not included.
The research group only included validated data2.
24-hr duplicate diets for 85 households were collected (one per household).
Results are only for solid food and do not include liquid foods (e.g. soups or beverages).

Key Findings
 Yuma County had the highest percentage of sampled meals with detectable residues for 10 of
the 18 pesticides. This could be due to agricultural activities and pesticide applications in
Yuma County, compared to the other two counties.
 More than 50% of sampled meals in households for all three counties had atrazine, fluoreneD10 and heptachlor residues.

2

Only data in the Data Quality Flag section categorized ‘valid’ (Group 1) were used. Data in Group 2 (questionable)
and Group 3 (invalid) were excluded.
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 100% of Yuma households were found to have atrazine residues, while 97% and 96% of
households in Cochise and Santa Cruz had atrazine residues, respectively.
Data Gaps
 Data were collected in 1997-1998 and no recent data were available.
 Arizona is not part of the 10 State Pesticide Data Program, limiting comparisons to national
data.
 National data available looks at pesticides for specific food groups, compared to the
NHEXAS U.S. Border 2012 Program, which was done by looking at an entire meal rather
than food categories. Therefore, it is difficult to compare with national data as well.
 The study for 24-hr solid food duplicate diet did not include Pima county.
 Even though there is data for pesticides residue on grains in Sonora (Aldana-Madrid, et. al,
2008) raw data could not be obtained despite multiple attempts.
 Data from the NHEXAS U.S. Border 2012 Program are reported as percentage detectable,
which does not necessarily explain risk.
 The NHEXAS data does not provide an explanation of whether or not the produce was
washed by the participant before analysis.
Recommendations
 Include Arizona in the USDA Pesticide Data Program to collect data for pesticides in food to
be able to compare with national data or collect most recent data for pesticides in food in
Arizona for NHEXAS follow-up (replicate NHEXAS data).
 Create a platform for sharing pesticides in foods information binationally. Mexico, including
the state of Sonora is the top supplier of fresh foods and vegetables in the United States,
especially in the winter months.
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Blood Lead
A biomonitoring indicator is the measurement of a specific item (e.g., chemical, protein) in a
human biological matrix (e.g., blood, urine, breast milk, hair) (U.S Environmental Protection
Agency (U.S EPA), 2013). Monitoring of these indicators in children provides information on
their level of internal exposure and potential for adverse health outcomes. Monitoring of these
indicators in pregnant women may also provide information on the potential risks to fetal
development complications during pregnancy and to a child’s development (Centers for Disease
Control and Prevention (CDC), 2010; World Health Organization (WHO, 2016)). Biomonitoring
indicators can include the measurement of lead in blood.
Lead Exposure
Lead is a naturally occurring element and is found in small amounts in the earth’s crust. High
amounts of lead may be toxic to human health (U.S EPA, n.d.). Lead affects multiple body
systems including the brain, kidney, liver, and bones (Shonkoff et al., 2009, WHO, 2016). Lead
is especially harmful to children, even at low levels. Lead has been shown to affect IQ, ability to
pay attention, and academic achievement in children (CDC, n.d.). Worldwide, lead exposure is
estimated to contribute to 600,000 new cases of children developing intellectual disability every
year, and accounts for 143,000 deaths annually (WHO, 2010). Anthropogenic sources of lead in
the environment include industrial contaminated sites, such as older lead smelters. In the U.S.,
the historic and most important sources of lead exposure are dust from lead-based paint
(Committee of Environmental Health, 2005). Prior to the U.S. phase out of leaded gasoline in the
early 1970s, leaded gasoline was a major source of environmental lead exposure. By the end of
1996 under the Clean Air Act, there was a total ban to sell leaded gasoline fuel (U.S. EPA,
2016).
In Mexico, the phase out of leaded gasoline started in the early 1990 and was completely phased
out by 1997 (Caravanos et. al, 2014). Lead based paint is still widely used in Mexico. Mexico is
among 40 countries where lead-based paint is still sold (Environmental Health Perspectives,
2014). A study conducted in 2008 by the International Persistent Organic Pollutants Elimination
Network (IPEN) found that enamel paint samples in Mexico contained concentrations of lead
greater than the regulatory limit for China and the United States of 90 ppm (Caravanos et al.,
2014; IPEN, 2009).
Social economic factors are important determinants of health that can predict potential for lead
exposure (Adler & Newman, 2012). Poorer families tend to live near industrial plants such as
those that recycle lead batteries. Poorer families also tend to live in older homes that may
potentially contain lead-based paint (CDC, 2014; National Center for Healthy Housing (NCHH),
2008). All these conditions are characteristics of the population that live along Arizona-Sonora
Border. It is estimated that 38 million older homes still contain lead-based paint in the United
States, and 24 million homes still contain significant amount of lead hazards as of 2000 (Housing
and Urban Development (HUD) n.d.; Jacobs et al., 2002). Based on a 2005-2006 survey, 23.2
million homes, or 21.9% of the housing stock in the U.S., had lead paint, with 93% of these
homes built before 1978 (HUD, 2011). In Arizona, approximately 50% of the homes in the
border regions were built prior to 1979 compared to approximately 46% for the entire state
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(Appendix E: Table 4). There is a correlation between age of housing and occupants’ income.
Low income households tend to have higher prevalence of lead-based paint (29%) than higher
income (18%) (HUD, 2011). The household median income in Arizona ($49,774) is lower than
the national average ($53,889). Median income along the Arizona border counties is even lower,
and poverty rate is much higher than the national average. For instance, in Santa Cruz the median
income is as low as $37,745 with a poverty rate of 26.3%, compared to the national median
income of $53,889 and poverty rate of 15.5% (Appendix E: Table 4).
Lead Exposure along the Arizona-Sonora Border
Lead-based paint is a main concern of lead exposure. However, the border region is unique in the
sense that these communities from two countries influence and share a similar culture. Part of
this cultural influence involves the exchange of goods and services between the communities
along the border. Ceramics are one among many cultural articles that are brought into the U.S
through the border. A study conducted in U.S.-Mexico Border cities in 2014 found that 90% of
clay pots used as food containers contained lead (Valles-Medina et al., 2014) and they were also
an important source of lead exposure in Mexico (Rojas-Lopez et al., 1994). The 2014 Arizona
Department of Health Services (ADHS) report highlights candy and makeup, in addition to
ceramics as being important sources of lead exposure brought across the U.S border. This same
report also sheds light on exposure of non-lead paint sources identified for children with elevated
blood lead levels. Of phone and home investigations conducted in 2014 with children with
elevated blood lead levels where a potential source could be identified, 70% of sources identified
were sources other than lead-based paint. Some of these sources were sampled and analyzed and
confirmed positive. The majority of these articles were from Mexico and Asian countries. ADHS
tested for lead in cultural medicinal products and spices such as azarcon and greta from Mexico,
which are used to treat stomach illnesses and teething, and were found to contain very high
levels of lead (ADHS, 2014). Some of the tested spices that contained high concentrations of
lead were turmeric and thyme, with lead concentrations as high as 600-890 ppm. The same study
also identified another import with very high concentration of lead, a red powder used in Hindu
culture, known as hanuman sindoor. This powder contained lead concentrations as high as
920,000 ppm (ADHS, 2014). Even though lead poisoning from sources such as cooking spices
and the hanuman sindoor may seem to be isolated incidences, these incidences shed light on
other potential sources of lead poisoning in addition to ceramics from the Mexico.
Blood Lead Level (BLLs) and Health Benchmark
Nationally, about 4 million households have children living in them that are being exposed to
high levels of lead (CDC, n.d.), and over half a million children between the ages of 1-5 years
old have BLL higher than 5 µg/dL, the CDC reference level that requires public health action.
This is approximately 23% of the total children population ages 0-5 years (Federal Interagency
Forum on Child and Family Statistics, n. d). It is important to note that there is no safe blood lead
level for children. In the early 1990’s, the CDC set the standard to screen for BLLs in children,
and required that those identified with BLLs ≥10 µg/dL must receive a public health action and
follow up. By 2012, the Advisory Committee on Childhood Lead Poisoning Prevention
(ACCLPP) recommended a reference range for blood lead of 5 µg/dL. This recommendation was
based on 97.5th percentile of the BLL distribution among 1-5 years olds in the U.S. (CDC, 2015).
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Even though the screening rate in Arizona is low, with only 20% of Arizona children accounted
for (ADHS, 2014), data available shows 1%-2% of the screened children have BLLs > 5 µg/dL,
the reference level that requires public health initiation. Currently, ADHS has a Targeted Lead
Screening Plan for the Prevention of Childhood Lead Poisoning, which is based on the targeted
high risk ZIP codes. The plan requires that all children living in high risk ZIP codes be tested at
12 and 24 months (ADHS, 2014).
Data presented in the Indicator
Data presented in Figure 1, Percentage of children along the U.S. side of the Border with BLL >
5 µg/dL, was provided by ADHS. The percentage of the children with BLL > 5 µg/dL along the
border counties was calculated. This percentage may underestimate the true percentage of
children with BLL > 5 µg/dL, as only 20% of the target population received the blood lead
screening. Figure 2 represents the percentage of children under six years of age and below
poverty, with BLL> 5 µg/dL for the 2011-2015 period. Data for Figure 2 were obtained from the
Centers for Disease Control and Prevention (CDC), Arizona Data, Statistics and Surveillance,
2011-2015 (CDC, 2016). State Surveillance systems are based on reports of blood lead tests from
laboratory reports and results of all blood lead tests. Data are collected for program management
purposes and methods of data collections vary by state and even by counties (CDC, 2016). Data
for housing built in 1979 and prior was also included for comparison between BLL, poverty, and
age of the house.
No data were found on routine monitoring for BLLs in Mexico. However, data presented in
Figure 3 have been compiled from different sources to provide an overview and historic trend for
established geometric mean over 40 years. The first study presented in Figure 3 is a metaanalysis study done in Mexico to establish the BLL in Mexico. This study looked at 83 published
journal articles from 1978-2010, and from approximately 50,000 participants (Caravanos et al.,
2014). The meta-analysis concluded that the Mexican national average was estimated to be
between 8.85 and 22.24 µg/dL for rural and urban communities, respectively. Some cities in
Sonora may be considered urban (i.e. Nogales) while others may be considered rural. The second
study was done to evaluate lead exposure among children living in border communities by
collecting blood samples. This study was conducted in 1998, where Cowan et al. (2006)
collected blood samples from 1,210 children along the Arizona-Sonora border, Agua Prieta, San
Luis Colorado, and Yuma to measure lead levels. This study found that the geometric mean BLL
along the Arizona-Sonora Border was 4.3 µg/dL (Cowan et al., 2006).
It should be noted that data from Mexico analyzed by Caravanos et al. (2014) was collected
between 1978-2010 while the binational study conducted by Cowan et al. (2006), data were
collected during 1997-1998. Both data were collected and analyzed using different methods and
covered different time periods. Hence, the established national geometric means were also
different for those time periods (Figure 3). Between 1976-1980, the estimated national geometric
mean BLL was 15 µg/dL. This decreased sharply between 1988-1991 to 3.6 µg/dL. The BLL
decreased even further during 1999-2002 to 1.9 µg/dL (Morbidity and Mortality Weekly Report
(MMWR), 2013). The most current BLL is 1.2 µg/dL (EPA, 2013). The historic BLL data
included in Figure 3 are meant to provide a close reference of the BLL during the time periods
data were collected or analyzed.
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About the indicators: Figure 1 illustrates percentage of children in counties located along the
border with BLLs > 5 µg/dL. This data is based on 20% of screened at-risk children 1. Figure 2
shows the percentage of children in counties located along the border with BLL > 5 µg/dL, living
under poverty, and residing in homes built in 1979 or earlier. Figure 3 shows the BLL along the
Sonora-Arizona border region, in Mexico, and the historic established BLL over the past forty
years.

1

ADHS uses a targeted screening plan which includes identification of high risk areas based on ZIP codes and
individual risk assessment questionnaire (ADHS, 2014)
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Figure 1: Percentage of children ages 1-5 years with Blood Lead Levels (BLLs) > 5 µg/dL,
along the Arizona Border.
% of children with concentration of lead in
blood >5 µg/dL
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Data Source: Arizona Department of Health Services (ADHS)
Data Characterization
- Data were obtained from ADHS as percentage of screened children with concentration of
lead in blood > 5 µg/dL for all four border counties on the U.S. side.
- Data based on approximately 20% of screened children
- ** data from months Jan-Jun 2015 only
Key Findings
 Overall decrease in the percentage of children with BLL > 5 µg/dL between 2005 to 2014.
 The percentage of children screened with BLL > 5 µg/dL remained 2% between 2009 to
2015 except for Cochise county, compared to the national average of 2.8-6% (CDC, 2016)
during the same period.
 There is a slight increasing trend in the percentage of screened children with BLL > 5 µg/dL
beginning in 2015 for Cochise and Yuma counties. We speculate this may well be due to the
initiatives to increase screening rates
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Figure 2: Percentage of screened children living in Arizona border counties with Blood
Lead Levels (BLL) > 5 µg/dL, 2011-2015
Yuma
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Cochise
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Data source: Center for Disease Control and Prevention (CDC), Arizona Data, Statistics and
Surveillance, 2011-2015. United States Census Bureau; Profile of Selected Housing
Characteristics:2000 Census 2000 Summary File 3 (SF3).
Data Characterization
-

-

Percentage BLL and poverty rates for children 6 years of age and below for the four border
counties were obtained from CDC state surveillance systems. Data reported to the CDC
surveillance system are collected from reports of blood lead tests from laboratories and
results of all other blood lead tests.
Percentage for housing units for 1979 and older were obtained from Census 2000 and
percetage was calculated based on each county total housing stock.

Key Findings
 Average poverty rate for children < 6 years along the four Border counties is 28%, with
Santa Cruz county having the highest at 32%, and Pima County having the lowest at 22%.
 There is no specific trend or difference observed between percentage of children under
poverty, who live in older home and those with BLL > 5µg/dL along the border counties.
One of the reasons may be the low screening rate in Arizona, at approximately 20%.
However, the data confirms that children living in older homes are at higher risk for lead
exposure.
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Figure 3. Geometric Mean BLLs in the U.S., Mexico and along the Arizona-Sonora Border
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Data source: Caravano et al., (2014); Cowan et al., (2006); the Environmental Protection Agency
(U.S EPA), (2013); and CDC, Morbidity and Mortality Weekly Report (MMWR), 2013)
Data Characterization
-

-

-

Data for geometric mean BLL in Arizona-Sonora Border including San Luis Colorado, Agua
Prieta, and Yuma were obtained from a study conducted by Cowan et al. (2006). Data were
collected from schools, daycare centers and health centers between 1997-1998.
Data for geometric mean BLL in Mexico were obtained from a meta-analysis study of 83
published articles between 1978-2010 with blood lead levels measured in 50,000 study
participants conducted by Caravanos et al. (2014).
Data for geometric mean BLL in U.S. were obtained from the third report of the Americas
Child and the Environment (ACE3) (U.S EPA, 2013)
Historic data for national geometric mean BLL beginning 1976-2002 were obtained from the
CDC MMWR (2013).
No calculations were done for any of the data above. Data from the sources were directly
plotted to provide the historic trend of BLLs overtime.

Key Findings
 The BLLs in Arizona-Sonora Border region were 4.3 µg/dL between 1997 and 1998
compared to the national geometric mean BLLs of 3.6 µg/dL and 1.9 µg/dL during a similar
period in 1988-1991 and 1999-2002 respectively. When looking at each side of the border,
the BLLs for Sonora was higher at 5µg/dL.
 Rural and urban cities in Mexico are estimated to have higher BLLs ranging from of 8-22
µg/dl. The Sonora border regions has some cities that are considered rural and others urban.
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Data Gaps
 In Arizona, the screening rate is very low and therefore number of children with elevated
BLL may be underestimated.
 There is a need to establish a current geometric mean BLL for Arizona and along the border
counties to measure progress of current health initiatives to address blood lead in children.
 Even though data for BLL may be available in the State of Sonora, data were not accessible.
The available data conducted by Cowan et al. (2006) were old. This limits the ability to better
understand the current status of BLLs along the Arizona-Sonora Border as a whole.
 The screening is based on at risk index, mostly the Latino population. However, it is
important to note that Yuma and Santa Cruz counties are made up of 80 and 60% Hispanic
populations, respectively. Conversely, approximately 30% of Pima and Cochise counties’
populations are Hispanic. Targeting Hispanic population in Santa Cruz may yield
representative data for the population while the same approach may not be ideal for Pima.
Recommendations
 Even though less than 15% of the homes along the border are pre-1978; shared cultural
practices especially those related to food including ceramic imports for food preparation,
may all increase the potential risks for elevated BLLs for children along the border,
especially of Hispanic origin. More recent data, such as a follow-up study by Cowan et al.
(2006) will provide a snapshot of the current status of BLL for children along the ArizonaSonora Border.
 Continue to target older homes with campaign to emphasize on repairing old paint and other
lead mitigations.
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Childhood Cancer
Cancer is a conglomeration of diseases that are all caused by the uncontrollable division of cells
that can quickly spread to surrounding tissues due to changes in genes that aid in controlling cell
function, including their growth and their division. In a healthy individual, cells normally grow
and divide to form new cells, replacing older ones or those that have been damaged. However,
when this normal process is disrupted, old, abnormal or damaged cells can survive longer at the
same time that newly formed cells are accumulating in the body (O’Brien et al., 2009). This
uncontrollable increase in cells could then lead to growths called tumors that can either be
malignant (cancerous) or benign. Malignant tumors or cancerous tumors can invade nearby
tissues and can even break off and travel and spread to other parts of the body through the
circulatory or lymph system. Benign tumors, on the other hand, do not spread to other nearby
tissues or grow again after removal and are generally considered non-threatening. New
technology, better prevention, and enhanced treatment options have led to improved survival
rates in cancer patients, including children (Allemani et al., 2015).
Despite major improvements in survival rates in childhood cancer in the United States (U.S.)
with a death rate decline of 2.1% per year from 1975 to 2009, childhood cancer incidence rate
has increased at approximately an annual rate of 0.6% nationally since 1975 (Ward et al., 2014).
Cancer remains the leading cause of death in children from disease in the United States and the
second leading cause of death in children overall, following accidents (Ward et al., 2014; Linet et
al., 1999; Jemal et al., 2008). Although very little is known of the causes of childhood cancer, the
predominant cancer types diagnosed in children in the U.S. have been: leukemia, brain and other
nervous system tumors, and bone- and joints-related cancers (Siegel et al., 2013). About 1 in 285
children in the U.S. will be diagnosed with cancer before the age of 20 (Howlander et al., 2013).
In Arizona, approximately 86% of all Arizona residents diagnosed with cancer are age 50 or
older (Arizona Department of Health Services (ADHS), 2013). Out of the remaining 14%, about
1.1% are children under 19 (ADHS, 2013). Similar to U.S. national trends, childhood cancer in
Arizona is also the leading cause of death due to disease (ADHS, 2013).
Unlike the U.S., in Mexico, the childhood cancer incidence rate has decreased from 1996 to 2001
with an annual percentage of change of about 6.6% (Fajardo-Gutierrez et al., 2016). The primary
cancer types in Mexico between 1996 and 2013 were similar to those of U.S.: leukemia, central
nervous system tumors, and lymphomas in children (0-14 year olds), in addition to bone and
joint related cancers in adolescents (15-19 year olds) (Fajardo-Gutierrez et al., 2016; EscamillaSantiago et al., 2012). Compared to the U.S., Mexico also has observed a decline in mortality
rates in childhood cancer of about 2.8% per year from 1996 to 2013 (Fajardo-Gutierrez et al.,
2016). In Sonora, according to the Director of the Oncology Department in the Children’s
Hospital of the State of Sonora (HIES), for every 100 million children under the age of 18, about
11,500 are diagnosed with cancer – primarily leukemia, lymphomas and brain, and central
nervous system tumors (Porras, 2016). At 11.5%, the childhood cancer rate in the State of
Sonora exceeds the national rate in Mexico of 8% (Porras, 2016).
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The Arizona Cancer Registry Database (ACR)
The Arizona Cancer Registry (ACR) Database from the Arizona Department of Health Services
(ADHS) Indicator Based Information System for Public Health (IBIS-PB) was queried for
mortality and cancer incidence rates for the state of Arizona, including the four counties along
the Arizona-Sonora border region. Data obtained by the ACR are derived from a populationbased surveillance system with the primary goal of administering, collecting and analyzing the
data to determine incidence, mortality, and survival of individuals diagnosed with cancer in the
state of Arizona each year (ADHS, 2016). These data only reflect information provided by
physicians, pathology laboratories, Arizona hospitals and case data exchanges from other state
registries in the United States (ADHS, 2016). American Indian information is received from the
Indian Health Service (IHS).
Some cancer cases have been excluded from the 2013 data in the ACR database results due to
incomplete processing. Thus, all counties in Arizona may be under-representing the total number
of cancer cases. For instance, if a physician does not return the required paperwork for further
information, that may lead to incomplete cases and may not be included in the ACR database
(ADHS, 2016). Based on ADHS, cancer case counts in Arizona have been affected by
incomplete reporting from Veterans hospitals between 2006-2013, and also from small rural
hospitals in Cochise and Santa Cruz counties (ADHS, 2016). Incomplete reporting may have
underestimated the true number of cancer cases.
Cancer mortality cases in the registry are obtained from the ADHS Office of Vital Records
Death Certificate Database. They are reported under the International Classification of Diseases
10th revision (ICD-10). Funeral directors are responsible for filing all death certificates in the
state. Certification of the cause of death of an individual is done by a decedent’s physician, the
physician that was present at the time of death, or the Medical Examiner (ADHS, 2016).
Data Presented in the Indicators
The cancer incidence rate is the number of new cancer cases for a specific period of time.
Figures 1 and 2 represent the number of new childhood cancer cases and are expressed per
million children per year. The rate is age-adjusted, using the 2000 U.S. children population
distributions for each age bracket: 0-4 years, 5-9 years, 10-14 years and 15-19 years as
appropriate weights for standardization. For example, the U.S. children distribution between the
ages of 0-4 in the year 2000 was 23.83%. That percentage was used to determine the cancer
incidence rate for all other years between 2000-2013 for that age bracket. This helps reduce the
possibility of confounding due to age (Kalmijn et al., 1995). Figure 2 represents cancer incidence
based on the cancer site for each individual Arizona border county. Figure 3 represents cancer
mortality as the number of deaths per million children per year.
Queries through the ACR for cancer incidence are broken down into five different categories:
single years, cancer sites, age groups, race and county. The years selected were from 2000-2013,
for all cancer sites and races ages 0-19 years for the four Arizona border counties.
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Cancer mortality indicators analyzed in this report are for the entire Arizona border, and not
just for the four border counties. The ACR does allow query for cancer mortality by county. In
addition, only 0-14 years’ age groups are shown on the graph. The ACR breaks down the age
categories between 0-14 age groups, and 15-24 age groups, which falls outside the children age
groups. Queries through the ACR database for cancer mortality are broken down into four
different categories: single years, cause of death (based on cancer site), age groups, and gender.
The years selected for the indicator were from 2000-2013. All cancer death sites were included
and only ages 0-14 years for both genders were part of the query. Arizona county populations
used to determine age-adjusted cancer incidence rates and mortality rates for each year and
county were estimates obtained from the National Cancer Institute (NCI) and the Surveillance
Epidemiology and End Results (SEER) Program in the ACR database.
Figures 1 and 3 both compare the respective national average for cancer incidence rates and
cancer mortality per year as that of the America’s Children and the Environment (ACE3) report,
and the National Vital Statistics System’s 15 leading causes of death reports, respectively. Due to
the rarity of some cancer types, each bar in the graphs in Figure 2 represents the cancer incidence
for a specific cancer site for every three-year period mirroring the ACE3 report, except the bars
representing 2012-2013. Graph bars for 2012-2013 account for only two years due to lack of data
for the year 2014. The bars represent the average number of cancer cases divided by the average
children population per million for each individual three-year period.
About the indicators: Figure 1 and Figure 2 represent the number of new childhood cancer
cases in the Arizona Border Region between 2000-2013. The cancer incidence for children ages
0 to 19 years was obtained from the Arizona Cancer Registry (ACR) for the U.S. border region
(Cochise, Pima, Santa Cruz and Yuma). Data for national trends were obtained from the ACE3.
Figure 2 represents the childhood cancer incidence by cancer type. Data for all four Border
counties were obtained from the ACR. Figure 3 presents childhood cancer mortality in the state
of Arizona and in the United States. The childhood cancer death data were obtained from the
ACR and from the Center for Disease Control and Prevention (CDC) National Vital Statistics
System (NVSS), by year. Figures 1, 2 and 3 mirror the ACE3 report health indicators H4 and
H5, with a minor exception; data presented in Figure 3 are for age group 0-14 years of age
instead of 0-19 years of age. Figure 4 presents the childhood cancer incidence and mortality for
the State of Sonora and Mexico. Data presented in Figure 4 is between the ages of 0 to 17 years
and were obtained from the Mexican Secretariat of Health 2008-2014 Epidemiologic Cancer
Behavior report for children below 18 years.
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Data source: Arizona Department of Health Services (ADHS) Cancer Registry, The 3rd
America's Child and the Environment Report (ACE3) (U.S EPA, 2013)

Data Characterization
-

Childhood cancer incidence data for Figure 1 were obtained from the Arizona Cancer
Registry Database maintained by ADHS.
Population estimates for the years 2000-2013 were obtained from the National Cancer
Institute (NCI) Surveillance Epidemiology and End Results (SEER) Program in the ACR
Data were queried by year, county, and age group from 0-4, 5-9, 10-14, 15-19 years in ACR
years in ACR.
National data for comparison were obtained from ACE3 Report.

Key findings
 The age-adjusted cancer incidence in children between the years 2000 and 2013 for each
county ranged from 31 to 484 cases per million. For the most part, all four counties were
below the national average with exceptions of some peak years. The national average ranged
from 157 to 175 cases per million children
 Santa Cruz County had the highest cancer incidence peaks from 2001-2002 and 2010-2011
than any other Arizona border county, with 484 and 312 cases per million children
respectively. Due to the small population size in the county, a difference of one cancer case
for both 2002 and 2011 in each standardized age group made a significant difference in the
childhood cancer incidence.
 Cochise County and Yuma County both had an average childhood cancer incidence of about
156 cases per million between 2000-2013. Pima County had an average cancer incidence of
about 173 cases per million and Santa Cruz County had an average cancer incidence of about
184 cases per million. Conversely, the national average childhood cancer for the same years
was about 168 cases per million.
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Figure 2: Santa Cruz cancer incidence for children ages
0 to 19 years, by cancer type, 2000-2013
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Figure 2: Yuma cancer incidence for children ages
0 to 19 years by cancer type, 2000-2013
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Figure 2: Pima county cancer incidence for children ages
0 to 19 years, by cancer type, 2000-2013
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Figure 2: Cochise county cancer incidence for children ages
0 to 19 years, by cancer type, 2000-2013
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Data Characterization
-

Childhood cancer incidence data for Figure 2, for all counties were obtained from the
Arizona Department of Health Services (ADHS) Arizona Cancer Registry Database (ACR).
Population estimates for the years 2000-2013 were obtained from the National Cancer
Institute (NCI) Surveillance Epidemiology and End Results (SEER) Program in the ACR.
Data were queried in the ACR by year, county, cancer type and age groups from 0-4, 5-9, 1014, 15-19 years.

Key Findings
 Leukemia was the most common diagnosis in all four counties between 2000-2013,
accounting for approximately 28% of all cancer cases for those years respectively (national
average was 28% from 2004-2006, U.S EPA, 2013).
 While the general trend shows that the incidence rate for leukemia and other cancers has
been decreasing or remained relatively the same along the Border Region, Cochise shows
that the incidence rate for leukemia has almost quadrupled from 29 cases per million in 20092011 to 104 cases per million in 2012-2013. The increase could be due to an aging children
leukemia cancer cluster back in 2005 in Cochise Count (Roberts, 2005). (National incidence
rate was about 33 cases per million in 2001-2003 and about 35 cases per million in 20042006, U.S. EPA, 2013).
 Brain and other nervous system cancer cases accounted for about 17% of total cancer cases
along the Border Region (national average 18% from 2004-2006, U.S EPA, 2013).
 Lymphomas including non-Hodgkin’s and Hodgkin’s lymphoma, accounted for about 11%
of childhood cancer cases between 2000-2013 (National average was 14% from 2004-2006,
U.S EPA, 2013).
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Figure 3: Cancer mortality for children ages 0 to 14 years in Arizona and the U.S ,
2000-2013
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Data source: Arizona Department of Health Services (ADHS) Cancer Registry & Center for
Disease Control and Prevention (CDC) National Vital Statistics System

Data Characterization
- National childhood cancer mortality data for Figure 3 were obtained from the ADHS Office
of Vital Records Death Certificate Database through the Arizona Cancer Registry Database
for Arizona and the National Vital Statistics System (NVSS), the Center for Disease Control
and Prevention (CDC) for the years 2000-2013.
- Population estimates for the years 2000-2013 were obtained from the National Cancer
Institute (NCI) Surveillance Epidemiology and End Results (SEER) Program through the
ACR.
- Data were queried in the ACR by year and age groups from 0-4, 5-9, 10-14 years.
- Data were acquired by year and age groups from 0-4, 5-9, 10-14 years in NVSS only for
malignant neoplasm cases.
Key Findings
 The age-adjusted childhood cancer mortality in children between the years 2000 and 2013 for
the entire state of Arizona ranged from 21 to 39 cases per million children compared to the
national rates of 20.5 to 24.8 cases per million.
 The highest Arizona childhood cancer mortality rate of 39 cases per million children was 14
cases above the highest childhood cancer mortality rate in the nation of 24.8 cases per million
children.
 Arizona had a higher childhood cancer mortality incidence in 12 out of the 14 years observed
(excluding 2002 and 2006) with an average of 7.6 cases per million higher than the national
mortality rates. From 2010-2013, the range of childhood cancer mortality cases ranged
 between 26-35 cases per million in Arizona compared to 20.3-21.4 cases per million children
nationally.
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Figure 4: Cancer mortality and incidence for children ages 0 to 17 years in Sonora and
Mexico, 2008-2014
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Data source: Secretaría de Salud, Comportamiento Epidemiológico del Cáncer en menores de
18 años. México 2008-2014

Data Characterization
- Cancer mortality and incidence data were obtained from the Mexican report on
Epidemiologic Cancer Behavior for children below 18 years for 2008-2014 compiled by the
Secretariat of Health in Mexico.
- Data for Sonora were provided by state health services and the Children’s Hospital for the
State of Sonora.
- Data for Mexico were provided by the Secretariat of Health.
- Childhood mortality in Sonora for the year 2014 is a projected rate.
Key Findings
 The childhood cancer incidence for Mexico has slowly increased from 2008 to 2014 from 91
to 112 cases per million children.
 The childhood cancer incidence for Sonora has been below the national average from 2008 to
2013 ranging from 70 to 94 cases per million children. In 2014, the cancer incidence for the
state surpassed the national childhood cancer incidence by 15 cases to 127 cases per million
children.
 The childhood cancer mortality in children in Mexico has remained relatively the same
ranging from 47 to 51 between 2008 and 2014.
 The childhood cancer mortality in children in Sonora has remained above or at the same level
as the national level for 5 out of the 7 years illustrated in Figure 4 ranging from 36 to 61
cancer cases per million children between 2008 to 2014.
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Data Gaps
 ACE3 cancer incidence data only runs to 2009, thus years 2010-2013 were unable to be
compared between the Arizona border region and the national levels.
 Some data in the ACR are not complete and thus cancer cases may be underreported or
underestimated.
 ACE3 data could not be compared to national data because cancer types and year brackets
were not similar.
 Statewide childhood cancer mortality case data were available in the ACR for analysis but
not for the individual Arizona border region counties of interest.
 Queries in the ACR for age could only be done from 0-4 years, 5-14 years and 15-24 years.
The latter age group had to be excluded from analysis due to a mixture of adult and children
data. Thus, relevant data for this indicator for children between the ages of 15-19 is missing.
 Childhood cancer incidence and mortality are not comparable between the United States and
Mexico due to different age groups analyzed in this report.
Recommendations
 Work collaboratively to develop a system for sharing cancer information binationally, that
also allows comparison within similar age groups by cancer types.
 Improve the Arizona Cancer Registry to allow greater flexibility to query data by different
age groups, by counties and ethnicities.
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Adverse Birth Outcomes
The quality of an infant’s gestation can be measured by the weight at birth and by the length of
the pregnancy. A normal pregnancy lasts between 37 and 41 weeks, which allows for adequate
development of the infant’s tissue, organs, and systems (Center for Disease Control and
Prevention (CDC), 2016; National Institute of Health (NIH), 2017). According to the University
of Rochester Medical Center Health Encyclopedia, a pregnancy that does not reach the 37th week
is considered preterm. An infant that is born weighing less than 2,500 grams, or about 5 pounds
and 8 ounces, is considered to be low birth weight (LBW). For reference, an average newborn
weighs approximately 8 pounds. An infant may be born with a LBW because they did not
develop fully in utero, because they were born earlier than 37 weeks, or in some cases, both
(United States Institute of Medicine (U. S IOM), 2007). Infants that are born preterm and/or
LBW are at risk for complications during infancy that may last for years.
In 2013, approximately one-third of infant deaths in the United States were caused by pretermrelated complications (CDC, 2016). In a retrospective cohort study in the United States, it was
found that teenage pregnancy leads to increased risk of adverse birth outcomes independent of
confounders that are well known (Chen et al., 2007). In addition to the health complications
associated with, preterm births, it should be noted that families of preterm infants often suffer a
financial and emotional toll (CDC, 2016). In the United States, black women have consistently
had higher rates of preterm and LBW babies, even when controlling for differences in social
economic status (Goldenberg et al., 1996; CDC, 2002; U.S IOM, 2007; CDC, 2016;). In Arizona,
the cost of hospitalization due to preterm and low birth in infants currently accounts for half of
the total infant hospitalization costs in the state as well as the United States (Russell et al., 2007).
In Mexico, national studies have found the percentage of children born preterm to be about 4.1%
and 6.73% (Miranda et al., 2003; Morales et al., 2005). A more recent study found the
percentage of children born preterm from 2007 to 2012 to be 7.7% (Hernandez-Valencia et al.,
2014). This shows percentage of children born preterm from 2003-2007 has not changed much.
Primary reasons for adverse birth outcomes in Mexico include: premature rupture of membranes,
preeclampsia-eclampsia, twin births, intrauterine growth restriction and congenital defects (Cruz
et al., 2007). In Sonora, the percentage of children born preterm recently was at 7.8%- barely
above the national average of 7.7% (Hernandez-Valencia et al., 2014). The U.S. border region
has higher prevalence of low birth weight, premature births and before term births compared to
the Mexican border region (McDonald et al., 2013). Furthermore, prevalence of adverse birth
outcomes in the Mexican border region is lower than national levels, but higher in the U.S.
border region compared to national levels (McDonald et al., 2013).
Data Presented in the Indicators
United States Data
The National Vital Statistics System (NVSS), which is operated by the National Center for
Health Statistics, publishes national data on births, deaths, marriages, divorces, and fetal deaths.
The information is shared by each state and is mandated by federal law. The most recent
information available for birth outcomes is for 2014. Each year, the NVSS publishes a report
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detailing birth outcomes, including the percentage of LBW infants born in each state and the
percentage of babies born preterm in each state. Tables 1 and 3 in the appendix detail the NVSS
report number with the corresponding birth data. The LBW and preterm data are further divided
by race and ethnicity for each state and include the following categories: all races, white nonHispanic, black or African American non-Hispanic, and Hispanic. For the years 1997-2003, the
reports on LBW infants included Hispanic white and black as separate race and ethnicity
categories; these were omitted to match more recent data. Race and Hispanic origin are reported
separately on birth certificates; persons of Hispanic origin can be any race. The category “all
races” includes races other than white and black and origin not stated. Figure 1 displays the trend
in the percentage of infants delivered in Arizona that weighed less than 2,500 grams, or 5 pounds
8 ounces, with a separate line for each maternal race and ethnicity group and a single line for all
maternal races and ethnicities combined for the years 2000 to 2014. A dashed line for each
corresponding U.S. figure is included for comparison. Figure 3 displays the percentage of
Arizona infants born preterm, with a separate line for with a separate line for each maternal
race/ethnicity group and a single line for all maternal races and ethnicities combined for the
years 2002 to 2014. A dashed line for each corresponding U.S. figure is included for comparison.
All information in figures 1 and 3 was collected from the NVSS.
The Arizona Department of Health Services (AZDHS) compiles information from Arizona birth
certificates in annual reports and assembles information from birth certificates to publish
statistical trends over periods of time (e.g. 10 years). This information is found online under
Population Health and Vital Statistics from the AZDHS website. The number of LBW infants
and total number of infants born are divided by mother’s county of residence. The number of
LBW infants born was divided by the total number of infants to get a percentage, as this
information was not available. Beginning in 2013, AZDHS began omitting cells with counts less
than 6, and left resultant rates blank if counts were less than 6. Population Health and Vital
Statistics data from 1990 to 2014 are currently available. Figure 2 displays the percentage of
infants delivered to mothers listing residence in Arizona, the U.S., and the four Arizona-Mexico
border counties weighing less than 2,500 grams, with separate lines for all of Arizona, Cochise,
Pima, Santa Cruz, and Yuma counties for the years 1990 to 2014. Each annual AZDHS Arizona
Health Status and Vital Statistics report includes the percentage of births delivered preterm, by
Arizona county and year. Reports from 2000 to 2014 are currently available online. It is
important to note that in the year 2000, the AZDHS included births that were 37 weeks long in
the percentages of infants born preterm and in later years did not. The data from 2000 were
therefore omitted from this analysis. The percentage of births delivered preterm from 2001 to
2014 in all of Arizona, the U.S., and each of the four Arizona-Mexico border counties is
displayed in Figure 4 for the years 2001 to 2014.
Mexico Data
The Mexican Health Ministry compiles and grants access to non-identifiable health information
in order to aid with transparency and access of government information under the Norma Oficial
Mexicana Law. The Subsystem of Information for Births (SINAC) under the National System of
Health Information (SNIS) contains a database on yearly births for the entire country, Mexican
states and municipalities within those states. Figure 5 represents the percentage of infants
delivered at term weighing less than 2,500 grams at term between 2008-2014 for Mexico, the
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State of Sonora and the Border Region. This includes all types of births such as singletons or
multiples. Due to unknown weights of certain entries in the database, not all newborns are
represented in the indicator. Figure 6 represents the percentage of infants born preterm, which is
characterized by a gestation period less than 37 weeks, between 2008-2014 for Mexico, the State
of Sonora and the Border Region.
About the indicators: Figure 1 displays the percentage of infants delivered along the Arizona
border at term, weighed less than 2,500 grams, or 5 pounds 8 ounces, compared to the Arizona
and the U.S national percentages for the years 2000 to 2014. Figure 2 displays the percentage of
infants delivered at term with low birth weight along Sonora Border Region, compared to the
state of Sonora and the Mexico national percentages between 2008 and 2014. Figure 3 displays
the percentage of Arizona infants born preterm, along the Arizona-Sonora Border Region, also
compared to Arizona and the state of Sonora, as well as the national data for both countries.

Figure 1: Percentage of infants delivered at term with low birth weight in Arizona
Border Region, 2000-2014
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Data source: Arizona Department of Health Services (ADHS), Population Health and
Vital Statistics
Data Characterization
-

Data obtained from Arizona Department of Health Service, Population Health and Vital
Statistics database that collects information from birth certificates which includes birth
weight and length of gestation, and mother’s residency.
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Key Findings
 Percentage of infants delivered at term with low birth weight has remained relatively the
same between 2000-2014 for the Arizona Border region, the state of Arizona and nationally.
 The percentage of infants delivered at term with low birth weight in both, the Arizona Border
region and the state of Arizona are relatively similar and below the national percentage.
Figure 2: Percentage of infants delivered at term with low birth weight in Sonora
Border Region, 2008-2014
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Data Source: Mexican Health Ministry (MHM) Live Newborn Database (LND)
Data Characterization
- Data was obtained from the Mexican Health Ministry through the Live Newborn Database
for the years 2008-2014
- Data for infants delivered at term with low birth weight for Border Region and the state of
Sonora are based on where the mother resides
Key Findings
 The percentage of infants delivered at term with low birth weight along the Sonora border
region, and the state of Sonora are relatively similar at 3-6% (2008-2014), which is below the
Mexico national average of 5-8% (2008-2014)
 There is a sharp decrease of percentage of infants delivered at term with low birth weight for
the Sonora border region, the state of Sonora and Mexico. This indicate a major change in
either how data is collected or a national health policy change.
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Figure 3: Percentage of births delivered preterm in the Arizona-Sonora Border
Region, 2001-2014
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Data source: Arizona Department of Health Services (ADHS), Arizona Health Status and Vital
Statistics Report & Mexican Health Ministry (MHM) Live Newborn Database (LND)

Data Characterization
-

Data for Mexico, the state of Sonora and along the Sonora Border region were obtained from
the Mexican Health Ministry through the Live Newborn Database.
Data for infants delivered at term with low birth weight for Border Region and the state of
Sonora are based on where the mother resides

Key Findings
 The U.S, Arizona and along the Arizona side of the border have higher percentages of birth
delivered pre-term (9-11%) compared to Mexico, the state of Sonora and the Sonora side of
the border (5-7%).
 The percentage have remained relatively the same for the U.S, Mexico and along both sides
of the border.
Data Gaps
 Arizona county data for preterm and LBW births are not available by race to allow
comparisons of these adverse birth outcomes by county and by race.
 The percentage of mothers in rural municipalities who have birth in their homes due to lack
of access to transportation of health facilities is unknown and is not reflected in the data for
Mexico.
 It is unknown why there was a sharp decrease from 2010 to 2011 in the percentage of infants
delivered at term with low birth weight for Mexico and the Sonora Border Region.
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Recommendations
 Even though health agencies may collect data by race, income and age by county, most of the
time data were not easily available on their websites. Being able to analyze data for preterm
and low birth weight by race/ethnicity would allow comparisons of these adverse birth
outcomes by county and race/ethnicity. This will shed light on where to focus efforts to
further lower cases of preterm and low birth weight and to improve overall children’s health.
Preterm and low birth weight can cause long-term health problems for babies and have longlasting effects into adulthood.
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Data Tables: Water and Contaminants
Table 1: Estimated percentage of the total Arizona border population served by water
systems that did not meet all applicable health-based drinking water standards, 2006-2014
Type of standard violated

2006

2007

2008

2009

2010

2011

2012

2013

2014

Chemical and Radionuclide
NA* 2.11
3.28
1.40
1.49
2.73
1.98
0.31
Disinfectants and Disinfectant
Byproducts
NA* NA*
NA*
NA* 3.43 NA* NA* NA*
Total Coliforms
9.74
6.41
7.75
3.52
0.41
3.45
2.77
3.15
Any health-based standard
9.74
8.53
11.03
4.92
5.33
6.18
4.75
3.46
Data Source: U.S. Environmental Protection Agency, Office of Water, Safe Drinking Water
Information System https://iaspub.epa.gov/enviro/sdw_form_v3.create_page?state_abbr=AZ
*No violations were reported to EPA by any community water system in the Arizona border
counties

0.22
NA*
2.14
2.37

Table 2: Estimated percentage of the total Arizona border population served by water
systems with violations of drinking water monitoring and reporting violations, 2000-2014
Type of standard violated

2000

2001

2002

2003

2004

2005

2006

2007

Total Coliforms
Surface Water Treatment
Lead and Copper
Chemical and Radionuclide
Nitrate/Nitrite
Disinfectants and disinfection
byproducts
Any Violation

NA*
NA*
0.31
NA*
NA*

NA*
NA*
0.31
NA*
NA*

NA*
NA*
1.94
NA*
NA*

NA*
NA*
3.41
NA*
NA*

NA*
NA*
7.21
9.84
NA*

0.17
NA*
4.21
NA*
1.40

17.53
NA*
7.40
NA*
8.26

14.69
NA*
2.71
0.46
5.69

NA*
0.31

NA*
0.31

NA*
1.94

NA*
3.41

0.55
17.60

0.83
6.60

10.15
43.34

17.91
41.46

Type of standard violated

2008

2009

2010

2011

2012

2013

2014

Total Coliforms

11.94

4.48

5.74

5.81

6.81

3.47

8.76

Surface Water Treatment

0.02

0.02

NA*

0.02

0.02

0.02

2.37

Lead and Copper

1.49

0.60

2.36

0.16

0.15

0.65

2.02

Chemical and Radionuclide

NA*

0.33

0.31

0.01

0.01

0.02

0.01

Nitrate/Nitrite
Disinfectants and disinfection
byproducts

4.47

0.91

0.43

0.79

0.38

3.46

1.47

9.56

9.42

5.35

10.53

5.87

8.55

5.65

Any Violation
27.48
15.75
14.19
17.33
13.24
16.17
Data Source: U.S. Environmental Protection Agency, Office of Water, Safe Drinking Water
Information System https://iaspub.epa.gov/enviro/sdw_form_v3.create_page?state_abbr=AZ
*No violations were reported to EPA by any community water system in the Arizona border
counties

20.27
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Table 3: U.S. Census data on all four Arizona border counties, 2009-2014
Arizona Border Counties' Census Data
Pima
Total population estimate, 2014
1,004,516
Persons under 5 years, 2014
5.9%
Persons under 18 years, 2014
21.9%
Persons 65 years and over, 2014
17.7%
Female persons, 2014
50.8%
Hispanic or Latino, 2014
36.1%
White alone, not Hispanic or Latino, 2014
53.3%
Language other than English spoken at home,
percent age 5+, 2009-2013
28.5%
High school graduate or higher, percent of
persons age 25+, 2009-2013
87.2%
Median household income, 2009-2013
$45,841
Persons below poverty level, 2009-2013
19.2%
Data Source: US Census Bureau, Quick Facts (Census, 2011)

Cochise
127,448
6.5%
22.4%
19.9%
49.2%
34.6%
56.1%

Santa Cruz
46,695
7.3%
28.3%
15.8%
52.0%
82.8%
15.6%

Yuma
203,247
7.5%
26.2%
17.4%
48.8%
61.7%
32.9%

27.4%

76.9%

51.2%

85.8%
$45,755
17.1%

72.5%
$37,745
26.3%

71.9%
$41,595
20.2%
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Data Tables: Criteria Air Pollutants
Table 1: Percentage of children ages 0 to 17 years living in counties with pollutant
concentrations above the levels of air quality standards, 2005–2015

Year

% Population living in
counties with ozone
(4th Max 8-hr > 0.075
ppm)

% Population living in
counties with PM 10 (2nd
Max 24-hr > 150 µg/m3)

PM 2.5 (24-hr
Percentile > 35
µg/m3)

2005

4
28
2006
22
55
2007
0
55
2008
26
77
2009
0
55
2010
26
76
2011
48
76
2012
26
76
2013
0
99
2014
26
77
2015
26
26
Data source: U.S EPA outdoor air quality data, air quality statistics report,
https://www.epa.gov/outdoor-air-quality-data/air-quality-statistics-report

0
28
0
28
28
0
0
0
0
0
0

Table 2: Ozone concentrations along the Arizona Border counties, 2005-2015
Pima
Yuma
Cochise
Year
(ppm)
(ppm)
(ppm)
2005
0.079
0.08
0.072
2006
0.076
0.07
0.074
2007
0.073
0.07
0.067
2008
0.074
0.08
0.068
2009
0.068
0.07
0.065
2010
0.069
0.08
0.071
2011
0.075
0.08
0.075
2012
0.071
0.08
0.074
2013
0.074
0.07
0.072
2014
0.069
0.08
0.068
2015
0.066
0.08
0.065

Data source: U.S EPA outdoor air quality data, air quality statistics report,
https://www.epa.gov/outdoor-air-quality-data/air-quality-statistics-report
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Table 3: PM10 concentrations along the Arizona Border counties,
2005-2015
Pima
Cochise
Santa Cruz
Yuma
Year
(µg/m3)
(µg/m3)
(µg/m3)
(µg/m3)
82
327
116
2005
88
95
83
256
230
2006
123
72
211
320
2007
121
156
217
252
2008
128
83
204
218
2009
186
83
177
113
2010
226
98
159
178
2011
228
94
153
240
2012
363
218
174
228
2013
143
175
180
375
2014
98
84
100
182
2015
Data source: U.S EPA outdoor air quality data, air quality statistics report,
https://www.epa.gov/outdoor-air-quality-data/air-quality-statistics-report
Table 4: PM2.5 along the Arizona Border counties, 2005-2015
Year
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015

Pima
(µg/m3)
12
12
14
12
12
12
14
13
16
19
11

Cochise
(µg/m3)
16
14
11
14
14
14
13
12
18
16
11

Santa Cruz
(µg/m3)
33
56
29
37
118
33
27
26
28
29
27

Yuma
(µg/m3)
.
.
.
21
15
14
16
16
27
23
15

Data source: U.S EPA outdoor air quality data, air quality statistics report,
https://www.epa.gov/outdoor-air-quality-data/air-quality-statistics-report
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Table 5: PM10 concentrations along
the Nogales Sonora Border 1995-2009
Year
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009

PM 10 (2nd Max 24hr > 150 µg/m3)
0
0
207
190
152
160
156
198
0
50
240
188
170
0
0

Data source: Arizona Department of Environmental Quality (ADEQ),
Office of Border Health.
Table 6: Percentage of days with good, moderate, or unhealthy air quality along the
Arizona Border Region, 2005-2015
Percentage days
Percentage days
Percentage days
with good air
with moderate air
with unhealthy air
quality
quality
quality
2005
336
56
38
1
2006
357
53
41
0
2007
363
55
41
0
2008
362
56
40
0
2009
360
62
36
0
2010
313
63
33
0
2011
359
60
36
0
2012
357
59
37
0
2013
360
62
35
0
2014
365
61
36
0
2015
365
69
28
0
Data source: U. S EPA Outdoor Air Quality data, https://www.epa.gov/outdoor-air-qualitydata/air-quality-index-report
Year

Days with
AQI
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Data Tables: Hazardous Air Pollutants
Table 1: Percentage of children ages 0 to 17 years living in census tracts where estimated
hazardous air pollutant concentrations were greater than health benchmarks in 2005 and
2011 in the Arizona-Sonora Border region
Health Benchmark
2005
2011
Cancer, 1 in 100,000
99.3
100
Cancer, 1 in 10,000
0
0
Non-Cancer Adverse Health Effects
0
0
Data: U.S. Environmental Protection Agency, National Air Toxics Assessment 2005-2011
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Data Tables: Pesticides in Food
Table 1: Percentage of sampled meals in Arizona border county households with detectable
residues of a given pesticide
Pesticide in Food
Cochise (%)
Santa Cruz (%)
Yuma (%)
Chlorpyrifos
65.5
44
65.6
Diazinon
6.9
16
18.8
Malathion
51.7
40
59.4
g-Chlordane
3.4
4
9.4
p,p- DDD
3.4
16
18.8
p,p- DDE
41.4
48
50
p,p- DDT
0*
16
0*
Dieldrin
6.9
0*
9.4
Heptachlor
75.9
52
90.6
a-Chlordane
0*
4
0*
Carbaryl
0*
0*
0*
Pendimethalin
6.9
8
0*
Methomyl
20.7
16
3.1
Atrazine
96.6
96
100
Trifluralin
3.4
0*
3.1
Propoxur
17.2
16
12.5
Acephate
0*
0*
0*
Fluorene-D10
72.4
72
87.5
y-hexachlorocyclohexane
24.1
36
18.8
Methyl Parathion
0*
4
3.1
Data: NHEXAS U.S. Border 2012 Program
* No detectable residues were found for the specific pesticides in any household in the Arizona
Border county.
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Data Tables: Blood Lead
Table 1: Percentage of children ages 1-5 years with Blood Lead Level
(BLL) > 5 µg/dL along the Arizona Border.
% Children with BLL >5µg/dL
Year
Santa
Cochise
Pima
Yuma
Cruz
*2003
100
100
100
100
*2004
70
100
83
100
2005
8
3
8
5
2006
8
3
5
3
2007
8
3
5
3
2008
5
2
5
2
2009
4
2
2
1
2010
2
1
2
1
2011
2
1
0
1
2012
3
1
0
0
2013
2
1
1
1
2014
2
1
1
0
2015**
4
1
0
2
Data source: ADHS
Data based on 20% of screened at risk children ages 1-5 years
* Data provided by ADHS for years prior to 2008 does not include all non-elevated results
**data only from Jan-Jun 2015
Table 2. Percentage of Children under 6 years of age with
Blood Lead Levels (BLL) > 5µg/dL and under poverty, 2011-2015

County
Cochise
Pima
Santa Cruz
Yuma

% of Children
tested
5-9 µg/dL
3
1
0
1

% Children < 6
years and below
poverty
28
22
32
28

% of Housing
units 1979 and
older
57
54
52
43.8

Data source: Center for Disease Control and Prevention (CDC), Arizona Data, Statistics and
Surveillance, 2011-2015, and United States Census Bureau; Profile of Selected Housing
Characteristics: 2000 Census 2000Summary File 3 (SF 3) Sample Data.
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Table 3. National Geometric Mean in the U.S., Mexico and along
the Arizona-Sonora Border
Geometric Mean
Area (year)
(µg/dL)
Arizona-Sonora Border (1997-1998)
4.3
Yuma, AZ (1997-1998)
3.1
Agua Prieta, Son (1997-1998)
5.5
San Luis Colorado, Son (1997-1998)
5.1
National Urban, Mexico (1978-2010)
8.85
National, Rural Mexico (1978-2010)
22.24
National, U.S (1976-1980)
15
National, U.S (1988-1991)
3.6
National, U.S (1990-2002)
1.9
National, U.S (2009-2010)
1.2
Data source: Caravano et al., (2014); Cowan et al., (2006); ACE3 (U.S EPA, 2013);
and WMMR, 2013.
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Table 4: Housing Characteristics in Arizona Border Counties
Subject
Total
housing units
Year
Structure
Built
1970 to 1979
1960 to 1969
1940 to 1959
1939 or
earlier
Household
median
income 20092013
Persons
living in
poverty,
percent 20092013

Cochise County
Number Percent

Pima County
Number Percent

Santa Cruz
County
Number Percent

National (US)
Number
Percent

Arizona
Number Percent

Yuma County
Number
Percent

115,904,641

100

2,189,189

100

51,126

100

366,737

100

13,036

100

74,140

100

21,438,863
15,911,903
23,145,917

18.5
13.7
20

517,059
231,071
210,845

23.6
10.6
9.6

12,551
5,706
6,413

24.5
11.2
12.5

93,996
42,803
51,713

25.6
11.7
14.1

3,030
1,510
1,211

23.2
11.6
9.3

16,168
7,596
7,450

21.8
10.2
10

17,380,053

15

48,794

2.2

4,539

8.9

11,094

3

1,039

8

1,353

1.8

$53,889

$49,774

$45,755

$45,841

$37,745

$41,595

15.5

17.9

17.1

19.2

26.3

20.2

Data source: United States Census Bureau; Profile of Selected Housing Characteristics: 2000 Census 2000Summary File 3 (SF 3)
Sample Data
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Data Tables: Childhood Cancer
Table 1: Cancer incidence for children ages 0 to 19 in Arizona-Sonora Border Counties vs
National Level, 2000-2013
Age-adjusted rate per million children
Santa Cruz
Yuma
Nationa
Year
Cochise County Pima County
County
County
l
2000
233
180
150
231
162
2001
146
164
211
154
167
2002
156
150
484
185
172
2003
228
156
148
112
157
2004
87
160
131
210
167
2005
188
165
128
115
175
2006
110
163
126
148
158
2007
173
212
124
31
172
2008
140
173
129
179
173
2009
116
167
184
111
175
2010
86
168
60
191
NA
2011
199
195
312
192
NA
2012
171
195
125
227
NA
2013
157
177
267
97
NA
Data source: Arizona Department of Health Services (ADHS) Cancer Registry & ACE3 (U.S
EPA, 2013)
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Table 2: Cochise County cancer incidence for children ages 0 to 19 years, by cancer type,
2000-2013
Age-adjusted rate per million children
2000-2002 2003-2005 2006-2008 2009-2011 2012-2013
Liver and Intrahepatic Bile Duct
0
0
0
9
16
Lung and Bronchus
0
0
0
0
14
Bones and Joints
0
0
0
28
0
Cutaneous Melanoma
0
18
9
0
0
Ovary
0
18
0
0
0
Testis
0
9
9
0
14
Urinary Bladder
9
0
0
0
0
Kidney/Renal Pelvis
0
0
0
9
0
Brain and Other Nervous System
41
46
29
28
0
Thyroid
9
0
9
0
16
Hodgkins Lymphoma
0
9
9
20
0
Non-Hodgkins Lymphoma
39
0
19
0
0
Leukemia
50
29
30
29
104
Other
19
38
28
11
0
Data source: Arizona Department of Health Services (ADHS) Cancer Registry
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Table 2: Pima County cancer incidence for children ages 0 to 19 years, by cancer type,
2000-2013
Age-adjusted rate per million children
2000-2002 2003-2005 2006-2008 2009-2011 2012-2013
Oral Cavity
1
3
0
6
0
Liver and Intrahepatic Bile Duct
1
5
5
1
2
Bones and Joints
7
7
7
6
12
Cutaneous Melanoma
11
7
7
5
8
Ovary
3
1
2
7
6
Testis
5
5
7
10
6
Kidney/Renal Pelvis
8
4
12
4
4
Brain and Other Nervous System
25
48
30
33
28
Thyroid
3
7
11
9
16
Hodgkins Lymphoma
17
4
19
16
8
Non-Hodgkins Lymphoma
8
11
9
9
10
Leukemia
48
36
44
39
48
Other
24
19
26
30
38
Data source: Arizona Department of Health Services (ADHS) Cancer Registry
Table 2: Santa Cruz County cancer incidence for children ages 0 to 19 years, by cancer
type, 2000-2013
Age-adjusted rate per million children
2000-2002 2003-2005 2006-2008 2009-2011 2012-2013
Oral Cavity
0
0
0
22
0
Bones and Joints
0
0
21
0
0
Cutaneous Melanoma
25
22
0
20
0
Ovary
0
0
0
0
34
Testis
0
22
0
0
0
Kidney/Renal Pelvis
24
0
21
0
0
Brain and Other Nervous System
48
26
0
42
32
Thyroid
25
44
0
40
32
Hodgkins Lymphoma
43
0
0
0
0
Leukemia
71
22
44
40
64
Other
45
0
42
22
34
Data source: Arizona Department of Health Services (ADHS) Cancer Registry
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Table 2: Yuma County cancer incidence for children ages 0 to 19 years, by cancer type,
2000-2013
Age-adjusted rate per million children
2000-2002 2003-2005 2006-2008 2009-2011
Oral Cavity
7
0
5
0
Colorectal
13
6
0
0
Liver and Intrahepatic Bile Duct
0
6
0
5
Bones and Joints
20
12
6
5
Cutaneous Melanoma
0
6
0
0
Testis
7
0
11
15
Kidney/Renal Pelvis
0
0
5
11
Brain and Other Nervous System 38
30
16
21
Thyroid
0
0
6
21
Hodgkins Lymphoma
0
13
5
21
Non-Hodgkins Lymphoma
12
17
6
0
Leukemia
62
35
43
33
Other
31
22
17
32
Data source: Arizona Department of Health Services (ADHS) Cancer Registry

2012-2013
0
0
0
26
0
8
24
16
0
16
8
57
8

Table 3: Cancer mortality for children ages 0 to 14 years in Arizona vs National levels,
2000-2013
Year
AZ Mortality Incidence (per million) National Mortality Incidence (per million)
2000
34
24
2001
30
24
2002
23
24
2003
33
25
2004
34
23
2005
26
23
2006
21
22
2007
39
23
2008
30
21
2009
31
21
2010
28
21
2011
26
20
2012
35
21
2013
29
21
Data source: Arizona Department of Health Services (ADHS) Cancer Registry, ACE3 (U.S EPA,
2013) & NCI SEER
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Table 4: Cancer mortality and incidence for children ages 0 to 17 years in Sonora vs
National levels, 2008-2014
Year Sonora Mortality
Sonora Incidence
Mexico Mortality
Mexico Incidence
2008
36
70
48
91
2009
48
95
49
103
2010
57
79
51
101
2011
49
107
49
108
2012
55
68
47
112
2013
48
94
46
111
2014
61
127
51
112
Data source: Secretaría de Salud, Comportamiento Epidemiológico del Cáncer en menores de 18
años. México 2008-2014.
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Data Tables: Adverse Birth Outcomes
Table 1: Percentage of infants delivered at term with low birth weight in Arizona Border
Region, 2000-2014
Year
Arizona Border Region
Arizona
United States
2000
6.85%
7.20%
7.60%
2001
6.83%
7.00%
7.70%
2002
6.35%
6.80%
7.80%
2003
7.28%
7.10%
7.90%
2004
7.58%
7.20%
8.10%
2005
6.78%
6.90%
8.20%
2006
7.43%
7.10%
8.30%
2007
6.93%
7.10%
8.20%
2008
7.45%
7.10%
8.20%
2009
7.65%
7.10%
8.20%
2010
7.43%
7.10%
8.10%
2011
6.98%
7.00%
8.10%
2012
7.00%
6.90%
8.00%
2013
6.75%
6.90%
8.00%
2014
6.85%
7.00%
8.00%
Data Source: Arizona Department of Health Services (ADHS), Population Health and Vital
Statistics
Table 2: Percentage of infants delivered at term with low birth weight in Sonora Border
Region, 2008-2014
Year
Sonora Border Region
Sonora
Mexico
2008
5.75%
6.18%
8.14%
2009
6.05%
5.68%
8.45%
2010
5.90%
4.83%
8.52%
2011
3.45%
4.05%
5.33%
2012
4.08%
4.50%
5.43%
2013
4.44%
4.70%
5.56%
2014
4.21%
4.65%
5.72%
Data Source: Mexican Health Ministry (MHM) Live Newborn Database (LND)
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Table 3: Percentage of births delivered preterm in the Arizona-Sonora Border Region,
2001-2014
Arizona Border
Sonora Border
Year
Region
Region
Sonora
Arizona
Mexico
United States
2001
9.05%
NA
NA
9.90%
NA
11.90%
2002
8.53%
NA
NA
10.00%
NA
12.10%
2003
9.68%
NA
NA
10.50%
NA
12.30%
2004
9.83%
NA
NA
11.00%
NA
12.50%
2005
9.35%
NA
NA
10.70%
NA
12.70%
2006
9.05%
NA
NA
10.60%
NA
12.80%
2007
9.18%
NA
NA
10.30%
NA
12.70%
2008
8.88%
5.82%
6.90%
10.20%
6.58%
12.30%
2009
8.75%
6.52%
7.11%
10.10%
6.58%
12.20%
2010
8.75%
6.31%
7.34%
9.60%
6.68%
12.00%
2011
8.60%
6.03%
7.67%
9.30%
6.62%
11.70%
2012
8.25%
6.57%
7.89%
9.20%
6.70%
11.50%
2013
8.23%
6.65%
7.68%
9.00%
6.70%
11.40%
2014
8.30%
6.45%
7.92%
9.00%
6.91%
9.60%
Data Source: Arizona Department of Health Services (ADHS), Arizona Health Status and Vital
Statistics Report & Mexican Health Ministry (MHM) Live Newborn Database (LND)
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