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About the Washington Environmental
Justice Mapping Work Group

The Washington Environmental Health Disparities Map is a new tool to assess multiple,
combined environmental risks in Washington state. The tool was developed through a
collaborative effort among community organizations, researchers and regional and state
agencies.

There have been numerous important local, regional and statewide efforts to model
environmental health that focus on specific environmental risks. This project does not replace
those valuable tools. Rather, it is an interactive tool that compares various environmental
health impacts across communities and provides a composite score for each census tract in
Washington that reflects the combined impacts of various risk factors.

We describe the data used to develop robust environmental indicators, methods used to
synthesize these indicators into an overall cumulative impact score and how these scores may
be used to rank communities within the state with respect to environmental risk factors.

While it is ready to use, it is also very much a work in progress—and likely always will be. That is
partly because data are currently not available for several environmental indicators we would
like to include.

We expect the current version of the map to improve over time as data and methods are
improved. As we release this and future versions of the map, we appreciate feedback to
improve the work and welcome suggestions and feedback on additional data to investigate or
methodology to incorporate.
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Executive summary

People living in Washington state experience environmental risks and their related health effects
in measurably different ways, depending on the neighborhood where they live.

People in communities that have lower incomes, less access to education and health care and
poorer overall health also shoulder a disproportionate share of the burden of environmental
pollution. This is because their neighborhoods are more often located near pollution sources
such as vehicle traffic or hazardous waste facilities.

In short, where you live, your income, your race or your language ability may put you at greater
risk for exposure to the harmful health effects of environmental pollution.

The new Washington Environmental Health Disparities Map is an interactive tool that combines
the most comprehensive data available to rank Washington communities according to the risk
each faces from environmental factors that influence health outcomes.

The tool uses state and national data to map 19 indicators of community health, including traffic
density, proximity to hazardous waste facilities, income and race. The data are combined into

a cumulative score reflecting environmental and socioeconomic risk factors that allows for
comparison across Washington’s 1,458 US Census tracts.

The result is a statewide view of the cumulative risks each neighborhood in Washington state
faces from environmental burdens that contribute to inequitable health outcomes and unequal
access to healthy communities.

The Washington Environmental Health Disparities Map can help policymakers and the public
visualize and compare how pollution and other environmental risks affect the health and well-
being of Washington residents and where people experience the greatest health impacts.

The tool was developed in response to community interest by an innovative, cross-sector
collaboration among academic researchers, government agencies and community-based
organizations representing disadvantaged and underrepresented populations seeking to use
data to advance environmental health equity.
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About the Washington Environmental
Health Disparities Map

This inaugural version of the Washington Environmental Health Disparities Map reflects the
interest of diverse stakeholders in understanding the effects of their local environment on
their health.

It also highlights how data can and should be used to inform state environmental policy,
budgeting priorities and regulation enforcement to reduce health inequities across
communities.

We urge state and local decision-makers, in particular, to use this tool in tandem with direct
stakeholder engagement to shape environmental policies and priorities and to support
investments that would update, expand and improve the mapping tool so that it can reach its
full potential as a resource for the people of Washington.

Key details about the map:

e This online tool is hosted by the Washington State Department of Health through its
Washington Tracking Network, a platform featuring publicly accessible data on more
than 300 measures of state environmental and public health.

e The tool was developed through a two-year iterative process that was directly shaped
by input from affected communities through a series of 11 statewide “listening
sessions.” Participants included community groups representing communities of color,
immigrants, tribes, farmworkers, the elderly and other groups disproportionately
impacted by pollution.

e The mapping tool is modeled after a similar, widely used tool in California but is unique
to Washington state. It offers customizable views using data from the state Department
of Health and other state sources to pinpoint where people experience the greatest
environmental health risk factors.

e The evidence and approaches used to develop the map are built on decades of science
documenting cumulative environmental impacts and the role environmental hazards
and social conditions play in magnifying those impacts.

e The map will be regularly refreshed and updated with the most current and relevant
data available and through ongoing conversations with communities and users.

e |tisimportant to highlight the tool's limitations. It relies on currently available statewide
data. There are gaps in the data that prevent us from characterizing the full scope of
environmental risks and health impacts experienced by people living in Washington.
Parallel projects that capture data at the local level and that focus on environmental
resilience to climate impacts are also needed.

Washington Environmental Health Disparities Map | 9
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Part I: Project overview
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Introduction

Washington state has a long history of efforts led by tribes, community-based organizations,
policymakers, local governments and state agencies to document and act on reducing
environmental health inequalities.

In 1995, the state of Washington published a statewide environmental justice study that
showed low-income populations and communities of color are disproportionately burdened by
contaminated sites and facilities that are regulated by the government (Ridgway, 1995).

Tracking these efforts, and ensuring decision-makers and advocates have access to current,
easy-to-understand data on environmental hazards, exposure to pollution and vulnerable
populations, is vital to inform state policy and budget decisions that can best address
environmental justice issues.

In winter 2017, the Washington Environmental Justice Mapping Work Group was initiated by
Front and Centered, an environmental justice coalition of organizations rooted in communities
of color, in partnership with the University of Washington Department of Environmental &
Occupational Health Sciences.

They brought together partners from the Washington State Department of Health, the state
Department of Ecology and the Puget Sound Clean Air Agency.

This report describes the two-year process undertaken by this work group to develop a
statewide mapping tool that accurately reflects Washington’s environmental health disparities.

Our primary goal was to develop a way to identify communities most affected by cumulative
environmental health impacts. The resulting tool:

e Ranks environmental health risks by census tract to identify communities burdened by
the cumulative impacts of pollution.

e Identifies and monitors trends in environmental health indicators by census tract over
time, providing useful, data-driven insights for communities, policymakers, government
leaders and others.

The Washington Environmental Health Disparities Map depicts cumulative health impact as a
ranking from 1 to 10, with 10 indicating the highest impact. These rankings reflect the risk each
community faces from multiple environmental hazards and the degree to which a community is
more vulnerable to those hazards because of sociodemographic factors.

The rankings represent environmental health “risk”—the potential or probability for harm from a
combination of environmental and vulnerability factors.

The map does not depict the more complex concept of environmental health “burden”—typically
defined as the magnitude of poor health due to injuries or illnesses caused by environmental
hazards. Measuring environmental health burden would also require consideration of genetic,
behavioral or other types of risk.

In a limited sense, the tool incorporates health outcomes as a vulnerability. For example, a high
level of chronic disease in a community could increase the risk that exposures to environmental
hazards lead to even greater harm to the community.

12 | Washington Environmental Health Disparities Map



Next steps

This project has continued for more than two years through the dedication of work group
partners and by leveraging the resources of work group organizations. The work group is looking
for funding opportunities as this project moves to the next phase of listening sessions and
development.

We welcome opportunities to partner with others in continuing this work. Please contact us:

envmap@uw.edu.

While there are currently no dedicated funding sources for this project, the work group is
committed to continuing community engagement and listening sessions. In 2019, our goal
is to expand listening sessions to engage more communities, especially in tribal and rural
communities.

In addition, we continue to explore additional indicators such as asthma, noise pollution,
proximity to state-specific clean-up sites and quality of surface water. Other potential indicators
require more development, such as drinking water quality, the effects of inequality and the
effects of the built environment.

The map will be updated regularly by the Washington Tracking Network as new data become

available, with new data layers added to the map. For more details on additional indicators
under consideration, see the Indicators under exploration section.

Washington Environmental Health Disparities Map | 13
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Definitions

Burden refers to the magnitude of poor health that exists within a community that is
attributable to the risk factors that are present.

Cumulative impact refers to the combined impact of multiple environmental health indicators
on a population.

An environmental hazard or risk factor refers to a specific source or concentration of
pollution in the environment. Polluted air, water and soil are examples of environmental
hazards.

Environmental health refers to the processes by which environmental conditions affect human
health.

An environmental health indicator refers to either a specific environmental risk factor or a
specific measure of population susceptibility or vulnerability.

Environmental justice is defined differently by different groups. While some define
environmental justice as the equitable distribution of environmental risks and benefits, others,
like the US EPA, consider environmental justice to be the fair treatment of all people with respect
to developing, implementing and enforcing environmental laws, regulations and policies.

Environmental effect refers to adverse environmental quality generally, even when population
contact with an environmental hazard is unknown or uncertain.

Environmental exposure refers to how a person comes into contact with an environmental
hazard. Examples of exposure include breathing air, eating food, drinking water or living near to
where environmental hazards are released or are concentrated.

Population characteristics refer to intrinsic and extrinsic vulnerabilities in communities that
can modify the environmental risk factors.

Risk refers to how likely exposure to environmental hazards will result in poor health for a
population.

Susceptibility refers to a person’s (or population’s) inherent biology that affects their risk.
Examples of susceptibility include youth or old age, or whether a person is already affected by a
disease—such as asthma or heart disease—that places them at increased risk when exposed to
environmental hazards.

Sensitive populations refers to those who are at greater risk due to biological/intrinsic
vulnerability.

Vulnerability refers to a person’s (or population’s) non-biological situation that affects their

ability to cope with risk factors. Examples of vulnerability include low income, language barriers
or poor access to health care.
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Methodology

To create this map, we began with a process of listening to communities and engaging
stakeholders. The work group listened to residents from around the state who responded to
prompts about the environmental issues that are most concerning to their communities.

We then reviewed existing methods and tools that modeled environmental health impacts and
disparities on communities. US EPA EJSCREEN and CalEPA CalEnviroScreen are two examples
of existing tools that model national and California state environmental health impacts,
respectively.

The work group conducted a literature review to determine the relationship with the proposed
indicators and environmental health. Secondary data collection occurred to identify possible
data sources for the proposed indicators.

Once a data source was identified for an indicator, it was evaluated and assessed for reliability
and quality of data. For more details, see chart on page 17.

Listening sessions

Front and Centered and its affiliated organizations held a series of community listening sessions
throughout Washington state in 2017. To date, 11 listening sessions have taken place. The first
round of listening sessions informed the work group on the environmental health risk factors
each community faces and how each community is affected by them.

More listening sessions will take place to regularly inform the project and check the accuracy of
the map generated by this project. For more details, see the Next steps section.

A full report of the listening sessions can be downloaded here: http://frontandcentered.org/
pollution-listening-2017/

Symposium

In February 2018, 50 participants from research, government and community-based
organizations convened for a daylong work session to identify potential indicators for the tool.

Symposium participants represented a range of perspectives on the methods for determining
and illustrating the severity of environmental health disparities and the impact of climate change
on environmental factors in communities across the state. A portion of the symposium included
break-out sessions with participants discussing four key areas: population characteristics,
environmental effects and exposures, climate impacts and application of policy in practice.

The discussion groups then came together to share summaries from each group discussion
and propose new key indicators of health, such as inequality; flag concerns (such as accounting
for undocumented and indigenous people); and identify the need for actionable data and
information at the community level.

A full report from the symposium can be downloaded here: http://frontandcentered.org/wp-
content/uploads/2018/05/Blog-post_-Symposium-Report.pdf

Washington Environmental Health Disparities Map | 15
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Webinar

Once a draft map was created for this project, the work group members hosted a webinar in
September 2018 to share the findings in the draft report.

More than 90 people attended the webinar or listened to the webinar record to provide
feedback on ways to frame the map, interpret findings and model environmental risk factors.

The model

The Washington Environmental Health Disparities Map evaluates environmental health risk
factors in communities. The model was specifically adapted from CalEnviroScreen—a cumulative
environmental impacts assessment mapping tool developed by CalEPA and used in California.

It estimates a cumulative environmental health impact score for each census tract reflecting
pollutant exposures and factors that affect people’s vulnerability to environmental pollution.

The model is based on a conceptual formula of Risk = Threat Vulnerability, where threat and
vulnerability are based on several indicators.

Threat is represented by indicators that account for pollution burden, which is a combination of
environmental effects and environmental exposures in communities.

Environmental effects include indicators that account for adverse environmental quality
generally, even when population contact with an environmental hazard is unknown or uncertain.

Environmental exposures include the levels of certain pollutants that populations come into
contact with.

Vulnerability is represented by indicators of socioeconomic factors and sensitive populations
for which there is clear evidence that they may affect susceptibility or vulnerability to an
increased pollution burden.

Indicators in socioeconomic factors measure population characteristics that modify the pollution
burden itself. Sensitive populations refer to those who are at greater risk due to intrinsic
biological vulnerability to environmental stressors.

In the model, threat is multiplied by vulnerability in order to reflect the scientific literature that
indicates population characteristics often modify and amplify the impact of pollution exposures
on certain vulnerable populations.

For each indicator, we created a score for each census tract by its raw value, then assigned
percentile based on rank-order. For a detailed description of each indicator, see Part Il section.
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Indicators

The indicators below are included in the Washington Environmental Health Disparities Map.

Final composite score

Final composite score = Pollution Burden score x Population Characteristics score

Pollution burden Population characteristics
(Average percentile of Environmental Exposures indicators +) (Average percentile of Sensitive Population indicators + )
Polution burden score =  \0.5 x Average percentile of Environmental Effects indicators Population characteristics score = Average percentile of Socioeconomic Factors indicators.

2 2

Environmental Environmental Sensitive Socioeconomic
exposures effects populations factors
Diesel emissions Lead risk and Cardiovascular Poor educational
exposure disease attainment
Ozone
Proximity to Low birth weight Housing burden
Particulate Matter hazardous waste infants
2.5 (PM2.5) generators and Linguistic isolation
facilities
Toxic releases from Poverty
facilities Proximity to
Superfund sites Race (People of
Traffic density color)
Proximity to facilities
with highly toxic Transportation
substances expense
Wastewater Unemployment
discharge
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Pollution burden

This category includes indicators related to the environmental health risk factors in communities
of Washington state. Indicators within this category include environmental exposures and
environmental effects.

Environmental exposures

Indicators in the environmental exposures theme use data from measured environmental
concentrations and releases of contaminants from pollution sources as a way to quantify
pollution burden from exposure to pollutants.

Examples of indicators in this theme include ozone concentrations or diesel emissions. The
average percentile for each indicator is weighted equally within this theme.

Environmental effects

Indicators in the environmental effects theme illustrate the potential risk of the environmental
hazard on communities nearby (Brender, Maantay & Chakraborty, 2011).

Examples of indicators in this theme include proximity to hazardous waste sites or Superfund
sites. The average percentile-rank for each indicator is weighted equally within this theme.

However, as proximity to a potential exposure does not necessarily reflect actual exposure,
this theme is down-weighted by one-half when averaged with environmental exposures in the
pollution burden category.

Population characteristics

This category includes indicators related to intrinsic and extrinsic vulnerabilities in communities
that can modify the environmental risk factors.

Sensitive populations

Indicators in this theme relate to biological susceptibility. People with pre-existing cardiovascular
disease or low-birth-weight infants may be more vulnerable to environmental risk factors (see
Part Il for more details). The average percentile for each indicator in this theme are weighted
equally within this category.

Socioeconomic factors

Indicators in this theme are often found to be associated with environmental justice conditions,
such as poverty or unemployment, which modify the effects of environmental exposures on
health. The average percentile for each indicator in this theme are weighted equally within this
category.

Total score and rankings

The Washington Environmental Health Disparities Map is displayed on the Washington State
Department of Health's Washington Tracking Network (WTN) tool. WTN is supported by the US
Centers for Disease Control and Prevention’s National Environmental Public Health Tracking
Program. For each indicator, the raw data values are ranked by census tract. Each census tract
is assigned a percentile based on the ranking of the indicator. The percentile scores for all
indicators are then averaged within each theme for a given tract
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(Average percentile of environmental exposures indicators +0.5 x average percentile of environmental effects indicators)
2

Polution burden score =

Population characteristics score = (Average percentile of sensitive population indicators + average percentile of socioeconomic factors indicators)
2

The final composite score is based on the product of the pollution burden and population
scores:
Final composite score = pollution burden score % population characteristics score

The Information By Location (IBL) tool on WTN ranks all of the indicators, themes and final
scores using deciles (1 decile = 10 percent). Each decile represents about 10 percent of the
values in the dataset. There are 1,463 census tracts in Washington as of 2018. This results in
approximately 146 census tracts in each rank.

Rankings

The ranking provides a common scale to compare various issues at the community level and

to assess the cumulative impact of the indicators across communities. The use of rankings also
allows health information to be displayed for each community, while protecting confidentiality in
communities with small numbers.

The IBL tool does not show the actual numeric difference between each rank. The ranks only
show that there is a difference, not how much. Because the final composite scores are ranked
by deciles, the resulting rankings shown on the map range from 1 (least impacted) to 10 (most
impacted).

How to interpret the map

Rankings for this map can be interpreted as a way to measure relative environmental risk factors
in communities. The rankings help compare health and social factors that may contribute to
disparities within a community or between communities and should not be taken to be an
absolute value.

For example, if a community has a rank of 8 for the diesel emissions indicator, it means
there are about 10 percent of other communities in the same rank. It also means 20
percent of communities have a higher level of diesel emissions, while 70 percent of
communities have a lower level of diesel emissions. To see the range of data used to
create the ranks, you can select the graph icon next to the indicator within the IBL to
export the data table for the specific indicator.

3 2 5 6 7/ 3

10% of 10% of 10% of 10% of 10% of 10% of
communities communities | communities| communities | communities communities
are
70% of communities similarly
are less impacted impacted
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This map does not model resilience or asset-based indicators contributing to environmental
health. This map also does not model the overall burden on communities nor does it reflect
the actual number of individuals affected by environmental risk factors. (Burden refers to

the magnitude of poor health that exists within a community that is attributable to the risk
factors that are present.) This map also does not model the positive or negative likelihood of an
individual health outcome.

Therefore, it should not be used to diagnose a community health issue, to label a community
or to impute risk factors and exposures for specific individuals. Additional analysis is needed to
make decisions on health outcomes that may be affiliated with the environmental risk factors.
This map is intended to be a dynamic, informative tool. Decisions on the cumulative impact of
environmental risk should not solely be based on this map.

Limitations

This map is based on a specific model for risk and cumulative environmental impact. Models
have inherent uncertainty associated in the methodology of the tool. There is no single way
to truly capture the level of uncertainty associated with environmental risk factors. This map
represents one of many ways to quantify the risk factors.

Many of the indicators in this map rely on national data sources. While nationwide data provide
insight on environmental health burdens at the national level, these data may not capture the
nuances that state-specific data would. Similarly, local data may better capture nuances than
state-level or nationwide data. This map relies only on data that are available for the entire state.
County and city data and maps, if they exist, can provide a more granular level of information for
decisions that are being made at that scale.

This map does not include all environmental risk factors, only indicators for existing data. This
map will be updated as statewide data for additional indicators become available. See the
“Indicators under Exploration” section for additional information.

The 2017 listening sessions included 11 communities and did not adequately cover all
geographic regions or communities within Washington state. As a result, the topics discussed in
the listening sessions that informed the development of these indicators may not have covered
all environmental health impacts faced by all Washington communities. The work group plans
to continue to include input from more communities in the future to address this limitation.
Please see the “Next Steps” section for more information on plans for continual community and
stakeholder engagement.

Environmental risk factors vary depending on a community’s characteristics, such as rural
or urban communities. Data gaps also vary depending on the nature of the environmental
risk factors. Sensitivity analysis was conducted as a way to reduce inherent bias due to data
availability.
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Indicators in population characteristics

Sensitive populations

Cardiovascular disease

Individuals with pre-existing heart disease are at higher risk of mortality when exposed to
various environmental stressors (Bateson & Schwartz, 2004; Berglind et al., 2009; Brook et al.,
2010; Chen et al., 2016). For example, a study found individuals who survived an acute coronary
event to have higher mortality rate when exposed to higher level of particulate matter (Berglind
et al., 2009).

Studies have also found short-term exposure to particulate matter to be linked to acute
coronary events (Pope et al., 2006; Schwartz, 1994; von Klot et al., 2009). In addition, long-term
exposure to particulate matter was found to reduce life expectancy in people with pre-existing
cardiovascular disease (Brook et al., 2010).

Indicator

This indicator depicts the mortality rate from cardiovascular diseases for 2012-2016 per 100,000
population. This rate represents the proportion of deaths in a population due to cardiovascular
disease. This indicator uses an age-adjusted rate per 100,000 population.

This indicator was developed using cardiovascular disease mortality data from the Washington
State DOH Center for Health Statistics. The Center for Health Statistics collects information on

the deaths of Washington state residents from their death certificates, including the deaths of
Washington state residents that died in other states or in Canada.

Caveats

The prevalence of cardiovascular disease in a community truly captures the population
susceptible to environmental risk factors. However, no such publicly available data exist.
Mortality data may underestimate the true population with pre-existing heart disease in the
community. In addition, the DOH Center for Health Statistics estimates that data gathered from
death certificates are 99 percent complete.

Low birth weight

Studies found children who had a low birth weight are at risk of developing other health
morbidities, including coronary heart disease, type 2 diabetes and asthma, later in life (Barker

et al., 2002; Lu & Halfon, 2003; McGauhey et al., 1990; Nepomnyaschy & Reichman, 2005).

In addition, studies also found exposure to air pollution and pesticides to be linked to lower
socioeconomic status and low birth weights (Ghosh et al., 2012; Harley et al., 2011; Laurent et al.,
2013, Westergaard et al., 2017).

Indicator

This indicator depicts the number of live born singleton (one baby) infants born at term (at or
above 37 completed weeks of gestation) with a birth weight of less than 2,500 grams (about 5.5
Ibs.) for 2012-2016.

24 | Washington Environmental Health Disparities Map



The rate represents the count of low-birth-weight, live-born singleton infants divided by the total
number of live-born singleton infants born at term to Washington state resident mothers.

This indicator was developed using data collected by the Washington State DOH Center for
Health Statistics from birth certificates.

Caveats

This indicator does not account for individuals who were born outside of Washington, had low
birth weight and now reside in Washington.

Socioeconomic factors

Low educational attainment

Low educational attainment, along with other socioeconomic status indicators such as income,
are stressors that can lead to poorer health outcomes (Lewis et al., 2011; Neidell, 2004).
Communities with lower educational attainment can be more vulnerable to environmental risk
factors such as air pollution (Cakmak, Dales, & Judek, 2006; Krewski et al., 2003).

Additionally, studies found higher educational attainment to be associated with higher life
expectancy and reduction of risks for diseases associated with aging (Adler et al., 2013; Hummer
& Hernandez, 2013).

Indicator

This indicator was developed using data on the percent of population over age 25 with less than
a high school education collected from the U.S. Census Bureau’'s American Community Survey
5-year estimates for 2012-2016. The ACS 5-year estimate is recommended by the US Census
Bureau as the most reliable estimate measure of census variables for small populations.

Caveats
For more information, refer to ACS General Data Users Handbook.

Housing burden and transportation expense

Housing burden (both mortgage and rent) influence health in many ways, including financial
stress and the unaffordability of basic necessities such as healthy food or health care services
(Harkness & Newman, 2005; Meltzer & Schwartz, 2015).

Studies have also found associations between housing burden and health disparities such as
asthma hospitalization and hypertension (Lin et al., 2003; Meltzer & Schwartz, 2015; Pollack,
Griffin & Lynch, 2010).

In recent years, increasing levels of income inequality have affected the housing burden on
communities (Dunn, 2000). Transportation burden on a household’s income has an inverse
relationship with housing burden (Renne et al., 2015). Those with low housing burden often have
high transportation cost due to where affordable homes may be located. Due to this paradox,
comparing both housing and transportation burden provide valuable insight for assessing
affordability.
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Indicator

The housing burden indicator displays the modeled percent of income spent on housing for a
four-person household making the median household income, based on U.S. Census Bureau's
American Community Survey 5-year estimates for 2012-2016. The ACS 5-year estimate is
recommended by the US Census as the most reliable estimate indicator of census variables for
small populations.

The transportation expense indicator displays transportation costs based on percentage of
income for the regional moderate household. The Center for Neighborhood Technology (CNT)
defines regional moderate household income as a household income of 80 percent of the
area median, the regional average household size and the regional average commuters per
household.

Caveats

For more information, refer to ACS General Data Users Handbook or CNT Methodology
documentation.

Linguistic isolation

In the US, people with limited English may have poorer quality of life than those with proficient
English (Gee & Ponce, 2009). The same population may also have limited access to health

care, including mental health care, and may be unable to participate in key national health
surveillance surveys such as the Behavioral Risk Factor Surveillance System (BRFSS) (Link et al.,
2006; Sentell, Shumway & Snowden, 2007; Shi, Lebru & Tsai, 2009).

Communities with higher levels of linguistic isolation live in closer proximity to Toxic Release
Inventory (TRI) sites than those that have lower levels of linguistic isolation in the community
(Pastor Jr., Morello-Frosch & Sadd, 2010).

Linguistic isolation may also affect a community's capacity for civic engagement affecting
environmental policies, which can lead to environmental health disparities (Pastor Jr., Morello-
Frosch & Sadd, 2010).

Indicator

This indicator was developed using census tract-level data on the percent of limited English-
speaking households from the U.S. Census Bureau’s American Community Survey for 2012-
2016. The ACS 5-year estimate is recommended by the U.S. Census Bureau as the most reliable
estimate indicator of census variables at the census tract level of geography.

Caveats
For more information, refer to ACS General Data Users Handbook.

Poverty

Low-income communities have higher rates of chronic diseases (Marmot & Wilkinson, 2006) and
can be more vulnerable to environmental risk factors (Cakmak, Dales, & Judek, 2006; Forastiere
et al., 2006; Vi, Kim & Ha 2009; Zeka, Melly & Schwartz, 2008).

Living in poverty creates chronic stress for individuals, modifying their biological susceptibility or
extrinsic vulnerabilities (O'Neill et al., 2003).
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When faced with environmental risk factors, communities with more low-income households
may also have lower resilience (Forastiere et al., 2006; Marmot & Wilkinson, 2006; O’'Neill et al.,
2003).

Indicator

This indicator uses data on the percent of the population living below 185 percent of the federal
poverty level from the U.S. Census Bureau’s American Community Survey for 2012-2016. The
ACS 5-year estimate is recommended by the U.S. Census Bureau as the most reliable estimate
measure of census variables.

Caveats
For more information, refer to ACS General Data Users Handbook.

Race (people of color)

Different racial and ethnic groups are disproportionately affected by environmental risk factors
(Bell & Dominici, 2008; Cushing et al., 2015; Kravitz-Wirtz et al., 2016; Balazs & Ray, 2014).
Superfund sites and other hazardous sites are more likely to be found near communities of
color (Pollock & Vittas, 1995).

When exposed to pollutants, certain racial groups are more likely to have adverse health
outcomes such as asthma (DOH, 2013; Smith et al., 2005). A mother's racial and ethnic
background can be negatively associated with adverse birth outcomes such as low birth weights
for some racial and ethnic groups more than others (Lu & Halfon, 2003).

In addition, certain racial and ethnic groups are more vulnerable to wildfire (Davies et al., 2018).

Indicator

This indicator is a sum of all race/ethnicity categories except White/Non-Hispanic. It includes
Black, American Indian/Alaskan Native, Asian, Native Hawaiian-Other Pacific Islander and two or
more races.

The data for this indicator is derived from the 2015 population estimates dataset at the
Washington State Office of Financial Management (OFM). The OFM uses models of birth, death
and migration in to make forecasts based on numbers obtained from the U.S. Census Bureau.

Caveats

Population counts in this indicator are estimates provided by the OFM and are not an actual
count of people of color. The true number of people of color in Washington may vary from what
is depicted here. Population data for this indicator may also differ slightly from population data
provided in the CDC's National Environmental Public Health Tracking Network and in other tools,
due to differences in methods for estimation in the data sources used.

Unemployment

Economic activities including unemployment rates are closely associated with stressors that
contribute to negative environmental health impacts (deFur et al., 2007; Premiji et al., 2007).
Unemployment rates are often used as a proxy indicator for vulnerability to environmental

burden (Davis et al., 2010).
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Unemployment is also closely tied to negative health outcomes (Athar et al., 2013; Dragano et
al., 2008; Hafkamp-de Groen et al., 2013; Tapia Granados et al., 2014; Turner, 1995). Long term
unemployment may be associated with increased risk for developing diseases associated with
aging (Ala-Mursula et al., 2013). Areas with high unemployment rate are associated with higher
rates of coronary heart disease (Dragano et al., 2008).

Indicator

This indicator uses the percent of the population over the age of 16 that is unemployed and
eligible for the labor force from the U.S. Census Bureau’'s American Community Survey for 2012-
2016. This indicator excludes retirees, students, homemakers, institutionalized persons except
prisoners, those not looking for work and military personnel on active duty. The ACS 5-year
estimate is recommended by the U.S. Census Bureau as the most reliable estimate measure of
census variables at the census tract level of geography.

Caveats
For more information, refer to ACS General Data Users Handbook.
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Indicators in pollution burden

Environmental exposures

Diesel emissions

Diesel engines produce emissions, producing harmful compounds such as ultrafine particles,
nitrogen dioxide, benzene and formaldehyde (Betha & Balasubramanian, 2012). Studies have
found that short-term exposure to these compounds can cause oxidative stress, increased

airway inflammation and acute cardiovascular events (Krishnan et al., 2013; Patel et al., 2012).

Both acute and chronic exposure to diesel emissions can cause poor respiratory outcomes in
children with asthma and in people with chronic obstructive pulmonary disease (Krivoshto et al.,
2008; Londahl et al., 2012; McCreanor et al., 2007; Spira-Cohen et al., 2011).

Long-term exposure to diesel emissions was associated with higher rates of lung cancer and
related mortality in those working near diesel exhaust (Garshick et al., 2004; Garshick et al.,
2008).

Indicator

The basis of the diesel NO_ data is the Washington State Department of Ecology's 2014
Comprehensive Emissions Inventory. All diesel emissions were mapped to the AIRPACT-5
modeling domain (NW-AIRQUEST and Washington State University), which uses 4km x 4km grid-
cells. Major point source emissions were directly allocated to the grid-cell they correspond to.
Other emission sources (e.g., non-point and mobile) were allocated to grid-cells based on spatial
surrogates developed for AIRPACT-5. These spatial surrogates allocate total county emissions to
individual grid-cells, based on the source classification codes. The combined gridded emissions
were then re-allocated to census tracts using area-weighted spatial interpolation.

Caveat

There is no spatial variability within the 4km x 4km grid provided by AIRPACT. Even if a small
community only covers a fraction of the overlapping grid cell, the concentration of that
community’s monitor will be assigned to the entire grid cell. Local weather patterns happen at
finer scales than this, and that can mean mischaracterized air quality on a neighborhood level.

Ozone

Ozone is one of six criteria air pollutants (US EPA, “Criteria Air Pollutants”). Exposure to ozone
pollution can result in adverse health outcomes including increased risk of mortality in people
(Fann et al., 2012). Ozone levels, even at low levels, can increase airway inflammation (Alexis et
al., 2010), and in children, increased ozone levels are positively associated with higher incidence
of respiratory distress leading to emergency and hospital admissions (Burnett et al., 2011; Lin, Le
& Hwang, 2008; Moore et al., 2008).

Certain sociodemographic characteristics also affect vulnerability to ozone-related mortality,
including sex, age and race (Bell & Dominici, 2008; Medina-Ramon & Schwartz, 2008).
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Airborne dust and wildfires have been associated with higher levels of ozone and PM
to a higher number of emergency room visits (Rodopoulou et al., 2013).

leading

2.5!

Indicator

This indicator uses the three-year mean concentration of daily maximum 8-hour rolling
averaged ozone for 2009-2011 from AIRPACT. AIRPACT provides data that averages daily max
ozone level for three years within 12km x 12km grid cells. Daily maximum ozone concentrations
were calculated by using inverse distance weighting from the center of each 12km x 12km grid
cell to model the average ozone concentration at the census block level. The block-level ozone
concentrations were then averaged for all blocks within a census tract.

Caveat

The value in each 12km by 12km grid is the same within each grid cell. This means within the
large 144 km? area of the cell, there is no spatial variability. Even if a small community only
covers a fraction of the overlapping grid cell, the concentration of that community’s monitor will
be assigned to the entire grid cell. Local weather patterns happen at finer scales than this, and
that can mean mischaracterized air quality on a neighborhood level.

Particulate matter 2.5 (PM2.5)

, (fine particles) is one of six criteria air pollutants (EPA, “Criteria Air Pollutants”). Similar
to ozone the relationship between exposure to PM, ; and negative health outcomes, such as
respiratory and cardiovascular disease, are well documented (Adar et al., 2013; Bell, Ebisu &
Belanger, 2007; Kaufman et al., 2016). Exposure to PM, . can elevate the risk of mortality and
adverse birth outcomes such as low birth weight (Bell, EbISU & Belanger, 2007; Fann et al., 2012;
Morello-Frosch et al, 2010).

In addition, short-term exposure can lead to higher rates of hospitalization in susceptible
populations such as children (Dominici et al., 2006; Ostro et al., 2008). Airborne dust and
wildfires have been associated with higher levels of PM, . and found to increase emergency
room visits (Rodopoulou et al., 2013; Wegesser, Pmkerton & Last, 2009).

Long-term exposure to PM, . can also lead to increased risk of cardiovascular diseases morbidity
and mortality (Kaufman et aI 2016; Kim et al., 2014).

Indicator

This indicator uses the three-year mean concentration of annual PM, . for 2009-2011 from
AIRPACT. AIRPACT provides data that data that averages daily mean concentration of PM, . over
three years within 12km x 12km grid cells. PM, . levels were calculated by using inverse distance
weighting from the center of each 12km x 12km grid cell to model average PM, . at the census
block level. Block-level concentrations were then averaged to the census tract level.

Caveat

The value in each 12km by 12km grid is the same within each grid cell. This means within the
large 144 km? area of the cell, there is no spatial variability. Even if a small community only
covers a fraction of the overlapping grid cell, the concentration of that community’s monitor will
be assigned to the entire grid cell. Local weather patterns happen at finer scales than this, and
that can mean mischaracterized air quality on a neighborhood level.
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Toxic releases from facilities

People living near facilities with routine chemical releases have increased risk if toxic compounds
are released into the environment (Agarwal, Banternghansa & Bui, 2010). A study has shown
that toxic release inventory (TRI) facilities are more prevalent in or near low-income communities
or communities of color (Szasz & Meuser, 1997).

Studies have also shown increased toxic releases to be associated with increased risk of infant
mortality, childhood cancers and cardiovascular mortality (Agarwal, Banternghansa & Bui, 2010;
Choi et al., 2006; Hendryx, Luo & Chen, 2014).

Indicator

This indicator shows the toxicity-weighted concentrations of chemical releases to air from facility
emissions and off-site incineration. Data was downloaded from Risk Screening Environmental
Indicators (RSEI) where air releases are modeled by the TRI program (2014-2016).

Caveats

RSEI models the toxicity-weighted concentration into air from TRI sites for census blocks.
Although any models have uncertainty involved, studies have shown the RSEI model of toxicity-
weighted concentration into air and actual measured concentrations to be in good agreement
(McCarthy et al., 2009).

This indicator only captures toxic releases into air, but does not capture water or soil deposition
of toxic releases, which may also occur.

Traffic density

Living near high traffic density may lead to increased exposure to noise, vibration and local land-
use changes, in addition to traffic-related air pollution (Boehmer et al., 2013).

Noise pollution from high traffic roads can also cause sleep disturbances leading to poorer
quality of life (Eze et al., 2017).

Exposure from traffic-related air pollution was associated with adverse health effects such as
cardiovascular disease mortality, respiratory health and an increased risk of low birth weight
(Berglind et al., 2009; Ghosh et al., 2012; Habermann & Gouveia, 2012; Kan et al., 2007; von
Klot et al., 2009). Air pollution from traffic and major roadways may also predispose children
to adverse respiratory health outcomes (Gauderman et al., 2007; Gunier et al., 2003; Shultz
et al,, 2012). Long-term exposure to traffic-related air pollution can lead to increased risk of
cardiovascular diseases (Kaufman et al., 2016).

Indicator

This indicator uses 2017 census block population estimates from the Washington State Office
of Financial Management and 2017 roadway traffic density data from the Washington State
Department of Transportation in the form of estimated annual average daily traffic volumes
(AADT). This indicator displays the percentage of population exposed to busy roadways within
each census tract. Traffic volumes for each tract were determined by the following formula:

annual average daily traffic volumes
total road length

Trafficvolume =
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The AADT is adjusted by the road segment length and the total road length includes roads within
150 meters of a census tract boundary.

The exposure zone used in this indicator is defined as the area within 600 meters of a roadway
(i.e., 300 meters on either side of the roadway). The population exposed to a busy roadway was
determined first at the census-block level using the following formula:

proportion of census block within exposure zone

Population exposed = —
population within the exposure zone

The population exposed per census block within a tract was summed in order to get the
exposed population within each census tract. The percentage of population exposed to busy
roadways within each tract was then determined by the following formula:

_ exposed population within each tract % 100
total population within each tract

Population exposed

Caveats

Population numbers within this indicator are estimates provided by the Washington State Office
of Financial Management and should not be taken to be absolute values. There may be some
differences when comparing these results to population counts provided by the U.S. Census
Bureau’s American Community Survey.

Environmental effects

Lead risk and exposure

Lead poisoning is a serious but preventable public health issue. Lead paint in older homes can
elevate indoor lead levels, which in combination with poor housing conditions can elevate the
risk of lead exposure (Adamkiewicz et al., 2011; Jacobs et al., 2009; Roberts et al., 2003).

Lead exposure can cause learning disabilities, behavior problems, stunted physical growth and
delayed mental development (AAP, 2005).

Indicator

This indicator provides the total number of houses and proportion of houses by year of
construction from the U.S. Census Bureau’s American Community Survey for 2012-2016. These
data were used in conjunction with national estimates of the proportion of housing from each
era with lead risks. The ACS five-year estimate is recommended by the US Census Bureau as the
most reliable estimate measure of census variables for small populations. The reliability of the
estimates was calculated based on standard error and relative standard error recommended by
US Census Bureau.

Caveats

This indicator models potential lead exposure. Age of a building by itself does not reflect the
actual exposure to lead.

Proximity to hazardous waste generators and facilities

Hazardous waste generators and facilities pose increased environmental risks to surrounding
communities. These facilities produce various forms of hazardous compounds to human health
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(McGlinn, 2000; Fazzo et al., 2017). Living near hazardous waste generators and facilities may
contribute to adverse health effects such as diabetes and cardiovascular disease (Kouznetsova
et al., 2007; Sergeev & Carpenter, 2005).

Hazardous waste generators and facilities are often located close to communities of color or
low-income communities (Aliyu, Kasim & Martin, 2010; Boer et al., 1997).

Indicator

This indicator uses the count of all commercial Hazardous Waste Treatment, Storage and
Disposal Facilities (TSDF) facilities within 5 km, divided by distance, presented as population-
weighted averages of blocks in each census tract. The data used to calculate this indicator were
downloaded from EJSCREEN in 2017.

For more information, refer to EJSCREEN Technical Documentation: https://www.epa.gov/
ejscreen/technical-documentation-ejscreen

Caveats

This indicator was developed using nationwide databases and may not reflect the risk of living in
close proximity to all hazardous waste sites in Washington. The 5km buffer used in this indicator
was found to be appropriate for the national indicator. However, a smaller buffer size may be
more appropriate for state-specific applications.

Proximity to Superfund sites

Communities near Superfund sites, also known as National Priorities List (NPL) sites, are at
increased risk of being exposed to environmental contaminants from these sites (Zota et al.,
2011). NPL sites are often situated near communities of color or low-income communities
(Kearney & Kiros, 2009).

Studies have found proximity to Superfund sites to be closely associated with adverse health
effects such as low birth weight (Ala et al., 2006; Baibergenova et al., 2003).

Residents living closer to a NPL site were found with higher blood pesticide levels compared to
those living further away (Gaffney et al., 2005).

Indicator

This indicator displays the count of sites proposed and listed on the National Priorities List (NPL),
directly downloaded from EJSCREEN in 2017. Each site is represented by a point on the map
(latitude/longitude coordinate), within 5 km of the average resident in a block group, divided by
distance and calculated as the population-weighted average of blocks in each census tract.

For more information, refer to EJSCREEN Technical Documentation: https://www.epa.gov/
ejscreen/technical-documentation-ejscreen

Caveats

This indicator was developed using nationwide databases and may not reflect the risk of living

within close proximity to all NPL sites in Washington. The 5km buffer used in this indicator was
found to be appropriate for the national indicator. However, a smaller buffer size may be more
appropriate for state-specific applications.
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Proximity to facilities with highly toxic substances

Facilities that use highly toxic substances or substances with flammable or explosive potential
are required to establish a Risk Management Plan (RMP) with the EPA (Kleindorfer et al., 2003).
In the event of an accident, communities in close proximity to RMP facilities may be exposed to
increased levels of toxic releases (Elliot et al., 2003).

Studies have shown facilities with an RMP site are more likely to be near communities of color
(Elliot et al., 2003; Kleindorfer et al., 2003).

Indicator

This indicator shows the count of RMP facilities within 5 km, divided by distance, presented as
population-weighted averages of blocks in each census tract. The data was downloaded from
EJSCREEN 2017.

For more information, refer to EJSCREEN Technical Documentation: https://www.epa.gov/
ejscreen/technical-documentation-ejscreen

Caveats

This indicator was developed using nationwide databases and may not reflect the risk of living
within close proximity to all RMP facilities in Washington. The 5km buffer size used in this
indicator was found to be appropriate for the national indicator. However, a smaller buffer size
may be more appropriate for state-specific applications.

Wastewater discharge

Discharge from wastewater facilities can directly contaminate surface water and groundwater
and are associated with adverse health outcomes such as the prevalence of hypertension
(Karouna-Renier et al., 2007). These contaminants can put nearby communities at greater
vulnerability when the contaminated sites are used as irrigation or drinking water supplies
(Balazs & Ray, 2014; Brender, Maantay & Chakraborty, 2011; VanDerslice, 2011).

Indicator

This indicator displays toxicity-weighted concentration in stream reach segments within 500
meters of a block centroid, divided by distance in meters, presented as the population-weighted
average of blocks in each block group. Adjustments are made so that the minimum distance
used is reasonable when very small. The data were downloaded from EJSCREEN in 2017.

For more information, refer to EJSCREEN Technical Documentation: https://www.epa.gov/
ejscreen/technical-documentation-ejscreen

Caveats

This indicator was developed using national databases and may not reflect the true risk of
exposure to wastewater discharge within Washington.
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Indicators under exploration

We are currently working on the following additional indicators: asthma, noise pollution,
proximity to state-specific cleanup sites and surface water quality.

Asthma

Individuals with asthma are prone to acute attacks from various environmental factors.
Interactions between asthma and pollution (such as PM, diesel exhaust and traffic-related air
pollution) have been well documented. Currently, the only dataset available at a statewide level
is asthma hospitalization rate at the census-tract level.

Noise pollution

During the first round of listening sessions, noise pollution was brought up in various
communities as a concern. We are investigating data sources and strategies for modeling noise
pollution.

Proximity to state-specific cleanup sites

In addition to NPL sites, Washington state monitors additional sites that are considered to be
cleanup sites, based on state requirements and regulations. We are currently evaluating the best
method to weigh and rank state cleanup sites.

Surface water quality

Surface water quality impacts aquatic life, biodiversity and communities nearby or ones that rely
on the health of aquatic life. We are currently investigating various ways to model the health of
surface water including biological or chemical contaminants.

We maintain a list of environmental risk factors that are currently not included in this version of
the map. Potential future indicators include:

Various built environment indicators and tree canopy.
Climate change, health risk and vulnerability.
Drinking water contaminants.

Food access.

Wealth inequality.

Marine water quality.

Occupational risk.

Pesticide exposure.

Sensitivity analysis

DEOHS conducted a sensitivity analysis to assess how each of the current indicators used in
the Washington Environmental Health Disparities Map impact the scoring and ranking results.
Additional analysis is in progress.

Washington Environmental Health Disparities Map | 35



References

Adamkiewicz, G., Zota, A., Fabian, M., Chahine, T., Julien, R., Spengler, J., & Levy, J. (2011). Moving
environmental justice indoors: Understanding structural influences on residential exposure
patterns in low-income communities. American Journal of Public Health, 101 Suppl. 1(S1),
S238-45.

Adar, S., Sheppard, L., Vedal, S., Polak, J., Sampson, P., Diez Roux, A., Budoff, M., Jacobs, DR.,
Barr, R., Watson, K., Kaufman, J., & Hales, S. (2013). Fine particulate air pollution and the
progression of carotid intima-medial thickness: A prospective cohort study from the multi-
ethnic study of atherosclerosis and air pollution (Air pollution and carotid IMT progression).
10(4), E1001430.

Adler, N., Pantell, MS., O'donovan, A., Blackburn, E., Cawthon, R., Koster, A., Opresko, P.,
Newman, A., Harris, T., Epel, E. (2013). Educational attainment and late life telomere length in
the health, aging and body composition study. Brain Behavior and Immunity, 27(1), 15-21.

Agarwal, Banternghansa, and Bui. (2010). Toxic exposure in America: Estimating fetal and infant
health outcomes from 14 Years of TRI reporting. Journal of Health Economics 29, no. 4: 557-
74.

AIRPACT. Accessed 6 July, 2018. http://lar.wsu.edu/airpact/introduction.html.

Ala, A., Stanca, C., BuGhanim, M., Ahmado, |., Branch, A., Schiano, T., Odin, J., & Bach, N.

(2006). Increased prevalence of primary biliary cirrhosis near superfund toxic waste sites.
Hepatology, 43(3), 525-531.

Ala-Mursula, L., Buxton, J., Ek, E., Koiranen, M., Taanila, A., Blakemore, A., & Jarvelin, M. (2013).
Long-term unemployment is associated with short telomeres in 31-year-old men: An
observational study in the northern Finland birth cohort 1966. PLoS One, 8(11), EB0094.

Alexis, N., Lay, J., Hazucha, M., Harris, B., Hernandez, M., Bromberg, P., Kehrl, H., Diaz-Sanchez,
D., Kim, C., Devlin, R., & Peden, D. (2010). Low-level ozone exposure induces airways
inflammation and modifies cell surface phenotypes in healthy humans. Inhalation Toxicology,
22(7), 593-600.

Aliyu, A., Kasim, R., & Martin, D. (2011). Siting of hazardous waste dump facilities and their
correlation with status of surrounding residential neighbourhoods in Los Angeles County.
Property Management, 29(1), 87-102.

American Academy of Pediatrics (AAP). (2005). Policy statement: Lead exposure in children:
Prevention, detection, and management. Pediatrics. Vol. 116:5.

American Community Survey (ACS). Accessed 1 Aug, 2018. https://www.census.gov/programs-
surveys/acs/

Athar, H., Chang, M., Hahn, R., Walker, E., & Yoon, P. (2013). Unemployment - United States, 2006
and 2010. MMWR-Morbidity and Mortality Weekly Report, 62(3), 27-32.

Baibergenova, A., Kudyakov, R., Zdeb, M., & Carpenter, D. (2003). Low birth weight and
residential proximity to PCB-contaminated waste sites. Environmental Health Perspectives,
111(10), 1352-1357.

Balazs, C., & Ray, I. (2014). The drinking water disparities framework: On the origins and
persistence of inequities in exposure. American Journal of Public Health, 104(4), 603-11.

Barker, D., Eriksson, J., Forsn, T., & Osmond, C. (2002). Fetal origins of adult disease: Strength of
effects and biological basis. International Journal of Epidemiology, 31(6), 1235-1239.

Bateson, Thomas F., & Schwartz. J. (2004). Who is sensitive to the effects of particulate air
pollution on mortality? A Case-Crossover analysis of effect modifiers. Epidemiology 15, no. 2:
143-49.

Bell, M., & Belanger, K. (2007). Ambient air pollution and low birth weight in Connecticut and

36 | Washington Environmental Health Disparities Map


http://lar.wsu.edu/airpact/introduction.html

Massachusetts. Environmental Health Perspectives, 115(7), 1118-1124.

Bell, M., & Dominici, F. (2008). Effect modification by community characteristics on the short-
term effects of ozone exposure and mortality in 98 US communities. American Journal of
Epidemiology, 167(8), 986-97.

Berglind, N, Bellander, T, Forastiere, F, Von Klot, S, Aalto, P, Elosua, R, Kulmala, M, Lanki, T, Lowel,
H, Peters, A, Picciotto, S, Salomaa, V, Stafoggia, M, Sunyer, ], and Nyberg, F. (2009). Ambient
air pollution and daily mortality among survivors of myocardial infarction. Epidemiology
(Cambridge, Mass.) 20, no. 1: 110-18.

Betha, & Balasubramanian. (2013). Emissions of particulate-bound elements from biodiesel and
ultra low sulfur diesel: Size distribution and risk assessment. Chemosphere, 90(3), 1005-1015.

Boehmer, T., Foster, S., Henry, J.,, Woghiren-Akinnifesi, E., & Yip, F. (2013). Residential proximity to
major highways - United States, 2010. Morbidity and Mortality Weekly Report, 62(3), 46-50.

Boer, J., Pastor, M., Sadd, J., & Snyder, L. (1996). Is there environmental racism? The
demographics of hazardous waste in Los Angeles County. Abstracts with Programs -
Geological Society of America, 28(7), 167.

Brender, J., Maantay, J., & Chakraborty, J. (2011). Residential proximity to environmental hazards
and adverse health outcomes. American Journal of Public Health, 101 Suppl 1(S1), S37-52.

Brook, Robert D., Rajagopalan, Sanjay, C. Arden Pope, lll, Brook, Jeffrey R., Bhatnagar, Aruni,
Diez-Roux, Ana V., Holguin, Fernando, Hong, Yuling, Luepker, Russell V., Mittleman, Murray
A., Peters, Annette, Siscovick, David, Sidney C. Smith, Jr., Whitsel, Laurie, and Kaufman, Joel D.
(2010). Particulate matter air pollution and cardiovascular disease: An update to the scientific
statement from the American Heart Association. Circulation 121, no. 21: 2331-78.

Burnett, Smith-Doiron, Stieb, Raizenne, Brook, Dales, Leech, Cakmak, & Krewski. (2001).
Association between ozone and hospitalization for acute respiratory diseases in children less
than 2 years of age. American Journal of Epidemiology, 153(5), 444-452.

Cakmak, S., Dales, R., & Judek, S. (2006). Respiratory health effects of air pollution gases:
Modification by education and income. Archives of Environmental & Occupational Health,
61(1), 5-10.

Chen, Hong, Burnett, Richard T., Copes, Ray, Kwong, Jeffrey C., Villeneuve, Paul J., Goldberg, Mark
S., Brook, Robert D., Van Donkelaar, Aaron, Jerrett, Michael, Martin, Randall V., Brook, Jeffrey
R., Kopp, Alexander, and Tu, Jack V. (2016). Ambient fine particulate matter and mortality
among survivors of myocardial infarction: Population-based cohort study. Environmental
Health Perspectives 124, no. 9: 1421-8.

Choi, Hannah S., Shim, Youn K., Kaye, Wendy E., and Ryan, P. Barry. (2006). Potential residential
exposure to toxics release inventory chemicals during pregnancy and childhood brain cancer.
Environmental Health Perspectives 114, no. 7: 1113-1118.

Cushing, L., Faust, J., August, L., Cendak, R., Wieland, W., & Alexeeff, G. (2015). Racial/ethnic
disparities in cumulative environmental health impacts in California: Evidence from a
statewide environmental justice screening tool (CalEnviroScreen 1.1). American Journal of
Public Health, 105(11), 2341-8.

Davies, lan P., Haugo, Ryan D., Robertson, James C., & Levin, Phillip S. (2018). The unequal
vulnerability of communities of color to wildfire. PLoS ONE, 13(11), E0205825.

Davis, Mary E., Laden, Francine, Hart, Jaime E., Garshick, Eric, & Smith, Thomas J. (2010).
Economic activity and trends in ambient air pollution. Environmental Health Perspectives,
118(5), 614-6109.

deFur, P., Evans, G., Hubal, E., Kyle, A., Morello-Frosch, R., & Williams, D. (2007). Vulnerability as
a function of individual and group resources in cumulative risk assessment. Environmental
Health Perspectives, 115(5), 817-824.

Dominici, F., Peng, R., Bell, M., Pham, L., Mcdermott, A., Zeger, S., & Samet, J. (2006). Fine

Washington Environmental Health Disparities Map | 37



particulate air pollution and hospital admission for cardiovascular and respiratory diseases.
JAMA, 295(10), 1127-1134.

Dragano, N., Hoffmann, B., Stang, A., Moebus, S., Verde, P., Weyers, E., M6hlenkamp, S.,
Schmermund, A., Mann, K., Jockel, K., Erbel, R. & Siegrist, R. (2009). Subclinical coronary
atherosclerosis and neighbourhood deprivation in an urban region. European Journal of
Epidemiology, 24(1), 25-35.

Dunn, J. (2000). Housing and Health Inequalities: Review and Prospects for Research. Housing
Studies, 15(3), 341-366.

Elliott, M., Wang, Y., Lowe, R., & Kleindorfer, P. (2004). Environmental justice: Frequency and
severity of US chemical industry accidents and the socioeconomic status of surrounding
communities. Journal of Epidemiology and Community Health, 58(1), 24-30.

EPA, “Criteria Air Pollutants”, Accessed 16 Nov, 2018. https://www.epa.gov/criteria-air-pollutants

Eze, Foraster, Schaffner, Vienneau, Héritier, Rudzik, Thiesse, Pieren, Imboden, Von Eckardstein,
Schindler, Brink, Cajochen, Wunderli, R66sli, and Probst-Hensch. (2017). Long-term exposure
to transportation noise and air pollution in relation to incident diabetes in the SAPALDIA
study. International Journal of Epidemiology 46, no. 4: 1115-125.

Fann, N., Lamson, A., Anenberg, S., Wesson, K., Risley, D., & Hubbell, B. (2012). Estimating the
national public health burden associated with exposure to ambient PM2.5 and ozone. Risk
Analysis, 32(1), 81-95.

Fazzo, L., Minichilli, F., Santoro, M., Ceccarini, A., Della Seta, M., Bianchi, F., Comba, P., & Martuzzi,
M. (2017). Hazardous waste and health impact: A systematic review of the scientific literature.
Environmental Health: A Global Access Science Source, 16(1), 1-11.

Forastiere, F., Stafoggia, M., Tasco, C., Picciotto, S., Agabiti, N., Cesaroni, G., Perucci, C., & Persson,
Bodil. (2007). Socioeconomic status, particulate air pollution, and daily mortality: Differential
exposure or differential susceptibility. American Journal of Industrial Medicine, 50(3), 208-
216.

Gaffney, Shannon H., Curriero, Frank C., Strickland, Paul T., Glass, Gregory E., Helzlsouer, Kathy
J., and Breysse, Patrick N. (2005). Influence of geographic location in modeling blood pesticide
levels in a community surrounding a U.S. Environmental Protection Agency Superfund site.
Environmental Health Perspectives 113, no. 12: 1712-1716.

Garshick, E., Laden, F., Hart, J., Rosner, B., Davis, M., Eisen, E., & Smith, T. (2008). Lung cancer and
vehicle exhaust in trucking industry workers. Environmental Health Perspectives, 116(10),
1327-1332.

Gauderman, Vora, Mcconnell, Berhane, Gilliland, Thomas, Lurmann, Avol, Kunzli, Jerrett, &
Peters. (2007). Effect of exposure to traffic on lung development from 10 to 18 years of age: A
cohort study. The Lancet, 369(9561), 571-577.

Gee, Gilbert C., & Ponce, Ninez. (2010). Associations between racial discrimination, limited
English proficiency, and health-related quality of life among 6 Asian ethnic groups in
California. The American Journal of Public Health, 100(5), 888-88895.

Ghosh, J., Wilhelm, M., Su, J., Goldberg, D., Cockburn, M., Jerrett, M., & Ritz, B. (2012). Assessing
the influence of traffic-related air pollution on risk of term low birth weight on the basis
of land-use-based regression models and measures of air toxics. American Journal of
Epidemiology, 175(12), 1262-1274.

Gunier, RB, Hertz, A., Von Behren, J., & Reynolds, P. (2003). Traffic density in California:
Socioeconomic and ethnic differences among potentially exposed children. Journal of
Exposure Analysis and Environmental Epidemiology 13, no. 3: 240-6.

Habermann, M., & Gouveia, N. (2012). Motor vehicle traffic and cardiovascular mortality in male
adults. Revista de Saude Publica, Sao Paulo, 46(1), 26-33.

Hafkamp-de Groen, E., Sonnenschein-van der Voort, AM., Mackenbach, JP., Duijts, L., Jaddoe, VW.,

38 | Washington Environmental Health Disparities Map



Moll, HA., Hofman, A., de Jongste, JC., Raat, H. (2013). Socioeconomic and sociodemographic
factors associated with asthma related outcomes in early childhood: The Generation R study.
PLoS ONE, 8(11), E78266.

Harkness, J., & Newman, S. (2005). Housing affordability and children’s well-being: Evidence from
the national survey of America’s families. Housing Policy Debate, 16(2), 223-255.

Harley, K., Huen, K., Schall, R., Holland, N., Bradman, A., Barr, D., & Eskenazi, B. (2011).
Association of organophosphate pesticide exposure and paraoxonase with birth outcome in
Mexican-American women. Plos One, 6(8), Plos One, 2011 Aug 31, Vol.6(8).

Hendryx, Luo, & Chen. (2014). Total and cardiovascular mortality rates in relation to discharges
from toxics release inventory sites in the United States. Environmental Research, 133, 36-41.

Hummer, R., & Hernandez, E. (2013). The effect of educational attainment on adult mortality in
the United States. Population Bulletin, 68(1), 1-16.

Jacobs, David E., Clickner, Robert P., Zhou, Joey Y., Viet, Susan M., Marker, David A., Rogers,
John W., Zeldin, Darryl C., Broene, Pamela., & Friedman, Warren. (2002). The prevalence of
lead-based paint hazards in U.S. housing. (Children’s Health Articles). Environmental Health
Perspectives, 110(10), A599-606.

Kan, H., Heiss, G., Rose, K., Whitsel, E., Lurmann, F., & London, S. (2007). Traffic exposure and
lung function in adults: The Atherosclerosis Risk in Communities study. Thorax, 62(10), 873-
879.

Karouna-Renier, Rao, Lanza, Davis, & Wilson. (2007). Serum profiles of PCDDs and PCDFs, in
individuals near the Escambia Wood Treating Company Superfund site in Pensacola, FL.
Chemosphere, 69(8), 1312-1319.

Kaufman, Adar, Barr, Budoff, Burke, Curl, Daviglus, Roux, Gassett, Jacobs, Kronmal, Larson,
Navas-Acien, Olives, Sampson, Sheppard, Siscovick, Stein, Szpiro, and Watson. (2016).
Association between air pollution and coronary artery calcification within six metropolitan
areas in the USA (the Multi-Ethnic Study of Atherosclerosis and Air Pollution): A Longitudinal
Cohort Study. The Lancet, 388, no. 10045 (2016): 696-704.

Kearney, Greg, & Kiros, Gebre-Egziabher. (2009). A spatial evaluation of socio demographics
surrounding National Priorities List sites in Florida using a distance-based approach.
International Journal of Health Geographics, 8, 33.

Kim, Sun-Young, Lianne Sheppard, Joel D. Kaufman, Silas Bergen, Adam A. Szpiro, Timothy V.
Larson, Sara D. Adar, Ana V. Diez Roux, Joseph F. Polak, and Sverre Vedal. (2014). Individual-
level concentrations of fine particulate matter chemical components and subclinical
atherosclerosis: A cross-sectional analysis based on 2 advanced exposure prediction models
in the multi-ethnic study of atherosclerosis. American Journal of Epidemiology 180, no. 7:
718-28.

Kleindorfer, P., Belke, J., Elliott, M., Lee, K., Lowe, R., & Feldman, H. (2003). Accident epidemiology
and the U.S. chemical industry: Accident History and Worst-Case Data from RMP*Info. Risk
Analysis, 23(5), 865-881.

Kouznetsova, Maria, Huang, Xiaoyu, Ma, Jing, Lessner, Lawrence, & Carpenter, David O. (2007).
Increased rate of hospitalization for diabetes and residential proximity of hazardous waste
sites. Environmental Health Perspectives, 115(1), 75-79.

Kravitz-Wirtz, N., Crowder, K., Hajat, A., & Sass, V. (2016). The long-term dynamics of racial/ethnic
inequality in neighborhood air pollution exposure, 1990-2009. 13(2), 237-259.

Krewski, D., Burnett, R., Goldberg, M., Hoover, B., Siemiatycki, J., Jerrett, M., Abrahamowicz, M.,

& White, W. (2003). Overview of the reanalysis of the Harvard six cities study and American
Cancer Society study of particulate air pollution and mortality. Journal of Toxicology and
Environmental Health, Part A, 66(19), 1507-1552.

Krishnan, Ranjini M, Sullivan, Jeffrey H, Carlsten, Chris, Wilkerson, Hui-Wen, Beyer, Richard P,

Washington Environmental Health Disparities Map | 39



Bammler, Theo, Fred, Peretz, Alon, & Kaufman, Joel D. (2013). A randomized cross-over study
of inhalation of diesel exhaust, hematological indices, and endothelial markers in humans.
Particle and Fibre Technology, 10(1), 7.

Krivoshto, I., Richards, J., Albertson, T., & Derlet, R. (2008). The toxicity of diesel exhaust:
Implications for primary care. Journal of The American Board of Family Medicine, 21(1), 55-62.

Laurent, Olivier, Wu, Jun, Li, Lianfa, Chung, Judith, & Bartell, Scott. (2013). Investigating the
association between birth weight and complementary air pollution metrics: A cohort study.
Environmental Health: A Global Access Science Source, 12(1), 18.

Lewis, A., Sax, S., Wason, S., & Campleman, S. (2011). Non-chemical stressors and cumulative
risk assessment: An overview of current initiatives and potential air pollutant Interactions.
International Journal of Environmental Research and Public Health, 8(6), 2020-2073.

Lin, S., Liu, X,, Le, L., & Hwang, S. (2007). Chronic exposure to ambient ozone and asthma hospital
admissions among children. American Journal of Epidemiology, 165(11), S99.

Link, M., Mokdad, A., Stackhouse, H., & Flowers, N. (2005). Race, ethnicity, and linguistic Isolation
as determinants of participation in public health surveillance surveys. Preventing Chronic
Disease, 3(1), A09.

Léndahl, J., Swietlicki, E., Rissler, J., Bengtsson, A., Boman, C., Blomberg, A., & Sandstréom, T.
(2012). Experimental determination of the respiratory tract deposition of diesel combustion
particles in patients with chronic obstructive pulmonary disease. Particle and Fibre
Toxicology, 9(1), 30.

Lu, M., & Halfon, C. (2003). Racial and ethnic disparities in birth outcomes: A life-course
perspective. Maternal and Child Health Journal, 7(1), 13-30.

Marmot, M., & Wilkinson, R. (2005). Social organization, stress, and health. In Social Determinants
of Health (p. Social Determinants of Health, Chapter 02). Oxford University Press.

Mccarthy, M., O'Brien, T., Charrier, J., & Hafner, H. (2009). Characterization of the chronic risk
and hazard of hazardous air pollutants in the United States using ambient monitoring data.
Environmental Health Perspectives, 117(5), 790-6.

McCreanor, Cullinan, Nieuwenhuijsen, Stewart-Evans, Malliarou, Jarup, Harrington, Svartengren,
Han, Ohman-Strickland, Chung, & Zhang. (2007). Respiratory effects of exposure to diesel
traffic in persons with asthma. The New England Journal of Medicine, 357(23), 2348-2358.

McGauhey, P., Starfield, B., Alexander, C., & Ensminger, M. (1991). Social environment and
vulnerability of low birth weight children: A social-epidemiological perspective. Pediatrics,
88(5), 943-953.

McGlinn, Lawrence. (2000). Spatial patterns of hazardous waste generation and management in
the United States. The Professional Geographer 52, no. 1: 11-22.

Medina-Ramon, M., & Schwartz, J. (2008). Who is more vulnerable to die from ozone air
pollution? Epidemiology, 19(5), 672-679.

Meltzer, R., & Schwartz, A. (2015). Housing affordability and health: Evidence from New York City.
Housing Policy Debate, 26(1), 1-25.

Moore, K., Neugebauer, R., Lurmann, F., Hall, J., Brajer, V., Alcorn, S., & Tager, |. (2008). Ambient
ozone concentrations cause increased hospitalizations for asthma in children: An 18-year
study in southern California. Environmental Health Perspectives, 116(8), 1063-1070.

Morello-Frosch, R., Jesdale, B., Sadd, J., & Pastor, M. (2010). Ambient air pollution exposure and
full-term birth weight in California. Environmental Health, 9(1), 44-44.

Neidell, M. (2004). Air pollution, health, and socio-economic status: The effect of outdoor air
quality on childhood asthma. Journal of Health Economics, 23(6), 1209-1236.

Nepomnyaschy, L., & Reichman, N. (2006). Low birthweight and asthma among young urban
children. American Journal of Public Health, 96(9), 1604-1610.

O'Neill, M., Jerrett, I., Kawachi, J., Levy, A., Cohen, N., Gouveia, P., Wilkinson, T., Fletcher, L.,

40 | Washington Environmental Health Disparities Map



Cifuentes, J., Schwartz, J., & O'Neill, J. (2003). Health, wealth, and air pollution: Advancing
theory and methods. Environmental Health Perspectives, 111(16), 1861-1870.

Ostro, Bart, Roth, Lindsey, Malig, Brian, & Marty, Melanie. (2009). The effects of fine particle
components on respiratory hospital admissions in children. Environmental Health
Perspectives, 117(3), 475-480.

Pastor Jr, M., Morello-Frosch, R., & Sadd., J. (2010). Air pollution and environmental justice:
Integrating indicators of cumulative impact and socio-economic vulnerability into regulatory
decision-making. Final report. California Air Resources Board.

Patel, Chillrud, Deepti, Ross, & Kinney. (2012). Traffic-related air pollutants and exhaled markers
of airway inflammation and oxidative stress in New York City adolescents. Environmental
Research, 121, 71-78.

Pollack, Griffin, & Lynch. (2010). Housing affordability and health among homeowners and
renters. American Journal of Preventive Medicine, 39(6), 515-521.

Pollock, P., & Vittas, M. (1995). Who bears the burdens of environmental pollution? Race,
ethnicity, and environmental equity in Florida. Social Science Quarterly, 76(2), 294-310.

Pope, C., Muhlestein, J., May, H., Renlund, D., Anderson, J., & Horne, B. (2006). Ischemic heart
disease events triggered by short-term exposure to fine particulate air pollution. Circulation,
114(23), 2443-8.

Premiji, Stephanie, Bertrand, Frederick, Smargiassi, Audrey, & Daniel, Mark. (2007). Socio-
economic correlates of municipal-level pollution emissions on Montreal Island. Canadian
Journal of Public Health, 98(2), 138-142.

Renne, J., Tolford, T., Hamidi, S., & Ewing, R. (2016). The cost and affordability paradox of transit-
oriented development: A comparison of housing and transportation costs across transit-
oriented development, hybrid and transit-adjacent development station typologies. Housing
Policy Debate, 26(4-5), 819-834.

Ridgway, J. (1995). Environmental equity study in Washington state. ECY (Washington
Department of Ecology). Publication number 95-413.

Roberts, J., Hulsey, T., Curtis, G., & Reigart, J. (2003). Using geographic information systems to
assess risk for elevated blood lead levels in children. Public Health Reports, 118(3), 221-229.

Rodopoulou, Chalbot, Samoli, Dubois, San Filippo, & Kavouras. (2014). Air pollution and hospital
emergency room and admissions for cardiovascular and respiratory diseases in Dofia Ana
County, New Mexico. Environmental Research, 129, 39-46.

Schultz, ES, Gruzieva, O, Bellander, T, Bottai, M, Hallberg, J, Kull, I, Svartengren, M, Melen, E, &
Pershagen, G. (2012). Traffic-related air pollution and lung function in children at 8 years of
age: A birth cohort study. American Journal of Respiratory and Critical Care Medicine 186, no.
12:1286-291.

Schwartz, J. (1994). What are people dying of on high air pollution days? Environmental Research
64, no. 1: 26-35.

Sentell, T., Shumway, M., & Snowden, L. (2007). Access to mental health treatment by English
language proficiency and race/ethnicity. Journal of General Internal Medicine, 22 Suppl
2(Suppl 2), 289-93.

Sergeev, Alexander V., and Carpenter, David O. (2005). Hospitalization rates for coronary heart
disease in relation to residence near areas contaminated with persistent organic pollutants
and other pollutants. Environmental Health Perspectives 113, no. 6: 756-761.

Shi, L., Lebrun, L., & Tsai, J. (2009). The influence of English proficiency on access to care. Ethnicity
& Health, 14(6), 625-642.

Smith, L., Hatcher-Ross, J., Wertheimer, R., & Kahn, R. (2005). Rethinking race/ethnicity, income,
and childhood asthma: Racial/ethnic disparities concentrated among the very poor. Public
Health Reports, 120(2), 109-116.

Washington Environmental Health Disparities Map | 41



Spira-Cohen, Ariel, Chen, Lung Chi, Kendall, Michaela, Lall, Ramona, & Thurston, George D.
(2011). Personal exposures to traffic-related air pollution and acute respiratory health among
Bronx schoolchildren with asthma. Environmental Health Perspectives, 119(4), 559-565.

Szasz, A., & Meuser, M. (1997). Environmental inequalities: Literature review and proposals for
new directions in research and theory. Current Sociology, 45(3), 99-120.

Tapia Granados, J., House, J., lonides, E., Burgard, S., & Schoeni, R. (2014). Individual joblessness,
contextual unemployment, and mortality risk. American Journal of Epidemiology, 180(3), 280-
287.

Turner, J. (1995). Economic context and the health effects of unemployment. Journal of Health
and Social Behavior, 36(3), 213-229.

Vanderslice, J. (2011). Drinking water infrastructure and environmental disparities: Evidence and
methodological considerations. American Journal of Public Health, 101 Suppl 1(S1), S109-14.

Von Klot, S., Gryparis, A., Tonne, C., Yanosky, J., Coull, B., Goldberg, R., Lessard, D., Melly, SJ., Suh,
HH., & Schwartz, J. (2009). Elemental carbon exposure at residence and survival after acute
myocardial infarction. Epidemiology, 20(4), 547-554.

Washington State Department of Health (DOH). (2013) The burden of asthma in Washington
state: 2013 update. Accessed 17 Nov, 2018. https://www.doh.wa.gov/Portals/1/Documents/
Pubs/345-240-AsthmaBurdenRept13.pdf

Wegesser, Teresa C., Pinkerton, Kent E., & Last, Jerold A. (2009). California wildfires of 2008:
Coarse and fine particulate matter toxicity. Environmental Health Perspectives, 117(6), 893-
897.

Westergaard, Gehring, Slama, & Pedersen. (2017). Ambient air pollution and low birth weight—
are some women more vulnerable than others? Environment International, 104, 146-154.

Yi, Kim, & Ha. (2010). Does area level socioeconomic status modify the effects of PM10 on
preterm delivery? Environmental Research, 110(1), 55-61.

Zeka, A., Melly, SJ., & Schwartz, J. (2008). The effects of socioeconomic status and indices of
physical environment on reduced birth weight and preterm births in Eastern Massachusetts.
Environmental Health, 7(1), 60.

Zota, AR., Schaider, LA,, Ettinger, AS., Wright, RO., Shine, JP., & Spengler, JD. (2011). Metal sources
and exposures in the homes of young children living near a mining-impacted Superfund site.
Journal of Exposure Science and Environmental Epidemiology, 21(5), 495-505.

42 | Washington Environmental Health Disparities Map



Washington Environmental Health Disparities Map | 43



Contact Information

Access the mapping tool
https://fortress.wa.gov/doh/wtn/WTNIBL

UW project website
deohs.washington.edu/washington-state-envmap

Email
envmap@uw.edu
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