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Abstract

Residents of environmental justice (EJ) communities may bear a disproportionate burden of

environmental health risk, and often face additional burdens from social determinants of health.

Accounting for cumulative risk should include measures of risk from both environmental sources

and social determinants. This study sought to better understand cumulative health risk from both

social and environmental sources in a disadvantaged community in Texas. Key outcomes were

determining what data are currently available for this assessment, clarifying data needs,

identifying data gaps, and considering how those gaps could be filled. Analyses suggested that the

traditionally defined EJ community in Port Arthur may have a lower environmental risk from air

toxics than the rest of the City of Port Arthur (although the entire city has a higher risk than the

average for the state), but may have a larger burden from social determinants of health. However,

the results should be interpreted in light of the availability of data, the definitions of community

boundaries, and the areal unit utilized. Continued focus on environmental justice communities and

the cumulative risks faced by their residents is critical to protecting these residents and, ultimately,

moving towards a more equitable distribution and acceptable level of risk throughout society.
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INTRODUCTION

“Environmental justice” communities, that is, poor and minority communities that bear a

disproportionate burden of environmental health risk, are a particular group that is

inadequately served by current environmental risk assessment methods (Sexton 1997; IOM

1999; Morello-Frosch and Shenassa 2006; deFur et al.2007). Conventional environmental

risk assessment methods historically have focused on individual chemicals from particular

sources, with exposures occurring via single pathways and routes. But attention is now

shifting to the need to conduct more holistic risk assessments that take into account

exposures to both chemical and nonchemical stressors from multiple sources, all of which

occur through diverse exposure pathways and routes (Fiscella and Williams 2004; Gee and

Payne-Sturges 2004; Callahan and Sexton 2007; NEJAC 2004, 2010; Sexton and Linder

2010; WHO 2010).

Today, there is strong recognition that socioeconomically disadvantaged populations, many

of whom are ethnic and racial minorities, have the potential to experience higher rates of

morbidity and mortality due to the cumulative effects of exposure to environmental

stressors, including chemical agents (e.g., benzene), physical agents (e.g., noise, build

environment), biological agents (e.g., disease vectors), and psychosocial agents (e.g.,

unemployment, lack of access to health care) (Linder et al. 2008; Su et al. 2009). A number

of recent studies have shown the importance of taking both environmental chemicals and

social determinants of health into account when assessing the cumulative effects of

environmental stressors on health, especially in environmental justice and other vulnerable

communities (Schulz and Northridge 2004; Morello-Frosch and Lopez 2006; MRC 2009).

Examining cumulative impacts of sources of environmental risk, in combination with health

risks due to adverse social determinants, supports a broader understanding of cumulative

risk in environmental justice communities (Payne-Sturges and Gee 2006; Soobader et al.

2006; Linder and Sexton 2011; Sexton and Linder 2011). Overall, social determinants of

health are found to be a significant influence on health inequities—the unfair and avoidable

differences in health status seen within and between populations (CDC 2010). Social

determinants of health play both direct and indirect roles in the health of populations (see

Figure 1). Determinants such as social and economic disadvantage, racism, under- and

unemployment, unsafe or insecure employment conditions and social exclusion create

stressful conditions that serve to increase allostatic load and disrupt the body’s endocrine

and defense mechanisms, thereby increasing susceptibility to illness and premature

mortality. At the same time, diminished access to healthy foods, addictions, and poor early

childhood development conditions also impact a number of physiological functions,

including the pathway described above. Many of these determinants and health outcomes

create feedback cycles that perpetuate and worsen declines in health outcomes among

populations. Adding additional exposures to environmental health threats only serves to

further complicate these processes and create even more vulnerable populations (Wilkinson

and Marmot 2003).

Our goal in this study was to obtain a better understanding of the cumulative risk borne by

residents in an U.S. Environmental Protection Agency (USEPA)-designated Environmental
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Justice Showcase Community. In 2010, the USEPA identified one Showcase Community for

each of its 10 U.S. regions, selecting communities with multiple, disproportionate

environmental health burdens, population vulnerability, and limits to effective participation

in decisions with environmental and health consequences (Wilkinson and Marmot 2003).

This study focused on the West-Side area of Port Arthur, Texas—the Showcase Community

for USEPA Region VI. To better understand cumulative risk from both environmental and

social sources in this community, we determined what data were available to conduct this

broader assessment, clarified data needs and identified data gaps, and considered how those

gaps could be filled. The findings from this assessment provide a starting point for

broadening our understanding of how multiple environmental and social factors interrelate

to impact the health and quality of life of residents in disadvantaged communities.

METHODS

Setting

Port Arthur, Texas, is a coastal industrial community located along the Texas-Louisiana

border. The city has a long legacy of petrochemical refining and associated industries. Port

Arthur is currently home to three major refineries with an overall capacity estimated at

809,000 barrels per calendar day in 2011 (roughly 17% of all refined output of Texas and

5% of the entire United States) (USEIA 2012). One refinery is currently undergoing

expansion to become the largest refinery in the U.S., as well as to process products carried

along the Keystone XL pipeline (Motiva 2012, TransCanada 2012).1 The city is also home

to a hazardous waste incineration facility that processes, among other things, hydrolysate, a

by-product of nerve gas, as well as PCBs (Ellick 2008; Veolia 2012; The Houston Chronicle

2008; Port of Port Arthur 2012). Additional sources of environmental pollutants are

associated with the movement of goods to and from the community through the active

marine port as well as major highways and rail lines. The area is also prone to negative

impacts from hurricanes and other potential disasters related to being proximate to the Gulf

Coast.

Port Arthur has a population of just over 51,000, according to the 2010 census (see Table 1)

(BoC 2012a). Twenty-seven percent (27%) were aged 18 years or younger (higher than the

national average of 24%), and 13.3% were 65 years old or older (about the national

average). Roughly 40% of residents were Black or African-American, one-third (29.6%) of

all residents were of Hispanic or Latino descent and 22.8% were White, non-Hispanic. Just

under 75% of residents 25 years old or older graduated from high school (compared to the

national average of 84.6%), and only 10.9% had a bachelor’s degree or higher (compared to

27.5% nationally). Nearly one-quarter (23.4%) of residents live below the poverty level, and

median household income in 2009 was $30,339 (BoC 2012b).

1The Keystone XL Pipeline Project is a proposed 36-inch-diameter crude oil pipeline, beginning in Hardisty, Alberta, and extending
south to Steele City, Nebraska, with ultimate connections to petrochemical refineries in the Midwest, as well as along the U.S. Gulf
Coast. Along with transporting crude oil from Canada, the Keystone XL Pipeline will also support the significant growth of crude oil
production in the United States from producers in the Bakken region of Montana and North Dakota. This pipeline will allow Canadian
and American oil producers more access to the large refining markets found in the American Midwest and along the U.S. Gulf Coast.
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While these demographics describe Port Arthur’s residents as a whole, a particular

neighborhood of about 10,000 residents on the west side stands out as an area of public

health concern, and is the focus of this study (BoC 2012a). As can be seen in Figure 2, the

West-Side neighborhood is surrounded by the petrochemical complex on the north and west

sides, and a sea port to the south. A rail line and major highway bisect the community near

the eastern edge. While this neighborhood has slightly fewer children than the average of the

city (25.5% were aged 18 years old or younger), it is strongly minority: nearly 91.5% of the

residents are Black or African-American and another 5% are Hispanic or Latino. Compared

to Port Arthur as a whole, the West-Side had a slightly lower proportion of residents aged 25

or older (73.7%) who had a high school education. Nearly 30% live under the federal

poverty level, and the median household income estimates for 2009 for the West-Side

neighborhood was $19,900 (BoC 2012b).

In order to more critically examine the potential health concerns and accumulation of risk

within this community, it is useful to identify particular health threats arising within the

contexts of the geographic and demographic descriptors highlighted above. Specifically,

what is the current status of environmental and social determinants of health within the

West-Side neighborhood compared to other parts of Port Arthur, as well as Port Arthur as a

whole? Among the most visible factors related to health within the West-Side neighborhood

is the neighborhood’s close proximity to the surrounding port and petrochemical refining

facilities. Potential risks occur both through potential sudden impacts, such as large

unpermitted releases (such as those that occur during explosions or other industrial

accidents) as well as long-term impacts related to chronic exposures such as through routine

releases of toxicants, noise and light pollution, and activities related to goods movement to

and from these facilities.

Added to threats to health and quality of life from these environmental exposures is a

complex web of locally relevant social determinants of health including lack of access to

affordable healthy foods, affordable quality childcare, affordable quality housing, and

transportation, as well as relatively high rates of violence and crime, unemployment, vacant

and dilapidated property, and economic disinvestment. Each of these determinants has a

demonstrated correlation with health status and quality of life (San Francisco Department of

Health 2012; Sundquist et al. 2006; Riva et al. 2007).

While the general risks attributed to each of these determinants individually have been

documented in the research literature, only recently has research begun to focus on

cumulative risk due to combined exposures, as well as the broader impact on population

health. This study lays the groundwork for better understanding the multiple sources of

health risk and their contributions to cumulative risk within a community by cataloging

these various sources of risk due to both exposure to environmental toxics as well as social

determinants of health, comparing those findings to nearby and broader populations, and

reflecting on the sufficiency of readily available data.

Approach

Indicators—Researchers in partnership with a local non-profit community development

and environmental justice advocacy group worked collaboratively to identify local
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conditions contributing to health risk among West-Side residents, and to develop appropriate

indicators. Candidate indicators were identified from an inventory assembled through a

literature review, from the Healthy Development Measurement Tool, and through previous

experience with cumulative risk assessments (San Francisco Department of Health 2012).

Joint community meetings to discuss local priorities and to map key community assets and

hazards, combined with secondary data from national- and state-level databases, informed

the selection of relevant local indicators of social determinants of health (Pacific Institute

2011). Priority was placed on selecting indicators that were 1) commonly used measures of

critical constructs of environmental and social determinants of health and 2) readily

available to other communities wishing to replicate this process. Priority was given to

indicators readily available from federal databases, with state-level data being given second

priority, as state-specific data may not be available in other communities (outside of Texas)

seeking to replicate this process. All data were collected at the census tract level. The final

inventory of selected indicators included:

• Environmental Toxics

– National Air Toxics Assessment (NATA) 2005 (USEPA 2011)

♦ Diesel particulate matter

♦ Cancer risk

♦ Respiratory Risk

♦ Neurological Risk

• Social determinants of health

– U.S. Census American Community Survey (ACS) 5-year estimates 2005–

2009 (BoC 2012b)

♦ Percent living in poverty

♦ Percentage of single parent households

♦ Racial segregation (concentration of minorities)

♦ Median household income

♦ Mean rent as a percentage of income

♦ Percentage of residents who rent

♦ Percentage of housing units that are vacant

♦ Percentage of residents receiving supplemental nutrition

assistance program (SNAP) benefits

♦ Percentage of workers without access to a car

– United States Department of Agriculture (USDA 2011)

♦ Density of food outlets that accept Women, Children, and

Infant (WIC) subsidies per population
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♦ Density of food outlets that accept SNAP benefits per

population

– Texas Department of Family and Protective Services (2012)

♦ Density of licensed child care centers per population

– Texas Alcoholic Beverage Commission (2012)

♦ Density of facilities licensed for sales of alcohol intended for

offsite consumption per population

Limitations of indicators—National Air Toxics Assessment (NATA) exposure models

vary across the available years, and therefore should not be used to compare risk levels over

time. Further, NATA is typically used to identify areas that may need closer investigation of

toxic air emissions, or for planning more refined local assessments, and may not provide an

accurate assessment of risk associated with air toxics (USEPA 2012). NATA also is limited

in that it examines risk from air pollution only, and omits soil and water contamination,

noise pollution, vibration, and other sources of environmental threats to health. Among local

residents we communicated with in Port Arthur, the primary environmental source of risk is

perceived to be airborne exposures. Therefore, for the purposes of this study, only exposures

to air toxics will be considered for environmental risk.

Additionally, American Community Survey (ACS) data used in this analysis are averaged

across 5 years. In some communities, there may be major population shifts due to disasters

or other catastrophes that occur during this period and findings should be interpreted

cautiously under those conditions. Some indicators are based on highly formal criteria, and

may overlook more informal social and economic structures and processes. For instance, the

child care indicator only covers providers that are licensed by the state, and excludes

unlicensed operations, including informal care by a family member or neighbors, which can

be a significant source of childcare among low to moderate income households, but can also

present problems in terms of reliability, safety, and quality (Love et al. 2003). On the other

hand, there are many indicators that have been shown to have a negative (or positive) impact

on health that are not collected in easily accessible databases, and were not captured here.

Analysis—Indicator data were collected for all census tracts in the City of Port Arthur

from the sources listed above. The City of Port Arthur consists of 20 census tracts, 5 of

which largely define the West-Side neighborhood (see Figure 3). Using community partner

input, the boundaries of the West-Side neighborhood were drawn and the relevant census

tracts were identified. There were some minor differences between the community’s

boundary of the West-Side and the selected census tract boundaries, but the census tracts

selected account for the entire West-Side neighborhood and extend beyond the eastern

boundary by approximately 0.25 mile. Local community partners agreed that the extension

beyond the local boundary of the neighborhood was not unreasonable, as this area’s

population is similar to the residents within the locally drawn boundary. The selected tracts

also include land south of the community, but this mostly rural area is predominantly not

used as a residential area and is sparsely populated.
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Summary statistics for the various indicators were generated for each census tract. Statistical

comparisons were made between West-Side neighborhood census tracts and the remainder

census tracts for the City of Port Arthur using independent sample t-tests. To gain further

context, similar t-tests were run for census tracts in Port Arthur compared to other census

tracts within Jefferson County. Hotelling’s T2 tests were conducted to account for a

cumulative effect of changes in all variables at once. The test was conducted (a) across all

variables (both environmental and social), (b) only for the environmental variables, and (c)

only for the social determinants variables.

Further, for each indicator, the West-Side neighborhood census tracts were compared to (a)

the remainder of the census tracts in the city, (b) the city as a whole, (c) Jefferson County,

and (d) the State of Texas, to give a broader base for comparison. Statistical tests for

significance were conducted for differences between the West-Side neighborhood and the

rest of Port Arthur, but not for comparisons across the city, county, and state, as comparing

different ecological levels could be invalid (i.e., potentially introducing an ecological fallacy

in comparing census tracts to broader population averages). Geospatial data were collected,

stored and manipulated using ArcGIS 9.3 (ESRI 2008). Statistical tests were run using Stata

9.2 (StataCorp 2007).

RESULTS

Summarized in Table 2 are demographic, environmental risk, and social determinant

indicators for the West-Side neighborhood, the remainder of the city, Port Arthur as a whole,

Jefferson County, and the State of Texas. Data in the table suggest that risk for cancer,

neurological conditions, and respiratory health problems experienced by the West-Side

neighborhood due to air toxics is lower than the comparable areas in Port Arthur.

Cumulative comparisons were found to be statistically significant (Hotelling’s T2: F =

5.5312, p = 0.0061). Individual t-tests also suggest this area experiences higher risks

associated with social determinants of health; however, Hotelling’s T2 were not statistically

significant for either the social determinants only variables (F = 1.677, p = 0.2248) or the

overall model with all variables (F = 2.0328, p = 0.223).

According to these data, the West-Side neighborhood may face lower relative risks than the

rest of the city for three measures of risk related to air toxics, with statistically significant

differences estimated for three of the four indicators. These findings may be a result of a

number of factors, many of which potentially stem from the methodology behind NATA

modeling, with data sources not being concentrated geographically at such a local level.

Also, the prevailing wind from the south likely tends to push environmental toxicants

released by the petrochemical industry away from the community. However, the cumulative

impacts of the social determinants, as well as the impacts of these variables combined with

environmental sources of risk, cannot be statistically demonstrated in the results of this

study.

This community may shoulder relatively heavier burdens compared to the rest of the city in

regard to social determinants of health. High levels of low income households are indicated

by relatively higher proportions of persons living below the federal poverty level, rent
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overburdened households, single parent households, and decreased median household

income.

There are significantly more residents receiving SNAP benefits in the West-Side

neighborhood relative to the rest of Port Arthur. And while the difference technically is not

statistically significant, access to vendors carrying healthy, affordable foods (i.e., large

grocery stores, supermarkets and other facilities accepting W.I.C. benefits) is essentially

non-existent within the West-Side neighborhood. Residents must travel upwards of 4 miles

in many instances to reach a store selling a variety of healthy and affordable foods, a

problem compounded by the significantly higher portion of West-Side without access to a

vehicle. This deficit related to nutritional intake is partially addressed locally by an increase

in vendors that accept SNAP benefits, which increases access to affordable but not

necessarily a range of healthful food. Examples include convenience stores, which typically

have higher prices than supermarkets and a limited range of healthful options.2

Finally, there are relatively fewer licensed childcare providers in the West-Side

neighborhood. Given the larger proportion of single parent households in this community,

having access to affordable, quality childcare is essential for parents seeking opportunities

for gaining and maintaining employment, workforce development training activities, or

other activities related to improving the family’s overall position. Without licensed child-

care, parents may be forced to rely on unregulated informal childcare, which raises questions

in relation to safety, reliability, and quality, among other issues.

DISCUSSION

While the environmental and health risk indicators derived from NATA data showed the

West-Side neighborhood to be better off relative to the rest of the City of Port Arthur, the

city as a whole, and the county, these differences were small compared to state level data,

suggesting that the region as a whole is quite similar, and at potentially higher risk than

Texas averages (see Table 2) (USEPA 2011). And while some localized areas may have

higher burdens than others, much of the entire county appears to be affected by the local

petrochemical industry and activities related to the port and goods movement.

The most significant local differences found relate rather to social determinants of health,

especially rates of poverty and minority concentration. Specifically, residents living in close

proximity to large industrial facilities and near routes related to goods movement were also

likely to have relatively lower access to healthy foods, live in an area facing more

concentrated poverty, and be more racially segregated, among other disadvantages. While

the cumulative differences in these variables were not shown to be statistically significant,

there are a number of potential reasons for this. First, the sample size of this study was

relatively small, with Port Arthur having 20 census tracts. Second, while there were

2SNAP: The Supplemental Nutrition Assistance Program. A U.S. federal government program that serves as a domestic safety net by
providing financial and educational support to protect lower income Americans from hunger.
WIC: The Special Supplemental Nutrition Program for Women, Infants, and Children (WIC) provides additional U.S. federal
government grants to U.S. states and territories for supplemental foods, health care referrals, and nutrition education specifically for
low-income pregnant, breastfeeding, and non-breastfeeding postpartum women, and to infants and children up to age five who are
found to be at nutritional risk.
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differences between the West-Side neighborhood and the rest of the city, as stated earlier,

this comparison does not account for the overall status of the city relative to state- and

nation-wide averages.

While the findings related to concentrated poverty, availability of transportation, and racial

segregation, suggest that the residents of the West-Side neighborhood may be carrying a

higher health risk than their fellow Port Arthur residents due to social determinants of

health; the relatively lower level of risk among West-Side residents in relation to

environmental risks was not expected. These findings could be a result of four potential

sources of bias. First, the comparatively small sample size suggests that the variability

measured in these 20 census tracts may not have been sufficient to meet statistical

significance. Second, the relative contributions to cumulative risk by each variable is likely

not equal. For example, the risk posed by air emissions may be a different magnitude than

the risk posed by density of childcare providers. This suggests that a weighting system might

make an important contribution to accurate modeling of cumulative risk in communities.

Also, the degree of risk may not have a linear relationship with distance or density

(depending on the indicator). Third, the indicators utilized were limited to available

secondary data. There are additional environmental and social sources of risk that could not

be accounted for using only large publically available databases of secondary data. Two

examples include additional sources of data related to environmental risk (e.g., soil and

water pollution, etc.) and crime data, as well as a variety of factors that may be more

difficult to quantify, such as social cohesion within a community. Finally, the defined

boundary of the environmental justice community may be too geographically narrow, and

risk accumulations may be occurring in this community on broader scales, such as across the

entire city. Further examination of the surrounding area and its relationship with different

definitions of the community boundary is needed.

Lower levels of environmental health risk for the fence line community of the West-Side

neighborhood was an unexpected finding that warrants further investigation. Specifically,

questions remain about the relative differences sources of health risk (particularly from air

toxics) observed in the Westside Neighborhood compared to the rest of the City versus the

apparently elevated estimates of risk from air toxics in the general region as a whole.

It is also possible that the findings may in fact be a result of data limitations, the finding

reinforces the notion that, the limited data available to researchers through secondary

sources needs to be expanded and standardized. In particular, more robust measures of air,

water and soil exposures as well as social determinants of health and health outcomes at

more refined geographic resolutions would yield a more refined analysis of environmental

risk, if collected and made publicly available. The collection of such data through database

sources is important because although primary data collection can fill information gaps, and

local knowledge will serve an important function in identifying community priorities and

guiding researchers down useful paths of inquiry, primary data collection is expensive and

time-consuming, and potentially leads to studies with little external validity.

Finally, traditional statistical models may be too limited in their capacity to assess

cumulative risk from these multiple sources. The relationships between the indicators and
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their impacts on cumulative health risk may potentially be linear or non-linear. Additional

models of assessment may need to be applied to help in answering the questions around

cumulative risk. Possible applications include the use of health impact assessments, as well

as application of systems thinking methodologies, such as system dynamics modeling, agent

based modeling, and other simulation techniques (Health Impact Project 2013; OBSSR

2013).

Overall, the findings of this study suggest that assessing cumulative risk without

incorporating social determinants of health can underestimate a community’s risk, even in

an environmental justice community. More locally refined data related to environmental and

social sources of risk, as well as health outcomes and health status. Further, additional

research on clearly defining boundaries of environmental justice communities is needed.

Continued focus on environmental justice communities and the cumulative risks faced by

their residents is critical to protecting these residents and, ultimately, moving towards a

more equitable distribution and acceptable level of risk throughout society. With continued

growth of industries associated with toxic emissions, as well as the development of new

sources of products that potentially have even more toxic byproducts (such as the increased

interest in refining bituminous sand for petroleum production), several fence line

communities, and their surrounding neighbors, may be facing increased risk in the near

future. Gaining broader understanding as to the sources and magnitude of this risk burden

from environmental and social sources, as well as their interactions with each other, is

essential to developing long-term effective solutions to the issues affecting these

communities, and, ultimately, moving towards a more equitable distribution and acceptable

level of risk throughout society.
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Figure 1.
Framework for cumulative risk.
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Figure 2.
Location of the West-Side neighborhood.
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Figure 3.
Selected census tracts in relationship to the boundaries of the West-Side neighborhood.
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Table 1

Demographics of Port Arthur, Texas.

West-Side Neighborhood City of Port Arthur

Population (est.) 10,024 51,885

 Population with age 18+ 25.5% 27%

 Population with age 65+ 13.3%

Black or African-American 89.6% 40%

Hispanic or Latino 19.2% 29.6%

White, non-Hispanic 2.8% 22.8%

% Ages 25+ with High School Diploma 73.7% 74.8%

% of Households with Incomes At or Below Poverty 29.2% 23.4%

Median Household Income $19,900 $30,339
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