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South Seattle’s Duwamish Valley has long been referred to as a community with environmental  
injustices—a community with disproportionately high environmental health burdens and risks  
and fewer positive environmental benefits than the rest of Seattle—but limited evidence has been 
available to date to validate or quantify this characterization. The Duwamish River Cleanup Coalition/
Technical Advisory Group (DRCC/TAG) received an Environmental Justice (EJ) Research grant  
from EPA to conduct a Cumulative Health Impacts Analysis (CHIA) to document and quantify the  
Duwamish Valley’s environmental health status relative to other areas of Seattle. Cumulative impacts 
are defined as: “any exposures, public health, or environmental effects from the combined emissions 
and discharges, in a geographic area, including environmental pollution, from all sources, whether  
single or multimedia, routinely, accidently, or otherwise released” (OEHHA, 2010). 

In accordance with California EPA’s cumulative impacts ranking methodology, a total of 15 indicators  
in five categories were selected and input into a formula to calculate cumulative heath impact scores 
for ten representative Seattle ZIP codes. Indicators included socioeconomic factors; sensitive popula-
tions; environmental exposures; environmental effects; and public health effects (OEHHA, 2010). 
From an environmental exposures perspective, Beacon Hill/Georgetown/South Park (ZIP code 98108) 
had the highest ranking for air pollution and for exposure to confirmed and suspected contaminated 
sites. This area also had one of the highest rankings in the city for unhealthy environmental effects,  
i.e., lack of access to a healthy built environment. Cumulatively, these poor environmental scores com-
bined with high ranks for social vulnerabilities (socioeconomic factors and sensitive populations) and 
a medium ranking for public health effects resulted in the highest cumulative impact score of Seattle 
ZIP codes in the study. The results of this cumulative analysis provide a firm basis for characterizing 
the Duwamish Valley as an area with disproportionate health impacts and environmental injustices. 

Additional evidence, including at the larger Duwamish watershed scale and at the smaller census tract 
scale, reinforce these cumulative findings, and further suggests that the ZIP code level analysis may 
obscure even greater disparities in the riverside communities of South Park and Georgetown. In  
comparing residents of the Duwamish Valley to King County, Duwamish Valley residents are more 
likely to live in poverty, be foreign born, have no health insurance or leisure time, and are more likely 
to be sick. Georgetown and South Park residents have up to a 13-year shorter life expectancy (at birth) 
than wealthier parts of Seattle.

In light of these cumulative findings, the Duwamish Valley merits attention from decision-makers regard-
ing health protective and proactive environmental regulations, policies, practices, and actions. The 
results of this analysis will inform recommendations that DRCC/TAG will make to EPA, Washington 
state, and local government agencies regarding the Lower Duwamish River Superfund Site. In addi-
tion, DRCC/TAG will provide this report to federal, state, regional, and local governments; communi-
ty-based organizations; and other stakeholders and decision-makers, to help guide the development of 
policies and actions to improve overall environmental health and equity in the Duwamish Valley. 

4
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I. Introduction

South Seattle’s Duwamish Valley has long been referred to as a community with environmental  
injustices—a community with disproportionately high environmental health burdens and risks and 
fewer positive environmental benefits than the rest of Seattle—but limited evidence has been available 
to date to validate or quantify this characterization. The Duwamish River Cleanup Coalition/Technical 
Advisory Group (DRCC/TAG) represents an alliance of community, tribal, environmental, and small 
business groups affected by ongoing pollution and cleanup plans for Seattle’s lower Duwamish River, 
a 5.5-mile-long Superfund Site.1 The Duwamish Valley’s riverfront neighborhoods of South Park and 
Georgetown are home to residents who are among those most impacted by the Superfund Site, with 
potential exposures from contact with contaminated sediments on neighborhood beaches, swimming 
or wading in the river, and from fishing. South Park and Georgetown are among Seattle’s lowest  
income neighborhoods, and South Park, in particular, is one of the city’s most ethnically diverse  
neighborhoods. As the US Environmental Protection Agency’s (EPA) Community Advisory Group  
for the Duwamish River Superfund Site, DRCC/TAG received an Environmental Justice (EJ) Research 
grant from EPA to conduct a Cumulative Health Impacts Analysis (CHIA) for the surrounding resi-
dential community, in order to document and quantify the Duwamish Valley’s environmental health 
status relative to other areas of Seattle and inform EPA’s site cleanup decisions. 

4
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This report compares geographic neighborhoods in the Seattle area and provides evidence of dispro-
portionate health, socioeconomic, and environmental impacts in the Duwamish Valley. Based on  
these findings, DRCC/TAG will make recommendations to EPA and other appropriate agencies to 
reduce or mitigate risks and impacts for Duwamish Valley residents that are related to the Superfund 
site. The purpose of those recommendations will be to: 

1.  inform EPA’s Duwamish River Superfund Site cleanup decisions; 
2.  develop risk reduction strategies for communities impacted by the site; and 
3. improve health outcomes in the affected community. 

In addition, the information compiled in this report is expected to inform action by regional public 
and private agencies on a variety of other health risk factors affecting the Duwamish Valley and other 
Seattle communities where disproportionate impacts are evident.

This report reviews relevant definitions, regulations, and policies in Section II; the cumulative impacts 
analysis method in Section III; indicators chosen for the analysis in Section IV; discussion of results in 
Section V; other lines of evidence in Section VI; limitations in Section VII; and conclusions and next 
steps in Section VIII. More detailed information can be found in the appendices, available online at: 
www.duwamishcleanup.org/programs/duwamish-community-health-initiative.

1 A Superfund Site is one listed by the US Environmental Protection Agency on the National Priorities List, a designation for the most 
toxic hazardous waste sites in the country, which require cleanup under the Comprehensive Environmental Response, Compensation 
and Liability Act (CERCLA).

4
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II. Key Definitions and Relevant EPA Regulations

The following terms mean different things to different audiences and in various contexts. For 
the purpose of this report, the following definitions and relevant regulations and policies are used  
and reflect the context of the Duwamish Valley and the Duwamish River Superfund Site. 

Environmental Justice (EJ): The US Environmental Protection Agency (EPA) defines EJ as “the fair 
treatment and meaningful involvement of all people regardless of race, color, national origin, or  

income with respect to the development, implementation, 
and enforcement of environmental laws, regulations, and 
policies.” EPA’s goal is “to provide an environment where all 
people enjoy the same degree of protection from environ-
mental and health hazards and equal access to the decision-
making process to maintain a healthy environment in  
which to live, learn, and work” (http://www.epa.gov/ 
environmentaljustice/). 

In Washington State, EJ is described in the Governor’s 2012 
State Policy Action Plan to Eliminate Health Disparities as “the right to a safe, healthy, productive, and 
sustainable environment, where ‘environment’ is considered in its totality to include the ecological,  
physical, social, political, aesthetic, and economic environment. Environmental justice addresses  
the disproportionate environmental risks borne by low-income communities and communities of 
color resulting from poor housing stock, poor nutrition, lack of access to healthcare, unemployment, 
underemployment, and employment in the most hazardous jobs” (Governor’s Interagency Council  
on Health Disparities, December 2012). 

Environmental Justice Executive Order 12898: In 1994, Executive Order 12898: Federal Actions to  
Address Environmental Justice in Minority and Low-Income Populations was issued by President  
Clinton. The Order stated that “each federal agency shall make achieving environmental justice part  
of its mission by identifying and addressing, as appropriate, disproportionately high and adverse 
human health or environmental effects of its programs, policies, and activities on minority populations 
and low-income populations…” The Order goes on to state that federal agencies shall, “at a minimum: 
(1) promote enforcement of all health and environmental statutes in areas with minority populations 
and low-income populations; (2) ensure greater public participation; (3) improve research and data 
collection relating to the health of the environment of minority populations and low-income popula-
tions; and (4) identify differential patterns of consumption of natural resources among minority  
populations and low-income populations” (EOP, 1994). 

Plan EJ 2014: Inclusion of EJ principles in all of EPA’s decisions has been cited as a top agency priority 
by former EPA Administrator Lisa Jackson. In recognition of the 20th anniversary of the EJ Executive 
Order, EPA has released Plan EJ 2014. The overarching strategy of the Plan is to:

4
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low-income communities and 
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1. protect the environment and health in overburdened communities;
2. help communities to take action to improve their health and environment; and
3. establish partnerships with local, state, tribal, and federal governments and organizations to 

achieve healthy and sustainable communities.

This strategy will be achieved by implementing and seeking to strengthen agency efforts in:  
(1) incorporating environmental justice into rulemaking; (2) considering environmental justice  
concerns in EPA’s permitting process; (3) accelerating compliance and enforcement initiatives;  
(4) supporting community-based action programs; and (5) fostering administration-wide action  
on environmental justice (EPA, September 2011). 

Locally, Region 10 has committed itself to Plan EJ 2014 and has adopted EPA Region 10’s Approach for 
Implementing Administrator Jackson’s Seven Priorities: FY 2011–15, which includes an EJ Strategic Plan 
(EPA, November 2011). Goals of Region 10’s EJ Strategic Plan include: 
1. eliminate, reduce, or mitigate the burden of pollution and disproportionate, adverse public health 

and environmental impacts on low-income and minority communities and vulnerable populations;
2. systematically facilitate the integration of environmental justice—principles, practices, guidance, 

tools, and methods—into the programs, policies, and actions of Region 10; and
3. engage communities in empowerment processes to identify existing and emerging environmental 

justice issues and collaboratively assist them in addressing those impacts.
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With regard specifically to Superfund cleanup decisions, the Plan EJ 2014 Legal Tools document states 
that EPA’s authority to consider public health and welfare and the environment provides “the basis for 
considering cumulative risk in taking response actions” (EPA, December 2011). Furthermore, EPA can 
use its authority to accommodate EJ considerations in assessing remedial alternatives, per its nine cri-
teria for evaluating cleanup alternatives. These considerations include: the threshold criteria of overall  

protectiveness of human health and the environment,  
compliance with state statutes, and the modifying criteria  
of community acceptance (EPA, October 2012).

Environmental Justice Gap: Refers to the difference be-
tween low income and/or minority communities who sys-
tematically experience disproportionately greater  
environmental risks and impacts, and fewer positive  
environmental benefits, as compared with high income/ 
non-minority communities. 

Cumulative Impacts: The EJ Executive Order specifically 
states that when conducting an EJ analysis, “multiple and 

cumulative exposures” should be identified when practicable and appropriate (EOP, 1994). While  
traditional human health risk assessments have been conducted for the Duwamish River Superfund 
Site, as well as several other contaminated sites in the Duwamish Valley, cumulative health impacts 
that account for all exposures and other risk factors have not yet been evaluated. Cumulative impacts 
are defined as: “any exposures, public health or environmental effects from the combined emissions 
and discharges, in a geographic area, including environmental pollution, from all sources, whether 
single or multimedia, routinely, accidently, or otherwise released” (OEHHA, 2010). The Order further 
directs that: “impacts will take into account sensitive populations and socioeconomic factors, where 
applicable and to the extent the data are available” (EOP, 1994). 

Health disparity vs. health inequity: A health disparity (or inequality) is a “particular type of dif-
ference in health in which disadvantaged social groups—such as the poor, racial/ethnic minorities, 
women, or other groups who have persistently experienced social disadvantage or discrimination—
systematically experience worse health or greater health risks than more advantaged social groups” 
(Braveman, 2006). In contrast, a health inequity is a disparity that is not only unnecessary and avoid-
able but, in addition, is considered unfair and unjust (Whitehead, 1992). Achieving health equity 
means the elimination of disparities and “valuing everyone equally with focused and ongoing societal 
efforts to address avoidable inequalities, historical and contemporary injustices” (US Department of 
Health and Human Services, Office of Minority Health, 2010).

As part of Plan EJ 2014 and its goal to achieve EJ as required by EO 12898, the EPA is collaborating 
with multiple federal institutions to ensure the integration of environmental justice and health equity 
considerations into the policies, actions, and programs across the federal government. 

Achieving health equity 
means the elimination of  

disparities and valuing  
everyone equally with  

focused and ongoing societal 
efforts to address  

avoidable inequalities.
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III. Cumulative Impacts Analysis Method

 

CUMULATIVE IMPACTS: 

BUILDING A SCIENTIFIC 

FOUNDATION 

 

 
December 2010 

 

Linda S. Adams, Secretary 

California Environmental Protection Agency 

 

Joan E. Denton, Ph.D., Director 

Office of Environmental Health Hazard Assessment 

 

Although 23 states have developed a range of qualitative to complex quantitative methods to evalu-
ate disproportionate impacts, Washington State has not (Payne-Sturges, 2012). As part of its goal to 
achieve environmental justice for low-income and minority communities, the US Environmental 
Protection Agency (EPA) has been developing and improving reliable scientific data for identifying  
disproportionate environmental and health impacts among racial and ethnic minorities, low income 
populations, and indigenous people and tribes, while working to address and reduce environmental  
disparities. The approach chosen for the Duwamish Valley Cumulative Health Impacts Analysis 
(CHIA) is California EPA’s (Cal EPA) cumulative impacts ranking methodology, which uses a quanti-
tative, easy to understand approach (OEHHA, 2010). For a state-of-the-science review of cumulative 
impacts and the selected methodology, an excellent summary can be found in California’s Cumulative 
   Impacts: Building a Scientific Foundation (OEHHA, 2010).

 The Cal EPA cumulative impacts method uses multiple indicators that 
are divided into five categories (referred to as components), each with 
an established range of ranking scores. 

The Cal EPA rationale for the range of ranking scores for each 
component is based on the certainty of evidence in the literature 
(OEHHA, 2010). For socioeconomic factors and sensitive popula-
tions, the relatively broad ranking of 1–3 is based on literature 
indicating that there are several-fold differences in the way that 
vulnerable populations respond to environmental contamination. 
For the finer environmental exposure ranking of 1–10, there is 
abundant evidence on the types and extent of potential expo-

Component Definition Ranking Score  

Socioeconomic factors Community characteristics that result in 1–3 
 increased vulnerability to pollutants 

Sensitive populations Populations with traits that may magnify 1–3 
 the effects of pollutant exposures  

Environmental exposures Contact with pollution 1–10  

Environmental effects Adverse built environment conditions 1–5  

Public health effects Disease and other heath conditions 1–5  
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sures in communities and how they are associated with health (e.g., air pollution). Environmental 
effects and public health effects are assigned a mid-range ranking of 1–5 because there is less certainty 
and less information on the link between exposure and effect than with environmental exposures, but 
more certainty than is available for the link between socioeconomic status/vulnerable populations and 
health.

Three indicators for each component are selected from specified communities or geographic areas, for 
a total of 15 indicators. Indicator data for each community or geographic area are then ordered from 
highest to lowest, divided into equal subgroups, and assigned a ranking score for input into the  
following formula:

          Cumulative Impact = (Socioeconomic factors + Sensitive populations) x 

                    (Environmental exposures + Environmental effects + Public health effects)

Using this formula, the total cumulative impact score can range from a minimum of 6 to a maximum 
of 120. High scores indicate disproportionate impacts. These highly ranked areas can then be identi-
fied as priorities for action by EPA, states, communities, and other decision-makers.

This CHIA was designed to examine whether disproportionate impacts occur in the Duwamish  
Valley, as compared to other Seattle neighborhoods, in order to inform Superfund cleanup decisions 
and other relevant policies and actions. The geographic scale of analysis is the Zone Improvement  
Plan (ZIP) code, because indicator data were most readily available in this format. Ten Seattle ZIP 
codes are included in the CHIA analysis, as shown in Figure 1 (page 10). The ten ZIP codes were cho-
sen based on a range of factors that are representative of differences (high, medium, and low) between 
Seattle geographic areas. ZIP codes were chosen according to ranges in income levels, racial/ethnic 
makeup, and pollution concentrations, as well as differences in neighborhood’s access to resources, 
such as housing costs, park access, and education. Finally, as part of a Community Based Participatory  
Research (CBPR) effort helping to inform the project, areas that are often discussed by Duwamish  
Valley residents themselves when they compare their circumstances to other Seattle neighborhoods 
are included (Appendix B, online). Additional data were collected at the smaller neighborhood scale 
and larger Duwamish Valley scale, using available census tract data, but were not used in the quantita-
tive CHIA equation shown above. These results are discussed separately in Section VI. 



4
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IV. Indicators for Cumulative Health Impacts Analysis

4

Data were collected for 24 available indicators for all ten ZIP codes, as shown in Table 1 on page 12. 
The 15 indicators used in the cumulative impacts scoring formula are highlighted and were selected 
based on:

a)  established indicators from the US Environmental Protection Agency’s (EPA) EJ definition 
(e.g., percent minorities, percent poverty); 

b)  information from Duwamish Valley residents about their environmental health concerns  
(e.g., air pollution, access to green space), collected through a Community Based Participatory 
Research project (Appendix B, online); 

c)  scientific evidence compiled from public environmental, demographic, and health databases; and 
d)  best professional judgment. 

A series of Geographic Information System (GIS) maps created for each of the 15 indicators selected 
are shown in Figures 2–16. 

Socioeconomic component (Rank range 1-3)
A growing body of research provides evidence that low-income and/or minority communities are 
more vulnerable to pollution exposure than higher income, non-minority populations, which in turn 
affects health (OEHHA, 2010; Hicken et al, 2012). The causes of health disparities from pollution are 
diverse and complex. However, correlations have been drawn between various factors, such as living 
in low-income conditions and compromised health; lower education level and increased risk of dying 
from lung cancer; lower birth weight infants born to black mothers exposed to particulate pollution 
as compared to white mothers; violence and increased risk of asthma in children; and stress and poor 
health outcomes (OEHHA, 2010; Payne-Sturges et al, 2006).

Selected Indicators 
•	 Educational	attainment	(Figure	2,	page	13)
•	 Income/poverty	level	(Figure	3,	page	14)
•	 Race/ethnicity	(Figure	4,	page	15)

Sensitive populations component (Rank range 1–3) 
A growing body of scientific literature has established that certain populations are more vulnerable to 
pollution because of their age (e.g., children and the elderly), pre-existing conditions (e.g., diabetes, 
cardiovascular disease, pregnancy), and/or cultural practices (e.g., subsistence fishing in contaminated 
rivers) (OEHHA, 2010). 

Selected Indicators 
•	 Presence	of	children	(Figure	5,	page	16)
•	 Presence	of	elderly	(Figure	6,	page	17)
•	 Number	of	foreign-born	(Figure	7,	page	18)

11January 2013
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Environmental exposure component (Rank range 1–10) 
Individuals can be exposed to contamination through various media (air, soils, sediments, ground 
water, surface water) by coming into contact with a chemical or physical agent. Examples of exposure 
are ingestion, inhalation, and direct contact (e.g., on the skin) with a pollutant. There is little research 
available that establishes a firm causal connection between contaminant exposures and health out-
comes because of long latency periods, lack of body burden markers, and exposure to multiple  
possible causes of illness (Payne-Sturges et al, 2006). However, the health risks (potential for disease) 
of exposure to many pollutants is well understood, and it is well established that low-income and/or 
minority populations are disproportionately exposed to pollution and increased health risks because 
of their proximity to pollution sources such as industrial facilities, highways, low income housing  
(e.g, lead), and agricultural areas (e.g., pesticide application) (OEHHA, 2010). 

Selected Indicators
•	 Concentration	of	diesel	particulate	mater	in	air	(Figure	8,	page	20)
•	 Concentration	of	benzene	in	air	(Figure	9,	page	21)
•	 Number	and	severity	of	confirmed	and	suspected	contaminated	sites	(Figure	10,	page	22)

Environmental effects component (Rank range 1–5)
Where a person lives affects their health, but not all communities are equal with respect to their  
exposure to pollution and access to resources or benefits that can make a community more or less 
healthy (http://www.kingcounty.gov/exec/equity.aspx). In addition to concerns about industry  
pollution, noise, and traffic, Duwamish Valley residents expressed concern through a Community 

Certain populations are 
more vulnerable to  
pollution because of 
their age, pre-existing 
conditions, and/or  
cultural practices.
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Based Participatory Research (CBPR) project (described in Appendix B) that they lacked adequate  
access to healthy food, green space, and places to play or exercise.

Selected Indicators 
•	 Amount	of	forest	canopy	(Figure	11,	page	24)
•	 Amount	of	park	area	per	resident	(Figure	12,	page	25)
•	 Number	of	Toxic	Release	Inventory	sites	(Figure	13,	page	26)2

Public health component (Rank range 1–5) 
Health disparities have been well documented in the United States and locally and are the focus of 
growing community and government attention (CDC, 2011; Governor’s Interagency Council on 
Health Disparities, 2012).  Numerous public health indicators were compiled and reviewed for  
statistical significance and stability as well as alignment with the community’s identified health  
concerns through the CBPR project.

Selected Indicators
•	 Heart	disease	(Figure	14,	page	27)
•	 Childhood	asthma	(Figure	15,	page	28)
•	 Lung	cancer	(Figure	16,	page	29)

Where you live  
affects your 
health
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2 Toxic Release Inventory (TRI) sites are those listed on EPA’s database of facilities with large volumes of toxic chemical releases.
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V. Cumulative Impacts Analysis Results

Data for each of the selected indicators described above were ordered from high to low, divided into 
equivalent portions based on the range of collected data, and assigned the corresponding rankings 
shown in Figures 2–16 and Table 2 (page 31). In calculating the cumulative impact score, the rank 
sums for each indicator were first averaged for each component. For example, for the socioeconomic 
factors component (Rank range 1–3) in the 98108 ZIP code (Beacon Hill/Georgetown/South Park), 
percent college education, percent below 200% of poverty level, and percent non-white minority each 
received a rank of 3. The 3 indicators were totaled (3+3+3=9) and then averaged, giving the 98108 ZIP 
code a socioeconomic factors rank of 3 (Table 2, page 31). In Table 2, each component is color coded 
to match the color spectrum used in Figures 2–17: the darker the coloring, the higher ranking the 
characteristic, or contribution to the overall cumulative impact. For example, for the socioeconomic 
factors component, which is color coded in a brown spectrum, the 98108 ZIP code is a 3 and dark 
brown, while a 1 ranking has a light tan color. 

Social Vulnerability

Socioeconomic Factors component (Rank range 1 –3)
Based on a ranking of 1–3, Table 2 shows that 3 ZIP codes (98108, Beacon Hill/Georgetown/South 
Park; 98144, Central District; and 98178, Rainier Beach) were each given the highest average ranking 
of 3 for the socioeconomic factors component (No college education; Percent below 200% poverty 
level; Percent non-white minority population).
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Table 2. Cum
ulative H

ealth Im
pacts A

nalysis, by ZIP code, Seattle, W
ashington (colors correspond to color keys in Figures 2–17)
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Sensitive Populations Component (Rank range 1 –3)
Table 2  (page 31) shows that sensitive populations (presence of children under 5 years, presence of 
elderly, and percent foreign born) were given the highest average ranking of 3 in the same three ZIP 
codes (98108, 98144, and 98178) as for the socioeconomic factors component.

Social vulnerability is the sum of the socioeconomic factors component rank plus the sensitive  
populations component rank and can range from 2–6 for the ten Seattle ZIP codes. ZIP codes 98108 
(Beacon Hill/Georgetown/South Park), 98144 (Central District), and 98178 (Rainier Beach), received 
the highest ranking of 6 while the lowest ranked was 98102 (Eastlake), with a ranking of 2, as shown  
in Table 2.

Environmental Vulnerability

Environmental Exposures component (Rank range 1 –10) 
The environmental exposures component includes exposure to airborne diesel particulate matter  
and benzene via inhalation, as well as the potential to be exposed to nearby confirmed and suspected 
contaminated waste sites. Table 2 (page 31) shows that two areas of Seattle—Eastlake (98102) and  
Beacon Hill/Georgetown/South Park (98108)—have particularly high exposures to air pollution. In 
addition, 98108 has the highest exposure to contaminated waste sites. When the three indicators are 
summed, averaged and ranked from 1–10, 98108 receives the highest ranking of 10, followed by 98102 
with a ranking of 7. Magnolia (98199) with a ranking of 1, has the lowest environmental exposures 
ranking.

Environmental Effects component (Rank range 1 –5) 
The environmental effects component consists of three built environment attributes: percent tree  
canopy, amount of park area per resident, and proximity to Toxic Release Inventory Sites, and is 
ranked from 1–5. Table 2 shows that two areas of Seattle—Beacon Hill/Georgetown/South Park 
(98108) and Ballard (98107)—have the poorest built environment characteristics, with a ranking of 5. 
Magnolia (98199) has the best built environment attributes, with a ranking of 1.

Public Health Effects Component (Rank range 1 –5) 
The three indicators used to make up the public health effects component are heart disease death rates, 
childhood asthma hospitalization rates, and lung cancer death rates, with a ranking from 1 to 5. White 
Center (98106) and North Central District/Madrona (98122) had the highest public health effects, 
with a ranking of 4; the lowest public health effects, with a ranking of 1, are in Eastlake (98102) and 
Alki (98116). Beacon Hill/Georgetown/South Park (98108) ranked as 3.

Environmental vulnerability is the sum of the environmental exposures component, plus the environ-
mental effects component, plus the public health effects component, and can range from 3 to 20.  
Beacon Hill/Georgetown/South Park (98108) had the highest ranking of 18, as shown in Table 2.  
The next highest environmental vulnerability ranking was 13, for Eastlake (98102), and the lowest  
was for Magnolia (98199), with a ranking of 4. 
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Cumulative Impacts
The cumulative health impact scores for the ten Seattle ZIP codes are shown in Table 3 (page 34) and 
Figure 17 (page 35). 

          Cumulative Impact = (Socioeconomic factors + Sensitive populations) x 

                    (Environmental exposures + Environmental effects + Public health effects) 

In a cumulative impact range of 6 to 120, the highest cumulative score is 106 for ZIP code  
98108 (Beacon Hill/Georgetown/South Park). The high score indicates that this area is burdened with  
disproportionately greater impacts relative to the other areas of Seattle. South Central District/Mt. 
Baker (98144), receives the second highest score of 66. Rainier Beach (98106), White Center/Delridge 
(98106), and North Central District/Madrona (98122) receive medium-low scores of 50, 46, and 43, 
respectively. Eastlake (98102), Ballard (98107), University District/Laurelhurst (98105), Alki (98116), 
and Magnolia (98199) all receive relatively low cumulative impact scores of 30, 28, 21, 19, and 13, 
respectively. 
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Table 3. Cum
ulative H
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While the Cumulative Health Impacts Analysis (CHIA) used 15 indicators (3 indicators per compo-
nent) to measure cumulative impacts, other indicators were reviewed to examine disparities and are 
shown in Appendix A (www.duwamishcleanup.org/programs/duwamish-community-health-initia-
tive). Figures A1–A9 show that residents of Beacon Hill/Georgetown/South Park (98108 ZIP code) 
have additional disparities, including the highest ranking in percent adults with no health insurance, 
percent adults with no leisure time, and stroke death rate. ZIP code 98108 also ranks medium high in 
assault hospitalization rates, percent adults with hypertension, percent adults overweight or obese and 
medium in life expectancy, percent adult cigarette smokers, and percent adults with doctor diagnosed 
diabetes. 

While this report analyzed data at the ZIP code level, other data, where available and statistically 
stable, were reviewed at two other geographic levels: (1) the greater Duwamish Valley watershed,  
a geographic area that extends from the southern part of Elliott Bay to as far south as the southern  
end of the Beacon Hill ridge; and (2) the Georgetown and South Park neighborhoods. The greater  
Duwamish Valley data set is large and therefore contains more statistically stable data. The South 
Park/Georgetown data set, which is composed of two census tracts, is smaller and therefore contains 
fewer statistically significant and stable indicators. 

Duwamish Valley Watershed
The total population included in the greater Duwamish Valley watershed is approximately 132,000,  
using 2010 census data. In 2011, Public Health-Seattle & King County’s Policy Development &  
Evaluation Unit conducted a health and demographics analysis of the Duwamish Valley using this 
geographic scale (Appendix C–Table 3, online). In comparing the greater Duwamish Valley to King 
County residents, greater Duwamish Valley residents are more likely to live in poverty (17.6% vs. 
9.7%), be foreign born (31.9% vs. 19%), not attend high school (20.1% vs. 8.2%), have no bachelor’s 
degree (75.4% vs. 55.2%), have no health insurance (20% vs. 13%), and have no leisure time physical 
activity in the past month (24% vs. 15%).  All of these differences are statistically significant. 3

Low birth weight is an indicator commonly used to illustrate racial and income health disparities  
between populations because it is major factor for several chronic diseases of adulthood and is  
linked to long-term health effects, including intergenerational health outcomes (Collins et al, 2002; 
OEHHA, 2010). The low birth weight difference between greater Duwamish Valley and King County 
residents is also statistically significant (6.0% vs. 4.9%). 

In terms of mortality characteristics represented as a rate per 100,000, lung cancer (52.3 vs. 41.4),  
unintentional injuries (41.3 vs. 32.7), and homicide (10.5 vs. 3.4) are significantly higher in the greater 

VI. Other Lines of Evidence

3  Statistical significance in this report is based on a 95% confidence interval.
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Duwamish Valley  
residents are more 
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asthma than King 
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Duwamish Valley than in King County overall. With regard to hospitalization rates per 100,000, 
Duwamish Valley residents are more likely to be hospitalized for asthma than King County residents 
(youth under 18 [240.4 vs. 143.4] and adults [83.4 vs. 53.6]) and more likely to be hospitalized for  
assault (70.9 vs. 31). In addition to air pollution, there is evidence that increased anxiety and violence 
can trigger asthma attacks (Wright et al, 2004). 

Life expectancy, often used as a measure of overall health and well being, is significantly lower in the 
greater Duwamish Valley, compared to the King County average (79.4 vs. 81.5). 

Georgetown and South Park 
The neighborhoods of Georgetown and South Park have a total population of of approximately  
5,160 (2010 Census) and are represented by two census tracts (109 and 112). Heart disease and life 
expectancy data available and statistically stable at the census tract level suggest that Georgetown  
and South Park residents’ health characteristics are worse than portrayed by the 98108 ZIP code data. 
For example, although the heart disease death rate (Figure 14, page 27) for the 98108 ZIP code is 
ranked medium-low (2) relative to the other ten ZIP codes, a closer examination of data available for 
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the South Park and Georgetown census tracts show a greater health 
disparity. Heart disease death rates in South Park and Georgetown 
between 2006–2010 were 202.9 per 100,000, which falls above the 
highest range in the CHIA (171–188). 

Residents of 98108 have an average life expectancy of 80.8 years, 
which is ranked as a 3, or medium (80.7–82.6 years), and is similar 
to both the Seattle and King County average. However, census tract 
data show that in Georgetown and South Park, life expectancy is 
73.3 years, which is significantly lower than the Seattle and King 
County average of 81.5. Additionally, Georgetown and South Park 
residents often compare their circumstances to other Seattle neigh-

borhoods that they perceive as more privileged, such as Laurelhurst, a relatively wealthy lakefront 
community located in the 98105 ZIP code. Life expectancy in Laurelhurst is 86.4 years, a full 13 years 
longer than for Georgetown and South Park residents.

Life expectancy in  
Laurelhurst is 86.4 years, a 

full 13 years longer than 
for Georgetown and South 

Park residents.
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VII. Duwamish Valley CHIA Limitations

Although the findings of this report are significant, these data have limitations. First, although the  
majority of data are by ZIP code, this geographical unit of analysis is not ideal for examining neigh-
borhood differences. For example, only the residents of the west slope of Beacon Hill, which is a part 
of ZIP code 98108 but across the I-5 corridor from the river, live in the Duwamish Valley. It is likely 
that residents of Beacon Hill do not have the same exposure to contamination in the Duwamish  
Valley as do those in Georgetown and South Park. In addition, health data can vary by neighborhoods 
within the same ZIP code, as demonstrated by the limited available census tract data discussed in 
Section VI. Due to the availability and use of ZIP code data, the Cumulative Health Impacts Analysis 
(CHIA) results represent the combined characteristics of the Beacon Hill, Georgetown, and South 
Park neighborhoods in the 98108 ZIP code, obscuring any differences among those neighborhoods. 

A second limitation of the Seattle CHIA is that the study was limited to only ten Seattle ZIP codes.  
It is possible that other ZIP codes merit scrutiny with regard to health disparities and/or that some  
disparities in environmental regulations, policies, and practices have been missed. Despite this  
concern, this CHIA selected ZIP codes that capture a representative range of income levels, minority 
vs. white status, contaminated vs. uncontaminated environments, and related community concerns, 
addressing the US Environmental Protection Agency’s (EPA) mandate for analyzing cumulative im-
pacts, environmental heath disparities, and environmental justice.

Third, this ranking methodology is relative. This means that it is not accurate to say that Beacon Hill/
Georgetown/SouthPark (98108) with a rank of 106 is 1.6 times worse than the next highest ranking 
area of South Central District/Mt Baker (98144) with a rank of 66. However, it indicates that from a 
cumulative health impacts perspective, residents of ZIP code 98108 are disproportionately affected by 
multiple stressors compared to other Seattle neighborhoods.

Fourth, the indicators that were selected for analysis and the ranking applied to each component  
could be considered subjective or biased. To test validity, the cumulative impact algorithm was quality  
checked in two ways. First, an alternative cumulative impacts scenario using all indicators shown  
in Table 1 (page 12) was run through the cumulative impacts equation, averaged according to the 
number of indicators entered for each component, and a ranking for each ZIP code was calculated 
(Appendix A–Table A-1, online). Another cumulative impacts scenario was tested in which the envi-
ronmental exposures ranking range was changed from 10 to 5, which would alter the possible range 
of cumulative scores from 1 through 90 (Table A-2). In both of these alternate scenarios, the ranking 
numbers changed by only a few points and the relative order of the ten ZIP code rankings remained 
unchanged, validating the CHIA results using the selected indicators.
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The Duwamish Valley Cumulative Health Impacts Analysis (CHIA) supports the identification of  
Seattle’s 98018 ZIP code (Beacon Hill/Georgetown/South Park) as a geographic area with dispro-
portionate health burdens and fewer environmental benefits as compared with other areas of Seattle. 
These disproportionate burdens are a result of the cumulative impact of social and environmental 
vulnerabilities, including socioeconomic factors, sensitive populations, environmental exposures and 
effects, and public health effects. When indicators representing all of these impacts are taken into  
account, the 98108 ZIP code ranks highest for cumulative health impacts among the ten ZIP codes 
studied citywide. Additional evidence, including at the larger Duwamish Valley watershed scale and at 
the smaller South Park and Georgetown census tract scale, reinforce these findings, and further sug-
gests that the ZIP code level analysis may obscure even greater health disparities in the riverside com-
munities of South Park and Georgetown. The results of this study justify characterizing the Duwamish 
Valley as a community with environmental injustices, or an Environmental Justice Gap. In light of 
these findings, the Duwamish Valley merits attention from decision-makers regarding health protec-
tive and proactive environmental regulations, policies, practices, and actions.

The results of this analysis will inform recommendations that the Duwamish River Cleanup Coalition/
Technical Advisory Group, the US Environmental Protection Agency’s (EPA) Community Advisory 
Group for the Duwamish River Superfund Site, will make to EPA, Washington state, and local govern-
ment agencies regarding cleanup of the river and related pollution source control efforts, institutional 
controls, and risk reduction strategies for communities impacted by the site. In addition, DRCC/TAG 
will provide this report to federal, state, regional, and local governments; community-based organi-
zations; and other stakeholders and decision-makers, to help guide the development of policies and 
actions to improve overall environmental health and equity in the Duwamish Valley. 

VIII. Conclusions and Next Steps
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The Duwamish Valley  
merits attention 
from decision-makers  
regarding health 
protective and 
proactive  
environmental  
regulations,  
policies, practices, 
and actions.
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