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pollutants through different exposure routes including: inhalation (e.g., air particles), ingestion 

(e.g., fish, water), and dermal contact (e.g., contact with water, soil).  Geographic Information 

Systems (GIS) are increasingly being used in the Environmental Health arena as a tool for 

communicating risk information to Native American populations. GIS-based risk maps can 

display risk information to Native Americans in a manner that helps reduce risks and protect a 

traditional tribal lifestyle.  GIS-based research involving a Native American community requires 

careful consideration of ethical issues relating to sovereignty and ownership of data. Using a case 

study approach, this paper evaluates the use of GIS as a tool for communicating risks to Native 

Americans and recommends moral guidelines for conducting GIS-based research in a Native 

American community. The use of GIS-based risk maps in Native American communities is 

relatively new and warrants further research.   
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1. Introduction  

Poor and minority populations suffer disproportionately from environmental pollution 

(Shriver and Webb 2009, 271).  The extraction of domestic energy reserves (e.g., coal, oil, and 

uranium) has degraded a large portion of Native American land (Shriver and Webb 2009, 271).  

Native American subsistence lifestyles may expose native groups to elevated levels of exposure 

to environmental pollutants through different exposure routes including: inhalation (e.g., air, dust 

particles), ingestion (e.g., fish, water), and dermal contact (e.g., skin contact with contaminated 

water, soil) (Bridgen, 2004).  In the Columbia River basin, the Nez Perce, Yakima Nation, 

Confederated Tribes of the Umatilla, and Warm Springs tribes consume nearly nine times more 

fish than the general population and consequently face higher health risks posed by exposure to 

pollutants (e.g., PCBs, mercury) via consumption of contaminated fish (CRITFC 1994).  In 

Maine, the Penobscot Tribe is unable to eat the fish to which they are entitled by treaty because 

pollution has rendered the fish unsafe for consumption (Bridgen 2004, 84). Clearly, accurate 

identification and reduction of health hazards is crucial for Native Americans who maintain a 

traditional tribal lifestyle.   

Multiple approaches to risk assessment involving a Geographic Information System (GIS) 

are being explored.  A GIS can be designed for a Native American community to depict both 

environmental and cultural information (Figure 1).  However, careful consideration should be 

given to the cultural differences in sharing data and publication of culturally sensitive 

information.   
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Figure 1: GIS containing environmental and cultural layers (source: Harmsworth 1998). 

 

 

Using a case study approach, this paper investigates whether GIS can be used as a tool 

for communicating risk information to American Indian Tribes in a manner that reduces 

exposure, while maintaining a tribal lifestyle. There were three main research questions that 

guided this research: (1) What aspects of traditional lifestyles pose health risks to Native 

American populations via environmental contaminants? (2) Is GIS an effective tool for 

communicating risk information to Native American communities? (3) What ethical 

considerations should guide GIS-based research in Native American communities?  

The term Native American has been a controversial issue as it assembles all indigenous 

peoples into one homogenous group representing the same culture, religion, lifestyle, and 

identity.  Some native groups prefer the term American Indian; this term has been adopted by 

academic institutions. For this paper, the terms Native American and American Indian are both 

used, and represent the indigenous peoples who were the first descendents to inhabit the 

landscape boundaries presently recognized as the United States.   
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2. Literature Review  

2.1 Risk Assessment 

Risk assessment is an evaluation tool that includes four stages: hazard identification, 

dose-response assessment, exposure assessment, and risk characterization (USEPA 2012; Kuehn 

1996, 4) (Figure 2).   In the United States, the Environmental Protection Agency (USEPA) uses 

risk assessment to estimate the probability of a health event occurring, given the estimated level 

of exposure to each activity or environmental agent (Kuehn 1996, 3).   

 

Figure 2:  EPAs Risk Assessment Model (USEPA 2002). 

 

Protection of subgroups of the national population (e.g., Native Americans) that rely upon 

subsistence and cultural practices is not considered under the current risk assessment process 

(Bridgen 2004, 83).  When contamination on or off tribal lands may impact Native Americans, 

alternative tools are needed to develop exposure assessments where site-specific data are absent; 

improve collaboration among tribal governments and tribal members; and ensure that risk 

assessments provide appropriate protection of aquatic and terrestrial wildlife and plant  
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populations that, in turn protect tribal subsistence and cultural practices (Bridgen 2004). 

Indigenous communities are often strikingly different from the dominant culture in their 

approach to decision-making and communication of important messages (Kuntz et al. 2009, 758) 

Risk communication assessment in tribal communities requires flexibility, collaboration, and 

respect for points of view that might come from elders or other community members other than 

scientific experts (Kuntz et al. 2009, 758). 

 

2.2 Alternative Risk Assessment Tools 

A Native American Exposure Scenario and Eco-Cultural Dependency Web are being 

employed as alternative risk assessment tools to improve the characterization of risks in Native 

American communities.  A Native American Exposure Scenario captures the degree of 

environmental contact that may occur through cultural activities and diet; recognizes reliance on 

plants for food, medicinal, and cultural purposes; and protects tribal health, tribal culture and the 

tribal way of life (Harris and Harper 2004, 5; Bridgen 2004, 84).    

The Eco-Cultural Dependency Web was developed by Harris and Harper (2000) using 

the concept of a natural resource dependency web that was initiated by the Tulalip Tribe and the 

USEPA (Figure 3) (Harris and Harper 2000, 94).   
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Figure 3:  Natural Resource Dependency Web (Harris and Harper 2000). 

 

An Eco-Cultural Dependency Web promotes questions regarding the cultural significance 

of an area, includes elements that are important to the affected community, and aides in 

visualizing the connections between each web element (Harris and Harper (2000).  An Eco-

Cultural Dependency Web can be used to help with recognizing the resource uses, functions, and 

services associated with a resource or area that is at risk from contamination, and identifying 

which foodweb or eco-toxicity model to select and attach to the human uses associated with 

cultural resources (Harris and Harper 2000, 94).  The following figure (Figure 4) is an example 

of an Eco-Cultural Dependency Web that was designed by Harris and Harper (2000) to illustrate 

the qualities and resources that make the Hanford Reach important to the CTUIR.  Examples of 

questions that help identify important Eco-Cultural Dependency Web elements are included in 

the Appendix. 

 



6 
 

 

Figure 4: Diagram Showing Aspects of Hanford Reach Resources (Harris and Harper 2000). 

 

Identifying elements that make a specific resource valuable to a Native American 

community, however, requires collaborative consultation with experts on the subject matter  

including: tribal elders, modeling experts, ecologists, civic groups, environmental groups, and 

advocates for silent voices and future generations (Harris and Harper 2000, 94).  

 

2.3 The Role of GIS in Risk Assessment 

Risk assessments warrant knowledge, experience and skills from a variety of 

professionals including hygienists, health specialists, epidemiologists, statisticians, and GIS 

specialists (Järup 2000, 415).  The environmental hygienist provides the exposure estimates, 

while the health specialist describes the potential health effects (Järup 2000, 415).  
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Epidemiologists and statisticians assess exposure response relationships, while GIS specialists 

create maps that illustrate the spatial distribution of exposure and/or disease (Järup 2000, 415). 

GIS is increasingly being used as a tool to identify sources and potential routes of 

exposure of agents in air, water, food, and dust (Nuckols et al. 2004, 1011; Thomas 2009, 198); 

evaluate the spatial relationships between disease and environmental hazards (Beale et al. 2008, 

1105); and visualize the results of spatial analyses of health data in epidemiologic studies 

(Meliker et al. 2005).  The exposure of interest may involve a chemical agent, such as a single 

compound or mixture, or physical agents, such as physical particulates, radiation, and noise 

(Nuckols et al. 2004, 1011).  

Defining the geographic scale is an important component in GIS-based exposure 

assessments and epidemiologic studies (Nuckols et al. 2004, 1008), and quality geographically 

referenced data relating to population, health outcomes, and environmental risk factors are 

crucial to a spatial epidemiologic analysis (Beale et al. 2008, 1105). Although the use of GIS in 

epidemiologic studies continues to rise, the role of GIS-based thematic maps as a risk 

communication tool for Native American communities has not been widely studied (deLemos et 

al. 2009). 

 

2.4 Ethical Aspects of GIS 

Geospatial technology is viewed as both positive and negative (Klinkenberg 2007).  

Geospatial technology is generally viewed as positive when it promotes collective action to 

achieve common goals (Klinkenberg 2007, 352).  Geospatial technology may also generate fear.  

Geospatial surveillance has been developed for security purposes, but it may constitute an 

invasion of privacy. If a GIS analyst inadvertently creates a map that portrays incorrect 

information to the public, it can cultivate a “climate of fear,” and adversely influence social 
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justice and environmental health policy (Klinkenberg 2007, 351).  Thus, the use of detailed 

spatial and temporal data generates moral and ethical dilemmas (Klinkenberg 2007). 

 

2.5 Conducting Research in Native American Communities 

Academic researchers have historically mismanaged tribal information, which has 

fostered distrust among American Indian nations (Harding et al. 2012, 5).  Examples include 

attending tribal events, interviewing tribal members, and then writing first-author publications 

without Institutional Review Board (IRB) examination or informed consent and tribal permission 

(Harding et al. 2012, 10).  Misuse of tribal information may arise from lack of understanding of 

American Indian culture and unique tribal lifestyles (Harding et al. 2012).  

 When American Indian tribes are excluded from participating in research that pertains to 

their own tribal health, academic researchers may unintentionally inflict serious injury to the 

tribal community. Academic researchers who conduct research with American Indian Tribes 

need to establish informed consent beyond conventional IRB (Harding et al. 2012). 

Another moral consideration pertains to conflict between the Western perspective and 

Native American perspective of sharing information (Tsosie 2007).  The western world is 

comprised of individuals who have the freedom to generate knowledge and exchange 

information freely among other individuals, whereas information representing a tribal 

community may be part of the group identity, and as a result, may only be distributed to select 

groups within the Tribe. Harding et al. (2012) highlight six main factors that should be addressed 

and agreed upon in studies of Native Americans (Table 1).   
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Table 1: Factors That Should be Mutually Agreed Upon (Harding et al. 2012) 

1 Does data include information that is heard in conversations, information discussions, 

or social gatherings? Who is empowered to give associated permissions?  

2 Who has permission to collect data (either formally or informally) during the course of 

the research? And who has ownership of the data during the course of the research? 

3 What is the protocol for transporting, storing, security and retention of data? 

4 What are the principles of co-authorship and transparent review process for 

publications, presentations, on-line postings and other forms of information 

dissemination? 

5 Identify communication channels and timeliness of communication between 

stakeholders. 

6 What are the conditions for data analyses (including scope of research, privacy issues 

and intellectual property rights)? 

 

 

A Material and Data Sharing Agreement (MDSA) promotes equitable exchange of 

information that benefits the community without infringing on the privacy of the study 

participants or on the sovereign rights of the tribe (Harding et al. 2012, 11).  The main elements 

of a MDSA are described below in Table 2. 
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 Table 2. Main Components of a MDSA (Harding et al. 2012) 

  General project scope and collaborator: States the purpose of the project, the identity of 

the organizations participating in the agreement, the length of the agreement, 

procedures for its amendment or termination, and basic definitions.  

  Types of material and data collected: States the types of material and data to be 

collected and the general collection method (including analytical sampling results and 

demographic attributes, transcripts of focus group discussions, and project-specific 

questionnaires). 

  Constraints on material and data use: assures that materials and data supplied by the 

tribe to researchers, or collected by researchers on behalf of the tribe, are and remain 

tribal property and not to be shared with third parties without the written permission of 

tribal authorities (including procedures for publication and post-completion return of all 

materials and data). 

  Data access and security: details for the procedures for maintain the physical security 

of the data, such as providing locked storage areas for paper documents and encrypting 

electronic media. Restricts data access to approved project researchers who require it 

for a specific task. 

  Risk and benefits of research to the tribal community: summarizes the risks and 

benefits to be expected from participation in the research project, for both the 

individual and the tribal community. 

  Agreed-on mutual review process: as a two-way document, the CTUIR agreed that it 

has equal responsibility for timely completion of research tasks and reports. 

 

 

3.0 Case Studies   

The following section contains three case studies that employ an alternative approach for 

assessing and communicating risks to a Native American community. The first case study 
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provides an overview of a Native American Exposure Scenario that was developed by Harris and 

Harper (1997) to identify and characterize risks to the CTUIR.  The second case study describes 

GIS-based risk maps that were developed to display culturally sensitive fish advisory 

information to member tribes of the Great Lakes Indian Fish and Wildlife Commission 

(GLIFWC) (DeWeese et al. 2009). The third case provides an example of GIS-based risk maps 

that were designed for tribal members of the Navajo Churchrock chapter (deLemos et al. 2009). 

A review of these case studies should provide a better understanding of how to identify the tribal 

diets and activities that may introduce additional risks, and whether GIS is an appropriate tool for 

communicating culturally sensitive risk information to Native American communities.   

3.1 Exposure Scenario for CTUIR Traditional Subsistence Lifeways  

Harris and Harper (1997) developed a lifestyle-based subsistence exposure scenario for 

the CTUIR to characterize the risks associated with the Department of Energy’s Hanford Site, 

located upstream along the Columbia River. The CTUIR represents the Cayuse, Umatilla and 

Walla Walla people who were brought together in accordance with a treaty that was established 

with the U.S. government in 1855 (Figure 5).   
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Figure 5:  Map showing the location of the Confederated Tribes of the Umatilla Indian 

Reservation (source: http://www.umatilla.nsn.us/). 

 

Since time immemorial, the CTUIR have relied upon the Columbia River as a principal 

ceremonial and fishing resource. The CTUIR people consume a river-based diet comprised of 

anadromous and resident fish from the Columbia River (Figure 6) and participate in cultural 

activities, which symbolize the CTUIR traditional subsistence lifeway (Harris and Harper 1997, 

791).  A subsistence lifeway (or lifestyle) includes hunting, fishing, and gathering activities that 

are fundamental to indigenous people and their way of life (Harris and Harper 2004, 4).  

 

http://www.umatilla.nsn.us/
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Figure 6:   The CTUIR River-Based Food Pyramid (Harris and Harper 2004).  

 

Harris and Harper (1997) used expert elicitation, a decision analysis technique, to obtain 

information from participating tribal members regarding diets and activities representing the 

CTUIR lifestyle (1997, 790).   Major categories (e.g., hunting, fishing, gathering indigenous 

foods, sweatlodge use) helped identify the spectrum of activities that symbolize the CTUIR 

traditional subsistence lifestyle (see Appendix).  This information was used to calculate the direct 

and indirect exposure factors using the following sequence, shown as Figure 7 below (Harris and 

Harper 2004, 5).  
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Figure 7: Integration of Cultural Risk Components into Traditional Exposure Model (adapted 

from Harris and Harper 2004) 

 

 

A direct exposure occurs when a person is exposed to air, water or soil and comes into 

contact with the pollutant through inhalation, ingestion, or skin contact (Harris and Harper 2004, 

5).  An indirect exposure occurs when a person ingests biota (e.g., fish) that contains a 

contaminant (e.g., PCBs) (Harris and Harper 2004, 5).  

environmental setting  

(identify what resources are available) 

lifestyle description 

(activities and their frequency, duration 
and intensity, and uses of natural 
resources) 

diet 

(indirect exposure factors) 

pathways and media 

exposure factors  

(crosswalk between pathways and direct 
exposure factors; cumulative soil, water 
and air exposures) 

Traditional diets composed of 

native plants and animals  

Unique pathways such as the 

sweatlodge  

 

Increased environmental 

contact rates for exposure 

pathways and exposure 

factors 

Cultural Risk Components 

Traditional Exposure Stages 
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Estimated means for intake rates and exposure frequency were published rather than raw data to 

preserve CTUIRs cultural information (Harris and Harper 1997, 789). A summary of the 

exposure factors is included in the Appendix.  

 

3.2 GIS-based Fish Advisory Maps for Anishinaabe Tribes in the Great Lakes region  

The Great Lakes Indian Fish and Wildlife Commission (GLIFWC) represents eleven 

Ojibwe (Chippewa) tribes in Minnesota, Wisconsin, and Michigan that harvest and consume 

Ogaa (walleye) from inland lakes that were ceded to the United States government through 

treaties that were signed during the mid-1800s (DeWeese et al. 2009, 730) (Figure 8).  The 

Ojibwe tribes consume Ogaa as part of a traditional Anishinaabe lifeway.   A lifeway is an 

approach to living that incorporates culture, religion, language, and traditions, which include 

consuming Ogaa and other indigenous foods (DeWeese et al. 2009, 729). 

 

Figure 8: Map showing location of GLIFWC member tribes (source: DeWeese et al. 2009).  
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The Ojibwe consume higher amounts of Ogaa in April and May during spring harvest 

(DeWeese et al. 2009, 735) (Figure 9).  

 

Figure 9:  Mean monthly consumption rates (g/day) of tribally harvested fish by 

participants in the GLIFWC fish consumption survey.  (DeWeese et al 2009). 

 

The Ojibwe tribes face health risks posed by exposure to methyl mercury via the ingestion of 

fish.  Methyl mercury has adverse health effects on human development, including: impairment 

of fetal neurological development and cognitive performance in children (DeWeese et al. 2009, 

730). Since 1996, the GLIFWC has developed GIS-based fish advisory maps for member tribes 

in Wisconsin (DeWeese et al. 2009).  In 2005, DeWeese et al. (2009) amended the maps to 

reflect Ojibwe culture and treaty-reserved fishing rights; include information regarding tribal fish 

consumption and methyl mercury concentrations in fish tissue; and extend advice to fish 

harvesters in adjacent states (DeWeese et al. 2009, 730).   

DeWeese et al. (2009) organized tribal focus groups to participate in the map revision 

process and designed a behavioral intervention program to encourage fish consumption behavior 
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changes among targeted groups (e.g., tribal leaders, elders, women of childbearing age, and 

children). GIS-based maps were distributed to tribal registration stations where tribal harvesters 

obtain Ogaa harvest permits; tribal clinics, grocery stores, libraries, schools, and community 

centers; and local health facilities (DeWeese et al. 2009, 733). DeWeese et al (2009) gave oral 

presentations to offer training on using the GIS-based fish advisory maps, discuss risk 

information, and answer questions (2009, 733). The final GIS-based fish advisory maps are lake-

specific, risk-based, and color-coded for two groups: (1) children under age 15 years and women 

of childbearing age and (2) males 15 years and older and females beyond childbearing age. 

Figure 10 below illustrates a GIS-based fish advisory map that was developed for the Lac Courte 

Oreilles tribe.   
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Figure 10: GIS-based fish advisory map for Lac Courte Oreilles tribe (DeWeese et al 2009) 
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As shown in Figure 10, the lakes are color-coded based on fish consumption advice.   Additional 

information including instructions for labeling and risk information relating to mercury is written 

in text format on the back side of the GIS-based maps.  An example is included in the Appendix.  

DeWeese et al. (2009) administered a survey to participating tribal members to inquire 

about the effectiveness of the GIS-based fish advisory maps.  Phone interviews were conducted 

for fish harvesters and written surveys were distributed to the women of childbearing age 

(DeWeese et al. 2009, 733).     

    

3.3 GIS-based Risk Maps for Churchrock Chapter of the Navajo Nation  

deLemos et al. (2009) created GIS-based risk maps to depict areas of high exposure to 

uranium for the Churchrock chapter of the Navajo Nation, and establish a model for nearby 

chapters (Pinedale, Iyanbito, Nahodishgish, and Coyote Canyon) (Figure 11).  

 

Figure 11: Map showing Churchrock and adjacent Chapters (deLemos et al. 2009). 
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There are approximately 20 abandoned uranium mines in the study area, which includes 

Churchrock and four adjoining chapters (deLemos et al. 2009).  A large portion of the uranium 

mine sites have not been reclaimed and are in close proximity to rural Navajo residential areas 

where children play.  Elevated levels of uranium have been detected in livestock and forage.  

When it rains, the uranium in contaminated soils becomes saturated and the pore water 

concentrations can exceed 4 mg/L, which is 100 times greater than the maximum contaminant 

level (MCL) of 30 µg/L.  Uranium leachate originating from saturated soils has contaminated the 

local and regional aquifers (deLemos et al. 2009).  The Navajo have elevated kidney disease risk 

factors (e.g., diabetes and hypertension) that cannot explain the severity, high prevalence, and 

early onset of chronic kidney disease (deLemos et al. 2009).  In the Navajo community, the age-

adjusted prevalence of end stage renal disease (ESRD) is three times greater than the general 

population (deLemos et al. 2009).  

deLemos et al. (2009) represent a fraction of a larger, multi-level research project 

involving multiple tribal partners (e.g., the Eastern Navajo Health Board, the Southwest 

Research and Information Center,  20 Navajo chapters) that aim to fully characterize uranium 

exposure and assess Navajo health.  deLemos et al. (2009) developed GIS-based risk maps to 

help inform the community about high risk areas and encourage them to change their behavior 

regarding the activities that may introduce them to risks.  deLemos et al. (2009) designed the 

GIS-based water hauling maps to display water usage information for three different uses  (e.g., 

drinking and cooking; livestock watering; and other domestic uses), include a Navajo Nation 

water source identification number, portray common Navajo names used in the community, and 

show approximate travel times to alternative sources (Figure 12).   
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Figure 12: Water Hauling Map with Water Use Recommendations 

 

The authors designed the GIS-based soil restriction recommendation maps to depict three soil 

restriction classifications: soils that contain 0-8 mg/kg uranium and are okay to disturb; soils that 

contain 8 – 15 mg/kg uranium  but disturbance is discouraged; and soils that exceed 16 mg/kg 

uranium and should not be disturbed (Figure 13).    
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Figure 13: Soil Restriction Map (deLemos et al. 2009) 

 

deLemos et al. (2009) distributed both GIS-based risk maps to the Churchrock 

community and administered a survey to assess the effectiveness of the maps.  Information 

received by survey participants was used to improve the maps to display risk information in 

culturally appropriate manner (deLemos et al. 2009).  

  

4.0 Discussion  

The following discussion addresses the three main research questions that guided this research.  

The three main research questions were: (1) What aspects of traditional lifestyles pose health 

risks to Native American populations via environmental contaminants?  (2) Is GIS an effective 



23 
 

tool for communicating risk information to Native American communities? (3) What ethical 

considerations should guide GIS-based research in Native American communities? 

 

4.1 Characterizing Risks in Native American Communities  

The following paragraphs provide answers to the first research question, “What aspects of 

traditional lifestyles pose health risks to Native American populations via environmental 

contaminants?” There are unique dietary differences between the general public and Native 

American communities that maintain a traditional tribal subsistence lifestyle.  CTUIR adults 

consume nearly nine times more fish than the general population (USEPA 2002; CRITFC 1994).  

Fish consumption is a route of exposure to pollutants.  Native Americans who consume fish as 

part of their cultural diet are among the most highly exposed (O’Neill 2007, 132). For tribal 

members with a fish consumption rate of 540 g/day, the excess cancer risks are 1 in 100 (O’Neill 

2007, 137).  For a person from the general population whose average consumption rate is 7.5 

g/day, the excess cancer risks are significantly lower: 1 in 100,000 to 1 in 10,000 (O’Neill 2007, 

137).  

A Native American Exposure Scenario helps to identify tribal diets and activities that 

may introduce risks to Native Americans, and incorporate the exposure factors into the risk 

assessment process in a manner that represents the tribal way of life, such as the consumption of 

fish and wildlife and reliance on plants for food, medicinal, and cultural purposes (Bridgen 2004, 

84). For tribal subsistence fishing communities (e.g., CTUIR), the significance of Columbia 

River Basin fish is marked in language, story, and ceremony; in treaties negotiated with the 

United States government; in past and present fisheries management practices; in the protection 
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and restoration of ecosystems; and in the political and legal struggle for fish survival (O’Neill 

2007, 139).   

American Indian tribes are sovereign nations and have their own unique cultures, 

religions, identities, and language. Therefore, Native American Exposure Scenarios should be 

Tribe-specific.  Careful consideration should be given to specific cultural information (e.g., uses 

of plants and animals for food, medicine, ceremonial, and religious purposes) because tribal 

information is proprietary (Harris and Harper 2004, 6)   Tribes may forbid the publication of 

proprietary information (Harris and Harper 1997, 790).  

An Eco-cultural Dependency Web promotes questions that provide a better understanding 

of which foodweb or eco-toxicity model to select and connect to the human uses associated with 

cultural resources, and the connections between each web element (Harris and Harper 2000, 94).  

An eco-cultural dependency web can help describe what is at risk and what cultural elements 

will be in jeopardy if a cultural area becomes contaminated; help identify the cultural resources 

that are at risk and the cultural links between the resources (Harris and Harper 2000, 94).  Using 

an eco-cultural dependency web improves the organization of the risk assessment process, and 

portrays a full spectrum of consequences that relate to each risk decision (Harris and Harper 

2000, 94).   

 

4.2 Using GIS-based Risk Maps in Native American Communities 

The following paragraphs provide answers to the following two research questions: Is 

GIS an effective tool for communicating risk information to Native American communities? What 

ethical considerations should guide GIS-based research in Native American communities?  
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GIS-based risk maps show great potential for communicating risk information to Native 

American communities in a manner that reduces risks posed by exposure to contaminants (e.g., 

contaminated soil, water, food), while preserving a traditional tribal lifestyle. The Ojibwe tribes 

used GLIFWC GIS-based fish advisory maps to select safe Ogaa that contained lower levels of 

mercury, which reduced their exposure to methyl mercury and helped them to maintain a 

traditional Anishinaabe lifeway (DeWeese 2009, 735).  The Navajo community in Churchrock 

used the GIS-based soil restriction maps to determine safer travel routes, which reduced their 

exposure to uranium and promoted the continuance of tribal activities (e.g., herding sheep, 

horseback riding).  

GIS-based maps can be respectful to tribal culture and traditional subsistence lifeways.  

The GLIFWC maps show respect of the Ojibwe language by including Ojibwe words for 

‘walleye’ and ‘fish’; include special labeling instructions for storing Ogaa (e.g., date of harvest, 

lake name, length of Ogaa); and provide guidance on spacing meals throughout the year to allow 

for annual Ogaa consumption that represents the Anishinaabe lifeway (DeWeese 2009, 735).  

The GLIFWC GIS-based fish advisory maps are lake specific, risk-based, and culturally 

sensitive to two main populations (e.g., children under 5 years old and women of childbearing 

age, males over 15 years and women beyond childbearing age). The Churchrock risk-based maps 

include a Navajo Nation Water Source identification number (when applicable) and common 

Navajo names used by the community (deLemos et al. 2009). The location of residential homes 

and structures depicted in the Churchrock Soil Restriction maps are not to scale to protect the 

privacy of Navajo community members, but are positioned so that Navajo community members 

can distinguish their homes in relation to the surrounding soils (deLemos et al. 2009).  
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GIS-based risk maps can be used as a prototype for research that contains a large study 

area or for research that is conducted in phases. The Churchrock chapter represents a quarter of 

the Navajo study area, and the feedback offered by tribal participants, which was integrated into 

the final Churchrock map revision process, will be applied in future studies involving adjacent 

Navajo chapters (deLemos et al. 2009).  GLIFWC GIS-based fish advisory maps were initially 

designed for tribal harvesters in Wisconsin but were later revised to include adjacent GLIFWC 

tribal communities in Michigan and Minnesota.  

However, in order for GIS-based risk maps be effective in Native American 

communities, specific criteria must be met.  Sovereign tribal nations must be included as equal 

partners in the design and revision of culturally sensitive GIS-based risk maps.  The GLIFWC 

tribal focus groups provided useful suggestions (e.g., single reference length for Ogaa, meal 

frequency advice categories, an alphabetized list of lakes) that were later incorporated in the final 

drafts.  The tribal groups also established the appropriate level of detail for displaying culturally 

sensitive information.  The Navajo research partners and community members actively 

participated in the development and field-testing of the survey; and the Navajo Nation and 

University institutional review boards worked together in the review and approval of the survey 

instrument (deLemos et al. 2009).  

Tribal involvement may be part of an intervention program.  DeWeese et al. (2009) 

distributed draft maps to the tribal community and gave oral presentations to explain how the 

maps were created and offer training on how to use the maps and interpret the fish advisory 

information (DeWeese et al. 2009, 733) According to DeWeese et al. (2009), including the 

GLIFWC tribal groups as equal partners in addition to hosting oral presentations improved their 
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overall research efforts to protect the Anishinaabe lifeways, along with reducing tribal exposure 

to mercury due to Ogaa consumption  (2009, 741).   

GIS-based maps are most effective when the Native American community actively 

participates in evaluating the efficacy of the GIS-based maps.  With the exception of a few tribal 

elders, the majority of Navajo participants were able to identify the soil restrictions and water use 

recommendations.  Most participants would consider limiting their activities in soil restricted 

areas designated as red and yellow and contact a chapter official to request alternatives if their 

primary grazing area had a restricted soil use recommendation.  The majority of participates 

could identify regulated water resources that were available for use, and would most likely locate 

an alternative water source if the map indicated that their water source was contaminated 

(deLemos et al. 2009).   When asked how effective the GIS-based risk maps would be if kept 

permanently at chapter houses, the average response was 4.3 (1 ineffective and 5 very effective). 

Other recommendations included adding photos to the water-use recommendations maps 

(deLemos et al. 2009).  Also, the comments received from elders indicated a concern for their 

grandchildren rather than for themselves (deLemos et al. 2009).  Feedback from tribal elders may 

help to understand the differences in perspectives among Native American populations and the 

general public. 

GIS-based research aimed at communicating risks to Native American communities will 

benefit from understanding how information is communicated.  Navajo is historically a spoken 

language, and the majority of Navajo people do not read or write the language (deLemos et al. 

2009).  The Navajo participants preferred a visual representation of data rather than an oral 

presentation due to language barriers. When Churchrock participants were asked whether the 

same GIS-based risk maps would be clear to a relative or friend who spoke only Navajo, the 
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respondents were divided in their response (deLemos et al. 2009).  Therefore, unique differences 

in worldviews should be recognized in efforts to best serve the Native American community.   

GIS-based research involving Native American tribes also requires a long term 

commitment to establishing trusting relations. Mutual agreements between researchers, tribal 

experts, and the tribal community can cultivate new programs that benefit the whole community. 

 

4.3 Conducting GIS-based Research Involving American Indian Tribes 

Harding et al. (2012) offer an example of a university-tribal collaboration that can be 

applied to GIS-based research.  The MDSA is unique; an appropriate MDSA between tribal 

communities and outside researchers has not been published in the literature (Harding et al. 

2012, 11). Using a MDSA in GIS-based research will likely provide a dialogue for dealing with 

issues relating to trust, informed consent, data ownership and sovereign rights.  

 

  

5.0 Conclusion 

Risk assessment requires knowledge, experience and skills from a variety of professionals 

including hygienists, health specialists, epidemiologists, statisticians, and GIS specialists. 

Evaluating tribal risks requires an integration of cultural, ecological, socio-economic, and 

spiritual aspects relating to tribal health. The Native American Exposure Scenario and Eco-

Cultural Dependency Web offer alternative approaches for improving the risk assessment 

process. A Native American Exposure Scenario helps identify tribal activities and diets that may 

introduce risks to Native American communities, and protects tribal culture and way of life. 

Likewise, an Eco-Cultural Dependency Web helps to identify resource uses, functions, and 

services that may be associated with a tribal resource or religious area that is at risk, and can 
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assist in structuring the risk analysis.  Identifying cultural risk elements, however, calls for 

collaborative consultation with tribal experts.  

The literature shows that GIS is increasingly being used as an assessment tool in 

epidemiologic studies.   The two tribal case studies that were presented in this paper reveal that 

GIS-based risk maps can communicate risk information to Native American communities in a 

manner that reduces risks posed by exposure to pollutants, while preserving a traditional tribal 

lifestyle; are respectful to tribal culture and traditional subsistence lifeways; and may be used as 

a prototype for research that contains a large study area or for research that is conducted in 

phases. However, in order for GIS-based risk maps to be effective in Native American 

communities, sovereign tribal nations must be included as equal partners in the design of the 

GIS-based risk maps. Tribal feedback is essential, and survey instruments can help to evaluate 

the efficacy of GIS-based risk maps in tribal communities.  

In Native American communities, tribal lands and non-tribal lands are often mixed 

together (i.e., checkerboard landscape), which creates an overlap in tribal, federal, and state 

jurisdictions.  These boundaries are confusing and create challenges for communities that need 

immediate remedial action.  GIS-based risk maps are likely to offer an alternative solution for 

Native American communities that are marked by the checkerboard landscape by providing a 

dialogue for developing risk-based decisions that minimize risks and preserve tribal culture and 

lifestyle.   

GIS-based research involving Native American tribes requires a long term commitment 

to establishing trusting relations. Using a MDSA in GIS-based research will likely provide a 

dialogue for dealing with issues relating to trust, informed consent, data ownership and sovereign 
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rights. When sovereign nations are included as equal partners in the design and revision of GIS-

based risk maps, risk information can be communicated in a culturally appropriate manner.  

Although GIS is increasingly being used in epidemiologic research, the role of GIS-based 

thematic maps as a risk communication tool for Native American communities has not been 

widely studied. Therefore, further GIS-based research including Native American tribes as equal 

research partners is needed.  
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APPENDIX 

 

 

Examples of Questions to Ask to foster development of Eco-Cultural Dependency Web 

(Harris and Harper 2000) 

 

 What makes the place important (to anyone)? 

 Who/what lives there or exists there (people and biota; what is the existing environmental 

quality or usability; what ecosystems are present; what human communities are present)? 

 Who/what uses the location? 

 What happens at the location (ecological migratory stop, human recreation, etc.) 

throughout the year? 

 What type of infrastructure (both natural and man-made) is there? 

 What environmental goods, functions, and services to the location and its natural, 

cultural, economic, and human resources provide? 

 What is ‘at stake’ there if contamination arrives? 

 Who/what is already ‘at risk’ there for various reasons (invasive biota, physical 

degradations, stressed economic conditions, pre-existing contamination; environmental 

quality or functions or species that have already been lost there; what would be expected 

there but isn’t; what trends in environmental quality can be described there?)? 

 How are the above factors related and shown in a location-specific dependency web 

(influence diagram); what dependency web is appropriate for that location?  
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Major Activity Categories (Harris and Harper 2004) 

 

 

Activity Type 

 

General Description 

Hunting  Hunting includes a variety of preparation activities 

of low to moderate intensity. Hunting occurs in 

terrain ranging from flat and open to very steep and 

rugged. It may also include setting traplines, waiting 

in blinds, digging, climbing, etc. After the capture or 

kill, field dressing, packing or hauling, and other 

very strenuous activities occur, depending on the 

species. Subsequent activities include cutting, 

storing (e.g., smoking or drying), etc.  

Fishing  Fishing includes building weirs and platforms, 

hauling in lines and nets, gaffing or gigging, wading 

(for shellfish), followed by cleaning the fish and 

carrying them to the place of use. Activities 

associated with smoking and constructing drying 

racks may be involved.  

Gathering  A variety of activities is involved in gathering, such 

as hiking, bending, stooping, wading (marsh and 

water plants), digging, and carrying.  

Sweatlodge Use  Sweatlodge building and repairing is intermittent, 

but collecting firewood is a constant activity.  

Materials and Food Use  Many activities of varying intensity are involved in 

preparing materials for use or food storage. Some are 

quite vigorous such as pounding or grinding seeds 

and nuts into flour, preparing meat, and tanning 

hides, Many others are semi-active, such as basket 

making, flintknapping, construction of storage 

containers, cleaning village sites, sanitation 

activities, home repairs, and so on.  
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Examples of factors to consider within major activity categories (Harris and Harper 2004) 

This is not a complete listing; it is an example of the thought process used to cross-walk 

exposure pathways and categories of subsistence activities (Harris and Harper 2004, 11). 

 Hunting and 
associated 
activities  

Fishing and 
associated 
activities  

Gathering and 
associated 
activities  

Sweatlodge 
and 
associated 
activities  

Material and 
food use and 
processing  

Totals for 
major 
exposure 
factor 
categories  

Indirect 
pathways - 
food, 
medicine, tea, 
other biota 
ingestion 
(diet)  

n deer /yr diet;  
Total large-
small game, 
fowl.  
Organs eaten  

n fish /yr diet;  
Total pounds 
or meals/day-
wk-yr;  
Organs eaten.  

Includes foods, 
medicines, 
teas, etc.  

No food, but 
herbal 
particulates 
are inhaled.  

Both as-
gathered and 
as-eaten 
forms; cleaning 
and cooking 
methods.  

Must account for 
all calories and 
100-200 plant 
species; parts 
eaten  

Soil, 
sediment, 
dust, and mud 
ingestion  

Terrain types; 
Degree of 
dermal 
contact; How 
much dirt and 
mud.  

Sediment 
contact, dust 
and smoke if 
drying; weir 
construction in 
mud.  

External soil 
on plants; 
cooking 
method such 
as pit cooking; 
ingestion when 
gathering.  

Includes 
building the 
sweat lodge 
and getting 
materials..  

Includes 
incidental soil 
remaining on 
foods; pit 
cooking  

Must consider 
living area, 
roads, and gap 
identification.  

Inhalation 
rates  

Days per 
terrain;  
Exertion level; 
hide scraping; 
load & grade.  

Exertion level 
– nets and 
gaffing 
methods; 
cleaning effort.  

Exertion level 
for load and 
grade; or 
gardening. 
Include making 
items.  

Includes 
building the 
lodge, 
chopping 
firewood, 
singing.  

Exertion level 
for pounding, 
grinding, etc.  

Must account for 
exertion levels; 
smokes and 
smudges.  

Groundwater 
and Surface 
water 
pathways  

Drinking water; 
wash water; 
water-to-game 
pathways.  

Drinking water; 
incidental 
ingestion  

Drinking water, 
cooking water, 
etc.  

Steam in 
lodge; drinking 
water during 
sweat.  

Soaking, 
possibly other 
uses.  

Must account for 
climate, sweat 
lodge, ritual 
bathing.  

Dermal 
exposure  

Soil, air and 
water 
pathways, plus 
pigments etc.  

Immersion 
considerations.  

Same as 
hunting.  

Immersion with 
open skin 
pores.  

Includes 
basketmaking, 
wounds.  

Must consider 
skin loading and 
habitat types  
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Material and Data Sharing Agreement 
CTUIR-OSU Collaboration to Address Tribal Exposures to PAHs 

and Improve Community Health 
 
The parties to this agreement are The State of Oregon acting by and through the State Board of 

Higher Education on behalf of Oregon State University, an educational institution having offices at 

312 Kerr Administration Building, Corvallis, Oregon 97331-2140 (“OSU”), Battelle Memorial 

Institute, Pacific Northwest Division, under its own right and under the authority of Contract No. 

DE-AC05-76RL0 1830 for the management and operation of the Pacific Northwest National 

Laboratory for the US Department of Energy, with offices at 902 Battelle Blvd., Richland, WA 

99354 (“PNNL”), and the Confederated Tribes of the Umatilla Indian Reservation (“CTUIR”). 

The purpose of this Agreement is to facilitate sharing of tribal related data, including public health 

data (both individually identified and population-related) as well as information about tribal 

practices, results from focus groups or individual members, and data collected on the Umatilla Indian 

Reservation, among the team members of the Community Outreach Core and Project 6-PAHs in 

Highly Exposed Populations of OSU’s NIEHS Superfund Research Center PNNL, the CTUIR tribal 

agencies, and tribal community members, to address the public health problems associated with 

polycyclic aromatic hydrocarbons (PAH) exposure on the Reservation and to assist in human 

capacity building with tribal partners. Any other member of the Superfund Research Center who 

handles tribal-related material or data is also included in this Agreement. 

 

1. Period of Agreement 
The period of this Agreement shall be in effect from 1/1/2010 until 3/31/2014, or until terminated in 

writing by either organization. 

 
2. Definitions 

i.   Material means all particulate matter, urine samples, and preserved fish and game. 

 

ii.  Data means all information obtained from the CTUIR, tribal members, Material analysis, 

     and results of Data processing. 

 
3. Data to be collected 
These projects shall collect Material and Data required to fulfill the following tasks: 

 

A.   Assessment of PAH exposure pathways specific to air quality and CTUIR traditional 

practices. 

 

i. Ambient air monitoring stations will collect particulate matter associated with agricultural 

burning, coal-fired utilities, rural sources, and diesel emissions at the local truck stop. This 

information will be used to characterize the levels of PAH, nitro-PAH, and oxy-PAH of the 

general area. 

 

ii.  Personal air-monitoring equipment worn by volunteers will sample the level and type of 

PAHs present during food smoking activity in Tribal smoke sheds. Participants will also 

keep a diary noting the time and location of their activities. If participants agree to urine 

testing before and after food smoking activity, additional data collection will include 

measurements for chemical compounds that indicate the level of an individual’s 

particulate-bound PAH exposure in urine. Participants will also be asked to fill out a brief 
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survey to determine job position, verify non-smoking status, and other possible exposures 

to PAHs, such as smoked food, and secondhand smoke. 

 

iii.   Samples of preserved fish (salmon) and possibly, game will be analyzed to assess the 

distribution of PAH levels in food prepared by various indigenous preparation methods, 

including for example, pit cooking, smoking, and fresh caught. Material analysis will 

include PAH, oxy-PAH, and nitro-PAH measurements. 

 

iv.   Data collected from the air monitoring stations, from the personal air samplers, from 

urine samples, from the sampling of traditionally prepared foods, and from the written 

survey given to participants will be processed in Core C. Data processing conducted in 

Core C will compare/contrast the composition of the air masses obtained from Project 6 

to those obtained from the air monitoring stations on the Reservation. Other analyses of 

interest will be the personal air exposures (from air and urine samples) obtained from 

Tribal members who are smoking foods, and analysis of PAH levels as described above 

in section Aiii. Data processing will also provide the project with the results of survey 

analysis to aid in determining exposure from smoking foods. 

 

B. Development of culturally appropriate risk reduction approaches and outreach 

strategies that offer the best opportunity for improved health. 

 

i.  Discussions with CTUIR members will be held to help refine the Tribal Department of 

Science and Engineering (DOSE) working definition of “environmental health”, which 

includes individual and community physical, mental, social, cultural, and spiritual wellbeing. 

Primary data output will be transcripts of discussion sessions. 

 

ii.  OSU and the DOSE will develop an overall picture of the existing general health conditions 

for the Tribe based on Indian Health Service summary health statistics. The outcomes will 

include appropriate public and medical health metrics related to overall cultural and 

community well-being. 

 

iii.  The design of risk reduction and health promotion strategies will be done in collaboration 

with various Tribal agencies, such as CTUIR nutrition staff, the Health Commission, or 

Yellowhawk Clinic. Data products will likely include health promotion approaches, 

mitigations strategies, and meeting transcripts. 

 

iv.  Dissemination of culturally appropriate risk reduction and health promotion information 

will require interactive sessions with interested Tribal departments, including the Tribal 

Health Commission, Yellowhawk Clinic medical staff, and the Tribal Board of Trustees. 

Through these meetings, OSU and tribal members will jointly develop culturally 

appropriate methods and strategies for information dissemination. Data outputs will include 

meeting transcripts and discussion documents. 

 

 

4. Ownership and Constraints on Use of Material and Data 
Material and Data supplied by CTUIR to OSU or to PNNL, or collected by OSU on behalf of 

CTUIR, is and remains the property of CTUIR and shall not be shared with third parties without the 

written permission of CTUIR. Participant data shall not be sold or used, internally or externally, for 
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any purpose not directly related to the scope of work defined in this agreement without the written 

permission of CTUIR. 

 

5. Data Access and Security 
The identities of study participants will be kept confidential and all Material and Data will be coded 

and stored in secure storage areas (e.g., file cabinets or freezers), or on digital media that has been 

password protected, encrypted, or otherwise secured. Material and data will be de-identified prior to 

being shared between research projects, and will take place via a password-protected website hosted 

by PNNL that will provide investigators timely access to data while maintaining data confidentiality. 

Only members of research staffs who have signed the Confidentiality Agreement shall have access 

to the Material and Data. Prior to any Material or Data transfer under this Agreement, all staff 

members who will have access to the information will be notified of the use and disclosure 

requirements. Also prior to the transfer of any Material or Data, staff members who will have access 

to the data shall sign the Confidentiality Agreement listed in Appendix A, and signed copies shall be 

provided to CTUIR in a timely fashion. 

 
6. Risks and Benefits 

 Potential risks: The project volunteers should experience no discomfort from the use of the 

air monitoring equipment or urine tests. Loss of confidentiality is a potential risk, but medical 

data will be coded to maintain confidentiality and all materials and data will be stored in 

locked file cabinets and/or secured digital media. 

  

 Potential benefits: This project will provide the community with a better understanding of 

how PAHs may be related to subsistence activities. This increased understanding regarding 

the risks of exposure to environmental PAHs can be used by Tribal members to develop 

culturally appropriate, practical risk reduction and outreach strategies. The approach that 

evolves from this project will also serve as a model to help other Tribal communities evaluate 

their PAH exposures and design risk reduction strategies that are protective of public health. 

Individual members may benefit through training in the proper use of the air sampling 

equipment for research and data collection procedures. 

 

 Linkages: Because air quality data have the potential to affect an existing regulatory 

program, discussion about regulatory implications will occur with CTUIR staff before 

dissemination or use of the data. Because the health data have the potential to affect tribal 

health policies, the same provision will apply. 

 
7. Communication of Research Results 
The tribe will be kept fully apprised of research findings throughout the project. The methods of 

communication will be selected by CTUIR and OSU project leaders so as to provide the most 

effective dissemination. Potential avenues include: meetings with the grant Tribal Advisory Committee, 

meetings with the Health Commission, community meetings or forums, widely-distributed fact sheets, or 

articles in the local newspaper. 

 

 

8. Publication or Presentation of Results 
All publications and presentations developed using materials or data collected under this Agreement 

must be presented to the Director of the Department of Science and Engineering, CTUIR for review 

and approval prior to dissemination. This review process should take no longer than 30 days, unless 

an extension is mutually agreed upon by OSU and CTUIR leadership. 
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9. Compliance with Applicable Laws and Regulations 
OSU and PNNL shall comply with all applicable federal laws and regulations protecting the privacy 

of citizens including the Family Educational Rights and Privacy Act (FERPA) and the Health 

Insurance Portability and Accountability Act (HIPAA). 

 
10. Amendments and Alterations to this Agreement 
CTUIR, PNNL, or OSU may amend this Agreement by mutual consent, in writing, at any time. 

 
11. Termination of Services 
In the event CTUIR, PNNL, or OSU terminates this Agreement, or any party ceases operation, or by 

03/31/2015, OSU shall return to CTUIR all Material and Data collected in the course of this research. 

OSU shall certify in writing within five business days that all copies of the data stored on Program 

servers, backup servers, backup media, or other media including paper copies have been permanently 

erased or destroyed. 

 

This Agreement contains all the terms and conditions agreed upon by the parties. No other 

understandings, oral or otherwise, regarding the subject matter of this Agreement shall be deemed to 

exist or to bind any of the parties hereto. 

 

IN WITNESS WHEREOF, the parties have executed this Agreement: 

 

STATE OF OREGON, Acting by and 

through the STATE BOARD OF 

HIGHER EDUCATION on behalf of 

OREGON STATE UNIVERSITY 

_____________________________________ 

Signature Date 

_____________________________________

Name (please print) 

_____________________________________

Title 

_____________________________________

Phone Number 

 

CONFEDERATED TRIBES OF THE 

UMATILLA INDIAN RESERVATION 

 

 

_____________________________________ 

Signature Date 

_____________________________________ 

Name (please print) 

_____________________________________

Title 

_____________________________________

Phone Number 

BATTELLE MEMORIAL INSTITUTE 

____________________________________ 

Signature Date 

____________________________________ 

Name (please print) 

____________________________________ 

Title 

____________________________________ 

Phone Number 
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GLIFWC advisory map (back) for the Lac Courte Oreilles tribe (DeWeese et al 2009) 
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