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Abstract

The article provides an overview of methods that can be used to develop exposure scenarios for
unique tribal natural resource usage patterns. Exposure scenarios are used to evaluate the degree of
environmental contact experienced by people with different patterns of lifestyle activities, such as
residence, recreation, or work. in 1994, U.S. President Bill Clinton's Executive Order 12898
recognized that disproportionately high exposures could be incurred by people with traditional
subsistence lifestyles because of their more intensive contact with natural resources. Since then,
we have developed several tribal exposure scenarios that reflect tribal-specific traditional lifeways.
These scenarios are not necessarily intended to capture contemporary resource patterns, but to
describe how the resources were used before contamination or degradation, and will be used once
again in fully traditional ways after cleanup and restoration. The direct exposure factors for
inhalation and soil ingestion rates are the same in each tribal scenario, but the diets are unique to
each tribe and its local ecology, natural foods, and traditional practices. Scenarios, in part or in
whole, also have other applications, such as developing environmental standards, evaluating
disproportionate exposures, developing sampling plans, planning for climate change, or evaluating
service flows as part of natural resource damage assessments.
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INTRODUCTION

Many federal and state regulations are intended to protect human health, and some of these
regulations, including the Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA) (US Congress 1980), consider sensitive populations, particularly
children. Highly exposed populations must also be explicitly considered under Executive
Order 12898 (Clinton 1994), which directs federal agencies to identify and address unevenly
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high exposures. Further, when traditional activities are identified as a reasonably foreseeable
land use (USEPA 1995) or when tribal resources are affected, a careful and appropriate
evaluation of tribal risk should be supported by regulatory agencies.

While contemporary tribal resource use is often higher than in non-native communities,
resource uses would be even higher under baseline conditions (i.e., in the absence of
resource degradation or contamination). The methods described in this article address the
fully traditional baseline resource use patterns as they existed pre-contamination and as they
would occur at a site in the absence of institutional controls, advisories, or knowledge about
contamination. These scenarios do not necessarily reflect current resource usage patterns,
which are often lower than fully traditional (baseline) uses due to degradation or restrictions.
This article provides a tool to address the requirement to conduct baseline risk assessments
with the assumption of unrestricted (baseline) resource use. Depending on the length of time
that resource use has been altered by the presence of contamination or other factors,
literature reviews become an increasingly important tool for understanding traditional
resource use. This is particularly true in the continental United States, as opposed to
circumpolar regions where there has been less interference with subsistence practices and
most information can be acquired by asking people directly.

Even though tribal baseline risks must be estimated at CERCLA sites,1 when relevant, tribal
risks are still often overlooked, underestimated, or mischaracterized. In many cases, this is
simply due to a lack of knowledge about traditional subsistence lifestyles, or a lack of
understanding about why those activities are important to the heritage and identity of the
native sovereign nation and its citizens. While individual exposure pathways may be
recognized, the entire lifestyle and all resource uses must be incorporated into a single
exposure scenario in order for risks to be properly estimated.

The initial trigger for this work occurred because regulatory agencies need to understand
tribal exposures in order to evaluate risks and set risk-based remedial goals at contaminated
sites if tribal lands, health, or resources are affected either on- or off-reservation. At the time
the earlier scenarios were developed, it was recognized that traditional tribal lifestyles are
distinct enough from suburban lifestyles that environmental exposures could be substantially
higher for traditional tribal members, but numerical representation of those environmental
contact rates did not exist. This was a critical deficiency because in order to set proper
cleanup goals or develop environmental quality goals and standards to protect tribal health,
it is necessary to understand how resources would be used by tribes if they were clean and
whole. This requires an understanding of traditional patterns of natural resource use, and the
translation of this understanding into the conventional risk assessment format. Affected
tribes play a critical role in tribal risk assessment, and it is incumbent on the affected tribe to
be able to describe its exposure patterns and educate regulators about resource use, exposure
pathways, and exposure factors.

LEditor's note: these are uncontrolled hazardous waste sites that fall under the provisions of the U.S. Comprehensive Environmental
Response, Compensation, and Liability Act, as amended.
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Since then, a number of scenarios have been prepared, and several are posted along with a
methods manual and specific exposure factors (inhalation, soil ingestion) at http://
health.oregonstate.edu/research/featured-projects/tribal-grant. Each of these tribal exposure
scenarios is based within a different ecological setting that supplies different sets of key
staple foods and materials (Figure 1), for example:

e Confederated Tribes of the Umatilla Indian Reservation (CTUIR) (Columbia
Plateau ecosystem): salmon, elk, roots, berries (Harris and Harper 1997; Harper et
al. 2007).

»  Spokane (Okanagan highlands; upper plateau, Ponderosa ecosystems): salmon,
deer, roots, berries (Harper et al. 2002).

»  Washoe (Eastern flanks of the Sierra Mountains, Lake Tahoe, and Pinyon-juniper
ecosystems): pinyon nuts, rabbit, fish, game (Harper et al. 2007).

» Elem Pomo (Clear Lake central California ecosystems): acorns, tule (bulrush),
game, fish, fowl, and seeds (Harper et al. 2007).

»  Quapaw (intersection of tall grass prairie and Ozark highlands (oak-hickory)
ecosystems): maize, game, fruits and berries (Harper et al. 2007; Harper 2008).

»  Wabanaki (Maine statewide with anadromous rivers, non-anadromous water
bodies, and coastal ecosystems): variable ratios of resources allocated among
ecosystems (Harper and Ranco 2009).

When used in a risk assessment, these scenarios are combined with information about
contaminant concentrations in the various media and biotic resources to estimate dose and
risk. Risk results are almost always higher when using a tribal scenario than when using
suburban, recreational, or occupational scenarios, depending on which media are
contaminated, because environmental contacts are more frequent, more intense, and/or of
longer duration. For example, soil ingestion is 2x or 4x higher; fish ingestion can be up to
100x greater, inhalation rates can be 1.5x higher, dietary exposures can be 0 to 10x higher,
and the exposure duration is a lifetime, not 30 years. Risk estimates are proportionally
higher, often 10-100x higher. If exposure patterns were not known, risks could be
substantially underestimated, cleanups could be unprotective, and tribes could be
disproportionately affected.

In order to create tribal scenarios, it is helpful to understand several important concepts
about tribal lifeways:

»  Despite impoverished conditions on many reservations today, the traditional
homelands supported its peoples for thousands of years as they survived, thrived,
and maintained stable societies through the application of traditional values and
natural, traditional, customary, and common laws. Language, art, commerce,
religion, and education were melded into ecocentric lifeways. Tribal scenarios are
designed to reflect those traditional heritage lifeways, not contemporary restricted
and suppressed lifeways (e.g., suppressed ingestion rates; O'Neill 2003; Donatuto
and Harper 2008), nor hybrid urbanized lifeways. Much of the supporting
information comes from the anthropology literature, depending on how long a
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contaminated condition has existed. For example, mining districts began displacing
people and polluting their resources more than a century ago, so historical literature
can help confirm or even enhance contemporary knowledge of resource use.

Traditional lifeways are not captured in a scenario by simply adding more fish or
some wild food to a suburban scenario. Traditional lifeways are not simply
suburban during the week with camping out or attending pow-wows on the
weekends. Substantial modification of surburban scenarios is required.

Traditional lifeways are not anachronistic attempts to revive impossible ideals
through reenactments. The lifeways were not lost; they have always been followed,
although often hidden for obvious reasons and impaired by external factors to the
point that some forgotten aspects can be recovered during the process of
developing a scenario. They are also being revealed, recovered, and reconstructed
in accordance with the policies of tribal sovereign governments and with more
open support by modern federal policies for restoration of natural resources,
languages, values, and healthy diets and lifestyles.

Original homelands were extensive but are now much smaller. This means that the
original traditional lifeways generally have been restricted to smaller areas, and
some resource staples may have been replaced by other resources as the land base
shrank. In addition, carrying capacity may limit the amount of resources to
ceremonial use, which may be enough to remember the essence but not enough to
sustain entire families, communities, and economies. Subsistence may now be
constrained to a smaller geographic base but it is still self-supporting and may be
functionally equivalent to the non-native homestead that is often used as the
Reasonably Maximally Exposed (RME) individual as defined in USEPA
documents (USEPA 1997, 2003a).

BASIC PRINCIPLES AND PREMISES

Based on 15 years of experience, we present the following checklist for developing tribal
scenarios. It is intended to be useful for both tribes and for state and federal agencies,
whichever one develops the risk assessment scenarios. This list does not satisfy all the
aspects of government-to-government consultation, but it is an important component for
ensuring that tribes have opportunities for truly meaningful participation in federal or state
risk-based decisions.

1.

Know what information is needed. Contemporary uses of natural resources may
be restricted or suppressed due to contamination, lost access, and other reasons
(Donatuto and Harper 2008). It is important to determine whether the goal of the
scenario is to describe current resource uses in order to estimate current exposures
and risks, or whether the goal is to understand how resources were used and will be
used again, once the site is remediated and restored and traditional uses are
regained. These two questions require different information to answer.

Research ethics and informed consent. Basic rules of human subjects research
requires ensuring that the tribe understands both the benefits and risks of
developing scenarios. Ethics of community-based participatory research,

Hum Ecol Risk Assess. Author manuscript; available in PMC 2014 September 05.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Harper et al.

Page 5

indigenous research, and intellectual property must also be considered. The basic
ethical principle is to enable tribes to speak for themselves, not to speak for them or
to “discover” their ideas and publish them. Protecting tribal interests includes
ensuring informed consent and developing confidentiality and data-sharing
agreements (Smith 1999; Quigley 2001; Harding et al. 2012). The greater risk may
lie in documenting only contemporary use, which may be misinterpreted as a
willingness to give up traditional practices or rights; conversely, continuing to eat
contaminated fish, for example, may be misinterpreted as a willingness to accept a
health risk. Neither is done willingly. Having a robust resource-based scenario is
one step toward self-determination, and one defense against further erosion of
health, rights, and resources.

Learn about the tribe. A good investigator will learn about the tribe, its history,
its treaties, and its homeland area and heritage resources, whether the tribe has been
moved, and whether multiple tribes with different languages and natural resource
interests are now co-located. We recommend learning about the range of lifestyles
in which people are engaged, and not to assume that traditional lifestyles are
historical curiosities that have long since faded into the anthropological archives.
We recommend asking the tribe about its restoration goals, its views on the federal
fiduciary trust obligation, and its history with researchers and with consultation.

Data quality objective—precision versus accuracy. Human health exposure
scenarios used in Superfund risk assessments are not very detailed. Therefore, we
have found that a statistical approach to cataloging resources and activities is not
justified. Lists of species used (often consisting of more than 200 species for a
given tribe), lists of places visited, and statistical surveys are all intrusive and data-
intensive, yet inevitably incomplete. We believe that data precision (i.e., the need
for a statistical database based on contemporary data) may be confused with overall
scenario accuracy (i.e., a reasonable, complete, and replicable description of
traditional lifeways) (Donatuto 2008; Harper et al. 2006, 2007). Therefore, we
recommend an approach that identifies major food staples and cultural key-stone
species relevant to the local ecology. Rather than trying to measure how many
mg/d each of (typically) 200 foods and medicines are currently consumed from a
particular set of local ecologies, we recommend accounting for a 2000-2500 kcal/d
diet with an approximate but justifiable ratio of traditional food groups as it was
actually eaten. Obviously, some traditional diets are based on fish, others on game,
and still others on maize. We further believe that the basic components of tribal
lifeways that contribute to direct exposure (particularly the inhalation rate, soil
ingestion rate, and water and sediment exposure rates) can also be reasonably
estimated in order to be useable for risk assessment. Again, because they cannot be
statistically measured, this approach is less statistical but more comprehensive and,
we believe, more accurate in the overall scenario.

Data sources. Since statistical data to support exposure factors for traditional

subsistence activities are not available, traditional lifeways scenarios must be

reconstructed from anthropology and other literature, along with confirmatory
interviews with traditional tribal members. The literature base includes
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ethnobotany, foraging theory, ecological history, historical records, journals of
explorers and other early observers, conventional exposure science, paleomedicine,
isotopic ratios of remains from archeological sites, oral tradition, language and
names, physiology, human phenotypic and enzymatic polymorphisms, and
nutritional information about wild foods. Because much of this information may be
qualitative or semi-quantitative, the accuracy and completeness of the dietary and
lifestyle reconstruction is ensured through multiple lines of evidence and extra peer
review (Harper et al. 2007). The confirmatory interviews with tribal members who
practice subsistence activities add confidence to the numerical estimates for dietary
components and direct exposure factors by drawing on traditional environmental
knowledge.

6. Admissibility. A set of technical, ethical, and procedural rules have been
developed to ensure quality, objectivity, utility, and admissibility pursuant to
Daubert and Federal Rule of Evidence 702 (Harris and Harper 1997; Harper et al.
2002; Harper and Ranco 2009; US House of Representatives 2009). The technical
substance of the scenario must be objective, transparent, and reproducible. In order
to make this process as reliable and transparent as possible, the scenarios
referenced in this article primarily relied on open peer-reviewed literature and
ethnographic documents and reports concerning traditional lifestyles and practices
rather than proprietary information. Objectivity is ensured through multiple rounds
of peer review, and though the use of multiple lines of evidence that lead to the
same general conclusion. Culturally reliable results are ensured through extensive
interactions with tribally recognized cultural experts, including ethnographic
methods if necessary for more formal information collection. Cultural expertise
derives from a person's traditional or indigenous environmental knowledge, and
from his or her acknowledged expertise and standing in the community. Further,
oral history is a hallmark of Tribal knowledge and education, so direct interaction
with elders and the trust that this builds is important for accuracy.

7. Ecological basis and ecocultural context of the scenarios. A clean and intact
environment is a significant and inseparable part of tribal economy, religion,
health, and everyday life. In traditional tribal communities, the people and their
geographic place, resources, culture, health, art, religion, trade networks, social and
survival activities, and their past and future are all interconnected into dynamic
ecocultural or biocultural system (Arquette et al. 2002; Cajete 1999; Donatuto
2008; Harper and Harris 2000; Harris 1998). For this reason, a description of the
ecology is an early step in scenario development.

For the CTUIR, these ecocultural relationships form the basis for the unwritten laws or
Tamanwit that were taught by those who came before, and are passed on through
generations by oral tradition in order to protect those yet to arrive (Harris 1998; Harris and
Harper 1999). The ancient responsibility to respect and uphold these teachings is directly
connected to the culture, the religion, and the landscape. The cultural identity, survival, and
sovereignty of the native nations are maintained by adhering to, respecting, and obeying
these ancient unwritten laws. The elements of CTUIR Tamanwit include Energy, Light,
Food, Dress, People/Generations, Land/Earth, Water, Speech, Air, and Dwellings. The
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tangible and intangible aspects of Tamanwit and the co-located ecocultural system give
meaning to each other through biosemiotic processes and relationships such that the
distinctions between animate and inanimate, and sacred and secular, are blurred. The
principles of Tamanwit are reflected in CTUIR priorities, restoration goals, and
environmental codes. In order to meet its responsibility, the CTUIR needs cold, clean,
uncontaminated water; clean, clear uncontaminated air; uncontaminated soil; clean, vibrant,
and uncontaminated biological resources; clean, uncontaminated, and wholesome foods; and
clean, uncontaminated, and healthful medicines (Harris and Harper 1999). These ecosystem
attributes are reflected in exposure scenarios and tribal risk assessments.

ELEMENTS IN A SCENARIO REPORT

After the initial steps of informed consent and receiving tribal approval, the next step is to
gather a bibliography of records and references. The entire bibliography should be reviewed
by the Tribe for accuracy, as there are often references or authors that are regarded by tribal
experts as having greater or lesser accuracy. Thereafter, the following format for a scenario
report has proven to be complete and useful.

Section 1—Tribal Circumstances and History

This section provides an introduction to the specific Tribal Nation and sets the context for a
tribe and its environs. Information in this section could take various forms. It might explain
the tribe's name for itself and how its national seal was designed. Some tribes are identified
by a primary food (e.g., the derivation of Menominee is manoomin, or wild rice). This
section might describe whether a tribe has moved, or whether several bands or tribes have
been consolidated onto reservations and whether different resource use patterns are still
present among families originally from different ancestral locations. It might include
historical reports such as trading records or Indian Agent reports that reveal information
about resource importance and abundance, ways the tribe managed its regional resources,
and early environmental conditions that the tribe might hope to preserve or restore. It could
include some linguistic and oral history that describes how tribes identify with and use
natural resources, and might include some names of places, areas, or families that reflect
natural resources. For example, many place names reflect an environmental characteristic
such as water (e.g., place with muddy water; area that frequently floods; place with good
springs) or resources (e.g., place of good pines; place where wapato—Sagittaria latifolia—
grows). For example, the names of almost half of the states and thousands of cities and
rivers have Indian origins. Arizona—*"Arizonac,” meaning “little spring”; Chicago—
Algonquian for “garlic field”; Indiana—"land of Indians”; Michigan http://
www.infoplease.com/id/A0108228—*"“Michigana” meaning “great or large lake”; Minnesota
—from a Dakota Indian word meaning “sky-tinted water”; Missouri—*“town of the large
canoes.” This is indicative of a natural and indigenous landscape underlying the present
geopolitical landscape, and suggests some original features and ecosystem services that
might be of value to restore.
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Section 2—Environmental Setting

The purpose of the scenario is to describe traditional lifeways that were uniformly followed
prior to resource degradation, because support of traditional lifeways is often a cleanup and
restoration goal as well as a cultural and heritage goal. The ecological description provides
information about plants, animals, biodiversity, relative proportions of different habitat
types, seasonality, and physiographic features of the environment. This information is
needed to support estimates of dietary staples (the resources that are most abundant and
reliable), and environmental characteristics that affect contact rates with soil, sediment, and
water (for example, ratio of wetlands to upland habitats).

Because tribal lifeways are embedded within and emergent from the ecology of a region
(Oren Lyons, personal communication), the base data layer of information for a scenario is
an ecoregion map (Abell et al. 2000; Bailey 1995; Bryce et al. 1999; Ricketts et al. 1999;
USEPA 2003b, 2004). Ecological regions have been described on a variety of scales.
Ecoregions are mapped using a hierarchical framework developed to show enduring
ecosystem components and patterns in the capacities and potentials of ecological systems by
defining regions of similar biotic, abiotic, aquatic, and terrestrial ecosystem components
(CEC 1997; McMahon et al. 2001; Omernick 1995, 2004). Level I and Il ecoregion maps,
developed for North America, divide the continent into 15 and 52 ecoregions, respectively
(USEPA 2003b) (Figure 2). Level I ecoregion maps highlight major ecological areas and
provide the broad backdrop to the ecological mosaic of the continent. Level Il ecoregions
provide a more detailed description and national/regional perspective of the large ecological
areas nested within the Level I regions. More refined ecoregion maps, such as the Level Il
ecoregion boundaries shown in Figure 1 or the finer scaled Level IV regions, are available
for the conterminous United States, and provide a spatial framework for ecological
assessment at the regional and local scale (USEPA 2003b). Depending on the goal of the
scenario, a generic scenario for a large ecoregion might be developed, which would serve as
a starting point for other nearby tribes to modify according to localized resources or for a
regulator to develop a regional application. Alternatively, more detailed Level IV maps or
site-specific maps and scenarios might be developed for site-specific applications (USEPA
2003b). Cultural zones have also been described based on resources used for food and
materials such as a maize zone or a bison zone (Figure 3). Of necessity, these are similar but
not identical to their ecoregions (Driver and Massey 1957; Waldman 2000).

Section 3—Resource Use Patterns

This section of a scenario report compiles information from the various types of literature
about resources used for food, shelter, materials, and other cultural activities by the tribe
itself, or in some cases by other tribes or predecessor groups previously living in a study
area. It also draws on the tribe's traditional environmental knowledge. As examples, the
ethno-botanical literature describes plants used for food, medicine, or materials and gives an
indication of the degree of biodiversity. The ethno-historical literature illustrates how tribes
learned natural laws based on observations of the environment over time and developed their
oral histories. In some cases there may be information from foraging theory research (caloric
returns per time spent hunting, gathering, or fishing) (Kelly 1995).
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Resources are obtained from different locations throughout the year, and this cycle is often
referred to as a “seasonal round.” A seasonal round may have been developed for a tribe
showing which key resources are available each month throughout the year (see Umatilla
Seasonal Round, Figure 4). Historical records from sources such as explorers, traders,
missionary-naturalists, settler letters, colonial re-enactors, and old texts or recipes give clues
about resources used or traded, sometimes with numerical data. Paleomedicine and
archaeology reports can describe dietary components based on isotope ratios, pollen counts,
bone examination, coprolite examination, and material use (Kelly 1986; Krech 1991; Sanger
1988; Sobolik 1994; White 1999; Winterhalder 1981). Traditional ecological knowledge
combines anthropological and environmental knowledge with tribal knowledge, teaching,
and observation, and oral history adds information about language, places, and their
relationships (Greaves 1996; Ranco 2006; Turner et al. 2008).

Section 4—Traditional Diet

The goal of the dietary section is to describe the traditional diet at a level of detail equivalent
to a food pyramid. When reconstructing a fully subsistent diet, the information on natural
resources and their abundance allows the identification of food staples and the relative
importance of the major food categories to account for 2000 to 2500 kcal/d. A tribal food
pyramid is not a simple substitution of native foods for contemporary commercial foods, but
describes what the tribes actually eat or used to eat. The ratios of food groups may or may
not match the contemporary food pyramid (USDA 2010); rather it illustrates the actual
traditional diet. In some cases, a calorically complete diet may have been identified in the
foraging theory literature, but more often the major dietary staples are identified but not
fully quantified within a nutritionally complete diet (Harper et al. 2006, 2007). Shown in
Figure 5 are the Umatilla First Foods (served at every ceremonial meal) and the two food
pyramids based on the two types of ecologies relevant to the Confederated Tribes. One
ecology and diet is based on the mainstem Columbia River and major tributaries; this diet is
based on fish. The other ecology is based in the Blue Mountains and headwaters of the
tributary rivers; this diet is based on game.

An important step is to consider caloric adequacy for a particular activity level. We have
used a basic assumption of 2 h of high activity, 6 h of moderate activity, 8 h of low and
sedentary activity, and 8 h of rest. Basic nutritional and energy requirements were compared
to information on resource abundance to develop the initial estimated diet. The initial
estimates were then refined based on information on paleonutrition (Sobolik 1994; Wing
and Brown 1979), and the findings of other authors (Kuhnlein et al. 1996,2006; White
1999). In addition, because animal organs are often eaten, and because some contaminants
are lipophilic, the ingestion rate may be raised based on an assumption such as 10% of the
animal protein consists of organs, with a higher level of contaminants.

The percent of food groups from the food pyramid or food wheel is then combined with
nutrient information (kcal/100 g portion of actual or nearest food) from the USDA
nutritional database for either the exact species or a member of the same or nearest plant or
animal family. The data for fresh or cooked foods matches the form of native plants eaten as
closely as possible (USDA 2010). The diet is formatted as kcal/day or grams/day for each
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food group or key food element (the format most often used in risk assessment) (Table 1).
An example of a diet adapted to a Maine coastal environment is shown in Figure 6 and
Table 2.

Section 5—Direct Exposure Factors

Direct exposure factors are those that involve direct exposure to abiotic media (inhalation,
water ingestion, soil ingestion, dermal exposure). For the general U.S. public, risk assessors
usually use USEPA's Exposure Factors Handbook (USEPA 1989 as amended), which
reviews decades of exposure science and gives recommendations for default inhalation rates,
drinking water rates, and soil ingestion rates suitable for the average U.S. lifestyle as well as
for some unique activities such as recreation or construction work.

The approach for developing a tribal scenario is similar, except diat large statistical
databases and default recommendations are not available. It is not possible to replicate the
massive amount of statistical data for indigenous lifestyles that is available for the general
non-native population. Therefore, in order to make reasonable estimates we use extensive
literature reviews and an understanding of the entire lifestyle (Harper et al. 2006, 2007). The
basic assumption is that traditional Native American lifeways continue to be active outdoor
lifestyles that are moderately physically demanding in all climates, even with some modern
conveniences.

The abiotic exposure pathways are considered across conventional activity categories (e.g.,
hunting, fishing, and gathering). The process of developing these direct exposure factors is
to estimate of activity levels and the frequency, duration, and intensity of each activity
category (Harper et al. 2007). This is an iterative process that relies on multiple lines of
evidence and cross-walks between tribal activity categories, exposure pathways, resource
uses, ecosystem stories and traditional environmental knowledge, and the technical
literature. The general steps in this process are:

1. Understand the lifestyle and the activities that comprise the lifestyle, and are
required to obtain necessities and engage in the community culture;

2. Describe the day, the year, and the lifetime of men and women to identify any
significant differences in activity levels between genders or ages;

3. Cross-walk activities with exposure pathways on the basis of frequency and
duration of major activities, activity levels, and degree of environmental contact;
and

4. Estimate cumulative exposure across activity categories factors.

This crosswalk is a semi-quantitative exercise based on multiple lines of evidence such as
ethno-historical, archaeological, nutritional, and experimental information, not a statistical
summation or a complete list of all activities. As with the approach to dietary reconstruction,
it generally accounts for every hour but does not attempt to catalog the minute-by-minute
activities of many individuals, again striving for completeness and accuracy ratiier than
statistical precision. Shown in Table 3 is an example of the iterative thought process
regarding exposure considerations for major activity categories. In addition, thorough
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literature reviews for soil ingestion and inhalation rates (Harper et al. 2007) provide
additional evidence.

APPLICATIONS OF SCENARIOS

Superfund

Tribal exposure scenarios have many potential applications, particularly in conjunction with
data collection and policy development. Several applications are described below.

The first and most obvious application of exposure scenarios is in risk assessments at
contaminated sites on reservations or affecting tribal sites and resources whether they are on
or off a reservation. The basic goal is to understand risks to people practicing their heritage
(or Treaty-based) lifestyles, so that remedial goals can ensure clean and restored resources to
make those practices safe once again (i.e., protect human health and the environment) (NRC
1983, 1994, 1996; Presidential Commission 1997; USEPA 1993, 2010).

Sampling Plans

If a site or project manager has enough foresight to recognize that there may be impacts to
tribal resources and uses early enough in a site characterization process, a relevant sampling
plan could incorporate particular locations or resources that otherwise might be overlooked.
For example, instead of random biota sampling, cultural and ecological keystone species
could be sampled, with detection limits low enough to account for more intensive contact
rates.

Regulatory Standards

Information within a scenario can be used to develop standards and environmental codes
such as water quality standards (e.g., Wabanaki, Spokane scenario), or hazardous substances
codes and policies (Spokane scenario) (Harper and Ranco 2009; Harper et al. 2002). Again,
the original contact rates, such as the original fish consumption rate, rather than the lower
contemporary consumption rates, must be known if the goal is to ensure that the original
practices are safe to return to or continue.

Environmental Justice and Equity Assessments

Environmental Impact Statements under the National Environmental Policy Act (NEPA)
(US Congress 1969) are required to evaluate disproportionate impacts. Conventional
methods are generally inappropriate for indigenous lifestyles. Where exposure to
environmental contaminants might be unequally spread among population segments or
where tribal communities are more highly exposed, scenarios can illuminate
disproportionate exposures and risks (Donatuto and Harper 2008).

Health Promotion and Well-Being

Tribal definitions of health tend to be broad and reflective of all the relationships identified
in natural law or traditional environmental knowledge and teachings. Scenarios help identify
the ecocultural attributes of the environment that are required for health and well-being
(Harris 1998; Donatuto 2008). They can also focus attention on selected environmental
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stressors and co-risk factors that tend to cluster in native communities and make them more
vulnerable to environmental impacts.

Cumulative Risks and Impacts

Tribal perspectives are holistic, and we believe those perspectives would enhance
understanding of cumulative risks (under regulatory applications and CERCLA) and
cumulative impacts (under NEPA). In fact, we believe that CERLCA would benefit from a
broader NEPA-like approach. Shown in Figure 7 is a broader risk model that includes the
four conventional steps in a human health risk assessment (central four boxes), as well as a
prior step where affected resources, systems, and services are identified, and a step where
ecological and cultural risks are evaluated as a cumulative system. Risk assessment is often
criticized as ignoring much of what is “at risk” in a community that faces contamination or
other stressor. A broader approach would address many of these concerns and allow
remedies to better protect human health than most do now.

Natural Resource Damage Assessment

The goal of National Resource Damage Assessment (43 CFR 11 1988) is to make the public
(and tribes) “whole” by restoring both the resources and the services that flow to people
from a healthy environment. Because many of the numerical definitions of natural resource
injury are based on risks to human health (e.g., fish advisories, risk-based action levels, or
institutional controls), a relevant exposure scenario and risk assessment is critical to
evaluating whether the resources are clean enough to safely use traditionally. Similarly,
health and well-being are ecosystem services that flow from healthy ecologies to people, and
a relevant scenario and broader risk framework help define the quality of those services.

Climate Change

The challenge of climate change to tribes is how to maintain a culturally acceptable native
diet and healthy lifestyle even as the resource base changes. A relevant exposure scenario
will help identify traditional dietary components and lifestyle activities, which in turn will
help support recommendations for, perhaps, substituting new native foods and their
associated skills and teachings, or selecting specific resources for assisted migration.
Because tribes and their health and traditional environmental knowledge are inseparable, an
additional challenge to tribes will be to add new teachings and new components to the oral
history while keeping their environmental ethic intact.

Federal Policy

Although the USEPA Office of Solid Waste and Emergency Response (OSWER) Directive
9355.7-04 (USEPA 1995) requires the USEPA project managers to identify reasonably
foreseeable land use at contaminated sites, tribal resource uses are often overlooked or
actively ignored both in the baseline risk assessment and when setting remediation goals.
From a tribal perspective, the best solution would be to amend the OSWER Directive or add
a criterion at the level of the Superfund National Remedy Review Board (USEPA 1996) to
identify the nearest tribe and then ask the tribe directly whether its health and resources have
been evaluated and protected.
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SUMMARY

Exposure scenarios are used to evaluate the degree of environmental contact people
experience living under different patterns of activities and natural resource use. While
human health exposure scenarios based on traditional tribal lifeways are required under
Executive Order 12898, their application in regulations or cleanups is intermittent at best. To
the extent that this is due to lack of familiarity with tribes, treaties, rights, lifeways, and
federal trusteeship, an USEPA Directive along with training would be of great benefit. Until
this is implemented, the procedures detailed in this document provide a needed step toward
the inclusion of traditional subsistence lifestyles into exposure assessments.
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Figure 1.
Tribal exposure scenario locations and their relationship to Level Il ecoregions.
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Figure 2.
Ecoregion maps of North America: (a) Level I and (b) Level 11 (USEPA 2003b).
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Examples of other regional classifications (a) Culture Areas after Waldman, 2000 and (b)
Subsistence Food Categories after Driver and Massey, 1957. Redrawn from Harper et al.

2007.
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Figure 4.
Confederated Tribes of the Umatilla Indian Reservation seasonal round (reprinted with

permission).
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CTUIR food pyramids and first foods.

First Foods
Serving Order

Water
Aquatics
Salmon, Lamprey,
Sturgeon, Whitefish,
Trout, Suckers, Mussels
Game
Mule Deer, Elk, Whitetail
Deer, Bighourn Sheep,
Mountain Goat, Bison,
Moose
Roots
Cous, Camas, Celery,
Carrot, Bitterroots
Greens
Moss, various greens
Berries
Chokecherry,
Huckleberry

Hum Ecol Risk Assess. Author manuscript; available in PMC 2014 September 05.

Page 20



Harper et al. Page 21

Figure 6.
Maine coastal food wheels showing (a) calorie distribution and (b) quantity distribution.
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Figure 7.
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Table 1

Example of food category and calorie conversion for Maine.

Food category

Kcal per 100 g

Resident fish and other aquatic resources

Anadromous and marine fish and shellfish

Game, large and small

Fowl and eggs

Bulbs

Berries, fruits

Other vegetables (above-ground)

Greens, tea (includes leaves, stems, medicinal plants, flavorings)

Honey, maple syrup, other

Seeds, nuts, grain

Mixed trout, cooked—190
Crayfish, wild cooked—82
Turtle, raw—_89

Salmon, cooked—180

Shad, cooked—252

Herring, dry cooked—200
Pollock, dry cooked—118

Eel, dry cooked—236

Oyster, dry cooked—70

Clam, moist cooked—148
Lobster, moist heat cooked—98
Seal, raw—142

Beluga, raw—111

Deer, roasted—158

Moose, roasted—134

Moose liver, braised—155
Rabbit, wild, roasted—173
Beaver, roasted—212

Muskrat, roasted—236

Quail, cooked—234

Duck, cooked—200

Duck eggs—185

Pheasant (for wild turkey)—247
Leek, onions, and other bulbs (bulb & leaf)—31
Raw elderberries—73

Raw strawberries—70

Beans, cooked pinto, kidney, or white—143
Peas, boiled pigeon or split—120
Squash, cooked winter—37
Squash, cooked Navajo—16
Dandelion greens, raw—45
Watercress, raw—11
Fiddleheads, raw—34
Honey—304

Maple syrup—261

Corn, Navajo strain steamed—386
Sunflower seeds, dried, raw—570
Chia seeds—490

Hazelnut, dry roast—646
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Food category

Kcal per 100 g

Roots, bulbs, tubers

Butternuts, dried—612
Chicory root, raw—73
Burdock root, boiled—88
Potato, baked tuber—200
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Table 2

Maine-coastal ecosystem example of food category grams per day.

Page 25

Food Category % of 2000 kcal ~ Equiv. kcal/day Rep kcal/100g Grams per day
Resident fish and other aquatic resources 5 100 175 57
Anadromous & marine fish, shellfish, marine mammals 40 800 175 457
Game, large and small 25 500 175 286
Fowl & eggs 12 240 200 120
Bulbs 2 40 30 133
Berries, fruits 2 40 100 40
Other vegetables 2 40 100 40
Greens, tea 2 40 30 133
Honey, maple syrup, other 2 40 275 15
Seeds, nuts, grain 6 120 500 24
Roots, tubers 2 40 100 40
TOTALS 100 2000 1345
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