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Abstract

Islands and other remote locations that support indigenous (native) populations require special
considerations in the setting of criteria for maximum allowable radioactivity contamination of
the environment. The criteria can differ from those applicable to Western continental urban
settings because of particular attributes related to lifestyle or environment. Conventionally,
guidelines for land cleanup are derived by using a pathway model and descriptions of
conventional intake patterns to calculate backwards from an acceptable dose or risk. However,
pathways of possible exposure differ in characteristics and relative importance for indigenous
populations, and conventional exposure-assessment models need considerable revision for
them. More primitive lifestyles usually imply a need for stricter standards. In contrast,
somewhat higher risk might not produce any excess cancer incidence if the population is small
enough, as is often the case for islanders or other indigenous populations. This paper discusses
various factors peculiar to indigenous populations that require consideration when criteria for
restoration of contaminated environments are being determined.

Introduction

Sites contaminated today with radioactivity include a variety of geographic locations and
environments beyond laboratories and nuclear-weapons construction and fabrication facilities.
In particular, a number of islands and other remote locations worldwide were used for nuclear
testing and now are contaminated with radioactivity. Islands and other remote locations where
indigenous (native) people have dominant land rights require considerations different from
urban locations when acceptable contamination or environmental-restoration guidelines are
being formulated. The purpose of this report is to discuss some of the factors peculiar to island
locations and other lands inhabited by indigenous peoples and the considerations necessary for
restoration of radioactively contaminated land.

The islands and other locations where indigenous people are involved can be briefly listed.
The island sites, mainly used for nuclear testing, include the Marshall Islands (equatorial
Pacific), including Bikini and Enewetok Atolls; Johnston Atoll (north Pacific), site of high-
altitude atmospheric nuclear detonations and three aborted nuclear-missile launches;
Christmas and Maiden Island in Kiribati (equatorial Pacific), site of British and US
atmospheric nuclear testing in the 1950s and early 1960s; Mururoa and Fangataufa Atolls in
French Polynesia (South Pacific), operated by the French as an atmospheric, underwater, and
underground nuclear testing site; Amchitka Island, Alaska (North Pacific, Bering Sea), site of
three US underground nuclear tests in the 1960s and early 1970s; Monte Bello Islands,
Australia (Indian Ocean), site of the first British nuclear weapons tests in 1952 and used for
atmospheric tests until 1956; and Novaya Zemlya Island, Russia (Kara Sea, Barents Sea,
Arctic Ocean), site of extensive Soviet Union atmospheric and underground testing.
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The continental contaminated sites that have affected indigenous populations or are
historically claimed by indigenous people include the Nevada Test Site (United States), the
Hanford Reservation (United States), the Semipalatinsk Test Site (Kazakstan), and the
Maralinga and Emu test sites (Australia). Land contamination has also occurred in Spain
(Palomares), in Greenland (Thule), and across much of central Europe because of the
Chernobyl accident.

The importance of land is similar among island-based people and among indigenous people
living on the continents: it is central to their life, culture, and history, and it determines to a
large extent their survival and their standards of living, health, and nutrition [1]. Lifestyles of
indigenous people are closely tied to their environment; consequently, they are more severely
affected by damage to the environment than other people might be. In general, their living
conditions, per capita income, employment, education, access to basic water and sanitation
services, access to health services, housing conditions, and food availability always fall below
the national averages of their respective countries. Issues that should be considered in
determining criteria for restoration of their environments that are contaminated with
radioactivity are related primarily to attributes of lifestyle and environment but also include
social issues.

Lifestyle Attributes

Indigenous people retain numerous lifestyle attributes and traditions that are based on greater
use of land, natural vegetation, and other natural resources than many western cultures are
accustomed to. These lifestyle attributes include a high use of natural resources for
sustenance, including wildlife, freshwater and saltwater fish, fruits, berries, root crops, natural
water supplies, plants for cooking and medicinal purposes, and earthen materials and native
vegetation for home construction. These attributes generally lead to greater exposure to soil
and dust. Many indigenous cultures do not have access to running water so cleanliness is
harder to ensure and contamination harder to avert. In particular, the body, hands, clothes,
cooking utensils, and food supply are all subject to external contamination. A cultural
predisposition to use soil and plant extracts in ceremonies is common, as is the intentional
consumption of soil to provide satiety in times of famine and as a learned behavior among
children and pregnant women [3]. An extreme, but illustrative, example of a population that is
highly susceptible to land contamination is the Australian Aborigine [4].

Environmental Attributes

Because the natural environment is dominant in the lives of many indigenous peoples it is
worth while to consider environmental factors that might have unique potential for exposure.
Few generalizations can be made, because of the variety of locations where indigenous people
reside, but some specific examples will highlight how environmental attributes can lead to
increased exposures. The inherent potassium deficiency of coral islands leads to potentially
large uptake of radiocesium in plants and food crops. Bogs are high in organic matter but low
in clay and plant uptake of radioactivity can be high, depending on the chemistry of the
specific contaminant. Some lands of indigenous peoples, particularly in Australia and Africa,
are nearly barren because of low rainfall or over-use; such conditions lead to maximum
exposure to soil via resuspension, inhalation, direct ingestion, and contamination of food,
water, cooking utensils, and the human body.

43



Risk Assessment and Pathway Modeling

Typically, maximum allowable contamination limits are determined by first selecting an
acceptable level of risk (or dose) and then using a pathway model to calculate backwards to
the soil concentration of a radionuclide that would result in the accepted risk (or dose). Few
other methods to determine acceptable contamination are objective.

The use of conventional pathway models, however, can fail in the case of indigenous
populations because conventional parameter values are not applicable and in some cases the
models do not properly include all relevant exposure pathways. For the "back-calculation"
method to be successful, pathway models must simulate exposure pathways with a high
degree of realism. Possible pathways of exposure include external exposure, inhalation,
ingestion of animal products (meat, fresh and dried; organs not routinely consumed by
western populations; milk from animals not conventionally used in the West; and a variety of
freshwater and saltwater fish with emphasis on filter- and bottom-feeders), inhalation
(including resuspension and the result of high air-exchange rates in houses), vegetables and
fruits (many species not consumed in Western diets, and some probably not washed), drinking
water (sometimes obtained from shallow wells or collected from roofs of houses and often
unfiltered), use of plants (often unwashed) for medicinal purposes, soil ingestion
(inadvertently with vegetables and meats and intentionally), and contamination of wounds, the
body and eating utensils.

Achieving sensible restoration criteria or contamination limits is also based on knowing the
future use of the contaminated (and surrounding) land. It is likely that society cannot always
accurately specify the future use of land given the uncertainties in local sovereignty,
government, economic development, societal norms, public views on acceptable risks, and so
on. Nevertheless, knowing the intended use of contaminated lands is fundamental to
reasonable decision-making about acceptable contamination. Without knowing the degree and
mode of land use, it is nearly impossible to derive contamination limits based on dose or risk.

Restoration Options

The feasibility of compliance with guidelines for maximum permissible contamination often
depends on available options for remediation. Technologies to reduce exposure to
radionuclides contaminating the soil are few because radioactivity cannot be neutralized and
may be bound to clay minerals or organic matter. Some options for remediation are
establishing subsurface barriers, in situ vitrification, establishing permeable reactive barriers,
in situ redox manipulation, bioremediation, electrokinetic systems, soil washing, soil flushing
and phytoremediation [5]. Not all technologies are useful or suitable in all environments; the
specifics of the environment will determine suitability. For example, in situ vitrification is not
feasible for islands formed of coral soil, because of the absence of the silicon need for
vitrification. However, coral islands are typically deficient in potassium, so it is feasible to
block the uptake of radiocesium into plants—a form of bioremediation—by using potassium
soil amendments.

Balacing Health Risk and Environmental Damage

Maximum allowable contamination limits are set in the interest of protecting populations
from an increase in health detriment (cancer in particular) due to exposure. But remediation of
land can be accompanied by health and monetary costs, particularly for indigenous people
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whose livelihood depends on the land. Where the available land area is considerably greater
than that required for producing crops, remediation to current standards should be seriously
considered. Conversely, where that is not the case (as on some islands), remediation, which
often involves scraping and removing soil and vegetation, can be highly damaging to the land
and leave natural resources inadequate for sustenance of the population. The dilemma must be
quantitatively assessed for each situation; the question of whether a greater population health
detriment is introduced by leaving contamination or by remediating must be answered.

US regulatory agencies lean toward limiting lifetime risk to 10"6 - 10~4. Using available
radiation risk factors and reasonable estimates of exposure yielded by pathway models
appropriate to the lifestyle and environment, one is able to predict the likely number of excess
cancers and decide whether the risk goals will be achieved. Because many indigenous
populations are small (at a given site), a higher level of contamination than might be accepted
elsewhere will probably meet the same risk goals. The question of whether population health
risk goals have been met must be quantitatively reviewed in detail for each contamination
situation with the understanding that the success of such analyses depends on the availability
of realistic models and the use of realistic assumptions about diet and lifestyle.

Social Issues

Social issues include issues of economics and perception; some of the latter can also have a
factual basis. One issue that less-empowered peoples often believe in is what some Native
American groups have termed "radioactive racism" - populations less able to protest
effectively are forced to accept the contamination generated by their economically more
developed neighbors. For example, some Native American groups claim that the US
government or "big business" has targeted them to provide stewardship for contaminated
lands. In support of that claim, they can cite numerous locations in the western United States
where uranium-mill tailings and other residues from uranium mining dot the landscape of
Native American reservations. The site of the proposed high-level waste repository, Yucca
Mountain, is claimed to be inside Western Shoshone sovereign territory, a situation similar to
the proposed Ward Valley (California) waste repository, which is claimed as sacred land by
the Mojave and Chemehuevi peoples. The problem for indigenous people is exacerbated
because tribal sovereignty - which usually works to their benefit - can be used to bypass state
or national environmental laws, thus allowing disposal methods not usually allowed under
national laws.

Contamination of islands can also have affects on the inhabitants beyond that caused by
radiation exposure. Detriment to the economy - which might be barely above subsistence level
- is possible [2], particularly if the economy depends on production and export of local
specialty foods or if tourism would be viewed negatively by outside consumers.

Compensation as a Remediation Measure

In the US, the federal government is able to respond to releases or threatened releases of
hazardous substances that can endanger public health or the environment through the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA). This
law provides a framework for reducing public risk primarily through remedial response
actions. The application of CERCLA has not established a precedent whereby the US
government monetarily compensates landowner for damages instead of remediating the
contamination. However, in 1999, representatives of the Marshall Islands—site of the former
US nuclear weapons testing site—argued before a US congressional committee for
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compensation equal to the cost to remediate each square kilometer of land that would deliver a
possible annual radiation dose in excess of 0.15 mSv, the dose that limits risk to the goals of
the Environmental Protection Agency. That line of reasoning raises the question: Should
compensation be viewed as an alternative to remediation, particularly for indigenous cultures
that are often economically deprived? I believe not, because such a program would ignore
removing the source of the risk, thus guaranteeing a failure to accomplish ALARA ("as low as
reasonably achievable"), a fundamental tenet of radiation protection. Moreover, most, if not
all, indigenous cultures lack the technical expertise to use the monetary compensation to
remedy the source of the risk themselves. Alternative uses of the money, although attractive to
indigenous populations, would result in a continuing risk liability and circumvent the
elimination of risk that is the primary goal of all remediation programs.

Concluding Remarks

Islands and other lands occupied by indigenous people - in addition to the lifestyles of the
people themselves - are often different from urban sites in ways that should be considered in
the determination of criteria for remediation or acceptable limits of contamination. In
particular, if risk is to be minimized, pathway models need to be appropriate for the lifestyle
attributes of the people and for the environment in which they live. Lifestyles that are more
primitive usually argue in favor of stricter standards because close contact with the
environment is more frequent and greater exposure therefore likely. In contrast, somewhat
higher levels of risk might not result in any excess cancer incidence if the population is small
enough, which is often the case among indigenous populations. A balance must be sought
between minimizing risk posed by radioactive contamination and harming health by damaging
the environment in the name of remediation. Financial compensation in lieu of remediation is
viewed as an ineffective step to reduce population risk.

Author's note: This manuscript does not represent the opinions of the National Academy of
Sciences or the National Research Council.
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