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Abstract: This study investigates the adverse impacts of nuclear activities on indigenous populations and
identifies strategies for environmental justice. The systematic literature review involved the analysis of 57
articles selected from the Web of Science database. The spatial and historical analysis of nuclear energy
reveals a systemic interconnection that ranges from uranium mining to nuclear waste disposal, influencing
the global dynamics of supply and demand. The research identified that uranium mining and nuclear waste
disposal take place predominantly on indigenous lands, exposing these communities to health risks,
environmental degradation and socio-cultural disruption. The United States, Canada and Australia are the
main focus of the investigations, with little research in other regions. The study highlights the need for
inclusive policies that consider the perspectives of indigenous communities in decision-making processes
related to nuclear energy and emphasizes the importance of community engagement and social impact
assessment to mitigate negative effects on indigenous populations. The study concludes that although there
has been a recent increase in academic interest in these impacts, the amount of research is still limited,
especially considering the extent of nuclear operations on indigenous lands.

1. INTRODUCTION

Nuclear power has been an important source of low-carbon energy for decades and its development is considered
essential to achieve energy security and climate objectives (Yang and Xue, 2022; Liu et al., 2023; Carvalho et al., 2024).
However, its optimization in the energy framework is complex due to its characteristics involving multiple domains,
objectives, time scales, spatial scopes and long time periods; as well as generalized physical elements (nuclear energy
chain, non-nuclear energy systems and climate system), social elements (policies and public acceptance) and cyber
elements (integration between domains of information acquisition, knowledge extraction and decision support) (Yang and
Xue, 2022).

The urgency to generate low-carbon energy (UNFCCC, 2024; IPCC, 2023) reinforces the role of nuclear energy in
providing safe and reliable electricity - throughout 2021, 437 operational nuclear reactors in 32 countries generated around
10% of the global electricity production and more than a quarter of the world's low-carbon production (IAEA, 2022).

In addition to nuclear power plants having great potential in non-electric applications (such as district heating,
hydrogen production and desalination), the development of advanced and emerging nuclear technology, such as
microreactors and small and medium modular reactors (SMRs), increases the potential use of nuclear energy (Liu et al,
2023; Hussein, 2020; Black et al. 2023)

While the projections for increased nuclear energy production imply a respective expansion in uranium extraction
(Graetz, 2014), it is necessary to consider that both the beginning and end of the nuclear fuel chain primarily occur on
Indigenous lands. It is estimated that 70 percent of the world's uranium is located on Indigenous lands across nearly all
continents (LaDuke, 1999; Graetz, 2015; Runyan, 2022). Recent changes in the natural uranium market also introduce new
challenges for regulation, physical protection, export controls, and tracking of raw materials, such as processed uranium
concentrates. While traditional consumers are moving away from nuclear energy (such as Japan and Germany), ambitious
nuclear energy programs in China and Russia could increase global demand for uranium, with new suppliers entering the
global market, including Malawi, Tanzania, and Greenland (Vestergaard, 2015).

The adverse impacts of nuclear activities on Indigenous populations are multiple and include health risks from
radiation exposure, environmental degradation, and socio-cultural disruptions. Despite these significant concerns, there is
a notable gap in the comprehensive understanding and documentation of these impacts.

This study aims to fill these gaps by systematically reviewing existing literature to investigate the adverse impacts
of nuclear activities on Indigenous populations and to identify strategies and opportunities for environmental justice. By
focusing on both the physical and socio-cultural dimensions of these impacts, this research seeks to contribute to a more
nuanced understanding of the intersection between nuclear energy production and Indigenous rights.



Furthermore, the study aims to highlight the need for inclusive policy frameworks that consider the perspectives of
Indigenous communities in decision-making processes related to nuclear energy. By doing so, it intends to contribute to
the broader discourse on sustainable and equitable energy transitions, emphasizing the importance of justice and equity in
environmental governance. This research will not only inform policymakers and stakeholders but also advocate for the
rights and well-being of Indigenous peoples in the context of nuclear energy development.

2. METHODOLOGY

A systematic literature review was carried out, searching the Web of Science (WoS) scientific database on Jun 26,
2024, with registration and institutional access by the University of Sdo Paulo. The aim of the search was to select articles
that address the adverse impacts of nuclear activities on Indigenous populations. The search string defined in TABLE 1
was used.

TABLE 1. SEARCH STRING USED IN THE SCIENTIFIC DATABASE WEB OF SCIENCE, ON JUNL 26,
2024.

("Aboriginal land*") or ("Indian*" OR '"indigenous peopl*" OR "indigenous
communit*'" OR "native peopl*" OR '"aboriginal peopl*" OR '"first nation*" OR
"nativ*" OR "first peopl*")

The choice of the scientific database WoS as a research source was based on its credibility, interdisciplinary
coverage, access to updated and reliable information; and advanced search resources, which provide quality and relevance
to the information collected for the review. The search identified 508 records, which were analyzed in their title, abstract
and keywords to identify convergence with the theme of the study, which resulted in the selection of 59 studies.

After identifying the studies, they were analyzed in their entirety, considering as criteria the availability of the
complete article for consultation and its suitability for the research topic. The results were systematized in an Excel
spreadsheet. The analysis was carried out by two members of the research team. Assessments were performed
independently to reduce individual bias and increase the reliability of the review. If there was disagreement between the
two evaluators, prevailed the result pointed out by the member with the most experience in the subject. Of the fifty nine
articles found, two were excluded. The 57 resulting articles were subjected to a new complete reading, and they were kept
for technical analysis.

This work explores the use of VOSviewer for descriptive analyses in the context of research scope. Graphical
representations are essential for simplifying complicated datasets because they provide a visual story that improves
comprehension and makes for perceptive interpretations. Graphs are an essential tool for descriptive analysis in research,
especially in domains that are interdisciplinary and involve both industry and academics. They help researchers identify
patterns, relationships, and trends in their data. VOSviewer is a very effective and adaptable tool designed for the
visualisation and exploration of large-scale bibliometric and scientometric data, making it stand out among the many
graphing techniques available.

A TXT and XLS file was exported from the WoS database with complete metadata records of the 57 articles
included in the review. For the bibliometric analysis, the keywords described by the authors themselves were selected, out
of a total of 182 terms. The conceptually equivalent terms were grouped together (Table 1), resulting in 159 keywords for
analysis. This grouping was necessary so that original terms written in different ways could be properly analyzed.

TABLE 1. AUTHORS' KEYWORDS INCORPORATED INTO THE SAME LABEL FOR CO-OCCURRENCE

ANALYSIS
Label Incorporated terms

aboriginal peoples Aboriginal, aborigines and Australia, australian aboriginal,
uranium mining Uranium, uranium mines, uranium mining and culture,
nuclear waste radioactive waste, tailings, tailings-uranium,
occupational health occupational disease illness, occupational lung disease
navajo nation navajo nation, Navajo
native american native americans, american Indian
miners miner health, millworkers
kakadu Kakadu, kakadu national park
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indigenous people indigenous peoples, indigenous women, indigenous feminism,
ethnobotanical plants ethnobotanical plants, herbal remedies

environmental impact environmental impact, environmental impact assessment
community engagement community engagement, community consultation

For the keyword co-occurrence analysis, keywords that co-occur more frequently and have a higher link
strength were identified. Thus, keywords with a minimum occurrence of two times and a minimum link strength of
two were considered, resulting in 24 matches.

3. RESULTS AND DISCUSSION

3.1.  Spatial and historical dimensions of nuclear energy

The development of nuclear technologies for energy generation, weapons manufacturing, food preservation and
medical procedures has multiplied the places intertwined by the nuclear industry in an uneven atomic complex, from
uranium mining; the planning, construction and operation of nuclear power plants; public acceptance or resistance; the
decommissioning of nuclear facilities; the evolution of research centers; political control and the storage of nuclear waste
(Gutting et al., 2024).

With a history marked by significant advances and significant setbacks since the 1950s, nuclear energy has enjoyed
a renaissance of public attention since 2022. Driven by the energy price crisis, extreme weather events and the large-scale
invasion of Ukraine by Russia, this renaissance has favored the current increase in the price of uranium, which has already
led to the reopening of mines (Meyer and Sérandour, 2024).

Although the concept of a "cycle" can be criticized for the difficulty of finding truly cyclical characteristics of
nuclear energy in a global scenario, this "supply chain (Hill and Ashipala, 2024) usually referred to as the "nuclear fuel
cycle" begins with the exploration and mining of uranium and ends with the disposal of nuclear waste. Uranium extracted
from nature needs to go through several stages before it is suitable for use in a nuclear reactor, the typology of which
defines the additional stages of uranium processing, which can include processing, refining, conversion, enrichment,
deconversion and fuel fabrication. The stages prior to loading the nuclear fuel into the reactor constitute the initial phase
of this cycle and can take two to three years to complete. After the uranium has spent up to five years in a reactor core to
produce electricity, the spent fuel can undergo a further series of steps, which include temporary storage, reprocessing and
recycling. Nuclear waste is destined for temporary (short-term or long-term) disposal and is known as the "end" of the fuel
cycle (IAEA, 2023).

Natural uranium is sold directly by primary producers or traded through a series of intermediaries, and its production
is highly concentrated in geographical and commercial terms - in 2021, 93% of the uranium mined was supplied by seven
countries (Australia, Canada, Kazakhstan, Namibia, Niger, Russia and Uzbekistan), while 89% was controlled by the ten
largest mining companies (IAEA, 2023) (Figure 1).
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FIG 1: Distribution of worldwide uranium production in 2018 (Alwaeli and Mannheim, 2022)

In the period 1945-1990, the military acquisition of uranium was a significant (and even dominant) part of world
demand. However, since 1990, the reduction of nuclear arsenals has been an important element in the continued supply of
uranium for commercial and non-weapons purposes, with the greatest demand today being for the supply of nuclear fuel
components for civil nuclear power, which is almost entirely dedicated to electricity generation (IAEA, 2023) (Figure 2).



Operational, economic and political factors can influence the availability of resources and can be compounded by the
relative distribution of subsequent processing steps for the conversion, enrichment and deconversion stages (IAEA, 2023).
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FIG 2: World Annual Uranium Production and Civil Nuclear Requirements (1949-2021) reproduced from IAEA (2023: 2)

All these aspects highlight the spatial-systemic interconnection and show that nuclear energy is much more than
nuclear power plants as it encompasses the mining and milling of uranium, its conversion and enrichment, reprocessing of
spent nuclear fuel, radioactive waste management; as well as transportation of uranium, nuclear fuel and radioactive waste
and extensive research and development complexes around the world (Gutting et al, 2024).

This approach expresses the geographies of nuclear energy, as well as nuclearity as a socially constructed category
that marks objects, places or dangers as "nuclear" in techno-scientific, political or medical terms (Hecht, 2010) and
multidimensional since the factors that constitute it are contingent on actors who evolve in particular historical and
geographical contexts and who perceive political opportunities in the nuclearization of a place (Meyer, 2024).

From the perspective of Social Sciences, in an analysis of the spatial dimensions of nuclear energy that considered
a review of 205 articles, including case studies (65%); review articles (18%); and studies conducted on a national scale
(18%), of the 133 publications that used case studies, around 48% concern nuclear power plants, followed by studies on
spent fuel disposal (17%); nuclear weapons production sites (10.8%); uranium mines (8.5%); nuclear test sites (8.5); and
the transformation of uranium into nuclear fuel, with studies restricted only to the conversion stage (1.7%). The
transportation of uranium products has not been studied, nor have studies on reactor supply chains. The disposal and
reprocessing of spent nuclear fuel is only slightly discussed (0.6%), while less radioactive nuclear waste is not studied.
Although there are 840 research reactors in 70 countries, this infrastructure has been studied in less than 2.5% of the articles;
while non-energy applications of the atomic complex are absent, including medical uses or industrial and agricultural
applications (Meyer and Sérandour, 2024).

In addition to this thematic concentration, nuclear geography is also spatially limited. 193 studies were identified
spread across 27 countries - around 35% of these sites are in the USA; 8.5% in the UK; 7.5% in Japan; 5% in Canada and
Ukraine; 4.5% in Lithuania; and 4% in Germany and Finland. With the exception of the research reactor in Ghana and the
uranium mines in Namibia and South Africa, African countries are almost entirely absent from the studies. The spatial
dimensions of justice were addressed in four studies, which focused on nuclear sites and particularly uranium mines and
waste management sites as examples to investigate distributive spatial injustice; while thirteen studies described the spatial
inequalities of the atomic age as a space of coloniality in which nuclear development is based on the disproportionate
destruction of indigenous peoples and their lands (Meyer and Sérandour, 2024). These gaps, with evidence of thematically
and geographically concentrated scientific production, direct the systematic review on the impact of the nuclear agenda on
indigenous communities.

3.2.  Nuclear spaces and environmental justice on indigenous lands

A chronological analysis of the 57 articles that studied the impact of the nuclear industry on indigenous populations
reveals a significant growth in academic interest and public concern over the decades. In the 1970s and 1980s, the gradual
increase in publications reflects the initial growth of the nuclear industry and the impacts of nuclear tests, which began to
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receive greater attention for their adverse effects on indigenous populations and the environment. Events such as the
Chernobyl disaster in 1986 catalyzed a focus on safety issues and the socio-environmental impacts of uranium mining,
with an emphasis on the need for stricter regulations and greater awareness of the consequences for vulnerable communities
(Figure 3).
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FIG 3: Trend of publications from 1978 to 2024 covering the impact of nuclear activities on indigenous peoples

In subsequent decades, especially since the 2000s, there has been a stabilization and continuous increase in the
number of publications, in growing recognition of the necessary debate on nuclear safety and environmental justice, which
resulted in a peak of publications in the 2010s. In addition, the development of new technologies and the search for
sustainable energy solutions have also boosted research into the environmental and social impacts of the nuclear industry.
This relatively continuous and diverse increase in publications highlights the growing awareness of the disproportionate
impacts suffered by indigenous populations and the need to address issues of environmental justice and sustainability in
the context of nuclear energy.

However, in absolute terms, the identification of only 57 published studies that directly relate the impacts of nuclear
energy on indigenous peoples over a period of five decades also shows how incipient this thematic still is, especially given
the estimate that, in the United States and Canada alone, at least two thirds of the domestic supply of uranium is found on
indigenous lands (Runyan, 2022).

This work explores the use of VOSviewer for descriptive analyses. By harnessing its capabilities, the aim is to
highlight the intricacies of the findings, providing readers with a comprehensive visual representation that complements
the textual discussions, including co-authorship networks, co-citation maps, and keyword co-occurrence clusters, with
emphasis on the temporal evolution of issues related to uranium mining and its impacts (Figure 4).
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FIG 4. Network Graph of co-occurrence between keywords.

The keyword co-relation analysis identified six clusters. Uranium mining appears as the oldest central theme, and
reflects its continuous and predominant role in the studies reviewed. Over time, nuclear waste disposal has become
increasingly relevant in the literature. Environmental justice and environmental impact, represented by more recent colors,
suggest a recent increase in awareness and research on the equitable distribution of environmental impacts and the
mitigation of ecological damage, which reinforces the importance of fairer and more inclusive public policies.

The impact of uranium mining on indigenous peoples, highlighted by the terms "indigenous people", "native
American" and "first peoples", with evidence of the adverse effects of these activities on vulnerable communities.
Community engagement was also emphasized as areas of more recent research, while occupational and environmental
health, represented by intermediate colors, reflect ongoing concerns about the risks faced by both workers and communities
near mining operations. The figure also highlights specific geographic terms, such as Kakadu and Navajo Nation, indicating
that these studies often focus on particular cases where the impacts of uranium mining are especially significant.

In an analysis of the distribution of the different countries that were the focus of the studies included in this review,
out of a total of 65 occurrences, the United States is the country that is the subject of most of the investigations (46.%),
followed by Canada (21.5%), Australia (20%) and Namibia (3.1%). Arctic countries, Denmark, the Marshall Islands,
Nigeria, Norway and Russia have only one study in each country.

TABLE 2. STUDIES ON THE IMPACTS OF NUCLEAR ACTIVITIES ON INDIGENOUS LANDS
Country Povo indigena Author
United States Navajo Stephenson (1978); Moody (1979), Nelkin (1981), Bregman (1982),
Gottlieb and Husen (1982), Dawson (1992), Shiels et al (1992),
Gilliland et al (2000); Mulloy et al. (2001), Dawson and Madsen
(2011), Barker (2015), Hund et al. (2015), Jones (2017), Samuel-
Nakamura et al (2019), Tillman et al (2020), Ingram et al. (2020).
Collier et al. (2020), Samuel-Nakamura and Ali (2022), Coombs et al
(2022), Erdei et al. (2023)

Laguna Pueblo Moody (1979), Nelkin (1981), Bgregman (1982)
Hualapai Tribe Tillman et al (2020), Tillman et al. (2021)
Mescalero Apache Shrader-Frechette (1996)
Havasupai Nation Tillman et al. (2021)
Goshute Nation Ishiyama (2003)

Spokane Barker (2015), Flett al al ()2021
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Yakima Barker (2015)
Nez Perce Barker (2015)
Umatilla Barker (2015)
Shoshone Barker (2015)
Numic Stolfle and Arnold (2003)
Canada Inuit Moody (1979), Sarkar (2019)
Dene Heber (2005), Keeling (2010), Haalboom (2014; 2016), May (2022)
Saugeen Ojibway Nation ~ Runyan (2018), Runyan (2022)
Cree Keeling (2010), Haalboom (2014; 2016)
Métis Keeling (2010), Haalboom (2014; 2016)
Anishinaabe Stanley (2008), Runyan (2022)
Australia Mirrar Aplin (2004), Hart et al. (2015), Graetz (2015), Lea et al. (2018)
Kokotha Gester (2013)
Yankunytjatjara Hall (2018)
Maralinga Tjarutja Hall (2018)
Pitjantjatjara, Hall (2018)
Adnyamathanha Green (2017), Marsh and Green (2020)
Norway Sami Jackson et al (2023)
Marshall Islands Dri-Enewetak Davisson et al. (2012)
Bikini Barker (2015)

Graetz (2014) was the most comprehensive study in systematizing the major global uranium developments, the
operator details of each site and the indigenous groups affected in Australia, Canada, United States, Namibia and Niger.
The article documented mainly negative encounters of indigenous peoples with uranium development, and postulates the
necessary and urgent rethinking of the practice of community engagement with indigenous peoples, broader community
relations and the use of social impact assessments to identify unwanted impacts of developments and opportunities for their
mitigation (Graetz, 2014).

In addition to the peoples systematized in Table 2, studies have been carried out on the impact of uranium on other
indigenous populations inhabiting Canada (Sass, 1994; Chauhan et al. 2021); the southwestern United States (Mapel et al.,
1997), the Grand Canyon region (Mueller et al. (2017) and other regions of the United States (Fegadel, 2023); northern
Australia (van Dam et al., 2002; Waggitt, 2004; Ryan et al., 2005); the Arctic (Strand et al., 2002), Transbaikalia province
in eastern Siberia (Mamontova, 2023) and nuclear energy and environmental injustice without analyzing any specific
people or country (Hoffken et al., 2024).

4. CONCLUSIONS

The study examined the adverse impact of nuclear activities on indigenous populations, with a focus on
environmental justice. Through a systematic literature review, evidence was found that nuclear operations, especially
uranium mining and nuclear waste disposal, predominantly take place on indigenous lands, exposing these communities to
health risks, environmental degradation and socio-cultural disruptions. There was also a lack of research into the impacts
of other nuclear-related activities on indigenous peoples. With a comprehensive analysis of 57 articles, it was found that
although there has been a recent increase in academic interest in these impacts, the amount of research is still limited,
especially when considering the extent of nuclear operations on indigenous lands

It is crucial to adopt inclusive policies that embrace the perspectives of indigenous communities in decision-making
processes related to nuclear energy, in order to promote fairer and more sustainable energy transitions. Greater community
engagement and social impact assessment to mitigate the negative effects on indigenous populations is a fundamental
condition for achieving environmental governance.

The limitation of the descriptors used and the exclusivity of the Web of Science database, which may have restricted
the scope and diversity of the studies carried out, constitute research biases. To mitigate these biases, future research will
be conducted by expanding the descriptors, including multiple databases and data sources, in order to build a more global
view of the impacts of nuclear activities on indigenous peoples.
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