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ABSTRACT

Indigenous peoples (IPs) worldwide are confronted by the increasing threat of pollution. Based on a comprehensive review
of the literature (n = 686 studies), we present the current state of knowledge on: 1) the exposure and vulnerability of IPs to
pollution; 2) the environmental, health, and cultural impacts of pollution upon IPs; and 3) IPs' contributions to prevent,
control, limit, and abate pollution from local to global scales. Indigenous peoples experience large burdens of environmental
pollution linked to the expansion of commodity frontiers and industrial development, including agricultural, mining, and
extractive industries, as well as urban growth, waste dumping, and infrastructure and energy development. Nevertheless, IPs
are contributing to limit pollution in different ways, including through environmental monitoring and global policy advocacy,
as well as through local resistance toward polluting activities. This work adds to growing evidence of the breadth and depth
of environmental injustices faced by IPs worldwide, and we conclude by highlighting the need to increase IPs' engagement in
environmental decision-making regarding pollution control. Integr Environ Assess Manag 2020;16:324-341. © 2019 The
Authors. Integrated Environmental Assessment and Management published by Wiley Periodicals, Inc. on behalf of Society of
Environmental Toxicology & Chemistry (SETAC)
Native Americans
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INTRODUCTION

Global levels of pollution are increasing in many parts of
the world, generating pemicious impacts upon both eco-
logical and human health (Rockstrém et al. 2009; UNEP
2017). Exposure to environmental pollution (Landrigan et al.
2018) is the largest environmental cause of disease, re-
sponsible for >9 million premature deaths worldwide in
2015, although according to some research this number is
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considered an underestimate of the true health impacts of
pollution (Landrigan et al. 2016; WHO 2016).

Recent international political agreements have emphasized
the need to control and abate environmental pollution. For
example, the theme of the 2017 United Nations Environment
Assembly meeting was “Towards a Pollution-Free Planet.”
Similarly, the Aichi Target 20 of the Convention on Biological
Diversity's Strategic Plan for Biodiversity 2011-2020 aims to
bring pollution to levels that are not detrimental to eco-
system functioning and biodiversity by 2020. Finally, the
Sustainable Development Goals stress the urgency of ad-
dressing environmental pollution at the global level in several
of its targets (Landrigan et al. 2018).

While environmental pollution is a global concern, its
impacts are unequally distributed, with low-income and/or
marginalized communities (particularly in urban and semi-
urban settings) experiencing disproportionate burdens
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(Taylor 2014; Hajat et al. 2015). For instance, a meta-analysis
of environmental pollution across 2083 US counties re-
vealed that toxic releases increase as a function of the
number of local minorities (Allen 2001). On a global scale,
the Lancet Commission on Pollution and Health concluded
that >90% of pollution-related deaths occur in low- and
middle-income countries (Landrigan et al. 2018).

Among populations vulnerable to pollution, indigenous
peoples (IPs) are of particular concern. Though IPs make up
only around 5% of the global population, they account for
>15% of the extreme poor (UNPFII 2016), lagging behind
other population groups on nearly every social and eco-
nomic indicator. Research suggests that this socioeconomic
situation is most likely the direct consequence of colo-
nization and historical exclusion (Morton 2007; Maru et al.
2014). For example, under colonial rule, many polluting
infrastructures (e.g., mines, pipelines, waste incineration
facilities) were built without the free, prior, and informed
consent (FPIC) of affected communities; thus, pollution was
displaced from colonial powers to colonized areas (Dokis
2015; Parfitt 2017). Moreover, the impacts of environmental
pollution for IPs go beyond health impacts. For example, as
a healthy ecosystem is essential for IPs' sociocultural well-
being, the presence of pollution in wildlife or water has
forced many individuals to shift away from traditional
lifestyles (Hoover et al. 2012).

While the number of studies examining the impacts of
environmental pollution upon IPs is growing (Brugge and
Gobble 2002; Curren et al. 2015), most of this research is
isolated and fragmented across disciplines and geographic
regions. Few efforts have cut across disciplinary topics or
regions (e.g., pollution in Arctic traditional foods [Kuhnlein
and Chan 2000]; water, sanitation, and IPs [Jiménez et al.
2014]), and there is no global review that maps out the
worldwide impacts of environmental pollution on IPs. Ac-
cordingly, this study aims to present the current state of
knowledge on: 1) the burden that pollution imposes on IPs;
2) the environmental, health, and cultural impacts of pollu-
tion upon IPs; and 3) IPs' contributions to prevent, limit, and
abate pollution.

METHODS

We conducted an extensive review of scholarly papers,
books, book chapters, doctoral theses, government and
technical reports, and other grey literature examining dif-
ferent environmental pollution impacts on IPs. Following
Garnett et al. (2018), we used the International Labour
Organization's definition of IPs throughout the paper
(ILO 1989). We used the Lancet Commission's definition
of pollution (Landrigan et al. 2018). In the context of this
paper, “impacts” are understood as any noticeable effects
or changes wholly or partially resulting from the spread
of environmental pollution. We focus on: 1) environmental
impacts, defined as any pollution-induced changes in the
local environment (including land, water, and biota);
2) health impacts, or the changes in the health of a
specific community resulting from continued exposure to

environmental pollution; and 3) cultural impacts, or changes
in a community's lifestyle, traditions, knowledge, practices,
and/or beliefs, driven by the exposure to environmental
pollution. Given that most of the reviewed documents did
not define any specific thresholds for defining impacts, we
considered that there was an impact when this was explicitly
described as such in the original source.

Our methodological approach consisted of 3 sequential
steps (see Supplemental Data) that resulted in a final sample
of 686 different publications and 367 case studies, providing
the most comprehensive review of pollution impacts on IPs
at the global level. Although we do present some biblio-
metric analyses, our objective was not to perform a quanti-
tative assessment of the literature but rather to situate
pollution burdens on IPs in the context of growing research
on global environmental justice. We take a critical approach
inspired by environmental justice scholarship, responding to
recent calls to expand the analytical focus of systematic re-
views and better integrate qualitative insights (Sterling et al.
2017a).

RESULTS

Overview of studies

Geographic patterns. The impacts of environmental pollu-
tion have been documented among 141 different in-
digenous groups from all inhabited continents. Table 1
shows the 20 indigenous groups for whom there is the
largest body of evidence documenting the impacts of pol-
lution. Interestingly, 50.7% of all studies linking pollution
and IPs have been conducted among only 15 different in-
digenous groups, with the Inuit from the circumpolar region
(31 studies), and the Cree (23) and the Ojibwe (21) in North
America being the groups with the most available doc-
umentation.

A large share of the documented evidence of the impacts
of pollution upon IPs comes from North America (47%;
156 cases) and South America (27%; 99 cases), with strong
research foci on the Arctic (Paunescu et al. 2013; Binnington
et al. 2016; Krimmel and Gilman 2016) and the Amazon (da
Silva Brabo et al. 2000; Rosell-Melé et al. 2018) (Figure 1).
Research on pollution and IPs in Africa is relatively meager
(11%; 41 cases), with most of it coming from the Niger Delta
region; there is limited information for the rest of the con-
tinent. Basu et al. (2018) documented similar geographic
patterns on a state-of-the-science review of Hg biomarkers.

Pollutants. In our review of 324 case studies, we were able
to identify at least 21 different chemical pollutants of con-
cern for IPs (Table 2). These pollutants largely separate into
3 main categories: heavy metals (e.g., Pb, Hg), persistent
organic pollutants ([POPs] e.g., organochlorines, PAHs) and
others (e.g., asbestos, endocrine disruptors). Each of the
identified pollutants has been documented to be of human
health concern, and here we focus on the most compelling
cases that involve IPs.
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Table 1. Indigenous groups in which pollution impacts have been most extensively documented®
Documented evidence
Rank Group Geographic area Number of studies % of total Cumulative %
1 Inuit Canada, Greenland, USA 31 8.18% 8.18%
2 Cree Canada, USA 23 6.07% 14.25%
3 Ojibwe Canada, USA 21 5.54% 19.79%
4 Dene Canada 20 5.28% 25.07%
5 Métis Canada, USA 15 3.96% 29.02%
6 Mohawk Canada, USA 13 3.43% 32.45%
7 Achuar Ecuador, Peru 10 2.64% 35.09%
8 Ogoni Nigeria 10 2.64% 37.73%
9 Quechua Argentina, Bolivia, Chile, Colombia, Ecuador, Peru 9 2.37% 40.11%
10 Dayak Indonesia, Malaysia 8 2.11% 42.22%
11 Saami Finland, Norway, Rusasia, Sweden 7 1.85% 44.06%
12 Maya Belize, El Salvador, Guatemala, Honduras, Mexico 7 1.85% 45.91%
13 Navajo USA 7 1.85% 47.76%
14 Kichwa Colombia, Ecuador, Peru 6 1.58% 49.34%
15 Aymara Argentina, Bolivia, Chile, Peru 5 1.32% 50.66%
16 Mapuche Argentina, Chile 4 1.06% 51.72%
17 Sioux Canada, USA 4 1.06% 52.77%
18 Urarina Peru 4 1.06% 53.83%
19 Yupik Russia, USA 4 1.06% 54.88%
20 Wayuu Colombia, Venezuela 4 1.06% 55.94%

“Both percentages refer to the total number of studies identified in the literature review.

Sources of pollution. Indigenous peoples are exposed to
numerous polluting activities, most of which are linked to
agriculture, extractive operations, urban growth, and in-
dustrial development.

Oil and gas extraction and development. This category in-
cludes exploration, fracking and extraction operations, and
pipeline transport, and is the source of considerable
amounts of pollution in many IP lands (Cepek 2002; Dana
et al. 2008; Pristupa et al. 2018). Although there is no global
database on the impacts of oil releases on indigenous
communities, well-known cases featured in the media in-
clude the Exxon Valdez oil spill that affected Chugach
hunting grounds in Alaska, resulting in a nearly 50% drop in
hunting (Burger 1997; O'Rourke and Connolly 2003) or the
infamous oil spills in Ogoniland (Osuagwu and Olaifa 2018).
Our review of the literature indicates that there are
many other documented examples of water contamination
resulting from direct release on rivers of deep waters
extracted during petroleum exploitation (Moquet et al.
2014; Barraza et al. 2018). In Peruvian Amazonia, down-
stream of several oil spills, 64% of children <10 years old

showed levels of Hg higher than recommended limits
(O'Callaghan-Gordo et al. 2018).

Mineral extraction. Both from large-scale industrial ore
mining (Byrne et al. 2012) and local artisanal small-
scale mining (Ashe 2012; Angosto-Fernandez 2019), it is
another major source of pollution in IP lands. Mineral ex-
traction activities affect IPs who are participants or workers
at mines (Kwaansa-Ansah et al. 2010; Basu et al. 2018), as
well as in wider areas downstream from operations affected
by tailings disposal, impacting indigenous water supplies
(Shaw and Welford 2007; Daigle 2018). For example, the Ok
Tedi mine in Papua New Guinea dumped 1 billion metric tons
of tailings in local rivers used by the Yonggom (Kirsch 2007),
and the Grassberg mine in Indonesian Papua has also re-
sulted in substantial impacts upon the water resources used
by the Amungme and the Kamoro peoples (Rifai-Hasan
2009). Several studies have documented pollution by Ni
mining in waterways used by Kanak fishers in New Caledonia
(Horowitz 2010; Lassila 2016). There is also a legacy of As
deposition from mining and processing refractory Au ore
at Giant Mine in Canada's Northwest Territories, which has
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Figure 1. Distribution map of the case studies documenting pollution impacts upon indigenous peoples (n=367) with Kernel density estimations.

had acute health impacts on the Yellowknives Dene First
Nation (Keeling and Sandlos 2017).

Toxic waste dumping. Often this is done by multinational
corporations or exported to developing countries (Adeola
2000). Hazardous waste siting, including incinerators and
landfills, also seriously affects indigenous communities
because such polluting infrastructures are often placed in
their lands, either because their lands have unclear tenure
status or because poverty has induced them to accept such
facilities (Williams 1992; Sitkowski 1995; Gowda and
Easterling 2000). Some of the most controversial nuclear
waste facilities being imposed on IP lands include the cases
of the Yami of Orchid Island in Taiwan (Chi 2001; Fan 2006),
the Skull Valley reservation in Utah (Brook 1998), and the
case of the Yucca Mountain Nuclear Waste Repository on
the Western Shoshone lands (Thorpe 1996). Landfills are
also an important problem in IP lands (Soliman et al. 1993;
LaDuke 1999).

Industrial development. Long-distance transport of pollu-
tants produced elsewhere through industrial processes or
use has been documented in numerous IP lands (van
Wendel et al. 2012). For example, long-distance air pollu-
tion is a major problem in the polar regions (AMAP 2006), as
first evidenced by “Arctic haze” created by the volatilization
of chemical compounds that persist due to slower decom-
position times in cold weather (Ma et al. 2017). The long-
range transport of pollution from Asian emissions is also an
important source of atmospheric Hg to the Arctic (Kirk
et al. 2012).

Agrochemical contamination. Pesticides (e.g., DDT and
toxaphene) into IP lands have been documented by both
freshwater and marine routes (Muir et al. 1992; Tsygankov
et al. 2018). Long-range air transport of organochlorine
pesticides and exposure to pesticides through bio-
accumulation in animals are both common in the Arctic
(Muir et al. 1992). Although the scale of pesticide pollution
from agroindustrial operations in the Amazon has not yet
been systematically documented (Waichman et al. 2007;
Schiesari and Grillitsch 2011), there is evidence of increasing
pesticide pollution in the Xingu River Basin, affecting at
least 16 indigenous groups (Brando et al. 2013; Pignati
et al. 2018).

Radioactive contamination. Also well documented among
IPs (Haywood and Smith 1992; Williams et al. 2017), for
example, the historical legacy of radionuclide exposure
among IPs in the Aleutian Islands following 3 underground
nuclear tests (1961-1975) has received substantial scholarly
attention (Burger et al. 2007). Similarly, radioactive con-
tamination of lichen communities, a principal winter feed for
reindeer, has been documented in Saami reindeer herding
areas of northern Fennoscandia, a result of the Chernobyl
fallout (Beach 1990; Lofstedt and White 1990).

Polluting activities conducted by IPs. Such activities have
been highlighted in the literature, particularly those activ-
ities related to the use of fire. Indoor air pollution caused by
cooking fires can be a serious concern for those who are
in rural areas unconnected to electricity grids (Diaz et al.
2007; Torres-Dosal et al. 2008). Exposure from vegetation
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Table 2. Pollutants to which indigenous peoples are exposed

Category Pollutant(s) Reported evidence
Heavy metals As Atkins et al. 2007; Liu et al. 2010; Bordeleau
et al. 2016; Sandlos and Keeling 2016
Cd Orta-Martinez et al. 2007; Mapani et al. 2010;
Curren et al. 2015; Bordeleau et al. 2016
Pb Mapani et al. 2010; Bordeleau et al. 2016;
Ullah et al. 2016
Hg Hoover et al. 1997; Dallaire et al. 2003; Basu
et al. 2018; O'Callaghan-Gordo et al. 2018
U Haywood and Smith 1992; Brugge and Gobble
2002; Lewis et al. 2017
Persistent organic Organochlorines Chlorinated benzenes (e.g., Dallaire et al. 2003; Walker et al. 2003; Flores-
pollutants pentachlorobenzene, Ramirez et al. 2016

hexachlorobenzene)

Chlorinated cyclodienes (e.g., aldrin, Kuhnlein et al. 1995; Johansen 2002; Dallaire
dieldrin, endrin, chlordane, et al. 2003; Curren et al. 2015
heptachlor)

DDT Dallaire et al. 2003; Walker et al. 2003; Curren
et al. 2015
Hexachlorocyclohexanes (e.g., Kuhnlein and Chan 2000; Trejo-Acevedo
alpha-hexachlorocyclohexane, et al. 2012
beta-hexachlorocyclohexane,
lindane)
Mirex Chan 1996; CCU 2000; Kuhnlein and Chan 2000;
AMAP 2004
PCBs Dewailly et al. 1994; Walker et al. 2003; Curren
et al. 2015; Binnington et al. 2016
Toxaphene Chan et al. 1997; Wade et al. 1997; Kuhnlein and
Chan 2000
Dioxins and dioxin-like PCDDs (e.g., 2,3,7,8-TCDD) Dewailly et al. 1994; Kuhnlein and Chan 2000;
compounds AMAP 2004; Paunescu et al. 2013
PCDFs Dewailly et al. 1994; Kuhnlein and Chan 2000;
AMAP 2004
PAHs and volatile Benzene San Sebastian et al. 2001; Pruneda-Alvarez
organic compounds et al. 2012
Toluene Pruneda-Alvarez et al. 2012; Flores-Ramirez
et al. 2016
Organobromines Polybrominated diphenyl ethers de Wit et al. 2010; Carlsson et al. 2014; Byrne
et al. 2018
Others Asbestos Myers 1981; Moerman and van der Laan 2011
Chemicals of emerging concern Godduhn and Duffy 2003; Jenssen 2006;
(e.g., pharmaceutics, endocrine- Scott 2013; AMAP 2016
disruptors, microplastics)
Cyanide McKinnon 2002; Leung and Lu 2016
Radioactivity and radionuclides Beach 1990; Haywood and Smith 1992; Johnston
(e.g., radiocesium) et al. 1992; Williams et al. 2017
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burning, a common agricultural practice among some in-
digenous groups, can also lead to negative health impacts,
mostly on the respiratory system (Hanigan et al. 2008). In-
digenous burming has also been partially blamed for large-
scale air pollution incidents in Southeast Asia, such as
widespread haze in the 1990s in which emissions of carbon
dioxide, carbon monoxide, and methane exceeded regu-
latory levels for several months (Aiken 2004; Dennis et al.
2005). Other examples of polluting activities conducted by
IPs include the intentional use of poison against carnivores
and vultures across Africa (Ogada 2014; Murn and Botha
2018), or the numerous cases of reported contamination
due to the use of Pb ammunition in subsistence hunting
(Cartro-Sabaté et al. 2019).

Impacts of pollution on IPs

Environmental impacts. Indigenous peoples inhabit some
of the most ecologically undisturbed areas of the world,
often of outstanding biodiversity importance (Garnett et al.
2018). Thus, pollution in IP lands has an uneven and sig-
nificant impact on critical environments, affecting large
numbers of wildlife species (Basu et al. 2009; Wilson et al.
2018). While the impacts of pollution on ecosystems and
biodiversity have been studied extensively (Taylor et al.
2016), particularly in aquatic systems (Desforges et al. 2018),
accumulated evidence of these impacts comes primarily
from industrialized nations, with a strong focus on con-
sequences of agricultural intensification and industrializa-
tion. From this research we know that pollution has impacts
at multiple levels, from altering wildlife physiology
(Vermberg and Vernberg 1974) and behavior (Briffa et al.
2012), to noticeable impacts on population abundances
(Gilburn et al. 2015), species richness (Stevens et al. 2004),
and ecosystem functioning (Woodward et al. 2012). Al-
though the detection of pollution impacts in remote areas,
often inhabited by IPs, has so far lagged behind, remote
sensing allows large-scale and real-time mapping of im-
pacts, such as the detection of oil spills (Asner et al. 2013;
Arellano et al. 2015).

Pollution-induced wildlife decline has been recorded in
numerous [P lands (Cepek 2002; Young et al. 2016). For
example, native pollinators, on which the food systems of
IPs rely, are declining due to increased exposure to pesti-
cides (IPBES 2016). Similarly, oil spills in the Gulf of Mexico
have driven mortality of marine birds and sea turtles
(Antonio et al. 2011). Reduction of pastures through in-
dustrial pollution has been also documented in tundra
ecosystems (Forbes et al. 2009).

Waste from artisanal and small-scale Au mining in the
Madre de Dios region, Peru, is known to be one of the most
important sources of water contamination for Amazonian
amphibians (Catenazzi and von May 2014), many of which
are used in traditional medicine by Amazonian IPs such as
the Yawanawa (Souto et al. 2013). Videos recorded with
infrared camera traps have evidenced wildlife ingestion
of petroleum-contaminated soils in areas situated within

the hunting grounds of the Achuar in the Amazon
(Orta-Martinez et al. 2018; Cartré-Sabaté et al. 2019). Pol-
luting activities can also drive other forms of ecosystem
degradation; for example, illegal Au mining has been im-
plicated as a main cause of deforestation and habitat loss in
areas inhabited by IPs in the Amazon and Myanmar
(Swenson et al. 2011; Papworth et al. 2017).

Plastics are a growing source of marine pollution and a
cause of marine animal mortality (Derraik 2002; Gregory
2009). It is estimated that by 2050, 99% of all seabirds will
have ingested plastic during their life cycle (Wilcox et al.
2016), including many species central to IPs' diets (AMAP
1998; Gilchrist et al. 2005). Similarly, freshwater crabs and
turtles of several rivers in the Amazon, which are both
culturally and nutritionally important for IPs, have been
impacted by widespread high Hg and Pb pollution
levels (Schneider et al. 2010). Intentional poisoning of
carnivores by African pastoralists have also resulted in
wildlife declines (Ogada 2014; Murn and Botha 2018).

Pollutants accumulating in food chains through bio-
magnification have been particularly well-documented in
marine mammals (Kuhnlein et al. 1995; Binnington et al.
2016), seafood (Donatuto et al. 2011), riverine fish (Ullah
et al. 2016), birds (Bidleman et al. 2010), large mammals
(Doyle et al. 2012), and caribou (Ostertag et al. 2009), and
IPs in many areas depend heavily on these foods. Several
studies have shown that global warming may increase pol-
lution levels in fish and marine mammals by increasing rates
of ecological mobilization and biomagnification (Jenssen
2006; Dudley et al. 2015).

Health impacts. Most health impacts documented among
IPs are mediated through the consumption of polluted
water (Huseman and Short 2012; Dudarev et al. 2013;
Bradford et al. 2016) and food (Bordeleau et al. 2016), in-
cluding wild foods obtained through hunting (Cartré-Sabaté
et al. 2019), fishing (Marushka et al. 2017), and gathering
(Strand et al. 2002). Because IPs often eat animal parts
where pollutants accumulate (e.g., fatty tissues), their ex-
posure is higher than among nonindigenous groups who
discard these parts.

Exposure to POPs is associated with increased risk of
diabetes among many indigenous groups, such as the
Mohawk or the Kitchenuhmaykoosib Inninuwug First Nation
of Ontario (Sharp 2009). Exposure to POPs has also been
associated with immune system problems and increases in
infections among Inuit infants (Dewailly et al. 2000; Dallaire
et al. 2003), and to hypertension among Inuit adults (Valera
et al. 2013). Among POPs, organochlorines such as PCB can
cross the placental barrier and lead to permanent neuro-
developmental effects, as it has been the case among Arctic
indigenous children (AMAP 2015).

There are also documented elevated cancer risks among
IPs living near oil fields in the Ecuadorian Amazon, including
high incidence of childhood leukemias (Hurtig and San
Sebastian 2002, 2004). Similarly, high levels of autism, car-
diovascular disease, and cancer have been reported among
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the Aamjiwnaang First Nations living near Chemical Valley in
Canada (Bagelman and Wiebe 2017). Lead exposure is as-
sociated with growth and weight deficiencies, neurological
impacts, and anemia among the Achuar, Quechua, and
Urarina (Anticona and San Sebastian 2014). The health
impacts of Hg, a known neurotoxicant, have been docu-
mented among numerous IPS (Wheatley and Wheatley
2000; Takaoka et al. 2014; Basu et al. 2018).

Exposure to pollution has been associated with increased
cancer incidence and mortality among several IPs (San
Sebastian et al. 2001; Garcia-Esquinas et al. 2014). There
have also been concerns regarding high rates of miscarriage
and high risks of kidney disease and hypertension among
Native Americans (e.g., Navajo, Lakota) living near U mining
(Lewis et al. 2017). Exposure to endocrine disruptors
has been associated with changes in age of menstruation
and other health effects among some IPs (Godduhn and
Duffy 2003; Denham et al. 2005). Inuit women have been
reported to have levels of PCB in breastmilk 7 times higher
than control populations in Québec (Dewailly et al. 1993;
Johansen 2002). Among Mohawk women, those who ate
local fish near hazardous waste sites had higher levels of
contaminants in their breast milk than women in control
groups (Fitzgerald et al. 1998). Numerous studies also re-
port impacts of pollution on IPs' mental health, including
psychological disorders associated with oil spills (Nriagu
et al. 2016) or high levels of anxiety among the Anishinaabe,
Potawatomi, and Ottawa IPs of Canada due to worries about
their children's health (Hanrahan 2017).

There are indirect health impacts of pollution through [Ps'
food systems. For example, pollution can result in fear of
consuming traditional wild foods (Turner and Turner 2008;
Baker 2017), and the decline in game availability due to
pollution can foster increased reliance on nutrient-poor and
expensive market foods, often increasing the risk of mal-
nutrition and chronic diseases (Young et al. 1992; Howard
et al. 1999). For example, some IPs in British Columbia
(Canada) have stopped gathering seaweeds in large
amounts due to fears about marine pollution (Turner and
Turner 2008; Turner and Clifton 2009). Loss of hunting or
fishing activities can mean loss of physical activity as well,
with resulting health impacts (Hoover 2013). Fear of using
contaminated local sources of medicine can lead to declines
in the use of traditional remedies, as documented among
the Mohawk (Arquette et al. 2002). There are also reports of
Inuit women choosing not to breastfeed their children be-
cause of fear of pollutants in their milk (Johansen 2002).

Cultural impacts. Environmental pollution impacts both
material and nonmaterial cultural dimensions of IPs' ways of
life (Pufall et al. 2011; Alonzo et al. 2016), including their
knowledge systems (Boischio and Henshel 2000; Yakovleva
2011). For example, herbicide treatments by the US Forest
Service have contaminated plants used by California Native
American tribes for different cultural uses, including tradi-
tional basket weaving where holding reeds in the mouth is
part of the process (O'Neill 2003).

Other traditional practices, such as harvesting local plants
for sustenance, ceremonial, or medicinal purposes, or
drinking from historical water sources can also increase ex-
posure to pollutants (Arquette et al. 2002). Thus, recom-
mendations to refrain from fishing or gathering plants can
affect indigenous cultural traditions based on these activities
(Kuhnlein and Chan 2000). Further, without access to in-
formation about sources of pollution, IPs can also in-
advertently associate health conditions with other factors.
For example, in Ecuador, the Cofan blamed high rates of
cancer not on oil extraction but on shamanic identification of
human agents, leading to cultural conflict (Cepek 2002).

Several studies have shown how pollution jeopardizes the
complex web of relationality that many IPs establish with
their lands (Nelson et al. 2001; Hoogeveen 2016). Because
activities associated with collecting wild foods generally
serve important community roles (e.g., intergenerational
exchange, maintenance of language), concerns associated
with pollution regarding the consumption of wild foods can
also impact these practices (Berkes and Farkas 1978;
ICC-AK 2015). For example, the Mohawk Nation at
Akwesasne (United States and Canada) report a loss of
language and culture around subsistence activities that
have been largely abandoned because of fear of pollution
exposure (Hoover et al. 2012).

Finally, pollution can also affect the spiritual wellbeing of
IPs (Temper and Martinez-Alier 2013; McCreary and Milligan
2014). In many indigenous world views, water is a living and
sentient being or a spiritual resource (e.g., the lifeblood of
Mother Earth) that must be respected and kept clean from
pollution (Singh 2006; Toussaint 2008). From a Western
scientific perspective, drinkable water may have some level
of acceptable contaminants, but in contrast, Maori in New
Zealand require drinking water to be entirely free of physical
contamination in order to eliminate spiritual pollution (Tipa
and Teirey 2006; Sterling et al. 2017b). Another example
comes from Arizona where the Snowbowl ski resort wanted
to make snow from reclaimed sewage water and spread it
on a mountain considered sacred by the Navajo and Hopi.
In a lawsuit, the communities argued that contamination by
the sewage would undermine their belief systems and the
cultural practices that depend on the mountain's purity
(Schlosberg and Carruthers 2010).

IPs' contributions to control pollution

Resistance to polluting activities. Worldwide, IPs are cam-
paigning against pollution impacts on their environment and
health (Evans et al. 2002; Veltmeyer and Bowles 2014). Re-
sistance against polluting activities includes actions such as
protests, cultural resistance camps, calls for policy action,
occupation of resource infrastructures (e.g., pipelines, land-
fills), and litigation to hold polluters accountable (Martinez-
Alier et al. 2010; Rudel 2018). Mainly through global citizen
action; social mobilization; successful links with environ-
mental activists, scientists, and journalists; and capitalizing
on modern technologies, IPs have attracted global attention

Integr Environ Assess Manag 2020:324-341

wileyonlinelibrary.com/journal/ieam

© 2019 The Authors



Indigenous Peoples and Environmental Pollution—Integr Environ Assess Manag 16, 2020 331

and support, helping to raise awareness of the impacts of
pollution (Sikor and Newell 2014; Vasquez 2014).

These activities have in some cases prevented the in-
stallation of polluting industries upon IP lands (Nesper
2011; Temper 2018; Widener 2018). However, these cam-
paigns are not always articulated as solely a crusade against
pollution, but rather as conflicts in defense of land rights,
sovereignty, and justice (Temper et al. 2015, 2018). Prom-
inent examples include the opposition of different IPs (e.g.,
Inupiat, Gwich'in) across Canada and the United States to
different oil drilling plans in the Arctic (Cho et al. 2018), or
widespread social mobilization against pipelines such as
the Dakota Access Pipeline (Donaghy and Lisenby 2018),
the Enbridge Pipeline (Donaghy 2018), the Trans Mountain
Pipeline (CRED 2013), or the Keystone XL Pipeline
(Bradshaw 2015).

There are also many examples of these types of preventive
conflicts in countries in the global South, such as the U'wa
fight against oil drilling in Eastern Colombia (Arenas 2007),
the Chiquitanos opposition to the Cuiaba pipeline in eastern
Bolivia (Hindery 2013), resistance towards the Doba-Kibri oil
pipelines across Chad and Cameroon (Nelson et al. 2001), or
the fight of the Dongria Kondh against bauxite mining in
their sacred homelands in India (Temper and Martinez-Alier
2013). The fact that indigenous values (e.g., sacredness,
spirituality) are often harmed by the expansion of commodity
frontiers is a common thread in the IPs protests (Hinzo 2018;
Panikkar and Tollefson 2018). Indigenous women across the
world have been particularly vocal against pollution impacts
from mining, hydrocarbon exploration, and toxic waste
dumping in their lands (Krauss 1993; Macleod 2016).

Several examples of successful alliances of IPs with sci-
entists (Armstrong and Brown 2019; Caron-Beaudoin and
Armstrong 2019) and non-governmental organizations exist
(O'Faircheallaigh 2015). For example, the Gundjehmi Abo-
riginal Corporation partnered with a league of environ-
mental activists to defeat the Jabiluka mine in Northern
Australia (Hintjens 2000). These alliances extend to scientists
because access to scientific information on pollution im-
pacts has been important in spurring indigenous protests in
many regions (Stetson 2012). For example, knowledge of
high levels of Cd in their blood triggered a change in the
resistance methods employed by the Achuar in the Cor-
rientes River (Orta-Martinez and Finer 2010) and the Yano-
mami in Brazilian Amazonia (Vega et al. 2018). Based on
their own experiences, some indigenous representatives
have also travelled to warn others against accepting pol-
luting industries on their lands (Kirsch 2007).

There are several documented examples of how IPs'
movements have managed to limit or stop polluting activ-
ities by putting both companies and administrative author-
ities under pressure, for example, through strikes, financial
divestment campaigns, community-organized consultations,
and rallies (Wiebe 2016; Bromwich 2017). Resistance to
polluting activities has also rejuvenated indigenous activism
because concerns about environmental justice are extended
to advocacy in other issues such as racial injustices, and

strengthening of social networks has been an important
outcome (Sawyer 2004; Valdivia 2007).

The arts (e.g., music, storytelling, photography) have
been particularly effective at relaying IPs' fights against
pollution to global audiences and inspiring social and policy
action towards pollution issues affecting IP (Branagan 2005;
Gillespie 2013; Horton 2017). Increasing presence of [Ps on
social media (Carlson et al. 2017; Nunn 2018) is also con-
tributing to give visibility to conflicts around pollution
(Orestig and Lindgren 2017). For example, contestation of
resource extraction can be traced through digital media in
Inuit communities (Scobie and Rodgers 2013).

Traditional management systems. The management prac-
tices conducted on many IP lands, including indigenous
community conserved areas and sacred sites, contribute to
pollution buffering and nutrient cycling (Ulrich et al. 2016;
Hill et al. 2019). Moreover, the abandonment of these in-
digenous traditional management practices might result in
increasing levels of pollution (Baudron et al. 2009). Exam-
ples on how IPs contribute to limit pollution include the
maintenance of traditional management systems that make
no use of chemical products, as well as those that include
remediation techniques to restore polluted areas. For ex-
ample, many IPs are limiting local levels of N pollution
through the maintenance of traditional agricultural practices
with minimal use of chemical pesticides or fertilizers (Wezel
et al. 2014). Organic farming is an integral part of many IPs'
food production systems, including the Maya of Mexico and
the Wanka of Peru (Grossman 2003; Moreno-Pefiaranda and
Egelyng 2008; Huaman 2014), in which applying natural
pest control is more congruent with traditional IPs' world-
views than the use of modern pesticides and agrotoxics
(Kayahara and Armstrong 2015; Malmer and Tengd 2019).

Similarly, the multifunctional and holistic systems of IPs'
water resource management, sometimes referred to as in-
digenous water cultures (McLean 2017), have been deemed
effective at preventing pollution of freshwater environments
(Hughey and Booth 2012; Shemsanga et al. 2018). This in-
cludes traditional water purification methods (Opare 2017),
complex systems of river zonation (Halim et al. 2013), pro-
tection of sensitive areas (Dyck et al. 2015), and forestry-
based systems of water quality protection (Kreye et al. 2014;
Camacho et al. 2016). IPs' management practices also in-
clude remediation techniques (e.g., phytoremediation) to
restore landscapes affected by pollution (Sistili et al. 2006).
Moreover, many IPs have also initiated or engaged in efforts
to restore polluted rivers (Fox et al. 2017), lakes (Coombes
2007), and wetlands (Henwood et al. 2016).

Participatory monitoring. While the number of projects that
claim to conduct participatory environmental monitoring is
growing (Turreira-Garcia et al. 2018), most research re-
porting the impacts of environmental pollution on IPs has
been conducted by scientists. For example, the Aamjiwnaang
First Nations community in Ontario, Canada, requested sci-
entists to assess level of exposure to pollutants both in their
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lands and bodies through a community-based participatory
research project (Cryderman et al. 2016). There are, however,
some pollution monitoring programs engaging [Ps, such as
the Arctic Monitoring and Assessment Program (AMAP 1998,
2015), the Maori Cultural Health Index for Streams (Tipa and
Teimey 2006), the Northern Contaminants Program in
Canada (Donaldson et al. 2013), or stakeholder-driven pol-
lution assessments with active involvement of Aleut com-
munities in Alaska (Burger and Gochfeld 2009). For example,
since 2006, the Achuar and Quechua in the Peruvian Amazon
have led a community-based monitoring program to map oil
spills in their lands (Orta-Martinez et al. 2007, 2018) and to
monitor their impacts (Rosell-Melé et al. 2018; Cartré-Sabaté
et al. 2019). The release of this information has strengthened
the role of indigenous leaders in negotiations with the oil
companies and the Peruvian state agencies. In Bolivia and
Peru such negotiations have resulted in sanctions to oil
companies, a relative improvement of their operational
standards, and economic and social compensations to IPs
(Pellegrini and Arismendi 2012; Schilling-Vacaflor and
Eichler 2017).

Similar community-led pollution monitoring programs
have also been conducted among the Kwakoegron IPs in
Suriname to monitor Hg (Peplow and Augustine 2007),
and the Akwesasne Mohawk Task Force on the Environment
(Canada and the United States) to monitor the health con-
sequences of environmental contamination (Schell et al.
2005). Similarly, recent comparative research has docu-
mented Sami, Cree, and Nakaspi efforts to document pol-
lution impacts of mineral development on reindeer habitats
in Sweden and Canada (Herrmann et al. 2014). Community-
led pollution monitoring programs seem to offer the po-
tential to monitor environmental pollution through the em-
powering of IPs (Suk et al. 2004). However, such programs
face barriers such as lack of financial support, bureaucracy,
and lack of culturally appropriate indicators to monitor
pollution according to community needs and priorities
(Hutchings and Tipene 1998; Sterling et al. 2017b).

Policy development. Representatives for IPs are increas-
ingly participating in international policy development to
reduce pollution burdens (Godduhn and Duffy 2003; Selin
and Selin 2008). The Arctic Council has played a particularly
crucial role in amplifying indigenous concerns to interna-
tional levels (Koivurova and Heinamaki 2006; AMAP 2015).
For example, the Northern Aboriginal Peoples' Coordi-
nating Committee on POPs helped support the Inuit
Circumpolar Council's participation in negotiating the
Convention on Long Range Transboundary Air Pollution
Protocols on POPs and Heavy Metals (Selin and Selin 2008).
The concerns of the Arctic IPs are also reflected in the
Stockholm Convention, where they have been strong
advocates for expanding beyond the initial 12 banned
persistent chemicals, and including precautionary language
(Downie and Fenge 2003; Godduhn and Duffy 2003). More
recently, Inuit populations have been vocal in helping shape
the Minamata Convention on Mercury (Basu 2018).

In addition to global policy advocacy, indigenous
communities have also worked for policy changes to gain
local control over natural resource management, which has
been argued to increase IPs' abilities to address pollution
more effectively (Verbrugge 2015; Dare and Daniell
2017). For example, many IPs participated in Canada's
Arctic Environmental Strategy to include a Northern Con-
taminants Program (Selin and Selin 2008). Other examples
include changes in Indonesian law to add indigenous
permits for mining (Spiegel 2012), use of impact benefit
agreements (Wright and White 2012); creation of IP cor-
porations and contracts for running oil concessions (Dana
et al. 2008; O'Faircheallaigh 2013), community mining
consultations (Walter and Urkidi 2017), or participatory
mechanisms to involve IPs in pollution assessments (Burger
et al. 2009).

Indigenous peoples have also been strong advocates for
strengthening right-to-know laws and the use of FPIC pre-
vious to any establishment of polluting activities in their
lands (O'Rourke and Connolly 2003; Leifsen et al. 2017). In
Canada, the use of environmental impact assessments with
indigenous participation and monitoring has helped to re-
duce the possibility of pollution and to have remediation
plans in place (O'Faircheallaigh 2015). Campaigns to get
corporations to have FPIC policies and pollution reduction
measures in their corporate social responsibility statements
have also been relatively successful in some contexts such as
Fennoscandia, Australia, Ecuador, and Peru (O'Faircheallaigh
and Ali 2008; Finer et al. 2013; Billo 2015). However, in
other regions, such as Eastern Siberia or Ghana, there is
a documented absence of attention to cultural issues in
environmental impact assessment for polluting activities
(Appiah-Opoku 2001; Yakovleva 2011). Similarly, there are
examples of co-optation of IPs (e.g., in the Philippines) in
FPIC processes (Holden et al. 2011).

Litigation processes. Indigenous peoples facing pollution
threats have also been savvy users of legal systems to limit
or stop polluting activities in their lands and to obtain
compensation or remediation after pollution events (Conde
2014; Pickerill 2018). Their claims have often emphasized
that their high exposure to pollution is generally due to
polluting activities that are imposed on IP lands for the
benefit of others, such as resource users elsewhere
(Martinez-Alier 2001, 2014). However, many IP movements
have claimed that their fights go beyond monetary or ma-
terial compensations (Morden 2015).

There are several high-profile lawsuits involving IPs and
polluting industries. For example, IPs in Ecuador filed a suit
against the pollution caused by Chevron-Texaco, which they
alleged violated US laws (Kimerling 2006; Joseph 2012), and
a 2011 verdict against Chevron required the payment of
billions of dollars in damages, although this has yet to be
realized by the IPs themselves. Moreover, this case moti-
vated the adoption of the Rights of Nature in the Ecuadorian
constitution in 2012 (Cely 2014) and state-mandated rules
on corporate social responsibility (Billo 2015).
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A similar case against the BHP mining company in
Australian court for the pollution caused by their Ok Tedi
mine in Papua New Guinea was settled for US$500 million in
compensation damages to IPs and a commitment to con-
taining the tailings from the mine (Kirsch 2007). In a related
Indonesian case against Newmont, a US mining company, a
nongovernmental organization representing IPs and local
communities demanded corporate guidelines for re-
mediation and compensation after a lawsuit was filed
against a local Au mine subsidiary, leading to changes in
corporate practices (Shaw and Welford 2007). Along these
lines, the case of the Ogoniland dispute about pollution in
their lands has been brought before the African Commission
on Human and Peoples' Rights (Atapattu 2018).

Other IPs remain unsupported in their legal battles
against polluting corporations operating in their lands
(MacDonald 2015; Tsosie 2015; Shipton 2017), often due to
a lack of legal recourse in states insufficiently supportive of
IP rights (Holden and Ingelson 2007; Langton and Mazel
2008). This has led many to argue for an international legal
framework for compensation for social and environmental
damages to IPs (Nuttall 2010; Orta-Martinez and Finer
2010), given that IPs still face barriers to receiving full
compensation for pollution impacts (Martinez-Alier et al.
2014; Koh et al. 2017).

DISCUSSION

The literature reviewed clearly shows that IPs are among
the populations at highest risk of impact by environmental
pollution of water, land, and biota through both exposure
and vulnerability. Global evidence is accumulating for
pollution-driven environmental degradation in many IP
lands (Dudgeon 1999; AMAP 2018). Environmental pollu-
tion directly affects the health of IPs in several ways, for
example, by increasing risks and burdens of disease (Gracey
and King 2009; Mapani et al. 2010). While cultural impacts
have often been overlooked, the literature suggests that
they are substantial in extent and scope (Pufall et al. 2011).

Because IP lands tend to be sparsely populated (Garnett
et al. 2018) but are often rich in resources like ores or oil and
gas (Finer et al. 2008), they are often the targets of ex-
tractive operations that entail pollution risks (Dokis 2015;
Alava and Calle 2017). For example, 71.76% of all oil blocks
in the Ecuadorian Amazon overlap with IP lands (Codato
et al. 2019), and around 60% of all areas identified in mining
applications in the Philippines are within ancestral home-
lands of IPs (Aytin 2015). In recent years, this situation has
become more acute, driven by the exhaustion of resource
extraction in easy-to-reach areas and the consequent move
toward more remote lands, many of which are inhabited by
IPs (Gautier et al. 2009; Finer and Orta-Martinez 2010).
A range of extractive frontiers are rapidly expanding upon IP
lands (Muradian et al. 2012; Martinez-Alier et al. 2016).

Polluting infrastructures have often been established in
IPs' lands without FPIC and without the appropriate social
and environmental safeguards (Dokis 2015; Tofoli et al.
2017). In other contexts, |Ps have also made the decision to

accept polluting infrastructures in exchange for develop-
ment, such as the Skull Valley Goshute in Utah, who agreed
to host a high-level nuclear waste facility on their reservation
(Gross 2001), or the Ipili of Papua New Guinea, who agreed
to the opening of a large-scale Au mine in their lands (Jacka
2007; Macintyre 2007). Similarly, in the Amazon and Ma-
laysia, IPs engage in polluting activites (e.g., artisanal
mining), as other livelihood options become unavailable due
environmental degradation (Papworth et al. 2017).

Indigenous peoples are particularly vulnerable to the im-
pacts of pollution due to their high and direct dependency
on local natural resources, limited access to health care, and
relatively low levels of governmental support (Lewis et al.
2015; Whyte 2015). Indeed, IPs' marginalization, and phys-
ical distance to centers of power (e.g., seat of government)
often decrease their ability to take advantage of protection
from national pollution laws (Moerman and van der Laan
2011). Given that the levels of sanitation and water service
coverage in IPs' lands are generally low, many IPs use un-
treated surface water for drinking (Gonzélez Rivas 2012;
Hanrahan 2017). Even where IPs have access to treated or
piped water, this water is often of poorer quality than in
other areas. For example, 20% of all drinking water advi-
sories in Canada are in indigenous communities, who only
make up 5% of the country's population (Daley et al. 2015).
Overall, water contamination has resulted in greater ex-
posure to mine wastes among Native Americans than other
populations (Brugge and Gobble 2002; Harper et al. 2012).
It is estimated that >600000 Native Americans in the
Western United States live within 10 km from an abandoned
mine, having an increased likelihood of elevated exposures
to several pollutants (Lewis et al. 2017).

Moreover, pollution risks are not homogeneous within
indigenous communities, with much research documenting
that, for social and cultural reasons mostly linked to gender
inequality, indigenous women are more vulnerable than
men to pollution impacts (White and White 2012; Hoover
2017; Horowitz 2017). There are other culture-specific sit-
uations of vulnerability, such as those of IPs living in volun-
tary isolation, whereby the establishment of polluting
activities may bring not only pollution but also exposure to
disease (Walker and Hamilton 2014; Kesler and Walker
2015). This is the case of several IPs in voluntary isolation
in Ecuador (e.g., Tagaeri, Taromenane), whose lands are
under increasing assault from oil extraction operations (Lu
et al. 2016).

It is also important to acknowledge that IPs often have
different conceptions and acceptance of pollution risks than
other sectors of society (Lu et al. 2014), which might aggravate
their vulnerability. For example, many members of the Aam-
jiwnaang First Nation in Ontario, whose lands are surrounded
by the largest complex of petrochemical plants in Canada,
have repeatedly asserted that they would never leave their
ancestral lands, regardless of concerns for high rates of cancer
and respiratory diseases in their communities (Luginaah et al.
2010). Further, in many countries there has been a trend away
from risk reduction in pollution control towards risk avoidance;
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for example, advisories discouraging fish and wildlife con-
sumption among the Mohawk in the United States (Hoover
2013) or Inuit in the Arctic (Kuhnlein and Chan 2000) have
focused on avoiding rather than reducing sources of risk
(O'Neill 2003; Burger and Gochfeld 2011).

Further, while fish and wildlife consumption advisories
might discourage the hunting or fishing of species exposed
to pollutants, for some IPs the consumption of certain
foods, even if impacted by pollution, may have more cul-
tural benefits that make them willing to take certain risks
(Donatuto et al. 2011). Language and cultural barriers can
also pose difficulties for health practitioners to warn about
pollution and contamination affecting IPs (O'Neil et al.
1997; Wheatley and Wheatley 2000). Additionally, har-
vesting and consuming traditional foods have many nutri-
tional, social, and cultural health benefits that must be
weighed in risk management (Kirk et al. 2012).

Part of the literature on IPs and pollution has framed
pollution as a field of technical intervention, where impacts
can often be curtailed or compensated, thereby relegating
IPs to the status of helpless victims whose vulnerabilities
should be remediated (Bagelman and Wiebe 2017; Nunn
2018). The depoliticization of pollution through the de-
ployment of technical narratives (e.g., offering only tech-
nical solutions to problems that are fundamentally political)
has rendered IPs' interests, agencies, and claims largely
invisible (Cameron 2012; Liboiron et al. 2018), often
overlooking the proactive role of IPs in fighting against
environmental injustices. A growing scholarly body is chal-
lenging this research tradition by showing how IPs actively
contribute to develop innovative strategies to limit pollu-
tion or prevent it from the outset (Capasso 2017; Wehi and
Lord 2017).

In several countries, IPs have been marginalized from
environmental management bodies (Weir 2009; Finn and
Jackson 2011), which undermines their capacity to defend
their stakes in terms of environmental pollution at subna-
tional levels (Behrendt and Thompson 2004). With the ex-
ception of the Arctic (Hansen 2000; AMAP 2015), in most
regions there is a lack of regular monitoring and impact
assessments on the specific impacts of pollution on [IPs
(Appiah-Opoku 2001; Jollands and Harmsworth 2007). Bi-
omonitoring informed by IPs' concems can help to create a
better understanding of IPs' exposure to pollution, ensuring
also that ethical research practices are followed (Sterling
et al. 2017b; Caron-Beaudoin and Armstrong 2019). Several
studies have described the long-term cultural and spiritual
connections of IPs to their lands as a central element of IPs'
experiences of pollution (Scott 2013; Armstrong and Brown
2019). In fact, current levels of engagement of IPs in envi-
ronmental management bodies at national and international
levels are low (Jollands and Harmsworth 2007; Memon and
Kirk 2012), underresourced (Shrubsole et al. 2017), and
largely uncoordinated (Te Aho 2010; Hoverman and Ayre
2012). Furthermore, the important environmental justice
issues surrounding IPs, in that they did not create much
of the pollution they are exposed to, remain neglected

by both national and international laws. Furthermore, the
contributions of IPs to prevent, limit, and control pollution
have seldom been recognized (Bagelman and Wiebe 2017;
Nunn 2018). Greater engagement of IPs on environmental
governance can help to incorporate IPs' social, spiritual, and
customary values in environmental quality and ecosystem
health (Finn and Jackson 2011; Escott et al. 2015). We argue
that IPs should be part of any conversation on policy options
to reduce risks of pollution to human well-being, ecosystem
services, and biodiversity.

Acknowledgment—We dedicate this work to all the
indigenous peoples around the world, particularly to those
who are arduously fighting to combat pollution impacting
their territories. This work has been funded by the Academy
of Finland (grant agreement 311176) and the Kone Foun-
dation. Author Reyes-Garcia acknowledges financial support
from BBVA Foundation (2017 Leonardo Grant for Re-
searchers and Cultural Creators). Authors Fernandez-
Llamazares, Brondizio, McElwee, and Reyes-Garcia acknowl-
edge the continued support from the Intergovernmental
Science-Policy Platform on Biodiversity and Ecosystem Serv-
ices (IPBES). This work contributes to the “Maria de Maeztu
Unit of Excellence” (MdM-2015-0552). We thank Lucas
Bogaert and Arun Gyawali for cartographic assistance and
Dr. Ana-Iris Fernandez-Llamazares for assistance in the clas-
sification of pollutants.

Disclaimer—The authors declare no conflicts interests.

Data Availability Statement—Data sharing is not appli-
cable to this article because no new data were created in
this study.

SUPPLEMENTAL DATA
S1. Literature review strategy.
S2. Case studies documenting pollution impacts on IPs.

ORCID

Alvaro Fernandez-Llamazares (& http://orcid.org/0000-0002-
7813-0222

Niladri Basu (@ http://orcid.org/0000-0002-2695-1037

Eduardo Sonnewend Brondizio
0001-9376-8366

Mar Cabeza @ http://orcid.org/0000-0002-7410-7631
Pamela McElwee @ http://orcid.org/0000-0003-3525-9285
Victoria Reyes-Garcia (@ http://orcid.org/0000-0002-2914-8055

http://orcid.org/0000-

REFERENCES

Adeola F. 2000. Cross-national environmental injustice and human rights issues:
A review of evidence in the developing world. Am Behav Sci 43:686-706.

Aiken SR. 2004. Runaway fires, smoke-haze pollution, and unnatural disasters
in Indonesia. Geogr Rev 94:55-79.

Alava JJ, Calle N. 2017. Pipelines imperil Canada's ecosystem. Science 355:140.

Allen DW. 2001. Social class, race, and toxic releases in American counties,
1995. Soc Sci J 38:13-25.

Alonzo M, Van Den Hoek J, Ahmed N. 2016. Capturing coupled riparian and
coastal disturbance from industrial mining using cloud-resilient satellite
time series analysis. Sci Rep-UK 6:1-12.

[AMAP] Arctic Monitoring and Assessment Programme. 1998. AMAP as-
sessment report: Arctic pollution issues. Oslo (NO). 859 p.

Integr Environ Assess Manag 2020:324-341

wileyonlinelibrary.com/journal/ieam

© 2019 The Authors


http://orcid.org/0000-0002-7813-0222
http://orcid.org/0000-0002-7813-0222
http://orcid.org/0000-0002-2695-1037
http://orcid.org/0000-0001-9376-8366
http://orcid.org/0000-0001-9376-8366
http://orcid.org/0000-0002-7410-7631
http://orcid.org/0000-0003-3525-9285
http://orcid.org/0000-0002-2914-8055

Indigenous Peoples and Environmental Pollution—Integr Environ Assess Manag 16, 2020

335

[AMAP] Arctic Monitoring and Assessment Programme. 2004. Persistent toxic
substances, food security and indigenous peoples of the Russian North.
Final Report. Oslo (NO). 192 p.

[AMAP] Arctic Monitoring and Assessment Programme. 2006. Whole report:
AMAP assessment 2006: Acidifying pollutants, Arctic haze, and acid-
ification in the Arctic. Oslo (NO). 111 p.

[AMAP] Arctic Monitoring and Assessment Programme. 2015. AMAP As-
sessment 2015: Human health in the Arctic. Oslo (NO). 165 p.

[AMAP] Arctic Monitoring and Assessment Programme. 2016. AMAP As-
sessment 2016: Chemicals of emerging Arctic concern. Oslo (NO). 354 p.

[AMAP] Arctic Monitoring and Assessment Programme. 2018. AMAP As-
sessment 2018: Biological effects of contaminants on Arctic wildlife and
fish. Tromse (NO). 84 p.

Angosto-Fernandez LF. 2019. Neoextractivism and class formation lessons
from the Orinoco Mining Arc Project in Venezuela. Lat Am Perspect
46:190-211.

Anticona C, San Sebastian M. 2014. Anemia and malnutrition in indigenous
children and adolescents of the Peruvian Amazon in a context of lead
exposure: A cross-sectional study. Global Health Action 7:1.

Antonio FJ, Mendes RS, Thomaz SM. 2011. Identifying and modeling pat-
terns of tetrapod vertebrate mortality rates in the Gulf of Mexico oil spill.
Aquat Toxicol 105:177-179.

Appiah-Opoku S. 2001. Environmental impact assessment in developing
countries: The case of Ghana. Environ Impact Assess 21:59-71.

Arellano P, Tansey K, Balzter H, Boyd DS. 2015. Detecting the effects of
hydrocarbon pollution in the Amazon forest using hyperspectral satellite
images. Environ Pollut 205:225-239.

Arenas LC. 2007. The U'wa community's battle against the oil companies: A
local struggle turned global. In: de Sousa Santos B, editor. Another
knowledge is possible: Beyond northern epistemologies. London (UK):
Verso. p 120-147.

Armstrong CG, Brown C. 2019. Frontiers are frontlines: Ethnobiological sci-
ence against ongoing colonialism. J Ethnobiol 39:14-31.

Arquette M, Cole M, Cook K, LaFrance B, Peters M, Ransom J, Sargent E,
Smoke V, Stairs A. 2002. Holistic risk-based environmental decision
making: A native perspective. Environ Health Persp 110:259-264.

Ashe K. 2012. Elevated mercury concentrations in humans of Madre de Dios,
Peru. PloS ONE 7:1-6.

Asner GP, Llactayo W, Tupayachi R, Luna ER. 2013. Elevated rates of gold
mining in the Amazon revealed through high-resolution monitoring. Proc
Natl Acad Sci U S A 110:18454-18459.

Atapattu S. 2018. Extractive industries and inequality: Intersections of envi-
ronmental law, human rights, and environmental justice. Ariz ST LJ 50:431.

Atkins P, Hassan M, Dunn C. 2007. Poisons, pragmatic governance and delib-
erative democracy: The arsenic crisis in Bangladesh. Geoforum 38:155-170.

Aytin A. 2015. A social movements' perspective on human rights impact of
mining liberalization in the Philippines. New Solut 25:535-558.

Bagelman J, Wiebe SM. 2017. Intimacies of global toxins: Exposure & re-
sistance in ‘Chemical Valley.” Polit Geogr 60:76-85.

Baker J. 2017. Research as reciprocity: Northern Cree community-based and
community-engaged research on wild food contamination in Alberta's oil
sands region. Engaged Scholar J 2:109-124.

Barraza F, Maurice L, Uzu G, Becerra S, Lopez F, Ochoa-Herrera V, Ruales J,
Schreck E. 2018. Distribution, contents and health risk assessment of
metal(loid)s in small-scale farms in the Ecuadorian Amazon: An insight
into impacts of oil activities. Sci Total Environ 622-623:106-120.

Basu N. 2018. The Minamata convention on mercury and the role for the
environmental sciences community. Environ Toxicol Chem 37:2951-2952.

Basu N, Horvat M, Evers DC, Zastenskaya |, Weihe P, Tempowski J. 2018. A
state-of the-science review of mercury biomarkers in human populations
worldwide between 2000 and 2018. Environ Health Persp 126:106001.

Basu N, Scheuhammer AM, Sonne C, Letcher RJ, Born EW, Dietz R. 2009. Is
dietary mercury of neurotoxicological concern to wild polar bears (Ursus
maritimus)? Environ Toxicol Chem 28:133-140.

Baudron F, Corbeels M, Monicat F, Giller KE. 2009. Cotton expansion and
biodiversity loss in African savannahs, opportunities and challenges for
conservation agriculture: A review paper based on two case studies.
Biodivers Conserv 18:2625-2644.

Beach H. 1990. Coping with the Chernobyl disaster: A comparision of social
effects in two reindeer-herding areas. Rangifer 10:25-34.

Behrendt J, Thompson P. 2004. The recognition and protection of aboriginal
interests in NSW rivers. J Indigenous Policy 3:37-140.

Berkes F, Farkas CS. 1978. Eastern James Bay Cree indians: Changing pat-
terns of wild food use and nutrition. Ecol Food Nutr 7:155-172.

Bidleman TF, Helm PA, Braune BM, Wing G. 2010. Polychlorinated
naphthalenes in polar environments—A review. Sci Total Environ
408:2919-2935.

Billo E. 2015. Sovereignty and subterranean resources: An institutional
ethnography of Repsol's corporate social responsibility programs in
Ecuador. Geoforum 59:268-277.

Binnington MJ, Curren MS, Quinn CL, Armitage JM, Amot JA, Chan HM,
Wania F. 2016. Mechanistic polychlorinated biphenyl exposure modeling
of mothers in the Canadian Arctic: The challenge of reliably establishing
dietary composition. Environ Int 92-93:256-268.

Boischio AAP, Henshel D. 2000. Fish consumption, fish lore, and mercury
pollution-Risk communication for the Madeira River people. Environ Res
84:108-126.

Bordeleau S, Asselin H, Mazerolle MJ, Imbeau L. 2016. “Is it still safe to eat
traditional food?” Addressing traditional food safety concerns in abo-
riginal communities. Sci Total Environ 565:529-538.

Bradford LEA, Bharadwaj LA, Okpalauwaekwe U, Waldner CL. 2016. Drinking
water quality in indigenous communities in Canada and health outcomes:
A scoping review. Int J Circumpolar Health 75:32336.

Bradshaw EA. 2015. Blockadia rising: Rowdy greens, direct action and the
Keystone XL pipeline. Crit Criminol-Neth 23:433-448.

Branagan M. 2005. Environmental education, activism and the arts. Con-
vergence 38:33-50.

Brando PM, Coe MT, DeFries R, Azevedo AA. 2013. Ecology, economy and
management of an agroindustrial frontier landscape in the southeast
Amazon. Philos Trans R Soc Lond B Biol Sci 368(1619).

Briffa M, De la Haye K, Munday PL. 2012. High CO, and marine animal
behaviour: Potential mechanisms and ecological consequences. Mar
Pollut Bull 64:1519-1528.

Bromwich RJ. 2017. Networking the rule of law: The Canadian Bar Associa-
tion's abandoned intervention in Chevron v Yaiguaje. J Law Soc Policy
26:159.

Brook D. 1998. Environmental genocide: Native Americans and toxic waste.
Am J Econ Sociol 57:105-113.

Brugge D, Gobble R. 2002. The history of uranium and the Navajo People:
Public health then and now. Am J Public Health 92:1410-1419.

Burger J. 1997. Qil Spills. New Brunswick (NJ): Rutgers Univ Press. 261 p.

Burger J, Gochfeld M. 2009. Changes in Aleut concerns following
stakeholder-driven Amchitka independent science assessment. Risk Anal
29:1156-1169.

Burger J, Gochfeld M. 2011. Conceptual environmental justice model for
evaluating chemical pathways of exposure in low-income, minority, Na-
tive American and other unique exposure populations. Am J Public
Health 101:564-S73.

Burger J, Gochfeld M, Pletnikoff K. 2009. Collaboration versus communica-
tion: The Department of Energy's Amchitka Island and the Aleut com-
munity. Environ Res 109:503-510.

Burger J, Gochfeld M, Powers CW, Kosson DS, Halverson J, Siekaniec G,
Morkill A, Patrick R, Duffy LK, Barnes D. 2007. Scientific research, stake-
holders, and policy: Continuing dialogue during research on radio-
nuclides on Amchitka Island, Alaska. J Environ Manag 85:232-244.

Byrne PA, Wood PJ, Reid I. 2012. The impairment of river systems by metal
mine contamination: A review including remediation options. Crit Rev Env
Sci Tec 42:2017-2077.

Byrne SC, Miller P, Seguinot-Medina S, Waghiyi V, Buck CL, von Hippel FA,
Carpenter DO. 2018. Associations between serum polybrominated di-
phenyl ethers and thyroid hormones in a cross-sectional study of a remote
Alaska Native population. Sci Rep-UK 8:2198.

Camacho LD, Gevana DT, Carandang AP, Sofronio C. 2016. Indigenous
knowledge and practices for the sustainable management of Ifugao for-
ests in Cordillera, Philippines. Int J Biodivers Sci Ecosyst Serv Manag
12:5-13.

Integr Environ Assess Manag 2020:324-341

DOI: 10.1002/ieam.4239

© 2019 The Authors



336

Integr Environ Assess Manag 16, 2020—A Fernandez-Llamazares et al.

Cameron ES. 2012. Securing indigenous politics: A critique of the vulner-
ability and adaptation approach to the human dimensions of climate
change in the Canadian Arctic. Global Environ Chang 22:103-114.

Capasso C. 2017. Community-based monitoring to end oil contamination in
the Peruvian. Perspectives 26:1-8.

Carlson B, Jones LV, Harris M, Quezada N, Frazer R. 2017. Trauma, shared
recognition and indigenous resistance on social media. Australasian J Inf
Syst 21:1-18.

Carlsson P, Herzke D, Kallenborn R. 2014. Polychlorinated biphenyls (PCBs),
polybrominated diphenyl ethers (PBDEs) and perfluorinated alkylated
substances (PFASs) in traditional seafood items from western Greenland.
Environ Sci Pollut R 21:4741-4750.

Caron-Beaudoin E, Armstrong CG. 2019. Biomonitoring and ethnobiology:
Approaches to fill gaps in indigenous public and environmental health. J
Ethnobiol 39:50-64.

Cartro-Sabaté M, Mayor P, Orta-Martinez M, Rosell-Melé A. 2019. Anthro-
pogenic lead in Amazonian wildlife. Nat Sustain 2:702-709.

Catenazzi A, von May R. 2014. Conservation status of amphibians in Peru.
Herpetol Monogr 28:1-23.

[CCU] Circumpolar Conservation Union. 2000. Persistent Organic Pollutants
(POPs) in Alaska: What does science tells us? [accessed 2020 Feb 24].
www.circumpolar.org

Cely N. 2014. Balancing profit and environmental sustainability in Ecuador:
Lessons learned from the Chevron case. Duke Envt L & Pol'y F
24:353-374.

Cepek M. 2002. The loss of oil: Constituting disaster in Amazonian Ecuador.
J Lat Am Caribb Anthropol 17:393-412.

Chan HM. 1996. Organochlorine pesticides and polychlorinated biphenyl
congeners in Ooligan grease: A traditional food fat of British Columbia
First Nations. J Food Compos Anal 9:32-42.

Chan HM, Berti PR, Receveur O, Kuhnlein H. 1997. Evaluation of the
population distribution of dietary contaminant exposure in an Arctic
population using Monte Carlo statistics. Environ Health Perspect 105(3):
316-321.

Chi C. 2001. Capitalist expansion and indigenous land rights: Emerging en-
vironmental justice issues in Taiwan. Asia Pac J Anthropol 2:135-153.
Cho CH, Laine M, Roberts RW, Rodrigue M. 2018. The frontstage and
backstage of corporate sustainability reporting: Evidence from the Arctic

National Wildlife Refuge Bill. J Bus Ethics 152:865-886.

Codato D, Eugenio S, Diantini A, Ferrarese F. 2019. Oil production, biodiversity
conservation and indigenous territories: Towards geographical criteria for
unburnable carbon areas in the Amazon rainforest. Appl Geogr 102:28-38.

Conde M. 2014. Activism mobilising science. Ecol Econ 105:67-77.

Coombes B. 2007. Defending community? Indigeneity, self-determination
and institutional ambivalence in the restoration of Lake Whakaki.
Geoforum 38:60-72.

[CRED] Conversations for Responsible Economic Development. 2013. As-
sessing the risks of Kinder Morgan's proposed new Trans Mountain
pipeline. Beaconsfield (QC): Canadian Electronic Library. 23 p.

Cryderman D, Letourneau L, Miller F, Basu N. 2016. An ecological and human
biomonitoring investigation of mercury contamination at the Aamjiw-
naang First Nation. Ecohealth 13:784-795.

Curren MS, Liang CL, Davis K, Kandola K, Brewster J, Potyrala M, Chan HM.
2015. Assessing determinants of maternal blood concentrations for per-
sistent organic pollutants and metals in the eastern and western Canadian
Arctic. Sci Total Environ 527-528:150-158.

da Silva Brabo E, de Oliveira Santos E, de Jesus IM, Mascarenhas AFS, de
Freitas, Faial K. 2000. Mercury contamination of fish and exposures of an
indigenous community in Para State, Brazil. Environ Res 84:197-203.

Daigle M. 2018. Resurging through Kishiichiwan: The spatial politics of indigenous
water relations. Decolonization: Indigeneity, Education & Soc 7:159-172.

Daley K, Castleden H, Jamieson R, Furgal C, Ell L. 2015. Water systems,
sanitation, and public health risks in remote communities: Inuit resident
perspectives from the Canadian Arctic. Soc Sci Med 135:124-132.

Dallaire F, Dewailly E, Muckle G, Ayotte P. 2003. Time trends of persistent
organic pollutants and heavy metals in umbilical cord blood of inuit in-
fants born in Nunavik (Québec, Canada) between 1994 and 2001. Environ
Health Persp 111:1660-1664.

Dana LP, Meis-Mason A, Anderson RB. 2008. Oil and gas and the Inuvialuit
people of the Western Arctic. J Enterprising Communities: People Places
Global Economy 2:151-167.

Dare ML, Daniell KA. 2017. Australian water governance in the global con-
text: Understanding the benefits of localism. Policy Stud J 38:462-481.

de Wit CA, Herzke D, Vorkamp K. 2010. Brominated flame retardants in the
Arctic environment—Trends and new candidates.
408:2885-2918.

Denham M, Schell LM, Deane G, Gallo MV, Ravenscroft J, DeCaprio AP. 2005.
Relationship of lead, mercury, mirex, dichlorodiphenyldichloroethylene,
hexachlorobenzene, and polychlorinated biphenyls to timing of menarche

Sci Total Environ

among Akwesasne Mohawk girls. Pediatrics 115:e127-e134.

Dennis RA, Mayer J, Applegate G, Chokkalingam U, Colfer CJP, Kurniawan
I, Lachowski H, Maus P, Permana RP, Ruchiat Y et al. 2005. Fire, people
and pixels: Linking social science and remote sensing to understand
underlying causes and impacts of fires in Indonesia. Hum Ecol 33:
465-504.

Derraik JGB. 2002. The pollution of the marine environment by plastic debris:
A review. Mar Pollut Bull 44:842-852.

Desforges JP, Hall A, McConnell B, Rosing-Asvid A, Barber JL, Brownlow A,
De Guise S, Eulaers |, Jepson PD, Letcher RJ et al. 2018. Predicting
global killer whale population collapse from PCB pollution. Science
361:1373-1376.

Dewailly E, Ayotte P, Bruneau S, Gingras S, Belles-Isles M, Roy R. 2000.
Susceptibility to infections and immune status in Inuit infants exposed to
organochlorines. Environ Health Persp 108:205.

Dewailly E, Ayotte P, Bruneau S, Laliberté C, Muir DCG, Norstrom RJ. 1993.
Inuit exposure to organochlorines through the aquatic food chain in Arctic
Quebec. Environ Health Persp 101:618.

Dewailly E, Ryan JJ, Laliberte C, Bruneau S, Weber JP, Gingras S, Carrier G.
1994. Exposure of remote maritime populations to coplanar PCBs.
Environ Health Persp 102:205-209.

Diaz E, Bruce N, Pope D, Lie RT, Diaz A, Arana B, Smith KR, Smith-Sivertsen T.
2007. Lung function and symptoms among indigenous Mayan women
exposed to high levels of indoor air pollution. Int J Tuberc Lung D
11:1372-1379.

Dokis CA. 2015. Where the rivers meet: Pipeline, participatory resource
management and aboriginal-state relations in the Northwest Territories.
Vancouver (BC): British Columbia Univ Press. 207 p.

Donaghy T. 2018. Dangerous pipelines. Enbridge's history of spills threatens
Minnesota waters. Washington (DC): Greenpeace. 24 p.

Donaghy T, Lisenby D. 2018. Oil and water: ETP & Sunoco's history of
pipeline spills. Washington (DC): Greenpeace. 18 p.

Donaldson SG, Curren MS, Adlard B, Provost J, Leech T, Tikhonov C, Feeley
M, Tomlinson S, Shearer R. 2013. Future human health research directions
for the Canadian northern contaminants program. Int J Circumpolar
Health 72:2-4.

Donatuto JL, Satterfield TA, Gregory R. 2011. Poisoning the body to nourish
the soul: Prioritising health risks and impacts in a Native American com-
munity. Health Risk Soc 13:103-127.

Downie DL, Fenge T. 2003. Northern lights against POPs: Combatting toxic
threats in the Arctic. Montreal (QC): McGill-Queen's Univ Press. 400 p.

Doyle JR, Blais JM, Holmes RD, White PA. 2012. A soil ingestion pilot study of
a population following a traditional lifestyle typical of rural or wilderness
areas. Sci Total Environ 424:110-120.

Dudarev AA, Dorofeyev VM, Dushkina EV, Alloyarov PR, Chupakhin VS,
Sladkova YN, Kolesnikova TA, Fridman KB, Nilsson LM, Evengard B.
2013. Food and water security issues in Russia Ill: Food- and waterborne
diseases in the Russian Arctic, Siberia and the Far East, 2000-2011. Int J
Circumpolar Health 72:21856.

Dudgeon D. 1999. Tropical Asian streams: Zoobenthos, ecology and con-
servation. Vol 1. Hong Kong: Hong Kong Univ Press. 830 p.

Dudley JP, Hoberg EP, Jenkins EJ, Parkinson AJ. 2015. Climate change in
the North American Arctic: A one health perspective. EcoHealth 12:
713-725.

Dyck T, Plummer R, Armitage D. 2015. Examining First Nations' approach to
protecting water resources using a multi-barrier approach to safe drinking
water in Southern Ontario, Canada. Can Water Resour J 40:204-223.

Integr Environ Assess Manag 2020:324-341

wileyonlinelibrary.com/journal/ieam

© 2019 The Authors


http://www.circumpolar.org

Indigenous Peoples and Environmental Pollution—Integr Environ Assess Manag 16, 2020 337

Escott H, Beavis S, Reeves A. 2015. Incentives and constraints to indigenous
engagement in water management. Land Use Policy 49:382-393.

Evans GR, Goodman J, Lansbury N. 2002. Moving mountains: Communities
confronting mining and globalization. London (UK): Zed Books. 320 p.

Fan MF. 2006. Environmental justice and nuclear waste conflicts in Taiwan.
Env Polit 15:417-434.

Finer M, Jenkins CN, Pimm SL, Keane B, Ross C. 2008. Oil and gas projects in
the Western Amazon: Threats to wilderness, biodiversity, and indigenous
peoples. PloS ONE 3:e2932.

Finer M, Jenkins CN, Powers B. 2013. Potential of best practice to reduce
impacts from oil and gas projects in the Amazon. PloS ONE 8:e63022.

Finer M, Orta-Martinez M. 2010. A second hydrocarbon boom threatens the
Peruvian Amazon: Trends, projections, and policy implications. Environ
Res Lett 5:014012.

Finn M, Jackson S. 2011. Protecting indigenous values in water management:
A challenge to conventional environmental flow assessments. Ecosystems
14:1232-1248.

Fitzgerald EF, Hwang S-A, Bush B, Cook K, Worswick P. 1998. Fish
consumption and breast milk PCB concentrations among Mohawk
women at Akwesasne. Am J Epidemiol 148:164-172.

Flores-Ramirez R, Pérez-Vazquez FJ, Cilia-Lopez VG, Zuki-Orozco BA,
Carrizales L, Batres-Esquivel LE, Palacios-Ramirez A, Diaz-Barriga F. 2016.
Assessment of exposure to mixture pollutants in Mexican indigenous
children. Environ Sci Pollut Res 23:8577-8588.

Forbes BC, Stammler F, Kumpula T, Meschtyb N, Pajunen A, Kaarleja E. 2009.
High resilience in the Yamal-Nenets social-ecological system, West
Siberian Arctic, Russia. Proc Natl Acad Sci U S A 106:22041-22048.

Fox CA, Reo NJ, Turner DA, Cook J, Dituri F, Fessell B, Jenkins J, Johnson A,
Rakena TM, Riley C et al. 2017. “The river is us; the river is in our veins”:
Re-defining river restoration in three indigenous communities. Sustain Sci
12:521-533.

Garcia-Esquinas E, Pollan M, Umans JG, Francesconi KA, Goessler W, Guallar
E, Howard B, Farley J, Best LG, Navas-Acien A. 2014. Cadmium exposure
and cancer mortality in a prospective cohort: The strong heart study.
Environ Health Perspect 122:363-370.

Garnett ST, Burgess ND, Fa JE, Fernandez-Llamazares A, Molnar Z, Robinson
CJ, Watson JEM, Zander KK, Austin B, Brondizio ES et al. 2018. A spatial
overview of the global importance of Indigenous lands for conservation.
Nat Sustain 1:369-374.

Gautier DL, Bird KJ, Charpentier RR, Grantz A, Houseknecht DW, Klett TR,
Moore TE, Pitman JK, Schenk CJ, Schuenemeyer JH et al. 2009. Assess-
ment of undiscovered oil and gas in the Arctic. Science 324:1175-1179.

Gilburn AS, Bunnefeld N, Wilson JM, Botham MS, Brereton TM, Fox R,
Goulson D. 2015. Are neonicotinoid insecticides driving declines of
widespread butterflies? PeerJ 3:1402.

Gilchrist G, Mallory M, Merkel F. 2005. Can local ecological knowledge
contribute to wildlife management? Case studies of migratory birds. Ecol
Soc 10:20.

Gillespie K. 2013. Ethnomusicology and the mining industry: A case study
from Lihir, Papua New Guinea. Musicology Australia 35:178-190.

Godduhn A, Duffy LK. 2003. Multi-generation health risks of persistent or-
ganic pollution in the far north: Use of the precautionary approach in the
Stockholm Convention. Environ Sci Policy 6:341-353.

Gonzalez Rivas M. 2012. Why do indigenous municipalities in Mexico have
worse piped water coverage? Dev Pract 22:31-43.

Gowda MVR, Easterling D. 2000. Voluntary siting and equity: The MRS facility
experience in Native America. Risk Anal 20:917-930.

Gracey M, King M. 2009. Indigenous health part 1: Determinants and disease
patterns. The Lancet 374:65-75.

Gregory MR. 2009. Environmental implications of plastic debris in marine
settings—Entanglement, ingestion, and alien invasions. Proc R Soc Lond
B 364:2013-2025.

Gross JK. 2001. Nuclear Native America: Nuclear waste and liability of the
Skull Valley Goshute Reservation. Boston Univ J Sci & Tech L 7:140.
Grossman JM. 2003. Exploring farmer knowledge of soil processes in organic

coffee systems of Chiapas, Mexico. Geoderma 111:267-287.

Hajat A, Hsia C, O'Neill MS. 2015. Socioeconomic disparities and air pollution

exposure: A global review. Curr Environ Health Rep 2:440-450.

Halim AA, Jawan JA, Ismail SR, Othman N, Masnin MH. 2013. Traditional
knowledge and environmental conservation among indigenous people in
Ranau, Sabah. Global J Human-Social. Sci Res 13(3-B):5-12.

Hanigan IC, Johnston FH, Morgan GG. 2008. Vegetation fire smoke, in-
digenous status and cardio-respiratory hospital admissions in Darwin,
Australia, 1996-2005: A time-series study. Environ Health 7:42.

Hanrahan M. 2017. Water (in)security in Canada: National identity and the
exclusion of indigenous peoples. Brit J Can Stud 30:69-89.

Hansen JC. 2000. Environmental contaminants and human health in the
Arctic. Toxicol Lett 112-113:119-125.

Harper B, Harding AK, Harris S, Berger P. 2012. Subsistence exposure sce-
narios for tribal applications. Hum Ecol Risk Assess 18:810-831.

Haywood SM, Smith JG. 1992. Assessment of potential doses at the
Maralinga and Emu test sites. Health Phys 63:624-630.

Henwood W, Barnes HM, Brockbank T, Gregory W, Hooper K, Mccreanor T.
2016. Ko Tangonge Te Wai: Indigenous and technical data come to-
gether in restoration efforts. EcoHealth 13:623-632.

Herrmann TM, Sandstrém P, Grangyistc K, D'Astousd N, Vannare J, Asselinf
H, Saganashg N, Mameamskumh J, Guanishh G, Looni J-B et al. 2014.
Effects of mining on reindeer/caribou populations and indigenous live-
lihoods: Community-based monitoring by Sami reindeer herders in
Sweden and First Nations in Canada. Polar J 4:28-51.

Hill R, Nates-Parra G, Quezada-Euén JJG, Buchori D, LeBuhn G, Maués MM,
Pert PL, Kwapong PK, Saeed S, Breslow SJ et al. 2019. Biocultural ap-
proaches to pollinator conservation. Nat Sustain 2:214-222.

Hindery D. 2013. From Enron to Evo: Pipeline politics, global environ-
mentalism, and indigenous rights in Bolivia. Tucson (AZ): Arizona Univ
Press. 328 p.

Hintjens H. 2000. Environmental direct action in Australia: The case of Jabi-
luka Mine. Community Dev J 35:377-390.

Hinzo AM. 2018. “We're not going to sit idly by:” 45 years of asserting native
sovereignty along the Missouri River in Nebraska. Decolonization:
Indigeneity, Education & Society 7:200-214.

Holden W, Ingelson A. 2007. Disconnect between the Philippine mining in-
vestment policy and indigenous peoples' rights. JENRL 25:375-391.
Holden W, Nadeau K, Jacobson RD. 2011. Exemplifying accumulation by
dispossession: Mining and indigenous peoples in the Philippines. Geogr

Ann Ser B 93:141-161.

Hoogeveen D. 2016. Fish-hood: Environmental assessment, critical in-
digenous studies, and posthumanism at Fish Lake (Teztan Biny),
Tsilhgot'in territory. Environ Plan D 34:355-370.

Hoover E. 2013. Cultural and health implications of fish advisories in a Native
American community. Ecol Process 2:1-12.

Hoover E. 2017. The river is in us: Fighting toxics in a Mohawk community.
Minneapolis (MN): Univ Minnesota Press. 360 p.

Hoover E, Cook K, Plain R, Sanchez K, Waghiyi V, Miller P, Dufault R, Sislin C,
Carpenter DO. 2012. Indigenous peoples of North America: Environ-
mental exposures and reproductive justice. Environ Health Perspect
120:1645-1649.

Hoover S, Hill R, Watson T. 1997. Estimating risks from exposure to methyl-
mercury: Application to First Nations Peoples in Canada. Water Air Soil
Pollut 97:107-118.

Horowitz LS. 2010. “Twenty years is yesterday”: Science, multinational mining,
and the political ecology of trust in New Caledonia. Geoforum 41:
617-626.

Horowitz LS. 2017. ‘It shocks me, the place of women': Intersectionality and
mining companies' retrogradation of indigenous women in New Cale-
donia. Gend Place Cult 24:1419-1440.

Horton JL. 2017. Indigenous artists against the anthropocene. Art J 76:48-69.

Hoverman S, Ayre M. 2012. Methods and approaches to support indigenous
water planning: An example from the Tiwi Islands, Northemn Territory,
Australia. J Hydrol 474:47-56.

Howard BV, Lee ET, Cowan LD, Devereux RB, Galloway JM, Go OT, Howard
WJ, Rhoades ER, Robbins DC, Sievers ML et al. 1999. Rising tide of
cardiovascular disease in American Indians. The strong heart study.
Circulation 99:2389-2395.

Huaman ES. 2014. Tuki ayllpanchik (our beautiful land): Indigenous ecology
and farming in the Peruvian highlands. Cult Stud Sci Educ 11:1135-1153.

Integr Environ Assess Manag 2020:324-341

DOI: 10.1002/ieam.4239

© 2019 The Authors



338

Integr Environ Assess Manag 16, 2020—A Fernandez-Llamazares et al.

Hughey KFD, Booth KL. 2012. Monitoring the state of New Zealand rivers:
How the river values assessment system can help. NZJ Mar Freshwater
Res 46:545-556.

Hurtig AK, San Sebastian M. 2002. Geographical differences in cancer in-
cidence in the Amazon basin of Ecuador in relation to residence near oil
fields. Int J Epidemiol 31:1021-1027.

Hurtig AK, San Sebastian M. 2004. Incidence of childhood leukemia and oil
exploitation in the Amazon basin of Ecuador. Int J Occup Environ Health
10:245-250.

Huseman J, Short D. 2012. ‘A slow industrial genocide’: Tar sands and the
indigenous peoples of northern Alberta. Int J Hum Rights 16:216-237.

Hutchings J, Tipene B. 1998. Tohu Waotu — Maori environmental perform-
ance indicators. Wellington (NZ): Ministry for the Environment. Technical
report, vol. 18. 38 p.

[ICC-AK] Inuit Circumpolar Council-Alaska. 2015. Alaskan Inuit food security
conceptual framework: How to assess the Arctic from an Inuit perspective.
Anchorage (AK). 29 p.

[ILO] International Labour Organization. 1989. C169 Indigenous and tribal
peoples convention, 169. Geneva (CH). 9 p.

[IPBES] Intergovenmental Science-Policy Platform on Biodiversity and Eco-
system Services. 2016. Summary for policymakers of the assessment re-
port of the IPBES report on pollinators, pollination and food production.
Bonn (DE). 40 p.

Jacka JK. 2007. Whitemen, the Ipili, and the City of Gold: A history of the
politics of race and development in Highlands New Guinea. Ethnohistory
54:445-472.

Jenssen BM. 2006. Monograph endocrine-disrupting chemicals and climate
change: A worst-case combination for Arctic marine mammals and sea-
birds? Environ Health Perspect 114:76-80.

Jiménez A, Cortobius M, Kjellén M. 2014. Water, sanitation and hygiene and
indigenous peoples: A review of the literature. Wat Int 39:277-293.
Johansen BE. 2002. The Inuit's struggle with dioxins and other organic pol-

lutants. Am Indian Q 26:479-490.

Johnston PN, Lokan KH, Williams GA. 1992. Inhalation doses for Aboriginal
people reoccupying former nuclear weapons testing ranges in South
Australia. Health Phy 63:631-640.

Jollands N, Harmsworth G. 2007. Participation of indigenous groups in sus-
tainable development monitoring: Rationale and examples from New
Zealand. Ecol Econ 62:716-726.

Joseph S. 2012. Protracted lawfare: The tale of Chevron Texaco in the
Amazon. J Hum Rights Environ 3:70.

Kayahara GJ, Armstrong CL. 2015. Understanding First Nations rights and
perspectives on the use of herbicides in forestry: A case study from
northeastern Ontario. Forest Chron 91:126-140.

Keeling A, Sandlos J. 2017. Ghost towns and zombie mines: The historical di-
mensions of mine abandonment, reclamation, and redevelopment in the
Canadian North. In: Bocking S, Martin B, editors. Ice blink: Navigating
northem environmental history. Alberta (CA): Calgary Univ Press. p 377-420.

Kesler DC, Walker RS. 2015. Geographic distribution of isolated indigenous
societies in Amazonia and the efficacy of indigenous territories. PloS ONE
10:e0125113.

Kimerling J. 2006. Indigenous peoples and the oil frontier in Amazonia: The
case of Ecuador, ChevronTexaco, and Aguinda v Texaco. NYUJ Int'l L &
Pol 38:413.

Kirk JL, Lehnherr I, Andersson M, Braune BM, Chan L, Dastoor AP, Durnford
D, Gleason AL, Loseto LL, Steffen A et al. 2012. Mercury in Arctic marine
ecosystems: Sources, pathways and exposure. Environ Res 119:64-87.

Kirsch S. 2007. Indigenous movement and the risks of counterglobalization:
Tracking the campaign against Papua New Guinea's Ok Tedi Mine. Am
Ethnol 34:303-321.

Koh N, Hahn T, ltuarte-Lima C. 2017. Safeguards for enhancing ecological
compensation in Sweden. Land Use Policy 64:186-199.

Koivurova T, Heinaméki L. 2006. The participation of indigenous peoples in
international norm-making in the Arctic. Polar Rec (Gr Brit) 42:101-109.

Krauss C. 1993. Women and toxic waste protests: Race, class and gender as
resources of resistance. Qual Sociol 16:247-262.

Kreye MM, Adams DC, Escobedo FJ. 2014. The value of forest conservation
for water quality protection. Forests 5:862-884.

Kriimmel EA, Gilman A. 2016. An update on risk communication in the Arctic.
Int J Circumpolar Health 75:33822.

Kuhnlein HV, Chan HM. 2000. Environment and contaminants in traditional food
systems of northern indigenous peoples. Annu Rev Nutr 20:595-626.

Kuhnlein HV, Receveur O, Muir DCG, Chan HM, Soueida R. 1995. Arctic
indigenous women consume greater than acceptable levels of organo-
chlorines. J Nutr 125:2501-2510.

Kwaansa-Ansah EE, Basu N, Nriagu JO. 2010. Environmental and occupa-
tional exposures to mercury among indigenous people in Dunkwa-On-
Offin, a small scale gold mining area in the south-west of Ghana. Bull
Environ Contam Toxicol 85:476-480.

LaDuke W. 1999. All our relations: Native struggles for land and Life. Chicago
(IL): Haymarket Books. 241 p.

Landrigan PJ, Fuller R, Acosta NJR, Adeyi O, Arnold R, Basu NN, Baldé AB,
Bertollini R, Bose-O'Reilly S, Boufford JI et al. 2018. The Lancet com-
mission on pollution and health. The Lancet 391:462-512.

Landrigan PJ, Sly JL, Ruchirawat M, Silva ER, Huo X, Diaz-Barriga F, Zar HJ,
King M, Eun-Hee H, Asante KS et al. 2016. Health consequences of en-
vironmental exposures: Changing global patterns of exposure and dis-
ease. Ann Glob Health 82:10-19.

Langton M, Mazel O. 2008. Poverty in the midst of plenty: Aboriginal people,
the resource curse' and Australia's mining boom poverty. JENRL 26:31-65.

Lassila M. 2016. Outcomes of state territoriality and mining development for
the Kanak in New Caledonia. Contemp Pac 28:384-409.

Leifsen E, Sdnchez-Vazquez L, Reyes MG. 2017. Claiming prior consultation,
monitoring environmental impact: Counterwork by the use of formal in-
struments of participatory governance in Ecuador's emerging mining
sector. Third World Q 38:1092-1109.

Leung AMR, Lu JLD. 2016. Environmental health and safety hazards of in-
digenous small-scale gold mining using cyanidation in the Philippines.
Environmental Health Insights 10:53845.

Lewis J, Gonzales M, Burnette C, Benally M, Seanez P, Shuey C, Nez H, Nez
C, Nez S. 2015. Environmental exposures to metals in native communities
and implications for child development: Basis for the Navajo birth cohort
study. J Soc Work Disabil Rehabil 14:245-269.

Lewis J, Hoover J, MacKenzie D. 2017. Mining and environmental health
disparities in Native American communities. Curr Environ Health Rep
4:130-141.

Liboiron M, Tironi M, Calvillo N. 2018. Toxic politic: Acting in a permanently
polluted world. Soc Stud Sci 48:331-349.

Liu CP, Luo CL, Yun G, Li F-B, Lin L-W, Wu C-A, Li X-D. 2010. Arsenic con-
tamination and potential health risk implications at an abandoned tung-
sten mine, southern China. Environ Pollut 158:820-826.

Lofstedt RE, White AL. 1990. International: Chermnobyl: Four years later, the
repercussions continue. Environment: Sci Policy Sustainable Dev 32:2-5.

Lu F, Silva NL, Villeda K, Sorensen M. 2014. Cross-cultural perceptions of risks
and tenables among Native Amazonians in northeastern Ecuador. Hum
Organ 73:375-388.

Lu F, Valdivia G, Silva NL. 2016. Qil, revolution, and indigenous citizenship in
Ecuadorian Amazonia. New York (NY): Palgrave Macmillan US. 296 p.
Luginaah I, Smith K, Lockridge A. 2010. Surrounded by Chemical Valley and
“living in a bubble”: The case of the Aamjiwnaang First Nation, Ontario. J

Environ Plann Man 53:353-370.

Ma Y, Halsall CJ, Xie Z, Koetke D, Mi W, Ebinghaus R, Gao Guoping. 2017.
Polycyclic aromatic hydrocarbons in ocean sediments from the North
Pacific to the Arctic Ocean. Environ Pollut 227:498-504.

MacDonald T. 2015. Beyond dinosaurs and oil spills. ReVista 15(1):56-61.

Macintyre M. 2007. Informed consent and mining projects: A view from
Papua New Guinea. Pac Aff 80:49-65.

Macleod M. 2016. Development or devastation? Epistemologies of Mayan
women's resistance to an open-pit goldmine in Guatemala. AlterNative:
An International Journal of Indigenous Peoples 12:86-100.

Malmer P, Tengé M, editors. 2019. Dialogue across indigenous, local and
scientific knowledge systems reflecting on the IPBES assessment on
pollinators, pollination and food production. 2019 Jan 21-25; Chiang Mai
and Chiang Rai, Thailand. Stockholm (SE): SwedBio. 76 p.

Mapani B, Ellmies R, Kamona F, Kfibek B, Majer V, Knésl |, Pasava J, Mufenda
M, Mbingeneeko F. 2010. Potential human health risks associated with

Integr Environ Assess Manag 2020:324-341

wileyonlinelibrary.com/journal/ieam

© 2019 The Authors



Indigenous Peoples and Environmental Pollution—Integr Environ Assess Manag 16, 2020

339

historic ore processing at Berg Aukas, Grootfontein area, Namibia. J Afr
Earth Sci 58:634-647.

Martinez-Alier J. 2001. Mining conflicts, environmental justice, and valuation.
J Hazard Mater 86:153-170.

Martinez-Alier J. 2014. The environmentalism of the poor: A study of ecological
conflics and valuation. Cheltenham (UK): Edward Elgar Publishing. 312 p.

Martinez-Alier J, Anguelovski |, Bond P, Del Bene D, Demaria F, Julien-
Gerber F, Greyl L, Haas W, Healy H, Marin-Burgos V et al. 2014. Between
activism and science: Grassroots concepts for sustainability coined by
environmental justice organizations. J Political Ecol 21:19-60.

Martinez-Alier J, Kallis G, Veuthey S, Walter M, Temper L. 2010. Social me-
tabolism, ecological distribution conflicts, and valuation languages. Ecol
Econ 70:153-158.

Martinez-Alier J, Temper L, del Bene D, Scheidel A. 2016. Is there a global
environmental justice movement? J Peasant Stud 43:731-755.

Maru YT, Smith MS, Sparrow A, Pinho PF, Dube OP. 2014. A linked vulner-
ability and resilience framework for adaptation pathways in remote dis-
advantaged communities. Glob Environ Change 28:337-350.

Marushka L, Batal M, Sharp D, Schwartz H, Ing A, Fediuke K, Black A, Tikhonov
C, Chana HM. 2017. Fish consumption is inversely associated with type 2
diabetes in Manitoba First Nations communities. Facets 2:795-818.

McCreary TA, Milligan RA. 2014. Pipelines, permits, and protests: Carrier
Sekani encounters with the Enbridge Northern Gateway Project. Cult
Geogr 21:115-129.

McKinnon E. 2002. The environmental effects of mining waste disposal at Lihir
Gold Mine, Papua New Guinea. J Rural Remote Environ Health 1:40-50.
MclLean J. 2017. Water cultures as assemblages: Indigenous, neoliberal,
colonial water cultures in northern Australia. J Rural Stud 52:81-89.
Memon PA, Kirk N. 2012. Role of indigenous Maori people in collaborative
water governance in Aotearoa/New Zealand. J Environ Plann Man

55:941i959.

Moerman LC, van der Laan SL. 2011. Accountability, asbestos and indigenous
rights: The case of Baryulgil. Accounting Hist 16:439-457.

Mogquet JS, Maurice L, Crave A, Viers J, Arevalo N, Lagane C, Lavado-
Casimiro W, Guyot J-L. 2014. Cl and Na fluxes in an Andean foreland
basin of the Peruvian Amazon: An anthropogenic impact evidence. Aquat
Geochem 20:613-637.

Morden M. 2015. Right and resistance: Norms, interests and indigenous di-
rect action in Canada. Ethnopolitics 14:256-276.

Moreno-Pefiaranda R, Egelyng H. 2008. Organic agriculture as livelihood
strategy: A case study in a rural community of southern Brazil. Cultivating
Future Based Sci 2:484-487.

Morton JF. 2007. The impact of climate change on smallholder and sub-
sistence agriculture. Proc Natl Acad Sci U S A 104:19680-19685.

Muir DCG, Wagemann R, Hargrave BT, Thomas DJ, Peakall DB, Norstrom RJ.
1992. Arctic marine ecosystem contamination. Sci Total Environ 122:75-134.

Muradian R, Walter M, Martinez-Alier J. 2012. Hegemonic transitions and
global shifts in social metabolism: Implications for resource-rich countries.
Introduction to the special section. Glob Environ Change 22:559-567.

Murn C, Botha A. 2018. A clear and present danger: Impacts of poisoning on
a vulture population and the effect of poison response activities. Oryx
52:552-558.

Myers J. 1981. The social context of occupational disease: Asbestos and
South Africa. Int J Health Serv 11:227-245.

Nelson J, Kenrick J, Jackson D. 2001. Report on a consultation with Bagyeli
Pygmy communities impacted by the Chad-Camerron oil-pipeline
project. Moreton-in-Marsh (UK): Forest Peoples Project. 20 p.

Nesper L. 2011. Law and Ojibwe Indian “traditional cultural property” in the
organized resistance to the Crandon Mine in Wisconsin. Law Soc Inq
36:151-169.

Nriagu J, Udofia EA, Ekong |, Ebuk G. 2016. Health risks associated with oil
pollution in the Niger Delta, Nigeria. Int J Environ Res Public Health 13:1-23.

Nunn N. 2018. Toxic encounters, settler logics of elimination, and the future
of a continent. Antipode 50:1330-1348.

Nuttall M. 2010. Pipeline dreams: People, environment, and the Arctic energy
frontier. Copenhagen (DK): IWGIA. 200 p.

O'Callaghan-Gordo C, Flores JA, Lizarraga P, Okamoto T, Papoulias DM,
Barclay F, Orta-Martinez M, Kogevinas M, Astete J. 2018. Qil extraction in

the Amazon basin and exposure to metals in indigenous populations.
Environ Res 162:226-230.

O'Faircheallaigh C. 2013. Extractive industries and indigenous peoples: A
changing dynamic? J Rural Stud 30:20-30.

O'Faircheallaigh C. 2015. Negotiations in the indigenous world. Aboriginal
peoples and the extractive industry in Australia and Canada. Abingdon
(UK): Routledge. 240 p.

O'Faircheallaigh C, Ali S. 2008. Earth matters: Indigenous peoples, the ex-
tractive industries and corporate social responsibility. Abingdon (UK):
Routledge. 280 p.

O'Neil JD, Elias B, Yassi A. 1997. Poisoned food: Cultural resistance to the
contaminants discourse in Nunavik. Arctic Anthropol 34:29-40.

O'Neill CA. 2003. Risk avoidance, cultural discrimination, and environmental
justice for indigenous peoples. Ecol Law Q 30:1.

O'Rourke D, Connolly S. 2003. Just oil? The distribution of environmental and
social impacts of oil production and consumption. Ann Rev Environ
Resour 28:587-617.

Ogada DL. 2014. The power of poison pesticide poisoning of Africa s wildlife.
Ann NY Acad Sci 1322:1-20.

Opare S. 2017. Practising the past in the present: Using Ghanaian indigenous
methods for water quality determination in the contemporary era. Environ
Dev Sustain 19:2217-2236.

Orestig J, Lindgren S. 2017. Local moral economies: The space, place, and
locality of social media mobilisation. Globalizations 14:884-895.

Orta-Martinez M, Finer M. 2010. QOil frontiers and indigenous resistance in the
Peruvian Amazon. Ecol Econ 70:207-218.

Orta-Martinez M, Napolitano DA, MaclLennan GJ, O'Callaghan C, Sylvia
Ciborowski S, Fabregas X. 2007. Impacts of petroleum activities for the
Achuar people of the Peruvian Amazon: Summary of existing evidence
and research gaps. Environ Res Lett 2:045006.

Orta-Martinez M, Pellegrini L, Arsel M. 2018. “The squeaky wheel gets the
grease”? The conflict imperative and the slow fight against environmental
injustice in northern Peruvian Amazon. Ecol Soc 23.

Ostertag SK, Tague BA, Humphries MM, Tittlemier SA, Man H. 2009. Esti-
mated dietary exposure to fluorinated compounds from traditional foods
among Inuit in Nunavut, Canada. Chemosphere 75:1165-1172.

Osuagwu ES, Olaifa E. 2018. Effects of oil spills on fish production in the
Niger Delta. PloS ONE 13:0205114.

Panikkar B, Tollefson J. 2018. Land as material, knowledge and relationships:
Resource extraction and subsistence imaginaries in Bristol Bay, Alaska.
Soc Stud Sci 48:715-739.

Papworth S, Rao M, Oo MM, Latt KT, Tizard R, Pienkowski T, Carrasco LR.
2017. The impact of gold mining and agricultural concessions on the tree
cover and local communities in northern Myanmar. Sci Rep 7:46594.

Parfitt B. 2017. Fracking, first nations and water: Respecting indigenous rights
and better protection our shared resources. Vancouver (BC): CCPA. 32 p.

Paunescu AC, Dewailly E, Dodin S, Nieboer E, Ayotte P. 2013. Dioxin-like
compounds and bone quality in Cree women of Eastern James Bay
(Canada): A cross-sectional study. Environ Health 12:54.

Pellegrini L, Arismendi MOR. 2012. Consultation, compensation and ex-
traction in Bolivia after the ‘left tum’: The case of oil exploration in the
north of La Paz Department. JLAG 11:103-120.

Peplow D, Augustine S. 2007. Community-directed risk assessment of mer-
cury exposure from gold mining in Suriname. Rev Panam Salud Piblica
22:202-210.

Pickerill J. 2018. Black and green: The future of indigenous—Environmentalist
relations in Australia. Environ Polit 27:1122-1145.

Pignati MT, de Souza LC, de Alcéntara R, Lima MDO, Pignati WA, Pezzuti
JCB. 2018. Levels of organochlorine pesticides in Amazon turtle
(Podocnemis unifilis) in the Xingu River, Brazil. J Environ Sci Health B
53:810-816.

Pristupa AO, Tysiachniouk M, Mol APJ, Leemans R, Minayeva T, Markina A.
2018. Can zoning resolve nature use conflicts? The case of Numto Nature
Park in the Russian Arctic. J Environ Plann Man 61:1674-1700.

Pruneda-Alvarez LG, Pérez-Vézquez FJ, Salgado-Bustamante M, Martinez-
Salinas RI, Pelallo-Martinez NA, Pérez-Maldonado IN. 2012. Exposure to
indoor air pollutants (polycyclic aromatic hydrocarbons, toluene, ben-
zene) in Mexican indigenous women. Indoor Air 22:140-147.

Integr Environ Assess Manag 2020:324-341

DOI: 10.1002/ieam.4239

© 2019 The Authors



340

Integr Environ Assess Manag 16, 2020—A Fernandez-Llamazares et al.

Pufall EL, Jones AQ, McEwen SA, Lyall C, Peregrine AS, Edge VL. 2011.
Perception of the importance of traditional country foods to the physical,
mental, and spiritual health of Labrador Inuit. Arctic 64:242-250.

Rifai-Hasan PA. 2009. Development, power, and the mining industry in
Papua: A study of Freeport Indonesia. J Bus Ethics 89:129-143.

Rockstrom J, Steffen W, Noone K, Persson A, Chapin FS 3rd, Lambin EF,
Lenton TM, Scheffer M, Folke C, Schellnhuber HJ et al. 2009. A safe
operating space for humanity. Nature 461:472-475.

Rosell-Melé A, Moraleda-Cibrian N, Cartré-Sabaté M, Colomer-Ventura F,
Mayor P, Orta-Martinez M. 2018. Oil pollution in soils and sediments
from the Northern Peruvian Amazon. Sci Total Environ 610-611:
1010-1019.

Rudel TK. 2018. The extractive imperative in populous indigenous territories:
The Shuar, copper mining, and environmental injustices in the Ecuadorian
Amazon. Hum Ecol 46:727-734.

San Sebastian M, Armstrong B, Cérdoba JA, Stephens C. 2001. Exposures
and cancer incidence near oil fields in the Amazon basin of Ecuador.
Occup Environ Med 58:517-522.

Sandlos J, Keeling A. 2016. Toxic legacies, slow violence, and environmental
injustice at Giant Mine, Northwest Territories. The Northern Review
42:7-21.

Sawyer S. 2004. Crude chronicles: Indigenous politics, multinational oil, and
neoliberalism in Ecuador. Durham (NC): Duke Univ Press. 312 p.

Schell LM, Ravenscroft J, Cole M, Jacobs A, Newman J. 2005. Health
disparities and toxicant exposure of Akwesasne Mohawk young
adults: A partnership approach to research. Environ Health Persp 113:
1826-1832.

Schiesari L, Grillitsch B. 2011. Pesticides meet megadiversity in the expansion
of biofuel crops. Front Ecol Environ 9:215-221.

Schilling-Vacaflor A, Eichler J. 2017. The shady side of consultation and
compensation: ‘Divide-and-rule’ tactics in Bolivia's extraction sector. Dev
Change 48:1439-1463.

Schlosberg D, Carruthers D. 2010. Indigenous struggles, environmental jus-
tice, and community capabilities. Global Environ Polit 10:12-35.

Schneider L, Belger L, Burger J, Vogt RC, Ferrara CR. 2010. Mercury levels in
muscle of six species of turtles eaten by people along the Rio Negro of
the Amazon basin. Arch Environ Contam Toxicol 58:444-450.

Scobie W, Rodgers K. 2013. Contestations of resource extraction projects via
digital media in two Nunavut communities. Etud Inuit 37:83-101.

Scott DN. 2013. The networked infrastructure of fossil capitalism: Implications
of the new pipeline debates for environmental justice in Canada. Rev Gen
Droit 43:11-66.

Selin H, Selin NE. 2008. Indigenous peoples in international environmental
cooperation: Arctic management of hazardous substances. Rev Eur
Comm Int Environ Law 17:72-83.

Sharp D. 2009. Environmental toxins, a potential risk factor for diabetes
among Canadian aborginals. Int J Circumpolar Health 98:316-325.

Shaw A, Welford R. 2007. Polluting the facts? A second case study of gold
mining in Indonesia. Corp Soc Resp Env Ma 14:289-297.

Shemsanga C, Mukuza ANN, Martz L, Komakech H, Mcharo E. 2018. In-
digenous knowledge on development and management of shallow dug
wells of Dodoma municipality in Tanzania. Applied Water Science 8:1-20.

Shipton L. 2017. Canada's mining industry in Guatemala and the right to
health of indigenous peoples. Health Hum Rights 8.

Shrubsole D, Walters D, Veale B, Mitchell B. 2017. Integrated water resources
management in Canada: The experience of watershed agencies. Int J
Water Resour Dev 33:349-359.

Sikor T, Newell P. 2014. Globalizing environmental justice? Geoforum
54:151-157.

Singh N. 2006. Indigenous water management systems: Interpreting symbolic
dimensions in common property resource regimes. Soc Nat Resour
19:357-366.

Sistili B, Metatawabin M, lannucci G, Tsuji LJS. 2006. An aboriginal per-
spective on the remediation of mid-Canada Radar Line sites in the sub-
arctic: A partnership evaluation. Arctic 59:142-154.

Sitkowski R. 1995. Commercial hazardous waste project in Indian country: An
opportunity for tribal economic development through land use planning.
Land Use & Envtl L 10:239.

Soliman MR, Derosa CT, Mielke HW, Bota K. 1993. Hazardous wastes, haz-
ardous materials and environmental health inequity. Toxicol Ind Health
9:901-912.

Souto WMS, Pinto LC, Mendonga LET, Mouréo JS, Vieira WLS, Montenegro
PFGP, Alves RRN. 2013. Medicinal animals in ethnoveterinary practices: A
world overview. In: Alves RRN, Rosa IL, editors. Animals in traditional folk
medicine. Berlin (DE): Springer. p 43-66.

Spiegel SJ. 2012. Governance institutions, resource rights regimes, and the
informal mining sector: Regulatory complexities in Indonesia. World Dev
40:189-205.

Sterling EJ, Betley E, Sigouin A, Gomez A, Toomey A, Cullman G, Pekor A,
Arengo F, Blair M, Filardi C et al. 2017a. Assessing the evidence for
stakeholder engagement in biodiversity conservation. Biol Conserv
209:159-171.

Sterling EJ, Filardi C, Toomey A, Sigouin A, Betley E, Gazit N, Newell J,
Albert S, Alvira D, Bergamini N et al. 2017b. Biocultural approaches to
well-being and sustainability indicators across scales. Nat Ecol Evol
1:1798-1806.

Stetson G. 2012. Qil politics and indigenous resistance in the Peruvian
Amazon: The rhetoric of modemity against the reality of coloniality.
J Enviro Dev 21:76-97.

Stevens CJ, Dise NB, Mountford JO, Gowing DJ. 2004. Impact of nitrogen
deposition on the species richness of grasslands. Science 303:1876-1879.

Strand P, Howard BJ, Aarkrog A, Balonov B, Tsaturov Y, Bewers JM, Salo A,
Sickel M, Bergman R, Rissanen K. 2002. Radioactive contamination in the
Arctic—Sources, dose assessment and potential risks. J Environ Radio-
activ 60:5-21.

Suk WA, Avakian MD, Carpenter D, Groopman JD, Scammell M, Wild CP.
2004. Human exposure monitoring and evaluation in the Arctic: The im-
portance of understanding exposures to the development of public
health policy. Environ Health Persp 112:113-120.

Swenson JJ, Carter CE, Domec J, Delgado Cl. 2011. Gold mining in the
Peruvian Amazon: Global prices, deforestation, and mercury imports.
PloS ONE 6:¢1887.

Takaoka S, Fujino T, Hotta N, Ueda K, Hanada M, Tajiri M, Inoue Y. 2014.
Signs and symptoms of methylmercury contamination in a First Nations
community in Northwestern Ontario, Canada. Sci Total Environ 468-469:
950-957.

Taylor D. 2014. Toxic communities, environmental racism, industrial pollution,
and residential mobility. New York (NY): NYU Press. 356 p.

Taylor ML, Gwinnett C, Robinson LF, Woodall LC. 2016. Plastic microfibre
ingestion by deep-sea organisms. Sci Rep 6:1-9.

Te Aho L. 2010. Indigenous challenges to enhance freshwater governance
and management in Aotearoa New Zealand—The Waikato river settle-
ment. J Water Law 20:285-292.

Temper L. 2018. Blocking pipelines, unsettling environmental justice: From
rights of nature to responsibility to territory. Local Environment
24:91-112.

Temper L, del Bene D, Martinez-Alier J. 2015. Mapping the frontiers and front
lines of global environmental justice: The EJAtlas. J Political Ecol
22:255-278.

Temper L, Demaria F, Scheidel A, del Bene D, Martinez-Alier J. 2018. The
global environmental justice atlas (EJAtlas): Ecological distribution con-
flicts as forces for sustainability. Sustain Sci 13:573-584.

Temper L, Martinez-Alier J. 2013. The god of the mountain and Godavarman:
Net present value, indigenous territorial rights and sacredness in a
bauxite mining conflict in India. Ecol Econ 96:79-87.

Thorpe G. 1996. Our homes are not dumps: Creating nuclear-free zones. Nat
Resour J 36:955-963.

Tipa G, Teirney L. 2006. A cultural health index for streams and waterways: A
tool for nationwide use. Wellington (NZ): Ministry for the Environment.
58 p.

Tofoli RM, Dias RM, Alves GHZ, Hoeinghaus DJ, Gomes LC, Baumgartner
MT, Agostinho AA. 2017. Gold at what cost? Another megaproject
threatens biodiversity in the Amazon. Ecol Conser
15:129-131.

Torres-Dosal A, Pérez-Maldonado IN, Jasso-Pineda Y, RIM Salinas, Alegria-
Torres JA, Diaz-Barriga F. 2008. Indoor air pollution in a Mexican

Perspect

Integr Environ Assess Manag 2020:324-341

wileyonlinelibrary.com/journal/ieam

© 2019 The Authors



Indigenous Peoples and Environmental Pollution—Integr Environ Assess Manag 16, 2020 341

indigenous community: Evaluation of risk reduction program using bio-
markers of exposure and effect. Sci Total Environ 390:362-368.

Toussaint S. 2008. Kimberley friction: Complex attachments to water-places
in Northern Australia. Oceania 78:46-61.

Trejo-Acevedo A, Rivero-Pérez NE, Flores-Ramirez R, Orta-Garcia ST,
Pruneda-Alvarez LG, Pérez-Maldonado IN. 2012. Assessment of the levels
of hexachlorocyclohexane in blood samples from Mexico. Bull Environ
Contam Toxicol 88:833-837.

Tsosie R. 2015. Indigenous peoples and the ethics of remediation: Redressing
the legacy of radioactive contamination for native peoples and native
lands. Santa Clara J Int'l L 13:203.

Tsygankov VY, Lukyanova ON, Boyarova MD. 2018. Organochlorine pesticide
accumulation in seabirds and marine mammals from the Northwest
Pacific. Mar Pollut Bull 128:208-213.

Turner NJ, Clifton H. 2009. “It's so different today”: Climate change and
indigenous lifeways in British Columbia, Canada. Global Environ Change
19:180-190.

Turner NJ, Turner KL. 2008. “Where our women used to get the food”: Cu-
mulative effects and loss of ethnobotanical knowledge and practice; case
study from coastal British Columbia. Botany 86:103-115.

Turreira-Garcia N, Lund JF, Dominguez P, Carrillo-Anglés E, Brummer MC,
Duenn P, Reyes-Garcia V. 2018. What's in a name? Unpacking “partic-
ipatory” environmental monitoring. Ecol Soc 23(2):24.

Ullah S, Hussain Z, Mahboob S, Al-Ghanim K. 2016. Heavy metals in Garra
gotyla, Cyprinus carpio and Cyprinion watsoni from the River Panjkora,
District, Lower Dir, Khyber Pakhtunkhwa, Pakistan. Braz Arch Biol Technol
59:16160321.

Ulrich AE, Malley DF, Watts PD. 2016. Lake Winnipeg basin: Advocacy,
challenges and progress for sustainable phosphorus and eutrophication
control. Sci Total Environ 542:1030-1039.

[UNEP] United Nations Environmental Programme. 2017. Towards a pollution-
free planet. Background report. Nairobi (KE). Background report. 123 p.

[UNPFII] United Nations Permanent Forum on Indigenous Issues. 2016. State
of the world's indigenous peoples. Indigenous people's access to health
services. New York (NY). 200 p.

Valdivia G. 2007. The “Amazonian trial of the century”: Indigenous identities,
transnational networks, and petroleum in Ecuador. Alternatives 32:41-72.

Valera B, Ayotte P, Poirier P, Dewailly E. 2013. Associations between plasma
persistent organic pollutant levels and blood pressure in Inuit adults from
Nunavik. Environ Int 59:282-289.

van Wendel de Joode B, Barraza D, Ruepert C, Mora AM, Cérdoba L,
Oberg M, Wesseling C, Mergler D, Lindh CH. 2012. Indigenous children
living nearby plantations with chlorpyrifos-treated bags have elevated
3,5,6-trichloro-2-pyridinol (TCPy) urinary concentrations. Environ Res 117:
17-26.

Vasquez Pl. 2014. Qil sparks in the Amazon. Local conflicts, indigenous pop-
ulations, and natural resources. Athens (GA): Univ Georgia Press. 208 p.

Vega CM, Orellana JDY, Oliveira MW, Hacon SS, Basta PC. 2018. Human
mercury exposure in Yanomami indigenous villages from the Brazilian
Amazon. Int J Environ Res Public Health 15:1-13.

Veltmeyer H, Bowles P. 2014. Extractivist resistance: The case of the Enbridge oil
pipeline project in Northern British Columbia. Extr Ind Soc 1:59-68.

Verbrugge B. 2015. Decentralization, institutional ambiguity, and mineral
resource conflict in Mindanao, Philippines. World Dev 67:449-460.

Vernberg FJ, Vernberg WB. 1974. Pollution and physiology of marine or-
ganisms. Waltham (MA): Academic Press. 506 p.

Wade TL, Chambers L, Gardinali PR, Sericano JL, Jackson TJ, Tarpley RJ,
Suydam R. 1997. Toxaphene, PCB, DDT, and chlordane analyses of be-
luga whale blubber. Chemosphere 34:1351-1357.

Waichman AV, Eve E, da Silva Nina NC. 2007. Do farmers understand the
information displayed on pesticide product labels? A key question to

reduce pesticides exposure and risk of poisoning in the Brazilian Amazon.
Crop Prot 26:576-583.

Walker JB, Seddon L, McMullen E, Houseman J, Tofflemire K, Corriveau A,
Weber JP, Mills C, Smith S, Van Oostdam J. 2003. Organochlorine levels
in maternal and umbilical cord blood plasma in Arctic Canada. Sci Total
Environ 302:27-52.

Walker RS, Hamilton MJ. 2014. Amazonian societies on the brink of ex-
tinction. Am J Hum Biol 26:570-572.

Walter M, Urkidi L. 2017. Community mining consultations in Latin America
(2002-2012): The contested emergence of a hybrid institution for par-
ticipation. Geoforum 84:265-279.

Wehi PM, Lord JM. 2017. Importance of including cultural practices in eco-
logical restoration. Conserv Biol 31:1109-1118.

Weir JK. 2009. Murray River country: An ecological dialogue with traditional
owners. Acton (AU): Aboriginal Studies Press. 224 p.

Wezel A, Casagrande M, Celette F, Vian JF, Ferrer A, Peigne J. 2014.
Agroecological practices for sustainable agriculture. A review. Agron
Sustain Dev 34:1-20.

Wheatley B, Wheatley MA. 2000. Methylmercury and the health of in-
digenous peoples: A risk management challenge for physical and social
sciences and for public health policy. Sci Total Environ 259:23-29.

White J, White B. 2012. Gendered experiences of dispossession: Oil palm
expansion in a Dayak Hibun community in West Kalimantan. J Peasant
Stud 39:995-1016.

[WHO] World Health Organization. 2016. Ambient air pollution: A global
assessment of exposure and burden of disease. Geneva (CH).

Whyte KP. 2015. Indigenous food systems, environmental justice, and settler-
industrial states. In: Rawlinson M, Ward C, editors. Global food, global
justice: Essays on eating under globalization. Newcastle upon Tyne (UK):
Cambridge Scholars Publishing. p 143-156.

Widener P. 2018. Coastal people dispute offshore oil exploration: Toward a
study of embedded seascapes, submersible knowledge, sacrifice, and
marine justice. Environmental Sociology 4:405-418.

Wiebe SM. 2016. Everyday exposure: Indigenous mobilization and environ-
mental justice in Canada's Chemical Valley. Toronto (ON): UBC Press. 256 p.

Wilcox C, Mallos NJ, Leonard GH, Rodriguez A, Hardesty BD. 2016. Using
expert elicitation to estimate the impacts of plastic pollution on marine
wildlife. Mar Policy 65:107-114.

Williams GA, O'Brien RS, Grzechnik M, Wise KN. 2017. Estimates of radiation
doses to the skin for people camped at Wallatinna during the UK TOTEM
1 atomic weapons test. Radiat Prot Dosim 174:322-336.

Williams TA. 1992. Pollution and hazardous waste on Indian lands: Do federal
laws apply and who may enforce them? Am Indian L Rev 17:269.

Wilson RR, Perham C, French-McCay DP, Balouskus R. 2018. Potential im-
pacts of offshore oil spills on polar bears in the Chukchi Sea. Environ
Pollut 235:652-659.

Woodward G, Gessner MO, Giller PS, Gulis V, Hladyz S, Lecerf A,
Malmgqyist B, McKie BG, Tiegs SD, Cariss H et al. 2012. Continental-
scale effects of nutrient pollution on stream ecosystem functioning.
Science 336:1438-1440.

Wright L, White JP. 2012. Developing oil and gas resources on or near in-
digenous lands in Canada: An overview of laws, treaties, regulations and
agreements. Int Indig Policy J 3(2).

Yakovleva N. 2011. Qil pipeline construction in Eastern Siberia: Implications
for indigenous people. Geoforum 42:708-719.

Young HS, Mccauley DJ, Galetti M, Dirzo R. 2016. Patterns, causes, and
consequences of anthropocene defaunation. Annu Rev Ecol Evo Syst
47:333-358.

Young KT, Schraer CD, Shubnikoff EV, Szathmary EJE, Nikitin YP. 1992.
Prevalence of diagnosed diabetes in circumpolar indigenous populations.
Int J Epidemiol 21:730-736.

Integr Environ Assess Manag 2020:324-341

DOI: 10.1002/ieam.4239

© 2019 The Authors





