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Abstract In recent years, increases in urbanization and industrialization have led to an increase in contaminated areas,
which directly affect traditional, indigenous, and local communities who use natural resources for food and medicine. We
present a discussion about the use of food resources from areas contaminated with heavy metals and focus on two case
studies in southern Brazil. In the first case study, we interviewed 194 residents about the use of plants as food resources or
medicine in areas adjacent to abandoned mines, and thus potentially contaminated with heavy metals. In the second case
study, we interviewed 39 fishers about the consumption of fish resources from areas potentially contaminated by industrial
activities. We also asked about their perceptions regarding contamination, changes in the landscape, and health problems
that could be related to contamination. Although people are aware of contamination, consuming local plants and sea food
has not stopped because some of these practices are directly linked to their cultural identity; additionally, there might be a
lack of public recognition toward contamination. The combination of ethnoecological and ecotoxicological studies is
necessary to assess environmental problems caused by heavy metals, as well as concerns about food security and the
health of local communities.
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Introduction Sabetian 2009). Contemporary urbanization occurs at
a different scale than historical patterns of urban
growth and drives local and regional environmental
changes, such as large-scale landscape changes and the
increased production of garbage and residuals (Seto et
al. 2010). This dramatic shift has also resulted in
changes to the chemical environment and peoples’

exposure to pollutants, which affect and contaminate

Ethnobiology and ethnoecology focus on the
knowledge, perceptions, and practices of human
communities with the surrounding environment, for
example by studying artisanal fishing and local
communities. These communities perceive and
interact with the environment, and systematically use
its resources for food, medicine, rituals, and other

purposes (Bordeleau et al. 2016). Food, in particular,
is of great cultural, social, and nutritional importance
for communities that depend directly on the
availability and quality of these resources (Bordeleau
et al. 2016). However, over the last several decades,
ethnobiological studies around the world have shown
increasing changes in local knowledge and practices
due to urbanization and industrialization (Aswani and
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soils and water resources (Grimm et al. 2008). In this
regard, we need to deepen our understanding of the
effects of changes in the quality of the food resources
consumed by local communities.

An increase in contaminants due to utbanization
and industrialization affects the quality of species used
for food and medicine, which can be contaminated
with chemical residues due to polluted water in
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basins, rivers, and estuaries (FAO 2017) and directly
affects quality of life and health. The use of
contaminated environments by fisheries, for example,
can be related to risks to the health of fishers (Rios et
al. 2011). This is due to the periodic and systematic
consumption of polluted aquatic resources (e.g., due
to industrial waste, sewage, heavy metals, and
widespread use of pharmacological substances). These
pollutants can cause cumulative and serious health
effects such as deep cutaneous lesions (Ribeiro et al.
2015). According to Jarup (2003), these risks are likely
related to the passive, chronic effects of long-term
exposure rather than the sporadic exposure of
contaminated food.

According to the U.S. Agency for Toxic
Substances and Disease Registry (ATSDR), the most
potentially problematic inorganic pollutants for
human health are As (arsenic), Hg (mercury), Cd
(cadmium), Pb (lead), and Cr (chromium). These
elements may be present in water resources, soil, and
air, and may be associated with disease prevalence in
humans (ATSDR 2018; Hess 2018). For example: the
ingestion of food contaminated with As, even at low
levels, can be related to diabetes (Grau-Perez et al.
2018); long-term ingestion of Hg can affect the
neurological system (Hess 2018; Kim et al. 2016); Cd
exposure affects the renal system and increases the
probability of gestational diabetes mellitus (Madrigal
et al. 2019; Xing et al. 2018); and Pb damages the
central nervous system and impairs the functions of
lysosomes in neural cells (Gu et al. 2019).

An increase in contaminated areas also harms the
quality of food resources (Aswani and Sabetian 2009).
Ecotoxicological studies blame this increase in
contaminated areas on mining practices, the use of
pesticides in agriculture, and the wide use of
pharmaceutical products (Elibariki and Maguta 2017;
Shia et al. 2018). Although these authors report
different environmental effects depending on the
contamination, all report one factor in common: the
presence of human communities near contaminated
areas. In several situations, indigenous peoples and
local communities are among the most affected
communities (Khlifi et al. 2014). This situation was
observed in local communities in China (Guan et al.,
2017), northern Europe (Toth et al. 2016), Canada
(Chan and Receveur 2000), and in Latin America,
with indigenous peoples and fishers (Luo et al. 2013;
Miller and Villarroel 2018; Villegas et al. 2018).

Blanco et al. 2020. Ethnobiology Letters 11(1):29-37

Heavy metals, both in soil and water, are among
the most environmentally challenging contaminants
due to their capacity for bioaccumulation along the
trophic chain—where they accumulate in tissues and
change metabolic routes—and their impacts on the
environment (Ali et al. 2013; Carolin et al. 2017). The
greater the proximity of areas with easily accessible
resources, the greater the probability that these areas
will be visited and exploited for their resources
(Gaoue et al. 2017). However, the overlap of
contaminated areas with areas that provide resources
is worrying. Pinheiro et al. (2000) noted this concern
for the contamination of food resources by heavy
metals due to the process of gold mining in
Amazonian rivers, which uses Hg as an amalgam to
separate gold particles. This is a problem because the
Hg is processed by sedimentary bacteria and released
as methylmercury, becoming bioavailable in the
aquatic environment and accumulating in the food
chain. Currently, Hg is a major contaminant of
Amazonian rivers, reaching several trophic levels in
this ecosystem (Almeida-Rodrigues et al. 2019; Anjos
et al. 2016). Consequently, there has been an increase
in the exposure to this metal in riverine populations,
such as fishers, due to the consumption of
contaminated fish (Anjos et al. 2016; Pinheiro et al.
2000).

Silvano and Begossi (2016) explored the trophic
levels of targeted fish consumed by artisanal fishers as
well as the Hg content of these fish species, and
emphasized the importance of linking local knowledge
to ecotoxicology research. In a study in Amazonia,
Boischio  (1996) also showed that traditional
knowledge is important to identify foci of
contamination for fishery resources consumed by
riverine people. This link between local knowledge
and ecotoxicology can contribute to improving the
management of aquatic ecosystems, revealing the
potential for new applications of fishers” knowledge to
ecotoxicology, which could improve management of
aquatic ecosystems and strengthen fishers’ political
status (Silvano and Begossi 2016). We add to this
potential the paramount importance of focusing on
the health of users, since exposure to contaminants

can have dramatic long-term implications (Colborn et
al. 1993).

We contribute a novel approach to explore the
interfaces between ethnobiology and ecotoxicology
based on two ongoing studies of similar situations: an
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area highly contaminated by mining, characterized by
the extraction of coal; and an estuarine atrea with a
history of industrial, agricultural, and sedimentation
problems. In both regions there are areas traditionally
used for the extraction of resources that are affected
by contamination from nearby economic activities.

In southern Brazil, several communities have
been exposed to heavy metals. The state of Santa
Catarina is one of the main coal extractors and has the
highest concentration of mining in the country (Klein
20006). Mining occurs very close to residential areas
and several settlements and cities have been formed
around or over the mines (Sizenando 2011). In
abandoned areas in these places, there are medicinal
and food plants (Klein 2006). On the northern coast
of Santa Catarina, Babitonga Bay is an estuary that
serves as a nursery for many marine species, including
estuarine residents and dependents, and is an
extremely important area for artisanal fishing. In this
region, problems such as sedimentation, changes in
hydrodynamics, domestic effluents, and agricultural
and industrial effluents from metallurgical and textile
industries caused the sedimentation of heavy metals
and their availability throughout the entire trophic
chain (Cremer et al. 2006). The gravity of this
situation is evidenced by the high levels of heavy
metals found in fishery resources of Babitonga Bay
(Tureck et al. 2000).

Methods

We focus on two regions of the state of Santa
Catarina, in southern Brazil, where there are areas
contaminated by heavy metals and a high density of
fishers and local communities. The first is the Santa
Catarina  carboniferous  basin, between the
municipalities of Ararangua and Lauro Muller, where
we conducted interviews in five municipalities (Lauro
Muller, Siderépolis, Urussanga, Cricidima, and
Treviso) and focused on plant resources used. The
second is  Babitonga  Bay, comprising = six
municipalities (Sdo Francisco do Sul, Itapoa, Araquati,
Joinville, Garuva, and Barra do Sul), where we
interviewed artisanal fishers from Sio Francisco do
Sul and focused on fish resources (Figure 1).

We selected at least two local communities from
each municipality of the carboniferous region, located
within a maximum radius of 300m from the of coal
extraction core (e.g., near the contaminated areas). All
areas visited have been mined in the past but are no
longer in use. In each community, we visited every
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Babitonga Bay

Figure 1 Areas of study in the state of Santa Catarina,
Brazil. A: Location of the fishing communities that were
interviewed in Babitonga Bay. Dots indicate location of
fishing communities B: Location of local communities
that were interviewed in mined areas. Dots indicate the
local communities located in the deactivated coal min-
ing areas of the carbonifera region (in gray).

home and interviewed at least 51% of resident
families. At Babitonga Bay, we choose fishing
communities located on a gradient of exposure to
sources of contamination, from the interior of the bay
(near industrial areas) to the bay opening to the sea.
We selected respondents by the peer recommendation
method (Davis and Wagner 2003) and snowball
sampling (Bernard 2000), including fishers who agreed
to participate and met the following criteria: fish
within Babitonga Bay for at least 10 years; 2) have a
link with the territory they live in; and 3) have been
consuming marine resources from within Babitonga
Bay for at least 10 yeats.

In the two regions, after prior informed consent,
we used semi-structured interviews and guided tours
with the interviewees to sites where plants and
seafood are collected to understand the main
resources consumed and for what purposes (in the
case of medicinal plants). Interviews occurred
between January and February 2018 in the
carboniferous basin and between June and October
2017 at Babitonga Bay. The central question for the
carboniferous basin interviews was if the interviewee
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collected plant species from the mining area, and for
what purposes. At Babitonga Bay we interviewed only
fishers, and we asked interviewees about which
species were fished or collected for direct
consumption. We also asked about their perceptions
related to contamination (including awareness about
mining areas and landscape changes in the case of
plants, and awareness about contaminated spots and
pollution in the case of fisheries), as well as possible
health issues related to this contamination. For all
interviews, we also collected socio-economic data
(such as gender, age, length of residence). Interviews
were done by G. D. Blanco, S. M. B. Cunha, and a
team of trained interviewers from the Human
Ecology and Ethnobotany Laboratory between
December 2017 and February 2018. We conducted
194 interviews in the carboniferous basin, in
contiguous areas to abandoned mining sites. In total,
136 women and 57 men were interviewed. At
Babitonga Bay we did 39 interviews, with 8 women
and 31 men. Plants were identified based on collected
and archived botanical specimens (collector numbers
G. D. Blanco 90-120) and aquatic animals were
identified based on literature (Costa et al. 2011; Lopes
2015; Martins 2011; Medeiros et al. 2010; Villar et al
2011) and showing photographs of the organisms to
the interviewees.

Results

Collecting Plants Where Charcoal Was Mined

The predominant age group was between 45 and 65
years old and the average age was 53 years old.
Among the interviewees, 22% had always lived in the
area. For the others, the average length of on-site
living was around 30 years. More than half of the
interviewees collect medicinal or food plants in the
surrounding areas and more than 90% also plant
species in areas around their homes, which can have
contaminated soil. Most cited that the species used
wete Achyrocline satureioides (45% of the interviews),
Baccharis spp. (28%), Plectranthus barbatus (25%), Citrus
spp. (23%), Mentha arvensis (23%), and Psidium gnajava
(14%). The main purposes of medical uses were
treating digestive, infectious, and parasitic diseases
(54% of respondents) orally with an infusion. When
asked about knowledge of the number of mining
areas that existed near the places where they lived,
almost 80% of the respondents said they knew at least
one area and reported environmental (observed
changes in the landscape) and health (problems
related to respiratory diseases) impacts.
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Artisanal Fishing and Presence of Heavy Metals

The predominant age group was between 46 and 54
years old and the average age was 51 years old. The
species cited as most consumed were Mugil curema (28
interviews), Mugi/ liza (28 interviews), Micropogonias
Surnieri (25 interviews), Litopenaens  schmitti (24
interviews), Crassostrea brasiliana | C. rhizophorae (19
interviews), and Callinectes danae | C. sapidus (19
interviews). Fishers (14 interviews) reported avoiding
areas that they thought had general pollution or heavy
metal pollution (2 interviews). Respondents referred
to resource-related problems and said they avoided
cockle (Anomalocardia brasiliana) or crab (Ucides cordatus)
because they consider them to be contaminated with
heavy metals or fecal coliforms. In the three
communities, interviewed fishers mentioned 18
diseases or health problems, which were categorized
according to the World Health Organization (WHO),
including high blood pressure, endocrine problems,
nutritional and metabolic diseases, and diseases of the
eye and adnexa.

Discussion

In both areas, we observed the consumption of
resources with risk of contamination by heavy metals.
In the carboniferous basin, coal extraction leads to the
contamination of surface layers of the soil with pyrite,
soil acidification, and increasing concentrations of
metals (e.g., aluminum, iron, manganese, copper,
nickel, arsenic, lead, cadmium, and zinc) to toxic levels
(Campos et al. 2003; Masto et al. 2017). It also
contributes contaminants of dust particles and other
toxic substances that are released during the extraction
process, impaiting abiotic and biotic components of
the ecosystem, including humans (Masto et al. 2017).
The practice of coal extraction contaminates soil and
water resources and releases heavy metals which, if
consumed, can cause acute and chronic intoxication
and impact the functioning of the nervous system.
(Masto et al. 2017; Oliveira-Filho et al. 2017). The
human communities near these areas are at greater
risk and are likely to be contaminated due to
ingestion, inhalation, or skin contact (Masto et al.
2017).

This result is alarming, since studies in other
countries of South America, as well as in the United
States, Europe, India, China, and Korea showed that
plant species associated with medicinal or food use
have bioaccumulating potential, including Baccharis
crispa, Baccharis sarothroides, Mentha arvensis, and Psidium
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guajava (Manikandan et al. 2015; Menezes et al. 2013;
Oti 2015).

At Babitonga Bay, previous studies have found
disturbing levels of contaminants in fishery resources
(Cremer et al. 2006; Tureck et al. 20006). Resident
populations of the Franciscana dolphin (Pontoporia
blainvillei), which is at a high trophic level, showed
high levels for octocrylene (Gago-Ferrero et al. 2013)
and PCBs (Dorneles et al. 2013) in this area.
However, links between fishing and consuming
seafood with contaminants have not been
investigated. Our results show that fishers are at risk
of contamination due to the consumption of several
species. For example, among the species most
consumed are oysters (Crassostrea brasiliana | C.
rhizophorae), which had a cadmium level of 3.08 ppm
(Tureck et al. 20006). This is above the maximum limit
(0.05 mgkg-1) established by the MERCOSUL
Technical Regulation (ANVISA 2013) for raw, frozen,
or chilled fish, except for bonito, carapeba, eel, mullet,
mackerel, sardines, tuna and flatfish (0.10 mg.kg-1),
bluerunner and swordfish (0.30 mg.kg-1), cephalopod
and bivalve mollusks (2.00 mg.kg-1), and crustaceans
(0.50 mg.kg-1).

Historically, contamination of soil and water
resources has been treated solely as an environmental
problem (Lu et al. 2015), but it is imperative to
address the public health and food security of local
communities. The increase of contaminated ateas in
the last decades aggravates this situation, especially
with the contamination of resources used by
indigenous peoples and local communities (Elibariki
and Maguta 2017; Pinheiro et al. 2000). Among the
contaminants present in the environment, heavy
metals are an environmental and public health
challenge (Silva and Ferreira 2015). According to Lu
et al. (2015), prolonged exposure to areas
contaminated with heavy metals may contribute to a
range of diseases related to digestive system problems,
miscarriages, and an increased risk of cancer,
especially in the digestive tract. This worrying
situation is even more serious for local communities
who rely on those resources, since the quality of the
environment is essential for their cultural identity and
is closely linked to the livelihood and the quality of
life of these groups (Bordeleau et al. 2016).

This is the reality of artisanal  fishing of
Babitonga Bay and local communities of the coal belt
of Santa Catarina. Although these communities
perceive the contamination of the areas, fishing and
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collecting food resources still occur and these
practices are closely linked to the local food culture
and subsistence. However, it is possible that the risk
of diseases due to contamination by heavy metals has
increased, as observed in other regions (Vega et al.
2018), so further studies about this subject are needed.

When analyzing this from the point of view of
trophic webs, the presence of petsistent contaminants,
such as heavy metals, can reach the entire ecosystem.
In environments where the soil is contaminated, the
plant species are the first to absorb the contaminants
and these may be passed on to the people who
consume them (Lu et al. 2015). The same can occur in
estuaries and mangroves, which are nursery areas for
many species (e.g., crustaceans and fish). Nursery
areas are also suitable for the accumulation of heavy
metals in the sediment, which become bioavailable to
living things (Pinheiro et al. 2012) and the people who
consume these organisms.

We have argued toward a new perspective, yet we
are revisiting Carson’s (1962) argument in her seminal
Silent Spring: how can we as humanity be allowed to
poison ourselves? Bioaccumulation and
biomagnification are not new issues in science (e.g.,
Flinders 2006). More than two decades ago, Colborn
et al. (1993) warned of the long-term dangers of a
number of environmental contaminants, including to
heavy metals. They also showed the problems and
difficulties in isolating the causes of environmental
contamination that may have multiple sources in a
world increasingly dependent on chemical by-
products. The multiple causes cannot be used as an
argument towards the lack of concrete evidence of
contamination.  Addressing  the  ecotoxicology
problems of contaminants, such as heavy metals
directly related to mining, industrial, and port activities
is only the beginning of the task to understand and
avold the health risks of historically marginalized and
vulnerable populations often featured in ethnobiology
studies.

The risk of heavy metal contamination in the
food of local communities is a reality. For this reason,
as a new approach to this issue, we suggest a threefold
strategy of investigation. First, researchers must
identify potential sources of contamination (such as
mining and industrial activity in our case) and collect
local ecological knowledge about resource use,
resource contamination, and environmental
contamination. Second, researchers should collect
samples of potentially contaminated resources, which
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may be based on local knowledge, and analyze them
for the degree of contamination. Third, researchers
should correlate local perceptions about health
problems with cross-sectional health data, if available,
to investigate the prevalence of diseases and
symptoms that can be related to environmental
contamination.

The presence of such as fishermen and
indigenous people and local communities in
contaminated areas should be treated as a matter of
food security and public health. The increase in
contaminated areas that overlap with vulnerable
populations is a reality and must be treated efficiently
and with different approaches. For example, Duarte
et al. (2016) combined ecotoxicological studies of
Ucides cordatus and measures of population density,
showing how multi-level biological responses can
reflect the conservation status of mangrove areas with
different degrees of human impacts. Combining
different approaches can help explain the effects of
pollution on human health. Ethnoecological and
ethnobiological studies help in this debate by
highlighting the resoutrces consumed and the places
where they are obtained, as well as perceptions about
symptoms and diseases that may be related to
contamination.
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