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Abstract

Background: Mining activities have environmental impacts due to sediment movement and contamination of
areas and may also pose risks to people’s food security. In Brazil, the majority of coal mining activities are in the
south, in the Santa Catarina carboniferous region. In this region, previously mined areas contaminated with heavy
metals frequently occur nearby inhabited zones. Mining is part of the daily lives of local communities, and its
environmental impacts are visible in the landscape; however, plants with medicinal and food use from these areas
can be still consumed. Heavy metals are contaminants that do not have odor, color, or taste, and are therefore
difficult to detect. We aimed to verify whether people use plants from contaminated mine areas, and understand
which factors can influence the use of these resources, even from areas visibly impacted.

Methods: We conducted 195 semi-structured interviews with residents from 14 areas nearby abandoned mines in
the main municipalities of the Santa Catarina carboniferous region. We asked each interviewee about the length of
time they lived in the region, their perception of the quality of the environment, and what plant species were used
and for what purpose. We constructed generalized multivariate linear models to verify which variables can affect
the group of species mentioned and generalized linear models to verify which variables can affect the total
number of citations. We estimated the frequency of citing species collected using the Smith index.

Results: From all interviewees, 127 (65%) reported collecting plants for medicinal and food use, directly from
contaminated mine areas. Long-term residents, as well as those who noticed more environmental changes (positive
and negative), cited more plants used and had more detailed knowledge of plant use in their communities. When
asked if they were aware of the possible contamination of mined areas, 85% said they knew about it. However,
only 10% associated negative health effects with the use of plant species collected in contaminated mined areas.
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Conclusions: Our study demonstrates that people living nearby contaminated areas use and consume locally
sourced plants, e.g., people know little about the danger of this contamination in their food and the risk of these
contaminants to their health. These results also reveal a lack of information about contamination, as well as a lack
of actions that include local communities in contaminated area restoration strategies. This situation poses a risk to
the food security of the people living nearby former coal mining areas.

Keywords: Ethnoecology, Food security, Coal mining, Local communities

Background

Around the world, contaminated areas have endangered
people’s food security [1-3]. Among the sources of con-
tamination, mining activities, such as coal mining, have
caused public health concerns, due to the release of
heavy metals in the mining process [1, 2, 4]. Although
the impact level of metal toxicity depends on the con-
centration at which it is ingested, chronic exposure to
relatively low levels of heavy metals may also cause ad-
verse effects [5]. Heavy metals can bioaccumulate in the
food chain; therefore, metals in the soil can be accumu-
lated by plants that are consumed by humans, finally ac-
cumulating in humans [5, 6]. The effects of these
elements in human health can be very diverse, depend-
ing on the metal and the exposure. For example, the in-
gestion of cadmium above the WHO-recommended
levels can cause severe damage in the renal system, and
excess of chromium can cause uterine cancer [7, 8].

Local communities are human groups, located in the
same region and time, that develop a cultural identity
and a unique relationship with the environment [9-11].
The interaction of local communities with the environ-
ment is directly related to their culture and the experi-
ences and perceptions of past and present generations
[10], and is reflected in the use of local resources and
dietary habits [12, 13]. The study of heavy metal impacts
on food security of local communities has gained prom-
inence in regions such as China, related to urban growth
in mined areas [1, 14], and northern Europe, related to
increased mining activities and insecticide use in agricul-
ture [15]. In Canada, there has been an increase in heavy
metals in some foods used by indigenous communities
[16]. In Latin America, studies with indigenous peoples
and fishers have observed the presence of heavy metals
in fish and plant resources consumed by local communi-
ties [17-20].

In Brazil, contamination of soil, plant, and fishery re-
sources also poses a health risk to local communities
[21, 22]. Coal mining in Brazil began in the late nine-
teenth century, and today, practically all coal produced
in Brazil is mined in the southern area [23, 24]. Local
communities began to settle in the neighborhoods of
these mining areas since the decade of 1940, most of
them comprised descendants of German, Italian, and

Portuguese immigrants who work in mining [25, 26]. Be-
fore the arrival of European immigrants, the broad re-
gion was inhabited by Guarani and Xokleng
Amerindians, with no other industrial or mining activity
[27]. As a new mineral extraction area was discovered,
the forest cover vegetation was removed and a settle-
ment was developed in the surroundings, to serve the
mining workforce [28]. Along the time, the major settle-
ments gave rise to the urban areas of the region such as
Criciima and Lauro Muller [28]. Today, most inhabi-
tants are descendants from those European immigrants
and from the process of formation of a Brazilian identity
which also mixed other cultures and ethnicities; groups
of Amerindians remain in small groups, most of them
restricted to very few indigenous territories [27]. The
major period of coal mining was between 1975 and
1985, with an increase of these settlements; yet, coal
mining is still one of the main economic activities to-
gether with agriculture [28, 29]. From the decade of
1980 onwards, the number of mining areas increased,
but the number of local communities settled nearby
these areas remain the same [30]. As a result of this his-
toric process, some communities were settled very close
to mines, or even partially on restored mined areas.

It is estimated that in the state of Santa Catarina alone,
there are more than 6500 ha of abandoned areas con-
taminated by heavy metals from coal mining activities
[31]. Due to diminishing profitability in the late twenti-
eth century, some mined areas were abandoned while
local communities developed in these locations. Even
after decades of inactivity, abandoned mine areas are still
contaminated by heavy metals [32] and may pose a risk
to the food security of these communities. Some aban-
doned open-pit coal mines were restored according to
each company’s practices, reconstructing the landscape
and soil to create minimal conditions for vegetation de-
velopment [33]. The restoration process consists basic-
ally of filling the pit with pyrite and covering this layer
with another layer of clay soil, covering this sterile layer
with clayey regolith, and putting back soil, followed by
planting species for soil fixation [34]. However, this res-
toration process is usually deficient, especially due to the
different mining processes employed by mining compan-
ies and the lack of inspection of mined areas by
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responsible authorities, resulting in contamination of the
surface layers of the soil with coal residues [31, 34].
Some plant species can survive and even thrive in these
contaminated sites [35—38] and can be bioindicators of
contamination and useful for bioremediation, if they
have bioaccumulation potential [35, 37]. Some of these
species, however, also have medicinal or food use, and
therefore may pose a risk to human health [39]. Never-
theless, few studies are investigating whether plant re-
sources occurring in areas contaminated by heavy metals
are being used by the local population [40].

People perceive and categorize changes in the land-
scape over time [41, 42]. The perception of changes in
the landscape by local inhabitants (e.g., changes in spe-
cies diversity and richness, and air pollution) assists in
understanding the environmental consequences of im-
pacts such as urbanization, deforestation, and mineral
extraction [43, 44]. Generally, individuals living for lon-
ger and closer to the resources are those who have
greater knowledge and use of the plant resources [42].
Coupled with this, women tend to have greater know-
ledge and use of medicinal plants, as they are usually re-
sponsible for early health care in several local
communities [45-48]. Women are also more vulnerable
to food security issues than men due to gender inequal-
ities. Food security is the term used to define the right
that all people, at all times, should have physical, social,
and economic access to sufficient, safe, and nutritious
food that meets their dietary needs and preferences for
an active and healthy life [49]. Women often live in
more unhealthy or contaminated areas than men, and,
when they receive food from the government, it is of
lower nutritional quality [49].

Considering the growing risk of contamination of plant
resources [13, 18, 50, 51], we aimed to investigate whether
local residents use plants obtained from contaminated
mined areas and to understand which factors are related
to plant use. We hypothesize that (1) the total number of
species cited by interviewees will be affected by their resi-
dence time, sex, locality, perception of landscape change,
and area type (ie., either abandoned or partially restored)
and (2) the group of cited species will be related to inter-
viewees’ residence time, sex, locality and perception of
landscape change, and area type (i.e., either abandoned or
partially restored). We expect that women, older residents,
residents neighboring restored mined areas, and residents
who are unaware of the contamination will use and know
more plant species.

Methods
Study area
The study was conducted in the municipalities of Criciuma,
Forquilhinha, Siderépolis, Treviso, Urussanga, and Lauro
Miiller, in the state of Santa Catarina (Fig. 1), in the main
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coal mining region in southern Brazil. We selected 14
former coal mine areas, according to the following criteria:
areas of at least 1 ha, which were abandoned for at least
30 years, with a history of heavy metal presence [32, 34, 52,
53], and with inhabited zones located at a maximum dis-
tance of 300 m from the deactivated mine areas. Some of
these abandoned mine areas underwent an initial restor-
ation process, which consisted of filling the pit with pyrite
and covering this layer with another layer of clay soil (30—
50 cm) over the disturbed mine soil. The mining communi-
ties in Vila Funil, Rio Carvédo, Barreiros, Guaitd, Cidade
Alta, Vila Visconde, and Séo Sebastido Alto are settled near
abandoned mine areas, and the mining communities of Vila
Sao Jorge, Rio Fiorita, Volta Redonda, Campo Morozini,
Santa Luzia, Santa Augusta, and Séo Sebastido are adjacent
to partially restored mine areas.

Data collection

We conducted semi-structured interviews with residents
of the communities located in inhabited areas near the
mined areas, individually, between February and March
2018 (Table 1). To interview the residents individually
when there was more than one adult at the time of the
interview, we asked only one person to respond, and
when possible, we moved to a more reserved place to
conduct the interview. We visited every house in each
community once and interviewed those who were keen
to participate in the research and who agreed with the
free informed consent terms. One limitation of this
method is that our sampling is possibly skewed for
people who stay in their homes more often, but as we
intended to cover all mining areas in the region, we had
to choose between a broad sampling effort and an in-
depth sampling effort.

Interview questions sought to understand: (1) whether
plant species were collected or planted for consumption
in areas contaminated by coal mining, (2) which were
the main species collected and for what purpose, and (3)
the interviewee’s perceptions of landscape changes and
the impacts of mining. For each interviewee, the follow-
ing variables were recorded: residence time, age, gender,
locality, and their work relationship with the mining
companies. To be sure of where the plant resources were
obtained, the interviewee was asked for each species
cited: whether they were collected from contaminated
areas, collected in other areas, or planted in home gar-
dens or other cultivated areas.

To analyze the perception of landscape changes, the
interviewee was asked if they had observed any changes
at the site since they began living there, and the re-
sponses were categorized a posteriori by the authors as
(1) positive, e.g., positive changes have been observed
over time in the landscape, such as an increase in the
group of cited species; (2) neutral, e.g., no change was



Blanco et al. Journal of Ethnobiology and Ethnomedicine (2020) 16:44 Page 4 of 11

2
Z Lauro Miiller

7 ..
Siderdpolis

Fig. 1 Study area. Each number corresponds to a mining community: 1, Barreiros; 2, Guaitd; 3, Rio Carvao; 4, Volta Redonda; 5, Rio Morozini; 6, Vila
Funil; 8, Vila Sdo Jorge; 9, Rio Fiorita; 10, Santa Luzia; 11, Sdo Sebastido Alto; 12, Santa Augusta; 13, Sdo Sebastido; and 14, Cidade Alta
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observed; and (3) negative, e.g., negative changes have
been observed over time, such as in the group of cited
species (Table 2). According to the interviewees, the
positive aspects were mainly related to the mention of a
good environment to live, with trees, birds, or a calm
and safe place. Regarding the negative perception, the

interviewees used the word “degradation” due to mining,
referring to esthetically ugly places, air pollution, aban-
doned and careless areas, and areas without infrastruc-
ture for leisure, such as parks.

They were also asked if they knew what the landscape
looked like before mining, whether mining impacts have

Table 1 General information of localities, total rural population of each municipality, total number of families per community living
nearby mining areas, and number of interviews

Municipality Total rural population of the municipality Locality No. of families per mining community No. of interviews
Sideropolis 2944 Vila Funil 35 16
Vila Séo Jorge 20 7
Rio Fiorita 36 20
Lauro Muller 3261 Barreiros 27 16
Guaitd 21 19
Criciuma 2678 Santa Luzia 37 8
Vila Visconde 35 11
Séo Sebastido Alto 25 8
Santa Augusta 14 10
Séo Sebastido 25 12
Treviso 1694 Volta Redonda 24 11
Rio Morozini 26 16
Urussanga 8818 Rio Carvao 32 25
Forquilhinha 4122 Cidade Alta 23 16
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Table 2 Summary of the variables raised during the interviews and used in the GLM analysis as tested variables

Variable Explanation

Perception Observing environmental changes where you live.
1 Positive—has observed positive changes over time in the landscape, such as increased plants and animals.
2 Neutral—not observed any change.
3 Negative—has observed negative changes over time in the landscape, such as species loss.

Locality Local community.

Gender Men and woman.

These areas In which mined context the interviewee lives.

Mined and abandoned area: these areas are visibly degraded and with exposed tailings.

Mined and abandoned area partially restored: these are greener areas with soil covered by a layer of clay and grass.

Residence time

How many years have residents lived in this community.

or had a negative impact on the health of residents, and
whether they had been informed (either by public or pri-
vate institutions) about contamination of the mined
areas (the full questionnaire is accessible in Additional
file 1). Whenever possible, we conducted guided tours to
collect botanical samples of the cited species for identifi-
cation (collector numbers GD Blanco 90-120, vouchers
deposited at EAFM herbarium). This project was ap-
proved by the UFSC Human Research Ethics Committee
(80660217.1.0000.0121) and registered at SisGen, the
Brazilian System of Genetic Heritage and Associated
Traditional Knowledge Management (AB9A76B). Prior
to the interviews, the consent of each interviewee was
obtained, and they signed a free informed consent form.

Data analysis

We built multivariate generalized linear models
(GLMmv) to verify which variables could affect the
group of cited species and generalized linear models
(GLM) to verify which variables could affect the total
number of citations. For both analyses, we discarded in-
formation about plant species that were cited as culti-
vated only and used data from the species cited as being
collected from mined areas. The explanatory variables
for both set of models were residence time, gender, type
of abandoned area (i.e., abandoned or partially restored),
and the locality where the interviewee lives. However, lo-
cality and area type were never put together in the
models, as both variables are related to geographic loca-
tion, thus highly correlated. For both models, the Pois-
son distribution family was used. Model selection was
based on the Akaike Information Criterion (AIC) and
validated using graphical residual analysis. For data
visualization, a principal coordinate analysis (PCoA) was
performed. Analyses were performed in the R environ-
ment with packages mvabund [54] for GLMmv, MASS
[55] for GLM, and visreg [56] and vegan [57] for
visualization of effects. The variables tested are listed in
Table 2. For multivariate analysis, singletons (plants

cited only once) and doubletons (plants cited twice)
were removed.

To analyze the importance of the plants mentioned in
the interviews, we used their frequency of citations and
the Smith salience index given by Z(((Li — Rj)/Li)100)/N,
where Li is the size of the free listing, Rj is the position
(order) of the item in a given free list (Li), and N is the
total number of free listings (or the number of inter-
viewees) [50]. We also considered that the first item of a
given list has Rj = 0. This index ranges from 0 to 1; species
with a value equal to or close to 1 are the species with the
highest salience, and species with values close to 0 are the
least salient. After assessing the Smith salience index, we
calculated if the values differed by chance using a Monte
Carlo analysis, following Chaves et al. [58].

Results

We interviewed 195 residents, with an average of 14 res-
idents (+5.4) per locality. The residents’ ages ranged
from 15 to 86 years old, with an average age of 53 years
(£ 17.8). The majority of the residents (115 or 59%) have
lived in the community for more than 20 years (+ 12.1),
and 50 residents (26%) have always lived in the area,
with the rest coming from other parts of the state. How-
ever, no respondents resided in the region before the
coal mining. Among the residents, 130 were women
(68%) and 66 were men (32%). All of the men, and none
of the women, either work or have worked for the min-
ing companies. Collecting or planting species for medi-
cinal and/or food use was cited by 176 residents (90%),
and 127 residents (65%) collected plants directly from
areas contaminated by mining.

All of the 176 planted or collected species were cited
(Additional file 2), of which 83 species (47%) were classi-
fied as collected from the mined areas. From these, 18
(10%) species were obtained exclusively through the col-
lection in the mined areas (Table 3). The main species
obtained exclusively by collecting from mined areas were
Psidium  guajava, Plinia cauliflora, and Eriobotrya
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Table 3 Species cited exclusively as collected by 195 interviewees, number of citations per species, uses, and salience (Smith'’s

index)

Species Smith index Salience p value No. of citations Use
Psidium guajava L. 0.12 0.00 30 F
Plinia cauliflora (DC.) Kausel 0.09 0.00 25 F
Psidium cattleianum Sabine 0.07 0.00 18 F
Morus sp. 0.06 0.00 14 F
Foeniculum vulgare var. azoricum (Mill.) Holub 0.05 0.01 12 M
Chelidonium maijus L. 0.01 0.04 7 M
Bidens pilosa L. 0.01 0.01 6 M
Fragaria vesca L. 0.01 0.02 4 F
Justicia pectoralis Jacq. 0.00 0.00 3 M
Aristolochia esperanzae Kuntze 0.00 0.00 3 M
Achillea millefolium L. 0.00 0.00 3 M
Eriobotrya japonica (Thunb.) Lindl. 0.00 0.00 21 F/M
Equisetum giganteum L. 0.02 0.28 16 M
Fassiflora edulis Sims 0.03 042 12 F
Inga edulis Mart. 0.04 0.16 11 M
Baccharis spp. 0.01 0.08 9 M
Campomanesia xanthocarpa Mart. ex O. Berg 0.01 0.08 6 F
Butia capitata (Mart.) Becc. 0.01 0.06 4 F

F food; M medicinal

japonica. The main botanical families collected were
Asteraceae and Lamiaceae, with 10 species (10%) each,
and Myrtaceae and Fabaceae with 4 species (3.5%) each.
For species collected in mined areas, 78% of residents
cited medicinal uses, and 76% of residents cited food
uses. The main use (54%) for medicinal species was for
the treatment of digestive and infectious problems.

Smith’s salience index for species collected directly from
mined areas varied between 0.12 and 0.01. Species with
the highest salience and with significant results after
Monte Carlo analysis were Psidium guajava, Plinia cauli-
flora, Psidium cattleianum, Morus sp., Foeniculum vulgare
var. azoricum, Chelidonium majus, Bidens pilosa, Fragaria
vesca, Justicia pectoralis, Aristolochia esperanzae, Achillea
millefolium, and Eriobotrya japonica (Table 3).

When questioned whether they were aware of the
presence of contamination in abandoned mine areas,
166 residents (85%) said they were. However, when
asked about harm to the environment or their lives,
only 19 residents (10%) reported some type of phys-
ical discomfort (i.e., stomachache and low blood pres-
sure), when ingesting the species Baccharis spp.,
Plectranthus barbatus, Solanum paniculatum, Arnica
montana, and Achillea millefolium. Regarding harm
to the environment, the interviewees cited atmos-
pheric pollution, due to the excessive dust released in
the region from coal extraction. All residents moved
to the area after the mining activity ended and did

not see what the landscape looked like before mining;
however, 172 residents (88%) said they had observed
changes; 113 residents (58%) reported negative
changes, i.e., forest loss, fewer animals, fewer plants
(this type of response was classified as negative, a
posteriori, by the authors); and 58 residents (30%) re-
ported landscape improvements, i.e., more trees, more
plants, cleaner air (this type of response was classified
as positive, a posteriori, by the authors). Another
issue confirmed by 147 of the residents (75%) was the
lack of information from public agencies and mining
companies, about the environmental impacts that
mining may cause and possible contamination of
plant resources. Duration of residence time, gender,
perceived changes in the landscape (i.e., positive,
neutral, negative), location, and type of abandoned
area (i.e., either abandoned or partially restored) did
not affect the group of species cited by respondents
(Additional file 3).

The same variables were analyzed concerning the
number of species cited. The locality, perception of
changes in the landscape, and duration of residence time
significantly affected the total number of cited species.
The GLM explained 27% of the variation in the total
number of species used (Table 4, Fig. 2), of which local-
ity explained 77%, perception of changes 15%, and resi-
dence time 8%. Longer-term residents and residents,
who cited negative or positive landscape changes, cited
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Mod. Int. Loc Tip Perc. Gend. Time df LogLik AlC Delta Weight
22 2074 + + 0.004711 17 677.842 1389.7 0 0.276
30 2.089 + + + 0.004885 18 677.064 1390.1 044 0.221
6 2231 + + 16 683.686 13994 9.69 0.002
14 2.245 + + + 17 683.281 1400.6 10.88 0.001
18 1.93 + 0.006767 15 693.262 14165 26.84 0

26 1.941 + + 0.006944 16 692.789 14176 27.39 0

2 2.148 + 14 706.557 1441.1 5143 0

10 2.152 + + 15 706.524 1443 53.36 0

31 2206 + + + 0.005626 6 769.991 1552 162.3 0

23 2.19 + + 0.005439 5 771.065 15521 1625 0

29 2.163 + + 0.005814 5 771.186 15524 162.7 0

21 2.145 + 0.005621 4 772312 1552.6 162.9 0

17 2016 0.006696 2 781.196 1566.4 176.7 0

25 2.029 + 0.006896 3 780429 1566.9 1772 0

19 2.045 + 0.006546 3 780473 1566.9 1773 0

27 2057 + + 0.006744 4 779.747 1567.5 1778 0

7 2.366 + + 4 779.804 1567.6 1779 0

15 2.382 + + + 5 779.256 1568.5 1788 0

5 2318 + 3 781.676 1569.4 179.7 0

13 2335 + + 4 781.111 1570.2 180.5 0

3 2.264 + 2 794.521 1593 2034 0

1 2.23 1 796.017 1594 204.4 0

" 2271 + + 794403 1594.8 205.1 0

9 2238 + 2 795.888 15958 206.1 0

Mod. model number, Int. intercept value, Loc. locality, Tip type of area (i.e., either abandoned or partially restored), Perc. perception of landscape changes, Gend.
gender, Time residence time, df degrees of freedom, LogLik likely distribution of observed data, AIC Akaike Information Criterion, Delta difference of each model in

relation to the model selected by AIC, Weight model weight

more species collected than residents who had not ob-
served landscape change over time. The locality also had
a significant effect on the number of citations.

Discussion

Residents living in mining communities near aban-
doned or partially restored coal mine areas are con-
suming plant species from these areas for food and
medicinal purposes, which puts their food security at
risk: almost a half of the plants cited were collected
from mined areas, and 18 species were collected ex-
clusively in these areas. The consumption of species
that occur in mined areas was also reported in other
regions of South America, as well as in the USA,
Europe, India, and China [1, 14, 15, 17, 20, 59]. Some
of these species have been studied for their potential
to bioaccumulate heavy metals, such as Psidium gua-
java, Morus sp., Baccharis crispa, Baccharis saro-
throides, Mentha arvensis, and Cymbopogon flexuosus
which bioaccumulate Al, Fe, Si, S, Ca, and Zn [36-38,

60-62]. Location, duration of residence time, and per-
ception of changes in the landscape were the main
factors linked to citing more species obtained in con-
taminated areas.

Locality was the most important factor influencing
the number of species cited (i.e., 77% of the 27% that
explained the use of plant species from mined areas).
Localities studied here are local communities settled
originally to supply the coal mining economy with la-
borers to work in coal mines [23]. Over time, these
mining communities developed bonds with their en-
vironment, learning about the plant resources avail-
able in each place, a behavior co-evolving with the
available plant resources and influenced by expertise,
and direct and continuous observation of the environ-
ment [63, 64]. This behavior is also influenced by
transformations in the social and cultural structures,
policy systems, and spiritual beliefs [63, 64]. Even
though these environments present a low plant diver-
sity [65], the mining communities adapted to use the
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Fig. 2 Graphical representation of the explanatory variables of the selected GLM model in relation to the number of species citations according
to locality (1 to 14), residence time, and perception of landscape changes (i.e, 1, positive; 2, neutral; and 3, negative)

available resources for their medicine and food
purposes.

Besides, locality influenced species cited by the com-
munities. This may be due to the high cultural diversity
of people, including indigenous peoples such as Guarani
and recent German and Italian immigrants [66, 67].
Santa Catarina, and other areas in the south and south-
east of Brazil, is culturally heterogeneous, which may
affect plant knowledge and use. The influence of differ-
ent cultures and the mixture of knowledge are combined
and integrated into the most recent generations [68].
This cultural influence may have a greater weight than,
for example, the resource availability itself in the envir-
onment [68, 69]. The longer the time a person had re-
sided in the area correlated with more species cited:
older residents use a greater wealth of plant species, col-
lected or planted, and they also perceive more changes
in the landscape, both due to the length of time of living
and learning in these environments [42, 64].

Residents who observed changes in the landscape,
both positive and negative, cited more species than those
who did not notice changes. Even when residents noted
that there was a decrease in plant resources and negative
landscape changes in areas contaminated by coal mining,
they cited the use of plants collected in these areas for
their food and medication. However, we emphasize that
since the categorization as “positive,” “neutral,” or “nega-
tive” was made a posteriori by the authors, these results
reveal a broad and simplified view of what is considered
as a perception of improvement (i.e., positive) or loss
(i.e., negative) in the environment. Similar observations
are reported by Silvano and Begossi [22], who found that
although fishermen knew about mercury contamination
in fishery resources, they continued to consume this re-
source. As well as some residents noticing negative

changes in the environment due to mining, 85% of resi-
dents said they know about the contamination of the
mined areas; however, they still collect and use plant
species from these areas. This apparent paradox may be
due to contaminants such as heavy metals being invisible
or due to psychological barriers [70, 71].

Invisible contaminants are those that cannot be detected
by human sensory abilities, i.e., cannot be seen and do not
exude odor, taste, or sound [70]. Since they are not per-
ceived, these contaminants can be unwittingly consumed
and, in the case of heavy metals, for example, can impact
human health causing neurological damages and meta-
bolic disorders [39, 70, 72]. Psychological barriers, on the
other hand, are when people are aware of the environ-
mental impacts but do not act emphatically against them
[71, 73]. People tend to think of environmental impacts as
futuristic and distant from their reality, associated with
governments failing to present more effective strategies in-
volving local people, and within a framework of contem-
porary cultural and social issues [71, 74]. The social
understanding of risk, such as food security risk, is built
on views and beliefs associated with the social and cultural
forces of each society or community [75]. The construc-
tion of this perception goes through a comparison stage.
For a mining community to perceive the risk to their own
food security, it needs to see that a similar situation was
identified as a risk, in another community that is cultur-
ally, socially, and historically similar to its own [75, 76].

No significant differences were observed in the group
of species cited, and this can be due to the low diversity
of plants available in mined areas. Few species can sur-
vive and develop in environments impacted by heavy
metals [77]. The mining activity tends to result in more
homogeneous environments, affecting the microbial and
fungal diversity in the soil thereby affecting plant
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diversity [77, 78], revealing the threat to the biodiversity
of these environments.

We did not find a difference between species cited
by women and men. This homogeneous distribution
of knowledge across genders was also observed in
other studies [45, 47]. This may be related to the dif-
ferent social roles of each gender: men are the ones
who work or worked in the mining areas, contribut-
ing to their knowledge of the plants that occur there.
Even though women usually provide initial health
care in communities and therefore have greater medi-
cinal plant knowledge, in these localities, men have a
greater knowledge of the mined areas and of species
found there, which seems to balance the knowledge
of plant uses [47, 48].

The use of plant species from areas contaminated by
coal mining has also been observed in local communities
in Europe, where these communities are among the
most vulnerable to, and affected by, contamination of
food resources [79]. Bolivia and other Latin American
countries have warned of the risk to the food security of
local communities near mined areas, primarily the con-
sumption of fishery resources [19]. In China, foods that
form the staple diet of local communities living near
former coal mines (e.g., Oryza spp. and Camellia sinen-
sis) are contaminated with heavy metals [80-83]. In
Canada and the USA, rural and indigenous communities
are twice as vulnerable to contamination of their food
resources compared to the national average [84]. These
communities have greater exposure to, and are in direct
contact with, contaminating sources [13, 84], a situation
similar to that faced by mining communities in southern
Brazil.

The lack of food security due to the consumption
of contaminated fishing resources has been reported
in local fishing and river communities from the south,
southeast, and northeast coasts of Brazil, as well as by
indigenous Amazon communities [13, 22, 85]. In re-
cent decades, the global return of incentives for coal
extraction has raised concerns about the food security
of local communities [32]. Coal is currently respon-
sible for providing 29.6% of global energy needs and
about 42% of all global electricity [32, 86]. The resur-
gence of coal mining may increase the contamination
of areas previously mined for coal and add to the
number of areas impacted by heavy metal contamin-
ation. In the far south of Brazil, children living in
coal mined areas are at high risk of exposure leading
to possible heavy metal poisoning [87]. For this rea-
son, research that identifies whether there is use, and
which species are being used for medicinal and food
consumption in mined areas, is important to develop
strategies aimed at guaranteeing the food security of
mining communities.
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Conclusion

Traditional and local knowledge are important tools for
identifying and locating areas and resources that can
pose a risk to the food security of mining communities.
Consumption of plant species collected from abandoned
mine sites in southern Brazil, coupled with a lack of in-
formation, is a reality and a concern. Plant species that
can potentially bioaccumulate do occur in these areas
and are being used locally as food or therapeutic re-
sources. This situation is aggravated by the fact that sev-
eral contaminants from mining are invisible and because
of psychological barriers to recognizing the risks related
to the contamination of the environment. Given this sce-
nario, it is necessary and urgent to inform the popula-
tion about the risk of invisible contaminants to reduce
their vulnerability to food insecurity, combined with
studies that quantify the extent of heavy metal contam-
ination in plant resources resulting from mining activity.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/513002-020-00398-w.

Additional file 1. Model of the applied interview [interviewer’s
orientations between brackets].

Additional file 2. List of species cited as used by residents. C: Collected,
P: Planted.

Additional file 3. PCoA showing that there was no difference in the set
of species collected from mined areas between mining communities,
perceptions of landscape changes (i.e. positive, neutral and negative),
types of abandoned areas (i.e. either abandoned or partially restored) and
gender (i.e. men and women).

Acknowledgements

We thank E. R. Nicoleite, V.C. Zanette, and R. Santos (UNESC) for their
technical and logistical assistance. H. Souza, M. N. F. Cabral, and F. Moraes
helped in data collection.

Authors’ contributions

All authors contributed substantively to the research. GDB and NH designed
the research project. GDB, RBS, EB, and PFC collected the samples and
performed the sample analyses. GDB, RBS, PFC, MLC, and NH wrote the
manuscript. The authors read and approved the final manuscript.

Funding

This study was funded in part by the Higher Education Personnel
Improvement Coordination - Brazil (CAPES) - Finance Code 001, and through
PROCAD Project coordinated by L.C. Ming, and GDB doctoral grant. Thanks
to CNPq for EB undergrad grant and NH research productivity scholarship
(309613/2015-9).

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate

To carry out the present research, the necessary authorizations were
obtained with CEPSH (Ethics Committee on Research with Human Beings of
Universidade Federal de Santa Catarina, processes number
80660217.1.0000.0121). All interviewees signed a free informed consent term.

Consent for publication
Not applicable.


https://doi.org/10.1186/s13002-020-00398-w
https://doi.org/10.1186/s13002-020-00398-w

Blanco et al. Journal of Ethnobiology and Ethnomedicine (2020) 16:44

Competing interests
The authors declare that they have no competing interests.

Author details

'Laboratdrio de Ecologia Humana e Etnobotanica, Departamento de
Ecologia e Zoologia, Universidade Federal de Santa Catarina, Floriandpolis,
Santa Catarina, Brazil. Herbério Padre Dr. Raulino Reitz (CRI), Universidade do
Extremo Sul Catarinense, Cricidima, Santa Catarina, Brazil. *Laboratério de
Andlises Quimicas do Solo e Calcério, Departamento de Solos e Recursos
Naturais, Universidade do Estado de Santa Catarina, Lages, Santa Catarina,
Brazil.

Received: 21 April 2020 Accepted: 1 August 2020
Published online: 14 August 2020

References

1. GuanY, Chu C, Shao C, Ju M, Dai E. Study of integrated risk regionalisation
method for soil contamination in industrial and mining area. Ecol Indic.
2017;83:260-70.

2. Ranjan R. Assessing the impact of mining on deforestation in India. Resour
Policy. 2019;60:23-35.

3. Alves RRN, Rosa IML. Biodiversity, traditional medicine and public health:
where do they meet? J Ethnobiol Ethnomed. 2007;3.

4. Tozsin G. Hazardous elements in soil and coal from the Oltu coal mine
district. Turkey Int J Coal Geol. 2014;131:1-6.

5. Brevik EC, Burgess LC. Soils and human health. Soils Hum Heal. 2012:1-403.

6. Kim KH, Kabir E, Jahan SA. A review on the distribution of Hg in the
environment and its human health impacts. J Hazard Mater. 2016;306:
376-85.

7. Staessen JA, Amery A, Lauwerys RR, Roels HA, Ide G, Vyncke G. Renal
function and historical environmental cadmium pollution from zinc
smelters. Lancet. 1994;343:1523-7.

8. Achmad RT, Budiawan AEl. Effects of chromium on human body. Annu Res
Rev Biol. 2017.

9. Brandéo CR, Borges MC. O lugar da vida - Comunidade e Comunidade
Tradicional / El lugar de la vida - Comunidad y Comunidad Tradicional.
Campo - Territ Rev Geogr Agraria. 2014;9:1-23.

10. Bordeleau S, Asselin H, Mazerolle MJ, Imbeau L. “Is it still safe to eat
traditional food?" Addressing traditional food safety concerns in aboriginal
communities. Sci Total Environ. 2016;565:529-38.

11, Phungpracha E, Kansuntisukmongkon K, Panya O. Traditional ecological
knowledge in Thailand: mechanisms and contributions to food security.
Kasetsart J Soc Sci. 2016;37:82-7.

12. Conti IL, Coelho-de-Souza G. Povos E Comunidades Tradicionais: a Producéo
De Politicas Publicas De Seguranga Alimentar E Nutricional. Amaz - Rev
Antropol. 2014;5:780.

13. Briones Alonso E, Cockx L, Swinnen J. Culture and food security. Glob Food
Sec. 2018,17:113-27.

14. Wu Q, Xing LT, Ye CH, Liu YZ. The influences of coal mining on the large
karst springs in North China. Environ Earth Sci. 2011,64:1513-23.

15. Téth G, Hermann T, Da Silva MR, Montanarella L. Heavy metals in
agricultural soils of the European Union with implications for food safety.
Environ Int. 2016;88:299-309.

16. Chan HM, Receveur O. Mercury in the traditional diet of indigenous peoples
in Canada. Environ Pollut. 2000;110:1-2.

17. Chdvez A, Munoz M. Food security in Latin America. Food Nutr Bull. 2002;
23:349-50.

18. Xing Y, Peng H, Gao L, Luo A, Yang X. A Compound containing substituted
indole ligand from a hyperaccumulator Sedum alfredii Hance under Zn
exposure. Int J Phytoremediation. 2013.

19. Miller JR, Villarroel LF. Bolivia: Mining, river contamination, and human
health. Encycl Environ Heal. 2011:421-41.

20. Parraguez-Vergara E, Contreras B, Clavijo N, Villegas V, Paucar N, Ther F. Does
indigenous and campesino traditional agriculture have anything to contribute
to food sovereignty in Latin America? Evidence from Chile, Peru, Ecuador,
Colombia, Guatemala and Mexico. Int J Agric Sustain. 2018;16:326-41.

21. Caldas ED, Machado LL. Cadmium, mercury and lead in medicinal herbs in
Brazil. Food Chem Toxicol. 2004;42:599-603.

22. Silvano RAM, Begossi A. From ethnobiology to ecotoxicology: fishers'
knowledge on trophic levels as indicator of bioaccumulation in tropical
marine and freshwater fishes. Ecosystems. 2016;19:1310-24.

23.

24

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

45.

46.

47.

Page 10 of 11

Belloni M, Quadros J, Guidi A. Histria do carvéo de Santa Catarina. 1%
Belloni M, Quadros J, Guidi A, editors. Imprensa Oficial do Estado de Santa
Catarina: Criciima; 2002.

Paulo J, Silva S. Impactos ambientais causados por mineragao. Rev Espaco
da Sofhia. 2007;8:1-13.

Klanovicz J. Minas de carvao: trabalho também de mulheres. Rev Estud Fem.
2004;12:247-50.

Corréa PF, De Sa G, Elias GA, Rocha-nicoleite E, Santos R. Mineragdo de
carvao no Brasil: uma anélise. V Congresso Brasileiro de Carvao Mineral
2016;5:1-8.

Zanelatto J, Jung G, Ozério R. Indios e brancos no processo colonizador do
Sul Catarinense na obra “Histérias do Grande Ararangud’, de Jodo Leonir
dall’Alba. Rev Historia Comp. 2015,9:174-202.

Sizenando JW. Mineragao e espacialidade socioambiental: Exploracao
Carbonifera e ocupacdo territorial em Criciima. Santa Catarina. 2011;73.
Pamplona M, Trindade LC. Espacos livres de Cricitima-sc como reflexos da
minerago. X Coléquio QUAPA-SEL 2015.

Ruiz MS, Roic E. Conflitos Socioambientais Relacionados aos Impactos do
Uso e Ocupacao do Solo pela Mineragdo Subterrdnea de Carvdo em
Criciima - SC. Encontro da ANPAD - EnANPAD 2014;1-16.

Rocha-Nicoleite E, Overbeck GE, Miller SC. Degradation by coal mining
should be priority in restoration planning. Perspect Ecol Conserv Associagdo
Brasileira de Ciéncia Ecoldgica e Conservagao; 2017;15:202-5.

Schlickmann MB, Dreyer JBB, Spiazzi FR, Vieira FS, Nascimento B, Nicoleite
ER, Kanieski MR, Duarte E, Schneider CR, Aguiar JT. Impact assessment from
coal mining area in southern Brazil. J Agric Sci. 2018;10:426.

Rocha-Nicoleite E, Campos ML, Colombo GT, Overbeck GE, Miller SC. Forest
restoration after severe degradation by coal mining: lessons from the first
years of monitoring. Rev Bras Bot. 2018;41:653-64.

Campos ML, Almeida JA, Souza LS. Avaliagdo de trés areas de solo
construido apds mineragao de carvao a céu aberto em Lauro Miller, Santa
Catarina. Rev Bras Ciéncia do Solo. 2003;27:1123-37.

Haque N, Peralta-Videa JR, Jones GL, Gill TE, Gardea-Torresdey JL. Screening
the phytoremediation potential of desert broom (Baccharis sarothroides
Gray) growing on mine tailings in Arizona, USA. Environ Pollut. 2008;153:
362-8.

Menezes APS, Da Silva J, Rossato RR, Santos MS, Decker N, Da Silva FR, et al.
Genotoxic and biochemical changes in Baccharis trimera induced by coal
contamination. Ecotoxicol Environ Saf. 2015;114:9-16.

Manikandan R, Sahi SV, Venkatachalam P. Impact assessment of mercury
accumulation and biochemical and molecular response of Mentha arvensis:
a potential hyperaccumulator plant. Sci World J. 2015;,2015:1-10.

Gautam M, Pandey D, Agrawal M. Phytoremediation of metals using
lemongrass (Cymbopogon citratus (D.C.) Stapf) grown under different levels
of red mud in soil amended with biowastes. Int J Phytoremediation. 2017;
19:555-62.

Arcuri ASA, Pontes JM. Ensaios Sobre Poluicdo E Doencas No Brasil. 1% Hess
S, editor. Séo Paulo: Outras Expressdes; 2018.

Esquivel-Muelbert A, Baker TR, Dexter KG, Lewis SL, ter Steege H, Lopez-
Gonzalez G, et al. Seasonal drought limits tree species across the neotropics.
Ecography (Cop). 2017;40:618-29.

Avellar C, Paulino U. Local perceptions towards biological conservation in
the community of vila velha, Pernambuco. Brazil Interciencia. 2005;30:460-5.
Gaoue OG, Coe MA, Bond M, Hart G, Seyler BC, McMillen H. Theories and
Major Hypotheses in Ethnobotany. Econ Bot. 2017;71:269-87.

de Almeida GMA, Ramos MA, Aratjo EL, Baldauf C, Albuquerque UP. Human
perceptions of landscape change: the case of a monodominant forest of
Attalea speciosa Mart ex. Spreng (Northeast Brazil). Ambio. 2016;45:458-67.
Celentano D, Rousseau GX, Engel VL, Faganha CL, De Oliveira EM, De Moura
EG. Perceptions of environmental change and use of traditional knowledge to
plan riparian forest restoration with relocated communities in Alcantara,
Eastern Amazon. J Ethnobiol Ethnomed. 2014;10:11.

Figueiredo GM, Leitao-Filho HF, Begossi A. Ethnobotany of Atlantic Forest
coastal communities: diversity of plant uses in Gamboa (Itacurugd island,
Brazil). Hum Ecol. 1993;21:419-30.

Teklehaymanot T, Giday M, Medhin G, Mekonnen Y. Knowledge and use of
medicinal plants by people around Debre Libanos monastery in Ethiopia. J
Ethnopharmacol. 2007;111:271-83.

Voeks RA. Are women reservoirs of traditional plant knowledge? Gender,
ethnobotany and globalization in northeast Brazil. Singap J Trop Geogr.
2007,28:7-20.



Blanco et al. Journal of Ethnobiology and Ethnomedicine

48.

49.

50.

51.

52.

53.

54.

55.
56.
57.
58.
59.
60.

61.

62.

63.

64.

65.

66.
67.

68.

69.

70.

71.

72.

73.

De Albuquerque UP, Soldati GT, Sieber SS, Ramos MA, De Sé& JC, De
Souza LC. The use of plants in the medical system of the Fulni-6
people (NE Brazil): a perspective on age and gender. J Ethnopharmacol.
2011;133:866-73.

Vannella L, Lahner E, Osborn J, Bordi C, Miglione M, Delle Fave G, et al. Risk
factors for progression to gastric neoplastic lesions in patients with atrophic
gastritis. 1°. Aliment. Pharmacol. Ther. 2010.

Ashraf S, Ali Q, Zahir ZA, Ashraf S, Asghar HN. Phytoremediation:
environmentally sustainable way for reclamation of heavy metal polluted
soils. Ecotoxicol Environ Saf. 2019;174:714-27.

Rai PK, Lee SS, Zhang M, Tsang YF, Kim KH. Heavy metals in food crops:
health risks, fate, mechanisms, and management. Environ Int. 2019;125:365-
85.

Barnes TJ. Geographical intelligence: American geographers and research
and analysis in the Office of Strategic Services 1941-1945. J Hist Geogr.
2006;32:149-68.

Hugen C, Miquelluti DJ, Campos ML, de Almeida JA, Ferreira ERNC, Pozzan
M. Cu and Zn contents in soil profiles of different lithologies in Santa
Catarina. Rev Bras Eng Agric e Ambient 2013;622-628.

Wang Y, Naumann U, Wright ST, Warton DI. Mvabund- an R package for
model-based analysis of multivariate abundance data. Methods Ecol Evol.
2012;3:471-4.

Brian A, Venables B, Bates DM, Firth D, Ripley MB Package’ MASS' 1°. 2019.
Breheny AP, Burchett W, Breheny MP Package' visreg' 2°. 2018.

Taylor RAJ, Digby PGN, Kempton RA. Multivariate analysis of ecological
communities. J Anim Ecol. 1987;56:1083.

Chaves L da S, do Nascimento ALB, Albuquerque UP. What matters in free
listing? A probabilistic interpretation of the salience index. Acta Bot Brasilica.
2019;33:360-9.

Kaushik A, Kansal A, Santosh M, Kumari S, Kaushik CP. Heavy metal
contamination of river Yamuna, Haryana, India: assessment by metal
enrichment factor of the sediments. J Hazard Mater. 2009;164:265-70.

Oti WO. Bioaccumulation factors and pollution indices of heavy metals in
selected fruits and vegetables from a derelict mine and their associated
health implications. Int J Environ Sustain. 2015/4.

Kanwal F, Rehman R, Warraich HA. Synthesis of novel polyaniline
composites with Eriobotrya japonica leaves for removal of methyl red dye
from wastewater. Bulg Chem Commun. 2019;51:586-91.

Randjelovic S, Kostic D, Arsic B, Stojanovic G. Bioaccumulation of metals in
different species of mulberry. Savrem Tehnol. 2014;3:105-10.

Mazzocchi F. Western science and traditional knowledge: Despite their
variations, different forms of knowledge can learn from each other. EMBO
Rep European Molecular Biology Organization. 2006;7:463-6.

Kohsaka R, Rogel M. Traditional and local knowledge for sustainable
development: empowering the indigenous and local communities of the
world 2019;1-13.

Klein AS, Citadini-Zanette V, Lopes RP, dos Santos R. Regeneragéo natural
em érea degradada pela mineracéo de carvao em Santa Catarina, Brasil. Rev
Esc Minas. 2009;62:297-304.

Seyferth G. The diverse understandings of foreign migration to the south of
Brazil (1818-1950). Vibrant Virtual Brazilian Anthropol. 2013;10:118-62.
Corréa J. Atividade Minerdria no Sul de Santa Catarina: Impactos Ambientais
Decorrentes da Exploracéo do Carvao; 1934.

Abreu DBDO, Santoro FR, De AUP, Ladio AH, De MPM. Medicinal plant
knowledge in a context of cultural pluralism: a case study in northeastern
Brazil. J Ethnopharmacol. 2015;175:124-30.

Menendez-Baceta G, Aceituno-Mata L, Reyes-Garcia V, Tardio J, Salpeteur M,
Pardo-De-Santayana M. The importance of cultural factors in the
distribution of medicinal plant knowledge: a case study in four Basque
regions. J Ethnopharmacol. 2015;161:116-27.

Vyner HW. The psychological dimensions of health care for patients
exposed to radiation and the other invisible environmental contaminants.
Soc Sci Med. 1988,27:1097-103.

Tam KP, Chan HW. Environmental concern has a weaker association with
pro-environmental behavior in some societies than others: a cross-cultural
psychology perspective. J Environ Psychol. 2017;53:213-23.

Donaldson SG, Van Oostdam J, Tikhonov C, Feeley M, Armstrong B, Ayotte
P, et al. Environmental contaminants and human health in the Canadian
Arctic. Sci Total Environ. 2010,408:5165-234.

Franzen A, Vogl D. Two decades of measuring environmental attitudes: a
comparative analysis of 33 countries. Glob Environ Chang. 2013;23:1001-8.

(2020) 16:44

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Page 11 of 11

Gifford R. The dragons of inaction: psychological barriers that limit climate
change mitigation and adaptation. Am Psychol. 2011,66:290-302.

Carvalho SW, Block LG, Sivaramakrishnan S, Manchanda RV, Mitakakis C. Risk
perception and risk avoidance: the role of cultural identity and personal
relevance. Int J Res Mark. 2008;25:319-26.

Janmaimool P, Watanabe T. Evaluating determinants of environmental risk
perception for risk management in contaminated sites. Int J Environ Res
Public Health. 2014;11:6291-313.

Payette S, Delwaide A. Shift of conifer boreal forest to Lichen-Heath Parkland
caused by successive stand disturbances. Ecosystems. 2003;6:540-50.

de QPD, Zhalnina K, Davis-Richardson AG, Drew JC, Menezes FB, Camargo
FA, Triplett EW. Coal mining practices reduce the microbial biomass,
richness and diversity of soil. Appl Soil Ecol. 2016;98:195-203.

Borch A, Kjeernes U. Food security and food insecurity in Europe: an analysis
of the academic discourse (1975-2013). Appetite. 2016;103:137-47.

Huang SH, Li Q, Yang Y, Yuan CY, Ouyang K, Wang B, et al. Accumulation
characteristics and chemical speciation of Cd, Zn and Pb in soils impacted
by a Pb-Zn mining area. Kem u Ind Chem Chem Eng. 2017,66:53-8.

Mahar A, Wang P, Ali A, Awasthi MK, Lahori AH, Wang Q, et al. Challenges
and opportunities in the phytoremediation of heavy metals contaminated
soils: a review. Ecotoxicol Environ Saf. 2016;126:111-21.

Huang Y, Chen Q, Deng M, Japenga J, Li T, Yang X, He Z. Heavy metal
pollution and health risk assessment of agricultural soils in a typical peri-
urban area in southeast China. J Environ Manag. 2018;207:159-68.

Dong J, Yu M, Bian Z, Zhao Y, Cheng W. The safety study of heavy metal
pollution in wheat planted in reclaimed soil of mining areas in Xuzhou,
China. Environ Earth Sci. 2012,66:673-82.

Loring PA, Whitely C. Food security and food system sustainability in North
America. Encycl. Food Secur. Sustain. 2018.

Kuhnlein HV, Chan HM. Environment and contaminants in traditional food
systems of northern indigenous peoples. Annu Rev Nutr. 2000,20:595-626.
Silva LFO, Querol X, da Boit KM, de VSFO, Madariaga JM. Brazilian coal
mining residues and sulphide oxidation by Fenton’s reaction: an accelerated
weathering procedure to evaluate possible environmental impact. J Hazard
Mater. 2011;186:516-25.

Santos M, Soares MCF, Baisch PRM, Baisch PRM. Baisch ALM Silva Junior
FMR. Biomonitoring of trace elements in urine samples of children from a
coal-mining region. Chemosphere. 2018;197:622-6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study area
	Data collection
	Data analysis

	Results
	Discussion
	Conclusion
	Supplementary information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

