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Abstract In recent years, the number of cases of heavy metal
contamination has increased worldwide, leading to reports on
environmental pollution and human health problems.
Phytoremediation can be potentially used to remove heavy
metal from contaminated sites. This study determined heavy
metal concentrations in the biomass of plant species growing
on a multi-metal-contaminated site. Seven plant species and
associated rhizospheric soil were collected and analyzed for
heavy metal concentrations. While plant Cu, Zn, Cd, Ni, Pb,
As, and Ba concentrations ranged from 8.8 to 21.1, 56.4 to
514.3, 0.24 to 2.14, 1.56 to 2.76, 67.8 to 188.2, 0.06 to 1.21,
and 0.05 to 0.62 mg kg−1, respectively, none of the plants was
identified as hyperaccumulators. Those in the rhizospheric
soil ranged from 10.5 to 49.1, 86.2 to 590.9, 0.32 to 2.0, 3.6
to 8.2, 19.1 to 232.5, 2.0 to 35.6, and 85.8 to 170.3 mg kg−1,
respectively. However, Zn, Cd, Pb, and As concentrations in
the soil outside the rhizosphere zone were 499.0, 2.0, 631.0,
and 48.0 mg kg−1, respectively. Senecio brasiliensiswas most
effective in translocating Cu, Cd, and Ba. The most effective
plant for translocating Zn and Pb was Baccharis trimera and,
for element As, Dicranopteris nervosa and Hyptis brevipes.
Heavy metal and metalloid levels in spontaneous plants
greatly exceeded the upper limits for terrestrial plants growing
in uncontaminated soil, demonstrating the higher uptake of

heavy metal from soil by these plants. It is concluded
that naturally occurring species have a potential for
phytoremediation programs.
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Introduction

In recent years, cases involving heavy metal contamination
have increased worldwide causing more environmental pollu-
tion and human health problems (Govindasamy et al. 2011;
Gall et al. 2015). However, in response to these problems,
over the last few years, many studies have been performed
to find plant species that can accumulate these elements in
root and shoot tissues as a low-cost strategy to remediate these
areas (Davari et al. 2015; Grison et al. 2015; Ma et al. 2015;
Santos et al. 2014; Vamerali et al. 2015).

It is thus necessary to clean up metal-contaminated soils in
order to minimize their impact on ecosystems and risks to
human health (Ali et al. 2013; Gall et al. 2015). This is a
challenging job with respect to cost and technical complexity
(Barceló and Poschenrieder 2003; Gall et al. 2015). According
to Ali et al. (2013), high cost, labor-intensive, irreversible
changes in soil properties and disturbance of native soil mi-
croflora are a few of the characteristics of physical and chem-
ical methods that limit their use. Chemical methods can also
create secondary pollution problems.

Research is needed to develop a cost-effective, highly effi-
cient, and environmentally friendly remediation method for
the decontamination of heavy metal-polluted soils and water.
One such novel approach is phytoremediation, which is con-
sidered a green alternative solution to the problem of heavy
metal pollution (Ali et al. 2013).
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The accumulation of heavy metals in the shoots was de-
scribed by Baker (1981), as a strategy to enable them to tol-
erate large amounts of these elements present in the root en-
vironment. Phytoremediation is the use of plants to remove
pollutants from the environment or to render them harmless.
The phytoremediation of toxic metals can be of great value
due to the lack of affordable and effective alternative technol-
ogies. While organic molecules can be degraded by bioreme-
diation, microbial toxic metals can be remedied only by
collecting small amounts of metals dispersed into soil or water
and thus removing them from the environment. This technol-
ogy can provide an economically viable solution for the
remediation of contaminated sites by heavy metals
(Tangahu et al. 2011).

This technology, applied to the soil, removes, immobilizes,
or renders harmless the contaminants present in the ecosystem
(Tang et al. 2012). Moreover, the success of metal
phytoremediation depends on the plant’s ability to tolerate
and accumulate high metal concentrations, while obtaining a
large biomass (Nascimento and Xing 2006; Davari et al.
2015). The plant’s ability to accumulate and tolerate high con-
centrations of heavy metals in the biomass is known as
hyperaccumulation (Baker and Whiting 2002). These plants
can accumulate concentrations of cobalt (Co), copper (Cu),
chromium (Cr), lead (Pb), and nickel (Ni) in the tissue up to
0.1 % of dry mass, while zinc (Zn) or manganese (Mn)
reaches up to 1 % and is useful in phytoremediation (Glick
2010; Jiménez et al. 2011; Kumari and Singh 2011).

Phytoextraction involves the removal of heavy metals from
soil by hyperaccumulation, and phytostabilization immobi-
lizes and/or detoxifies metals in soil, changing their state of
oxidation (Andrade et al. 2007). Despite the various species of
hyperaccumulators discovered and described in recent years, a
major factor must be considered in applying this technology,
which is the use of species adapted to specific environmental
conditions of the area to be remedied (Bidar et al. 2007).
However, the bioavailability of heavy metals in soil depends
on the physical and chemical characteristics, especially the
pH, the nature of the sorbent, the presence, and concentration
of organic and inorganic ligands, including humic and fulvic
acids, exudates, microbial metabolites, and nutrients (Violante
et al. 2010). It is thus necessary to research both tolerant plant
species and characteristics at the local level (Jiménez et al.
2011; Hao and Jiang 2015).

The chance of finding plants with a potential for heavy
metal phytoaccumulation at a contaminated site is higher than
at non-contaminated sites. From this perspective, studies
worldwide have increased the search for plants with this ca-
pacity for specific contaminants in these contaminated areas.

This study aims to determine heavy metal concentrations in
the biomass of species growing on a multi-metal-
contaminated site of gold ore processing, to determine the
metal translocation factor and bioconcentration factor of

native species, to identify metal hyperaccumulators, and to
provide insight for using native plants to remediate multi-
metal-contaminated sites.

Material and methods

Site characterization

The soil, rhizospheric soil, and plants used in this study were
collected at a known metal-contaminated site (30° 81′ 58″ S,
53° 92′ 05″W) located near of the town of Lavras do Sul in the
Southeast Region of Rio Grande do Sul State in Brazil
(Fig. 1). The site area is 10,000 m2 and is surrounded by
savanna vegetation with small ligneous trees and grasses that
are predominant on the site, which is currently used as cattle
pasture. The elevated metal concentrations at the depth of 0–
20 cm on the site historically resulted from intensified gold ore
processing from the 1960s to the 1980s. One hypothesis for
contamination is that ore processed in the gold extractionmills
had elevated levels of heavy metals (e.g., Galena, PbS), which
resulted in contamination in the vicinity of the mills.

Soil and plant sample collection

The soils of the areas studied were classified as Entisol
Orthent (SSS 2010). The soil samples were collected at a
depth of 0–20 cm at previously determined points, in order
to form a systematic Bsquare mesh^ distribution to character-
ize metal distribution on the site. The organic material at the
surface had been removed before soil sample collections. Soil
sample collections were based on eight points around a central
point (simple samples) to form a composite sample, totalizing
12 composite soil samples. Plant samples were collected
based on their coverage as well as plant health at each sam-
pling point. Three plant samples were collected around sam-
pling point number one and a total of 36 plant samples of
seven species. Plant samples were separated into shoots
and roots.

The rhizospheric soil samples were collected after stirring
plant roots to remove the adhering soil, and a soil sample was
collected outside the plant root zone. Soil samples were im-
mediately stored in polystyrene boxes and maintained at a
temperature of around 4±2 °C.

Soil and plant sample preparation and chemical analysis

The rhizospheric soil samples were air-dried at room temper-
ature and then sieved through a 2-mm stainless steel sieve.
Soil pH was measured in water at a 1:2.5 soil/water ratio
according to Tedesco et al. (1995). Water-soluble metal con-
centrations were found by a methodology described in Yoon
et al. (2006) with adaptations. Avolume of 25 ml of deionized
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distilled water was mixed with 2 g of soil and shaken for 12 h.
The mixture was then centrifuged for 15min at 3500 rpm. The
supernatant was filtered by quantitative paper filter and then
analyzed by inductively coupled plasma optical emission
spectrometry (ICP-OES) (PerkinElmer Optima 7000 DV,
PerkinElmer Corp, Norwalk, CT). For heavy metal analysis,
soil samples were digested according to the EPA 3050b
method (USEPA 1998) and extracts analyzed by ICP-
OES (PerkinElmer Optima 7000 DV, PerkinElmer Corp,
Norwalk, CT).

A few selected characteristics of the soil samples collected
from non-contaminated and contaminated sites are shown in
Table 1.

The shoot samples were washed gently with deionized dis-
tilled water, and root samples were immersed in a solution of
HCl 0.1 mol L−1 to remove metallic ions adhering to the root
surface and then washed with deionized distilled water.

The shoot and root samples were placed in an oven
with forced air at 65±3 °C, where they remained for
72 h until constant weight was reached. The plant sam-
ples were ground using a Wiley Mill and then digested
by nitro-perchloric acid solution (Tedesco et al. 1995).

The extracts were analyzed by ICP-OES (PerkinElmer
Optima 7000 DV, PerkinElmer Corp, Norwalk, CT).

Phytoextraction efficiency

The efficiency of phytoextraction can be quantified by calcu-
lating the bioconcentration factor (BCF) and translocation fac-
tor (TF). BCF indicates biota efficiency in accumulating a
metal in its tissues from the surrounding medium (water)
(Mackay 1982; Nowell et al. 1999). However, many authors
(Yoon et al. 2006; Ladislas et al. 2012; Ali et al. 2013; Testiati
et al. 2013) calculated BCF as the ratio between metal con-
centrations in root/metal concentration in soil outside the root
zone. This study used a metal concentration from rhizospheric
soil, considered to be the environment surrounding the roots,
as described below:

Bioconcentration factor BCFð Þ
¼ metal½ �root= metal½ �rhizospheric soil

where [metal]root is the concentration of the target metal in the

Fig. 1 Location of the study area in Rio Grande do Sul State, South Brazil
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harvested plant tissue and [metal]soil is the concentration of the
same metal in the rhizospheric soil.

Translocation factor TFð Þ ¼ metal½ �shoot= metal½ �root
where [metal]shoot is the concentration of the metal in plant
shoots and [metal]root is the concentration of the metal in plant
roots (Yoon et al. 2006; Ali et al. 2013).

Statistical analysis

Data were subjected to analysis of variance (ANOVA), and
Pearson correlation coefficients (r) were used to express the
associations of quantitative variables. SISVAR software was
used to analyze the data (Ferreira 2011).

Results and discussion

Chemical attributes of soils and metal concentrations

The soil pH in the area studied ranged from 5.7 to 6.4
(Table 1). According to Kabata-Pendias (2011), metal behav-
ior affects soil conditions. Bioavailability may be easy or
moderate according to soil conditions including pH. In acid
soils (pH <3), several metals, such as Cd, Co, Ni, Cu, and Zn,
are easily mobilized and available to plants, while in neutral or
alkaline soils, metals are substantially less available. However,
other metals are slightly less available to plants under the
described soil conditions (Kabata-Pendias 2011).

The soil samples collected at the contaminated site present-
ed a variable heavy metal concentration. The pseudo total
concentration and water-soluble concentration of Zn, Cd, Pb,
and As are presented in Table 1. The pseudo total Zn concen-
trations in the soil samples collected were variable, ranging
from 35 at sampling point 11 to 553mg kg−1 at sampling point
3. The permissible Zn concentrations for soil quality set out by
the São Paulo Environmental Technology Company
(CETESB) in Brazil are 60 mg kg−1 for quality reference,
300 mg kg−1 for prevention, and 450 mg kg−1 for agriculture
activity intervention. According to the CETESB (2014) list of
soil quality values, the concentrations of Zn are 60mg kg−1 for
soil quality reference and 86 mg kg−1 for prevention.

The soil samples presented a concentration of element Cd
ranging from <0.2 (detection limit of method) at sampling
points 8 and 11 to 2 mg kg−1 at sampling points 1 to 5. The
permissible Cd concentrations for soil quality set out by the
São Paulo Environmental Technology Company (CETESB)
are <0.5 mg kg−1 for quality reference, 1.3 mg kg−1 for pre-
vention, and 3 mg kg−1 for the intervention of agricultural
activity. Therefore, the sampling points 6, 7, 8, 11, and 12
have a Cd concentration classified as safe without risks to
human health. However, sampling points 1 to 5 have a Cd
concentration classified between prevention and agricultural
activity intervention (CETESB 2014).

The Pb concentration values ranged from 13 mg kg−1 at
sampling point 11 to 947 mg kg−1 at sampling point 4. The
permissible Pb concentration that can be considered for soil
quality is 17 mg kg−1 (CETESB 2014). However, sampling
points 1 to 5 contained elevated concentrations of Pb, consid-
erably higher than the concentration estimated for residential

Table 1 Selected properties of soil samples from native and contaminated sites at Lavras do Sul, Rio Grande do Sul

Sampling Soil pH Zn Cd Pb As Zn Cd Pb As
point Water-soluble Pseudo-total

# ________________mg kg−1________________ ________________mg kg−1________________

1 6.0 8.6 0.05 6.2 1.0 499.0 2.0 631.0 48.0

2 5.8 4.2 0.08 6.1 1.0 342.0 2.0 549.0 47.0

3 6.1 8.0 0.04 5.6 0.6 553.0 2.0 898.0 50.0

4 6.2 10.7 0.04 10.5 0.8 502.0 2.0 947.0 38.0

5 6.3 4.2 0.03 7.1 1.1 271.0 2.0 523.0 54.0

6 5.7 1.8 0.01 1.2 0.2 68.0 0.3 56.0 4.0

7 6.0 2.9 0.01 0.9 0.01 120.0 0.3 113.0 2.0

8 6.0 1.0 0.00 0.9 0.1 49.0 0.2 30.0 2.0

9 6.4 2.8 0.02 3.7 0.6 135.0 0.7 247.0 25.0

10 5.9 1.2 0.01 0.9 0.7 62.0 1.0 117.0 65.0

11 5.9 1.9 0.00 0.3 0.01 35.0 0.2 13.0 2.0

12 6.0 1.4 0.00 1.6 0.2 122.0 0.4 108.0 8.0

Control sitea 5.2 – – – – 46.0 <0.2 6.0 < 2.0

a Area without human intervention for environmental conservation
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intervention. Sampling points 1 to 5 and 10 presented a higher
As concentration, ranging from 38 to 65 mg kg−1. The list of
orientation values for substances in soil (CETESB 2014) con-
siders a concentration of 35 to 55 mg kg−1, the upper and
lower limits for agricultural intervention.

Total metal concentrations in the soil samples from the
sampling points were highly correlated, with Pearson correla-
tion coefficients ranging from r=0.65 (p<0.05,N=10) to 0.97
(p<0.01,N=10), and water-soluble metal concentrations were
correlated with pseudo-total metal concentrations, ranging
from r=0.48 (no significance, N=10) to 0.94 (p<0.01, N=
10). This result indicates that all heavy metals analyzed come
from similar sources of contamination, and sampling points 1
to 5, 7, 9, and 10 were the most contaminated (Table 1).

Metal concentrations in plant shoots and roots

Heavy metal concentrations between different plant species
and tissues cultivated or collected in uncontaminated soils
varied greatly worldwide (Table 2). According to Cao and
Chi (2001) and Gerber et al. (2002) and Hao and Jiang
(2015) in general, the normal heavy metal concentrations of
terrestrial plants growing in uncontaminated soils are in the
range of 1–700 mg kg−1 for Mn, 0.2–0.8 mg kg−1 for Cd, 0.4–
45.8 mg kg−1 for Cu, 0.1–41.7 mg kg−1 for Pb, and 1–
160 mg kg−1 for Zn. Therefore, for these mine area plants,
heavy metal contents greatly exceeded the upper limits of
the normal range, except for Ba, demonstrating that the plants
accumulated higher amounts of heavy metal including arsenic
from substrate.

Heavy metal accumulation in plants depends on the plant
species (Alloway et al. 1990; Yoon et al. 2006). Plant uptake
of heavy metals from soil occurs either passively with the
mass flow of water into the roots or through active transport
crossing the plasma membrane of root epidermal cells (Yoon
et al., 2006; Hao and Jiang 2015).

Cu is an essential element for plants. There is increasing
evidence of the active absorption of Cu; however, passive
absorption is likely to occur, especially in the toxic range of
this metal in solutions. In root tissue, Cu is almost entirely in
complexed forms; however, it is most likely that the metal
enters root cells in dissociated forms (Kabata-Pendias 2011).
Total Cu concentrations in the roots of collected plants ranged
from 16.31 to 93.36mg kg−1 with the maximum concentration
found in Baccharis trimera. The Cu concentration ranged
from 8.84 to 21.12 mg kg−1, the maximum accumulation be-
ing found in the shoots of H. brevipes.

Zn is also an essential element for plants. However,
hyperaccumulation of Zn by plants is not very usual. It is very
mobile during weathering processes, and its easily soluble
compounds are readily precipitated by reactions with carbon-
ates, or it is absorbed by minerals and organic compounds,
especially in the presence of sulfur anions, hence minimizing

uptake and transport from roots to the aerial parts of plants
(Kabata-Pendias 2011; Hao and Jiang 2015). Total Zn con-
centration in the roots ranged from 188.4 to 1311.1 mg kg−1,
this being the maximum concentration observed for
H. brevipes. Moreover, the maximum Zn concentration in
the shoots observed was higher inH. brevipes (Table 3). How-
ever, the roots of Eryngium horridum also contained high
amounts of Zn. Hao and Jiang (2015), examining the heavy
metal concentrations in dominant plants (shoot and root) in
Mn mine area, observed Cu and Zn concentrations ranging
1.96–53.4 and 0.77–137.71 mg kg−1, respectively, lower than
concentrations found in this study.

Total Cd concentrations in the roots ranged from 0.54 to
7.1 mg kg−1, the maximum occurring in H. brevipes. Howev-
er, for shoots, the maximum concentration observed was in
B. trimera, 2.1 mg kg−1 (Table 3). According to Kabata-
Pendias (2011), soil pH is listed as the major soil factor con-
trolling both total and relative uptake of Cd, as well as its
concentration in growth media. Although soil characteristics
other than the pH can also cause differences in the Cd absorp-
tion by roots, it may be stated that soluble forms of Cd in soil
are always easily available to plants. Additionally, the higher
total Ni concentration in the roots was 10.8 mg kg−1 (Cyperus
eragrostis), and in the shoots, it was 2.76 mg kg−1

(S. brasiliensis) as shown in Table 3.
Total Pb concentration ranged from 22.5 to as high as

93.8 mg kg−1, the maximum being in the roots of
S. brasiliensis. In addition, the roots ofDicranopteris nervosa
and E. horridum also contained high amounts of Pb. The
maximum concentration of Pb in the shoots was found in
E. horridum (Table 3). In addition, the shoots of D. nervosa
and B. trimera also contained high amounts of Pb (101.3 and
98.3 mg kg−1, respectively) compared to the contents present-
ed in Table 2.

Bech et al. (2012), assessing spontaneous species from
mine spoils in Peru, observed that Senecio sp. accumulated
more than 4000 mg kg−1of Pb in its shoots from a contami-
nated site and 146 mg kg−1 of Pb at a reference site and in the
roots ranging from 381 (reference site) to 451 mg kg−1 (con-
taminated site). However, many factors may be involved in
these differences such as total Pb concentration in the sites,
which ranged from 124 (reference) to 13,105 mg kg−1 (con-
taminated), higher than concentrations found at the studied
contaminated sites (Table 1) (soil chemical characteristics,
e.g., pH, CEC, adsorption capacity, climate, and others)
(Keller 2006).

Total As concentrations in the plants ranged from 0.06 to
1.21mg kg−1, themaximumbeing in the shoots ofH. brevipes.
Total Ba concentration in the roots ranged from 0.07 to
1.98 mg kg−1 and, in the shoots, from 0.05 to 0.62 mg kg−1

in E. horridum and H. brevipes, respectively.
Efficient phytoextraction requires plant species combining

both high metal tolerance and elevated capacity for metal
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uptake and metal translocation to easily harvestable plant or-
gans (e.g., shoots). Among plant species, there are large
differences in the capacity to translocate and tolerate
high concentrations of trace elements in the shoots.
Mos t ex t reme behavior i s d i sp layed by meta l
hyperaccumulator plants (Bech et al. 2012).

None of the plant species showed metal concentrations that
could be considered as hyperaccumulators based on the
criteria: hyperaccumulators are plant species, which accumu-
late more than 100 mg kg−1 dry weight Cd or more than
1000 mg kg−1 dry weight Ni, Cu, and Pb or more than 10,
000 mg kg−1 dry weight Zn and Mn in their shoots when
grown on metal-rich soils (Baker and Brooks 1989) or, ac-
cording to Van der Ent et al. (2013), the following concentra-
tion criteria for different metals and metalloids in dried foliage
with plants growing in their natural habitats of 100 mg kg−1

for Cd, Se, and Ti; 300 mg kg−1 for Co, Cu, and Cr;
1000 mg kg−1 for Ni, Pb, and As; 3000 mg kg−1 for Zn; and
10,000 mg kg−1 for Mn.

The trend for heavy metal accumulation (mg kg−1dry
weight) was Zn > Pb > Cu > Ni > Ba > As > Cd in the roots
of D. nervosa and Pb > Zn > Cu > Ni > As > Cd > Ba in the
shoots of D. nervosa and E. horridum. In the roots of
E. horridum, it was Zn > Pb > Cu > Ni > Cd > As > Ba. In
the roots of S. brasiliensis, it was Zn > Pb > Cu >Ni > Ba > Cd
> As. In the shoots, it was Zn > Pb > Cu > Ni > Cd > Ba > As.

In the roots and shoots of Senecio leptolobus, it was Zn >
Pb > Cu > Ni > Cd > Ba > As. In the roots of C. eragrostis, it
was Zn > Pb > Cu > Ni > Ba > Cd >As, and in the shoots, it
was Zn > Pb > Cu > Ni > Cd > As > Ba. In the roots of
B. trimera, it was Zn > Cu > Pb > Ni > Cd > Ba > As, and
in the shoots, it was Zn > Pb > Cu > Cd > Ni > Ba > As, and in

Table 2 Mean values for the concentration of heavy metals in parts of plants (dry weight) grown in uncontaminated soils

Reference Fe Zn Mn Cu Pb Cr Ni Cd As Ba
____________________ mg kg−1 dry weight - mean value ____________________

Shoot

Singh et al. (2010) 82.4 25.3 31.5 16.7 11.5 2.0 3.2 0.2 na na

Satpathy et al. (2014) na 2.3 25.0 0.04 0.3 0.4 na 0.2 na na

Fumagalli et al. (2014) na 36.0 na 7.0 0.5 3.0 1.6 na na na

Aliyu and Adamu (2014) 3.1 2.1 0.2 na 0.1 0.1 na 0.004 na na

Kabata-Pendias (2011) na na na na na na na na 0.001 to 5.4 na

Dahmani-Muller et al. (2001) na 1470.0 na 9.2 1.5 na na 20.0 na na

Andrade et al. (2009) na 55.2 na 6.9 2.5 0.9 1.3 1.3 na na

Coscione and Berton (2009) na na na na na na na na na 16.0

Root

Singh et al. (2010 83.0 28.3 32.6 18.3 11.8 2.8 3.9 0.2 na na

Satpathy et al. (2014 na 4.7 14.4 0.2 3.6 0.6 na 0.1 na na

Fumagalli et al. (2014 na 67.0 na 15.0 6.0 17.0 8.0 na na na

Aliyu and Adamu (2014 na na na na na na na na na na

Kabata-Pendias (2011) na na na na na na na na 0.001 to 5.4 na

Dahmani-Muller et al. (2001) na 500.0 na 25.0 50.0 na na 8.0 na na

Andrade et al. (2009) na 51.2 na 10.6 22.9 1.6 3.3 2.6 na na

Coscione and Berton (2009) na na na na na na na na na na

Soila

Singh et al. (2010) 435.2 89.7 46.8 27.4 18.6 5.8 5.7 1.3 na na

Satpathy et al. (2014) na 3.8 12.5 0.03 5.3 1.3 na 0.02 na na

Fumagalli et al. (2014) na 83.0 na 25.0 40.0 73.0 60.0 na na na

Aliyu and Adamu (2014) 4.8 2.5 1.7 na 2.4 1.3 na 0.5 na na

Kabata-Pendias (2011) na na na na na na na na 6.83b na

Dahmani-Muller et al. (2001 na 64.0 na 34.6 77.0 na na 0.3 na na

Andrade et al. (2009) na 57.1 na 57.1 234.8 8.9 16.5 3.8 na na

Coscione and Berton (2009) na na na na na na na na na 27.5

nd not analyzed
a Uncontaminated soils
bWorld soil average
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the roots ofH. brevipes, it was Zn > Pb > Cu > Cd >Ni > Ba >
As, and in the shoots, it was Zn > Pb > Cu > Ni > As > Cd >
Ba (Table 3).

Elements Zn and Pb were most absorbed by all species
studied and Cd, As, and Ba the least absorbed. According to
Mengel and Kirkby (2001) and Pandey (2012), Zn inhibits the
Cd uptake due to its competitive behavior with Cd, because
both metals are transported by a common carrier at the root
plasma membrane, which has more affinity for Zn than Cd
(Hart et al. 2005), explaining the low Cd concentrations in the
plant tissue. However, it is known that the metal accumulation

trend depends on some factors such as age and type of plant
species, metal concentrations, pH, and season of sampling
(Maiti and Jaiswal 2008; Pandey 2012).

Bioconcentration and translocation of metals in plants

Plant species with both bioconcentration factor (BCF) and
translocation factor (TF) greater than one can potentially be
used for heavy metal phytoextraction (Fitz and Wenzel 2002;
Yoon et al. 2006). For Cu, B. trimera had the highest BCF
(Table 4), though its TF was less than one. The TF of

Table 3 Selected element concentrations in rhizospheric soil and plant samples (mg kg−1dry weight) from the Lavras do Sul contaminated site

Scientific
name

Dicranopteris nervosa
(Kaulf.)

Eryngium
horridum
Malme

Senecio brasiliensis
(Spreng.) Less.

Senecio
leptolobus
DC.

Cyperus
eragrostis
Lam.

Baccharis trimera
(Less) DC.

Hyptis
brevipes
Poit.

Copper (Cu) mg kg−1

Roots 56.60 26.90 16.30 26.80 21.50 93.40 35.70

Shoots 8.84 17.20 10.40 14.70 13.70 13.20 21.10

Rhizospheric
soil

49.10 19.30 21.30 10.50 38.70 14.30 40.00

Zinc (Zn) mg kg−1

Roots 232.80 924.00 373.20 310.60 192.00 188.40 1311.10

Shoots 56.40 116.80 311.80 217.00 83.50 276.80 514.30

Rhizospheric
soil

278.60 105.10 162.00 86.20 294.00 86.90 590.90

Cadmium (Cd) mg kg−1

Roots 0.56 1.12 0.54 3.04 0.88 1.55 7.07

Shoots 0.29 0.24 1.17 1.56 1.13 2.14 0.71

Rhizospheric
soil

1.40 0.38 0.63 0.32 1.10 0.33 2.00

Nickel (Ni) mg kg−1

Roots 3.23 4.02 4.22 3.90 10.83 2.85 4.96

Shoots 1.91 2.03 2.76 2.59 1.56 1.56 2.30

Rhizospheric
soil

7.50 3.60 4.70 6.30 7.20 3.60 8.20

Lead (Pb) mg kg−1

Roots 91.20 72.00 93.80 66.70 29.10 22.50 66.50

Shoots 101.30 188.20 72.30 83.10 73.80 98.30 67.80

Rhizospheric
soil

232.50 96.90 62.70 19.10 115.80 64.80 126.10

Arsenic (As) mg kg−1

Roots 0.85 0.92 0.09 nd 0.52 0.46 0.11

Shoots 1.17 0.62 0.06 0.27 0.32 0.21 1.21

Rhizospheric
soil

35.60 7.30 12.50 2.00 15.00 4.10 12.90

Barium (Ba) mg kg−1

Roots 0.93 0.07 1.30 0.78 0.95 1.33 1.98

Shoots 0.19 0.05 0.41 0.57 0.06 0.21 0.62

Rhizospheric
soil

170.30 86.80 99.80 123.10 134.40 85.80 139.80

nd below the detection limit of the equipment
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S. brasiliensis was the highest for Cu; however, the Cu con-
centration in the plant tissue was <300mg kg−1, and it was not
considered a Cu hyperaccumulator. The same behavior was
observed for Zn. However, it was observed that S. leptolobus
and B. trimera have BCF and TF greater than one, although
the Zn concentration in rhizospheric soil is lower, which can
explain the high factors (Table 4).

The Cd concentration in the rhizospheric soil was consid-
ered low, and plants did not present a hyperaccumulation fea-
ture (Table 3), although all of them, except D. nervosa and
C. eragrostis, have BCF and TF greater than one. For element
Ni, a higher BCF was observed only in E. horridum; it was
higher than in other species studied (Table 4).

For element Pb, S. leptolobus and S. brasiliensis presented
BCF and TF greater than one; therefore, they can potentially
be used for metal phytoextraction. All plant species had TF
greater than one for Pb, except H. brevipes. No BCF greater
than one was observed for As, and only species D. nervosa
and H. brevipes had TF greater than one. For element Ba, a
higher BCF was observed in E. horridum (12.69), although
the TF was lower than one. The species S. leptolobus and
B. trimera had BCF greater than one and S. brasiliensis and
H. brevipes the TF (Table 4).

According to Yoon et al. (2006), heavy metal-tolerant spe-
cies with high BCF and low TF can be used for
phytostabilization of a contaminated site, together with a plant
cover. Phytostabilization uses plants to minimize the mobility
and bioavailability of pollutants in the environment, either by
immobilizing them or by preventing their migration (Tangahu

et al. 2011). Species such as D. nervosa, E. horridum,
S. leptolobus, and B. trimera could therefore be used for this
purpose at a Cu-contaminated site. At a Zn-contaminated site,
S. brasiliensis and H. brevipes could be used; for Cd,
S. leptolobus and H. brevipes; and for Ba, S. leptolobus and
B. trimera (Table 4). However, E. horridum showed the same
characteristic for heavy metals Zn, Cd, Ni, and Ba; it may be
considered a multi metal-tolerant plant and a good candidate
for phytostabilization, preventing metals from being trans-
ferred to the food web.

Root exudates change the environmental characteristics
around the root system, and plant species can immobilize
heavy metals through absorption and accumulation by roots,
adsorption onto roots, or precipitation within the rhizosphere,
reducing metal bioavailability and mobility, because metal
accumulated in the roots is considered relatively stable as far
as release to the environment is concerned (Yoon et al. 2006).
Moreover, root exudates change soil environmental
(rhizosphere) stimulating plant–microorganism interactions,
affecting the heavy metal uptake and translocation by micro-
organism bioremoval characteristics.

Conclusions

Among the plant species screened, none was identified as a
metal hyperaccumulator. Heavy metal and metalloid levels in
spontaneous plants greatly exceeded the upper limits of the
normal range of terrestrial plants grown in uncontaminated

Table 4 Accumulation and translocation of elements in plants collected at a contaminated site

Scientific name Bioconcentration factor (BCF)

Cu Zn Cd Ni Pb As Ba

Dicranopteris nervosa (Kaulf.) 1.15 0.84 0.39 0.43 0.39 0.02 0.84

Eryngium horridumMalme 1.40 8.79 2.91 1.11 0.74 0.13 12.69

Senecio brasiliensis (Spreng.) Less. 0.77 2.30 0.86 0.90 1.49 0.01 0.60

Senecio leptolobus DC. 2.54 3.60 9.64 0.62 3.49 0.00 1.19

Cyperus eragrostis Lam. 0.56 0.65 0.82 1.51 0.25 0.03 0.37

Baccharis trimera (Less) DC. 6.55 2.17 4.63 0.79 0.35 0.11 1.45

Hyptis brevipes Poit. 0.89 2.22 3.58 0.60 0.53 0.01 0.78

Translocation factor (TF)

Dicranopteris nervosa (Kaulf.) 0.39 0.25 0.58 0.59 2.61 1.54 0.88

Eryngium horridumMalme 0.63 0.13 0.22 0.51 2.91 0.80 0.10

Senecio brasiliensis (Spreng.) Less. 1.05 0.85 2.93 0.77 1.13 0.11 1.72

Senecio leptolobus DC. 0.55 1.03 0.68 0.68 1.22 0.00 0.58

Cyperus eragrostis Lam. 0.62 0.44 1.74 0.32 3.54 0.48 0.57

Baccharis trimera (Less) DC. 0.17 1.46 1.30 0.55 5.48 0.34 0.42

Hyptis brevipes Poit. 0.63 0.40 0.17 0.48 0.98 1.52 1.48

Values >1 are in italicized font

BCF metal concentration ratio of plant roots in soil, TF metal concentration ratio of plant shoots to roots
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soils, demonstrating that the plants accumulated higher heavy
metal levels when grown in contaminated soils. S. leptolobus
are most effective in taking up Zn and Pb; B. trimera are
effective in taking up Cd and Senecio brasiliensis for Pb.
These species may be used for phytoextraction at heavy
metal-contaminated sites in each of the recovery steps.
S. brasiliensis is most effective in translocating Cu, Cd, and
Ba. For Zn and Pb translocation, B. trimera is most effective.
D. nervosa and Hyptis brevipes are most effective for the As
element. D nervosa for Cu; Eryngium horridum for Cu, Zn,
Cd, Ni, and Ba; Senecio leptolobus for Zn and Pb; B. trimera
for Cu, Zn, Cd, and Ba; and Hyptis brevipes for Zn and Cd
have a BCF greater than one.
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