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The concern of soils contaminated with heavy metals coming from commercial fertilizers and / or irrigation with
wastewater is even greater when grown with food plants. Several procedures have been proposed to reduce
the concentration of heavy metals in the soil; among them, the application of materials such as bentonite, able
to absorb these elements, making them less available to plants. The objective of this study was to evaluate
the ability of bentonite to the remediation of artificially zinc (Zn) contaminated soils, having the radish as test
plant. The experiment was conducted in a greenhouse in a completely randomized design, with four
replicates. After the NPK fertilization, 250 mg kg™ of Zn and bentonite (doses: 0; 30; 60 and 90 t ha™)
application the loamy sand soil was conditioned in 5 kg plastic containers, irrigated to field capacity and
incubated during 20 days. At the end of the incubation process the crops were seeded; after 30 days of
experiment, the plants were collected separating the aerial and root part, dried, triturated and weighed for
plant analyses. The cumulative amount of Zn in dry biomass of the aerial part (shoot) and roots, the
translocation index, the translocation factor, the bioaccumulation factor in the plant (BFP) and in the root
(BFR), were evaluated. The results were analyzed by the F test and regressions. The dry phytomass of the
aerial part increased and the values of BFP and BFR of radish decreased significantly as a function of
increasing doses of bentonite, indicating an increase in the adsorption of zinc in the soil, decreasing the
concentration in the plant parts. However, the BFP and BFR values were higher than unity, indicating high
bioaccumulation potential of radish for this metal. Based on the results, the application of bentonite to the
contaminated soils favored their remediation.

1. Introduction

Most heavy metals are essential to human beings, animals and higher plants, for example, Zn, among others.
This metal tends to be present in higher concentrations in the upper soil layers, which is a reflection of the
element addition via atmospheric deposition, application of phosphate fertilizers, humus and also the
incorporation of plants used as accumulators of metals (McBride, 1994).

Soil contamination with these metals is increasingly common and worrying because of the negative impact of
these elements in the ecosystem. The main concerns about the effects of heavy metals are their participation
in the food chain (Kumar et al., 2012; Marin et al., 2010), reduced agricultural productivity due to phytotoxic
effects, accumulation in the soil, changes in microbial activity and contamination of water resources (Wowk
and Melo, 2005).

The plants are the main entry point of heavy metals in the food chain (Guimaraes et al., 2008), therefore, the
availability of these metals for plants is governed by several soil factors such as pH, cation exchange capacity,
organic matter content, adsorption by clays and phosphorus, calcium and the presence of other metals in the
soil system (Macédo and Morril, 2008). The mobility of zinc in plants is not large. Normally, the roots contain
much more zinc than the shoot, especially if the plants are growing in soils rich in zinc (Mengel and
Kirkby,1982; Kabata-Pendias and Pendias, 2010).

To reduce the availability of soil zinc to plants is necessary to remediate contaminated soils according to some
technique, for example, the use of adsorbent materials, such as clay minerals (Ghorbel-Abid et al., 2010;
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Jiang et al., 2010; Bhattacharyya and Gupta, 2007). All of them indicate the advantages of these materials
such as low cost, availability and efficiency compared with other adsorbent materials.

Bentonite is composed predominantly of smectite clay group and quartz impurities and some varieties present
caulinite and illite (Sdiri et al., 2011). Because it is a solid anionic, it has a remarkable affinity to metals,
particularly heavy metals in solution (Bhattacharyya and Gupta, 2008).The bentonite that does not present
characteristics required by the industry is less commercialized, so, it is considered as industrial waste and
known regionally (at the clay exploration site) by “bofe”. Because of its low commercial value, this residue is
found in large amounts in Boa Vista, State of Paraiba, Brazil. Due to its high surface area and cationic
exchange capacity, when incorporated into the soil, it can be used as a soil conditioner improving the soil
chemical and physical characteristics, especially of the more sandy soils, as already reported by Tito et al.
(2001; 2016).

The objective of this study was to evaluate the ability of bentonite to the remediation of artificially zinc (Zn)
contaminated soils, having the radish as test plant.

2. Materials and Methods

The study was carried out under greenhouse conditions at the Agricultural Engineering Department of the
Federal University of Campina Grande, Paraiba, Brazil. The experiments were conducted with radish
(Raphanus sativus) on a loamy sand soil classified as a Red Eutrophic Latosol (Embrapa 2006), collected in
the municipality of Campina Grande, to a 0-20 cm soil depth, with chemically characterized according to
Embrapa (1997). The following attributes were found: pH (H20) = 6.0; Electrical Conductivity = 0.16 (mmhos
cm™); Ca = 2.10 cmolckg™; Mg = 2.57 cmolc kg™*; Na = 0.06 cmol. kg™; K = 0.14 cmol, kg™'; H+ Al = 1.78 cmol.
kg'1; organic carbon = 5.5 g kg'1; P =45.0 mg kg'1. The experiments were conducted in 5 kg plastic containers
for radish. Soil seeded with radish received 250 mg kg'1 of zinc. Nitrogen, phosphorus and potassium
fertilization for radish was 1.11 g of urea, 1.25 g of potassium chloride (KCI) and 8.3 g of super phosphate
(P20s).

After NPK fertilization and zinc and bentonite application the soil was conditioned in plastic containers,
irrigated to field capacity and incubated during 20 days. Finished the incubation process the crops were
seeded and 8 days after the emergency a thinning was conducted leaving two plants per vase. Each
experimental unit received four doses of bentonite: 0.0; 10.7; 21.4 and 32.1 g kg'1, corresponding to 0, 30, 60
and 90 t ha™, respectively. The bentonite were low quality clays, rejected for industrial purposes, called
vulgarly as “bofe”, coming from a Paraiba State region. The X rays diaphactogram of the clay is shown in
Figure 1. The diaphactogram picks observed are typical of the smectite (S) clays, and picks of tridymite (T), a
silicate mineral and polymorph of high temperature of quartz. Picks of quartz are observed although in a low
quantity.
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Figure 1. Diffractogram of bentonite obtained by X-ray Diffraction
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The irrigation was conducted using tap water maintaining the soil to field capacity. At the 30th day of
experiment, the plants were collected separating the aerial and root part, washed with distillated water,
conditioned in paper sacks and dried in forced air stove at 65°C during 48 hours. After drying, the plants were
triturated and weighed for foliar analyses. Zinc determination was conducted after nitroperchloric digestion,
according to Embrapa procedures (Embrapa,1997), using a spectrometer of optical emission with plasma -
ICP OES, as described by Oliva et al. (2003).

The cumulative amount of Zn in dry biomass of the aerial part (shoot) and roots (mg / pot) was calculated by
the expression Zn accumulated shoot or Zn accumulated root = {Dry Biomass of shoot or Dry Biomass of root
(g) x element concentration (mg kg'1 )} / 1000. The translocation index (TI) was determined by using the follow
expression (Abichequer and Bohnen, 1998): (Zn accumulated shoot/ Zn accumulated in the complete plant) x
100. The translocation factor (TF) gives the leaf/root zinc concentration and depicts the ability of the plant to
translocate the metal species from roots to leaves (shoot) at different concentrations. This index was
calculated by the relationship: TF = (zinc concentration in the aerial part of the plant (mg kg™) (shoot)/ zinc
concentration in the root (mg kg™)) (Gupta et al., 2008).

The bioaccumulation factor (BF), an index of the plant ability to accumulate a particular metal with respect to
its concentration in the soil substrate (Ghosh and Singh, 2005), was calculated as follows: BFP = zinc
concentration in the complete plant (mg kg'1) / zinc concentration in the soil (mg kg"1), or, to calculate metal
bioaccumulation only in the root was: BFR = zinc concentration in the plant root (mg kg'1) / zinc concentration
in the soil (mg kg"1). SISVAR statistical program (Ferreira, 2011) was employed to analyze the obtained
results, by using the F test and regression polynomials, which were used to adjust the data when significant.

3. Results and discussion

With the exception of the root dry biomass of the radish, the shoot dry biomass, the Zn concentration and
bioaccumulation factor in shoot and root, were significantly affected by the bentonite application to the soil
(Table1). The bentonite didn’t affect the translocation index and factor.

Table 1. Summary of the analyses of variance for the dry biomass, zinc concentration and bioaccumulation
fator of zinc in shoot and root of the radish cultivated on soil contaminated with zinc for the different bentonite
treatments.

Mean Square

Source of  DF Dry biomass Concentration Bioaccumulation

Variation factor
shoot root shoot root plant root
Bentonite 3 1.609** 0.134ns 198640.92* 146273.85** 4.981** 2.096**
Linear 1 4.136* 0.189ns 527475.2* 357527.17* 13.248* 5.123**
Quadratic 1 0.128ns  0.0002ns 2.56 ** 40672.80ns 0.133ns 0.583ns
Error 12 0.208 0.067 71649.74 11629,39 0.691 0.167
VC (%) 18.2 19 184 7.37 14.65 7.37
Mean 2.50 1.37 1452.95 1464.03 5.67 5.54
DF= Degree of Fredom, ™, * and ** no significant, significant to the 5 and 1% level, respectively.VC = Variation
Coefficient.

The dry biomass of the aerial part (shoot) of the radish was adjusted to a linear model as a function of
increasing doses of bentonite (Figure 2) ranged from 1.824 g (0 t ha™ bentonite) to 3.183 g (90 t ha™
bentonite), corresponding to an increase of 74.51% in the highest dose compared to control. On the other
hand, the root dry biomass had a small growth, 33.76% in the highest dose compared to control, but was not
significant.
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Figure 2: Dry biomass of the shoots for radish cultivated in soil contaminated with zinc for the different
bentonite treatments

The positive effect of bentonite addition on plant growth may be due to its positive effect on the water
retention capacity (Iskander et al., 2011) and the growth of surface area, increasing the metal cation
adsorption capacity present in the soil (Tito et al., 2011) and consequently decreasing the concentration in the
plant parts.

The zinc concentration in the shoot and in the roots of radish was significantly influenced to the 5% and 1%
probability, respectively, by applying bentonite soil (Table 1). The linear behavior of the zinc concentration in
all the parts of plants, shows the decrease of the same with increasing doses of bentonite ranging from 1696.6
to 1209.40 mg kg'1 in the shoot (Figure 3A) and ranging to 1664.6 to 1263.47 mg kg'1 in the roots (Figure 3B)
occurring a decrease of 28.72% and 24.09%, respectively, the control regarding the higher dose.
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Figure 3: Zinc concentration in the shoots (A) and roots (B) of radish cultivated in the soil contaminated with
zinc for the different bentonite treatments
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The reduction of Zn concentration in this plant indicates a possible decrease in the availability of the element
in the soil, due probably to its adsorption by bentonite.

The ability of a plant to accumulate metals from soils can be estimated using the bioaccumulation potential in
plant (BFP) and/or in root (BFR). These factors can be used to estimate a plant's potential for
phytoremediation purposes.

The BFP and BFR of radish decreased significantly to 1% probability by increasing doses of bentonite soil
(Table 1) indicating an increase in the adsorption of zinc in the soil, decreasing the concentration in the plant
parts. This behavior is beneficial since clay minerals such as bentonite have a great potential to adsorb
pollutants due to their large specific surface area, the layered structure, and high cation exchange capacity
(Bhattacharyya and Gupta, 2008).

According to Figure 4 the BFP and BFR ranged from 6.899 to 4.451 and from 6.304 to 4.783 showing a
reduction of 35.48% and 24.13%, respectively, presenting better fit in linear model. However, the BFP and
BFR values were higher than unity, indicating high bioaccumulation potential of radish for this metal.
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Figure 4: Bioaccumulation factor of zinc in plant (BFP) and in root (BFR) of radish depending on dose
increasing bentonite.

Although the bentonite did not influence the TF of radish, the values of this factor < 1 (from 1.048 (without
bentonite) to 0.989 (90 t ha'1)) indicated a low capacity for transporting zinc from roots to shoots which means
that the radish is a suitable plant for phytoextraction for this metal. This can be confirmed by the concentration
data and the amounts of zinc which were higher in the root than in the shoot. This is worrisome because the
comestible part of plant is the root.

4. Conclusions

Bentonite in soil contaminated with zinc had a significant positive effect on development of shoot of radish;
promoted the retention of this metal in the soil, evidenced by the reduction of the zinc concentration in the
shoot and roots of radish. Bentonite favored the reduction of bioaccumulation factors of zinc thereby
increasing the concentration of this element in soil in relation to the plants. The application of bentonite to the
contaminated soils favored their remediation.
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