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ABSTRACT
Sorption of selenium (Se) on soils may be influenced by factors that are changed though agricultural practices usually performed 
for crop production, such as soil pH, competing anion and organic matter contents, among others. This study aimed to evaluate the 
influence of soil management and ionic strength (IS) on Se retention in Brazilian soils, which is important to predict Se availability in 
both systems, native and cultivated soils. For that, adsorption and desorption reactions of Se were evaluated in 16 soil samples (eight 
from cultivated soils and eight from native soils), using solutions containing 100 and 500 µg L-1 Se in the form of sodium selenate and 
in two IS, 15 and 150 mM. Se adsorption varied as a function of IS for most soils, which may indicate that the adsorption mechanism 
by outer-sphere complex is important for selenate retention in the studied soils, but future studies involving other techniques, such 
as spectroscopic studies, are needed to more clearly confirm the adsorption mechanism. In general, adsorption varied in relation 
to soil characteristics, and native soils adsorbed larger Se amounts than the cultivated soils. In terms of desorption, soils which had 
larger Se adsorbed amounts also presented larger desorbed amounts. Finally, IS and soil management influenced the availability of 
selenate in the studied soils.

Index terms: Adsorption/desorption reactions; brazilian soils; competitive anion; soil cultivation; retention/mobility.   

RESUMO
A sorção de selênio (Se) em solos pode ser influenciada por fatores que são alterados pelas práticas agrícolas, as quais são geralmente 
realizadas para a produção agrícola, tais como o pH do solo, anions competitivos e conteúdo de matéria orgânica, entre outros. Este 
estudo teve como objetivo avaliar a influência do manejo do solo e da força iônica (FI) na retenção de Se em solos brasileiros, o que é 
importante para prever a disponibilidade de Se em ambos os sistemas, solos nativos e cultivados. Para isso, as reações de adsorção e 
dessorção de Se foram avaliadas em 16 amostras de solo (oito de solos cultivados e oito de solos nativos), utilizando soluções contendo 
100 e 500 μg L-1 sob a forma de selenato de sódio e em duas FI, 15 e 150 mM. A adsorção variou em função da FI para a maioria dos solos, 
o que pode indicar que o mecanismo de adsorção por complexo de esfera externa é importante para a retenção de selenato nos solos 
estudados, mas, estudos futuros envolvendo outras técnicas, como técnicas espectroscópicas, são requeridos para confirmar claramente o 
mecanismo de adsorção. Em geral, a adsorção variou em relação às características do solo, sendo que os solos nativos adsorveram maiores 
quantidades de Se que os solos cultivados. Em termos de dessorção, os solos que apresentaram as maiores quantidades adsorvidas de 
Se também apresentaram as maiores quantidades dessorvidas. Finalmente, a FI e o manejo do solo influenciaram a disponibilidade de 
selenato nos solos estudados.

Termos para indexação: Reações de adsorção/dessorção; solos brasileiros; ânions competitivos; cultivo do solo; 
retenção/mobilidade.

INTRODUCTION
Brazil stands out worldwide as a major agricultural 

producer, especially in the Cerrado biome. The concern 
regarding the quality and capacity of products to supply 
essential nutrients, including selenium (Se), has increased in 
recent years. Se contents available in the soil can be absorbed 
and accumulated in the food for humans and animals (Lopes; 
Ávila; Guilherme, 2017; Wang et al., 2017). 

Se is essential for the human body and is directly 
linked to the elimination of free radicals, reducing several 
types of cancer (Roman; Jitaru; Barbante, 2014). According 
to estimates of Hawrylak-Nowak (2013), 15% of the 
world population is deficient in Se. Thus, considering the 
current world population of nearly 7 billion people, it is 
estimated that approximately 1 billion people are deficient 
in Se (Warren, 2015). In Brazil, studies have pointed to 
deficient Se intake by the Brazilian population (Maihara 
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et al., 2004), which can be linked to the low Se contents in 
soils (Gabos; Alleoni; Abreu, 2014a; Matos et al., 2017).

In order to increase Se intake by humans, some 
countries whose soils are poor in Se, such as Finland, 
have added this element to fertilizers, increasing its intake 
by the population, and thus reducing potential risks of 
deficiency (Alfthan et al., 2015; Winkel et al., 2015). 
Such action is important to increase Se natural intake by 
the population, and therefore it is a possible strategy to 
be used in Brazil. However, to succeed in this practice, 
studies are required in order to well understand Se 
sorption behavior in the soils (Lopes; Ávila; Guilherme; 
2017), which will assist in the definition of safe doses 
to be added to fertilizers, since the limit between the 
essentiality and the toxicity of this element is quite 
narrow (Sharma et al., 2017).

Selenium sorption has been studied in a wide range 
of sorbent materials worldwide (Gabos; Goldberg; Alleoni, 
2014b; Lessa et al., 2016; Li et al., 2015; Peak; Sparks, 
2002; Söderlund et al., 2016). Most of studies showed 
that selenite (Se IV) tends to be adsorbed by inner-sphere 
complex, while Se (VI) forms outer-sphere complex, being 
this last form (selenate) much more available (Snyder; Um, 
2014). Jang, Pak and Kim (2015) reported that Al and Fe 
oxides play important roles in the ion adsorption on soils, 
including Se. This fact is of great importance, especially 
for tropical soils, such as Brazilian soils, where Al and 
Fe oxides have high contribution to the soil mineralogy 
(Gomes et al., 2004).

There are few studies on Se adsorption in Brazilian 
soils (Abreu et al., 2011; Gabos; Goldberg; Alleoni, 2014b; 
Lessa et al., 2016). Most of these studies involved the 
addition of high Se doses, and have not evaluated the 
influence of soil management or cultivation, nor factors 
such as ionic strength, concentration, and the presence of 
competing anions that affect Se adsorption and desorption. 

This study aimed to evaluate the influence of soil 
management and ionic strength on Se adsorption and 
desorption on soils from the Brazilian Cerrado in order to 
verify the effect of competing anions added to cultivated 
soils on selenate availability.

MATERIAL AND METHODS

Soil samples

Eight different sites were sampled for this study, 
generating a total of sixteen soil samples. At each site, 
two samples were collected to a depth of 20 cm, one from 
a production field and another as close as possible from 

an adjacent uncropped (native) site. Thus, the difference 
verified in the Se retention may be due to effects induced 
by only the soil management, such as changes in pH and 
addition of competing anions, as phosphate and sulfate. As 
described by Lessa et al. (2016) and to characterize these 
two systems evaluated in this study (cultivated and native 
soils), it should be noted that most Brazilian Cerrado soils 
are acidic, have low nutrient availabilities, organic matter 
contents, and cation exchange capacity, presenting high 
aluminum contents and P-fixation capacity (Goedert, 1983; 
Lopes; Guilherme, 2016). Therefore, these soils need to be 
managed to achieve high crop yields, and soil management 
practices usually required for these soils are, according to 
Lopes and Guilherme (2016), based on the concept of soil 
fertility improvement using limestone, gypsum, and fertilizer 
application. Thus, the cultivated soils of the present study 
refer to soils that have been managed for crop production 
over the time (for approximately 5-15 years), while the 
native soils of the present study are soils of the Cerrado 
biome that were not under agricultural management. All 
samples were collected in the Brazilian Cerrado, comprising 
the states of Minas Gerais, Mato Grosso, and Goiás (regions 
of great importance for food production in Brazil). The 
specific location/state from where each soil sample was 
collected and the geographic coordinates of the sampling 
points are shown in Figure 1 and Table 1.

Sample characterization

Samples were air-dried and sieved (2 mm diameter 
mesh). Afterwards, they were submitted to chemical and 
physical characterizations, as well as to Se adsorption and 
desorption tests. For chemical characterization, analyses 
were performed as described by Embrapa (1997) to 
determine available P and S contents, aluminum, organic 
matter, and cation exchange capacity. Total contents of Si, 
Al, Fe, and P, in the form of oxides, were measured after 
H2SO4 digestion, according to Vettori (1969). Crystalline 
and amorphous Fe and Al contents were measured in the 
clay fraction after extraction by dithionite citratebicarbonate 
(DCB-Na) and ammonium oxalate, as recommended by 
Mehra and Jackson (1958) and Schwertmann (1973), 
respectively. The predominance of charges in the soil was 
determined by the point of zero salt effect (PZSE) (Keng; 
Uehara, 1974). The particle size distribution or soil texture 
(% of clay and sand) was determined as recommended by 
Embrapa (1997). The physical and chemical properties of 
soils are presented in Table 1.

Mineralogical analyses of native soils were also 
carried out by X-ray diffraction with the x-ray beamline 
XRD1 at the Brazilian National Synchrotron Light 
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Figure 1: Location map of study areas (states and counties).

Laboratory - LNLS, in Campinas, Brazil. These analyses 
were performed on samples ground to <50 µm, using a 
scanning interval of 5 to 45° 2θ and 12 keV energy (0.1033 
nm). To reduce analytical time and expense, mineralogical 
analyses were done on native but not cultivated soils. The 
native samples had been collected as close as possible to 
where the cultivated soils were sampled, and agricultural 
management was not expected to produce changes in 
mineralogy, since these changes require a long period of 
time to occur (Lopes, 2017; Resende et al., 2014).

Considering that the main minerals found in 
Brazilian soils are kaolinite (Ka), gibbisite (Gb), hematite 

(Hm), and goethite (Gt) (Curi; Franzmeier, 1984; Schaefer; 
Gilkes; Fernandes, 2004), the amounts of these minerals 
were calculated in the studied soils in order to assist in 
the Se-adsorption data interpretation. In this context, the 
contents of Hm and Gt were obtained according to Torrent 
et al. (1983), while the Ka and Gb amounts were assessed 
following the methodology reported by Resende, Bahia 
Filho and Braga (1987). It is important to mention that 
these methodologies have been used for quantifying these 
main mineral phases found in tropical soils in several 
other studies (Carducci et al., 2015; Journet; Balkanski; 
Harrison, 2014; Oliveira et al., 2013; Reatto et al., 2009).   
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Se adsorption and desorption

For the Se adsorption experiment, 2.0 g soil 
was weighed into triplicate 50-mL centrifuge tubes and 
then treated with 20 mL of solutions containing Se at 
concentrations of 100 and 500 µg L-1 (soil:solution ratio 
of 1:10), which had been prepared with sodium selenate 
(Na2SeO4), and NaCl electrolyte solution at two ionic 
strengths, 15 and 150 mM. The lower ionic strength 
(IS) is comparable to what would characterize the soil 
solution of weathered soils, while the higher IS of 150 
mM was adopted to obtain a more concentrated solution 
that would follow a heavy application of gypsum, 
limestone, or fertilizer, trying to verify the influence of 
this parameter on Se adsorption. All solutions had been 
previously adjusted to pH 5.5 ± 0.2 by adding HCl or 
NaOH, both at 0.1 M. A pH value of 5.5 was chosen 
as the recommended pH for cultivation of the major 
agricultural crops in Brazil. Adsorption reaction time was 
72 hours, with cycles of 12 h shaking and 12 h resting. 
This batch methodology used in the present work has 
been documented in several studies involving metal 
adsorption and desorption (Campos et al., 2006), and 
the reaction time of 72 h was selected based on previous 
kinetic studies conducted with Brazilian soils, which 
showed that 72 h was sufficient to reach equilibrium in 
the reaction between the solid and liquid phases (Abreu 
et al., 2011; Campos et al., 2006). After the reaction 
period, the suspension of each soil was centrifuged at 
2300 rpm for 20 min, and the supernatant was collected 
to determine Se by Graphite Furnace Atomic Absorption 
Spectrophotometry (GFAAS).

The amount of Se adsorbed (µg kg-1) in the soil was 
calculated by the following Equation 1:

collection and Se analyses being performed as described 
for the adsorption test. The amount of Se desorbed was 
calculated by subtracting the Se concentration in the 
equilibrium solution from what was previously adsorbed, 
and the results expressed as a percentage of the previous 
concentration. 

From the adsorption and desorption experiments, 
effective Se adsorption was calculated (adsorption -– 
desorption) as the amount remaining in the soil after 
desorption. 

Adsorption results were submitted to analysis of 
variance and means were compared by the Scott-Knott 
test at 5% significance (p <0.05), using the Sisvar software 
(Ferreira, 2011). The physicochemical properties of the 
soils were correlated with the adsorbed Se amounts, using 
the Pearson correlation by the t test, at 5% significance. 
Correlations were carried out with the aid of the Sigma 
Plot® v.12 software.

RESULTS AND DISCUSSION 

Characterization of the studied soils

Table 1 shows the physicochemical properties 
of the studied soils. As observed in this table, soil 
characteristics varied among the studied soil samples. 
Therefore, comparing cultivated soils with the native 
ones, there are differences, especially for pH values and 
available contents of nutrients, such as P and S, which 
were lower for native soils due to long-term agricultural 
practices applied to the cultivated soils. 

X-ray diffractograms of the soils are shown in 
Figure 2. The identified minerals were: kaolinite (Ka), 
quartz (Qz), gibbsite (Gb), goethite (Gt), hematite (Hm), 
anatase (An), magnetite (Mt), cristobalite (Cr), and 
diaspore (Dp), the first five of which were greatest in 
frequency and intensity. The presence of these minerals 
reflects a high intensity of weathering, which would be 
expected for tropical soils. Figure 2 indicates that soils 
seven and eight were more strongly weathered than the 
other soils studied, since there was a larger number of Fe 
and Al oxide peaks, and a smaller number and intensity 
of Ka and Qz peaks.

Tropical soils are predominantly formed by 1:1 
clays and Fe and Al oxides, such as Ct, Gb, Gt, He, and Mt 
(Curi; Franzmeier, 1984). This fact is important for anions 
adsorption, such as selenate, since oxides have high point 
of zero charge (8.5-9.5), and thus they present positive 
charges in pH values found in soils, and have large surface 
area for ligand exchange reactions (Wang; Chen, 2003).

( )* /adsSe Ci Ce V Ms 

where Seads is the amount of Se adsorbed in the soil (µg kg-1); 
Ci is the initial Se concentration in the solution (µg L-1); 
Ce is the equilibrium Se concentration after 72 h reaction 
with the soil (µg L-1); V is the final volume (mL); and MS, 
is the soil mass (g).

Desorption was carried out sequentially after 
the adsorption step, where in the vials containing the 
remaining materials from the adsorption study (soil 
and drops of solution) were added 20 mL electrolyte 
solution (NaCl) with the same IS specified previously 
(15 or 150 mM). The desorption time remained 72 h, 
alternating 12 h shaking and 12 h rest, with aliquot 

(1)
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Figure 2: X-ray diffractograms of the native soils. kaolinite (Ka), quartz (Qz), gibbsite (Gb), goethite (Gt), hematite 
(Hm), anatase (An), magnetite (Mt), cristobalite (Cr), and diaspore.
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Table 2 shows the percentages of Ka, Gb, Gt, and 
Hm found for the native soils. As it can be seen, the Ka, 
Gb, Gt, and Hm percentages varied among the studied 
soil samples, ranging from 2.8 to 18.3, 0 to 40.8, 2.3 
to 4.8, and 0 to 1.4, respectively. These percentages of 
1:1 clay (Ka) and Al and Fe oxides (Gb, Gt, and Hm) 
verified for the studied soils are in agreement with values 
reported elsewhere for typical Brazilian tropical soils 
(Curi; Franzmeier, 1984; Ferreira; Fernandes; Curi, 1999; 
Schaefer; Gilkes; Fernandes, 2004). It is important to 
mention that the lower percentages of Ka, Gt, Hm, and 
Gb found for soils 3 and 4 can be related to the fact that 
these are sandy soils, presenting low clay percentages 
(Table 1).  

soils presented similar clay percentages (Table 1), Table 2 
shows that soil 2 had lower percentages of Gb and Gt and 
higher percentages of Ka and Hm compared with soils 6 and 
8. This fact indicates that Ka, and to a higher extent Hm, 
play a relevant role in Se retention (Jang; Pak; Kim 2015). 
Comparing soils 6 and 8, marked differences are found for 
the percentages of Gb and Hm. In this context, besides soil 
8 presenting much higher Gb content, soil 6 has greater Hm 
percentage and could adsorb similar Se amounts, as reported 
in Figure 3. Even though present in low percentages in soils, 
Hm plays an important role for Se retention on Brazilian 
soils. Corroborating with that, Rovira at al. (2008), evaluating 
the sorption of Se (IV) and Se (VI) on natural goethita and 
hematite, verified that hematite adsorb much more Se (selenite 
or selenate) than goethita.  

It is observed that, in general, the amounts of 
adsorbed Se varied as a function of the studied IS, mainly 
at the dose of 100 µg L-1 Se. Considering the effect of IS 
in each soil, when using the lower Se dose (100 µg kg-1), it 
was observed that only the soils of native areas one, two, 
and seven presented higher adsorption at ionic strength of 15 
mM (Figure 3). In the other soils where there were statistical 
differences in Se adsorption at the two IS levels, adsorption 
was higher at the more concentrated IS (150 mM). It is 
noteworthy that no statistical differences were observed in 
comparing adsorption between the two studied IS for soils 
three, five, and six (native), and eight (cultivated), but their 
adsorption values were greater at the higher IS (Figure 3).

The higher Se adsorption obtained when using the 
higher IS can be explained due to the adsorption process 
that occurred at pH values close to 5.5 (solutions with pH = 
5.5), mostly above the soil’s PZSE (Table 1). Under these 
conditions, the soil surface would carry a net negative 
charge. According to Xu (2013), the increase in adsorption 
of some oxyanions upon increasing IS may be observed 
when the pH is above the isoelectric point. The presence of 
higher amounts of counterions in such situation makes the 
adsorption surface less negative, and therefore increases 
the adsorption of anions. According to Hiemstra and Van 
Riemsdijk (1999), oxyanion adsorption increases with the 
increase in IS, due to lower repulsive interaction between 
the negative charges of the colloid surface and the negative 
charges of the ion, since electrolyte ions form a shield on 
the charged surface when present at high concentrations.

Another reason which might have contributed 
to higher Se adsorption with the increase in IS is the 
depression of the diffuse double layer, provided by the 
increase of ionic concentration in the solution, which 
increased Se adsorption for being closer to the adsorption 
region (Zhou et al., 1996).

Table 2: Percentages of kaolinite (Ka), gibbsite (Gb), 
goethite (Gt), and hematite (Hm) found for the studied 
native soils.

Soils Kaolinite Gibbsite Goethite Hematite
--------------------------- % ---------------------------

1 14.8 11.5 3.6 0.3
2 16.6 3.8 2.3 1.4
3 2.8 0.3 2.8 0.0
4 9.9 0.0 3.7 0.0

5 18.3 4.1 2.6 1.4

6 8.6 8.2 3.8 0.8
7 11.6 40.8 4.8 0.2

8 8.8 39.3 4.5 0.1

Minimum 2.8 0.0 2.3 0.0
Mean 11.4 13.5 3.5 0.5

Maximum 18.3 40.8 4.8 1.4
Hematite and goethite contents were calculated according 
to Torrent et al. (1983), while kaolinite and gibbsite were 
obtained according to Resende, Bahia Filho and Braga (1987). 

Selenium (VI) adsorption

The amounts of adsorbed Se (VI) at the studied 
doses and IS are shown in Figure 3. Firstly, note that the Se 
adsorbed amounts varied as a function of clay percentages, 
among other factors, tending to be retained in greater amounts 
in soils with higher clay percentages, especially considering 
native soils. However, comparing Se adsorption found for 
soils of the native areas 2, 6, and 8, which have similar clay 
percentages (49, 47, and 53%, respectively - Table 1), soil 
2 adsorbed higher Se amounts than soils 6 and 8, which 
adsorbed similar Se quantities (Figure 3B). Although these 
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On the other hand, the fact that the native soils one, 
two, and seven at a dose of 100 µg L-1 Se, and soils two 
and seven at a dose of 500 g µg L-1 Se presented higher 
adsorption at the lower ionic strength might have occurred 
possibly due to some typical characteristics of these soils, 
such as high clay content and low PZSE values (Table 1). In 
this context, it is known that soils with low PZSE values 
tend to have high density of negative charges at the pH 
in which adsorption occurred. Moreover, the high clay 
content contributes to high adsorption contact surface 
(and with more negative charges due to the low PZSE 
values). In this context, although part of negative charges 
can be covered by the cation of the electrolyte solution, 
the remainder of its negative charges may provide Se 
repulsion with the increase of IS from 15 to 150 mM, and 
thus it may reduce Se adsorption at the highest studied IS.  

In relation to the type of complex formed between 
Se and soil colloids, differences in Se adsorption as a 
function of IS variation were observed mainly at a dose 
of 100 µg L-1 Se, possibly indicating the presence of outer-
sphere complexation or nonspecific adsorption as the main 

adsorption process considering the whole soil and not 
for the specific minerals showed in Table 2. Studies have 
shown that when adsorption is changed by IS variation, 
adsorption mainly occurs with the formation of outer-
sphere complexes (Duc et al., 2003; Snyder; Um, 2014). 
For treatments in which the amounts adsorbed did not vary 
as a function of IS, adsorption may also have occurred due 
to inner-sphere complexation or specific adsorption, since 
this process is considered to be active when adsorption is 
unaffected by IS variations (Hayes; Papelis; Leckie, 1988; 
Mcbride, 1997; Xu, 2013).   

Care must be taken in making inferences on the 
type of adsorption complex formed based only on the IS 
factor, since several studies have shown wide dynamics of 
complexes formed by Se in different types of materials and 
with changes in factors such as pH and salt concentration 
(Abreu et al., 2011; Das; Essilfie-Dughan, 2013; Jang; 
Pak; Kim, 2015; Sharma et al., 2015). Peak and Sparks 
(2002) reported that the Se (VI) in hematite only undergoes 
inner-sphere complexation; however, it forms a mixture 
of outer- and inner-sphere complexes on goethite surface. 

Figure 3: Selenate adsorbed (μg kg-1) on cultivated (A) and native (B) soils, in the two ionic strength evaluated (15 
and 150 mM). The numbers 1 and 2 after the letters A and B refer to the Se doses of 100 μg L-1 and 500 μg L-1, 
respectively. The bars that correspond to each quarter of the figure and to each soil sample followed by the same 
letter do not differ by Scott-Knott test at 95% probability. The bars with asterisks (*) indicate statistical differences 
between cultivated (A) and native (B) soils for each studied Se dose (100 μg L-1 (top) or 500 μg L-1 (bottom)).
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On the other hand, Rietra, Hiemstra and Van Riemsdijk 
(2001), when studying the adsorption behavior of selenate 
and sulfate on goethite, suggested the presence of the 
outer-sphere complex at pH above 6, and a monodentate 
inner-sphere complex at lower pH. Future studies using 
X-ray absorption spectroscopy (XAS) analysis, mainly 
in the EXAFS (extended X-ray absorption fine structure) 
region of the spectrum, are require to really determine 
the adsorption mechanism of Se (VI) onto Brazilian soils.   

Pearson correlation analysis between the adsorbed 
amount and the main physical and chemical parameters 
of the soils are presented in Table 3. First it is noted that a 
positive correlation was found between Se adsorption and 
clay content, which is easily understood, considering that 
clay is the mineral active fraction of the soil. In tropical 
soils, clay has a fundamental and direct role on anion 
adsorption, due to the presence of high amounts of 1:1 
clays and Fe and Al oxides and hydroxides, which are the 
main sorbents for selenate and other anions (Abreu et al. 
2011; Wang; Chen, 2003). The present study also found 
that Se adsorption was positively correlated with total Fe 
and Al contents (Table 3).

Some factors that are influenced by the soil 
management, such as pH, SOM, and competing anions 

(S and P) presented no correlation with the amount 
of adsorbed Se when evaluated alone by the Pearson 
correlation (Table 3). However, the soil management 
affected the Se adsorption not due to each soil characteristc 
that was affected but due to an association of attributes 
that are changed in managed soils (Figure 3).  

By comparing Se adsorption in native and 
cultivated soils in each area (Figure 3), relationships were 
identified to the physicochemical properties of each soil, 
especially their clay content, competing anions, pH, 
and SOM (Table 3). Soils one, two, and seven presented 
a similar trend, with higher adsorption in native soils, 
which could be explained by their fine textures and their 
low contents of competing ions (P and S), since SOM 
and pH were similar between native and cultivated soils 
(Table 1). Soils three and five also presented significantly 
higher adsorption in native soil, but with less difference 
than what was observed for soils one, two, and seven. This 
finding can be attributed to the low P contents in native 
soils compared with the cultivated soils (Table 1), whereas 
parameters such as pH and clay did not present great 
variation between native and cultivated soils. Finally, soil 
management, especially with addition of elements such as 
S and P, appears to influence the ability of the soil to adsorb 

Table 3: Pearson correlation coefficients between the Se adsorbed amount and the main physicochemical 
properties of the soil samples.

Soil property
Cultivated soils Native soils

100 μg L-1 de Se 500 μg L-1 de Se 100 μg L-1 de Se 500 μg L-1 de Se
IS 15 IS 150 IS 15 IS 150 IS 15 IS 150 IS 15 IS 150

Clay 0.80** 0.81** 0.87** 0.73** 0.57** -0.028ns 0.49* 0.82**
S 0.61** 0.64** 0.57** 0.44* 0.12ns -0.36ns 0.01ns 0.40ns
P 0.55** 0.31ns 0.51** 0.37ns -0.25ns 0.33ns -0.072ns -0.46*

SOM 0.64** 0.72** 0.78** 0.61** 0.152ns -0.11ns 0.33ns 0.43*
PZSE -0.27ns -0.53** -0.49* -0.14ns -0.64** -0.47* -0.65** -0.54**

FeAO -0.81** -0.79** -0.69** -0.81** -0.59** -0.12ns -0.43* -0.70**

AlAO -0.40* -0.47* -0.44* -0.47* -0.74** -0.07ns -0.56** -0.93**

FeDCB 0.63** 0.41* 0.61** 0.71** 0.06ns -0.40ns 0.45* 0.54**

AlDCB 0.33ns 0.31ns 0.27ns 0.45* -0.44* -0.65** -0.10ns 0.03ns
Al2O3 0.82** 0.78** 0.84** 0.80** 0.33ns -0.30ns 0.54** 0.76**
Fe2O3 0.83** 0.77** 0.85** 0.81** 0.30ns -0.28ns 0.50* 0.70**

TiO2 0.71** 0.62** 0.83** 0.71** 0.14ns -0.30ns 0.47* 0.57**

pH -0.27ns -0.53** -0.42* -0.13ns 0.01 0.05ns -0.42* -0.16ns
CEC 0.69** 0.60** 0.77** 0.69** -0.06ns -0.42* 0.38ns 0.20ns

IS refers to the two ionic strengths tested, 15 and 150 mM. ** and * are significant (P <0.01 and P <0.05, respectively); ns: not 
significant.    
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Se, since these anions can partially block adsorption sites, 
reducing Se retention in cultivated soils. Lower amounts of 
Se adsorbed on cultivated soils compared with uncultivated 
soils were also found in other recent study evaluating soil 
samples from the Mato Grosso, Brazil (Lessa et al., 2016). 

Selenium (VI) Desorption

In general, Se desorbed amounts were related 
to the clay content and to the sorption capacity of the 
soils (Figure 4). Thus, desorbed amounts (µg kg-1) were 
larger for soils which had previously adsorbed higher Se 

Figure 4: Selenium desorbed (μg kg-1) and selenium effectively adsorbed (μg kg-1) adsorption – desorption) in 
cultivated (A) and native (B) soils. The lowercase letters (a) and (b) refer to ionic strengths evaluated, 15 and 150 
mM, while the numbers 1 and 2 refer to the Se doses of 100 μg L-1 and 500 μg L-1, respectively. The numbers 
above the bars indicate Se desorbed percentages in each studied soil.
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amounts. Regarding the clay content, more sandy soils 
showed low amounts of desorbed Se (some values even 
below the detection limit of the analytical technique), 
which can be explained by the low Se amount adsorbed 
by these soils. 

Selenium desorbed percentages are also shown in 
Figure 4 (numbers above the bars).  As can be seen, these 
percentages are considered low, reaching only up to 25% 
as the highest percentage in native soil one when the IS 
was 150 mM. Finally, Figure 4 also shows that there were 
slightly differences in Se desorption comparing the two 
studied different IS, presenting no significant differences. 
Even desorbing larger Se amounts, clayey soils presented 
a larger amount of Se retained after desorption (effective 
adsorption), since they had previously adsorbed larger 
amounts of Se.

CONCLUSIONS
Selenate adsorption varied among Cerrado soils 

as a function of their characteristics such as mineralogy, 
texture, and total content of Fe and Al oxides. A strongly 
positive relationship was observed with clay content, 
which decreased Se availability. In general, Se adsorption 
was lower in cultivated soils than in native soils, which 
strengthen that soil cultivation or management affected the 
Se sorption and availability, possibly due to the presence 
of higher amounts of competing anions in cultivated soils 
than in native soils. Based on the present study evaluating 
selenate adsorption in different IS values, 15 and 150 
mmol L-1, it is inferred that, in general, the mechanism of 
outer-sphere complex, or nonspecific adsorption greatly 
contributes to selenate adsorption in the studied tropical 
soils. Selenium desorption percentages were low and Se 
desorption amounts varied as a function of the amount 
of Se adsorbed to each soil, being larger in soils which 
had characteristics that contributed to higher adsorption, 
such as clay content.   
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