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Abstract: There is a relationship between the arsenic content of crops and that of
agricultural soils and the water used for irrigation. The consumption of foods with
high arsenical concentrations represents a health risk. Corn is one of the most widely
grown cereals in the world due to its ability to adapt to different soils and climates. In
northern Argentina, the cultivation of this plant has become more important over the
years. However, the groundwater supply of this zone has high arsenic levels. In this
study, the levels and distribution of arsenic and its species in soils and corn plants of
this agricultural area were determined. Some of the edaphic characteristics that
facilitate its phytoavailability were also studied, and the rate of transfer and
accumulation of the metalloid in the plant was determined. Elemental determinations
were carried out by ICP-MS, FAAS and UV-VisS. Arsenical species were analyzed by
HPLC-ICP-MS. We found that the soil is not contaminated with arsenic and that the
proportion of the metalloid passing into the aqueous phase is low. However, a high
proportion of this available arsenic is taken up by the plant. Although it was not
detected in the cob kernels, the concentrations of arsenic in the roots and leaves of the
plants are high, which represents a risk for its use as fodder. As(V) was dominant in
the system. Methylated species were gquantified in the plants even though they were
not detected in the soil.

Keywords: phytoavailability, agricultural soil, bioaccumulation, arsenical species

1. Introduction

Plants can absorb and store nutrients and contaminants from the growing soil. Then,
these elements are transferred to the other levels of the food chain through feeding.
When the concentration of potentially hazardous elements transferred is high, it can
represent a risk to human and animal health (Meharg and Hartley-Whitaker, 2002;
Yarfiez et al., 2019). There are studies that establish a significant correlation between
the arsenical content of crops with that of agricultural soils and the water used for
irrigation (Su et al., 2009; Sadee et al., 2016; Ruiz Huerta et al., 2017). Because of
this, national and international control agencies established a maximum value of 20
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mg kg! for total arsenic in crop soils (EPA, 2012). However, it is necessary to
evaluate how much of this arsenic and its species are available for the plant uptake
(Norton et al., 2012), since variations in the physicochemical characteristics of the soil
and rhizospheric soil (portion of the soil closely linked to the plant root), can alter the
content of arsenic species, modifying the solubility of arsenic minerals and subsequent
uptake of the element by the plant (Jedinak et al., 2009; Punshon et al., 2017). Then,
in order to be absorbed by the plant, arsenic must be mobilized from the mineral
structures to the aqueous phase of the soil (Ursitti et al., 2004). Different extraction
methods have been used to determine the mobility of soil elemental components. The
natural mobility of elements can be estimated by evaluating their solubility in water,
in this way the most soluble phases of the soil are washed out without altering the
mineralogy. The concentrations of elements extracted are low, but may represent the
most easily mobilizable fraction of the soil (Anawar et al., 2008; Baig et al., 2010;
Martinez Sanchez et al., 2011).

Arsenic toxicity varies according to the species: As(ll1) is more toxic than As(V), and
inorganic species are more toxic than organic species (IARC, 2012). The arsenic
species mostly found in food crops are As(lll), As(V), MMA (monomethylarsonic
acid) and DMA (dimethylarsinic acid) (Ruttens et al., 2018). The consumption of
foods with high concentrations of arsenic can mean a significant risk of poisoning.
The transfer of arsenic absorbed in the food crops to humans can occur directly, or
indirectly through animals that consume the plant (Kachenko et al., 2010; Zhao et al.,
2010). To quantify the capacity of plants to accumulate trace elements, the
Bioaccumulation Index (BAI) was settled, which establishes the relationship between
the amount of contaminant in a living organism and the amount of that contaminant in
the environment (Kabata-Pendias, 2004). Quantitative extraction of elemental species,
without altering their proportion, is important in speciation studies. Several extraction
methods have been developed for arsenic speciation in plants, using extractants such
as methanol, water and different mixtures of surfactants (Sadee et al., 2016). Sodium
dodecyl sulfate (SDS) is a surfactant capable of breaking down water-insoluble
protein complexes and has a high extraction efficiency for arsenical species. (Jedinak
et al., 2009). Corn (Zea mays L.) is one of the most widely cultivated cereals in the
world. It is used as food and for the preparation of starch, oil, alcoholic beverages,
fodder and ethanol (Tiwari and Yadav, 2019). The province of Tucuman, located in
the northwest of Argentina, has optimal soil characteristics for the cultivation of
cereals, which is why the cultivation of corn has gained special relevance in the last
decade, becoming an important part of the economy of the region. The eastern part of
the province belongs to the Chaco-Pampean Plain, which is the largest geographic
region in South America with high arsenic concentrations in its groundwater supplies
(Nicolli et al., 2012). Previous studies carried out in the province reported that the
arsenic content in its surface and groundwater is higher than the limit of 10 pg L*
established by the WHO (Garcia et al., 2000; Maizel et al., 2018). Nicolli et al. (2012)
have reported that elevated arsenic concentrations are due to the volcanic components
of the loessic deposits that characterize the area. This may represent an important
health problem for the exposed population, as local crops are susceptible to
contamination.
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The objective of this work was to determine the mass fraction (mg/kg) of arsenic and
its species present in soil and corn plants of a crop in eastern Tucuman province,
Argentina. The fraction of these elements that is transferred, accumulated and
distributed in the plant was determined to evaluate the potential hazard the consuming
population is exposed to.

2. Materials and Methods:
2.1. Sampling

The department of Leales is located in the southeast of the province of Tucuman,
Argentina. Soil and corn plant samples were taken from a field located at 27°11'34"
South latitude and 65°14'47" West longitude, at an altitude of 435 m a.s.l. This area
belongs to the depressed saline plain of Tucuman, characterized by the presence of a
water table with a high saline content and few natural drainage networks. It has a
semi-arid subtropical climate with a dry season, and rainfall (mostly in the wet season)
between 500 and 650 mm per year, an average annual temperature of 19.5°C, with a
variation in July of 12.8 °C and 27.1 °C in January. The soil in the area is the
Haplustol Fluventic type with silt loam texture, Table 1 shows their physicochemical
characteristics at the beginning of the study.

Table 1. Physicochemical properties of the soil (x = SD).

Sand (%) 15.2+0.2
Silt (%) 70.3+038
Clay (%) 145+0.1
Moisture (%) 21.6+0.5
Density (g/cm3) 2.38+0.17

Apparent density (g/cm?3) 1.14£0.28

Porosity (%) 55.1+ 0.5
pH (0 — 20 cm) 7.2+0.2
pH (20 - 30 cm) 8.0+0.1
EC (dS.cm?) 22+0.6
Organic matter (%) 2.50 £ 0.05

We worked with the whole corn plant, the soil and the rhizospheric soil. At each
sampling site, corn roots, stems, leaves and kernels were sampled. In addition,
approximately 2.0 kg of soil were taken from a depth of 0 to 25 cm directly under the
harvested plant and close to the roots, using a clean shovel. The plant parts were
washed with ultrapure water (18 MQ cm) and dried in an oven. The soil and the
rhizospheric soil (which was separated from the roots) samples were oven-dried at
42 °C for 2 hours, allowed to cool, and passed through a 2 mm sieve.

2.2. Samples treatments

Acid digestion
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An acid digestion process was carried out on all samples (plant roots, stems, leaves,
grains, soils and rhizospheric soils). Approximately 100.0 mg (£0.2 mg) of each
sample was accurately weighed using a Mettler Toledo AG245 analytical balance.
Then, 1 mL of concentrated and redistilled HNO3; (Merck, Darmstadt, Germany) and 1
mL of hydrogen peroxide 30 vol (Cicarelli, Santa Fe, Argentina) were added. 0.1 mL
of hydrofluoric acid 48 % (Merck, Darmstadt, Germany) was added to the soil and
rhizospheric soil samples. All samples were heated for 24 hours. They were then
centrifuged at 7000 rpm for 5 min using a refrigerated ultracentrifuge U-320R (Boeco,
Hamburg, Germany). All reagents used were of analytical grade.

Extraction processes

Two extraction processes were performed on the samples: on the one hand, water was
used as an extraction agent to analyze the elements that were naturally mobilized to
the aqueous phase of soil and rhizospheric soil samples, on the other hand, SDS-Tris-
HCI was used to extract arsenical species from the plant tissue of corn plants.

Soil and rhizospheric soil samples were taken as follows: about 1000 mg (+0.2 mg) of
the sample were accurately weighed on an analytical balance and 250 mL of ultrapure
water (18 MQ cm) were added. They were left in contact for 24 h and then centrifuged
at 3000 rpm for 5 min. The supernatants were stored in polypropylene tubes for
further analysis.

The extraction of arsenical species in the corn plant was carried out as follows: 500.0
mg (£0.2 mg) of each plant part (root, stem, leaf and grain) was weighed on an
analytical balance and 4 mL of SDS-Tris-HCI solution was added. They were placed
in an ultrasonic cleaner (Testlab, Buenos Aires, Argentina) for one hour and
centrifuged at 7000 rpm for 10 minutes. To avoid alterations in the extracted arsenic
species, the supernatants were stored in opaque polypropylene tubes and kept at 4 °C
until use.

2.3. Elemental determinations

Concentrations of iron, manganese, total arsenic, calcium, magnesium and phosphorus
were determined in the digests of all samples and in the aqueous fractions of soil and
rhizospheric soil.

Iron, manganese and total arsenic were determined by ICP-MS (PerkinElmer SCIEX -
ELAN DRCIl-e, Thornhill, Canada). High purity Argon gas (99.996%) was used as
plasma (13.5 L min'), auxiliary gas (1.2 L min*) and nebulization (0.85 L min). A
multi-element standard for ICP (Merck CertiPUR, Darmstadt, Germany) was used to
carry out the measurements.

Standards of 40, 80, 100, 120, and 150 pg L™ of As, Fe, and Mn were prepared. The
3.4 version of the ELAN ICP-MS Instrument Control Software program was used.
This program allowed us to eliminate the percentage of intensity from the signal of
interest due to the isobaric interferences present, for which the isotopes ®As, *'Fe,
Mn were selected.

The presence of calcium and magnesium was determined by a Perkin-Elmer AAnalyst
100 atomic absorption spectrometer (Norwalk, USA). Air-acetylene flame (APHA,
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AWWA, WPCF, 1992) and hollow cathode lamps were used, with a wavelength of
422.7 nm for Ca and 285.2 nm for Mg. Standards of 0.4, 1.0, 2.0, 4.0, 5.0 mg L Ca,
and 0.1, 0.2, 0.3, 0.4, 0.5 mg L Mg were prepared from commercial standards of
1000 mg L™ of each element (Merck certiPUR, Darmstadt, Germany). SrCl, 10% was
used as a releasing agent and KCI 10% as an ionization suppressant.

The presence of phosphorus was determined by the modified vanadomolybdophoric
acid method (APHA, AWWA, WPCF, 1992). A Biotraza 722 spectrophotometer
(GEA S.R.L., Santa Fe, Argentina) was used. Standards of 3.0, 4.0, 5.0, 10.0, 15.0 and
20.0 mg L of P were prepared from anhydrous KH,PO, (Cicarelli, Santa Fe,
Argentina) and an aqueous solution of molybdate-vanadate from (NH4)sM0702..4H,0
(Cicarelli, Santa Fe, Argentina) and NH4VO; (Merck, Darmstadt, Germany) were
used.

2.4. Determination of arsenic species

To quantify the arsenical species in the system, SDS-Tris-HCI extractions performed
on the corn plant, and the aqueous fractions of the soil and rhizospheric soil were
analyzed. An HPLC (PerkinElmer LC-pump series 200 systems, Norwalk, USA), with
an ion exchange column (Hamilton PRP X-100, 250 mm x 4.6 mm) and a 100 pl
loading loop was used. Ammonium dihydrogen phosphate 20 mM (Merck Millipore,
Darmstadt, Germany) was used as the mobile phase at pH 5.6 with a flow rate of 1 mL
min. Standards of arsenical species of 10 pug L*, prepared from solid drugs, were
used. The standards used were As(Il1) of diarsenic trioxide (As2Os, Sigma, St. Louis,
USA), As(V) of diarsenic pentoxide (As20s.2H,0, Aldrich, St. Louis, USA), DMA
and MMA prepared from sodium methyl arsenate (CH3AsO(ONa)..6H.0, Merck,
Darmstadt, Germany). All prepared solutions were stored at 4 °C until their use. The
area of each resulting peak of the chromatograms was analyzed using the Origin 8.0
software.

2.5. Figures of merit

Linearity, limits of detection (LOD), limits of quantification (LOQ) and recovery
studies were performed. The LOD and LOQ values for each element were determined
by 10 replicates of the sample preparation blank and calculated as three times and ten
times the standard deviation divided by the slope. The calibration curves showed good
correlation coefficients. The measurement of each sample was performed in triplicate.
Recovery values between 89 and 135% were obtained in all cases.

3. Results and Discussion

3.1. Total arsenic, arsenic species, and other elements analyzed in the soil and
rhizospheric soil

Table 2 presents the content of total arsenic, phytoavailable arsenic, and arsenic
species present in the soil and rhizospheric soil samples. The contents are expressed in
mass fraction (mg kg), based on the dry weight of the sample.
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Table 2. Mass fractions (mg kg1) of arsenic in soil and rhizospheric soil (% + SD).

1AsT 2Asp 4As(111) 4As(V) IMMA ‘DMA
Sample 30f0ext

(mg kg™) (mg kg™) (mg kg™) (mg kg™ (mgkg")  (mgkg?)
Soil 7.740.1 0.130+0.002  1.7%  0.00060+0.00005 0.082+0.002  ND ND
Rhizosphere  8.38+0.09  0.126+0.005  15% ND 0.058+0.002  ND ND

!Ast: Total arsenic mass fraction in soil and rhizospheric soil.

2Asp: Phytoavailable arsenic mass fraction, quantified in the aqueous phase of the soil and the rhizospheric soil, using ultrapure
water as extraction agent.

30pext: Fraction of arsenic that is mobilized from the soil and the rhizospheric soil into the soil solution.

4As(11), As(V), MMA, DMA: Arsenic species extracted from the soil and the rhizospheric soil using water as extraction agent.

ND: Not detected

The mass fraction of total arsenic in the soil and rhizospheric soil was around 8 mg kg-
! while its mass fraction in the aqueous phase was much lower (0.130 mg kg). These
levels were below the 20 mg kg limit established by control agencies (EPA, 2012).
This indicated that it is an agricultural soil with low arsenic levels. Similar values
have been reported for crop soils in Europe and Africa, with concentration ranges
from 0.2 to 20 mg kg (Marwa et al., 2012; T6th et al., 2016).

The extraction fraction (%ex) corresponded to the quotient between the arsenic in the
aqueous extraction solution and the total arsenic in soils and rhizospheric soil. The
percentage of arsenic mobilized from the solid phase to the aqueous phase was of
1.6% on average. The value obtained is relatively low since arsenic mobilization
ranges are from 0.45 to 18.88% (Rosas Castor et al., 2014). A low mobilization rate
indicates that the soil effectively retains the arsenic present in the solid phase. The
physical and chemical factors that may be responsible for the low availability of
arsenic in the studied system were analyzed. As indicated in Table 1, we worked with
soil with a silty loam texture, with pH values of 7.2 in its upper horizon, and 8.0 in
deeper layers. Under these conditions, arsenic behavior is highly reliant on
oxygenation, which itself depends on soil density, porosity and texture (Neira et al.,
2015). Under conditions of low oxygenation the inorganic species As(Ill)
predominates, which is not retained by the charged soil particles and consequently
mobilizes vertically towards deep layers away from the upper horizon. When
oxygenation is higher, the predominant form is the inorganic species As(V), which is
adsorbed on the different soil particles (organic matter, clays, minerals) and
consequently is not very mobile and is not easily removed from the upper horizon
(Sadig, 1997). Although the toxicity of As(V) is lower than that of As(lll), its
immobilization makes it potentially more dangerous for biotransfer and any change in
the physicochemical conditions of the soil can increase the phytoavailability of the
element (Wang and Mulligan, 2006). The studied system had good values of density
(2.38 g.cm™®) and porosity (55.1%), indicating that it was a soil with good oxygenation
(Neira et al., 2015). Under these conditions, it could be considered that As(V) would
be the dominant species in the soil. This was confirmed by analyzing the
quantification data in Table 2. In the soil, inorganic species As(lll) and As(V) were
observed, while in the rhizospheric soil only the inorganic species As(V) was
detected. The mass fractions obtained for As(V) are higher than those of As(lIl).
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Organic arsenic species were not detected in any of the soil and rhizospheric soil
samples.

Table 3 shows the mass fractions of calcium, magnesium, iron, manganese and
phosphorus present in the soil and rhizospheric soil samples. These elements are of
interest for the analysis of arsenic mobility.

Table 3. Mass fractions (mg kgt) of calcium, magnesium, iron, manganese and phosphorus in soils and
rhizosphere samples (X + SD).

Elements ISt 2Rt
Ca 366.4+3.4 450.6 £ 14.6
Mg 5364.0 + 34.1 9218.4 + 250.1
Fe 4804.1 + 79.6 4812.1 +162.4
Mn 510.0+44 5284 +4.2
1St Ry 3Sp “Ro 5S%ext  *R%ext
P 1062.4 £ 22.0 1658.2 £ 23.2 280+0.05 9.00+0.05 0.26 0.54

1St: Total mass fraction of the element in the soil samples.

2Rt: Total mass fraction of the element in the rhizosphere samples.

3Sp: Total mass fraction of the element in the soil aqueous phase.

“Rop: Total mass fraction of the element in the rhizosphere aqueous phase.

5S%ext Percentage of P mobilized from the soil to the soil aqueous phase.

5R%ext: Percentage of P mobilized from the rhizosphere to the aqueous phase of the rhizosphere.

In the soil, the magnesium mass fraction is around 5000 mg kg, while the calcium
mass fraction is around 350 mg kg?. For both elements, a rhizospheric effect is
observed, which produces an increase in the rhizospheric soil mass fractions of 72%
for magnesium and 23% for calcium, data reported in the literature for corn crops
(Rosas Castor et al., 2014). It has been disclosed that, under the pH and oxygenation
conditions present in this crop, Ca and Mg form oxides and hydroxides which have a
high affinity for As(V), promotes immobilization (Galindo et al., 2000). Lin et al.
(2004) also indicate that Ca favors the adsorption of arsenic on the surface of organic
matter. The concentration of these elements and the high proportion of soil organic
matter (2.5%), are factors that could explain the low mobilization of arsenic in the
system.

Total iron and manganese in the studied agricultural system were around 4800 mg kg
and 500 mg kg, respectively. It has been reported that iron and manganese from
minerals present in the soil, and rhizospheric soil form amorphous oxides and
hydroxides, could adsorb arsenic species on their surface, immobilizing them and
decreasing their availability to crops (Sadig, 1997). The mass fractions of both
elements were similar to those found in the literature for corn crops with the ranges of
96.7 mg kg* to 3487.5 mg kg* for Fe and 2.61 mg kg* to 936.77 mg kg* for Mn.

3.2. Total arsenic and arsenic species in the corn plant

Table 4 shows the contents of total arsenic and arsenic species in the different parts of
the corn plant.
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Table 4. Mass fractions (mg kg) of arsenic content of maize plant (Zea mays L.) (X + SD)

Ast 2As(111) 2As(V) 2MMA 2DMA
Root 6.92+0.12 0.0043020.00005 0.310+0.005 “ND 0.0440.001
Steam <LOD? 0.0016020.00005 0.06+0.01 0.0170:£0.0005 0.0280:£0.0005
Leaves  5.2330.22 0.0050:£0.0002 0.20+0.02 “ND 0.1600:£0.0005
Grain <LOD? ‘ND ‘ND AND ‘ND

!Ast: Total arsenic mass fraction.

2As(111), As(V), MMA, DMA: Arsenical species extracted from plant tissues using SDS-TRIS-HCI as extraction agent.
3LOD: 0.005 mg kg! for Ast by ICP-MS.

“ND: No detected.

The highest values of the mass fraction of total arsenic were found in the roots and
leaves. In the stem and in the grain, it was below the detection limit (0.005 mg kg™).
This data indicates that there is no accumulation of arsenic in the grain of the corn
plant. This is important since the grain is the part that is used for human consumption.
In contrast, arsenic concentrations in the roots and leaves of the corn plant exceeded 5
mg kg. These values are higher than those reported in the literature. Studies carried
out on different corn plant varieties yielded arsenic concentrations of 2 mg kg (Rosas
Castor et al., 2014). Corn stems, leaves and roots are used as fodder to feed livestock.
If animals consume foods with high arsenic contents, they can accumulate it and
transfer it to other members of the food chain. Ultimately, this can pose a risk to
humans. In the region, corn is stored through silage, which is a process of anaerobic
fermentation of soluble carbohydrates in the forage to produce lactic acid. This
process allows the forage to be stored during harvest time for later use in times of
scarcity, maintaining the nutritional characteristics of the plants. In countries where
silage is widely used, such as the Netherlands, Germany, Denmark and Switzerland,
the maximum arsenic concentration allowed in silage plants is regulated. For example,
in Switzerland the maximum tolerable value is 4 mg kg (Gulz et al., 2005). The
arsenic values found in the leaves exceeded this limit.

The arsenic species present in the plants were guantified from the peaks obtained by
HPLC-ICP-MS. In this case, SDS-Tris-HCIl was used as the extraction agent, this
solution made possible to break down the organic structures of the sample and extract
the different elements without interconversion of arsenic species. Four arsenic species
were identified in the plants: the inorganic species As(lll) and As(V), and the
methylated species MMA and DMA. On the stems, all the described species were
present, while in the roots and leaves, the presence of MMA was not detected. The
dominant species was the inorganic As(V) being lower in the leaves and stems with
0.20 and 0.31 mg kg respectively. On the contrary, As(lll) was always found as a
minority species. Finally, The DMA species was found in higher concentration in the
leaves compared to the roots.

3.3. Accumulation and translocation of arsenic in the corn plant

To quantify the capacity of the plants to absorb the toxicant, the bioaccumulation
index (BAI) was calculated, which relates the concentration of arsenic in the root of

https://doi.org/10.58612/jafce341 8



the plant to the concentration of arsenic in the soil and rhizospheric soil using the
following formula (Kabata Pendias, 2004):

_ [AS]root
BAIL = [AST]soil (1)

As shown in Table 5, the quotient between the total concentration of arsenic in the
roots and the total concentration of arsenic in the soil and rhizospheric soil is called
BAI-.

Table 5. Bioaccumulation index and translocation index for total arsenic.

Soil  Rhizospheric soil  Plant

BAIr 090 0.82 -
BAIp 532 549 -

T% - - 75.6%

As can be seen, the BAIy value was less than 1, this indicates that the plants roots have
a low uptake of the total arsenic present in the soil. Other authors have reported BAl+
values ranging from 0.04 to 8.01 (Rosas Castor et al., 2014), and from 0.8 to 2.5 (Gulz
et al., 2005). A more realistic scenario is to relate the bioabsorption of arsenic in the
roots of the corn plant to the phytoavailable arsenic in the soil. The BAIlp values were
greater than 1. This shows that the plants have a high capacity to absorb
phytoavailable arsenic. The ability to absorb arsenic in high concentration is related to
the nutritional status of the plant. Faced with nutrient deficiency, the plant seeks to
supply its nutritional needs by increasing the absorption of different elements from the
soil. If the concentration of one of the main nutrients, such as P, is low at the
rhizospheric level, roots cells increase their uptake. Arsenic(V) uses the same
membrane transporters as P(V), therefore, the entry of arsenic into the roots is equally
favored (Zhao et al., 2010). In the analyzed samples, the inorganic P content in soil
and rhizospheric soil was in the order of 1000 to 1600 mg.kg™ (Table 3) with a low
proportion (0.3 and 0.5% in soil and rhizospheric soil, respectively) passing to the
aqueous phase. This could explain the high incorporation of available arsenic by the
plant. Gulz et al. (2005) carried out arsenic uptake studies in corn crops under
conditions of low P availability. In this situation, there was a secretion of organic
acids that decrease the pH of the rhizospheric soil, which favors the increase in the
availability of soil inorganic P and that of As(V).

To evaluate the distribution of arsenic in the plant, the percentage translocation was
calculated using the following formula:

[As]leaf
T% = ——2 100 2
[AS]roor @)

The T% value is also shown in Table 5. In the samples analyzed the value greater than
70%, which indicates that the analyzed plants transport arsenic from the roots to the
leaves in high proportion. Other studies in corn crops have reported T% values lower
than those obtained in this study. Ranges between 0.33 to 66.5% (Sadee et al., 2016)
and between 0.4 to 4.7% (Gulz et al., 2005) as well as values of 1.4% (Fellet et al.,
2007), 1.6% (Schulz et al., 2007) and 20.1% (Baig et al., 2010). In the plant, arsenic
translocation is carried out through the xylem conductive system. Some plants, such as
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the rice plant, limit arsenic transport to their aerial parts as a protective mechanism,
with the aim of preventing the contaminant from reaching younger tissues (Zhao et al.,
2010). Uroic et al. (2012) studied the ability of the xylem conductive system to
modify arsenic transport according to the dominant soil species. When the dominant
species in the soil is inorganic arsenic, its transport to the leaf is decreased to protect
the photosynthetic organ from its presence. When the methylated form is dominant in
the soil, the conduction capacity of the xylem is not modified. In this sense, it is
important to quantify the arsenic species present in agricultural soil and plant tissues.

In this study, no phytoavailable organic species were detected at soil or rhizospheric
soil level, although they were found in the roots. This would indicate that the corn
plants were capable of absorbing inorganic arsenic and storing it in methylated form.
There is no consensus about the mechanism by which this methylation process could
take place. However, some proteomic studies carried out in different plant species,
including corn, suggest that this methylation process is the result of a joint action
between rhizospheric microorganisms, endophytic bacteria and plant metabolism
(Bentley and Chasteen, 2002, Requejo and Tena, 2006, Zhao et al., 2010). This would
explain the presence of methylated species at root level when they are not detected in
the rhizospheric soil.

The inorganic species As(V) is dominant in the plant and soil compared to As(l11) and
the organic species. However, the presence of As(ll1) was detected in the roots, and a
similar situation occurred with the organic species analyzed above. Requejo and Tena
(2006) explain that specific reduction of As(V) to As(lll) occurs in the corn root by a
protein-mediated detoxification process. The As(l11) obtained is stored in vacuoles as
As-phytochelatins complexes, thus reducing its toxicity and preventing its circulation
through the plant.

4. Conclusion

In this study, the presence and accumulation of arsenic in corn plants has been
analyzed to assess the potential health risk posed by its consumption. These corn
plants were grown in a geographical area with high concentrations of this metalloid in
its groundwater supplies. However, arsenic was differentially distributed in the
different parts of the plant evaluated, as well as in the rhizosphere soil. While arsenic
was not detected in the cob kernels, high concentrations of arsenic were found in the
roots and leaves of the corn plants. The corn plants showed a high capacity to absorb
this phytoavailable arsenic. The dominant arsenic species in the plant-soil system was
As(V). Methylated arsenic species were able to be quantified in the different plant
tissues even though they were not detected in the soil. This would indicate that the
plant is able to absorb arsenic in its inorganic form, translocate it and store it in
organic forms, which is less toxic for the plant.
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