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ABSTRACT

Chromium (VI) removal capacity in aqueous solution by oat biomass was analyzed by the
diphenylcarbazide method. Bioadsorption was evaluated at different pH values (1, 2, 3 and
4) and at different times. The effect of temperature in the range of 28 °C to 60 °C and the
removal at different initial Cr (V1) concentrations of 200 to 1000 mg/L were also studied.
The highest bioadsorption (100% with 100 mg/L of the metal and 1 g of biomass) was at 8
h, at pH of 1.0 and 28 °C. With regard to temperature, the highest removal was to 60 °C,
with a 100% removal at 90 min. Removal was more efficient when higher concentrations
of biomass were used (100%, 3 h and 5 g of biomass). Untreated biomass (washed and
ground biomass) showed excellent metal removal capacity in situ, 82.6% and 85.3%
removal in contaminated soil and water, respectively, after 10 days of incubation, using 25
g of the biomass (100 mL of water). These results show that Cr (V1) can be removed from
industrial wastewater using oat biomass.
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RESUMEN

La capacidad de remocion de Cr (VI) en solucion acuosa empleando la biomasa de avena
fue analizada por el método de la difenilcarbazida. La bioadsorcion fue evaluada a
diferentes valores de pH (1, 2, 3y 4) y a diferentes tiempos. También se estudié el efecto
de la temperatura en el intervalo de 28°C hasta 60°C y la remocion a diferentes
concentraciones iniciales de Cr (VI) de 200 a 1000 mg/L. La mayor bioadsorcion (100%
con 100 mg/L del metal y 1 g de biomasa) fue a las 8 h, a pH de 1.0 y 28°C. La temperatura
Optima de remocion (100%) fue 60°C a los 90 min. La remocion fue mas eficiente cuando
se emplearon mayores concentraciones de biomasa (100%, 3 h y 5 g de biomasa). La
biomasa no tratada (biomasa lavada y molida) mostré una excelente capacidad de remocién
del metal in situ, 82.6% y 85.3% de remocidon en tierra y agua contaminadas,
respectivamente, a los 10 dias de incubacion, empleando 25 g de la biomasa (100 mL de
agua). Estos resultados muestran que el Cr (VI) puede ser eliminado de aguas residuales
industriales empleando biomasa de avena.

Palabras clave: Avena sativa, Biomasa, Cromo (V1), Remocion.

1. INTRODUCTION

Chromium is regarded as an environmental pollutant due to its wide use in various
industrial activities, such as electrolytic plating, leather tanning, explosives manufacturing,
etc. The stable forms of chromium in the environment are trivalent (Cr (I11)) and hexavalent
chromium (Cr (VI)). Further, Cr (V1) is highly soluble, making it mobile in soil and aquatic
environments, with consequent toxicity to ecosystems. Chromium in their different forms
can be use in the production of steel alloys and other metals chromed, for dyes and
pigments, and the preservation of leather and wood. It can also be find naturally in the soil
(Gutierrez-Corona et al., 2016). The primary forms of chromium found in nature are
chromium (111) and chromium (V1) and these forms are converted to each other depending
on environmental conditions (Ahemad, 2014). Cr (V1) is consider the most toxic form of
chromium, and is usually associated with oxygen as chromates (CrO42) and dichromates
(Cr207?), which due to its high solubility are highly mobile in soil environments and water
(Gutiérrez-Corona et al., 2016). Moreover, Cr (I11) is in the form of oxides, hydroxides or
poorly soluble sulfates, by which it is much less mobile, and there joined organic matter in
the soil and aquatic environments (Lofroth & Ames, 1978). Cr (VI) is a strong oxidizing
agent, and in the presence of organic matter is reduced to Cr (I11); this transformation is
faster in acidic environments (Dhal et al., 2013). However, high levels of Cr (VI) may
exceed the reducing capacity of the environment and thus can persist as a contaminant. It
has been established now that various chromium compounds as oxides, chromates and
dichromates, are environmental contaminants in water, soil, and industrial effluents
(Ahemad, 2014; Watts et al., 2015).

There are studies of many methods for removal of chromium ion present in water industrial
waste, for example: ion exchange on resins, coagulation-flocculation, adsorption on
activated carbon, reduction, chemical precipitation, sedimentation, etc., which in most cases
are expensive or inefficient, especially when the concentration of these ions is very low
(Caviedes Rubio et al., 2015). Therefore arise emerging technologies such as biosorption,
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the process of attracting various chemical species by biomass (live or dead), by
physicochemical mechanisms as adsorption or ion exchange (Tejada Tovar et al., 2015).
Recently, varieties of low cost materials have been studied for their ability to remove Cr
(VI) from aqueous solution and promising results are shown. Among these low cost
adsorbents are dead microorganisms, clay minerals, agricultural wastes, industrial wastes
and various other low cost materials (Acosta-Rodriguez et. al., 2016; Gutiérrez-Corona et
al., 2016; Tejada Tovar et al., 2015). Thus, there is a need to develop or find innovative low
cost adsorbents with an affinity towards metal ions for the removal of Cr (V1) from aqueous
solution, which leads to high adsorption capacity (Caviedes Rubio et al., 2015). The
objective of this study was to analyze in vitro biosorption of Cr (VI) by Avena sativa
biomass.

2. MATERIALS AND METHODS

2.1. Biosorbent

The cups of A. sativa oats was obtained from the store offered in the market place Republic,
in February 2016, of the capital city of San Luis Potosi, S.L.P. México. The product was
ground in blender and stored in amber vials until use.

2.2. Biosortion studies and determination of hexavalent chromium

In these studies, was used 1 g of dried biomass mixed with 100 mL of trideionized water,
containing 100 mg/L of the metal bearing solution in an Erlenmeyer flask at the desired
temperature and pH. The flasks were agitated on a shaking bath Yamato BT-25 model at
different times. Samples of 5 mL were taken at different times and centrifuged at 3000 rpm
for 5 min. The supernatant liquid was separated and analyzed for Cr (VI) ions by a
spectrophotometric method employing diphenylcarbazide (Greenberg et al., 1992). The
information shown in the results section are the mean from three experiments carried out by
triplicate.

3. RESULTS

The optimum time and pH for Cr (V1) removal for A. sativa biomass was 8 h and pH 1.0, at
constant values of biosorbent dosage (1 g/100 mL), with an initial metal concentration (100
mg/L), and temperature of 28°C (Fig. 1). It was used a pH meter Corning Pinnacle 530
model and we use nitric acid 1M to maintain the pH. Adsorption efficiency of Cr (VI) was
observe a maximum at pH 1.0 with the biomass analyzed. As the initial pH values
increased from 1.0 to 4.0, the removal efficiencies of Cr(VI1) with the biomass decreased
from 100% to 52%, respectively (Fig. 1).
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Fig. 1. Effect of incubation time and pH on chromium (V1) removal by the biomass of A.
sativa. 100 mg/L Cr (VI), 100 rpm, 28°C, 1 g of biomass.

Temperature was found to be a critical parameter in the bioadsorption of Cr (V1) (Fig. 2). To
maintain constant the temperature in all experiments, we use a shaking bath Yamato BT-25
model. The total removal was observed at 60°C with 90 minutes of incubation.
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Fig. 2. Effect of temperature on chromium (V1) removal by the biomass of A. sativa. 100
mg/L Cr (V1), 100 rpm, 28°C. 1 g of biomass.

Otherwise, at low metal concentrations (200 mg/L), we observe the best results for removal,
with the biomass analyzed, at 28°C, respectively (Fig. 3).
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Fig. 3. Effect of initial concentration of metal on chromium (V1) removal by the biomass of
A. sativa. 100 rpm, 28°C. 1 g of biomass.

The influence of biomass concentration on the removal capacity of Cr (V1) is showed in Fig.
4. If we increase, the amount of biomass it also increases the removal of the metal in
solution, with more biosorption sites of the same, because the amount of added biosorbent
determines the number of binding sites available for metal biosorption (Cervantes et al.,
2001).
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Fig. 4. Effect of biomass concentration on the removal of 100 mg/L of Cr (VI) by the
biomass of A. sativa. 100 rpm, 28°C.

Finally, We adapted a water-phase bioremediation assay to explore possible usefulness of
this biomass for eliminating Cr (VI) from industrial wastes, the biomass (25 g), was
incubate with non-sterilized contaminated earth and water containing 297 mg Cr (VI)/g,
and 200 mg Cr(VI1)/L, suspended in trideionized water. It was observe that in 10 days of
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incubation with the biomass, the Cr (V1) concentration of earth and water samples decrease
85.3% and 82.6% (Fig. 5), and the decrease level occurred without change significant in
total Chromium content during the experiments. In the experiment carried out in the
absence of the biomass, the Cr (VI) concentration of the earth samples decreased by about
of 18% (date not shown); this might be caused by indigenous microflora and (or) reducing
components present in the soil.
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Fig. 5. Removal of Cr (V1) in industrial wastes incubated with 25 g of biomass. 28°C, 100
rpm, 20 g and 100 mL of contaminated soil and water, (297 mg Cr (VI1)/g soil, and 200 mg
Cr (VDIL).

The adsorption capacities of Cr (V1) with different biosorbents are showed in Table 1.

Table 1. Comparison of adsorption capacities of Cr (V1) with other biosorbents.

Adsorbent pH  Adsorption capacity Reference
mg/L
Auricularia polytrica 1-2 50 Zheng et. al., 2014
Citrus reticulata 1.0 50 Acosta et. al., 2013
Litchi chinensis 1.0 50 Acosta et. al., 2012
Potato peeling 2.5 40 Mutongo et. al., 2014
Russian knapweed 2.5 15 Ghaneian et. al., 2013
Chitosan 4.0 58.8 Sobhanardakani et. al.,
2015
Coconut tree sawdust 3.0 3.6 Selvi et. al., 2001
Activated carbon 4.5 36 Caoet. al., 2010
Sugar cane baggase 2.0 13.4 Sharma and Foster, 1994
Al(OH)CO3 7.0 60 Zhong et. al., 2007
Avena sativa 1.0 100 This work
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4. DISCUSSION

The optimum time and pH for Cr (VI) removal by A. sativa biomass were 8 h and 1.0,
respectively. The fruit body of Auricularia polytricha (an edible mushroom, common in
China and other parts of the world) had removed 1, 50 and 100 mg of Cr (VI) per liter after
48 h at a pH ranging between 1-2 (using 2 g of bioabsorbent per liter) (Zheng et al., 2014).
It has been used powder of potato peelings (4 g of biomass per liter) for the removal of 40
mg of Cr per liter (in aqueous solution) at pH of 2.5 after 48 min (Mutongo et al., 2014).
The removal of Cr (VI) by the Citrus reticulata shell and by the Citrus paradise shell has
been carried out after 30 min (Acosta et al., 2013) and 70 min (Acosta-Rodriguez et. al.,
2016), respectively. Modified Russian knapweed flower powder (1.0 ¢g/100 mL of
biomass) was used for removal of 2, 10 and 15 mg of Cr (VI) per liter at pH of 1.0
(Ghaneian et al., 2013). Changes in the permeability of unknown origin, could partly
explain the differences founded in the incubation time, providing greater or lesser exposure
of the functional groups of the cell wall of the biomass analyzed (Ahemad, 2014; Tejada
Tovar et al., 2015). On the other hand, it has been reported the ability of the yeast Candida
tropicalis to remove Cr was tested in artificially contaminated soils in a microcosm system
to simulate natural environmental conditions, showing reduction of 72.2 % of 40 mg/L
Cr(VI1) (Bahafid et al. 2013). An A. niger strain isolated from a tannery was used in an
airlift reactor for the treatment of tanning wastewater, leading to maximum removal
efficiency by adsorption of 88 % of an initial Cr (111) concentration of 1300 mg/L (Sepehr
et al. 2012). These results are better than those obtained (removal efficiency of 72 %) with
the same organism using a stirred tank reactor (Sepehr et al. 2012). The use of a consortium
of Cr-resistant fungi immobilized in a support material in a stirred tank bioreactor filled
with wastewater from a tannery achieved an overall removal efficiency of 99.9 % of the
total Cr present.

In conclusion, the biomass analyzed, showed complete capacity of biosorption of 1.0 g/L
Cr (V1) in solution at different time of incubation, at 28°C, 100 rpm with 1 g of biomass,
besides this removal the metal in situ (10 days of incubation, 25 g of biomass), in earth and
water contaminated. These results suggest their potential applicability for the remediation
of Cr (VI) from polluted soils in the fields. However, biosorbents may be affected by the
high concentrations of these contaminants, interrupting the adsorption process by the
biomass. Consequently, the use of biomass does not live; it has become the main subject of
research for scientists, being these easily accessible, low cost and with great adsorption
capacity. In addition, their physical and chemical properties can be modified by increasing
the active sites of sorption. Finally, the oat biomass removal efficiently Zn (11), Cu (Il), Cd
(1) and Pb (I1) (Areco and dos Santos Afonso, 2012; Garcia-Gallegos et, al., 2011), and
methylene blue (Diaz-Flores et. al., 2013), and this results confirm the ability of this
biomass to be used in heavy metal bioremediation.
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