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Abstract: The main objective of this work was to use the okra powder modified with citric acid as biosorbent for the
removal of Cr(VI) from aqueous solutions. Samples of Cr(VI) solution were prepared by diluting the 100 ppm solution
diluted from the 1000 ppm stock solution prepared with K,Cr,O;. The determination of Cr(VI) was performed
spectrophotometrically by the method of complexation with 1,5-diphenylcarbazide, measuring the absorbance at a 540
nm wavelength. The experiments were conducted at 25 + 1 °C; 2, 5, 7 and 8 initial pH; 10-240 minutes contact time and
0.05 g of adsorbent. The Freundlich and Langmuir models were used to fit the experimental data. The Freundlich model
provided R®=0.9599, indicating adsorption on heterogeneous conditions. Analysis of fluorescence of X-rays, SEM and
FTIR were used to prove the okra powder efficiency in the removal of Cr(VI) from aqueous solutions.
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1. INTRODUCTION

The problematic of obtaining water for consumption
and adequacy of effluents within specifications for
human consumption have instigated new technologies
to enable not only meet legal standards, but also the
improvement in processes efficiency.

The pollution caused by heavy metals from
wastewater generated by various industrial sectors is
one of the most serious problems in the environmental
area [1]. Hexavalent chromium, which has toxic
characteristics, is considered a quite aggressive
pollutant to the environment [2, 3]. Cr(VI) is rarely
found in natural waters, thus the water contamination
by chromium is mainly due to the waste generated by
industries such as the steel and cellulose industry and
erosion from natural deposits [2, 4]. The treatment of
these effluents is a wide field of research, especially
with regard to the development of physicochemical
treatment techniques [1].

Existing technologies to control heavy metals in
environment include precipitation, ion exchange,
solvent extraction, reverse osmosis and adsorption.
The adsorption process has been adopted for being
effective and economical in the removal of metals in
waste water [3].
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Many studies show removal and recovery of heavy
metals with different biosorbents. Some industrial
wastes and biological materials have shown potential in
removing pollutants. Among those of biological origin
with ability to adsorb dissolved metal ions [5], there are
the cactus [6], bagasse [7], cyanobacterium [8], green
algae [9], Oedogonium sp. and Nostoc sp. [10], walnut
shells [11], Osage orange [12], Brown Seaweeds [13]
and Moringa Oleifera [14].

The okra (Abelmoschus esculentus ) is widely
cultivated in the tropics and subtropics, with immature
fruit eaten as a salad, steamed and baked . The seeds
are rich in oil and protein. According Abreu-Lima [15]
and Amaya-Farfan [16] main chemical constituents are
vitamin A, vitamin B2 and B6 , calcium, alanine, alpha-
tocopherol , arginine, ascorbic acid (vitamin C),
aspartic acid, glycosides, acid glutamic, gossypol,
histidine, isoleucine, leucine, linolenic acid, myristic
acid, oleic acid, palmitic acid, pantothenic acid, pectin,
quercetin, riboflavin, starch and stearic acid.

The main advantage of using okra powder is its
natural composition. In addition, the powder may be
produced from mature fruits often rejected by
consumers. Among the main disadvantages is the
increased organic matter in the water, which can
increase the amount of oxidants [17].

Thus, this work uses okra powder modified with
citric acid (CA) for Cr(Vl) removal from aqueous
solutions. A kinetic study on the sorption process and
operational parameters such as the influence of pH,
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amount of adsorbent, adsorption time and final
concentration in chromium (VI) removal have been
investigated.

2. MATERIALS AND METHODS

2.1. Synthesis of Biosorbent

The okra powder used in this study was obtained by
drying the okra pods in a Sterilifer model SX 1.0
greenhouse at 150 °C for 4 hours. After drying, the
okra pods were crushed in common food processor.
The chemical modification of okra powder was
performed with 5 g of citric acid (CA) in 250 mL of
distilled water. 6 g of okra powder 12 mesh were mixed
to the CA solution. The mixture was left in contact with
the solution of citric acid for 24 h in oven at 60 °C until
evaporation of all the liquid present. The formed
product was separated by filtration and then washed
several times with distilled water and dried in oven at
60 °C for 2 h.

2.2. Determination of Acidity

1.0 g biosorbent with 12 mesh particle size and 200
mL of distilled water were stirred for 24 h using a
magnetic stirrer. After stirring, 10 mL-aliquot was
withdrawn to a 100 mL-flask and the volume was
completed with distilled water. This solution was titrated
with 0.01 M NaOH to the phenolphthalein end point
[18].

2.3. Elemental Analysis

The elemental composition was performed by using
CNH analyzer Flash EA 1112 Series from Thermo
Finnigan. The composition of carbon, nitrogen and
hydrogen was carried out at 900 °C under atmosphere
of O, (oxygen gas) and N, (nitrogen gas).

2.4. FTIR Characterization of Biosorbent

The FTIR spectrums of okra powder was studied
before and after Cr(VI) biosortion. A Nicolet model iS-
10 FTIR Spectrometer was used between 400 and
4000 cm” with 4 cm” resolution. Samples were
analyzed in the form of tablets with KBr.

2.5. Adsorption Experiments: Estimation of
Chromium by Diphenylcarbazide Complex Method

Cr(VI) solutions were obtained at concentrations of
0.2, 04, 0.6, 0.8 and 1.0 ppm for the drawing the
calibration curve. A purple-violet-colored complex was
developed in the reaction between hexavalent

chromium and 1,5-diphennycabazide in acidic condition
[18]. Absorbance was measured at 540 nm
wavelength. A standard graph of absorbance vs.
concentration was obtained to determine chromium
concentrations. The unknown concentration was
determined by the absorbance value of sample using
UV-Vis spectrophotometer model Cary 60 from Varian.
The percentage of hexavalent chromium removal was
determined by Equation 1.

. (Ci _Ce)
% Chromium removal = —c x 100 (1)

where C; and C, are the initial and equilibrium
concentration of hexavalent chromium solution (in
milligrams per liter), respectively. Removal experiments
performed under different conditions: conditions of
initial Cr(VI) concentration 2, 3, 4, 5 and 6 ppm; 0.05,
0.1, 0.2, 0.3 and 0.4 g adsorbent amount, 2, 5, 7, 8 pH,
10-240 minutes contact time and 25 + 1 °C
temperature.

2.6. X-Ray Fluorescence Spectroscopy

The biosorbent's chemical composition before and
after biosortion was determined by X-ray fluorescence.
The excitation energy used was 20 keV. Samples from
okra powder before and after biosorption were placed
into a bucket and covered with a polypropylene film of
5 pm in thickness using a Bruker Spectrometer Model
S8.

2.7. Scanning Electron Microscopy

SEM micrographs of the okra powder before and
after adsorption of Cr (VI) were obtained. The
measurements were carried out in a Scanning Electron
Microscope JEOL SEM Model 5700 JCM-Carry Scope,
vacuum, accelerated beam of 5 kV. All samples were
previously metallized with gold (12 nm average
thickness).

3. RESULTS AND DISCUSSION

3.1. Chemical Modification and Determination of
the Acidity of the Modified Okra Powder

The average acidity in modified okra powder was
0.9094 mmol/g. The okra powder is natural organic
matter, consisting primarily of hydrophilic colloids, low-
molecular-weight acids, proteins and polysaccharides,
humic acids and fulvic acids. These polysaccharides
(natural polymers) are sometimes effective to the
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synthetic flocculants [19, 20] The fruit of okra is a
capsule filled with viscous white and round seeds,
which has a high nutritional value and nutrient
utilization as a complete source of fiber, calcium,
minerals and vitamins [21]. The seeds represent 17 %
of the fruit and consist of oils (which can reach up to 40
%) and protein (> 15 %), with a duration of 5 years
germline [22, 23] tested several cultivars of okra, the
starch content ranged from 0.98 to 1.23% and the total
sugars from 1.91 to 2.16 % in fresh matter, and the
starch content was higher than the overall mean
(0.52%) described in the literature [24]. The okra pods
used in this paper after drying show up quite fibrous, as
can be verified by the SEM analysis, which is in
agreement, the average crude fiber content in different
cultivars was 0.9 to 1.1 % [23]. Although okra is not a
rich source of carbohydrates, fresh fruit offers fiber,
protein and vitamin C to human nutrition, and the seeds
that are mainly sources of protein and oils [23, 25].
Modification of Okra powder using citric acid led to the
formation of carbonyl groups in the material due to the
esterification of citric acid [11].

3.2. Elemental Analysis (CHN)

The elemental analysis indicated contents of C, H
and N equal to 14.04 + 0.2; 41.16 + 0.2 and 0.81 %
0.10%, respectively. The CHN elemental analysis did
not allow describing molecular formulas since okra
powder is a natural compound made up of several
substances (proteins, polysaccharides and organic
acids). Elemental analysis allows us to qualify and
quantify the sample, identifying the presence of carbon,
nitrogen, hydrogen atoms. The percentages of carbon,
hydrogen and nitrogen suggest the presence of organic
compounds such as polysaccharides and proteins in
the okra powder [23, 25].

3.3. pH Effect of on Biosorption

Chromium has different types of equilibrium
depending on the pH in aqueous solutions. The
adsorption of chemical species is strongly affected by
the pH in the medium. The adsorption of Cr(VI) was
more effective in acid medium, showing a removal at
pH 2.0.

In this work, the pH influence on the Cr(VI) removal
was studied in the initial concentration of 5 ppm and pH
2.0, 5.0, 7.0 and 8.0, as shown in Figure 1. The
removal percentage was higher at pH 2.0. As there
was pH variation, there is change in the balance of
characteristic species of hexavalent chromium. In the

pH range 2.0-6.0 are predominant the HCrO, species
and Cr,07 ions are in equilibrium. It is noted that at pH
2.0 there was greater Cr(VI) removal; this is probably
due to the protonation of the adsorbent surface and the
pH increase promotes competition between OH- and
Cr(VI) species. At pH 2.0 the removal was
approximately 45 % Cr(VI).

70

60

50

40

30

% Adsorption of chromium(VI)

20 +

[ ) [ ]
]
10 4
T T T T T T T
2 3 4 5 6 7 8
pH

Figure 1: Effect of pH on the sorption of Cr(VIl) by okra
powder. (Conditions; initial concentration of Cr(VI), 5 ppm;
amount of biosorbent, 0.05 g; 12-mesh particle size; volume
of biosorption medium, 100 ml; temperature, 25 * 1 °C;
stirring time, 200 min; stirring rate 180 rpm).

3.4. Contact Time Effect

The balance in the Cr(VI) removal can be explained
by the use of the entire active site of okra powder.

During adsorption, the hexavalent chrome is
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Figure 2: Effect of contact time on the sorption of Cr(VI) by
Okra powder. (Conditions; initial concentration of Cr(VI), 5
ppm; amount of biosorbent 0.05 g; 12-mesh particle size;
volume of biosorption medium, 100 ml; temperature, 25 * 1
°C; stirring rate 180 rpm; initial pH 2.
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impregnated on the adsorbent surface until it is entirely
covered with metal ions, at this point the Cr(VI)
concentration in the solution ceases to decrease.

Figure 2 shows the equilibrium curve constructed
from the removal percentage depending on the contact
time. The balance time determined was 200 min.

3.5. Effect of the Adsorbent Mass

In the study on the behavior of Cr(VI) reduction with
increasing biosorbent mass was used 100 mL of
chromium with an initial concentration of Cr(VI) 5 mg L
1, pH 2, 25 £ 1 °C and 200 minutes contact time.

Figure 3 shows that Cr(VI) adsorption increases
with increasing adsorbent mass. This behavior is
attributed to the increase in the number of active sites.
The okra powder is a material consisting mainly of
organic substances (hydrophilic colloids, proteins,
polysaccharides and carboxylic acids). These
compounds have carboxyl groups, carbonyl and
hydroxyl that may be involved in the adsorption of
metallic pollutants from aqueous solutions.
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Figure 3: Effect of biosorbent amount on the sorption of
Cr(VIl) by Okra powder. (Conditions; initial concentration of
Cr(VIl), 5 ppm; volume of biosorption medium, 100 ml;
temperature, 25 + 1 °C; stirring time, 200 min; stirring rate
180 rpm; initial pH 2).

3.6. Adsorption Isotherms

From the experimental data it was possible to
evaluate the adsorption capacity of the ion Cr(VI) in
solution. Experiments to determine the adsorption
parameters were at operational conditions: conditions
of initial Cr(VI) concentration 2 3, 4, 5, and 6 mg/L,
amount of adsorbent 0.05, pH 2, 200 min contact time
and 25 + 1 °C.

In the literature several models are used for the
determination of kinetic parameters of adsorption, with
the most important being the Freundlich and Langmuir
[12, 26, 27].

Equation 2 represents the Freundlich isotherm,
which is widely used to accurately describe
experimental results of adsorption kinetics. Equation 3
Represents the Freundlich isotherm in the linear form.

Q, =K, C" (2)
or

1
l0gQe = logK: + ElogCe (3)

where Q. is the amount of adsorbate per unit of
adsorbent (mmol of adsorbate per gram of adsorbent);
C. is the concentration of adsorbate in the equilibrium
(mmol/L); K¢ and n are coefficients to be determined
experimentally. K¢ corresponds to the Freundlich
constant and it is related to the biosorption ability and n
relates to biosorption intensity. Values of n in the range
1< n <10 indicate favorable biosorption.

For fixed values of C, and 1/n, qe will be as greater
as Kyq and Cg, binding of biosorption will be stronger as
smaller the value of 1/n. The lower 1/n, the biosorption
capacity is independent of C. and the biosorption
isotherm (ratio between C. and Q.) is close to the
horizontal. The higher the 1/n value the smaller the
binding intensity on the biosorption.

The Langmuir isotherm is given by

q_Cb

— max e 4
@ =3ibe, )
or
C
Zoo 1 1o (5)

Qe - quax qmax

where b (L/mmol) and gmax (Mmol/g) are coefficients to
be determined experimentally.

The qgmax coefficient corresponds to the surface
concentration in a single coating layer; the coefficient b
is related to the adsorption energy and increases with
increasing binding adsorption strengths. Values of b
and gmax can be determined experimentally by
constructing the curve 1/Q, versus 1/Ce.
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Figure 4 shows the linearized Freundlich isotherm
built using the Equation 3, and with experimental data
or experimental results. From the slope, the values of
Freundlich parameters were calculated and arranged in
Table 1. The value of n was 1.062 indicating that
adsorption is favorable [26].
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Figure 4: Freundlich isotherm for adsorption of Cr(VI) onto
okra powder (Conditions: initial concentration of Cr(VI), 2, 3,
4,5 e 6 ppm; amount of biosorbent, 0.05 g; 12-mesh particle
size, volume of biosorption medium, 100 ml; temperature, 25
°C; stirring time, 200 min; stirring rate 180 rpm; initial pH 2.

Table 1: Freundlich Isotherm Parameters

Parameters values
R? 0.9599

log K¢ 0.0593

1/n 0.9409

Several studies involving physical and chemical
modification of biological materials have been
developed. Owlad et al. [28] offer a review that
indicates the advantages and disadvantages of
modification methods. In chemical modification using
acid, a disadvantage is the closure of pores of the
material.

3.7. IR Spectra of Modified Okra Powder

Infrared analysis of the treated okra powder was
performed before and after the adsorption (Figure 5) in
order any changes in the biomass surface when
binding with the metal was observed.

The broad and strong band at 3400 cm” was
attributed to the -OH group of carboxylic acids [11, 12].
The peak at 2922 cm’ indicates the C-H vibration of

CH, group [12]. The peak observed at 1735 cm™ was
assigned to bending vibration of the ester's C=0. The
band around at 1645-1650 cm™ was attributed to the
C=0 vibration of carboxylic acids and N-substituted
amide. Altun et al. [11] associate the variable bands
around 1350-1480 cm™ to bending vibration of the —C-
H alkane group. The peak around 1374 is associated
with carboxylate group (-COO’). The peaks 1300 to
1000 cm™ are assigned generally to the C-O stretching
vibration in carboxylic acids and alcohols [29].
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— 77
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Figure 5: FTIR spectra of biosorbent (a) okra powder - Cr(VI)
(b) okra powder.

After adsorption, the interaction of Cr(VI) with
organic groups present on the powder surface was
evident, with reduction in the transmittance percentage
of bands that indicate hydroxyl (-OH) and carbonyl (C =
O) groups of -carboxylic acids, indicating the
involvement of these groups in the Cr(VI) adsorption.
The peak indicating adsorption of hexavalent chromium
was identified by Santhana et al. [30] at 913 cm™,
attributed to the possible bond Cr = O.

3.8. X-Ray Fluorescence

The main elements expressed in oxides found
before and after biosorption. It is noted the appearance
of chromium in the biosorbent after adsorption. The
analysis of fluorescence of X-ray by dispersive energy
(XRF) showed the presence of chromium after
biosorption. The main elements expressed as oxides
found before biosortion were 29.20% CaO, 5.16% SOs,
43.2% Ky0, 10.01% P20s5, 2.49% MgO, 1.76% SiO,,
1.25% Fe,03. After biosortion was found 6.43% CaO,
18.01% SO, 7.45% P,0s5, 4.65% MgO, 9.39% SiO,,
26.17% Fe, O3 and 17.76% Cr,0;. There was
hexavalent chromium adsorption by biosorbent. The
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infrared analysis showed that the okra powder surface
and organic groups, such as hydroxyl and carbonyl,
were involved in the adsorption because there was a
change in the transmittance intensity.

3.9. Scanning Electron Microscopy

The surface of the modified okra powder in certain
regions has porosity (Figure 6a) showing a structure of
networks. Clustering (Figure 6b) on the okra powder
surface was observed after with obstruction of porous
network indicating the interaction of the chromium with
the powder surface after adsorption.

X1,000  10pm

(b)

Figure 6: SEM micrographs of okra powder (a) before
biosorption (b) after biosorption.

4. CONCLUSIONS

Considering the presented results it can be
concluded that there was Cr(VI) removal by the okra
powder, and the Freundlich model fitted well to
describe the adsorption behavior, indicating a
multilayer adsorption. The okra powder presented
structure containing organic functional groups. The n
value was 1.062, following the Freunudlich model that

indicates the adsorption is favorable. These results
indicated that okra powder could be employed as a
low-cost adsorbent in the Cr(VI) removal.

ACKNOWLEDGEMENT

The authors would like to thank the Federal
University of Sergipe (COPES) and FAPITEC-SE for
scientific and technological development.

REFERENCES

[1] Brum MC. Remogédo de cromo hexavalente de agua por
adsor¢cdo em argilas modificadas por surfatantescatiénicos.
Rio de Janeiro 146f. Tese (doutorado em engenharia
metalirgica e de materiais). Universidade federal do Rio de
Janeiro, UFRJ 2010.

[2] Pina FDS. Tratamento de 4&guas contaminadas com
cromio(VI) por biossorgdo em algas marinhas. Dissertagéo
(mestrado em Engenharia do Ambiente) Faculdade de
Engenharia da Universidade de Porto, FEUP 2011.

[3] Bhattacharyya KG, Sen Gupta S. Adsorption of chromium
(VI) from water by clays. Indust Eng Chem Res 2006; 45(21):
7232-40.
http://dx.doi.org/10.1021/ie060586j

[4] Heller L, Padua VL. Abastecimento de agua para consumo
humano. Belo Horizonte, MG: UFMG 2006.

[5] Benvindo da Luz A, Sampaio JA, Almeida SLM. Tratamento
de minérios, rev. e ampliada. Rio de Janeiro: CETEM/MCT
2002.

[6] Dakiky M, Khamis M, Manassra A, Mereb M. Selective
adsorption of chromium VI in industrial wastewater using low-
cost abundantly available adsorbents. Adv Environm Res
2002; 6: 533-40.
http://dx.doi.org/10.1016/S1093-0191(01)00079-X

[7] Gupta VK, Ali L. Removal of lead and chromium from
wastewater using bagasse fly ash-a sugar industry waste. J
Coll Interf Sci 2004; 2: 321-28.
http://dx.doi.org/10.1016/j.jcis.2003.11.007

[8] Gupta VK, Rastogi A. Sorption and desorption studies of
chromium(VI) from nonviable cyanobacterium Nostoc
muscorum biomass. J Hazardous Mater 2008; 154: 347-54.
http://dx.doi.org/10.1016/j.jhazmat.2007.10.032

[9] Gupta VK, Rastogi A. Biosorption of lead from aqueous
solutions by green algae Spirogyra species: kinetics and
equilibrium studies. J Hazardous Mater 2008; 1: 407-14.
http://dx.doi.org/10.1016/j.jhazmat.2007.07.028

[10] Gupta VK, Rastogi A. Biosorption of lead(ll) from aqueous
solutions by non-living algal biomass Oedogonium sp. and
Nostoc sp.—a comparative study. J Hazardous Mater 2008;
152: 407-14.
http://dx.doi.org/10.1016/j.jhazmat.2007.07.028

[11] Altun T, Pehlivan E. Removal of Cr(Vl) from aqueous
solutions by modified walnut shells. Food Chem 2012;
132(2): 693-700.
http://dx.doi.org/10.1016/j.foodchem.2011.10.099

[12] Pehlivan E, Pehlivan E, Kahraman HT. Hexavalent chromium
removal by Osage Orange. Food Chem 2012; 133: 1478-84.
http://dx.doi.org/10.1016/j.foodchem.2012.02.037

[13] Lee SH, Park C-H. Biosorption of Heavy Metal lons by Brown
Seaweeds from Southern Coast of Korea, Biotechnol.
Bioproc Eng 2012; 17: 853-61.
http://dx.doi.org/10.1007/s12257-011-0578-5

[14] Rajeshwari M, Pushpa A, Priya SP, Sandhya GR, Pavithra
GM. Continuous Biosorption of Cadmium by Moringa oleifera




Biosortion of Cr(VI) from Aqueous Solutions Using Chemically

Journal of Basic & Applied Sciences, 2014 Volume 10 79

(18]

[16]

7]

(18]

[19]

[20]

[21]

[22]

in a Packed Column. J Biotechnol Bioproc Eng 2013; 18(2):
321-25.
http://dx.doi.org/10.1007/s12257-012-0424-4

Abreu-Lima GJ. Uso de polimero natural do quiabo como
auxiliar de floculagédo e filtragdo em tratamento de agua e
esgoto. Dissertacdo de mestrado. Universidade do Estado
do Rio de Janeiro 2007.

Amaya-Farfan J, Silva VSN, Souza AS, Pacheco MTB.
Caracterizagdo quimica parcial da mucilagem do quiabo
(Hibiscus esculentus L.) In: Simpodsio Latino-americano de
Ciéncia de Alimentos. Campinas. Anais. Campinas: Unicamp
2003.

Jesus E, Cruz PV, Pacifico JA, Silva AS. Removal of
Turbidity, Suspended Solids and lons of Fe from Aqueous
Solution using Okra Powder by Coagulation-Flocculation
Process. Am J Water Resour 2013; 1(3): 20-24.

Morita T, Assumpgédo RM. Manual de Solugbes, Reagentes e
Solventes. 2 ed., Sao Paulo: Edgard Blucher 2007.

Agarwal M, Srinivasan R, Mishira A. Study on flocculation
efficiency of okra gum in sewage waste water. Macromol
Mater Eng 2011; 286: 560-63.

http://dx.doi.org/10.1002/1439-
2054(20010901)286:9<560::AID-MAME560>3.0.CO;2-B

Agarwal M, Rajani S, Mishra A, Rai J. Utilization of okra gum
for treatment of tannery effluent. Int J Polymeric Mater 2003;
52: 1049-57.

http://dx.doi.org/10.1080/714975900

Auerswald H, Schwarz D, Kornelson C, Krumbein A,
Brueckner B. Sensory analysis, sugar and acid content of
tomato at different EC values of the nutrient solution. Sci
Horticulture 1999; 82: 227-42.
http://dx.doi.org/10.1016/S0304-4238(99)00058-8

Arapitsas P. Identification and Quantification of Polyphenolic
Compounds from Okra Seeds and Skins. Food Chemy 2008;
110: 1041-45.
http://dx.doi.org/10.1016/j.foodchem.2008.03.014

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

Olericultura:
Vigosa: UFV,

Mota WF, Finger FL, Casali VWD.
Melhoramento Genético do Quiabeiro.
Departamento de Fitotecnia 2000; p. 144.

Mota WF, Finger FL, Silva DJH, Corréa PC, Firme LP, Neves
LLM. Caracterizagao fisico-quimica de frutos de quatro
cultivares de quiabo. Horticultura Brasileira 2005; 23: 722-25.
http://dx.doi.org/10.1590/S0102-05362005000300006

Gopalakrishnan N, Kaimal TNB, Lakshminarayana G. Fatty
acid changes in Hibiscus esculentustissues during growth.
Phytochemisrry 1982; 21(3): 565-68.
http://dx.doi.org/10.1016/0031-9422(82)83141-5

Shukla D, Vankar PS. Efficient biosorption of chromium(VI)
ion by dry Araucaria leaves. Environm Sci Pollut Res Int
2012; 19(6): 2321-28.
http://dx.doi.org/10.1007/s11356-012-0741-3

Bernardo LD, Dantas ADB. Métodos e técnicas de
tratamento de agua. 2th, Sdo Carlos, SP: Rima 2005.

Owlad M, Aroua MK, Daud WA, Saeid B. Removal of
Hexavalent Chromium-Contaminated Water and Wastewater:
A Review. Water Air Soil Pollution 2009; 200: 59-77.
http://dx.doi.org/10.1007/s11270-008-9893-7

Feng NC, Guo XY, Liang S. Adsorption study of copper (ll)
by chemically modified orange peel. J Hazardous Mater
2009; 164: 1286-92.
http://dx.doi.org/10.1016/j.jhazmat.2008.09.096

Santhana A, Kumar K, Kalidhasan S, Rajesh V, Rajesh N.
Application of Cellulose-Clay Composite Biosorbent toward
the Effective Adsorption and Removal of Chromium from
Industrial Wastewater. Indust Eng Chem Res 2012; 51: 58-
69.

http://dx.doi.org/10.1021/ie201349h

Received on 04-03-2014

http://dx.doi.org/10.6000/1927-5129.2014.10.11

© 2014 Conceigao et al.; Licensee Lifescience Global.
This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted, non-commercial use, distribution and reproduction in

any medium, provided the work is properly cited.

Accepted on 21-03-2014

Published on 27-03-2014



