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ABSTRACT

The objective of this study is to assess the uptake of hexavalent chromium Cr(VI) from
aqueous solutions onto mango leave dust. Batch adsorption procedure is utilized to test the
ability of leave dust as an adsorbent for Cr(VI) (reduction coupled adsorption). The contribu-
tion of various parameters on sorption, such as contact time, sorbate concentration, pH of
the medium, and temperature, was estimated, and maximum uptake of Cr(VI) from
contaminated water was 250.23mgg–1 at pH 2.0 and temperature 40˚C. Cr(VI) uptake from
contaminated water followed the pseudo-first-order rate expression. DG0, DH0, and DS0 have
also been evaluated, and it has been concluded that the sorption was feasible, spontaneous,
and endothermic in nature. The process follows well Langmuir isotherm. The nature of the
possible adsorbent and metal ion interactions was examined by the Fourier transform
infra-red (FTIR) technique. FTIR spectroscopy revealed the involvement of –OH, C=O, C–O
groups on the cell surfaces in chromium binding. This study indicated that mango leaves
can be used as an effective and environmentally friendly biosorbent for the treatment of Cr
(VI) containing aqueous solutions.

Keywords: Cr(VI); Mango leave dust; Biosorption; Sorption isotherm; Sorption kinetics;
Thermodynamic parameters

1. Introduction

Chromate is used or generated by a large number
of industrial processes. These are chrome plating,
wood preservation, leather tanning, cooling with
water, pulp producing, film and photography, petro-
leum refining, pigments, catalysis, metal finishing,
brass, electrical and electronic equipments [1,2]. Chro-
mates are used as strong oxidizing agents in organic

chemistry [3–6]. In addition to the anthropogenic
sources, Cr(VI) comes into the environment in natural
way [2,7]. In this case, the origin of Cr(VI) in water
may be associated with the weathering of pyroxene
(augite), followed by the oxidation of trivalent chro-
mium by manganese oxides. Among the above pro-
cesses, wood preservation, leather tanning, and chrome
plating are main sources of toxicity. The contamination
of aquatic environment by toxic metals, such as Cr(VI),
is of great concern due to its trends to accumulate on
vital organs of human and animals causing several*Corresponding author.
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health problems [1,2]. Cr(VI) compounds are more
toxic than trivalent chromium due to their high water
solubility and mobility. Acute exposure to Cr(VI)
causes nausea, diarrhea, liver and kidney damage, der-
matitis, internal hemorrhage, and respiratory prob-
lems. Inhalation may cause acute toxicity, irritation,
and ulceration of the nasal septum and respiratory sen-
sitization [2,4]. Several treatment technologies have
been developed to remove Cr(VI) from water and
wastewater. These are reduction followed by chemical
precipitation [8], ion exchange [9,10], membrane sepa-
ration [11], electrocoagulation [12], solvent extraction
[13], reverse osmosis [14], dialysis/electrodialysis [15],
and adsorption/filtration [16]. Sodium sulfite, ferrous
sulfate, metallic iron, ascorbic acid, sucrose solutions
are used to reduce Cr(VI) and lime is added to form Cr
(OH)3 precipitate in reduction followed by chemical
precipitation. Disadvantages are generation of sludge,
the presence of other ions, affected by low pH, ineffec-
tive in low Cr(VI) ion concentration. Membranes may
consist of dry solids, gels, or immobilized liquids in
membrane separation process. This is just the reverse
of classical membrane process osmosis. Cellulose ace-
tate and permasep are mainly used as membranes.
Reverse osmosis is a pressure driven membrane pro-
cess. Water can pass through the membrane, while the
heavy metal is retained. Disadvantages are high price
equipments, expensive monitoring system, high-energy
requirement, and sludge generation. A reversible inter-
change of ions between the solid and liquid phases
occurs in ion-exchange process. Insoluble substance
(resin) captures ion from an electrolytic solution and
releases other ions of like charge in chemically equiva-
lent amount without any structural change of the resin.
Disadvantages are high-operating cost, incomplete
Cr(VI) removal. Electrodialysis is an electro-driven
membrane process in which ions are transported
through ion permeable membranes from one compart-
ment to another under the influence of an electrical
potential gradient. Disadvantages are high capital and
operating cost, requirement of highly trained human
resources, fouling and scaling of membranes. Anion
and cation exchangers are used as solvents in solvent
extraction depending on the oxidation states of the
chromium present in the solution. Anion exchangers
such as high-molecular-weight amines have been used
for the extraction of Cr(VI) from effluent. Disadvan-
tages are loss of solvent, release of chromium(VI) con-
taining waste solution.

Bioremediation is a group of technique, using
living or dead organisms in order to degrade or trans-
form contaminants into their less toxic forms. These
techniques are of low cost and environment friendly
[17]. There is a wide variety of techniques that have

been developed in the past years. These are natural
attenuation, bioaugmentation, biostimulation, biole-
aching, biofilters, biopiling, biosorption, bioventing,
composting, phytoremediation, landfarming, and
rhizoremediation [18].

Heavy metal ion uptake into the cellular structure is
followed by sorption onto biomolecule binding sites.
This uptake is independent of biological metabolism
and is known as “biosorption” or “passive uptake”.
Metal uptake can also involve active metabolic passage
across the cell membrane into the cell. This is termed as
active uptake. The combination of active and passive
model is called “bioaccumulation”. Metal uptake by
dead cells takes place only by the passive mode.

Biosorption is an efficient and economical process
used for the removal of heavy metals from industrial
waste water [1,18–23]. There are several advantages of
biosorption by nonliving biomass [24]. These are (i)
growth-independent, nonliving biomass is not subject
to toxicity limitation of cells. No requirement of costly
nutrients required for the growth of cells in feed
solutions. For this reason, the problem of disposal of
surplus nutrients or metabolic products is not present.
(ii) Biomaterial can be obtained chiefly or free of cost
from various sources. (iii) The process is not moni-
tored by the physiological constraint of living micro-
bial cells. (iv) A wider range of operating conditions,
such as pH, temperature, and metal concentration, is
possible due to nonliving nature of biomaterial. (v)
Recovery of adsorbed metal is possible. Biological
materials like coconut shell, banana pith, beech leaves,
orange peel, waste tea, water hyacinth, moss, algae,
chitin, bagasse, tree fern, soya cake, olive cake,
almond shells, cactus leaves, fly larva, cypress, chinch-
ona, pine leaves, and many others, and in many cases,
their carbonized products have been widely used [16].
These biomaterials are involved for the removal of
lead, cadmium, mercury, zinc, copper, chromium,
nickel, aluminum, and arsenic. Sometimes these
biomaterials are chemically modified to enhance their
activity [16]. Our group has used chattim tree saw
dust [19] and mosambi peel [22] for hexavalent chro-
mium removal. We have chosen mango leave dust for
the removal of Cr(VI) from waste water because
mango leave dust is cheap/no cost, easily available
and biodegradable.

Leaves of different trees are very versatile natured
chemical species as these contain a variety of organic
and inorganic compounds. Cellulose, hemicellulose,
pectins, and lignin present in the cell wall are the
most important sorption sites. Leaves have chloro-
phyll, carotene, anthocyanin, and tannin which
contribute to metal biosorption. The important feature
of these compounds is that they contain hydroxyl,
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carboxylic, carbonyl, amino and nitro groups that are
important sites for metal sorption.

2. Experimental

2.1. Materials and methods

2.1.1. Preparation of biomaterials

Mango leave dust was used as a biosorbent for the
removal of Cr(VI) from contaminated water. The leave
dust was first washed thoroughly with deionized
water. The soluble colored components of leave dust
were then removed by washing repeatedly with hot
deionized water (70˚C). The leave dust was then dried
at 70˚C for 24 h. The dried leave dust then crushed
and sieved through 100 meshes and stored in poly-
thene bottles.

2.1.2. Chemical reagents

All the primary chemicals used were of analytical
grade. Potassium dichromate, potassium permanga-
nate, caustic soda, hydrochloric acid solution, and
other necessary chemicals were purchased from E.
Merck India Limited, Mumbai, India. The stock solu-
tion containing 1,000 ppm of Cr(VI) was prepared by
dissolving 1.4134 g quantity of AR grade K2Cr2O7 in
500ml of de-ionized, double-distilled water.

2.1.3. Chromium analysis

A colorimetric method [25] was used to measure
the concentrations of the different chromium species
present in water. The pink-colored complex, formed
from 1,5-diphenyl carbazide and Cr(VI) in acidic solu-
tions was spectrophotometrically analyzed at 540 nm
(UV-2450, Shimadzu). To estimate the total chromium
concentration, the Cr(III) was first converted to Cr(VI)
at high temperature (130–140˚C) by the addition of
excess KMnO4 prior to the 1,5-diphenyl carbazide
reaction.

2.1.4. Batch experiments for Cr(VI) removal

Batch mode of operation was used in order to mea-
sure the progress of adsorption. Batch sorption studies
were carried out at desired pH value, contact time,
temperature, and sorbate concentration. Different
amount of biosorbent was taken in a 250-ml stopper
conical flask and took 50ml of test solution. Different
initial concentration of Cr(VI) solution was prepared
by proper dilution from stock 1,000 ppm Cr(VI)

standard. pH of the solution was adjusted by adding
HCl or M NaOH solution as required. Contents in the
flask were shaken at 125 rpm. The time needed to
reach equilibrium condition was estimated by drawing
samples at regular interval of time till the attainment
of equilibrium. Then, centrifuge was carried out at
15,000 rpm to separate content of flask from biosor-
bent. Solution was analyzed for remaining chromium
concentration. Biosorbent reduces Cr(VI) to trivalent
chromium and then adsorbs trivalent chromium
according to its capacity [18]. So, after separation of
biosorbent from solution, solution contains trivalent
and Cr(VI). Solution is then oxidized quantitatively
with potassium permanganate and amount of
chromium is known from calibration curve.

Chromium adsorbed by biosorbent (mg/g) = {chro-
mium present in solution before adsorption (mg)—
chromium present in solution after adsorption (mg)}/
Amount of biosorbent (g).

2.1.5. Fourier transform infra-red (FTIR) spectra

The leave dust sample (�5mg) was finely ground
with �1,000mg of KBr (spectroscopic grade) in a mor-
ter pressed into 10–mm-diameter disks under 10 ton/
m2 of pressure and high vacuum for 10min. FTIR
spectra were obtained on a JASCO FTIR-3500 spec-
trometer. The analysis conditions used were 16 scans
at a resolution of 4 cm�1 measured between 500 and
4,000 cm�1.

2.1.6. Scanning electron microscopy (SEM)

The samples mounted directly onto metal studs
were analyzed in a JEOL JSM-5900 LV microscope to
obtain information regarding surface morphology. The
secondary electron images of the material depict
approximate sizes in the range of a few microns.

3. Result and discussion

3.1. Effect of pH

Experiments were performed on 50ml solution
containing 200mgL–1 Cr(VI) with 1 g of mango leave
dust at 30˚C and different hydrogen ion concentration
to study the effect of solution pH. pH was adjusted
from 1 to 10 by addition HCl or NaOH as required.
Fig. 1 clearly indicates that the adsorption characteris-
tics are highly pH-dependent and maximum adsorp-
tion occurs at pH 2. Cr(VI) can exist in several stable
forms [26] as CrO2�

4 , HCrO�
4 , and Cr2O

2�
7 . Chromium

ion concentration and solution pH determine the
relative abundance of a particular species. Better
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adsorption capacity at low pH (optimum pH 2) is
because of easy protonation of the leave dust at this
pH, and thus, the biosorbent attracts negatively
charged chromium species easily [1].

3.2. Effect of biosorbent

Effect of biosorbent (mango leave dust) concentra-
tions to sorption was studied using 50ml 200mgL�1

(hexavalent chromium concentration) at pH 2 at dif-
ferent biosorbent doses 5–50 gL�1 (Fig. 2). It was
observed that quantitative removal of the Cr(VI) ion
was attained for natural adsorbent dosages of at least
20 gL�1. Chromium removal remained almost same
for higher biosorbent dosages. Chromium ion adsorp-
tion increases with biosorbent doses due to increase in
biosorbent surface areas. Number of adsorption sites

available for chromium adsorption is directly propor-
tional to biosorbent surface area.

3.3. Effect of initial metal ion concentration and contact
time

Effect of initial metal ion concentration and contact
time on sorption was estimated using 50ml
200mgL�1 250 and 300mg L�1 concentrations and
contact time 20–200min with an interval of 20min at
pH 2 and 1 g of biosorbent (Fig. 3). The extent of chro-
mium adsorption increased rapidly in the initial
stages but became slow in the later stages till the equi-
librium is reached. Equilibrium time for chromium
adsorption on mango leave dust at various adsorbate
concentrations was found to be 120min. It proved that
equilibrium time was independent of initial adsorbate
concentration.

3.4. Effect of temperature

Experiments were carried out at different tempera-
tures 30, 35, and 40˚C (Fig. 4). The amount of adsorp-
tion increases with the increase in temperature
indicating endothermic nature of the adsorption. This
is due to diffusion of adsorbate to porous adsorbent
[27]. It can be also concluded that the generation of
adsorption sites in adsorbent is due to breaking of
some internal bonds of adsorbent [27].

3.5. Adsorption kinetics

In order to predict adsorption kinetic models of Cr
(VI), first-order reversible, pseudo-first-order, and
pseudo-second order kinetic models were tested to the

Fig. 1. Effect of pH on the adsorption by mango
leave dust. Condition pH=1–9, [Cr(VI)]T= 200mgdm�3,
temperature 30˚C, particle size < 180 lm, [biosorbent]T=
20,000mgdm�3 = 20 gmdm�3.

Fig. 2. Effect of biosorbent dose on the adsorption by mango
leave dust. Condition pH=2, [Cr(VI)]T= 200mgdm�3,
temperature 30˚C, particle size < 180 lm, [biosorbent]T=
(5–50) gmdm�3.

Fig. 3. Effect of contact time and Cr(VI) concentration on
adsorption. pH=2.0, temperature 30˚C, particle size<180lm,
[Cr(VI)]T=200mgdm�3 (C), 250mgdm�3 (B), 300mgdm�3

(A), [biosorbent]T=20 gm dm�3.
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data. The effect of the initial Cr(VI) concentrations and
temperatures was investigated to find the best kinetic
model. The straight-line plots of –ln(1 –U(t)) vs. t (min)
were tested for reversible first-order kinetic model. For
the pseudo-first-order model, the straight-line plots of
log(qe – qt) against time were analyzed. For pseudo-sec-
ond-order t/qt was plotted against t (time). Good
correlation coefficients were obtained for the pseudo-
first-order kinetic model, which showed that the
chromium uptake process followed the pseudo-first-
order rate expression, so only the pseudo-first-order
plots are presented in Fig. 5.

3.6. Adsorption isotherm

Adsorption equilibrium measurements with differ-
ent adsorption isotherms are conducted to determine
the maximum adsorption capacity. The Langmuir and

Freundlich equations are generally use to describe
adsorption equilibrium for waste water treatment.
Langmuir adsorption isotherm is based on monolayer
coverage of the adsorbate on the surface of adsorbent.
The linear forms [1] of the Langmuir isotherm are
represented by the Eq (1).

Ce=qe ¼ 1=Qmaxbþ Ce=Qmax ð1Þ

where Ce is the equilibrium concentration of the adsor-
bate, qe is the amount of the adsorbed adsorbate at
equilibrium, Qmax and b are the Langmuir’s constants
related to the capacity and energy of the adsorption,
respectively. The linearity of the plots Ce/qe vs. Ce

(Fig. 6) suggested the suitability of Langmuir isotherm
for the present system. The value of Qmax and b were
calculated from the slope and intercept of the plot.

Fig. 4. Effect of temperature on the sorption by
mango leave dust. [Cr(VI)]T= 200mgdm�3, pH=2,
[biosorbent]T=20 gm dm�3, temperature 25˚C (A), 30˚C (B),
35˚C (C), particle size < 180 lm.

Fig. 5. Pseudo–first-order plots for Cr(VI) removal using
mango leave dust at 25˚C (A), 30˚C (B), and 35˚C (C).
Conditions: Particle size < 180 lm; pH=2.0; agitation rate
125 rpm, mango leave dust = 5 gdm�3.

Fig. 6. Langmuir isotherm plots for Cr(VI) removal using
mango leave dust. pH=2, [biosorbent]T= 250mgdm�3,
temperature 25˚C (A), 30˚C (B), 35˚C (C), particle
size < 180lm.

Fig. 7. Freundlich isotherm plots for Cr(VI) removal using
mango leave dust. Conditions: particle size < 180lm;
pH=2.0; temperature 25˚C (A), 30˚C (B) and 35˚C. [Cr
(VI)]T = 200, 250, 275, 225, and 300mgdm�3.
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In 1906, the Freundlich isotherm (Fig. 7) was first
proposed. The isotherm is based on multilayer
adsorption with interaction between adsorbed
molecules [1]. The Freundlich equation is represented
linearly as

log qe ¼ logKF þ 1=n logCe ð2Þ
Values of Langmuir and Freundlich sorption

constants for the sorption of Cr(VI) on mango leave
dust at different temperatures are given on Table 1.

The values of KF and n is obtained (Table 2) from
the slope and intercept of a plot of log qe vs. log Ce.
The value of r2 (Figs. 6 and 7) was higher for Langmuir
isotherm than for the Freundlich isotherm, this means
the Langmuir isotherm represented the adsorption
process very well [28]. High Qmax value for mango
leave dust compared with other leave dusts (Table 3)
is observed.

3.7. Thermodynamic parameters:

Dependence of adsorption on temperature has also
been justified on the basis of thermodynamic parame-
ters. These are standard free energy change (DG0),
standard enthalpy change (DH0), and standard
entropy change (DS0) of adsorption. The values are
calculated from the Eqs. (3)–(5) [27].

Kc ¼ CAe=Ce ð3Þ
where Kc is the equilibrium constant, and CAe and Ce

(both in mgL�1) are the equilibrium concentrations
for solute on the sorbent and in solution respectively.

The Kc values are used in Eqs. (4) and (5) to deter-
mine the DG0, DH0 and DS0.

DG0 ¼ �RT lnKc ð4Þ

where DG0 (kJ mol�1) is the free energy of adsorption,
T is the absolute temperature, and R is the universal
gas constant.

The Kc may be expressed in terms of the DH0

(kJ mol�1) and DS0 (J K�1mol�1) as a function of
temperature.

lnKc ¼ �ðDH0=RT � DS0=RÞ ð5Þ

Standard free energy change of adsorption (DG0),
the heat of adsorption (DH0) and standard entropy
changes (DS0) during the removal process are calcu-
lated using Eqs. (3)–(5). The temperature range used
was from 30 to 40˚C. DH0 and DS0 are obtained from
the slope and intercept of a plot of ln Kc against 1/T
(Fig. 8). The values of the parameters thus calculated

Table 1
Values of Langmuir and Freundlich sorption constants for
the sorption of Cr(VI) on mango leave dust at different
temperatures

Temperature (˚C) Langmuir constants Freundlich
constants

Qmax (mgg�1) b (Lmg�1) n KF

40 250.23 0.31 5.49 2.186

35 227.53 0.27 6.49 2.09

30 178.12 0.62 7.81 1.97

Table 2
Thermodynamic parameters for the adsorption of Cr(VI)
on mango leave dust

�DG0 (kJ mol�1) DH0 (kJ mol�1) DS0 (JK�1mol�1)

(30˚C) (35˚C) (40˚C)

7.15 9.27 10.72 97.10 344.28

Table 3
Sorption capacities of different leaves

Leave dust Sorption capacity ({(mg/g)
(a)} or {(m mole/g) (c)}) or
removal efficiency (%) (b)

Refs.

Mangrove leaves 11.377(a) [29]

Neem leaf powder 87 (b) [30]

Oak leaf 48.7(b) [31]

London plane leaves 83.33 (a) [22]

Yerba mate leaves 11.77 (a) [32]

Ficus religiosa leaves 26.25 (a) [33]

Mango leaves 250.23 (a) This
study

Fig. 8. A plot of ln Kc against 1/T for Cr(VI) adsorption by
mango leave dust.
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are recorded in Table 2. Negative values of DG0

indicate the spontaneous nature of the adsorption
process. The value of DG0 becomes more negative with
increasing temperature. This shows that an increase in
temperature favors the removal process. The positive
value of DH0 indicates that the sorption process is
endothermic in nature, and the positive value of DS0

suggests the probability of favorable adsorption.

3.8. FTIR analysis

FTIR spectra of raw and chromium loaded biosor-
bent (mango dust) were obtained using KBr disk
containing �5mg of each of finely ground raw and
loaded leave dusts with �1,000mg of KBr to prepare
transparent disks. The spectra are shown in Fig. 9.
Fig. 9(A) displays a good number of frequencies
indicating the complex nature of the mango leave
dust. The salient features are: strong and broad band

centered at 3,428 cm�1 characteristic of –OH and –NH
stretches arising from the surface hydroxyl and amine
groups; weak and broad band centered at 2,922 cm�1

assignable to the aliphatic C–H group; the band at
1,723 cm�1 arising from C=O group of carboxylic acid
or ester; the peak at 1,625 cm�1 may presumably be
due to stretching frequency of C=O group of amide.
Distinct peak at 1,454 cm�1 may correspond to
symmetric bending of –CH3 group present in the raw
mango leave dust. The multiple numbers of peaks
around 1,034 cm�1 may correspond to C–O group
present with different kinds of environment in the
polysaccharide units. Fig 9(B) shows distinct shift of
the bands as well as change of intensity at 3,398,
2,947, 1,716, 1,631, 1,278, 1,168, 1,065 cm�1, which is
strongly suggestive of the fact that the otherwise free
–OH, C=O, C–O groups in unloaded leave dust are
now bound to some kind of covalent bonding after
chromium biosorption [19,22].

3.9. SEM analysis

The morphological characteristics of dried and Cr
(VI) loaded leave dust were evaluated similar to catla
catla scales [18] using a scanning electron microscope
(SEM). Samples of dried and Cr(VI) loaded leave dust
were all gold plated and an electron acceleration volt-
age of 20 kV was applied for SEM observation. Fig. 10
shows the SEM micrographs of the dried and Cr(VI)
loaded leave dust samples at 1,000 times magnifica-
tion. The image Fig. 10(a) shows the dried leave dust
particle is mostly irregular in shape and has a porous
surface. It can be seen from Fig. 10(b), that the blurred
image showing the surface of Cr(VI) loaded particles
was covered by oily-like materials and it is almost
non-porous.

Fig. 9. FTIR spectrum of pure (A) and Cr(VI) loaded (B)
mango leave dust.

Fig. 10. SEM picture of pure (a) and chromium loaded (b) mango leave dust.
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4. Conclusion

Mango leave dust was found to be an effective
bio-sorbent for the removal of Cr(VI) from contami-
nated water. The optimum pH for maximum removal
of Cr(VI) was 2. Percentage removal (91% at 30˚C at
[Cr(VI)] = 200mgdm�3) of Cr(VI) decreased with
increase in concentration but increases with increase
in temperature. The removal of Cr(VI) was rapid in
initial stages and became slower afterwards. Thermo-
dynamic studies confirmed that process was spontane-
ous and endothermic. The fitness of the adsorption
data into Langmuir isotherm confirmed the monolayer
adsorption of Cr(VI) on Mango leave dust.

Nomenclature

Ce — equilibrium concentration of solute in bulk
solution (mgL–1)

C0 — initial adsorbate concentration put in contact
with the adsorbent (mgL–1)

q — amount adsorbed of the metallic ion by the
adsorbent (mgg–1)

dq — differential of q

qe — amount of the adsorbate adsorbed at the
equilibrium (mgg–1)

Qmax — the maximum adsorption capacity of the
adsorbent (mgg–1)

b — Langmuir’s constant

CAe — equilibrium concentration of solute on the
sorbent (mgL–1)

KF — the Freundlich constant related with adsorption
capacity (mgg–1 (mgL–1)–1/n)

n — dimensionless exponents of Freundlich
equation

Kc — equilibrium constant

qt — amount of adsorbate adsorbed at time t (mgg–1)

t — time of contact

V — volume of adsorbate put in contact with the
adsorbent (L)

R — universal gas constant

DG0 — change in standard free energy (kJmol–1)

DH0 — change in standard enthalpy (kJmol–1)

DS0 — change in standard entropy (JK–1mol–1)

T — absolute temperature (K)
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