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Abstract

The need for removal of heavy metal from the environment has been increasing. The present study
was conducted to identify a potential ability of the plant leaf powder in removal of high
concentrations of Cr (VI). Tamarindus indica, a widespread plant capable of growing under all
climatic and
soil conditions was evaluated for its potential to remove high concentration of Cr (VI)
-1
(1000 mgl ) using leaf. The effect of process parameters such as pH, contact time and adsorbent
dosage for Cr (VI) adsorption was studied. The results showed that at pH 3.0, up to 560 mgl-1 of Cr
(VI) was adsorbed onto the surface of 1g of leaf within 30 min.-1 However, desorption occurred with
increase in contact time. While, stable adsorption of 260 mgl was observed at pH 6.0 using 1g of
adsorbent after 2 hrs. Further, it was observed that the adsorption phenomenon followed Langmuir
adsorption isotherm. The kinetics of the adsorption studies was studied, and it was observed
that-1
-4
the adsorption
followed
second
order
kinetics
with
second
order
rate
constant
of
2.4x10
g
mg
-1
min .
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Introduction

Toxicity of heavy metals is imperative, making it a
global concern (Singh et al., 2010). As rapid global economic
development results in release of large volumes of heavy
metal containing effluents. Cr (VI) is widely used in leather
tanning, cement, dye plating and electroplating industries
(Mishra et al., 2009) and is recognized as a priority pollutant
by the US EPA (2014). Cr (VI) is estimated to be five hundred
times more toxic than Cr (III) (Fahim et al., 2006). It has been
termed as carcinogen owing to its accumulation and
persistent character in the environment (Pushan et al., 2012).
Cr (VI) can be a cause of liver damage, pulmonary
congestion, edema, skin irritation (Raji and Anirudhan,
1998), and drinking water contaminated with Cr (VI)
increases the risk of bladder, liver, kidney and skin cancers
(Hsu et al., 2007; Xing et al., 2007). The tolerance limit for
© Triveni Enterprises, Lucknow (India)

-1

discharge into inland surface waters is 0.1 mg l and 0.05 mg
l-1 in potable water. However, large volume of Cr (VI) is
released in the effluents (Huang et al., 2009; Nriagu et al.,
1988), where its concentration ranges from 0.5 to 270, 000
mg l-1 (Patterson, 1985). Thus, an efficient method is
necessary for the for removal of chromate from water.

Adsorption is a reliable and has served as an efficient
technique for the removal of heavy metals from contaminated
water (Malkoc et al., 2006). In comparison with the
traditional chemical sorbent materials, such as carbon
materials, (Lo et al., 2012), mesoporousalumina-silicate
(Sepehrian et al., 2010) and granular titanium dioxide (Xieet
al., 2009), natural adsorbents such as powdered marine algae
(Lee et al., 2000), palm fiber (Isa et al., 2008), coconut coir
pith (Suksabye et al., 2008), Ocimum americanum seed pods
(Levankumar et al., 2009), Hydrilla verticillata (Baralet al.,
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Adsorption isotherm : Various isotherm equations have
been used to describe the adsorption phenomenon with some
providing a theoretical foundation, while some being of mere
empirical nature. In the present study, Langmuir, Freundlich,
and Temkin adsorption isotherm studies were tested.

Langmuir isotherm : To test if only one monolayer of the
molecule (Chromium) was adsorbed onto the adsorbate,
Langmuir isotherm was validated using the following
formula
Ce/qe = (1/bqm)+(1/qm)Ce

The plot is said to follow Langmuir, if the plot of (Ce/qe) vs. Ce
yield a straight line; qm is the adsorbate quantity required to
form a single monolayer on unit mass of adsorbent and qe is
the amount adsorbed on unit mass of the adsorbent when the
equilibrium concentration is Ce The slope and the intercept of
this line give the values of qm and b. The adsorption energy (b)
was calculated by using the equation
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Tamarindus indica, a widespread plant belonging to
the family Fabaceae can grow in all climatic and soil
conditions, and its seeds(Agarwalet al., 2006; Gupta and
Babu, 2006, 2009), fruit shell and hull (Popuri et al., 2007;
Verma et al., 2006) and wood bark (Sahu et al., 2009, 2010;
Acharya, 2009) have been reported as an excellent adsorbent.
However, a detailed literature survey has shown that the
adsorption using leaves of Tamarindus indica has not been
studied, and further absorption of higher concentrations of
metal contaminants has not been reported in adsorption using
any natural adsorbents. Thus, the present study aimed to
assess the adsorption capacity of leaves of Tamarindus
indica at high concentrations of Cr (VI), as the leaves possess
high surface area and functional bonds. Optimization of
adsorption at various pH, an initial concentration of
adsorbent and adsorbate and adsorption time was performed
to achieve maximum adsorption. Further, the data obtained
was subjected to kinetic studies to find out the adsorption
kinetics by the leaves of Tamarindus indica.

After adsorption, the samples were digested using
concentrated HCl, and Cr (VI) concentration was estimated
by Atomic Absorption Spectroscopy (Shimadzu, AA 7000,
Japan) at 353 nm.
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2009), wheat bran (Nameni et al., 2008), Azadirachta indica
leaf powder (Sharma and Bhattacharyya, 2005), Spirogyra
condensata and Rhizoclonium hieroglyphicum (Onyancha et
al., 2008), Helianthus annuus stem waste (Jain et al., 2009),
corn stalks (Chen et al., 2011), sugarcane bagasse (Garget al.,
2009; Cronje et al., 2011), and Borassu saethiopum flower
(Elangovan et al., 2008) have gained attention. Adsorption of
heavy metals using plant parts is reliable because of their low
cost, reasonable adsorption capacity and eco-friendliness and
thus, can serve as an efficient decontamination technique for
heavy metal contaminated water. However, their efficiency
at high concentration of metals is low.

b = ka/kd

Where, ka and kd are the respective constants for adsorption
and desorption.
Further a dimensionless parameter RL, also known as
separation factor, was analyzed by the formula:
RL = 1/ (1+bCe)

Materials and Methods

Freundlich isotherm model : The adsorption intensity of
the adsorbate by leaves is represented by Freundlich model
and is given by:

Onl

Collection of plant leaves : The leaves of Tamarindus indica
were collected from Chennai, Tamil Nadu, India. The
collected leaves were repeatedly washed under tap water and
dried under shade in room temperature for 6 days. Dried
leaves were then crushed and powdered and passed through
sieve to obtain a uniform size of 300µm. (ASTM-E11 No.50)
Batch studies on adsorption of chromium using
-1
Tamarindus indica leaves : A stock solution of 1000 mg l
was prepared by dissolving 28.285 g of dried potassium
dichromate of analytical reagent grade in deionized distilled
water and diluted to 1 l. Stock solution was diluted to 1000
mg l-1 Cr. Batch sorption experiments were carried out by
using 200 ml of 1000 mg l-1 Cr solution. One gram of
adsorbent was used to study the impact of pH, adsorbate and
adsorbent concentration and contact time on adsorption. The
adsorption experiments were carried out at different pH (3, 4,
5 and 6), adsorbate concentration (0.5, 1, 1.5 and 2 g 250 ml1
), adsorbent concentration (250, 500, 750 and 1000 mgl-1).
Journal of Environmental Biology, Special issue, November 2016

qe = k f C

(1/n)

Where, qe is the amount of metal
adsorbed per gram of the
-1
adsorbent at equilibrium (mg g-1 ); C is the amount of metal
ion concentration at time t (mg l ); Kf and n are the Freundlich
constants. The equation can be linearized as
Log qe = log kf +log Ce

and a plot of logqe against logCe was used to validate
Freundlich adsorption isotherm. The slope and intercept of
the plot gave the values of the constants 1/n and logkf
(Owamah, 2014).
Temkin isotherm : The Temkin isotherm model is given by:
qe = RT/b In (Af Ce)

Removal of chromium Tamarindus indica leaves as adsorbent

qe = RT/bT ln (Af) + RT/bT ln(Ce)
B = RT/bT
Replacing the constant B, we can rewrite the formula as
qe = B ln (Af)+ B ln (Ce)
Where, AT =Temkin isotherm equilibrium binding constant (l
g-1); bT= Temkin isotherm constant; R=Universal gas
-1
-1
constant (8.314J mol K ); T= Temperature
at 298K; B =
-1
Constant related to heat of sorption (J mol )

Effect of pH : At basic pH, most of the heavy metals
precipitate as hydroxides (Kaouaha et al., 2014) and Cr (VI)
was found to be in equilibrium in the pH range of less than 6.0
(Cotton and Wilkinson, 1980; Greenwood and Earnshaw,
1984; Swietlik, 1998; Darko et al., 2011), while it is found as
Cr3+ at pH <7.0. Hence, the experiments were carried out only
in acidic pH (3.0-6.0) to avoid the influence of precipitation
on sorption. The results for the adsorption studies revealed-1
that highest adsorption capacity was at pH 3.0 with 560 mgl
of chromium adsorbed within 30 min. Srinivasan et al.
(1988), also reported that maximum adsorption was at pH 3.
As the pH increased, the adsorption capacity was found to be
reduced.
In aqueous solution, hydrolysis of Cr2O7 formed
HCrO4 . Thus, the- predominant form of Cr (VI) in aqueous
solution is HCrO4 (Isa et al., 2008) which gets adsorbed onto
the adsorbent. At pH 3.0, protonation of the surface of
adsorbent by H+ ions occurs -and promotes the adsorption of
negatively charged HCrO4 ions, thus, explaining high
sorption of Cr (VI) at pH 3.0. While at high pH, the adsorbent
is protonated with low charges, thus causing the electrostatic
force of attraction between the adsorbent and adsorbate ions
to decrease (Abdullah and Prasad, 2009).
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Adsorption kinetics : Elovich kinetic models were applied
to data to find out the first and second order rate kinetics
(Chien et al., 1980). A simple pseudo first order equation due
to Lagergren for the sorption is represented by:

Results and Discussion

opy

The plot of qe against lnCe gives the derivation for uniform
distribution of binding energies. The equation can be
expanded as :

1445

dqt / dt = k1 (qe - qt)

Where, qe is the mass of metal adsorbed at equilibrium
-1
(mg/g), qt is the mass of metal adsorbed at time
t (mg g ); k1 is
-1
the first order reaction rate constant (min ). The integrated
rate law at qt=0 and t=0 is given as:
ln (qe - qt) = ln qe - k1 t

The pseudo first order constant was obtained by plotting t
against ln (qe- qt), from which the first order rate constant k1
was obtained.
The second order rate equation is represented by:

Onl

dqt / dt = k2(qe - qt)

Effect of contact time : The effect of contact time was
studied on all the hydrogen ion concentrations to establish a
plot on the effect of contact time, hydrogen ion concentration
and adsorbent concentration. The results showed that at pH 6
the adsorption was stable. Babu and Gupta (2008) and
Owamah (2014) reported that adsorption was stable at pH 6.
However, at low hydrogen ion concentration such as pH 3, 4
and 5, the adsorption decreased with time. The rate of Cr (VI)
adsorption by T. indica increased rapidly till 30 min at low
pH. However, on further increasing the contact time negative
effect on the adsorption was observed. Initially, the
biosorption was high as Cr (VI) was available as metal ions at
acidic pH which was rapidly adsorbed onto the surface of
sorbent which had vacant sites for the uptake of chromium
(Wang et al., 2008 and Mezenner, 2009). However, with
increase in contact time, the binding energy between Cr and
adsorbent was found to be less than equilibrium constant and
hence, desorption was observed resulting in negative
adsorption.

which can be expressed in the form:
2

t/qt = [1/(k2 qe )] + (t/qe)

where, k2 is the
second order reaction
rate equilibrium
-1
-1
constant (g mg min). A plot of t qt 2against t indicates the
second order kinetics. The value k2qe can be replaced by h,
which is regarded as the initial sorption rate (at t=0). Plot of
t/qtvs t can be used to compute the values of k, h and qeif the
plot was linear.
Finally, the simple Elovich was expressed in the form of:
qt = 1/ b ln (ab) + 1/b ln t

A plot of qt versus ln gives a linear relationship for the
applicability, and yields the value of a and b.

Effect on adsorbent dosage : The effect on adsorbent
concentration was studied on different pH and contact time.
An increase in adsorbent dosage increased the amount of
adsorption due to increase in the surface area of the
biosorbent (Abdullah and Prasad, 2009). However, in the
present study, the adsorption was found to increase initially,
but decreased with increase in concentration of the adsorbent.
This might be due to overcrowding of the adsorbent particles
resulting in overlapping of the adsorption sites (Kumar and
Journal of Environmental Biology, Special issue, November 2016
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Table 1 : Percentage adsorption of Cr (VI) by T. indica with respect to various adsorbent mass and contact times at different pH
30 min

60 min

90 min

120 min

pH 3.0

56.08
18.43
22.12
22.57
44.24
14.04
16.03
18.23
30.41
26.26
23.23
21.63
17.24
4.58
6.92
8.37

44.53
17.59
17.23
2.2
27.86
12.88
13.62
17.41
22.68
13.85
12.68
13.29
17.4
13.32
13.31
14.36

1.27
1.01
1.07
1.16
20.45
11.06
10.45
10.08
18.4
9.62
8.91
11.46
18.38
23.35
18.28
15.69

0.98
0.28
0.83
0.86
14.06
8.61
6.12
4.87
13.54
4.58
6.22
5.67
21.24
26.34
23.93
20.69

pH 4.0

pH 5.0

pH 6.0

ine
C

0.5g
1g
1.5g
2g
0.5g
1g
1.5g
2g
0.5g
1g
1.5g
2g
0.5g
1g
1.5g
2g

opy

Adsorbent concentration/ Time

Table 2 : Parameters for plotting Langmuir, Freundlich and Temkin Adsorption Isotherms of Cr (VI) ion into T. indica
-1

-1

-1

Co(mgl )

Qe (mgl )

Ce (mgl )

0
250
500
750
1000

0
198.79
316.14
237.79
263.21

0
51.21
183.86
512.21
736.79

-1

-1

-1

1/Ce(lmg ) 1/Qe(lmg ) Log Qe

Ln Qe

1/Ce (lmg ) Log Ce

Ln Ce

Ce/Qe

0
0.004
0.002
0.0013
0.001

0
5.2922
5.7561
5.4713
5.5729

0
0.01952
0.00543
0.00195
0.00135

0
3.93593
5.21417
6.23873
6.60230

0
0.2576
0.5815
2.1540
2.7992

0
0.005
0.0031
0.0042
0.0037

0
2.2983
2.4998
2.3761
2.4203

0
1.70935
2.26448
2.70944
2.86734

Table 3 : Langmuir, Freundlich and Temkin Isotherm Constants for the adsorption of Cr (VI) ion into T. indica
Langmuir
-1

b (l mg )
-1
qm (mg g )
RL
2
R

Freundlich
4.454
50.75
0.003
0.9884

1/n
N
-1
kf (mg g )
2
R

0.0723
13.774
9.259
0.8902

The effect of pH, adsorbate mass and contact time are
tabulated in Table 1. Fig. 1 represents standard concentration
graph of Cr (VI).
Adsorption isotherms : The adsorption isotherms were
plotted from the values obtained during the adsorption
studies on different initial concentrations
of adsorbate at pH 6
-1
and adsorbent concentration of 4g l . The values are shown in
the Table 2 and 3.
Journal of Environmental Biology, Special issue, November 2016

AT (l g-1)
bT
B
2
R

182.387
15.568
0.6022
0.1432

Adsorption isotherms : All the adsorption isotherms were
performed by using the data from optimum pH concentration
of pH 6 by varying the contact time, adsorbent concentration
and adsorbate concentration, since stable adsorption was
observed at pH 6. Table 2 illustrates the parameters for
plotting Langmuir, Freundlich and Temkin adsorption
Isotherms of Cr (VI) ion for T. Indicaand Table 3 gives the
Langmuir, Freundlich and Temkin Isotherm constants for the
adsorption of Cr (VI) ion for T. indica.

Onl

Kirthika, 2009). Similar observations have earlier been
reported from the adsorbents prepared from pine needles
powder (Hadjmohammadi et al., 2011) and volcanic ash soil
(Babel and Opiso, 2007) for adsorption
of chromium. The
-1
maximum adsorption of 112.02 mgl at pH 3-1 (30 min) was
found with adsorbent concentration
of 2 gl , while stable
adsorption of 52.68 mgl-1 at pH 6 -1(120 min) was observed
with adsorbent concentration of 4gl .

Temkin

Langmuir isotherm : If chromium is adsorbed as one
monocular layer onto the adsorbent then Langmuir
adsorption isotherm is applicable. The isotherm is based on
the equilibrium between the chromium adsorbed and the
liquid phase in which it is present, where the adsorption is
described as formation of an ionic or covalent bond between
adsorbent and adsorbate. The adsorption is said to follow

Removal of chromium Tamarindus indica leaves as adsorbent
y = 0.546x - 0.504
R2 = 0.998

2
1.5
1
0.5
0

0

250
500
750
1000
Concentration of Cr (VI) (mg l-1)
Fig. 1 : Standard graph between concentration of Cr (VI) and absorbance

3
2.5

1.5
1
0.5
0
0

2
Ce/qe
Fig. 2 : Langmuir plot between Ce/qe and Ce

0

0.5

1

1.5

2.5

3

350

+ 168.3
300 y = 15.56x
R2 = 0.143
250

Qe (mg l-1)

Log qe

2

y = 253.0x + 4.548
R2 = 0.988
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y = 0.072x + 2.225
R2 = 0.200

800
700
600
500
400
300
200
100
0
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Absorbance 353 nm

2.5
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200
150
100

50

0.5

1

1.5

2
2.5
log Ce
Fig. 3 : Freundlich plot between log qe and log Ce

3

3.5

Langmuir, if the plot of (Ce/qe) vs. Ce yield a straight line.

0

2

4
6
Ln Ce
Fig. 4 : Temkin isotherm model between Ln Ce and qe

8

constant kf value was found to-1be as high as 168.05 mg per 4g
of adsorbent, hence 33.6 mg g of the adsorbent. The constant
kf gives the adsorption capacity, while 1/n is a function of the
strength of adsorption in the adsorption process (Voudrias et
al., 2002). It could be inferred that the adsorption did not
follow Freundlich isotherm.

Onl

In the present study, the isotherm plot was linear and
is shown in Fig. 2, thus indicating that monolayer adsorption
had taken place. A high value of correlation coefficient (R2 =
0.9884) validates the monolayer adsorption of Cr (VI) onto
the adsorbent surface. The measure of the adsorption
capacity to form monolayer represented by the constant (qm)
was as high as 253.07mg 4 g-1 of the adsorbent, thus 50.75 mg
g-1 of the adsorbent. The adsorption energy denoted by b was
-1
equal to 4.454 L mg . If the value of separation factor RL lies
between 0 and 1, the adsorption is said to be favorable. The
adsorption is said to be linear if RL= 1, and irreversible if RL=
0. For RL values>1, the adsorption is said to be unfavourable.
The value of RL was near to 0 in the present study which
indicates that the adsorption was favourable and almost
irreversible.

0

Freundlich isotherm model: The R2 value was found to be
0.2002, which indicates that the data followed the isotherm
with poor validity. The value of 1/n as obtained from the
slope in Fig. 3 was 1 (0.0726), indicating that the adsorption
was favourable (Mohan and Karthikeyan, 1997). The

Temkin isotherm : The interactions between adsorbate and
the adsorbent are related through the Temkin isotherm. The
isotherm assumes that the heat of adsorption of all the
molecules in the monolayer will decrease linearly rather than
logarithmic coverage (Temkinet al., 1940). From the plot
showing in Fig. 4, it was observed that the R2 value was
0.1432 which indicates that the data had a low fit and hence
the temkin isotherm was not followed. The constant B value
was found to be 15.568, which indicates the heat of sorption
to the surface of the adsorbent. The Temkin isotherm
constant calculated from bT was 0.6022, and the Temkin
isotherm equilibrium
constant A, the equilibrium binding
-1
constant (L min ) corresponding
to the maximum binding
energy was 182.387 L g-1. However, due to low fit it could be
inferred that the adsorption did not follow the Temkin
isotherm.
Journal of Environmental Biology, Special issue, November 2016
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(Sharma and Bhattacharyya, 2004).
y = -0.006x + 4.791
R2 = 0.780

20

60
80
100
120
Time (min)
Fig. 5 : Pseudo first order plot between time (min) and ln (qe-qt)

0.7
0.5
0.4
0.3
0.2
0.1
0

140

y = 0.0383x + 0.0639
2
R = 0.9734

0.6
T qt-1

40

30

90
120
Time (min)
Fig. 6 : Pseudo second order reaction between time (min) and T/qt
250

y = 24.88x + 81.25
R2 = 0.8177

200
qt

150
100
50
0

60

4.094344562 4.49980967
Int
Fig. 7 : Elovich plot between qt and ln t

The present study evaluates the adsorption of Cr (VI)
onto leaves of Tamarindus
indica at much higher
concentration of 1000 mg l-1. The adsorption of Cr (VI) was
seen to follow the Langmuir adsorption isotherm explaining
that monolayer of chromium was adsorbed onto the surface
of the leaves.
The optimization studies showed that at pH 3.0,
560 mg l-1 of Cr (VI) was adsorbed onto the surface in 30 min.
However, desorption was found to occur with the increase in
contact time. At pH 6.0, the adsorption was found -1to be
increase with contact time and a maximum of 263 mg l was
adsorbed with second order kinetics
and had low desorption
-1
constant value of 0.0401 g mg . The present study reports the
adsorption of Cr (VI) at high concentrations and the results
indicate that T. indica removed 56% of Cr from 1000 mg l-1
within 30 min as adsorbent. Further, studies are required in
order to implement this technique in decontaminating waste
water.

4.787491743

Onl

3.401197382

Elovich kinetics as shown in Fig. 7 should have a
linear plot for its applicability. α and β values calculated
from the plot were 65.2 mg g-1.min-1 and 0.0401 g mg-1
respectively. The Elovich plot had a fitting value of 0.81. The
a and b values indicate the initial chromium adsorption rate
and desorption constant. The results of the present study
indicate that the adsorption was initially rapid and desorption
was calculated to be low.

ine
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0

A plot of t/qt against t as shown in Fig. 6 gives a linear
relationship for the applicability of the second order kinetics.
The value of-1 qe calculated from second order kinetics was
257.069 mgl of the adsorbent,
which was much close to the
-1
true value of 263.21 mgl . The second order rate constant was
found to be 2.4x10-4 g mg-1 min. This indicates that the
adsorption followed second order rate kinetics.

opy

In (qe-qt)
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Adsorption kinetics : The pseudo first order indicates that
the rate of adsorption of adsorbate onto the adsorbent sites is
proportional to the number of unoccupied sites (Ho and
Mckay, 1998, 1999) as shown in Fig. 5. The pseudo first
order curve between t vs ln (qe-qt) was used to compute the
value of first-3order-1rate constant k1. The value of k1was-1 found
to be 6.2x10 min and the qe value was 120.48
mgl much
-1
lower than the true qe value of 263.21 mgl . This indicates
that the first order kinetics was inadequate
to explain the
kinetics of adsorption. Also, the R2 value was also low
indicating that the fit was not valid. In such cases where the
first order rate equation is not sufficient to explain the
kinetics since the lnqe value was not found to be equal to the
intercept of the plot, second order kinetics is to be tested
Journal of Environmental Biology, Special issue, November 2016
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