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ABSTRACT

The adsorptive efficiency of leaf powder of Boehmeria listeri to remove Cd(II) from aqueous
solution was investigated as a function of contact time, initial metal ion concentration of
cadmium ion, solution pH, and biosorbent dosage, using batch method at room tempera-
ture. Batch biosorption experiments showed that leaves of B. listeri used in this study
proved to be suitable for the removal of cadmium from dilute solutions where a maximum
adsorption capacity of 45.5 mg g−1 was obtained for optimum conditions at an equilibrium
time of 70 min, biosorbent dosage of 0.5 g and pH 6. Cadmium biosorption on B. listeri were
found to be highly pH dependent. The equilibrium adsorption data were fitted to
Langmuir, Freundlich, and Temkin adsorption isotherm models and the model parameters
were evaluated. From the model parameters obtained, the Freundlich isotherm model was
found to be best fitted with a correlation coefficient value of 0.838. The kinetic study
showed that the pseudo-second-order kinetic model better described the biosorption process
in comparison to pseudo-first-order and Elovich kinetic model with a correlation coefficient
range of 0.998–0.999 for the entire concentration range. FT-IR spectrum analysis revealed
that hydroxyl, carbonyl, carboxyl, amide, aliphatic amine, thiol, and sulfahydral groups
present in the adsorbent were the primary cadmium ion-binding groups.
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1. Introduction

The cadmium(Cd) is a nonessential element to life
even in trace quantities. It is a naturally occurring
metal usually found as an impurity in zinc or lead
deposits and it exists in the earth’s crust at about 0.1
part per million [1]. The anthropogenic pathways by
which Cd is released into the air, water, and soil are

mainly, domestic wastewater and industrial discharge,
Ni–Cd battery industry, electroplating, tanneries, oil
refineries, iron and steel industry effluents, plastic
paints, metallurgical, fertilizers and pesticides, urban
traffic, and waste incineration [2–4]. Once Cd is
released into soil and water environment, it undergoes
numerous reactions and forms various organic and
inorganic compounds. Therefore, the bioavailability,
mobility, and toxicity of Cd in water and soil largely
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depends on the specific chemical forms in which metal
exists. Since it persist in soil for a very long time,
plant can easily uptake the bioavailable fractions of
the metal from soil. In this process, the metal enters
the food chain in significant quantity. Therefore, the
concentration of metals in environment has been a
subject of major concern in the past few years due to
their toxicity and threat to human life and the envi-
ronment. Volesky [5] ranked Cd(II) at the top among
the heavy metals with respect to their priority regard-
ing environmental risk and resource depletion risk
and has also been classified as a class1 human carcino-
gen by the International Agency for Research on
Cancer [6].

Cadmium accumulates in the liver and kidneys
and has a long biological half-life, although it is even-
tually excreted [7] and it can bind effectively with pro-
tein, sulfahydral groups and anionic groups of various
macromolecules resulting in increased body burden
[8]. Long-term exposure to low concentration of Cd in
drinking water and food can induce renal tubular dys-
function with proteinuria, glucosuria, and aminoaci-
duria, osteoporosis, or osteomalacia, hypertension,
weight loss, etc. [8,9]. So the removal of cadmium in
water resources are one of the most important issues
nowadays, as fresh water reservoir is limited. The pre-
sent day supports many treatment methods for elimi-
nation of such hazardous elements from the
environment: ion exchange, precipitation and cementa-
tion techniques, membrane filtration, oxidation or
reduction techniques, electrolytic methods, adsorption
techniques etc. These technologies are either expensive
or difficult to implement or else have lower removal
efficiencies. Therefore, the search for a new technology
including the removal of toxic metals from wastewa-
ters has directed attention to biosorption, mainly
because of its low cost, high metal-binding capacity,
high efficiency, environmental sustainability, cost-ef-
fectiveness, and in situ remediation. Biosorption is
basically a physiochemical process that allows metal
contaminants to bind passively onto the cellular struc-
ture of certain biomass.

The ability of plant biomass to adsorb heavy met-
als from wastewater through physicochemical path-
ways have been studied. Adsorption and desorption
studies are invariably important to understand the
mechanism of biosorption and most widely applied
techniques for pollutant removal from contaminated
medias. The adsorption isotherm is most widely used
to study the relationship between mass of adsorbate
per unit weight of adsorbent and hence provide
important design data for adsorption system. There
are a large number of articles available in the litera-
ture where different kinetic models were used to ana-

lyze the adsorption data to investigate the mechanism
of adsorption and its potential rate-controlling step of
adsobate onto the adsorbent. The mathematical mod-
els attempting to predict biosorption behavior for
sorption in multi-metal systems have been developed
and such study mainly focuses on the simulation-pre-
diction of experimental results by studying sorption of
multi-metal ions [10]. At present, adsorption reaction
models have been widely employed to describe the
kinetic process of adsorption [11–21].

Numerous studies have established that different
plant and microbial biomass can be successfully uti-
lized as a mean to remove Cd(II) from aqueous solu-
tion. Considerably reasonable removal efficiencies has
been reported by materials of biological origin such as
agricultural wastes [22–26], tree barks [27–29], leaf
wastes [30–32], fruit wastes [33,34], seaweeds (marine
macroalga) [35,36], freshwater algae [37], macrofungus
[38], coconut shell [39], bagasse fly ash [40,41], modified
chitosan [42–44], and so on.

The present investigation deals with the adsorption
of Cd(II) from aqueous solution using powdered leaf
material of Boehmeria listeri as shown in Fig. 1. It is
identified from eastern Himalayan region in 2010 by
Friis and Wilmot-Dear. It is distributed mainly in
Northeast India (Sikkim, Arunachal Pradesh, Assam,
Nagaland); Bangladesh, Burma (Kachin). The habitat

Fig. 1. Herbarium preserved specimen of B. listeri.
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of this shrub mainly comprises forest understory in
partial shade, slopes of subtropical forest, river mar-
gins, recorded as occurring on limestone; 150–1,000 m
[45]. Although various plant biomasses have already
been used as a potential biosorbent but the use of bio-
mass of B. listeri as a potential adsorbent has not been
tried. The present study was undertaken to find out a
suitable low cost, environmental-friendly biosorbent to
remove Cd(II) from aqueous solution and for this a
batch experiment was carried out using leaf powder
of B. listeri as a biosorbent.

The objectives of the present work were to investi-
gate the adsorption capability of leaf powder of B. listeri
for removal of Cd(II) from aqueous solution. The
kinetic studies of adsorption of Cd(II) from aqueous
solution onto leaf powder of B. listeri has been investi-
gated to evaluate the performance of the adsorbent and
gain insight into the underlying mechanisms.

2. Materials and methods

2.1. Preparation of the adsorbent

Being a biodiversity hotspot, the region of eastern
Himalaya was selected as the site of collection of sam-
ples. Leaf samples from the plant B. listeri were col-
lected and were cleaned thoroughly with double-
distilled water to remove any impurity. The leaves
were then dried for 24 h at 50˚C in the oven. The
dried leaves were crushed and blended using a grind-
ing mill and sieved. A fraction of average particle size
of 0.2 mm was used for the experiments. The pow-
dered leaf samples as shown in Fig. 2 were stored in a
desiccator to avoid contact with moisture and used for
biosorption experiments.

2.2. Preparation of the metal solution

The stock solution containing 1,000 mg of metal
per liter was prepared by dissolving the metal salt in
1,000 ml of double-distilled water. The metal salt used
for the preparation of stock solution was CdCl3·H2O.
The solutions were further diluted as required to
obtain the working solution. The pH of working solu-
tion was adjusted accordingly by addition of 0.1 N
HCl or 0.1 N NaOH solution.

2.3. Experimental setup

2.3.1. Batch adsorption experiments

The adsorption experiments were conducted in
batches of Erlenmeyer flasks (250 ml) in room temper-
ature. A definite amount of the adsorbent (0.5 g) was

added to 100 ml of the metal solution for a definite
time interval (50 min) and the mixture was agitated at
a constant speed of 120 rpm in a mechanical flask sha-
ker. Samples were withdrawn at each interval
(10 min) and filtered using syringe filter (Whatman
Puradisc) of 0.45-μm pore size. Filtered sample solu-
tions were transferred to air tight sterile containers.
The experiment was performed in triplicate to avoid
error and their average value was considered for use
in data interpretation. The concentrations of contained
metal ions were determined in inductively coupled
plasma optical emission spectroscopy (Perkin Elmer
Optima 2100 DV). Obtained data were used to calcu-
late the equilibrium metal adsorptive quantity by
(Eq. (1)):

qe ¼ C0 � Ceð Þ
m

V (1)

where qe is the amount of metal ion adsorbed onto
the biomass (in mg g−1), V is the volume of solution
(in l), C0 is the initial concentration of metal ion (in
mg l−1), Ce is the concentration of metal ion at equi-
librium (in mg l−1), and m is the mass of adsorbent
(in g).

The percentage removal (adsorption) of metal ions
in the solution was calculated using the (Eq. (2)):

Fig. 2. Leaf powder of B. listeri.
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Percentage adsorption ¼ C0 � Ceð Þ
C0

� 100 (2)

The influence of various experimental variables on
adsorption was evaluated using Eqs. (1) and (2). A
concentration range of 10, 20, 30, 40, and 50 mg L−1 of
Cd(II) ion solutions was prepared and 0.5 g of plant
biomass was added to 100 ml of Cd(II) solution,
adjusting the pH to 6.5. The isotherm studies were
carried out at the same pH but at different initial
metal concentrations mentioned previously and by
adding 0.5 g of the biosorbent. The flasks containing
the mixture were agitated till adsorption reached at
equilibrium time and the residual Cd(II) concentration
was analyzed. Different doses of biomass, 0.1, 0.25,
and 0.5 g were applied to 100 ml solution of 10, 20, 30,
40, and 50 mg L−1 of initial Cd(II) ion to evaluate the
influence of adsorbent dosage. To study the effect of
pH, 0.5 g of the biomass dosage was agitated with
100 ml solution of 50 mg L−1 of Cd(II) ion for a pH
range of 2–7. Experiments were not performed at
higher pH value as hydroxylation and precipitation of
Cd(II) ions occur at high pH.

2.3.2. Adsorption isotherm studies

Adsorption isotherm studies were carried out to
determine the efficacy of the process of adsorption.
The isotherm models employed to the adsorption of
Cd(II) by B. listeri were the Langmuir [46], the Fre-
undlich [47], and the Temkin [48] isotherm models.
The Langmuir isotherm relationship is of a hyperbolic
form which can be linearized as shown in (Eq. (3)):

Ce

qe
¼ 1

bqmax
þ 1

qmax
Ce (3)

where Ce is metal ion concentration in the solution at
equilibrium (mg l−1); qe is the metal ion concentration
on the adsorbent at equilibrium (mg g−1); qmax is the
maximum sorption capacity of adsorbent (mg g−1); b is
the coefficient related to the affinity between the
sorbent and sorbate (Langmuir constant) (L mg−1).
Higher the value of b, the higher is the affinity of the
sorbent for the sorbate. Another vital characteristic
of the Langmuir isotherms is the separation factor
or equilibrium parameter RL that is expressed by
(Eq. (4)):

RL ¼ 1

1þ bC0
(4)

The value of RL indicates whether the Langmuir iso-
therm to be favorable (0 < RL < 1), unfavorable
(RL > 1), linear (RL = 1) or irreversible (RL = 0).

The Freundlich isotherm relationship is an empiri-
cal equation that is especially excellent to fit data from
sorbent systems that are highly heterogeneous in
nature. The relationship can be expressed in the
linearized logarithmic form as shown in (Eq. (5)):

log qe ¼ log KF þ 1

n
log Ce (5)

where KF and n are the Freundlich constants indicat-
ing adsorption capacity and intensity. The value of n
between 1 and 10 indicates a favorable adsorption
[49]. Higher the value of n, stronger is the interaction
between the biosorbent and metal ions [50].

The Temkin isotherm is based on the assumption
that the fall of the heat of sorption is linear than loga-
rithmic. The process of adsorption is assumed to be a
uniform distribution of maximum binding energy. It is
commonly expressed in the following linear (Eq. (6)):

qe ¼ BT log AT þ BT log Ce (6)

where BT ¼ RT=bT, R is the universal gas constant, T
is the absolute temperature, bT is the Temkin constant
related to the heat of adsorption (J mol−1), and AT is
the equilibrium binding constant (L g−1) related to
maximum binding energy.

2.3.3. Adsorption kinetic studies

Adsorption kinetic models are employed to iden-
tify and understand the adsorption mechanism type in
a given system. To understand the process of sorption
of Cd(II) onto B. listeri, the Lagergren’s pseudo-first-
order [51], pseudo-second-order [52], and Elovich [53]
models were employed to the experimental data.

The Lagergren’s pseudo-first-order model is based
on solid capacity and is generally expressed in linear
form as (Eq. (7)):

log qe � qtð Þ ¼ log qe � K1t

2:303
(7)

where qe is the amount of metal ion sorbed at equilib-
rium (mg g−1), qt is the same and at time t, K1 is the
Lagergren rate constant (min−1). If the qe value
acquired using this Eq. (7) is largely discrete from the
experimental value, the reaction cannot be considered
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as a first-order reaction irrespective of the high corre-
lation coefficient from the plot.

The kinetics of adsorption can also be described by
pseudo-second-order model as mentioned in below
(Eq. (8)):

t

qt
¼ 1

K2q2e
þ 1

qe
t (8)

where K2 (g mg−1 min−1) is the rate constant of
second-order model.

A kinetic equation of chemisorption was estab-
lished by [54] and was employed in sorption studies.
The Elovich kinetic model assumes energetically
heterogeneous solid surfaces. The kinetics of the sorp-
tion process at lower surface exposure are not sub-
stantially affected by both desorption and interactions
between the sorbate molecules. The Elovich model is
linearly expressed as (Eq. (9)) shown below:

qt ¼ aþ b log t (9)

where α is the initial adsorption rate (mg g−1 min−1)
and β is the desorption constant (g mg−1).

3. Results and discussion

3.1. FT-IR analysis

To investigate possible functional groups responsi-
ble for metal binding, FT-IR spectroscopy analysis by
KBr pellets method was carried for both control (fresh)
and Cd(II)-loaded leaf biomass of B. listeri, shown in
Fig. 3(a) and (b), respectively. The shifts in the absorp-
tion peaks generally observed indicate the existence of
a metal-binding process taking place on the plant
biomass. FT-IR indicates that carboxylic, alcoholic,
amide, and amino groups are responsible for the bind-
ing of the metal ions. The control biomass displayed
numerous absorption peaks, indicating the complex
nature of the leaf biomass. The spectra of leaf exhibits
a broad absorption band of 3,857.46 cm−1 (control) due
to bonded –OH stretching vibration which is shifted to
3,855.11 cm−1 Cd(II) loaded due to complexation of
–OH groups [55], this may be due to presence of cellu-
lose in the leaf biomass [56]. The medium strong peaks
of O–H of carboxylic acid at 2,926.08 and 2,850.77 cm−1

were shifted to 2,924.90 and 2,846,32 cm−1 after
coordination of Cd(II) ions with carboxylic acid group.
The next absorption peaks were at 1,942.22 and
1,911.11 cm−1 (control leaf biomass) may be due to the
presence of isothiocyanate (–NCS) group, which were
shifted to somewhat higher frequencies and appeared

at 1,966.66 and 1,948.88 cm−1 for Cd(II)-loaded leaf
biomass.

The presence of bonded C=O stretching frequencies
of amide have been responsible for shift of frequency
of spectra at 1,635.02 to 1,644.45 cm−1, respectively.
The absorption peak at 1,432.95 cm−1 (control) could be
attributed to the presence of C–H asymmetry which
shifted to 1,443.05 cm−1 (Cd loaded). This was followed
by the band at 1,315.55 cm−1 (control) which was
shifted insignificantly to 1,317.91 cm−1, due to CH3

asymmetric stretching. Another shift was observed
from 1,151.11 cm−1b (control) to 1,102.14 cm−1 (treated)
due to interaction of nitrogen from the amino group
with cadmium ions.

A minor shift of the peak at 891.11 cm−1 (control) to
893.03 cm−1 (treated) also suggests the involvement of
CH2 group in binding cadmium ions. The shifting of
weak adsorption peak from 781.85, 660.00, 611.11,
548.88, 515.55, 440.00, 465.94, 782.10, 668.88, 635.55,
564.44, 1,506.37, 459.76, and 422.57 cm−1 corresponds to
thiol and sulfahydral groups with cadmium ions [57].

The FT-IR study does reveals that the presence of
certain binding groups like –OH stretching, O–H of
carboxylic acid, isothiocyanate (–NCS) group, C=O
stretching frequencies, CH3 asymmetric stretching, C–
H asymmetric, CH2 group, thiol and sulfahydral
groups were responsible for binding with cadmium
ions, thus facilitating the process of adsorption.

3.2. Effect of contact time

The effect of contact time on adsorption of Cd(II)
onto leaf biomass of B. listeri was investigated for five
different solutions having initial concentrations of 10,
20, 30, 40, and 50 mg L−1 of Cd(II) at pH 6.5 in room
temperature. The overall trend of adsorption is pre-
sented in Fig. 4. With increase in the initial concentra-
tion from 10 to 50 mg L−1, the percentage removal
decreased from 84.4 to 73% for first 10 min of contact.
The removal of Cd(II) reached 96.8 and 91% for the
initial Cd(II) concentrations of 10 and 50 mg L−1,
respectively, within 70 min of contact. An equilibrium
was established at 70 min as the adsorption did not
change with further increase in contact time.

3.3. Effect of initial metal ion concentration

The influence of initial Cd(II) concentration on the
process of adsorption was evaluated at concentrations
of 10, 20, 30, 40, and 50 mg L−1 as shown in Fig. 5.
The process of adsorption was completed within
70 min of contact. The metal uptake capacity increased
from 9.69 to 45.5 mg g−1 with increase in the initial
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metal ion concentration from 10 to 50 mg L−1, while
the percentage adsorption rate declined from 96.99 to
91%. This phenomenon of decrease in percentage
adsorption with increasing concentration can be attrib-
uted to externally easily exposed binding sites in the
biomass at lower concentration, which eventually

become less available after a certain level of saturation
as the concentration increases. The adsorption capacity
of the biomass increases with increasing concentration
which may be a result of a higher degree of intimate
mixing or contact between the sorbent and sorbate
species.

Fig. 3. FT-IR spectra of leaf powder of B. listeri (a) control and (b) Cd (II) loaded.
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3.4. Effect of adsorbent dose

The removal of Cd(II) from aqueous solution by
the sorbent was evaluated for three dosage of the sor-
bent species viz. 0.1, 0.25, and 0.5 g. Experiments
revealed that 0.5 g of the biomass material was suffi-
cient to remove Cd(II) from the aqueous solution of
five different concentrations (10, 20, 30, 40, and
50 mg L−1). The influence of the amount of adsorbent
on Cd(II) biosorption is shown in Fig. 6. The removal
percentage of Cd(II) gradually increases with increas-
ing adsorbent dosage. It can be simply related to the
higher availability of metal-binding sites as well as to
the increasing surface area [58]. At very low biosor-
bent dosage, the biosorbent surface becomes saturated
with the metal ions and the residual metal ion concen-
tration in the solution is large [59].

3.5. Effect of pH

Biosorption processes are strongly pH dependent.
Variation of pH changes the surface charges on biosor-
bents which will affect the ion exchange; one of the
biosorption mechanisms, and thus the pH reflects the
nature of the physicochemical interaction of species in
solution and the surface adsorptive sites. Different
species may have different pH optima, possibly due to
the different solution chemistry of the species [55].

The effect of pH on sorption of Cd(II) ions onto
leaf biomass of B. listeri is presented in Fig. 7. A pH
range of 2–7 was taken for the study. There was a
gradual increase in Cd(II) binding onto the biomass as
the pH increased from 2 to 6. After the optimum bind-
ing of metal ions occurred at pH range of 6–6.5, the
adsorption rate declined due to decreased solubility of
metals at high pH [60].
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The low adsorption rate at lower pH can be attrib-
uted to less availability of binding sites for metal ions
as the functional groups on the surface of the sorbent
species are protonated. With increasing pH, there is
dissociation of H+ ions from the functional groups
and these are available for binding with metal ions.
However, with further increase in pH (>6.5) would
result in hydroxylation of Cd(II) ions, thus decreasing
the concentration of free Cd(II) ions for binding with
the biomass.

As pH level increases, more ligands with negative
charge would be exposed with the subsequent
increase in attraction sites to positively charged metal
ions [61].

3.6. Adsorption isotherm studies

A plot of Ce/qe vs. Ce log t was obtained to deter-
mine the Langmuir isotherm model parameters.
Values of Langmuir parameters, qmax and b, calculated
from the slope and intercept of the linear plot, were
found to be 13.8 mg g−1 and 0.315 L mg−1, respec-
tively. The model parameters along with correlation
coefficient values (R2) are shown in Table 1. The plot
is shown in Fig. 8.

The constant separation factor or equilibrium
parameter or RL for the Langmuir isotherm model for
concentration of 10, 20, 30, 40, and 50 mg L−1 were
found to be 0.24, 0.13, 0.09, 0.07, and 0.06, thus indi-
cating favorable biosorption of Cd(II) ion onto the
plant biomass (0 < RL < 1).

For the Freundlich isotherm model, KF and n val-
ues were evaluated from the intercept and slope by
plotting log qe against log Ce (Fig. 9, Table 1). The val-
ues of KF and n indicates easy separation of Cd(II) ion
from the solution with high sorption rate. The n value
was found to be 1.79 (1 < n < 10) which signifies the
adsorption of Cd(II) ion onto the biomass to be favor-

able. A high coefficient of correlation (R2) value of
0.838 signifies a good fitting of the adsorption process
into it. The Freundlich isotherm model assumes that
uptake of metal ions occurs on a heterogeneous sur-
face by multilayer adsorption and that the amount of
adsorbate adsorbed increases infinitely with an
increase in concentration.

The Temkin isotherm, i.e. the plot of qe vs. log Ce

for adsorption of Cd(II) is given in Fig. 10. The R2

value obtained from the Temkin model is found to be
0.337 as per given in Table 1 is insignificant and hence

Table 1
Isotherm constants and correlation data for various
adsorption isotherms for adsorption of Cd(II)

Isotherm models Adsorption parameters R2

Langmuir b (L mg−1) 0.315 0.403
qmax (mg g−1) 13.8

Freundlich KF (L g−1) 3.49 0.838
N 1.79

Temkin bT (kJ mol−1) −0.672 0.337
BT 1,277.8
AT (L g−1) 1.009

y = 0.0729x + 0.2308
R² = 0.4038
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it is confirmed that the adsorption does not follow
Temkin isothermic model.

3.7. Adsorption kinetic studies

The pseudo-first-order equation was plotted for
five different concentrations (i.e. 10, 20, 30, 40, and
50 mg L−1) of Cd(II) ion with a fixed adsorbent dose.
The values of the reaction rate constants and correla-
tion coefficients obtained are given in Table 2. The
plot of the equation is shown in Fig. 11.

The values were also plotted for pseudo-second-
order equation for five different concentrations (i.e. 10,

20, 30, 40, and 50 mg L−1) of Cd(II) ion with a fixed
adsorbent dose of 0.5 g. The value of correlation coeffi-
cient was found to be in the range of 0.998–0.999 indi-
cating a excellent fitting of adsorption data. The
values of the reaction rate constants and correlation
coefficients obtained are given in Table 3. The plot of
the equation is shown in Fig. 12.

Comparison between these two kinetic relation-
ships constants suggests that pseudo-second-order
model is best fitted to the adsorption of Cd(II) by the
plant leaf biomass with very high correlation coeffi-
cient values than the pseudo-first-order model. This is
further confirmed from the theoretically obtained

Table 2
Pseudo-first-order kinetic model parameters for Cd(II) biosorption

C0 (mg l−1) qe (mg g−1) (Experimental) K (min−1) qe (mg g−1) R2

10 9.69 0.034545 2.137 0.858
20 17.79 0.009212 1.563 0.999
30 27.8 0.041454 4.977 0.992
40 37.41 0.027636 3.758 0.994
50 45.5 0.034545 12.388 0.994
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Fig. 11. Pseudo-first-order kinetic model for Cd(II) biosorp-
tion (agitation speed = 120 rpm, contact time = 70 min,
biosorbent dose = 0.5 g/100 ml metal solution, pH 6.5,
temperature = 27˚C).

Table 3
Pseudo-second-order kinetic model parameters for Cd(II) biosorption

C0 (mg l−1) qe (mg g−1) (Experimental) K2 (min−1) qe (mg g−1) R2

10 9.69 0.032347 10.10101 0.998
20 17.79 0.026304 18.18182 0.998
30 27.8 0.018015 28.57143 0.999
40 37.41 0.01827 38.46154 0.999
50 45.5 0.005803 47.61905 0.999
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Fig. 12. Pseudo-second-order kinetic model for Cd(II)
biosorption (agitation speed = 120 rpm, contact time = 70 -
min, biosorbent dose = 0.5 g/100 ml metal solution, pH
6.5, temperature = 27˚C).
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values of qe obtained from second-order rate equation
was closer to the investigational value of qe, while
the same was not applicable to the first-order rate
equation.

A plot of qt vs. log t was obtained to determine the
Elovich kinetic model parameters. The correlation
coefficient (R2) are obtained in the range of 0.786–
0.986 for Cd(II) ions, which are found to be less than
the values calculated using pseudo-second-order
kinetic model as shown in Table 4. The plot of the
equation is shown in Fig. 13.

In our study, it obeys pseudo-second-order kinetic
equation assuming to describe the rate controlling
mechanism of Cd(II) adsorption with extremely high
regression coefficient (R2). It is assumed that the over-
all sorbtion rate is control by the rate of cadmium dif-
fusion in the pores of the adsorbate i.e. leaf powder of
B. listeri (intraparticle diffusion model).

4. Conclusion

From the experimental data, it has been observed
that the leaf powder of B. listeri has the ability to
remove 96.8% of Cd(II) ion from aqueous solution
which suggest that the plant biomass could be used as

a potential biosorbent. The investigation on influence
of different experimental variables reveals that the
process of adsorption was influenced by all of each of
the variables. The adsorption system was found to be
fitted most to the Freundlich isotherm rate equation
better than the Langmuir equation. Adsorption kinet-
ics showed that the process of sorption of Cd(II) ion
onto the biomass precisely followed the pseudo-sec-
ond-order kinetic model rather than the other kinetic
rate equations employed to the system.
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