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In the present study, agricultural waste Zea maize leaves powder (MLP) was used for the removal of cadmium (II) from the aqueous
solutions. The adsorption characteristics of maize leaf as a function of pH (2-7), adsorbent dose (0.2-0.5 g), temperature (20-30oC), contact
time (0-120 min) and initial metal concentration (1-15 mg L-1) were studied. The biosorption of cadmium (II) on MLP was dependent on
pH, adsorbent dose, temperature, contact time and initial metal concentration .The experimental results were analyzed in terms of Langmuir
and Freundlich isotherm models. The Fourier Transform Infrared (FTIR) measurements reveal that the presence of hydroxyl, amino and
carboxylic functional groups on the surface of MLP which provide the major biosorption sites for the metal binding. The results obtained
could be useful for the application of agricultural wastes for heavy metal removal from the industrial waste water. 
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Introduction 

Many toxic heavy metals have been discharged into the 
environment as industrial wastes, causing serious soil and 
water pollution. Heavy metals are those metallic elements 
which have their atomic weight more than 20 or in other 
words, with a density higher than 5 g /cm3. Based on their 
solubility under physiological conditions, 17 heavy metals 
may be available for living cells and are of importance for 
organism and ecosystem.1 

Elevated concentration of metals can result in the growth 
inhibition and toxicity symptoms.2 Cadmium metal is toxic 
for the human health, because it accumulates in the body 
with a half life exceeding 10 years. Cadmium is used in 
batteries, electronics devices and the main health problems 
that have been attributed to cadmium are renal tubular 
dysfunction,3 pulmonary emphysema,4 possibly 
osteoporosis,5 and hypertension.6 

Moreover contamination of ground water is today a major 
concern for the management of water resources.7 A number 
of treatment processes for heavy metal removal from the 
waste water include precipitation, ion-exchange, membrane 
filtration and co-precipitation. Studies on the treatment of 
effluent bearing heavy metal have revealed that adsorption 
is a highly effective technique for the removal of heavy 
metals from wastewater and the activated carbon has been 
widely used as an adsorbent for heavy metal removal.8 But 
this technique apart from being economically expensive9 
and have disadvantages, like incomplete metal removal, 
high reagent and energy requirements and generation of 
toxic sludge or their waste products that require safe 
disposal. Efficient and environment friendly methods are 
thus needed to be developed to reduce heavy metals. In this 
aspect biosorption is a versatile and is also simple process 
used for removal of contaminants from industrial effluents.  

This process is particularly suitable for the treatment of 
waste water containing heavy metal uptake ability through a 
batch reaction process. Naturally occurring biodegradable 
products that have good adsorbent properties and low cost 
and are abundantly available in nature that’s why 
biosorption has distinct advantages over conventional 
methods. A range of products has been examined for metal 
removal from aqueous solutions; these include peanut skin,10 
waste tea leaves,11 walnut skin, coconut fiber,12 polymerized 
corn cob,13 banana pith,14 pillared clay,15 goat hair,16 rice 
husk,17,18 coconut husk,19 nut shells,20  cork,21 Yohimbe bark 
wastes,22 petiolar felt sheath of  palm,23 leaves of the 
indigenous biomaterials Tridex procumbens24, cactus, olive 
stone/cake, wool, charcoal and pine needles25 and sphagnum 
moss peat26 have been reported in the literature. 

In the present work Zea mays leaves were used as a 
bioadsorbent to study the efficiency of maize leaf in removal 
of heavy metal cadmium (II). The influence of pH, 
adsorbent dose, temperature, contact time, and initial metal 
concentration on the biosorption of metal ions were studied. 
The biosorption equilibrium data were compared to the 
Langmuir and Fruendlich adsorption isotherm models.   

Experimental 

Adsorbent preparation 

The Zea mays leaves used in this study was harvested 
from the agricultural farm in the Kaushambi, near by 60-70 
km away from Allahabad. The leaves were washed several 
times with deionized water and left to dry. Grounded by 
using a food processor (USHA, LEXUS, MG-1553, India) 
and powdered leaves were screened through sieve of 100 
mesh to obtain a fine fiber and then stored in air tight 
container. 

Reagents 

Analytical grade of CdCl2 (Qualigens) was used for the 
preparation of standard stock solution of Cadmium (II) 
(1000 mg L-1) in deionized water. The required 
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concentration for the adsorption experiments were prepared 
by serial dilution. The initial pH of the solution was adjusted 
by using either 0.1 N NaOH or 0.1 N H2SO4. 

Activation of adsorbent 

Activation of adsorbent was done by the method given in 
literature.27 The screened leaves powder was soaked in 
excess of 0.3 M HNO3 solution for 24 h. It was then filtered 
through a whatman no.41 filter paper and rinsed with 
deionised water. The adsorbent was later air dried for 12 h. 
The treatment of the adsorbent with 0.3 M HNO3 solution 
aids the removal of any debris or soluble biomolecules that 
might interact with metal ions during sorption. This process 
is called chemical activation of the maize leaves.  

Batch adsorption experiments 

Batch experiments with maize leaves powder (MLP) were 
conducted to investigate using a certain amount of adsorbent 
and 50 mL solution of Cadmium (II) ion solution in a 
conical flasks. The mixture was shaken in an orbital shaker 
(Shivam, ISO, 900/2000) at 120 rpm at 30oC for 24 h. The 
following operation conditions such as biosorbent dose, pH, 
contact time and metal concentration were investigated. 
Then the solution was centrifuged and the residual 
concentration of Cadmium (II) ion in supernatant was 
determined by atomic absorption spectrophotometer (AAS, 
ECIL-4141, Hyderabad).  

For the determination of optimum dose of biosorbent for 
the metal removal, 0.5 g MLP were mixed with 50 mL 
Cadmium(II) ion solution at concentration of 15 mg L-1 .The 
mixture was shaken in an orbital shaker at 120 rpm at 30oC. 
The supernatant was analyzed for residual metal 
concentration after the contact period. 

The effect of pH on the biosorption of Cadmium (II) by 
MLP was determined at pH values of 2, 3, 4, 5, 6, and 7. For 
the adsorption 0.5 g of MLP was added to 50 mL solution of 
Cadmium (II) ion (at 15 mg L-1) in seven different flasks at 
pH ranging from 2-7. The mixture was shaken in an orbital 
shaker at 120 rpm at 30oC for 24 h. The supernatant was 
analyzed for residual cadmium after the contact period. 

For the determination of rate of the metal biosorption by 
MLP (0.5 g) were mixed with 50 mL Cadmium (II) ion 
solution at concentration of 15 mg L-1, The mixture was 
shaken in an orbital shaker at 120 rpm at 30oC. The 
supernatant was analyzed for residual metal concentration 
after the contact period of 0, 5, 10, 20, 25, 30, 40, 60, 80, 
100, and 120 minutes. 

Studies were conducted for the determination of effect of 
temperature (20, 25 and 30 oC ) on metal sorption 0.5 g of 
MLP were mixed with 50 mL Cadmium (II) ion solution at 
concentration of 15 mg L-1, The mixture was shaken in an 
orbital shaker at 120 rpm at different temperature for 24 h. 
The supernatant was analyzed for residual metal 
concentration after the contact period.  

In order to investigate the effect of different initial metal 
concentration on the uptake of cadmium (II) from aqueous 
solution, 0.5 g MLP were mixed with 50 mL cadmium (II) 

solution at concentration of 1, 3, 5, 7, 9, 11, 13 and 15 mg 
L-1. The mixture was shaken in an orbital shaker at 120 rpm 
at 30oC for 24 h. The supernatant was analyzed for residual 
metal concentration after the contact period.  

Data Analysis 

The percent removal (R) of selected metal ion by MLP 
was calculated by using the Eqn. 1 

 

 

 

where R is the removal, Ci is the initial metal concentration 
and Cf is the final metal concentration of the metal ion in mg 
L-1. 

The sorption capacity was calculated from Eqn. 2 

 

 

 

where, Qe is the adsorption capacity (mg g-1), Ci is the initial 
metal concentration (mg L-1), Ce is the equilibrium 
concentration of metal (mg L-1), W is the adsorbent dose (g) 
and V is the solution volume (mL).   

Fourier Transform Infrared Spectroscopy 

FT-IR spectroscopy was used to determine the vibration 
frequency groups in the adsorbent .The spectra was 
collected using a model (ABB, Canada; FTLA; 2000,) with 
in the wave-number range 500-4000 cm-1. Specimens of 
adsorbents were first mixed with KBr and then grounded in 
an agate mortar (Merck,) at an approximate ratio of 1/100 
for the preparation of pellets .The resulting mixture was 
pressed at 10 tons for 5 min. These pellets are used in the 
recording of spectra.  

Results and Discussion 

Effect of pH 

It was observed that with the rise in the initial pH, 
cadmium uptake increased as shown in Figure 1. Roy et al., 
have also observed that the adsorption capacity increases 
with increasing pH values.28 

pH is an important environmental factor that affect not 
only dissociation of the acidic or basic groups on the 
adsorbent surface, but also the speciation state of the heavy 
metals in the bulk solution and so strongly influence the 
sorption capability of the heavy metals.29 At low pH, (3) 
there was an excessive protonation of active sites at 
adsorbent surface and this often refuses the formation of 
links between metal ion and active site. 
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Figure 1. Effect of pH  on Cadmium (II) removal using MLP 

At moderate pH (3-6) linked H+ is released from the active 
sites and adsorbed amounts of metal ion is generally found 
to increase. At higher pH (>6) the precipitation is dominant 
or both ion exchange and aqueous metal hydroxide 
formation may become significant mechanisms in the 
removal of metal. Following the appearance of the 
negatively charged groups (e.g., hydroxyl, carboxyl etc.) at 
the adsorbent surface, there was an increase in cadmium 
biosorption capacity with the increase in pH from 3-6. The 
adsorption capacities of MLP for cadmium at pH 2, 3, 4, 5, 
6, and 7 were 0.54, 0.93, 1.14, 1.34, 1.44 and 1.33 mg g-1 of 
biomass respectively. At pH 6 the maximum equilibrium 
capacity was observed. 

Effect of adsorbent dose 

The effect of adsorbent dose on the adsorption of 
cadmium is shown in Figure 2 at pH 6. 

 

 

 

 

 

 

 

Figure 2. Effect of adsorbent dose on Cadmium (II) removal using 
MLP 

The amount of adsorbent from 0.2-0.5 g employed was 
found to influence the efficiency of the adsorption process. 
The biosorption capacity of cadmium (II) was increased on 
increasing the biosorbent dose in 50 mL cadmium (II) 
solution. The adsorbent dose of 0.5 g was able to absorb 
95.9 % from 50 mL of 15 mgL-1 of cadmium (II) solution. 
The adsorption capacities for different adsorbent dose of 
MLP were; 0.2, 0.3, 0.4 and 0.5 were 0.97, 1.19, 1.25 and 
1.44 mg g-1 of biomass respectively. The optimum dose of 
the MLP was 0.5 g for cadmium (II) biosorption. 

The adsorption of metal ions on the agricultural by-
products may involve metal interaction30 and co-ordination 
to functional groups present in natural proteins, lipid and 
carbohydrates positioned on the cell-wall.31 

Effect of temperature 

The effect of temperature on the biosorption capacity of 
the cadmium (II) by the MLP is shown in Figure 3, which 
shows that adsorption capacity was slightly increased on 
increasing temperature from 20-30 oC. The adsorption 
capacities at different temperature 20, 25 and 30 oC were 
1.07, 1.41 and 1.43 mg g-1 of biomass respectively. The 
adsorption of cadmium (II) ion may involves chemical bond 
formation and ion-exchange since the temperature is the 
main parameter affecting the above two process.32 

 

 

 

 

 

 

 

Figure 3. Effect of Temperature on Cadmium (II) removal using 
MLP 

Effect of contact time 

The effect of contact time on the adsorption of 
cadmium(II) ion is shown in Figure 4. The results indicated 
that the metal uptake was increased on increase in the 
contact time but remained constant after an equilibrium time. 
The uptake of cadmium was rapid and the equilibrium was 
attained in 40 min. of contact between the biosorbent and 
metal solution. 

The adsorption capacities of MLP for cadmium (II) at 
different contact time 0, 5, 10, 20, 25, 30 and 40 were 0.18, 
0.39, 0.83, 0.96, 1.20 and 1.48 mg g-1 respectively.  

Effect of initial metal concentration 

The adsorption capacities of cadmium (II) for MLP with 
different initial metal concentration are shown in Figure 5. 
The adsorption capacities increased with increase in the 
initial metal concentration .This is in agreement with the 
results obtained by Dimitrova et al,. 33 

The adsorption capacities of MLP for different initial 
concentration of cadmium (II) -1, 3, 5, 7, 9, 11, 13 and 
15mg L-1 were 0.15, 0.26, 0.28, 0.32, 0.36, 0.37, 0.38 and 
0.43 mg g-1 of biomass respectively. 

In general the data indicates that the sorption capacity of 
the biomass was increased with the increase in initial metal 
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concentration. The sorption characteristics indicate that 
surface saturation is dependent on the initial metal ion 
concentrations. At low concentration adsorption sites took 
up the available metal more quickly. However, at higher 
concentration metal needs to diffuse to the biomass surface 
by the intraparticle diffusion and greatly hydrolyzed ions 
will diffuse at the slower rate. 

 

 

 

 

 

 

 

 

Figure 4. Effect of contact time on Cadmium (II) removal using 
MLP 

 

 

 

 

 

 

 

Figure 5. Effect of initial metal concentration on Cadmium (II) 
removal using MLP 

Since, the adsorption isotherm is important to describe 
how adsorbents will interact with adsorbents and so is 
critical for design purpose, therefore, data using an equation 
is essential adsorption operation.34 

Adsorption models 

Adsorption of cadmium (II) on MLP was studied in the 
concentration range 1-15 mg L-1 with 0.5 g of adsorbent. 
The adsorption data were applied to the Langmuir and 
Freundlich isotherm models. The isotherm constants of 
Langmuir and Fruendlich were calculated using normal 
linearization method.  

Langmuir model 

The basic assumption of Langmuir adsorption is based on 
monolayer coverage of the adsorbate on the surface of the 
adsorbent.35,36 The Langmuir adsorption model is applicable 
for electrostatic sorption and chemisorptions reaction 
(mono-layer model). The number of surface sites available 

for sorption is limited and must be specified at the outset.37 
The linearised form of isotherm is given in Eqn. 3. 

 

where, Ce is the metal concentration in the solution at 
equilibrium(mg L-1), Qmax is the maximum amount of metal 
adsorbed per unit weight of biomass and b is a binding 
stability constant which is temperature dependent and 
related to the heat of sorption.38  

The capacity of Zea mays leaves biomass in binding with 
cadmium was determined by plotting Ce/Qe against Ce, using 
the Langmuir equation. The plot of the specific sorption 
Ce/Qe against equilibrium concentration Ce gave the linear 
isotherm parameters Qmax, b and the coefficient of 
determination (R2).  

The R2 value suggests that the Langmuir isotherm 
provides a good model of the sorption system. The sorption 
capacity, Qmax which is a measure of maximum adsorption 
capacity corresponding to complete monolayer coverage 
showed that MLP had a mass capacity for cadmium (II) 
0.4372 mg g-1. The adsorption coefficient b which is related 
to the apparent energy of adsorption cadmium was 0.98 L 
mg-1. 

Figure 6. The linearized Langmuir adsorption isotherm of 
Cadmium (II) using MLP 

The plots of Ce/Qe against Ce for adsorption of cadmium 
gave a straight line are shown in Figure 6. It has seen that 
the linear fit is fairly good and enables the applicability of 
the Langmuir model to the cadmium (II) adsorption on the 
maize leaf powder. 

The essential characteristics of the Langmuir isotherm can 
be expressed in terms of a dimensionless constant separation 
factor or equilibrium parameter, RL, which is defined as 39:  
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where, b  is  the Langmuir constant Co  is  the  initial metal 
concentration  of  cadmium.  The  RL  values  indicate  the 
shape of isotherm as shown in Table 1. 

Table  1: Relationship between RL and type of isotherm 

RL Type of isotherm 
RL > 1 
RL = 1 
RL < 1 
RL = 0 

Unfavourable 
Linear 
Favourable 
Irreversible 

The RL values between 0 and 1 indicate favorable 
adsorption.40 In the present study the  RL  were found to be 
0.70, 0.23, 0.14, 0.10, 0.08, 0.06, 0.05 and 0.04 as shown in 
Figure 7, for the initial concentration of cadmium (II) of  1-
15 mg L-1 indicating that the adsorption of cadmium (II) is 
favorable. 

Figure 7. Plot of RL vs initial Cadmium (II) concentration 

Freundlich model 

In contrast to the Langmuir monolayer model, the 
Freundlich isotherm is a consecutive layer model (unlimited 
sorption sites) and is for describing physical adsorption.41 
It’s linearised form is represented by Equation 5. 

where, Ce is the equilibrium concentration (mg L-1), Qe is 
the amount adsorbed (mg g-1) K is adsorption capacity and n 

is adsorption intensity. A plot of log Qe versus log Ce gives a 
straight line of slope n and intercept K is shown in Figure 8.  

Figure 8. The linearized Freundlich adsorption isotherm of 
cadmium (II) using MLP 

The values of both Langmuir and Freundlich 
adsorption parameters are given in table 2. Examination of 
data suggests that Langmuir  and Freundlich isotherms are 
good model for the sorption of cadmium (II). In case of 
Freundlich isotherm model the values of n that vary between 
1 and 10 indicate the favorable adsorption of heavy metals.42 

Table 2. Langmuir and Freundlich adsorption parameters for the 
adsorption of Cadmium (II) ions at 30 oC. 

Langmuir Parameters Freundlich Parameters 
Qmax, mg g-1 0.4372 K   0.2825   
b, L mg-1 0.98 n 7.5038 
R2 0.9714 R2 0.7991 

It was found that the adsorption equilibrium data was 
better fitted by the Langmuir isotherm, although it can also 
be modeled by the Freundlich isotherm in the concentration 
range studied since it presented the greater coefficient of 
correlation. The values of correlation coefficient generated 
by linear regression on isotherm data were in accordance 
with literature.43  

Fourier Transform Infrared Analysis 

The Infrared spectra of the MLP are shown in Figure 9, 
reveals the functional groups that are responsible for binding 
the heavy metal ion.  

 

 

 

 

 

 

 

 

 

Figure 9.  FTIR Spectra of Maize Leaf Powder 

Table 3 gives the wave number with the corresponding 
groups. The band at 3424.65 cm-1 represent pendent –OH 
and -NH groups in the MLP .Carboxyl ate exhibits dual 
bands at 1741.62 cm-1 and 1633.53 cm-1. 

Table 3. Infrared absorption bands and their corresponding groups 
of MLP 
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The FT-IR analysis shows the coordination of metals with 
functional groups present in the MLP. The amino and 
carboxyl functional groups provide the major biosorption 
sites for the metal binding (e.g., calcium and cadmium). 
Other functional groups, such as ether and alcoholic do not 
have important roles in metal uptake. 

Conclusions 

The study reveals that maize (Zea mays) leaves powder, 
an agricultural waste available in plenty at low cost is 
efficient in the removal of cadmium. In batch mode studies 
adsorption was dependent on pH, adsorbent dose, 
temperature, contact time and initial metal concentration. 
Adsorption followed both Langmuir and Freundlich models. 
The Zea mays biomatrix indicates the presence of several –
OH and –COOH groups in the lignocelluloses moieties. 
Hydrogen of these groups is capable of ion-exchange with 
metal cation. This biosorbent is low cost; its utility will be 
economical and can be viewed as a part of a feasible waste 
management strategy. 
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