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 Abstract  

 

In the present study, the biosorption capacity of dead cells 

of Bacillus megaterium has been assessed for the removal of Pb(II) 

ions from aqueous solution under different conditions of temperature 

regimes, pH, contact time and biosorbent dose. The biosorbent used in 

this study exhibited a good adsorption potential at initial pH 5 and 

temperature 300C. The equilibrium adsorption data was analyzed by 

the Langmuir, Freundlich and Dubinin-Kaganer-Radushkevich (D-R) 

isotherm models. Freundlich isotherm was found more applicable in 

terms of relatively high regression values (R2 0.991). The energy of 

adsorption, E (12.936 KJ/mol) obtained from the D-R isotherm 

suggested a chemical ion exchange mechanism. The results of the 

kinetics studies revealed that the biosorption of Pb(II) ions on B. 

megaterium followed pseudo-second order kinetics.  

 

Keywords: Bacillus megaterium, Biosorption, Lead(II), Adsorption 

isotherms, Kinetics 

Introduction 

Heavy metal pollution is a prevalent environmental 

problem worldwide. It occurs directly by effluent out falls from 

industries, refineries and waste treatment plants and indirectly by the 

contaminants that enter the water supply from soils/ground water 

systems and from the atmosphere via rain water (Vijayaraghavan and 

Yun 2008; Oliveira et al. 2011; Tian et al. 2012). 

 

*Corresponding authors: minakshi088@gmail.com 

 

 

 

Heavy metals are particularly hazardous because of their toxicity their 

tendency to bioaccumulate via food chain, and their abundance and 

persistence in the environment (Dutton and Fisher 2011; Takahashi 

et al. 2012). Pb(II) is a toxic metal contaminant in water which is 

associated with encephalopathy seizures and mental retardation in 

human beings (Chua et al. 2012). Conventional methods for treatment 

of metal laden wastewater include chemical precipitation, filtration, 

reverse osmosis, electrochemical treatment, solvent extraction, 

membrane filtration, and adsorption. Application of such methods, 

however, is sometimes restricted because of technical and 

economical constraints (Wang and Chen 2009; Viera and Volesky 

2000). Recently biosorption has been receiving attention as a new 

technique in the removal of toxic metals from wastewaters (Sekhar 

et al. 2004). The major advantages of biosorption over other 

methods include low cost, high efficiency, minimization of the 

waste and reuse of biosorbent (Wong 2000; Akhtar et al. 2007). 

The basis for biosorption is the metal binding abilities of various 

biological materials. Algae, bacteria, fungi and yeasts have been 

shown to be potential metal biosorbents (Ahluwalia and Goyal 

2007; Borba et al. 2006; Kumar et al. 2008; Mane et al. 2011; Ruta 

et al. 2010; Dhankhar and Hooda 2011). Of the different microbial 

populations, the bacterial biomass has been found to be one of the 

most important biosorbents used for metal removal/detoxification, 

and hence, the adsorption of heavy metals onto bacterial cell walls 

has received considerable attention in recent experimental and 

modelling studies (Naik et al. 2011; Feng et al. 2012). There have 

been several reports (Pandiyan and Mahendradas 2011; Kulczycki 

et al. 2006; Pardo et al. 2003; Kumar and Rao 2011; Lu et al. 

2006) on the uptake of toxic heavy metals by bacteria, but there 

are no reports on the removal of Pb(II) from aqueous solutions 

using the gram positive bacterium Bacillus megaterium.   
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In the present study the biosorption capacity of Bacillus 

megaterium was investigated under various conditions of 

temperature regimes, pH, biosorbent dose and contact time and 

optimum biosorption conditions were determined. In addition 

various equilibrium isotherms and kinetic models were also 

applied. 

 

 MATERIAL AND METHODS:-  

 

Biosorbent 

Pure culture of Bacillus megaterium was readily available in the 

Department of Microbiology at G.B. Pant University of 

Agriculture and Technology Pantnagar. The slant cultures were 

prepared with Nutrient agar (NA) medium containing peptone 

0.5% and yeast extract 0.3% and were further incubated at 350 C 

for 24h. After bacterial growth, cells were harvested by 

centrifugation for 30 min at 5,000 rpm. The cell pellets were rinsed 

three times with sterile water, and dried at the temperature of 600C 

in oven for 24 h in order to improve the biosorption efficiency. 

 

Lead ion solution 

A stock solution of lead ions (1000 ppm) was prepared 

by dissolving an accurate quantity of Pb(NO3)2 in deionized 

water. Diluted concentrations were obtained from the stock 

solution. The pH of working solutions was adjusted to 7 by 

addition of the necessary amount of either 1.0 M HCl or 0.1 M 

NaOH solution. 

 

Adsorption studies 

The biosorption of Pb ions was studied in batch system. Each 

experiment was conducted in triplicate, and average values were 

used for the data analysis. All experiments were performed by 

shaking 150 ml aqueous solution containing 200 ppm of Pb(II) 

ions with 5.5 g/L of biosorbent for 50 min in order to establish 

equilibrium. The shaking speed was maintained constant at 100 

rpm. Three temperatures of the solution were studied (30, 38 and 

45 ºC). The initial pH of the solution was adjusted within the range 

from 2 to 9 by using 1N of NaOH and 1N of HCl. At the end of the 

equilibrium time, the flasks were removed from the shaker and the 

adsorbent was then filtered using filter paper (Whatman No. 41). 

The filtrate was analyzed using AAS. An optimum value of initial 

pH was selected for isotherm and kinetic studies. The amount of 

metal ions adsorbed per gram of B. megaterium was calculated as 

follows (Volesky 2003): 

        qe = (C0-Ce)V/m         (1) 

where qe is the amount of metal ions adsorbed (mg/g) onto B. 

megaterium, Co is the initial metal ion concentration in solution 

(ppm), Ce is the concentration of non-adsorbed metal ions in 

solution (ppm), V is the volume of the medium (L) and m is the 

amount of B. megaterium used in the reaction mixture (g).   

 

Kinetic studies 

Batch kinetic studies were investigated by taking 150mL of 200 

ppm of Pb(II) ions solution in a 1000 ml-Erlenmeyer flask . The 

initial pH of the solution was adjusted at 5.0 with 5.5 g/L of 

biosorbent dose. A series of such flasks were agitated in isothermal 

shaker at 100 rpm. The temperature of the solution is kept constant 

at 30 ºC. 2 mL samples were withdrawn from the solution at every 

1 minute and filtered using filter paper (Whatman No. 41). The 

supernatant were analyzed using AAS for quantifying the change 

of solution concentration with time.      

 

RESULTS AND DISCUSSION:-  

Effect of pH 

One of the most important factor affecting biosorption of metal 

ions is acidity of solution. The acidity of the medium affects the 

competition ability of hydrogen ions with metal ions to active sites 

on the biosorption surface (Lodeiro et al. 2006). The effect of 

initial pH on the equilibrium uptake of Pb(II) ions was investigated 

between pH 2.0 to 9.0 and at different temperatures of 30, 38 and 

45 ºC as presented in Fig. 1. The initial concentration of Pb(II) 

ions and speed of the shaker were fixed at 200 ppm and 100 rpm 

respectively. It can be seen from the figure that there is no 

important difference among optimal pH values corresponding to 

three temperatures. It can also be observed that the removal 

efficiency increases with increasing initial pH and it almost 

reaches a peak value around 5.0 and then decreases with increasing 

initial pH. At low pH, the positively charged hydrogen ions may 

compete with the metal ions for binding sites on the cell wall of 

the biomass and this leads to fewer binding site being available for 

metal ions to bind (Segel 1976; Cabuk et al. 2005). As pH 

increases in the ranges from 2 to 5, there are fewer H+ ions in 

solution resulting in less competition for binding sites available, 

thus facilitating greater Pb(II) ions uptake (Hetzer et al. 2006). 

Decrease in biosorption at higher pH (pH > 5) is due to the 

formation of soluble hydroxylated complexes of the metal ions and 

their competition with the active sites, and as a consequence, the 121 
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retention would decrease again (Sari et al. 2007).                            

 

Fig. 1  Effect of pH on biosorption of  Pb(II) at different 

temperatures. (Initial Pb(II) conc., 200 ppm; biosorbent dose, 

5.5 g/L; contact time, 50 min). 

 

Effect of dosage 

The effect of varying biosorbent dose (1g to 5.5g/L) and 

temperature (30, 38 and 450C) on the removal efficiency of Pb(II) 

ions from aqueous solution is shown in Fig. 2. The initial pH was 

adjusted at 5.0. It is clear from the figure that the removal 

efficiency is generally increased as the dose concentration 

increases over the three temperature values (30, 38 and 450C). 45% 

removal is achieved at 1g while 90% is achieved at 5.5g/L at 300C 

temperature. This can be explained by the fact that increasing 

biomass dose led to increase in the biomass surface area and more 

functional groups will be available for binding to Pb ions (Esposito 

et al 2001). Moreover rise in temperature from 30 to 450C would 

either damage the active binding sites in the biomass (Ozer and 

Ozer 2003) or the increasing tendency to desorb metal ions from 

the interface to the solution (Saltali et al. 2007). These results are 

qualitatively in a good agreement with those found in the literature 

(Sedighi et al 2012, Suriya et al 2013). Therefore, 5.5 g/L 

biosorbent dose and 300C temperature were selected as the 

optimum values for further study. 

 

Adsorption isotherms 

The biosorption isotherm models described the biosorption data at 

equilibrium and showed the correlation between the mass of solute 

adsorbed per unit mass of sorbent at equilibrium. The biosorption 

isotherms were calculated using three different isotherm models 

including the Langmuir, Freundlich, and (D–R).  

Langmuir’s isotherm model suggests that the uptake 

occurs on homogeneous surface by monolayer sorption without 

interaction between adsorbed ions. The linear form of Langmuir 

isotherm equation is represented by the following equation 

(Langmuir 1918):  

                 q e= (qmaxbCe)/(1+bCe)              (2)                                                             

 

            

 

Fig. 2  Effect of biosorbent dose on biosorption of Pb(II) at 

different temperatures. (Initial Pb(II) conc., 200 ppm; pH, 5.0; 

contact time, 50 min) 

  

where qe is the amount adsorbed (mg/g), Ce is the equilibrium 

concentration of the adsorbate (mg/L), Qmax is the Langmuir 

constant related to maximum monolayer adsorption capacity 

(mg/g), and b relates to the affinity of the sorbate for the binding 

sites (expressed in L/mg). The values of the Langmuir isotherm 

parameters can be used to predict the affinity between the sorbent 

and sorbate. A high value of b (low value of 1/b) indicates that 

there is a high affinity between sorbent and sorbate, while a large 

Qmax value indicate that the sorbent has a large uptake capacity. 

Fig 3 shows the experimental data that were fitted by the linear 

form of Langmuir model, (Ce/qe) versus Ce, at temperatures 30, 

38 and 45°C. The values of Qmax and b are listed in Table 1 with 

their linear regression values R2.  

These values clearly indicates that with increase in 

solution temperature from 30 to 450C biosorbent capacity (Qmax) as 

well as affinity (b) both were decreased indicating exothermic 

nature of the process and favourable adsorption of Pb(II) ions at 

low temperatures. The extent of adsorption of Pb(II) by different 

other bacteria as biosorbents, collected from the literature, along 

with the results of the present study is included in Table 2 in the 

form of monolayer adsorption capacity. The data in the table 

indicate that bacterium have comparable adsorption capacities 

compared to many biosorbents.  
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Table 1. Langmuir, Freundlich and DKR constant for the biosorption of Pb(II) on B. megaterium at different temperatures 

The Freundlich isotherm is an empirical equation based 

on an exponential distribution of sorption sites and energies. In 

mathematical form, it is represented as (Freundlich 1906): 

log qe = log KF + (1/n) logCe                                  (3) 

where KF and n are constants related to the sorption capacity and 

intensity, respectively, and are calculated from the intercept and 

slope of plot Log qe versus Log Ce respectively, as shown in Fig 

3. From Table 1 it can be observed that with increasing 

temperature both KF and n are decreased confirming exothermic 

nature of adsorption process.  

Another less commonly used model to describe the 

sorption of heavy metals on solid sorbents is the Dubinin–

Radushkevich (D–R) isotherm which is based on Polany’s 

adsorption potential theory and Dubinin’s minipore filling theory. 

The linear form of the D–R model is given by (Dubinin 1960): 

 

      In (qe) = In (qS) - KDRƐ2                  (4)              

           

where qS and KDR are the D–R constants related, respectively, to 

the maximum adsorptive capacity and the adsorption energy, and Ɛ 

is the Polany potential which is given by the equation  

          RT In [(1+(1/Ce)]                                (5) 

 

The slope of the plot of ln qe versus Ɛ2 gives KDR (KJ/mol) and the 

intercept yields the sorption capacity, qS(mg/g) as shown in Fig. 3. 

The values of KDR and qS, as a function of temperature are listed in 

Table 1 with their corresponding value of the regression 

coefficient, R2. 

 

Table 2. Sorption capacity of lead on different bacterial biomasses   

 
                  Biosorbent                          qe(mg/g)                        Reference 

        Citrobacter MCM B-181                 58.78              Puranik and Paknikar (1999) 

         Pseudomonas putida                       56.2                Pardo et al. (2003) 

        Enterobacter sp. J1                          50.9                Lu et al. (2006) 

        Delftia tsuruhatensis                        44.8                Dorian et al. (2012) 

        Streptomyces noursei                       36.5                Mattuschka and Straube(1993) 

        Bacillus megaterium                        72.56              Present study   

                          

It can be observed that the values of KDR increase as temperature 

increases while the values of qS decrease with increasing 

temperature. The constant KDR is a measure of the mean free 

energy of adsorption per mole of the adsorbent as it is transferred 

to the surface of the solid from infinite distance in the bulk fluid, 

E, which can be calculated using the following relation 

             E  = ( 1/√2 KDR)                                (6) 

 

The values of E at different temperatures are listed in 

Table 1. All the values lie between 8-16 KJ/mol indicating 

chemical adsorption of Pb(II) ions by B. megaterium. The 

goodness of fit of the experimental data is measured by linear 

regression values, R2. At all temperatures, the Freundlich model 

showed better fit followed by Langmuir model followed by 

Dubinin-Kaganer-Radushkevich (D-R) model. 

 

Kinetic studies 

Fig. 4 shows the change in the remaining concentration of Pb(II) 

ions (Ce) as a function of time (5 to130 min). The initial 

concentration, dose, temperature, pH and agitation speed are fixed 

at 200 ppm, 5.5g/L, 30ºC, 5.0 and 100 rpm respectively. It was 

observed that the remaining concentration of Pb(II) ions in the 

aqueous solution decreased rapidly at the incipient stage of 

adsorption and then reached almost equilibrium in about 50 

minutes. A further increase in the contact time has a negligible 

effect on the removal percentage of lead because the active sites of 

the biosorbent gets exhausted due to the repulsive forces between 

the metal ions in the solid and bulk phases (Chen et al. 2008).  

The prediction of adsorption rate gives important 

information for designing batch adsorption systems. Information 

on the kinetics of solute uptake is required for selecting optimum 

operating conditions for full-scale batch process. The kinetics of 

the adsorption data was analyzed using pseudo-first order and 

pseudo-second order models which can be represented in their 

nonlinear forms, as follows: 

 

 

 

 

Temp.(0C)                                         Langmuir                                                       Freundlich                                                                          DKR 

                                       Qmax                 b                 R2                                  KF            1/n              R2                                     qS             KDR                E                      R2 

300C                             72.56              0.219          0.934                            3.347           1.213        0.991                               1.275       -0.008            12.936               0.821 

380C                             55.53             0.013           0.831                            2.237           1.178        0.986                               0.473        -0.004           10.558               0.869 

450C                             47.61             0.008           0.985                            2.097           1.152         0.977                              0.387        -0.021            8.582                0.827 
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Pseudo-first-order model (Sivakumar and Palanisamy 2010): 

log(qe - qt) = log qe  -  KIt                   (7)

            

Pseudo-second-order model (Fu and Viraraghavan 2002):  

t/qt = 1/ kII qe
2  + t/ qe                                    (8)    

 

where qe is the amount of solute sorbed at equilibrium (mg/g); qt 

the amount of solute sorbed at time t (mg/g); kI the first-order 

equilibrium rate constant (g/mg/h) and kII is the second-order 

equilibrium rate constant (g/mg/h).                                                                   

 

           

 

(a) 

 

(b)                                              

 

(c) 

Fig. 3  Adsorption isotherms for Pb(II) biosorption at 

different temperatures (a) Langmuir adsorption isotherm (b) 

Freundlich adsorption isotherm (c) Dubinin-Kaganer-

Radushkevich (DKR) adsorption isotherm for Pb(II) 

biosorption at different temperatures. (Initial Pb(II) conc., 200 

ppm; pH, 5.0; dose, 5.5g/L; contact time, 50 min) 

 

 

Table 3. Kinetic models for the adsorption of Pb(II) ions on B. 

megaterium (pH 5.0). 

 

The adsorption rate constant KI for Pb(II) sorption was calculated 

from the slope of the linear plot of ln(qe̲ - qt) vs. time. In the later 

case, kinetic data were plotted between t/qt against t (Fig. 4). The 

kinetic rate constants obtained from first and second-order kinetic 

model were given in Table 3. The degree of goodness of these 

kinetic models can be judged from linear regression values which 

can also be regarded as a criterion in the determination of the 

adequacy of kinetic models. On this basis adsorption of Pb(II) ions 

on B.megaterium is regarded as pseudo-second-order rather than 

pseudo-first-order. 

 

 

 

(a)  

                                                                                           

(b) 

Fig. 4  (a) Pseudo-first-order and (b) Pseudo-second-order 

kinetic plots for the adsorption of Pb(II) ions. (Initial Pb(II) 

conc., 200 ppm; pH, 5.0; dose, 5.5g/L; contact time, 50 min; 

temp. 300C). 

     Pseudo first order                     Pseudo second order                                   

     K1            qe          R2              K2             qe            R2 

(g/mg/h)    (mg/g)                  (g/mg/h)    (mg/g)                           

0.0184      0.2119    0.847        3.891       1.04         0.984 
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Conclusions:- 

 

The results obtained in the study indicate the effectiveness of dead 

biomass of B.megaterium as biosorbent for removal of Pb(II) ions 

from aqueous solution. The maximum adsorption of Pb(II) ions 

occurs at initial pH of 5.0 with 0.55 g of biosorbent dose and 

solution temperature of 300C. The maximum adsorption capacity 

Qmax of bacterium (72.56mg/g) was found to have greater or 

comparable values compared to other similar biosorbents reported 

in the literature. The adsorption equilibrium data fit the Freundlich 

model better than the other two models. The sorption kinetics 

followed both the first and the pseudo- second-order rate equation 

with the later being best fitted. The results of this study will serve 

as basis for the development of cost-effective and robust 

indigenous technology for biosorption of lead from aqueous 

solutions. Moreover, this organism has a potential for future use as 

a biosorbent particularly when metal concentration in the waste 

streams is very high. However, pilot-scale experiments need to be 

conducted so that commercial exploitation of B. megaterium as a 

metal biosorbent can be ascertained. 
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