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INTRODUCTION 

The term “heavy metals” is usually concerned 

with their toxic behaviour to environment and 

living organisms including humans [1]. The 

anthropogenic activities like mining, industrial, 

fossil fuel burning, metal finishing and 

extractions, alloying etc are exposed heavy 

metals into environment [1-4]. The conventional 

methods i.e. membrane filtration, precipitation, 

reverse osmosis, adsorption related to making 

carbon adsorbents, electrowinning, 

phytoremediation are poor efficiency, high cost, 

waste generation or taking long time to remove 

metals ions from water, waste water or soils. 

The biosorption process is universally accepted 

and follows all basic principles of green 

chemistry. Biosorption process is low cost, not 

harmful waste generated, highly efficient and 

can apply in large scale operations [5]. Some 

readily available waste biomaterials can reduce 

some more investment of cost. The exposure of 

copper in the environment is due to chemical 

rock weathering, bubble bursting, animal 

manure, aerosols, fossil fuel burning and nuclear 

plants. Copper helps in the process of blood 

formation and iron utilization but hyper 
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ABSTRACT 

The conventional methods i.e. chemical precipitation, membrane filtration, ion exchange, carbon 

adsorption, electrowinning, phytoremediation etc used for the removal of heavy metals from water and 

waste waters are suffering with low performance, sludge generation, high cost and poor reliability. In 

the present study, we have used the waste leaves of Rhododendron arboreum as a low cost biosorbent 

for the removal of Cu (II) ions from waste water. The biosorption process is carried out under batch 

system. The batch system included contact time, pH, concentration, temperature and dosage. The 

maximum biosorption 38.98, 49.72, 71.10, 39.90 and 37.86 %  was taking place at optimized conditions 

such as higher dose of biosorbent, contact time 60 minutes, higher pH , moderate temperature and 

lower concentration of metal ions.  The equilibrium data of biosorption have been tested with different 

isotherm models i.e. Langmuir, Freundlich and Temkin isotherm models. High regression values and 

other parameters indicate the favourable adsorption of copper onto the Burans leaf powder. The 

Freundlich isotherm model is more favourable than Langmuir and Temkin isotherm models. 

KEYWORDS: Removal processes; biosorption; batch system; optimized conditions; isotherms 
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accumulation of copper in human body causes 

lever damage, chronic poisoning and 

gastrointestinal catarrah [7-12]. The plant 

Burans is scientifically known as Rhododendron 

arboretum. This is a common gymnospermic 

plant found in the high altitude of Uttarakhand, 

Himanchal Pradesh and the North East states of 

India. It bears red colored flowers that are 

medicinally important.  

 

MATERIAL AND METHODS 

Preparation of biosorbent 

The waste leaves of the plant (Rhododendron 

arboreum) were collected from the high altitudes 

of Kumaun hills, India. After collection of waste 

leaves, the leaves were washed 2-3 times with 

deionised water and then dried in the laboratory 

for three days. The moisture content of the 

leaves was removed by drying of leaves in a tray 

dryer under controlled conditions. Now the 

leaves grinded into particle size 120 microns and 

preserved in the sealed bottles.  

 

Synthetic waste water 

The synthetic waste water containing 1000 mg/L 

of copper ions was prepared by dissolving 

CuSO4.7H2O (AR grade) in double distilled 

water. The pH of waste water wsa balanced 4 

using digital pH meters and 0.1 N HCl and the 

this stock solution preserved in a plastic reagent 

bottle for making all applicable working 

solutions. Other working solutions having 

concentrations 10 to 50 mg/L copper ions and pH 

1to 6 have been prepared from the stock solution 

by dilution and using 0.1 N NaOH or 0.1 N HCl 

solutions. 

 

Biosorption study 

The biosorption study was carried out by 

applying batch operations including contact 

time, pH variation, concentrations, temperature 

and dosage. In general, a desired amount of 

biosorbent was treated with the working 

solution containing copper (II) ions at a constant 

shake 170 rpm. After that, the leaf powder 

filtered out and the metal ion concentration was 

determined in the filtrate using Atomic 

Absorption Spectroscopy (AAS). The percentage 

removal of biosorption of metal ions is given as 

below: 

% Biosorption = (C2 – C1)x100/ C1        

 

Where C1 and C2 are the initial and final 

concentrations of copper ions in waste water.  

 

Effect of contact time 

For contact time study, take 1 g of leaf powder 

and 100 ml of synthetic waste water containing 

10 mg/L of Cu (II) ions in different Erlenmeyer 

flask used for the time periods 10 to 70 minutes 

at pH 4.  

 

Effect of dosage and pH  

The effect of dosage on the adsorption was done 

by using the dosage 0.1 to 1.0 g with 10 mg/L of 

working solution at pH 4. The influence of pH 

was studied by taking 1 g of biosorbents in six 

different Erlenmeyer flasks containing the 

solutions with pH 1 to 6.  

 

Effect of concentration 

The concentration dependency was carried out 

by the treatment of 1g of leaf powder with 

different solutions having concentrations 10 to 

50 mg/L. Isotherms modelling in the adsorption 

study explain the distribution of adsorbate in 

two phases i.e. liquid and solid and the 

suitability of the process under batch operations. 

The equilibrium data of adsorption under 

concentration dependency has been checked by 

using Langmuir, Freundlich and Temkin 

isotherm models [3, 5, 19-20]. These isotherms 

will be discussed in the results and discussion 

section. 

 

Effect of temperature 

The temperature dependent study has been 

performed by the treatment of 1 g of biosorbent 

with the solutions containing 10 mg/L of Cu (II) 

ions in an incubated shaker at the temperatures 

10 to 700C.  

 

RESULTS AND DISCUSSION 

The contact time is very important for the 

determination of minimum time required for the 

interaction of metal ion with biosorbents. It also 

helps in the explanation of kinetics of adsorption 

[13]. In the present study, minimum percentage 

biosorption is found 29.22 % after 10 minutes 

and it continuously increases till 50 minutes. 

After 50 minutes, it was observed 48.91 % and 

the maximum percentage removal is achieved 

49.72 % after 60 minutes (Fig.1A). But after 60 

minutes the removal becomes constant. It is due 

to the factor that the all active site or organic 
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groups have been occupied by the copper ions 

(Fig.1A). The biosorption of Cu (II) ions from the 

waste water increases with the biosorbents 

dosage due to the maximum availability of active 

sites for the complexation of metal ions [14]. 

Minimum biosorption 10.69 % takes place at 0.1 

g and gradually increases to 14.47 %. The 

efficiency of biosorption was found 31.74 % at 0.8 

g of the amount of biosorbent. Maximum 

biosorption efficiency 38.07 % is achieved at the 

dosage 1.0 g after 25 minutes and at PH 4 (Fig. 

1B). The percentage removal of Cu (II) ions was 

observed very less between the pH 1 and 3; but 

after that it increased to 37.19 % at pH 4. The 

maximum biosorption is found 71.10 % at pH 6 

(Fig. 2A).At lower pH, all active or binding sites 

undergo protonation and become positively 

charged. Then repulsion occurs between the 

metal ions and active sites which results very 

low percentage of biosorption [15]. On other 

hand, about all the active sites are available for 

the complexation with metal ions because less 

probability of protolysis.  

 

                    
Fig. 1 (A): Effect of contact time (B) effect of dosage 

                   
Fig. 2 (A): Effect of pH (B) effect of concentration 

 

The percentage biosorption of Cu (II) ions onto 

the surface of biosorbent decreases with the 

increase in the concentration of Cu (II) ions in 

the working solutions. The maximum 

biosorption efficiency was found 37.86 % at 10 

mg/L. Now, it decreased to 14.64 % at 50 mg/L 

but the amount of metal absorbed per gram of 

adsorbent was found 7.321 mg/g (Fig. 2B).The 

experimental data show that the percentage of 

biosorption decreases with the increase of 

concentration of the solutions but the amount of 

copper on the adsorbent increases. This may be 

attributed to the motive power of concentration 

gradient as the initial metal ion concentration 

[16-18]. The biosorption of metal ions is usually 

increased with the increase of temperature. The 

applying temperature range in batch operation 

is 10 to 700C at contact time 25 minutes and rpm 

170 (Fig. 3). Minimum removal of copper takes 

place at 100C i.e. 33.49 % and increases very 

sharply to 39.00 % at 500C. At 600C, the 

maximum adsorption of copper (II) ions is 
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recorded 39.90 % and reduces to 39.80% at 700C. 

The decrease of biosorption after certain 

temperatures may due to the dissolution of 

metal ions from the biosorbent into the solution 

[5,10-12].  

 

Fig. 3 Effect of temperature on the removal 

of Cu++ ions 

 

The validation of equilibrium data of adsorption 

have been checked by developing different 

isotherm models. The suitability of equilibrium 

data of Cu (II) ions onto burans leaves were 

checked by Langmuir, Freundlich and Temkin 

isotherm models and their parameters evaluated 

[5]. The Langmuir isotherm model explains the 

monolayer adsorption on to the surface of leaf 

powder containing a definite number of active 

sites and these are arranged homogeneously 

[19]. Mathematically, the Langmuir isotherm 

can be represented by following equation: 

 

C2/qe = 1/KLa + 1/KLC2 

 

Where C2 and qe are the equilibrium 

concentration of copper containing solution and 

amount of copper adsorbate on the surface of 

burans leaf powder (mg/g). The constant KL and 

a are the specific biosorption capacity (mg/g) and 

Langmuir biosorption equilibrium constant 

(L/mg). The values of KL and a are found 8.928 

mg/g and 7.267 L/mg from the graph C2/qe vs C2. 

The important dimensional parameter of 

Langmuir isotherm is RL, which can be defined 

mathematically as:  

RL=1/1+aC1 

 

Where a and C1 are related to the Langmuir 

constant and the initial metal ion concentration 

(mg/L).The value of RL   determines the 

representing isotherm to be either favorable 

(0<RL<1), unfavorable (RL>1), linear (RL=1) or 

irreversible (RL=0). The value of RL was 

observed <1 in all cases of batch system applied 

in for the concentration studies indicated 

favourable adsorption (Table 1). The regression 

value (R2) is found 0.979 and that indicates the 

suitability of copper biosorption on to the leaf 

powder (Fig. 4).  

 

        Table 1: Value of RL 

Initial metal ion 

concentration (C0), 

mg/l 

RL 

10 0.0135 

20 0.0068 

30 0.0045 

40 0.0034 

50 0.0027 

 

The Freundlich isotherm model explains the 

different functional groups are varying with the 

energies on the heterogeneous surface of 

biosorbents [20]. The Freundlich model is 

mathematically written as: 

log qe = log KF+1/n log C2 

 

Where qe and C2 are the amount of Cu++ ions 

adsorbed on the surface of leaf powder (mg/g) 

and the equilibrium concentration of Cu++ ions in 

the solution (mg/L). The constants KF and n are 

the adsorption capacity and intensity of 

biosorption. The values of KF and 1/n have been 

calculated from the slope and intercept of the 

graph log qe versus log C2 (Fig. 5).  The values of 

KF and 1/n are found 0.294 mg/g and 0.343. The 

value of 1/n should be less than 1 for the 

favourable adsorption and that found less than 

one in the present study. A high regression (R2 = 

0.988) value indicates the equilibrium data of 

adsorption are best fitted to Freundlich isotherm 

model (Fig. 5).  
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       Fig. 4: Langmuir isotherm model                        Fig. 5: Freundlich isotherm model  

Temkin isotherm model explain the meta-metal 

ions interaction adsorbed on the leaf powder and 

a linear decrease of heat of biosorption for all 

adsorbate metal ions [3]. The Temkin isotherm 

model is mathematically written as: 

qe = X + Y ln C2 

Where C2 is the equilibrium concentration of 

metal ions in mg/L, qe is the amount of adsorbate 

in mg/g, X is related to adsorption capacity and 

Y is the Temkin constant.  The values of X and Y 

have been found 1.611 and 1.401 (Table 2). 

 

        Fig. 6: Temkin isotherm model 

 

Table 2: Parameters of Isotherms model 

Isotherm Parameters Calculated 

values 

Langmuir isotherm model KL (mg/g) 8.928 

a(L/mg) 7.267 

R2 0.979 

Freundlich isotherm 

model 

KF (mg/g) 0.294 

1/n 0.343 

R2 0.988 

Temkin isotherm model X(mg/g) 1.611 

Y 1.401 

R2 0.901 

 

CONCLUSION 

The conventional techniques used for the 

removal of heavy metals are waste generating, 

high cost and not efficient. Biosorption is 

relatively new and that is related to 

sustainability. It fulfils all the basic principles of 

green chemistry. In the present study, we have 

achieved the optimized conditions for the 

removal of copper ions from the waste waters. 

The maximum removal efficiency has been 
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observed at contact time 60 minutes, 1 g dosage 

of leaf powder, low metal concentrations, pH 6 

and moderate temperatures. Applying these 

conditions, we can remove copper from waste 

waters in large scales from waste waters using 

waste leaves of Rhododendron arboreum. 
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