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Abstract: The adsorption of cadmium (II) ions from aqueous solution by Nymphaea ampla leaf biomass was carried 

out with effects of initial cadmium concentration, solution pH, contact time, adsorbent dose and temperature of the 

process investigated. An adsorbent dosage of 120 mg showed maximum metal uptake capacity (qe) of 2.75 mg/g 

(82.6%) for an initial metal ion concentration of 2.0 mg/L and pH 7. Sorption equilibrium time was observed in 30 

minutes. The equilibrium adsorption data were analyzed by the Langmuir, Freundlich, Temkin and Dubinin-

Radushkevich (D-R) adsorption isotherm models. Freundlich isotherm yielded the best fit to the experimental 

equilibrium adsorption data with a correlation coefficient (R2) of 0.990. The kinetics of cadmium (II) ions adsorption 

was discussed using pseudo-first-order, pseudo-second-order, and intraparticle diffusion models. It was discovered 

that the adsorption of cadmium (II) ions could be described by the pseudo-second-order kinetic model. 

Thermodynamic parameters such as Gibbs free energy (ΔG0), enthalpy (ΔH0) and entropy change of the sorption (ΔS0) 

evaluated showed that the process was spontaneous, feasible and exothermic in nature. The results indicated that 

Nymphaea ampla leaf biomass can be used as an effective and low-cost adsorbent to remove cadmium (II) ions from 

aqueous solutions. 
 

To cite this article 

[Gongden, J. J., Nnebedum, J., & Kagoro, M. L. (2016). Equilibrium, Kinetic and Thermodynamic Assessment of the 

Adsorption of Cadmium Using Water Lily (Nymphaea Ampla) Leaf Biomass. The Journal of Middle East and North 

Africa Sciences, 2(10), 2-9]. (P-ISSN 2412- 9763) - (e-ISSN 2412-8937). www.jomenas.org. 2 

 

Keywords: Adsorption, Biomass, Cadmium (II) ion, Equilibrium, Kinetics, Thermodynamics 

 

1. Introduction: 
Heavy metals are present in the environment 

through natural and artificial sources. 

Industrialization has led to the generation of large 

quantities of liquid effluents, most of which contain 

heavy metals such as cadmium, lead, nickel, mercury, 

arsenic, chromium, zinc… etc. (Andres et al., 1992; 

Varma et al., 2010). Heavy metals are threats to both 

flora and fauna due to their bioaccumulation tendency 

and toxicity in biological systems (Friis and Myers‐
Keith, 1986; Singh et al., 2012). Cadmium is one of 

the heavy metals whose toxicity contributes to a large 

number of health conditions, including the major 

killer diseases such as heart disease, cancer, and 

diabetes (Hussein & Mohey, 2011). Cadmium 

concentrates in the kidney, liver, and other organs and 

is considered more toxic than both lead and mercury. 

The removal of these metals from both municipal and 

industrial wastes/effluents before being discharged 

into the ambient environment. Therefore, paramount 

in order to reduce the negative effects (Asiagwu, 

2012).   

Conventional treatment methods such as ion - 

exchange, reverse – osmosis, precipitation, 

flocculation, electro thermal treatment, solvent 

extraction… etc. have disadvantages like incomplete 

metal removal, high reagent and energy requirements, 

high cost and generation of toxic sludge’s to mention 

but few. The search for suitable environmental – 

friendly alternative techniques that are affordable, 

efficient and can complement or replace the existing 

methods has been in place for some time now and 

attention is been directed to biosorption based on 

metal binding capacities of various biological 

materials (Tien, 2002; Hanif et al., 2007; Tuzen et al., 

2008). In this study, the potential of Nymphaea ampla 

leaf to adsorb cadmium from aqueous solutions is 

being studied.       

 

2. Materials and Methods: 

2.1. Preparation of Biosorbent: 

Matured Nymphaea ampla leaves were 

harvested from a farm behind the Abuja Hostel of the 

University of Jos, Plateau State, Nigeria. The leaves 

were thoroughly washed with deionized water and air-

dried. The dried leaves were then grinded and sieved 
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with a 250µm mesh and stored in an air-tight 

container. 

 

2.2. Batch Adsorption Experiments: 

All glassware’s were washed with 1M HNO3 

and subsequently rinsed severally with deionized 

water to remove all possible interferences. Batch 

adsorption studies were carried out in 250 mL 

Erlenmeyer flasks to study the influence of initial 

cadmium ion concentration (0.5 mg/L to 5.0 mg/L), 

pH (4.5 to 7.0), contact time (5 to 120 min), adsorbent 

dose (10 mg to 120 mg) and temperature (1500C to 

550C). The experimental flasks were agitated at 

200rpm in a rotating shaker for a specified time 

period. The pH of the solution was adjusted with 0.1M 

NaOH and HNO3 as the case may be. At the end of the 

experiments, the flasks were removed from the shaker 

and the solutions separated from the biomass by 

filtration using filter paper (Whatman no.1) and the 

filtrate analyzed for residual cadmium (II) ion 

concentration using atomic adsorption 

spectrophotometer (AAS), model DK420. The metal 

uptake capacity (qe) and the adsorption efficiency (E) 

were calculated using the following equations: 

            

 𝑞𝑒 =
(𝐶𝑖 − 𝐶𝑒)𝑉  

𝑀
                     (1) 

 

𝐸 = [
𝐶𝑖−𝐶𝑓

𝐶𝑖

] 𝑥100                     (2)  

where Ci = Initial cadmium concentration in mg/L, Cf 

= Final cadmium concentration in mg/L, V = Volume 

of the reaction mixture (L) and M = mass of the 

adsorbent in the reaction mixture (g). 

 

3. Results and Discussion: 

3.1. Effect of initial Cadmium (II) ion concentration: 

The rate of adsorption is a function of the 

initial concentration of the adsorbate which makes it 

an important factor to be considered for effective 

adsorption. As shown in Figure 1, the adsorption 

capacity at equilibrium increased with increase in 

initial cadmium (II) ion concentration. This is 

considered possible due to the fact that the initial 

concentration of the metal ions provided the necessary 

driving force to overcome the mass transfer resistance 

of the cadmium (II) ions in the aqueous phase 

(Chowdhury and Saha, 2010). The increase in initial 

concentration also enhances the interaction between 

the cadmium ions in the aqueous phase and the 

biomass. Similar results were obtained in the 

adsorption of chromium (VI) ions onto natural plant 

materials by Devaprasath et al. (2007).   

 

 

 

 
Figure 1. Effect of initial concentration (adsorbent 

dose = 30 mg, time = 45 mins). 

 

3.2. Effect of pH 

The effect of pH on the removal efficiency of 

cadmium (II) ion by Nymphaea ampla leaf biomass is 

shown in Figure 2 for a pH range of 4.5 to 7.0. 

Maximum adsorption was obtained at pH 7.0 which 

was subsequently used for other batch studies. The 

results showed that acidic conditions did not favour 

sorption of cadmium (II) ions onto Nymphaea ampla 

leaf. The reason could be that, under acidic 

conditions, the surface of the adsorbent may be 

closely associated with H+ and H3O+ which may 

hinder the access of metal ions to the surface of the 

adsorbent thereby reducing the percentage metal ion 

adsorption (Sar and D’Souza, 2002). 

 

 
Figure 2. Effect of pH (adsorbent dose = 30 mg, 

initial concentration = 2.0 mg/L). 

 

3.3. Effect of Contact Time 

The uptake of cadmium (II) ion as a function 

of contact time is shown in Figure 3. Adsorption of 

cadmium (II) ion increased with the rise in contact 

time up to 30 minutes. Further increase in contact time 

resulted in decreased adsorption. At 30min., 80.8% 

adsorption was achieved. The fast adsorption rate at 

the initial stage may be as a result of more availability 

of active adsorbing / binding sites in the adsorbent 

surface (DAS et al., 2012). The decrease in adsorption 

observed as time progresses beyond 30min. may be 

due to the fact that every adsorbent has limited a 

number of active sites which becomes occupied with 
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time and continuous agitation may result in desorption 

(Badmus et al., 2007). Similar results were obtained 

by Dawodu et al., (2012) who observed maximum 

adsorption of cadmium (II) ion onto Agbani clay from 

aqueous solutions at 50 min. 

 

 
Figure 3. Effect of contact time (pH = 7.0, 

concentration = 2.0 mg/L, dose = 30 mg). 

 

3.4. Effect of Biomass Dose 

The adsorbent dose is a significant factor for 

sorbent – sorbate equilibrium of a system (Saleem and 

Bhatti, 2011). From Figure 4, the percent removal 

increased with increase in adsorbent dose. This was 

possible due to increased surface area of the adsorbent 

which in turn increased the number of active binding 

sites. Maximum cadmium uptake (83%) was observed 

with the 120 mg dose. Similar results were reported 

by Varma et al. (2010) for cadmium (II) ion 

adsorption using Psidium guajava leaves powder. 

 

 
Figure 4. Effect of adsorbent dose (pH = 7.0, 

concentration = 2.0 mg/L, time = 30 min). 

 

3.5. Effect of Temperature 

The temperature effect is shown in Figure 5. 

From the results, the adsorption of cadmium (II) ion 

decreased with increasing temperature. This is 

probably due to the exothermic behaviour between the 

surface of the biomass and cadmium ions which 

resulted from the weakening of attractive forces 

between them and decreases in the thickness of the 

boundary layer (Cruz et al., 2004; Horsfall and Spiff, 

2005; Bhatti et al., 2009). Similar results were 

obtained for the adsorption of cadmium (II) using 

Nymphaea ampla root biomass (Gongden et al., 

2014). 

 

 
Figure 5. Effect of temperature (pH = 7, 

concentration = 2.0 mg/L, time = 30 min, dose = 120 

mg). 

 

3.6. adsorption Isotherm Models 

The extent of adsorption was estimated using 

the Langmuir, Freundlich, Temkin and Dubinin-

Radushkevich (D-R) adsorption isotherms. 

Adsorption isotherm is the basic requirement for 

designing any adsorption system. Isotherm expresses 

the relation between the amounts of adsorbate 

removed from the liquid phase by a unit mass of 

adsorbent at constant temperature (Shokoohi et al., 

2009). The obtained experimental data here are 

expectedly well fitted with the Linearized form of 

these four two-parameter isotherm models. 

 

Langmuir Isotherm:           

 

 

           (3) 

 

Linearised Langmuir Isotherm: 

 

 

            

 (4) 

 

where qmax is the maximum adsorption 

capacity (mg/g) and KL is the Langmuir equilibrium 

constant (L/mg) related to the energy of adsorption 

which quantitatively reflects the affinity between the 

adsorbent and adsorbate. To further quantify the 

adsorption properties of the Langmuir isotherm, a 

dimensionless separation factor, RL was used. This is 

given as: 

 

 (5) 

 

 

The value of RL indicates the type of 

Langmuir isotherm to be irreversible (RL=0), 

favorable (0< RL <1), linear (RL =1) or unfavorable 
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(RL >1). Apparently when KL>0, sorption is favorable 

(Langmuir, 1918; Ho et al., 2002). 

The Freundlich isotherm, applicable to non-

ideal heterogeneous surfaces was chosen to estimate 

the adsorption intensity of the adsorbent and the linear 

form of the isotherm can be represented as: 

                                            

  lnqe = lnKF + 1/n lnCe                      (6) 

 

Where KF and n are Freundlich constants 

which correlated to the maximum adsorption capacity 

and adsorption intensity respectively (Freundlich, 

1906). 

Temkin isotherm takes into account the 

interactions between adsorbents and metal ions to be 

adsorbed and is based on the assumption that the free 

energy of sorption is a function of the surface 

coverage (Liu and Liu, 2008). 

 

Temkin isotherm:    qe = RT/bTln(ACe)            (7) 

 

Linearised Temkin isotherm:   qe = BlnA + BlnCe   

where RT/bT = B                       (8)

  

where T is the temperature (0K), R is the ideal 

gas constant (8.314Jmol-1K-1), A and B are constants. 

The constant bT is related to the heat of adsorption 

and A is the equilibrium binding constant (L/g) 

corresponding to the maximum binding energy 

(Pearce et al., 2003; Akkyar and Özer, 2005).  

The Dubinin-Radushkevich (D-R) model was 

chosen to estimate the heterogeneity of the surface 

energies. The linear form of D-R isotherm equation is 

represented as: 

lnqe = lnqm- βε2; where ε = RTln(1+1/Ce)      (9) 

 

where qm is the theoretical saturation capacity 

(mg/g), β is a constant related to the mean free energy 

of adsorption per mole of the adsorbate (mol2/J2) and 

ε is the Polanyi potential, R (Jmol-1K-1) is the gas 

constant and T(0K) is the absolute temperature. The 

constant β gives an idea about the mean free energy E 

(J/mol) of adsorption per molecule of the adsorbate 

when it is transferred to the surface of the solid from 

infinity in the solution and can be calculated from the 

relationship (Erdem et al., 2004; Kundu, and Gupta 

2006): 

 

  (10) 

 

 

The isotherm plots for the sorption of the metal 

ions are shown in Figures 6 to 9 and the results are as 

shown in Table 1.  Freundlich adsorption isotherm 

model yielded best fit to the experimental equilibrium 

adsorption data than the Langmuir, Temkin, and D-R 

isotherm models for cadmium (II) adsorption 

according to the values of R2 obtained. It was also 

seen that the Langmuir maximum adsorption capacity 

(qmax) is 3 mg/g and the equilibrium constant (KL) is 

13 L/mg. From the values of RL (Table 2), it could be 

seen that the isotherm was favorable for the 

adsorption of cadmium (II) ion onto the biomass. 

 According to Abasi et al. (2011), n values 

between 1 and 10 shows easy separation beneficial 

adsorption and high affinity of the adsorbent to the 

metal ions. For D-R isotherm, it has been reported that 

physisorption processes usually have adsorption 

energies < 40 KJ/mol and above this value, sorption 

is of chemisorption mechanism (Horsfall et al., 2004). 

If the mean biosorption energy (E) value is between 

8.0 and 16.0 KJ/mol, the biosorption process follows 

chemical ion exchange and if E < 8.0 KJ/mol, the 

biosorption process is of a physical nature (Lodeiro et 

al., 2006; Sarı et al., 2007). Therefore, E value of 3.54 

KJ/mol showed that the sorption process was of a 

physical nature for the adsorption of cadmium (II) ion 

onto Nymphaea ampla leaf biomass. 

 

 
Figure 6. Langmuir isotherm model for cadmium 

adsorption. 

 

 
Figure 7. Freundlich isotherm model for cadmium 

adsorption. 
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Figure 8. Temkin isotherm model for cadmium (II) 

adsorption. 

 

 
Figure 9. D-R isotherm model for cadmium (II) 

adsorption. 

 

Table 1: Summary of Adsorption Isotherm Constants 

for Cadmium (II) ions Sorption    onto Nymphaea 

ampla Leaf Biomass 
Langmuir                 Freundlich         Temkin Isotherm        D-R Isotherm 

Isotherm                   Isotherm                             

qmax = 3.0mg/g         KF = 13.3 mg/g     AT = 34.24 L/mg          qm = 2.66 mg/g 

KL = 13.0L/mg        1/n = 0.592           B = 3.99 mg/g             β = 4 x10-5mol2/KJ2 

R2 = 0.888               n = 1.7                  bT = 0.65 KJ/mol         E = 3.54 KJ/mol 
                                 R2 = 0.990             R2 = 0.709                  R2 = 0.910   

 

Table 2: Dimensionless Langmuir Separation Factor 

Concentration  

(mg/L)                    0.5         1.0          1.5         2.0          3.5            5.0 

           RL                     0.1333     0.0714   0.0488   0.0370    0.0215      0.0152 

 

3.7. Adsorption Kinetic Modeling 

In order to analyze the rate of adsorption and 

possible adsorption mechanism of Cd (II) onto the 

biomass, the Lagergren first-order, pseudo-second 

order and intra-particle diffusion kinetic models were 

applied to adsorption data. 

The Lagergren first-order rate equation is 

represented as (Lagergren, 1891): 

 

 

    (11) 

The pseudo-second order equation is given as 

(Saleem and Bhatti, 2011): 

    

                               (12) 

 

where qe is the mass of metal adsorbed at 

equilibrium (mg/g), qt the mass of metal adsorbed at 

time t (min), k1 is the pseudo- first order rate constant 

of adsorption (min-1) and k2 the pseudo-second order 

rate constant of adsorption (mg/g.min).     

The kinetic results were analyzed by the 

Weber and Morris intraparticle diffusion model to 

elucidate the diffusion mechanism. The model is 

expressed as (Weber and Morris, 1963):  

 

       qt = kd t1/2 + I                           (13) 

 

where I is the intercept which describes the 

boundary layer thickness and kd (mg/g.min1/2) is the 

rate constant of intraparticle diffusion. A line passing 

through the origin indicates that intra-particle 

diffusion is the sole rate-limiting step (DAS et al., 

2012). Table 3 shows the results for the application of 

different kinetic models to cadmium biosorption by 

Nymphaea ampla leaf biomass. 

 Cadmium adsorption onto the biomass 

follows the pseudo-second order model which 

indicates that the adsorption of cadmium is 

proportional to the square of the vacant sites of the 

biomass. The value of qe obtained from the pseudo-

second order model is in close agreement with that of 

the experimental value, while the value obtained from 

the pseudo-first order is quite small. Application of 

Weber-Morris equation to kinetic data revealed that 

cadmium adsorption did not follow the equation as 

shown by the low value of the correlation coefficient. 

 

 
Figure 10.  First order kinetics for cadmium (II) 

adsorption 

 

 
Figure 11. Second order kinetics for cadmium (II) 

adsorption. 
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Figure 12. Intra-particle diffusion model for 

cadmium (II) adsorption. 

 

Table 3: Comparison between kinetic models for 

Cadmium (II) ions sorption unto Nymphaea ampla 

leaf biomass. 

 

3.8. Thermodynamic Treatment of the Sorption 

Process 

The thermodynamic parameters such as free 

energy change (ΔG0), enthalpy change (ΔH0) and 

entropy change (ΔS0) were evaluated using the 

following expressions:  

 

        (14) 

 

   

         (15) 

 

 

 (16) 

 

 

where Ce is the equilibrium concentration in 

solution in mg/L, CAe is the equilibrium concentration 

on the sorbent in mg/L and KC is the thermodynamic 

equilibrium constant.  

T is the absolute temperature in Kelvin and R 

is the universal gas constant (8.314 JK-1mol-1).  The 

Gibbs free energy (ΔG0) for the adsorption of 

cadmium (II) onto biomass at all temperatures was 

obtained from Eq. 14 and is presented in Table 4.  

The values of ΔH0 and ΔS0 were calculated 

from the slope and intercept of the plot logKc against 

1/T (Figure 13) and are also listed in Table 5. In order 

to support that physical adsorption is the predominant 

mechanism, the values of activation energy (Ea) and 

sticking probability (S*) were calculated from the 

experimental data. They were calculated using 

modified Arrhenius type equation related to surface 

coverage (θ) as follows (Horsfall and spiff, 2005): 

 

 (17) 

 

The guidelines for the potential sticking 

probability are; S*>1 indicates no sorption, S*=1 

indicates linear sticking relationship between 

adsorbent and adsorbate and mixture of physisorption 

and chemisorption, S*=0 indicates indefinite sticking 

of adsorbate to adsorbent with chemisorption being 

the predominant mechanism and 0 <S* < 1 indicates 

favorable sticking of the adsorbate with physisorption 

being the predominant mechanism. 

 From Table 4 it is clear that the reaction is 

spontaneous in nature as ΔG0 values are negative at 

all the temperatures studied. Again negative ΔH0 

value confirms that the sorption is exothermic in 

nature. The negative value of ΔS0 reflects decreased 

randomness at the solid-solution interface during the 

adsorption of cadmium (II) ions. The value of Ea was 

found to be -1.88 kJ/mol for the adsorption of 

cadmium (II) onto biomass. The negative value of Ea 

indicates the exothermic nature of the adsorption 

process which is in accordance with the negative 

value of ΔH0. The result as shown in Table 5 indicate 

that the probability of the cadmium (II) ions to stick 

on the surface of biomass is high as S*< 1, these values 

confirm that the sorption process is physisorption. 

 

 
Figure 13. The plot of logKC against 1/T for Cd (II) 

ion adsorption. 

 

Table 4: Values for Gibb’s Free Energy at Various 

Temperatures. 
T (0K ) 288 298 310 318 328 
ΔG0(KJ/mol)   -1.860         -1.860         -1.798      -0.482      -1.447 

 

Table 5: Thermodynamic Parameters for adsorption 

of Cd (II) ions onto Nymphaea ampla  

 Biomass. 

ΔS0(KJ/mol) ΔH0(KJ/mol) Ea(KJ/mol) S* 

-0.0078 -4.10 -1.88 0.752 

 

     Pseudo-first order         Pseudo-second order        Intra-particle diffusion 

     qe, exp = 2.694mg/g         K2 = 0.213g/mg.min           Kd = 0.033mg/g.min1/2 

     qe, cal = 0.05mg/g            qe, cal = 2.5mg/g                   I = 2.363 

     K1 = 1.38x10-2min-1              R2 = 0.997                           R2 = 0.104 

     R2 = 0.966                             

http://www.jomenas.org/


The Journal of Middle East and North Africa Sciences 2016; 2(10)            http://www.jomenas.org 

 
 

8 

 
Figure 14. The relationship between temperature 

and sticking probability for Cd (II) adsorption. 

 

4. Conclusion 

The biomass of Nymphaea ampla leaf proves 

to be highly efficient adsorbent for the removal of 

cadmium (II) ions from aqueous solution. The 

adsorption process is also dependent on numerous 

factors such as initial metal ion concentration, the 

solution pH, contact time, adsorbent dosage and 

temperature. The maximum adsorption of cadmium 

(II) ions was found to be at pH 7 for a 3.2 mg/g 

biomass and initial cadmium concentration of 2.0  

mg/L. The study on equilibrium sorption revealed that 

Freundlich isotherm model gave the best fit to 

experimental data. In the study of the kinetics of 

sorption, the pseudo-second-order kinetic model 

provides better correlation of the sorption data. Intra-

particle diffusion was not the sole rate-limiting step. 

The calculated thermodynamic parameters showed 

the exothermic and spontaneous nature of the 

adsorption of cadmium onto Nymphaea ampla leaf 

biomass. Furthermore, calculated sticking probability 

indicates excellent sticking of metal ions onto 

Nymphaea ampla leaf biomass. The present findings 

suggest that Nymphaea ampla leaf biomass may be 

used as an inexpensive and effective adsorbent for the 

removal of cadmium (II) ions from aqueous solution. 

 

Corresponding Author: 

Japhet Joel Gongden, Ph.D. 

Department of Chemistry, University of Jos PMB 

2084, Plateau State, Nigeria 

E-mail: gongdenjj@gmail.com 

 

References: 

1. Abasi, C.Y., Abia, A. A. and Igwe, J. C. (2011). 

Adsorption of Iron (III), lead(II) and cadmium(II) 

ions by unmodified Raphia palm (Raphia 

hookeri) Fruit Endocarp. Environmental 

Research Journal, 5(3):104 – 113. 

2. Akkaya, G., & Özer, A. (2005). Biosorption of 

Acid Red 274 (AR 274) on Dicranella varia: 

Determination of equilibrium and kinetic model 

parameters. Process Biochemistry, 40(11), 3559-

3568. 

3. Andres, Y., MacCordick, H. J., & Hubert, J. C. 

(1992). Bacterial biosorption and retention of 

thorium and uranyl cations by mycobacterium 

smegmatis. Journal of radioanalytical and nuclear 

chemistry, 166(5), 431-440.  

4. Asiagwu, A. K. (2012). Sorption kinetics of Pb (II) 

and Cd (II) ions via biomass surface of plantain 

peel waste. International Journal of Research and 

Reviews in Applied Science, 13(2), 626-635. 

5. Badmus, M. A. O., Audu, T. O. K., & Anyata, B. 

U. (2007). Removal of a lead ion from industrial 

wastewaters by activated carbon prepared from 

periwinkle shells (Typanotonus fuscatus). 

Turkish journal of engineering and 

environmental sciences, 31(4), 251-263. 

6. Bhatti, H. N., Khalid, R., & Hanif, M. A. (2009). 

Dynamic biosorption of Zn (II) and Cu (II) using 

pretreated Rosa gruss an teplitz (red rose) 

distillation sludge. Chemical Engineering 

Journal, 148(2), 434-443. 

7.  Chowdhury, S., & Saha, P. (2010). Sea shell 

powder as a new adsorbent to remove Basic 

Green 4 (Malachite Green) from aqueous 

solutions: Equilibrium, kinetic and 

thermodynamic studies. Chemical Engineering 

Journal, 164(1), 168-177. 

8. Cruz, C. C., da Costa, A. C. A., Henriques, C. A., 

& Luna, A. S. (2004). Kinetic modeling and 

equilibrium studies during cadmium biosorption 

by dead Sargassum sp. biomass. Bioresource 

Technology, 91(3), 249-257.  

9. DAS, B., MONDAL, N. K., & CHATTARAJ, P. 

R. S. (2013). Equilibrium, kinetic and 

thermodynamic study on chromium (VI) removal 

from aqueous solution using Pistia stratiotes 

biomass. Chemical Science Transactions, 2(1), 

85-104. 

10. Dawodu, F. A., Akpomie, G. K., & Ogbu, I. C. 

(2012). Isotherm modeling on the equilibrium 

sorption of cadmium (II) from solution by 

Agbani Clay. International Journal of 

Multidisciplinary Sciences and Engineering, 

3(9), 9-14. 

11. Devaprasath, P. M., Solomon, J. S., & Thomas, B. 

V. (2007). Removal of Cr (VI) from aqueous 

solution using natural plant material. Journal of 

Applied Sciences in Environmental Sanitation, 

2(3), 77-83. 

12. Erdem, E., Karapinar, N., & Donat, R. (2004). The 

removal of heavy metal cations by natural 

zeolites. Journal of colloid and interface science, 

280(2), 309-314. 

13. Freundlich, H. M. F. (1906). Over the adsorption 

in solution. J. Phys. Chem, 57(385471), 1100-

1107. 

http://www.jomenas.org/
mailto:gongdenjj@gmail.com


The Journal of Middle East and North Africa Sciences 2016; 2(10)            http://www.jomenas.org 

 
 

9 

14. Friis, N., & Myers‐Keith, P. (1986). Biosorption 

of uranium and lead by Streptomyces 

longwoodensis. Biotechnology and 

Bioengineering, 28(1), 21-28. 

15. Gongden, J. J., Lohdip, Y. N., & Nnebedum, J. 

(2014). Kinetic, Equilibrium, and 

Thermodynamic Assessment of the Adsorption 

of Cadmium Using Water Lilly (Nymphaea 

ampla) Root Biomass. 

16. Hanif, M. A., Nadeem, R., Bhatti, H. N., Ahmad, 

N. R., & Ansari, T. M. (2007). Ni (II) biosorption 

by Cassia fistula (Golden Shower) biomass. 

Journal of Hazardous Materials, 139(2), 345-355. 

17. Ho, Y. S., Huang, C. T., & Huang, H. W. (2002). 

Equilibrium sorption isotherm for metal ions on 

tree fern. Process Biochemistry, 37(12), 1421-

1430. 

18. Horsfall Jnr, M., & Spiff, A. I. (2005). Effects of 

temperature on the sorption of Pb2+ and Cd2+ 

from aqueous solution by Caladium bicolor 

(Wild Cocoyam) biomass. Electronic Journal of 

Biotechnology, 8(2), 43-50. 

19. Horsfall, M. J., Spiff, A. I., & Abia, A. A. (2004). 

Studies on the influence of mercaptoacetic acid 

(MAA) modification of cassava (manihot 

sculenta cranz) waste biomass on the adsorption 

of Cu 2+ and Cd 2+ from aqueous solution. 

Bulletin of the Korean Chemical Society, 25(7), 

969-976. 

20. Hussein, A.K. and Mohey, M.M. (2011). Effect   

of cadmium pollution on neuromorphology and 

function of brain in mice offspring. Nature 

Science. 9 (4): 28-35 

21. Kundu, S., & Gupta, A. K. (2006). Arsenic 

adsorption onto iron oxide-coated cement 

(IOCC): regression analysis of equilibrium data 

with several isotherm models and their 

optimization. Chemical Engineering Journal, 

122(1), 93-106. 

22. Lagergren, S. (1898). Zur theorie der sogenannten 

adsorption gelˆster stoffe, Kungliga Svenska 

Vetenskapsakademiens. Handlingar. 24 (4), 1-

39. Microchemical Journal Environ. Sci. 

Technol. J. Colloid Interface Sci J. Colloid 

Interface Sci Environ. Sci. Technol. Rev. Soc. 

Quím. Perú, American Water Works Association 

Chem. Eng. J. 

23. Langmuir, I. (1918). The adsorption of gases on 

plane surfaces of glass, mica, and platinum. 

Journal of the American Chemical society, 40(9), 

1361-1403. 

24. Liu, Y., & Liu, Y. J. (2008). Biosorption 

isotherms, kinetics and thermodynamics. 

Separation and Purification Technology, 61(3), 

229-242. 

25. Lodeiro, P., Barriada, J. L., Herrero, R., & De 

Vicente, M. S. (2006). The marine macroalga 

Cystoseira baccata as biosorbent for cadmium 

(II) and lead (II) removal: kinetic and equilibrium 

studies. Environmental pollution, 142(2), 264-

273. 

26. Pearce, C. I., Lloyd, J. R., & Guthrie, J. T. (2003). 

The removal of colour from textile wastewater 

using whole bacterial cells: a review. Dyes and 

pigments, 58(3), 179-196. 

27. Saleem, N., and Bhatti, H. (2011). Adsorptive 

removal and recovery of U(VI) by citrus waste 

biomass. Bioresources 6(2): 2522 – 2538. 

28. Sar, P., and D’Souza, S. F. (2002). “Biosorption 

of thorium (IV) by a Pseudomonas biomass,” 

Biotechnol. Lett., 24:239-243. 

29. Sarı, A., Tuzen, M., Uluözlü, Ö. D., & Soylak, M. 

(2007). Biosorption of Pb (II) and Ni (II) from 

aqueous solution by lichen (Cladonia furcata) 

biomass. Biochemical Engineering Journal, 

37(2), 151-158. 

30. Shokoohi, R., Saghi, M., Ghafari, H., & Hadi, M. 

(2009). Biosorption of iron from aqueous 

solution by dried biomass of activated sludge. 

Journal of Environmental Health Science & 

Engineering, 6(2), 107-114. 

31. Singh, D., Tiwari, A., & Gupta, R. (2012). 

Phytoremediation of lead from wastewater using 

aquatic plants. Journal of Agricultural 

Technology, 8(1), 1-11. 

32. Varma, D. S. N. R., Srinivas, C., Nagamani, C., 

PremSagar, T., & Rajsekhar, M. (2010). Studies 

on biosorption of cadmium on Psidium guajava 

leaves powder using statistical experimental 

design. Journal of Chemical and Pharmaceutical 

Research, 2(5), 29-44. 

33. Tien, C.J. (2002). Removal of Cr (VI) from 

aqueous solution by adsorption on flyash- 

wallastonite. Process Chem., 38:605-613. 

34. Tuzen, M., Saygi, K. O., Usta, C., & Soylak, M. 

(2008). Pseudomonas aeruginosa immobilized 

multiwalled carbon nanotubes as biosorbent for 

heavy metal ions. Bioresource Technology, 

99(6), 1563-1570. 

35. Weber, W. J., & Morris, J. C. (1963). Kinetics of 

adsorption on carbon from solution. Journal of 

the Sanitary Engineering Division, 89(2), 31-60. 

 

 

Received September 01, 2016; revised September 08, 2016; accepted September 11, 2016; published online October 01, 2016. 

http://www.jomenas.org/

