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Introduction 

Aqueous effluents emanating from many industries contain 

heavy metals dissolved in it. If these discharges are emitted 

without purification, they may have severe impact on 

environment [1]. Primarily some anthropogenic activities such 

as weathering of rocks and volcanic activities play a vital role 

for enriching the water reservoirs with heavy metals [2, 3]. 

Numerous metals such as manganese (Mn), mercury (Hg), lead 

(Pb), Cadmium (Cd), arsenic (As), copper (Cu) are known to be 

significantly toxic due to their non-biodegradability and toxicity 

[4, 5]. Among these heavy metals, copper is considered as one 

of the most toxic one. The potential source of copper in 

industrial effluents includes paper and pulp, fertilizer, wood 

preservatives, refineries, metal cleaning and painting bath etc. 

The excessive intake of copper may cause renal and hepatic 

damage, severe mucosal, irritation, wide spread capillary 

damage, gastrointestinal irritation and possibly necrotic changes 

in kidney and liver. World health organization (WHO) has 

recommended that maximum acceptable limit for Cu (II) 

concentration in drinking water should be 1.5 mg/l [6]. 

Consequently, it is essential that the potable water should be 

given some treatment before domestic supply. 

Several methods are used to remove copper from the 

industrial wastewater. These include reduction followed by 

chemical precipitation [7], ion exchange [8], reduction [9], 

electrochemical precipitation [10], solvent extraction [11], 

membrane separation [12], evaporation [13] and foam separation 

[14]. Above cited conventional heavy metal elimination 

processes are costly or ineffective at small concentrations. In 

recent years biosorption research is focused on using readily 

available biomass that can remove heavy metals. This process 

involves the use of biological materials that form complexes 

with metal ions using their ligands or functional groups. This 

process can be applied as a cost effective way of purifying 

industrial waste water whereby drinking water quality can be 

attained. A lot of research was focused on bio-adsorbent 

materials which can efficiently remove heavy metals from 

aqueous bodies. These materials are identified as biosorbents 

and the binding of metals by biomass is referred to as 

biosorption. 

In this work, it has been reported the results obtained 

through the batch experimentations on removal of Cu (II) from 

waste water by Custard apple peel powder. The influence of 

several operating parameters, such as initial Cu (II) 

concentration, pH, and adsorbent dosage were investigated in 

batch mode. The conventional and classical methods of studying 

a process by maintaining other factors involved at an 

unspecified constant level does not depict the combined effect of 

all the factors involved [15]. The conventional technique for the 

optimization of a multivariable system usually defines one-

factor at a time. Such a technique needs to perform a lot of 

experiments and could not reveal the alternative effects between 

components. This method is also time consuming and requires a 

number of experiments to determine optimum levels, which are 

unreliable. Recently many statistical experimental design 

methods have been employed in chemical process optimization. 

Experimental design technique is a very useful tool for this 

purpose as it provides statistical models, which helps in 

understanding the interactions among parameters that have been 

optimized [15]. These methods involve mathematical models for 

designing chemical processes and analyzing the process results. 

Among them, response surface methodology (RSM) is one 

suitable method utilized in many fields. RSM is a collection of 

mathematical and statistical techniques useful for developing, 

improving and optimizing processes and can be used to evaluate 

the relative significance of several affecting factors even in the 

presence of complex interactions. The main objective of RSM is 

to determine the optimum operational conditions for the system 

or to determine a region that satisfies the operating 

specifications [16]. Table 1 gives the applications of Box-
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Behnken design for the removal of heavy metals by different 

biosorbents in separation technology.  

In the present investigation, batch experimental studies [26] 

were carried out for the removal of Cu (II) from waste water 

using Custard apple peel powder. The experimental data points 

were used to obtain experimental model from Box-Behnken 

design. The input parameters for the percentage removal of Cu 

(II) are initial Cu (II) concentration, adsorbent dosage and pH. 

The process optimization has been carried out using BBD to 

optimize the input parameters to the process for maximum Cu 

(II) removal. 

Materials and Methods 

Chemicals 

Copper (II) sulfate, CuSO4.5H2O, sodium hydroxide 

(NaOH) and hydrochloric acid (HCl) were purchased from 

Merck. Stock solution of Copper (II) sulfate having 

concentration of about 1000 mg/l was prepared by using double 

distilled water. Various concentrations of test solution of Cu (II) 

ranging from 20-100 mg/l were prepared by subsequent dilution 

of the stock solution while the initial pH was adjusted to 6, using 

a pH meter. Fresh dilution of the stock solution was done for 

each sorption study. All reagents used here were of AR grade 

chemicals. 

Preparation of the adsorbent  

The Custard apple peel was obtained from local market; 

washed, dried, and crushed in primary crusher and air dried in 

sun for several days until its weight remains constant. After 

drying, it is crushed in roll crusher and hammer mills. The 

material obtained through crushing and grinding is screened 

through BSS meshes. Finally the products obtained were stored 

in glass bottles for further use. All the materials were used as 

such and no pretreatment was given to the materials. The 

average particle sizes were maintained in the range of 63 to 125 

µm. 

Batch mode adsorption studies [26] 

Batch mode adsorption studies for individual metal 

compounds were carried out to investigate the effect of different 

parameters such as adsorbate concentration (20-100 mg/l), 

adsorbent dosage (0.25-1.75 gm in 50ml solution), agitation 

time (0 -120min), pH (2-10) and adsorbent size (63m, 89m 

and 125m). The solution containing adsorbate and adsorbent 

was taken in 250 ml capacity conical flasks and agitated at 180 

rpm in a mechanical shaker at predetermined time intervals. The 

adsorbate was decanted and separated from the adsorbent using 

filter paper (Whatman No-1). 

Metal analysis  

Final residual metal concentration after adsorption was 

measured by Atomic absorption Spectrophotometer.  

To estimate the percentage removal of copper from aqueous 

solution, the following equation was used. 

Removal of Cu (II)   =  
100

0

0 


C

CC e
  (1) 

Metal uptake (qe) at equilibrium time was calculated from 

the following equation 

w

vCC
q e

e
1000

)( 0 
   (2) 

Where qe (mg/g) is the amount of copper adsorbed per unit 

weight of adsorbent, C0 and Ce are the initial and equilibrium 

metal ion concentration (mg/l), v is the volume of aqueous 

solution (ml) and w is the adsorbent weight (g). 

 

 

Experimental design and procedure 

Response surface methodology (RSM) is a statistical 

method that uses quantitative data from appropriate experiments 

to determine regression model equations and operating 

conditions. RSM is a collection of mathematical and statistical 

techniques for modeling and analysis of problems in which a 

response of interest is influenced by several variables [16]. A 

standard RSM design called Box-Behnken Design (BBD) was 

applied in this work to study the variables for adsorption of 

copper from aqueous solution using in a batch process. BBD for 

three variables (initial Cu (II) concentration, pH and biomass 

dosage), each with two levels (the minimum and maximum), 

was used as experimental design model. The model has 

advantage that it permits the use of relatively few combinations 

of variables for determining the complex response function [27]. 

A total of 15 experiments are needed to be conducted to 

determine 10 coefficients of second order polynomial equation 

[28, 29]. In the experimental design model, initial Cu (II) 

concentration (20-60 mg/l), pH (5-7) and biomass dosage (25-35 

g/l) were taken as input variables. Percentage removal of Cu (II) 

was taken as the response of the system. Three factors were 

studied and their low and high levels are given in Table 2. The 

experimental design matrix derived from BBD is given in Table 

3. 

Basically this optimization process involves three major 

steps, which are, performing the statistically designed 

experiments, estimating the coefficients in a mathematical 

model and predicting the response and checking the adequacy of 

the model. 

).....( ,4,3,2,1 nXXXXXfY     (3) 

Where Y is the response of the system and Xi is the variables of 

action called factors. The goal is to optimize the response 

variable (Y). It is assumed that the independent variables are 

continuous and controllable by experiments with negligible 

errors. It is required to find a suitable approximation for the true 

functional relationship between independent variables and the 

response surfaces. 

The optimization of Cu (II) uptake was carried out by three 

chosen independent process variables using Box-Behnken 

design with 12 unique runs including 3-replicates at center 

points. The quadratic equation model for predicting the optimal 

point was expressed according to Eq (4). 
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 Percentage adsorption was studied with a standard RSM 

design called Box-Behnken Design (BBD). Fifteen experiments 

were conducted in duplicate according to the scheme mentioned 

in Table 3. Matlab program was used for regression and 

graphical analysis of the data obtained. The optimum values of 

the selected variables were obtained by solving the regression 

equation and by analyzing the response surface contour plots. 

The variability in dependent variables was explained by the 

multiple coefficient of determination, R
2
 and the model equation 

was used to predict the optimum value and subsequently to 

elucidate the interaction between the factors within the specified 

range [16].  

Results and Discussions 

Results of BBD experiments 

The results of the each experiments performed as per the 

software are given in Table 3. Empirical relationships between 
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the response and the independent variables have been expressed 

by the following quadratic model.  

323121

2

3

2

2

2

1321

0025.049.10850.0

2071.40821.126096.14662.16213.90075.36167.91

XXXXXX

XXXXXXY





     (5) 

Where Y is the percentage removal of Cu (II). 

Regression coefficient of full polynomial model is given in 

Table 4. Analysis of variance has been calculated to analyze the 

accessibility of the model. The analysis of variance for the 

response has been predicted in Table 5. To evaluate the 

goodness of the model, the coefficient of variation (the ratio of 

the standard error of estimate to the mean value expressed as a 

percentage) and F-value tests has also been performed. The F 

distribution is a probability distribution used to compare 

variances by examining their ratio. If they are equal then F value 

would equal to one. The F value in the ANOVA table is the ratio 

of model mean square (MS) to the appropriate error mean 

square. The larger the ratio, the larger the F value and the more 

likely that the mean square contributed by the model is 

significantly larger than error mean square. As a general rule, if 

P-value is less than 0.05, model parameter is significant (refer to 

Table 4). On the basis of analysis of variance, the conclusion is 

that the selected model adequately represents the data for Cu (II) 

removal from aqueous solution by Custard apple peel powder. 

The experimental values and the predicted values are in perfect 

match with R
2
 value of 0.991 (refer to Fig 1). This methodology 

could therefore be successfully employed to study the 

importance of individual, cumulative, and interactive effects of 

the test variables in biosorption. The optimum values of initial 

concentration of Cu (II), pH and adsorbent dosage from Box-

Behnken design were found to be 17.6572 mg/l, 6.40213 and 

28.139 g/l respectively. The maximum predicted adsorption of 

Cu (II) was found to be 99.3912%. 

y = 0.991x + 0.661
R² = 0.991
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Fig 1. Parity plot showing the distribution of experimental vs 

predicted values of percentage removal of Cu (II). 

Effect of pH and initial concentration of Cu (II) on removal 

of Cu (II) by Custard apple peel powder 

The percentage adsorption of Cu (II) with Custard apple 

peel powder was studied by pre-selected range of pH and initial 

concentration of Cu (II). The results have been depicted in Fig 2. 

The results indicated that the maximum adsorption has been 

occurred in the acidic range and at low initial concentration of 

Cu (II). 

 

Fig 2. Response surface of 3D plot indicating the effect of 

interaction between initial concentration and pH on removal 

of Cu (II) while holding the biomass loading at 28.139 g/l 

Effect of pH and adsorbent dosage on removal of Cu (II) by 

Custard apple peel powder 

pH and adsorbent dosage are most important process 

parameters for assessing the removal capacity of an adsorbent. 

Adsorption experiments were carried out as per the selected 

model with selected range of pH and adsorbent dosage. The 

maximum adsorption of Cu (II) metal ions was 99.3912 % for 

Custard apple peel powder at pH 6.40213 and adsorbent dosage 

28.139g/l (Fig 3). Thus with Custard apple peel powder, 

adsorption takes place mainly in acidic medium. 

 

Fig 3. Response surface of 3D plot indicating the effect of 

interaction between Biomass loading and pH on removal of 

Cu (II) while holding initial concentration at 17.6572 mg/l 

Effect of adsorbent dosage and initial concentration of Cu 

(II) on removal of Cu (II) by Custard apple peel powder 

The combined effect of adsorbent dosage and initial 

concentration Cu (II) has been presented in Fig 4. The results 

show that the maximum adsorption was recorded at the 28.139 

g/l adsorbent dosage and lower initial concentration of Cu (II). 
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Table 1. Some applications of Box-Behnken Design in separation technology 
S.No. Metal  Adsorbent Objective of the study References  

1.  Cr(VI) Mixed culture of Pseudomonas 

aeruginosa & Bacillus subtillis 

To evaluate the effects and interactions of the process variables, biomass 

concentration, pH, temperature and contact time. 

[17] 

2.  Zn(II) Magnetic nanoparticle To optimize three variables pH of solution, amount of extract and amount of 

nanoparticles for extraction of zinc samples 

[18] 

3.  Cadmium(II) 

 

Cynobacterium 

Synechocystis 

pevalekii 

To study the optimize pH, biomass & metal concentration for cadmium removal. [19] 

4.  Cadmium(II) 

 

Carbon aerogel To study the optimize pH, adsorbent dosage and temperature  for cadmium 

removal. 

[20] 

5.  Cr(VI) 

Ni(II) 

Zn(II) 

Bacillus brevis Sp. To evaluate the interactive effects of three most important parameters pH, 

temperature and metal ion concentration. 

[21] 

6.  Pb(II) 

Cd(II) 

Cu(II) 

Trichoderma viride To Optomize the various environmental conditions for biosorption of Pb(II), 

Cd(II)& Cu(II) by investigating as a function of initial metal ion concentration, 

temperature, biosorbent loading and pH. 

[22] 

7.  Cu(II) Ascophyllum nodosum To evaluate the effects of temperature, pH & initial concentration in the Cu(II) 

sorption process on the adsorption 

[23] 

8.  Pb(II) Carbon aerogel To study the influence the three parameters, adsorbent concentration, pH & 

temperature on the percentage removal of Pb(II). 

[24] 

9.  Pb(II) Pistacia Vera L To study the influence the three parameters, initial concentration, pH & contact 

time for the maximum removal of Pb(II)from aqueous solution. 

[25] 

 

Table 2. Coded and actual values of variables of the experimental design 

Factor Coded levels of variables 

-1.00 0 1.00 

Initial concentration (mg/l) X1 20 40 60 

pH X2 5 6 7 

Biomass loading (g/l) X3 25 30 35 

 

Table 3. Experimental design and results for the copper removal 

Run  Coded Values Actual values Cu(II) removal  Relative error Percentage relative error 

X1 X2 X3 x1 x2 x3 observed Predicted  

1 -1 -1 0 20 5 30 71.95 71.22 0.7238 1.006 

2 -1 1 0 20 7 30 90.85 90.639 0.2112 0.2324 

3 1 -1 0 60 5 30 65.17 65.3813 -0.2113 -0.3242 

4 1 1 0 60 7 30 83.73 84.4538 -0.7238 -0.8645 

5 -1 0 -1 20 6 25 92.05 91.764 0.2862 0.3109 

6 -1 0 1 20 6 35 84.63 85.851 -1.2212 -1.4428 

7 1 0 -1 60 6 25 83.99 82.769 1.2212 1.4539 

8 1 0 1 60 6 35 82.53 82.816 -0.2863 -0.3469 

9 0 -1 -1 40 5 25 66.16 67.17 -1.010 -1.5266 

10 0 -1 1 40 5 35 64.74 64.2425 0.4975 0.7685 

11 0 1 -1 40 7 25 85.92 86.418 -0.4975 -0.579 

12 0 1 1 40 7 35 84.49 83.48 1.0100 1.189 

13 0 0 0 40 6 30 89.94 91.6167 -1.6767 -1.864 

14 0 0 0 40 6 30 92.99 91.6167 1.3732 1.4768 

15 0 0 0 40 6 30 91.92 91.6167 0.3033 0.3299 

 
Table 4. Regression coefficient of full polynomial model. ( 

*
significant, if P<0.05) 

Coefficient  Parameter estimate P-Value 

β0 91.6167 0.000* 

β1 -3.0075 0.0025* 

β2 9.6213 0.0000* 

β3 -1.4662 0.0417 

β11 -1.6096 0.9155 

β22 -12.0821 0.1079 

β33 -4.2071 0.9975 

β12 -0.0850 0.0981 

β13 1.49 0.000* 

β23 -0.0025 0.0032* 

 
Table 5. ANOVA test results 

Source of variation Degrees of Freedom Sum of squares Mean square F-Value P-Value 

Regression 9 1418.654 157.6282 67.8955 0.000 

Residual 5 11.6081 2.3216   

Total 14 1430.2621    
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Fig 4. Response surface of 3D plot indicating the effect of 

interaction between Biomass loading and initial 

concentration of Cu (II) on removal of Cu (II) while holding 

the pH at 6.40213. 

Conclusions  

A detailed batch experimental study was carried out for the 

removal of Cu (II) from waste water by using Custard apple peel 

powder. The objective of the present study was to find out the 

optimum process conditions, using response surface 

methodology for the removal of Cu (II) from waste water by 

Custard apple peel powder as adsorbent. Response surface 

methodology using Box-Behnken design proved very effective 

and time saving model for studying the influence of process 

parameters on response factor by significantly reducing the 

number of experiments and hence facilitating the optimum 

conditions. The Experimental values and the predicted values 

are in perfect match with R
2
 value of 0.991. This methodology 

could therefore be successfully employed to study the 

importance of individual, cumulative, and interactive effects of 

the test variables in biosorption. The optimal adsorption of Cu 

(II) was obtained as initial concentration of Cu (II), pH and 

adsorbent dosage and these were found to be 17.6572 mg/l, 

6.40213 and 28.139 g/l respectively, resulting in 99.3912% of 

maximum predicted adsorption of Cu (II). Eigen values of the 

model are -12.0823, -4.40558 and -1.41092. 

References 

1. L. Krim, S. Nacer and G. Bilango, Kinetics of chromium 

sorption on biomass fungi from aqueous solution, 

Am.J.Environ.Sci., 2,  27-32 (2006) 

2. J. Yisa, Heavy metals contamination of road deposited 

sediments, Am.J.Environ.Sci., 7, 153-159 (2010). 

3. M. C. Ong and B. Y. Kamruzzaman, An assessment of metals 

(Cu and Pb) contamination in bottom sediment from south china 

sea coastal waters, Malaysia, Am.J.Environ.Sci., 6 1418-1423 

(2009). 

4. A. E. Ghalay, A. Snow and M. Kamal, Kinetics of manganese 

uptake by wetland plants, Am.J.Environ.Sci., 5, 1415-1423 

(2008). 

5. W. Omar and H. Al-Itawi, Removal of Pb
2+

 ions from 

aqueous solutions by adsorption on kaoline clay, 

Am.J.Environ.Sci., 4, 502-507 (2007). 

6. World Health Organisation, Guidelines for drinking water 

quality, 3
rd

 ed., Genrva Vol.1. 2004, p 334. 

7. X. Zhou, T. Korenaga, T. Takahashi, T. Moriwake, S. 

Shinoda, A process monitoring/controlling system for the 

treatment of waste water containing Cr (VI), Water Res., 27, 

1049 (1993) 

8. G. Tiravanti, D. Petruzzelli, R. Passino, Pretreatment of 

tannery wastewaters by an ion-exchange process for Cr (III) 

removal and recovery, Water Sci.Technol., 36, 197-207 (1997), 

9. J.C. Seaman, P.M. Bertsch, L. Schwallie, In-Situ Cr (VI) 

reduction within coarse –textured oxide-coated soil and aquifer 

systems using Fe (II) solutions,  Environ.Sci.Technol., 33, 938-

944, (1999). 

10. N. Kongsricharoern, C. Polprasert, Chromium removal by a 

bipolar electro-chemical precipitation process, Water 

Sci.Technol., 34, 109-116 (1996). 

11. K.R. Pagilla, L.W. Canter, Laboratory studies on 

remediation of Chromium –contaminated soils, J.Environ.Eng., 

125, 243-248 (1999). 

12. A.K. Chakravathi, S.B. Chowadary, S. Chakrabarty, T. 

Chakrabarty, D.C. Mukherjee, Liquid membrane multiple 

emulsion process of chromium (VI) separation from waste 

waters, Colloids,Surf.A., 103,  59-71 (1995). 

13. Z. Aksu, D. Ozer, H.I. Ekiz,T. Kutsal, A. Calar, 

Investigation of Biosorption of Chromium (VI) on Cladophora 

Crispata in Two-Staged Batch Reactor, Environ.Technol.,17, 

215-220 (1996). 

14. S.D. Huang, C.F. Fann, H.S, Hsiech, Foam separation of 

chromium (VI) from aqueous solution, J.Colloid Interface Sci., 

89, 504-513 (1982). 

15. M.Z. Alam, S.A. Muyibi, J. Toramae, Statistical 

optimization of adsorption processes for removal of 2,4-

dichlorophenol by activated carbon derived from oil palm empty 

fruit bunches, J.Environ.Sci. 19, 674-677 (2007). 

16. D.C. Montgomerry, Design and Analysis of Experiments, 

5
th

 ed., John Wiley  Sons, New York, USA  (2001). 

17. K. Tarangini, A. Kumar, G.R. Satapathy, V.K. Sangal, 

Statistical optimization of process parameters for Cr (VI) 

biosorption onto mixed cultures of Pseudomonas aeruginosa and 

Bacillus subtillis, Clean, 37, 319-327 (2009).  

18. M. Khajeh, Application of Box-Behnken design in the 

optimization of magnetic nanoparticle procedure for zinc 

determination in analytical samples by inductively coupled 

plasma optical emission spectrometry, J.Hazard.Mater., 172, 

385-389 (2009).  

19. J.I.S. Khattar, Shailza, Optimization of Cd(II) removal by 

Cynobacterium Synechocystis pavelekii using the response 

surface methodology, Process Biochemistry, 44, 118-121 

(2009). 

20. J. Goel, K. Kadirvelu, C. Rajagopal, V.K. Garg, 

Cadmium(II) uptake from aqueous solution by adsorption onto 

carbon Aerogel using Response surface methodology approach, 

Ind.Eng.Chem.Res., 45, 6531-6537 (2006). 

21. R. Kumar, R. Singh, N. Kumar, K. Bishnoi, N.R. Bishnoi, 

Response surface methodology approach for optimization of 

biosorption process for the removal of Cr(II), Ni(II) and Zn(II) 

ions by immobilized biomass sp.Bacillus brevis, Chemical 

Engineering Journal, 146, 401-407 (2009). 

22. R. Singh, R. Chadetrik, R. Kumar, K. Bishnoi, D. Bhatia, 

A. Kumar, N.R. Bishnoi, N. Singh, Biosorption optimization of 

lead(II), Cadmium(II) and copper(II) using response surface 

methodology and applicability in isotherms and 

thermodynamics modeling, J.Hazard.Mater., 174, 623-634 

(2010). 

23. O. Freitas, C.D. Matos, R. Boaventura, Optimization of 

Cu(II) biosorption onto Ascophyllum nodosumby factorial 

design methodology, J.Hazard.Mater., 167, 449-454 (2009). 



Gandi Ravi Kishor et al./ Elixir Chem. Engg. 60 (2013) 16129-16134 
 

16134 

24. J. Goel, K. Kadirvelu, C. Rajagopal, V.K. Garg, Removal of 

lead(II) from aqueous solution by adsorption onto carbon 

Aerogel using Response surface methodology approach, 

Ind.Eng.Chem.Res., 44, 1987-1994 (2005). 

25. K. Yetilmezsoy, S. Demirel, R.J. Vanderbei, Response 

surface modeling of Pb(II) removal from aqueous solution by 

Pistacia Vera L: Box-Behnken experimental design, 

J.Hazard.Mater., 171, 551-562 (2009). 

26. D. Krishna, V.V.L. Srividya, P. Aswini Naidu, S.K. Mastan 

Vali, Removal of Cu (II) from aqueous solution using custard 

apple peel powder as adsorbent, elixir Chem. Engg. 58, 14795-

14801 (2013). 

27. M. Muthukumar, D. Mohan, M. Rajendran, (2003). 

Optimization of mix proportions of mineral aggregates using 

Box-Behnken design of experiments, Cem.Concr.Res. 25,751-

758 (2003).  

28. C.A. Toles, W.E. Marshell, M.M. Johns, GAC from 

nutshells for the uptake of metal ions and organic compounds, 

Carbon, 35, 1414-1470 (1997).  

29. B. Kiran, A. Kaushik, C.P. Kaushik, Response surface 

methodology approach for optimizing removal of Cr(VI) from 

aqueous solution using immobilized Cynobacterium, Chem. 

Eng. J., 126, 147-153 (2007).  

 


