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Abstract 
Rhizomucor tauricus is used in the production of lipase, after several cycles it is disposed off as biological waste. A 

new biosorbent material fungus, Rhizomucor tauricus was immobilized, used as an adsorbent for removal of Nickel 

(II) and for optimization Box-Behnken design used by statistica 6.0. The time required to reach equilibrium was found 

to be 4 hours. The optimized concentration is 60 mg/L, pH is 6, biomass volume was 20 with high biosorption capacity 

of 449 mg/g. FTIR spectral analysis indicated that the amide – NH bending, CH stretching, carboxylic acid, and 

hydroxylic groups are the main functional groups involved in the complexation of metal ions.  
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1. Introduction 
Attention is primarily being given to the potential health hazard presented by heavy metals to the environment. Mining 

and metallurgical wastewaters are considered to be the major sources of heavy metal contamination, and the need for 

the removal of metals has resulted in the development of new separation technologies. Biosorption is being 

demonstrated to be a useful alternative to conventional systems like precipitation, ion exchange, electrochemical 

processes and membrane processes for the removal of toxic metals from industrial effluents [1]. This novel approach is 

competitive, effective and cheap [2. 3]. 

It has been reported that nickel is ubiquitous in the biosphere and is a common component of natural fresh waters due 

to erosion and weathering. The high consumption of nickel- containing products inevitably leads to environmental 

pollution by nickel and its by-products at all stages of production, recycling and disposal. It has also been reported that 

fresh water levels of Ni are typically about 1-10 µg/l in unimpacted areas and anthrogenic loading of Ni into aquatic 

and terrestrial ecosystems in industrial areas occurs by mining, smelting, refining, alloy processing, scrap metal 

reprocessing, fossil fuel combustion and waste incineration. Ni (II) concentrations in fresh waters may reach as high as 

several hundreds to 1000 µg/L. It is known, however, that exposure to nickel compounds can have adverse effects on 

human health [4, 5]. 

The immobilization of biomass might also provide several advantages such as facility to reuse and separation of solid 

biomass from the bulk liquid. The process will become cost effective by reusing the biomass after regeneration and 

immobilized fungal biomass i. e. white rot fungus Trametes versicolor [6], Rhizopus arrhizus, [7], Phanerochaete 

chrysosporium [8], Trichoderma harzianum [9] used to remove heavy metals from aqueous solutions. The 

immobilization method is easy and can be performed under very mild conditions without damaging the living fungal 

cells. 

The present investigation was aimed at optimization of the nickel uptake form aqueous solution using immobilized 

Rhizomucor tauricus. The optimization of initial metal concentration, biomass loading and pH were carried out via 

Box-Behnken RSM experimental design. The interaction between factors influencing nickel uptake was established 

and model describing the effect of the factors on nickel uptake was also described. 

2. Materials and Methods 
2.1 Preparation of fungal beads  

4g of sodium alginate was dissolved in 100ml hot water and stirred vigorously with magnetic stirrer for 10 minutes to 

obtain a thick uniform solution. Then sodium alginate solution was mixed with fungus, stirred vigorously for 15 

minutes to get uniform suspension. This mixture was pumped through the peristaltic pump into the beaker containing 

0.05M CaCl2 2H2O solution. The spherical shaped beads with 4 mm diameter size were formed [10].   
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2.2. Equilibrium studies 

100ml of Nickel solution of known concentration was charged into a 250 ml conical flask and immobilized beads were 

added. The biomass weight, pH and metal concentration were optimized by using the Box-Behnken design and 

analyzed for removal of Ni
++ 

ions on immobilized Rhizomucor tauricus. The flasks were shaken for 4 hours using 

orbital shaking machine. The equilibrium time of about 4 hours was estimated from preliminary studies. The required 

pH was maintained and adjusted by adding 0. 1N hydrochloric acid and 0. 1 N sodium hydroxide to the aqueous 

solution. The samples were collected and analyzed for metal concentration using Atomic Absorption 

Spectrophotometer of Perkin-Elmer (model 3100) make.  

At equilibrium the amount of metal uptake by R.tauricus was determined by using the following equation 1: 

S

CCV
C ai

S

)( 
         (1) 

where CS is the metal uptake of Ni (II) g
-1

 biomass, V is the volume of metal containing solution in contact with the 

biosorbent in mL, Ci and Ca are the initial and equilibrium (residual) concentration of metal in the solution mg L
-1

, 

respectively, and S is the amount of added biosorbent on dry basis in g. The data were tabulated and applied Statistica 

version 6.0 for regression and graphical analysis.  

2.3. Experimental design and optimization 

R.S.M is an empirical statistical modeling technique employed for multiple regression analysis using quantitative data 

obtained from properly designed experiments to solve multivariable equation simultaneously. Box and Benkhen 

(1960) [11] have proposed some three-level designs for fitting response surfaces. These designs were formed by 

combining 2
k
 factorials with incomplete block designs. The resulting designs are usually very efficient in terms of the 

number of required runs, and they are either rotatable. Box-Benkhen designing (Montgomery, 2003) [12] is a spherical 

design with all points at the vertices of the cubic region created by the upper and lower limits for each variable. This 

could be advantageous when the points on the corners of the cube represent factor-level combinations that are 

prohibitively expensive of impossible to test because of physical process constrains.  

Several experimental designs have been considered for studying such models and central composite design proposed 

by Adinarayana et al.  (2003) [13] was selected. For this study, 3**(3-1) fractional factorial design with three 

replicates at the central points were employed to fit the second–order polynomial model, by using ‘STATISTICA 

(Version 6.0)’ software for regression and graphical analysis of the data obtained. Box-Benkhen design is used to 

determine the optimum conditions for the determination of Cs. For this experiment 3 factors with 12 runs are 

employed as in Table 2.  

The parameters studied were pH, Concentration of Metal, and Beads volume Table 1. The variable levels Xi were 

coded as xi according to the following equation such that X0 corresponded to the central value  

 

  Where xi is the dimensionless value of an independent variable Xi the real value of an independent variable, 

X0 the real value of an independent variable at the central point and  Xi is the step change. The experimental plan and 

levels of independent variables are shown in Table 2. The response variable was fitted by a second order model in 

order to correlate the response variable to the independent variables. The general form of the second-degree 

polynomial equation is  

 

 

 

Where Yi is the predicted response, xi xj are input variables which influence the response variable Y; 0 is the off set 

term; i is the ith linear coefficient ij the ith quadratic coefficient. e is the error.  

The statistical analysis of the model was performed in the form of analysis of variance (ANOVA). Where it was 

possible to simplify the model by dropping terms, which were not statistically significant (P>0.05) by ANOVA. The 

lack of fit test was used to determine whether the constructed model was adequate to describe the observed data. The 

R
2
 statistic indicates the percentage of the variability of the optimization parameter that is explained by the model. 

Three-dimensional surface plots were drawn to illustrate the main and interactive effects of the independent variable 

on the dependent ones.     
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Table 1 The experimental domain 

 

Factor 

 

Range and level (coded) 

-1 0 1 

Initial Metal Concentration 

 

Volume of immobilized biomass 

 

Initial pH 

A 

 

B 

 

C 

30 

 

10 

 

2 

60 

 

20 

 

4 

90 

 

30 

 

6 

 

The optimum conditions for the adsorption of nickel by R. tauricus were determined by means of RSM. RSM consists 

of a group of empirical techniques devoted to the evaluation of relationships existing between a cluster of controlled 

experimental factors and measured responses according to one or more selected criteria [14]. In the present work effect 

of pH, biomass loading and initial nickel concentration were investigated. Each of the parameters was coded at three 

levels: -1, 0, 1, The range and the levels of the variables investigated in this research are given in Table 1.  

3. Results and Discussiom 
3.1. Equilibrium Studies 

Time required to reach equilibrium was estimated by taking samples at regular intervals of time and it was found to be 

4 hours. Hence, all the experimental runs were conducted for 5 hours in order to ascertain the attainment of 

equilibrium and the variation of metal concentration, in the solid phase was compared with that in aqueous phase using 

alginate beads without biomass and immobilized biomass.  

3. 2. Interpretation of regression analysis 

The results obtained after running the 12 trials for the statistical design shown in Table 2. The actual yields of Cs in the 

experiments and the yield predicted by the model are given in the Table 3. The regression coefficients and significance 

levels of the terms are given in Table 4. The fit of the model was checked by the determination of the coefficient of 

regression (R
2
). In this case the value of the determination coefficient (R

2
= 0.9921) indicates that only 1.6% of the 

total variation is not explained by the model. The value of the adjusted determination coefficient (adjusted R
2 

= 

0.9827) is high, indicating the significance of the model. A higher value of the correlation coefficient (0.99217) 

justifies an excellent correlation between the independent variables as shown Table 5. The same results found by other 

workers in Box–Behnken model with Phanerochaete chrysosporium immobilized Ca-alginate beads as indicated by 

the correlation coefficient value of 0.9999 [15].  

Table 2. The experimental Design with coded values 

 

 

S. No. 

 

 

Concentration 

 

pH 

 

Biomass Volume 

1 0 0 0 

2 0 0 20 

3 -1 1 0 

4 -1 -1 -1 

5 0 0 0 

6 0 1 -1 

7 1 0 -1 

8 0 0 0 

9 1 1 1 

10 0 -1 1 

11 -1 0 1 

12 1 -1 0 
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Table 3. The experimental design with real values, CS observed and predicted.  

 

S. No. Conc. 

mg/L X1 

PH 

X2 

B. Volume 

ml X3 

Observed CS Predicted CS Error 

1 60 4 20 446 421.8 24.2 

2 60 4 20 395 421.8 -26.8 

3 30 6 20 340 343.4 -3.4 

4 30 2 10 71 69.2 1.8 

5 60 4 20 420 421.8 -1.8 

6 60 6 10 433 431.4 1.6 

7 90 4 10 289 292.4 -3.4 

8 60 4 20 428 421.8 6.2 

9 90 6 30 311 309.2 1.8 

10 60 2 30 161 164.4 -3.4 

11 30 4 30 189 187.4 1.6 

12 60 2 20 183 181.4 1.6 

 

3.3. Fitting the model 

The application of R.S.M. yielded the following regression equation, which is an empirical relationship between the 

Cs and test variables.    

Y = 421.8+30.5 X1-108.7X1
2 
+ 111.5X2 --50.70X2

2
  -22.00X3 -73.2X3

2
 + e     (4) 

The significance of each coefficient was determined by student’s t-test and P-Value, which are compiled in Table 4. 

The larger the t-value and smaller the P-value, the more significant is the corresponding coefficient. It is also observed 

that from Pareto chart of effects the variables (Fig.1) that are crossing line are significant. This implies that all the 

variables are more significant at the quadratic terms than the linear terms. Only the linear term of concentration is 

insignificant and all interaction terms are insignificant. From this observation the regression equation is reduced to. 

Y = 421.8-108.7X1
2 
+ 111.5X2 –50.70X2

2
 –22.0X3  -73.20X3

2
                        (5) 

All the variables are more significant at the second order. This indicates that they can behave as limiting factors and 

small variations will alter the product formation rate.  

Table 4. Regression coefficients 

 

 Regression 

Coefficients 

Standard 

Error 

t-Value p-Value 

Intercept 421.8 8.066 52.288 0.000000 

CT (L) 30.50 6.817 4.4737 0.006557 

CT (Q) -108.7 10.561 -10.291 0.000149 

pH (L) 111.5 6.871 16.354 0.000016 

pH (Q) -50.70 10.561 -4.8003 0.004882 

B.V (L) -22.00 6.817 -3.2269 0.023285 

B.V (Q) -73.20 10.561 -6.9306 0.000960 

                 L=Linear, Q=Quadratic 

Table 5. Analysis of variance for the quadratic model for Ni
++

 CS. 

 

 SS df MS F P 

 

CT (L) 5581.5 1 5581.50 20.0140 0.006557 

CT (Q) 29539.2 1 29539.23 105.9209 0.000149 

pH (L) 74593.5 1 74593.50 267.4753 0.000016 

pH (Q) 6426.2 1 6426.23 23.0430 0.004882 

B.V (L) 2904.0 1 2904.00 10.4131 0.023285 

B.V (Q) 13395.6 1 13395.60 48.0336 0.000960 

Error 1394.4 5 278.88   

Total SS 178065.0 11    

                 L=Linear, Q=Quadratic 
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Figure 1 Pareto Chart of effects on metal concentration on solid biomass CS 

 

3. 4. Interpretation of Surface plots for Ni (II) 
 
removal 

The response surfaces are inverted paraboloids and they can be used to predict the Cs for different values of the test 

variables and to identify the major interactions between the test variables from the circular or elliptical nature of 

surface contours (Figure 2, 3 & 4). These plots can easily be obtained by calculating the values taken by one factor 

while the second varied with constraint of a given CS value. The yield value for different concentration of the variables 

can also be predicted from the respective contour plots. The stationary point or centroid point considering all the 

directions, is the point at which the slope of the response surface is zero. Experiments were performed beyond the 

experimental range to confirm the presence of optimum points. 

 
 

Figure 2 Response surface plot of CS at various pH and biomass volume 

 

In view of the above and inference can be drawn that the factors influenced the maximum CS are the pH 6.0, 

concentration is 60 mg L
-1

, biomass volume is 20 ml/100ml (6 g L
-1

 of biomass). In case of fungus Aspergillus niger, 

  

-3.22693 

4.473699 

4.80031 

6.930625 

10.29179 

16.35467 

p=.05 
Effect Estimate (Absolute Value) 

(3)B.Vol.(L) 

(1)Conc.(L) 

pH(Q) 

B.Vol.(Q) 

Conc.(Q) 

(2)pH(L) 



K. Kishore Kumar, M. Krishna Prasad, B. Sarada, G. V. S. Sarma, Ch. V. R. Murthy / International 

Journal of Engineering Research and Applications (IJERA)       

ISSN: 2248-9622   www.ijera.com Vol. 2, Issue 3, May-Jun 2012, pp.2810-2819 

2815 | P a g e  

 

the optimum Ni (II) uptake was achieved at pH 6.25, biomass dosage of 2.98 g L
-1

 and initial Ni(II) concentration of 

30.00 mg L
-1

 Ni (II) [16] 

 

 
 

Figure 3 Response surface plot CS at various biomass volume and initial metal concentration 

 

 
 

 

Figure 4 Response surface plot of CS at various biomass volumes and pH 

 

By observing the marginal means of the individual variables, it was found that the concentration is more significant at 

60mg/L (fig. 5) positive or negative deviation results the decrease the Cs, the reduction of the Cs is more on positive 

deviation side. Fig. 6 shows pH is more significant at 6, either increasing or decreasing the pH resulted in a fall of Cs. 

The same results were obtained on fungal mycelium of Rhizopus arrizhus Fourest and Roux (1992) [17] and Sag et al 

(1995) [18]. This is probably due to preferential adsorption of acid by immobilized biomass. This behavior facilitates 

the desorption of metal from the solid surface. 
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Figure 5 Effect of initial metal concentration on uptake efficiency of biomass beads 

 

 
 

Figure 6 Effect of pH on uptake efficiency of biomass beads 

 

Fig. 7 shows that the Biomass volume is more significant at 20 ml/100 ml, further increase in the volume of biomass 

beads decreased metal adsorption. This may be attributed to the overlapping [19] of the biomass in the beads as well as 

collision in between the beads in the agitation. When an optimization program was run within the tested range the 

optimum level of process variables could be summarized as Concentration 60mg/L, pH 6, Biomass volume 20 ml/100 

ml and with these levels the model has predicted yield of 425mg/g, which is nearer to the observed values. These 

results indicate that there is a very good correlation (Fig. 8) between the experimental values and the predicted values 

and also indicate that the experimental error was found to be minimum. 
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Figure 7 Effect of biomass volume on uptake efficiency of biomass beads 

 

 
 

Figure 8 observed and predicted values 

 

3.5. FTIR Spectroscopic Analysis 

The FTIR spectroscopic analysis of the biomass, dead powder of R. tauricus before adsorption of heavy metal 

ions (Fig. 9), indicated a broad adsorption band at 3423.28 Cm
-1

, representing –NH stretching [20, 21] (Singh et al. 

2010; Venkata Subbaiah et al. 2010); 2925.21 Cm
-1

, and 2854.16 Cm
-1

 represented –CH2 stretching. The absorption 

band at 1742.68 Cm
-1

 could be attributed to a C=O group of carboxylic acid [22], and the absorption band at 1417.14 

Cm
-1

 represents a carboxylate group. Further, the band at 1180.53 Cm
-1

 indicate an –OH group of sugars, and the 

bands at 1076.53 Cm
-1

 and 1031.88 Cm
-1

 represent amide C-N stretching and –P=O stretching, respectively. 
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a)

b)

 
 

Figure 9 FTIR of Rhizomucor tauricus a) before treatment, b) after treatment with Ni (II) 

 

In all the FTIR spectroscopic analysis of the biomass, dead powder of R. tauricus after adsorption of heavy 

metal ions (Fig. 9) revealed that the shift of peaks at 3423.23 Cm
-1

, 1742.68 Cm
-1

, and 1180.53 Cm
-1

 indicated that the 

amide – NH bending, CH stretching, carboxylic acid, and hydroxylic groups are the main functional groups involved 

in the complexation of metal ions. 

4. Conclusions 
The response surface methodology optimization revealed that the tested range the optimum level of process 

variables were Concentration is 60 mg/L, pH is 6, biomass volume was 20 and with these levels the model has 

predicted yield 449 mg/g, this value is nearer to the observed values. FTIR spectral analysis indicated that the amide – 

NH bending, CH stretching, carboxylic acid, and hydroxylic groups are the main functional groups involved in the 

complexation of metal ions. These results indicate that there is a very good correlation between the experimental 

values to predicted values and also indicate there is a minimum experimental error is taking place. This data revealed 

that the immobilized biomass beads adsorbed more metal when compared to blank alginate beads. Rhizomucor 

tauricus may be used as efficient adsorbent to remove nickel (II) from effluents.  

Acknowledgement 
One of the authors Mr. K. Kishore Kumar is thankful to University Grants Commission, Delhi, letter no SA-II 10-

47/2003 for providing financial support. Further thanks to UGC SAP/DSA Phase-III for permission to use the AAS. 

References 
[1]  Veglio, F., Beolchini, F., Removal of metals by biosorption: a review, Hydrometallurgy 44 (1997) 301- 316. 

[2]  Volesky, B., May, H., Holan, Z. R., Cadmium biosorption by Saccharomyces cerevisiae. Biotechnology and 

Bioengineering 41 (1992) 826-829. 

[3]  Dannis, U., Kaya, Y., Algur, O. F., Biosorption of copper (II) by pollens of Typha latipholia L.. FEBS Letters 

10 (2001) 363-367. 

[4]  Pane, E. F., Richards, J. G., Wood, C. M., Acute waterborne nickel toxicity in the rainbow trout (Oncorhynchus 

mykiss) occurs by a respiratory rather than ionoregulatory mechanism. Aquatic Toxicology 63 (2003) 65-82. 

[5]  Denkhaus, E., Salnikow, K., Nickel essentiality, toxicity and carcinogenicity. Critical Reviews in 

Oncology/Hematology 42 (2002) 35-46. 



K. Kishore Kumar, M. Krishna Prasad, B. Sarada, G. V. S. Sarma, Ch. V. R. Murthy / International 

Journal of Engineering Research and Applications (IJERA)       

ISSN: 2248-9622   www.ijera.com Vol. 2, Issue 3, May-Jun 2012, pp.2810-2819 

2819 | P a g e  

 

[6]  Bayramoğlu, G., Bektas, S., Arica, M. Y., Biosorption of heavy metal ions on immobilized white rot fungus 

Trametes versicolor, Journal of Hazardous Materials 101 (2003) 285-300. 

[7]  Prakasham R. S., Sheno merrie, J., Sheela, R., Saswathi, N., Ramakrishna, S. V., Biosorption of chromium VI 

by free and immobilized Rhizopus arrhizus, Environmental Pollution 104 (1999) 421-427.  

[8]  Arıca M. Y., Arpa C. I, Ergenea. A., Bayramoğlu, G., Ömer Genc, Ca-alginate as a support for Pb (II) and Zn 

(II) biosorption with immobilized Phanerochaete chrysosporium, Carbohydrate Polymers 52 (2003) 167–174. 

[9]  Akhtar, K, Khalid, A.M., Akhtar, M.W, Ghauri, M.A., Removal and recovery of uranium from aqueous 

solutions by Ca-alginate immobilized Trichoderma harzianum, Bioresource Technology 100 (2009) 4551–

4558. 

[10]  Ucun, Khoo K. M., Ting Y. P., Biosorption of gold by immobilized fungal biomass, Biochemical Engineering 

Journal 8 (2001) 51–59. 

[11]  Box, G. E. P and Behnken, D. W., Some new three level designs for the study of quantitative variable. 

Technometrics, 2 (1960) 455-476.  

[12]  Montgomery, D. C., Design and analysis of experiments, 5
th

 Edition, John Wiley & Sons, (2003) 458-459. 

[13]  Adinarayana, K., Ellaiah, P., Srinivasulu, B., Bhavani Devi, R., Adinarayana, G., Response surface 

methodological approach to optimize the nutritional parameters for neomycin production by Streptomyces 

matinenesis under solid-state fermentation. Process Biochemistry 38 (2003) 1565-1572. 

[14]  Bayraktar, E., Response surface optimization of the separation  of  DL-tryptophan using an emulsion liquid 

membrane. Process Biochemistry 37 (2001) 169-175. 

[15]  Yi-Ling Lai, Gurusamy Annadurai, Fu-Chuang Huang, Jiunn-Fwu Lee, Biosorption of Zn(II) on the different 

Ca-alginate beads from aqueous solution, Bioresource Technology 99 (2008) 6480–6487. 

[16]  Malihe, A., Habibollah, Y., Nader, B., Biosorption of nickel (II) from aqueous solution by Aspergillus niger: 

Response surface methodology and isotherm study, Chemosphere 75 (2009) 1483–1491. 

[17]  Fourest E, Roux J.C., Heavy metal biosorption by fungal mycelia by-products: mechanism and influence of pH, 

Applied Microbiology Biotechnology 37 (1992) 399–403.  

[18]  Sãg Y, Özer D, Kutsal T, A comparative study of the biosorption of lead (II) ions to Z. Ramigera and R 

arrhizus, Process Biochemistry 30 (1995) 169–174.  

[19]  Kishore Kumar, K., Krishna Prasad, M., Sarma, G. V. S., Murthy, Ch. V. R., Biosorption studies for removal of 

chromium using immobilized marine alga, Isochrysis galbana, Indian Journal of Marine Sciences 35 (3) (2006) 

263-267.  

[20]  Singh, R., Chadetrik, R., Kumar, R., Bishnoi, K., Bhatia, D., Kumar, A., Bishnoi, N. R., and Singh, N.. 

Biosorption optimization of lead (II), cadmium (II) and copper (II) using response surface methodology and 

applicability in isotherms and thermodynamics modeling, Journal of Hazardous Materials 174 (2010) 623-634.  

[21]  Subbaiah, M. V., Vijaya, Y., Siva Kumar, N., Subba Reddy, A., and Krishnaiah A. Biosorption of Cu(II), 

Cd(II) and Pb(II) by Acacia leucocephala bark powder: Kinetics, equilibrium and thermodynamics.  Chemical  

Engineering Journal 157 (2010) 357-365. 

[22]  Lalhruaitluanga, H., Jayaram, K., Prasad, M. N. V., Kumar, K. K. Lead(II) adsorption from aqueous solutions 

by raw and activated charcoals of Melocanna baccifera Roxburgh bamboo)—A comparative study.  Journal of 

Hazardous Materials 175 (2010) 311-318. 

 


