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2.1. Preparation of the biosorbent 
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2.2. Immobilization of nanoscale L.edodes into 
sodium alginate  

L.edodes

L.edodes

2.3. Preparation of Cu2+ stock solution 

2.4. Experimental design 



 
Experimental design for the optimization of copper biosorption by immobilized nanoscale Lentinus Edodes 

 

2.4.1. Factorial design methodology 

L.edodes

2.4.2. Response surface methodology (RSM) 

L.edodes

2.5. Batch experiments 
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2.6. pH at the point of zero charge (pHpzc) 
 

2.7. Kinetics of biosorption 

Factors Name Units Levels and range 
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2.8. Equilibrium isotherms of biosorption 

m

e

mae

e

q
C

qkq
C

Ce
qe qm

ka

eFe LnC
N

KLnq

qe 
Ce

KF

1/N

2.9. Characterization of biosorbent 

L. edodes

2.10. Desorption experiments 
 

3.1. Screening of the important variables using 
Minimum Run Res V Design 
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Run Factors      Response 
 A B C D E F Removal rate of copper (%) 

 
Removal rate(%)= -18.34+1.077A-0.077B + 8.083C 
+0.059D+0.064E-0.187F 

 
3.2. Optimal conditions of copper biosorption using 
response surface methodology (RSM) design 
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L.edodes

Source Sum of df Mean F Value p-value 
 Squares  Square  Prob F 

R2 =0.8892, Adj R2=0.8449, Pred R2=0.7559 

Factors Name Units -1 Level +1 Level -alpha +alpha 

alpha = 1 

Run factors Response 
 A B C Removal rate of copper(%) 
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Source Sum of df Mean F p-value 
 Squares  Square Value Prob F 

L.edodes
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L.edodes

Agaricus bisporus 
Arthrobacter sp. 

Rhizopus arrhizus

3.3. Adsorption kinetics 
 

L.edodes

qe

 

Adsoption 
kinetic model k(min-1) qe(cal) 

(mg/g) R2 qe(exp) 
(mg/g) 

R2=0.9940, Adj R2=0.9886, Pred R2=0.9793 
 
3.4. Adsorption isotherms 
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3.5. Charactererization of biosorbent 
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Metal ion langmuir   freundlich   
 qm(mg/g) ka(L/mg) R2 KF (mg/g) n R2 

3.6. Desorption studies 
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Cycle one

Cycle two

Cycle three
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Process Biochemistry

Environmental Engineering and 
Management Journal

Environmental Engineering and Management Journal

Trametes versicolor  Journal of Hazardous Materials  
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International Journal of Mineral 
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 Journal of Hazardous Materials
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Engineering and Management Journal
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 Journal of 
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bisporus  Journal of Hazardous Materials
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 Bioresource Technology
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Management
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Journal of Hazardous Materials

Colloids and Surfaces B-Biointerfaces

Environmental 
Engineering and Management Journal

Chemical Engineering Journal
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Biotechnology 
Advances
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chrysosporium Applied Biochemistry and 
Biotechnology

Rhizopus arrhizus  Journal of Hazardous 
Materials
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Journal of Hazardous Materials
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Chemical Engineering 

Journal
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 Journal of 

Hazardous Materials  

 Journal of 
Hazardous Materials

Journal of Environmental 
Science and Health, Part A: Toxic/Hazardous 
Substances and Environmental Engineering

Penicillium 
simplicissimum  
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