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Abstract 

esponse Surface Methodology 

experimental design was used in batch 

experiments for the biosorption of a 

heavy metal, Cr (VI) ions, using a lichen, Caloplaca 

flavescens, to examine the combined effect of 

operating parameters and determine optimum 

conditions for the biosorption of Cr (VI) ions. The 

result showed that metal ion concentration, 

adsorbent dosage, solution pH, contact time, and 

temperature all have effect on the adsorption of 

these ions from wastewater. The optimum metal 

ion concentration, adsorbent dosage, solution 

pH, contact time, and temperature were obtained 

for Cr (VI) ions as 25ppm, 1.5g, pH 6, 60min, and 

9.30C respectively. The effect of the interaction of 

different variables on the 

adsorption of Cr (VI) ions 

was also observed. 

Interactions between 

metal ion concentration 

and pH, temperature and 

contact time, and 

adsorbent dosage and 

contact time showed 

high significance in the 

adsorption of Cr (VI) ions. 

The SEM images of the 

adsorption showed 

alteration in the surface 

structure of the 

adsorbent after 

adsorption. This study 

showed that Caloplaca 

flavescens can be used 

efficiently as an eco-

friendly, low cost 

alternative for removal 

of metal ions from 

wastewater. 
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Introduction 

nvironmental pollution is a major challenge to the society today. The 

presence of heavy metals in the environment is a major concern due 

to their toxicity to many life forms. Their removal is therefore very 

vital for the survival of the environment. Metal contaminants are commonly 

found in soil sediments and water. When water is polluted with heavy metal 

ions it can be detrimental depending on its level of concentration, which 

sometimes becomes deadly to living things. Increased industrialization and 

human activities are chief contributors to the pollution of the environment 

through the disposal of wastes containing heavy metals. Industrial activities 

such as in electroplating, mining, refining and leather industries contribute 

such kind of wastes which are sources of metal pollutants. 

The removal of toxic and heavy metals from aqueous waste streams is one 

of the most important environmental issues. Conventional methods of 

removing heavy metals from wastewater, such as chemical precipitation, 

filtration, ion-exchange, electrochemical methods, solvent extraction and 

evaporative recovery have several disadvantages which include incomplete 

metal removal, expensive equipment and monitoring systems, high reagent 

or energy requirements, or generation of toxic sludge or other waste 

products that require disposal (Murugesan et al., 2008). This poses the need 

for a more efficient and economic method of removal. Among the few 

options available for effective treatment of wastewater, biosorption is 

considered a more effective alternative process for the removal of heavy 

metals, compounds and particles from aqueous solution by biological 

materials (Lesmana et al., 2009, Ahluwalia and Goyal, 2007).  

Bacteria, algae, fungi and yeast are found to be capable of effectively 

accumulating metals (Goksu et al., 2005). They can affect the reactivity and 

mobility of metals and thus can be used to detoxify some metals and 

prevent further contamination (Adebowale, 2004). 

In this study, a lichen, Caloplaca flavescens, which is a symbiont of an algae 

and fungus, was used as adsorbent for the removal of Cr (VI) ions from 

aqueous solution using RSM experimental design to optimize the 

adsorption process. Central composite design (CCD) analysis was employed 
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to determine the significant factors that influenced the removal of Cr6+ from 

aqueous solution by a lichen, Caloplaca flavescens and understand their 

influence on the process. The effect of some operating variables such as 

metal ion concentration, adsorbent dosage, solution pH, contact time, and 

temperature on biosorption was studied using CCD, which gives a 

mathematical model that shows the influence of each variable and their 

interactions. In this design, the factors involved in an experiment are 

simultaneously changed. The effects of individual operating variable and 

also their relative importance in a given process are estimated and the 

effect of interaction of two or more variables can also be obtained. 

 

Methodology 

Preparation of Samples 

Caloplaca flavescens, a lichen, was scraped off the bark of ‘atili’ (Canarium 

schweinfurthii) tree trunk and branches with a stainless steel blade. The 

sample was washed with tap water, making sure to remove all bark clinging 

to the lichen, twice with distilled water and then with deionised water and 

spread to dry in the sun. The sample was ground to powder in a Thomas-

Wiley laboratory mill model 4 (Arthur H. Thomas company Philadelphia, PA, 

USA), and sieved with a 2mm sieve. The ground powder was tied in a 

cellophane bag and kept in a desiccator throughout the period of work. 

 

Preparation of synthetic wastewater solution 

2.8290g K2Cr2O7 was weighed to prepare 1000ppm stock solution for the 

metal ion from which the solution of desired concentration was obtained 

for the adsorption experiment. The 1000ppm solution was kept in a plastic 

bottle throughout the period of work. All solutions were prepared with 

deionised water and chemicals were of analytical grade. 

 

Analysis  

The RSM design outlined 52 batch adsorption experiments which were 

conducted for each of the heavy metal ions wastewater. In this work a 

central composite design was used to estimate the effect of five 
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independent factors on the biosorption capacity as the response, including 

analysis of variance (ANOVA) and regression equation to obtain the 

interaction between the parameters and the biosorption capacity 

(response) and the statistical significance of the independent variables and 

the interactions of . The quality of the fit of polynomial model was 

expressed by the coefficient of determination R2 and R2
adj. The effect of 

metal ion concentration, adsorbent dosage, solution pH, contact time and 

temperature at shaking speed of 180rpm were studied. Each factor had 

three levels. The heavy metals present in the wastewater sample were 

analyzed using the atomic absorption spectrophotometer. It detected the 

initial concentrations of Cr6+ present in the wastewater and the final 

concentrations after adsorption. The performance of the process was 

evaluated by analyzing the response of the biosorbent for chromium (VI) 

ions, which was the biosorption capacity of Caloplaca flavescens. 

 

Adsorption batch experiment 

The required amount (1.0g, 1.5g, or 2.0g) of the ground sample was placed 

into a 250ml beaker and 100ml aqueous solution of the ion (the synthesized 

wastewater) was measured in a volumetric flask. The solution was poured 

into the beaker and thoroughly mixed. Using a pH meter (PHS-3C 

SEARCHTECH pH meter), the pH of the mixture was measured and adjusted 

to the desired pH using 0.1M HNO3 or 0.1M NaOH. The mixture was poured 

into a 150ml conical flask and placed into a temperature regulated shaker 

(Gallenkamp) which had previously been adjusted to the desired 

temperature. The solution was left to shake for the length of time designed. 

The solution was removed and allowed to cool after which it was filtered 

using Whatman no. 42 filter paper. The filtrate was collected into 100ml 

plastic bottle and taken for AAS analysis using Berian Spectrophotometer, 

Model no AA240FS. The amount of metal ions adsorbed by the adsorbent 

was calculated using the equation 

                                               qt = 
(𝑐𝑖−𝑐𝑓)𝑣

𝑤
                           (1) 

where ci is the amount of heavy metal ion present in wastewater before 

adsorption, cf is the amount of heavy metal ion present in wastewater after 
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adsorption, v is volume of wastewater used for adsorption, and w is the 

mass of adsorbent used for adsorption. The percentage of metal ion 

removed from wastewater was evaluated using the equation 

                                                % R = 
(𝑐𝑖−𝑐𝑓)100

𝑐𝑖
              (2) 

The maximum percentage amount of heavy metal ion removed from the 

wastewater was used in determining the optimum conditions necessary for 

optimization of adsorption of Cr (VI) ions from wastewater.  

 

Characterization of biosorbent 

Scanning electron microscopy of the adsorbent before and after adsorption 

of chromium (VI) ions was obtained using a scanning electron microscope, 

Sputter Quorum model Q150R ES to show changes in the surface 

morphology of Caloplaca flavescens.  

 

Results and Discussion 

The physicochemical parameters of Caloplaca flavescens is shown below: 

Table 1  Physicochemical parameters of Caloplaca flavescens   

Physicochemical 

parameter 

            Caloplaca 

flavescens 

 

 

pH of biomass solution 

 

             4.00 ± 0.06 

 

 

Moisture content              7.29 ± 0.03  

Ash content              6.94 ± 0.03  

Bulk density              0.52 ± 0.02  

 

The significance of every parameter was determined from the p-value. 

Significant variables had p equal or less than 0.05, thus the smaller the value 

of p the more significant is the parameter to the adsorption of Cr6+. 

Significant interactions between variables were also determined from the 

p-value. 

 

The lack of fit of a non-significant value (p 0.001) shows the validity of the 

model (Bernard et al., 2013) for the biosorption of Cr6+ by Caloplaca 
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flavescens. The Rsq and Rsq(adj) values of 96.90% and 92.91% respectively show 

a significant relevance of the model to explain the variations of adsorption 

of cobalt unto Caloplaca flavescens with respect to the five independent 

variables (Soleymani et al., 2014).  

 

Table 2 Analysis of Variance for Adsorption of Chromium (VI) ions by 

Caloplaca flavescens  

Analysis of Variance 

Source                          DF   Adj SS    Adj MS   F-Value   P-Value 

Model                           18  11109.5    617.19     24.31      0.000 

Linear                          5   1651.8    330.37     13.01     0.000 

met ion conc               1     20.2     20.20      0.80      0.387 

ads dos                      1   1041.0   1041.03    41.01     0.000 

pH                            1     91.1     91.07      3.59      0.079 
contact time               1    318.3    318.26     12.54     0.003 
temp                          1    181.3    181.28      7.14      0.018 
Square                          5   7932.0   1586.40     62.49    0.000 
met ion conc*met ion conc   1     71.9     71.88      2.83     0.115 
ads dos*ads dos              1    164.9    164.90      6.50      0.023 
pH*pH                         1   2653.2   2653.15    104.52    0.000 
contact time*contact time   1    900.8    900.83     35.49    0.000 
temp*temp                    1   3307.3   3307.35    130.29     0.000 
2-Way Interaction              8   2343.9    292.99     11.54     0.000 
met ion conc*ads dos        1     15.3     15.26      0.60     0.451 
met ion conc*pH              1      0.8      0.75      0.03      0.866 
met ion conc*temp            1    576.8    576.77     22.72     0.000 
ads dos*pH                   1    123.9    123.85      4.88      0.044 
ads dos*contact time         1    835.0    834.98    32.89     0.000 

ads dos*temp                 1    189.4    189.42      7.46      0.016 

pH*temp                      1     16.1     16.10      0.63      0.439 

contact time*temp            1    586.8    586.80     23.12     0.000 

Error                            14    355.4     25.38 

Lack-of-Fit                    5    347.3     69.45     76.87     0.000 

Pure Error                     9        8.1       0.90 

Total                            32    114  64.9 
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Model Summary 

 S    R-sq  R-sq(adj)  R-sq(pred) 

5.03832  96.90%     92.91%           * 

 

The regression equation informed on the effect of the variation of the 

variables and their interactions with the response. The adsorbent dosage 

(p 0.001), the temperature (p 0.05), and the contact time (p 0.05) are the 

most critical of the five independent variables included in the model as 

shown in Table 1. Interactions between metal ion concentration and 

temperature (p 0.001), contact time and temperature (p 0.001), adsorbent 

dosage and contact time (p 0.001), and adsorbent dosage and temperature 

(p 0.05) have shown high significance in the adsorption. The regression 

equation shows an increase in the adsorption of cobalt on Caloplaca 

flavescens with increase in metal ion concentration, adsorbent dosage, 

contact time, and pH of the system. 

 

Regression equation for the adsorption of Cr6+ by Caloplaca flavescens  

R = -23.1 + 0.456 met ion conc + 72.6 ads dos + 15.76 pH + 0.316 contact time 

- 2.956 temp + 0.00452 met ion conc*met ion conc - 7.03 ads dos*ads dos 

- 1.605 pH*Ph - 0.001142 contact time*contact time + 0.03500 temp*temp 

+ 0.098 met ion conc*ads dos + 0.0027 met ion conc*pH 

- 0.02001 met ion conc*temp + 1.391 ads dos*pH 

- 0.3741 ads dos*contact time - 0.459 ads dos*temp + 0.0167 pH*temp 

+ 0.01046 contact time*temp 

Increased interactions between metal ion concentration and adsorbent 

dosage, metal ion concentration and pH, adsorbent dosage and pH, pH and 

temperature, and contact time and temperature cause increase in 

adsorption. On the other hand, a decrease in the interactions between 

metal ion concentration and temperature, adsorbent dosage and contact 

time, and adsorbent dosage and temperature bring about increase in the 

adsorption process.   

The experimental range and levels of the independent variables affecting 

adsorption capacity is shown in Table 3, and the optimal conditions for 
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maximum percentage adsorption of Cr (VI) ions from wastewater by 

Caloplaca flavescens is shown in Table 4. 

 

Table 3 Experimental range and levels of the independent variables 

affecting adsorption capacity 

Factors Range and levels 

-1                   0                 1 

Metal ion conc.(ppm)  5                  25               45 

Adsorbent dosage(g)  1.0               1.5              2.0 

pH  2                   6                10 

Contact time(min)  0                   60              120 

Temperature(0C)\  30                 45               60 

 

Table 4   Optimal conditions for maximum percentage adsorption using 

Caloplaca flavescens. 

Maximum 

Adsorption 

(%) 

M+ ion (ppm) 

Concentration 

Adsorbent  

Dosage 

(g) 

Solution 

pH 

Contact 

time 

(min) 

Temperature 

(0C) 

82.67 25 1.5 6 60 9.3 

 

The response surface and contour plots in Figures 1, 2, and 3 show the effect 
of interactions of two variables on the adsorption of Cr6+ on Caloplaca 
flavescens. Figure 1 shows the surface and contour plots for effect of 
interaction between adsorbent dosage and metal ion concentration on the 
adsorption of Cr6+, Figure 2 shows the surface and contour plots for effect 
of interaction between pH and metal ion concentration on the adsorption 
of Cr6+ and Figure 3 shows the surface and contour plots for effect of 
interaction between pH and adsorbent dosage on the adsorption of Cr6+.  
Increase in adsorption with increase in pH could be attributed to 
deprotonation of the adsorbent surface at higher pH which thus becomes 
negatively charged. This causes attraction of the positively charged metal 
ion, and the higher the pH the more negatively charged the adsorbent 
surface and greater adsorption occurs (Lohani et al., 2008). The availability 
and accessibility of adsorption site is controlled by adsorbent dosage 
(Rafeah et al., 2009). Increase in adsorbent dosage brought about increased 
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adsorption of Cr (VI) ions due to an increase in adsorption sites. Further 
increase in adsorbent dosage however brought subsequent increase in 
adsorption due to overcrowding of adsorbent particles on overlapped 
adsorption sites (Abbas et al., 2013). The amount of initial ions adsorbed 
increased with increase in initial metal ion concentration. This is expected 
because at higher initial concentration more efficient utilization of active 
sites is expected due to a greater driving force by a higher concentration 
gradient and due to higher availability of ions for sorption. These 
characteristics show that the saturation of the surface depends on the initial 
metal ion concentration, as this determines the amount of metal ions 
adsorbed by the adsorbent in the presence of available active sites (Tuama 
and Mohammed, 2014) 
 

Surface and Contour plots 

   
Fig. 1. Surface and contour plots showing variation of adsorption with interaction 
between adsorbent dosage and metal ion concentration 
 

    
Fig. 2. Surface and contour plots showing variation of adsorption with interaction 
between          pH and concentration                 
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Fig. 3. Surface plot of variation of adsorption with interaction between pH 

and adsorbent dosage 

 

Surface morphology 

The pores present in the native Caloplaca flavescens biomass, as shown in 

Fig. 4 serve as the active sites where adsorption of the Cr6+ occurs. Figure 4 

shows the SEM image of Caloplaca flavescens before adsorption, and Figure 

5 shows the SEM image of Caloplaca flavescens after the adsorption of Cr 

(VI) ions from aqueous solution. 

The surface morphology of the adsorbent before and after adsorption of Cr 

(VI) metal ions was observed using SEM analysis. Significant changes were 

observed to the surface morphology of the adsorbent, discrete aggregates 

were formed and deposited on the surface of the adsorbent following metal 

ion adsorption. The SEM images of Caloplaca flavescens before and after 

metal uptake at 1500 × magnification are shown in Figures 4 and 5. The 

images show a porous surface in Figure 4 which changed to a more compact 

structure after adsorption of Cr (VI) ions, as shown in Figure 5, due to the 

deposits of the aggregates formed which had accumulated on the surface 

of the adsorbent.  
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Fig 4: SEM image of native Caloplaca flavescens 

 

  
Fig 5: SEM image of Cr-loaded Caloplaca flavescens  

 

Conclusion  

The lichen, Caloplaca flavescens has shown a high efficiency in its ability to 

remove chromium from wastewater. Being of plant origin, it falls into the 
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class of biological materials that can be used for biosorption which is 

considered a more effective alternative process for the removal of heavy 

metals, compounds and particles from aqueous solution by biological 

materials.  
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