
 

 https://biointerfaceresearch.com/  3316 

Review 

Volume 12, Issue 3, 2022, 3316 - 3331 

https://doi.org/10.33263/BRIAC123.33163331 

 

Optimization of Cadmium Ions Biosorption Onto 

Trichoderma Fungi 

Leili Mohammadi 1,* , Mehdi Sadeghi Malvajerdi 2, Abbas Rahdar 3 , George Z. Kyzas 4,*  

1 Ph.D. of Environmental Health, Infectious Diseases, and Tropical Medicine Research Center, Resistant Tuberculosis 

Institute, Zahedan University of Medical Sciences, Iran; lailimohamadi@gmail.com (L.M.);  
2 Department of Occupational Health Engineering, Health Promotion Research Center, Zahedan University of Medical 

Sciences, Zahedan, Iran, sadeghi.mehdi94@yahoo.com (M.S.); 
3 Department of Physics, University of Zabol, Zabol 98613-35856, Iran; a.rahdar@uoz.ac.ir (A.R.); 
4 Department of Chemistry, International Hellenic University, Kavala 65404, Greece; kyzas@chem.ihu.gr (G.Z.K.); 
* Correspondence: lailimohamadi@gmail.com (L.M.), kyzas@chem.ihu.gr (G.Z.K.) 

Scopus Author ID 17345938100 (G.Z.K.);  

56035622900 (L.M.) 

Received: 14.06.2021; Revised: 25.07.2021; Accepted: 29.07.2021; Published: 8.08.2021 

Abstract: Cadmium (Cd) is one of the heavy metal ions and environmental pollutants that can harm 

humans and other organisms by eliminating serious toxic effects even at low concentrations. Nowadays, 

the use of this element in various industries has increased its concentration in the environment. 

Therefore, it is necessary to find appropriate and practical ways to remove it from the environment. The 

purpose of this study is to evaluate the efficiency of Trichoderma in the absorption of cadmium ions 

from an aqueous solution by a central composite design (CCD) to optimize the experimental conditions. 

Analysis of variance (ANOVA) was performed to study the importance and effectiveness of the model. 

Design specialist software reviewed four independent variables: pH, mixing rate, contact time, 

temperature, and initial cadmium concentration. A second-order quadratic model was developed to 

predict the reactions. An ANOVA of cadmium decay in solutions by Trichoderma shows an F-value of 

6655.67 for the quadratic model, which indicates that the model is significant. CCD was able to provide 

a statistical model for predicting response with high accuracy and reliability. Under optimal conditions, 

the average cadmium decrease (pH = 6, contact time of 120 minutes, initial concentration of cadmium 

ions of 25° C and 25 mg/L) is approximately 98.8%.    
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1. Introduction 

As a result of rapid industrialization, toxic and metalloids such as cadmium, lead, 

chromium, mercury, arsenic, and copper are released into the environment, causing damage to 

ecosystems and human health. Unlike organic pollutants, heavy metals (HMs) are not 

environmentally degradable and can accumulate in living tissues, especially in the human body, 

causing significant physiological disturbances of damage to the central nervous system and 

blood composition, energy production, and irreversible damage to vital organs. Therefore, the 

presence of HMs in natural or industrial wastewater is one of great concern from both 

environmental- and human health-related points of view [1,2]. 

Cadmium is one of the most dangerous heavy metals. Cadmium and its compounds are 

very toxic, and adverse effects of its presence in the body include diarrhea, severe abdominal 

pain and vomiting, bone fractures, infertility, damage to the central nervous system, damage to 
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the immune system, mental disorders, and trauma possible DNA and cancer [3-5]. Cadmium 

in the human body has the effect of accumulation in the kidneys. The highest consumption of 

cadmium (50%) is in the plating industry and then its consumption in cadmium alloys [6].  

For these reasons, cadmium ions removal from water matrices is of particular 

importance for protecting public health and the environment. 

The following methods are used for wastewater containing HMs: complex, chemical 

oxidation or reduction, solvent extraction, chemical deposition, reverse osmosis, ion exchange, 

purification, membrane processes, evaporation, coagulation, and adsorption [7]. Chemical 

reactions before combustion and oxidation-reduction reduce the efficiency of low 

concentrations of HMs and create a high and stable secondary residue. Ion exchange, 

membrane technology, and active carbon adsorption are also expensive methods. 

In addition, adsorption is the most promising separation and purification method 

because its inherent benefits include high efficiency even at low HM concentrations (hazardous 

materials), easy access, high selection, low labor cost, and minimal production of chemical 

sludge or biological adsorbent recovery ability [8]. Therefore, the design and development of 

biological methods, especially biological absorption to achieve high-efficiency, low-cost 

approaches, has received much attention[9,10]. Biological adsorption is the ability of biomass 

to collect metal ions from wastewater through indirect metabolic activities or physicochemical 

adsorption methods. These include algae, molds, yeasts, bacteria, and fungi [11-13]. The 

uptake of HM ions by the biosorbent is a complex process and depends on the structure of the 

biosorbents, the chemical properties of the solution containing the metal ion, and the 

environmental conditions. Metal absorption is performed by living cells in two stages. In the 

first stage, metal ions are absorbed on the surface of cell walls by interacting with functional 

groups. This step can be done quickly and independently through one of the mechanisms of 

coordination connection, complex ion exchange, and physical absorption. In the second stage, 

metal ions penetrate the cell membrane through active absorption and enter the cell. Therefore, 

the first stage is passive and rapid absorption, but the second stage is active and gradual 

absorption [9,14,15]. Because the cell wall contains various polysaccharides and proteins, it is 

made up of many sites for bonding with metal ions. Due to the difference in cell wall 

composition in living organisms, the type and level of metal ions that make up the bond vary 

[16,17]. Fungi are members of a large group of eukaryotic organisms that are classified as 

heterotrophs, which require organic compounds to obtain the energy and carbon they need to 

grow and reproduce. Among the different species of fungi, Trichoderma is beneficial fungi that 

are found in almost all soils[18]. These fungi are the most common species in cultivation that 

are also used for the biological control of soil pathogens in agricultural sciences[19].  

Therefore, this study investigates the biosorption of cadmium ions from an aqueous 

solution by Trichoderma fungus. For this, the process was modeled and optimized in different 

conditions of pH, contact time (min), mixing speed (rpm), and initial concentration of cadmium 

ions (mg/l). The kinetic, thermodynamic, and recovery studies were conducted as well. 

2. Materials and Methods 

2.1 Preparation of cadmium solution. 

All chemicals used in this study are laboratory materials (Merck Germany). To prepare 

cadmium stock solution (1000 mg/l), CdCl2 (2.5) H2O cadmium chloride salt was dissolved in 
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1000 ml volumetric flask in double-distilled water. Sodium hydroxide (NaOH( and nitric acid 

were used to adjust the pH of the samples. 

2.2 Preparation of Trichoderma fungus. 

A Trichoderma mushroom specimen was obtained from the Iranian Institute of Science 

and Technology Research (IROST) and cultivated in the mycology laboratory of the School of 

Medicine at Zahedan University of Medical Sciences, Iran. The sample was cultured separately 

in sterile Petri dishes containing PDA (potato dextrose agar), the composition was sterilized 

(in 110ᵒC for 10 minutes) to prepare the optimum conditions for fungal growth, and in 24ᵒC, it 

was incubated in an incubator shaker for 3 to 4 days to create visible colonies in agar to allow 

the fungus in the broth medium to grow sufficiently before contact with the cadmium ions [20].  

Figure 1 shows the Trichoderma fungus grown for this study. Experiments were 

performed according to the designed matrix by Expert Design Software (version 7) which in 

the influence of growth parameters including pH, temperature (°C), contact time (min), and 

mixing speed (rpm) on optimum growth of fungi was investigated. After determining the 

optimum conditions for achieving optimum growth, a specific concentration of cadmium ions 

was added to the pots for the purpose of each step.  

 
Figure 1. Trichoderma fungus grown for cadmium biosorption. 

2.3. Analysis and dependent variables. 

Specific concentrations of Cd(II) were added to the fungi cultured in the liquid medium 

near the flame, and then the CCD framework (Table 1) and the variable framework adjusted 

their own values according to the fungi and cadmium ions. Sample ions are re-incubated in 

flakes and shakers. In this study, the effects of solvent pH, initial concentrations of Cd(II), 

mixing rate, contact time, and temperature were investigated to obtain optimal temperature 

conditions as the main influencing parameters on the absorption process. Table 1 shows the 

range of parameters studied. After each experiment, the solution was immediately quantified 

for the ratio of cadmium ions by using an atomic absorption spectrophotometer. The results 

were converted to concentration values using the calibration curve and linear equation. The 

removal efficiency of Cd(II) and the adsorption capacity of adsorption were calculated by the 

following equations: 

qe =
(C0−Ce)V

M
                                                                                                                     (1) 
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where qe is mg of metal ion biosorbed per g of biomass (mg/g); C0 and Ce are the initial and 

equilibrium liquid phase concentration of Cd(II) (mg/L) respectively; V, the volume of the 

solution (L); and M, is the weight of biosorbent (g). 

%R𝐸 =
(C0−Ct)

C0
. 100                                                                                                               (2) 

where E is the percentage of Cd(II) removal by fungal biomass. C0 and Ct represent the initial 

and final concentrations (after adsorption), respectively [21-24]. 

At the end of the experiment, the amount of adsorbent (in grams) was calculated based 

on the weight of the fungus without water. The flask contents were centrifuged to obtain the 

dry weight of the fungi after testing. The isolated fungi were incubated in a glass dryer for 48 

hours at 105° C, and then their weight was measured. All the experiments were conducted in 

triplicates, and the mean value was reported as a result. 

2.4. Response surface methodology. 

Design experiments are a set of tasks that can be performed by optimizing modeling 

and response variables through statistical methods to increase production efficiency. In typical 

experimental design methods, only one factor was considered a variable, and the other factors 

were at a constant level called one variable at a time. In this method, the interactions between 

the variables were not studied, and the full effect of the factors on the process was not observed. 

In addition, many tests are needed to conduct research that increases time and cost and increases 

the use of factors and materials. Reaction Surface Methodology (RSM) is a set of statistical 

methods and applied mathematics to build empirical models. Such schemes aim to optimize 

the response (output variable) that is influenced by several independent variables (input 

variables). An experiment is a series of tests called execution. In each experiment, changes are 

made to the input variable to determine the reasons for the change in the response variable. In 

the design of the reaction process, creating a reaction process model is a repetitive process. 

Once the attendance model is obtained, it is tested by an answer-satisfactory fit, and if the 

answer is not accepted, the process assessment is resumed and further tested.  

In the present study, four factors at five levels were used to optimize the process of 

biosorption by Trichoderma for Cd(II) removal (reaction, %). Accordingly, a total of 30 

experimental runs (including 8 axial points, 16 realistic points, and 6 replicates at the central 

points) were defined to optimize the governing behavior and the variables studied in the 

process. It should be noted. Factors and their limitations were selected from the initial study. 

All experiments were calculated using Eq. (3): 

N=2n+2n+ nc =24+2.4+6=30         (3) 

where N is the total number of expriments, n is the number of factors and nc is the number of 

replications at the center point [25].  

Table 1. The ranges of experimental parameters. 
Independent variables Coded symbol Levels of variables 

pH X1 2-8 

Mixing rate (rpm) X2 150-350 

Contact time (min) X3 30-270 

Cd(II) concentration (mg.l-1) X4 25-200 
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For statistical calculation, the four independent variables are named X1, X2, X3, and X4, 

respectively. Based on the initial tests, the range and levels used in the tests selected are listed 

in Table 1.  

The main and interaction effects between the selected variables were identified. The 

CCD-designed matrix experiments are presented in Table 2. For RSM, the most common 

second-order polynomial equation that fits the experimental data and determines the conditions 

of the corresponding model is described as follows: 

 

(4) 

where Y indicates the predicted response (Cd(II) uptake on Trichoderma). β0 and βi are constant 

and linear coefficients, βii and βij are secondary coefficients and interaction coefficients. And 

Xi and Xj are the encoded values of the independent agents of the process, respectively [26,27]. 

This equation shows the relationship between the independent variables in the encoded values 

and the predicted response based on Tables 1 and 2. In addition, ANOVA was used to evaluate 

the secondary regression model and to evaluate the model conditions performed by p-Value 

with 95% confidence interval. The coefficient parameters were analyzed using response-level 

regression analysis using Design-Expert software (version 7), which automatically calculates 

the above values based on the experimental data provided. The response models were also 

presented as 3D surface shapes to determine the relationships between the variables and the 

removal efficiency. Table 2 presents the removal efficiency (Cd(II) adsorption). 

Table 2. Experimental range and level of independent variables for Cd(II) biosorption. 

Run A B C D 
Experimental efficiency 

removal, % 

Predicted  efficiency 

removal, % 

1 2 150 240 200 68.41 68.98 

2 8 150.00 240 200 76.31 76.76 

3 5 300.00 135 20 90.92 91.37 

4 8 450.00 240 200 78.70 79.07 

5 5 300.00 135 110 88.35 88.76 

6 5 300.00 135 200 81.50 81.80 

7 8 150 30 20 79.50 79.97 

8 2 150 30 200 62.20 62.56 

9 5 300 135 110 88.60 88.76 

10 2 300 135 110 77.60 78.01 

11 8 150 240 20 85.800 86.22 

12 2 450 240 20 79.90 80.49 

13 8 300 135 110 85.60 85.90 

14 8 450 240 20 88.05 88.48 

15 5 300 135 110 88.30 88.76 

16 5 300 30 110 82.07 82.58 

17 2 150 30 20 71.80 72.28 

18 2 150 240 20 78.30 78.53 

19 8 150 30 200 70.01 70.34 

20 5 300 135 110 88.35 88.77 

21 5 300 135 110 88.6 88.76 

22 5 450 135 110 88.52 88.93 

23 5 300 240 110 88.57 88.78 

24 2 450 30 20 74.25 74.50 

25 2 450 240 200 70.68 71.00 

26 8 450 30 20 82.25 82.50 

27 5 150 135 110 86.35 86.60 

28 8 450 30 200 72.43 72.94 

29 5 300 135 110 88.35 88.76 

30 2 450 30 200 64.43 64.85 

A = pH; B = Mixing Speed; C = Time; D = Initial concentration of Cd(II) 

k k k 1 k
2

0 i i ii i ij i j

i 1 i 1 i j i j 1

Y X X X X
−

= = = = +

=  +  +  +    
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3. Results and Discussion 

The morphological changes before and after the Cd(II) accumulation in the 

Trichoderma fungal isolates were further analyzed by scanning electron microscopy (SEM), 

and the results are presented in Figures 2 and 3. 

 

 

 

 

 

 

Figure 2. SEM images Trichoderma fungi before contact with Cd(II). 

 

 

Figure 3. SEM images Trichoderma fungi after Cd(II) biosorption. 
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The effect of different parameters on Trichoderma fungi growth, time, pH, mixing rate, 

and temperature was measured before running the experiments. 

 
(a) 

 
(b) 

 
(c) 
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(d) 

Figure 3. Effect of various parameters on fungal growth Trichoderma, (a) time; (b) pH; (c) mixing speed; (d) 

temperature. 

3.2 Model fitting and statistical analysis. 

The optimal conditions for Cd(II) degradation in biological Trichoderma biosorption 

were determined using CCD under RSM. The model developed for the experience of process 

behavior in the form of code behavior is as follows: 

Y = +88.45 +3.94 A +1.14 B +3.10 C -4.78 D +0.075 A B – 3.125E- 004 A C + 0.022 

AD – 0.072 B C +0.012 BD + 0.043 CD -6.86 A2 -1.02 B2 -3.13 C2 -2.23 D2 

The quality of the model is expressed according to the coefficient of decision R2. The 

significance of the studied parameters (main effects or interactions) was estimated using 

ANOVA, which is shown in Table 3. ANOVA can be used as a statistical method to test 

hypotheses for observation and model parameters [28]. 

As can be seen in Table 3, the removal of Cd(II)  with Trichoderma fungi showed an 

F-value of 6655.67 for the quadratic model, indicating that this model is significant. 

Furthermore, the AA "prob> F" less than 0.0001 for the second-order polynomial alignment 

indicates that the model is statistically significant, and with a 95% probability degree, the 

model's condition is important for this study. A value of "probe> F" less than 0.05 indicates 

that the model's condition is significant. In fact, large F-values and small P-values represent 

significant effects of their coefficients [29,30]. The results of this study showed that regression 

for Cd(II)  degradation was statistically significant because F-values were high, while P values 

were lower than 0.05. 

The ANOVA table obtained from the response surface quadratic model of efficiency 

removal response level in Cd(II) degradation shows that all parameters, including pH, Mixing 

Speed, time, and initial concentration of Cd(II), are very significant, while the interactions of 

pH×Mixing Speed, Mixing Speed×time, Mixing Speed×sum Sorting and Time× Summing are 

significant.  

However, pH× time and Mixing Speed×time are not significant. On the other hand, 

ANOVA results indicated that pH×time and Mixing Speed×time had the least effect on Cd(II) 

degradation (%), while other linear and interactive factors were significant. Lack of fit (LOF) 

compares the experimental error of the replicate measurements. If the p-value of LOF is greater 

0

0.1

0.2

0.3

0.4

0.5

0.6

0 10 20 30 40 50

F
u

n
g
u

s 
w

ei
g
h

t,
 g

/1
0

0
m

l

Temprature, ᵒC

https://doi.org/10.33263/BRIAC123.33163331
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC123.33163331  

https://biointerfaceresearch.com/ 3324 

than 0.05, this model is not statistically significant. As shown in Table 3, a "lack of appropriate 

F-value" of 1.36 indicates no fit for the pure error of 38.64%. It is likely that a "lack of 

proportional F value" may be due to noise. Not being noticeable is appropriate. Residual error 

measures the amount of change in response data that the model cannot explain. 

The maximum value of R2 close to 1 is interesting and guarantees the correct fit of the 

quadratic model to the experimental data. Proper agreement with R2 transplantation is also 

required [31]. Several predicted correlation coefficient (model) values (R2 = 0.9998) are 

reasonable with adjusted correlation coefficient values (R2 = 9997). "Adec Precision" measures 

the signal-to-noise ratio. A ratio greater than 4 is desirable [32]. For the present study, the 

signal-to-noise ratio of 283.682 was shown to be an adequate signal. As a result, the quadratic 

model can be used to pass through the design space to optimize the operational parameters. 

Deleting Cd(II)  with Trichoderma fungi (Table 2) showed a good correlation between 

experimental and predicted values, with comparable coefficients between actual and predicted 

Y values. (R-Square 0.9991). Furthermore, Figure 4 shows a good agreement between the 

actual (experimental) and the predicted values. 

Table 3. ANOVA for response surface quadratic model for COP degradation of cadmium ions. 

Source Sum of Squares df Mean Square F Value Prob> F, (p-value)  

Model 1925.55 14 137.54 6655.67 < 0.0001 significant 

A 280.02 1 280.02 13550.23 < 0.0001  

B 23.39 1 23.39 1132.00 < 0.0001  

C 172.64 1 172.64 8354.16 < 0.0001  

D 411.77 1 411.77 19926.08 < 0.0001  

Residual 0.31 15 0.021    

Lack of Fit 0.23 10 0.023 1.36 0.3864 not significant 

Pure Error 0.083 5 0.017    

Cor. Total 1925.86 29     

A = pH; B = Mixing Speed; C = Time; D = Initial concentration of cadmium ions 

 
Figure 4. Actual (experimental) and predicted values of Cd(II) removal efficiency. 

Given the normal probability, student residuals, and residuals from the outer surface 

(Figure 5), the fourth-order model well justifies the ANOVA.  
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Figure 5. Normal probability, studentized residuals, and outlier-t residual plot. 

The residual plots indicated a normal distribution, lending support to the conclusion 

that pH, mixing speed, time, and initial concentration of Cd(II) are highly significant terms, 

whereas pH×time, mixing speed×time, mixing speed×concentration, and time×concentration 

are not significant terms. In addition, the plot (Figure 6) shows the student residuals against the 

predicted probability values of uniformly distributed data on both sides of the line, indicating 

the suitability of the model for the present study. Therefore, regression models can be used to 

predict the removal of Cd(II) under initial experimental conditions. 

 
Figure 6. The student residuals against the predicted probability values. 

3.3. Interaction of Various factors. 

A three-dimensional reaction surface plot was used to determine the interactions 

between the four parameters to optimize Cd(II) biosorption with Trichoderma fungi. The 

results are shown in Figure 7a-f. 
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Figure 7. Three-dimensional surface plots for interactions: (a) pH and Mixing Speed; (b) pH and time; (c) pH 

and Cd(II) concentration; (d) Mixing Speed and time; (e) Cd(II) concentration and Mixing Speed; (f) Cd(II) and 

time. 

Effect of solution pH. Solution pH is an important parameter that affects the absorption 

of metal ions by biosorbents, which can change the adsorption and efficiency processes by 

acting on the chemistry wall of biosorbents and metal ions[33,34]. Figure 7a-c shows the effect 

of solvent pH on the removal of cadmium ions and the absorption capacity of biosorbents. As 

it grows, the highest Cd(II) removal rate by biosorbents (87%) is obtained at pH = 6, which is 

selected as the optimal pH. And others said. The biosorption process for metal ions was carried 

out by the filamentous fungus Phanerochet chrysosporium, with the highest removal observed 

at pH = 6 [35]. At pH 3, the lowest elimination level (77.85%) was observed, which contributes 

to acidic pH values for protons of functional groups of fungi. Therefore, the total charge of the 

fungal surface is positively correlated with acidic pH values, and the repulsive force between 

the positive fungal surface and the metal ion prevented ion absorption on the fungal surface. 

On the other hand, environmental protons at acidic pH compete with metal ions for absorption 

on the surface of biosorbents and reduce absorption. As the pH rises, the total charge of the cell 

wall and the surface of the fungus will be negative, and anionic sites are formed on its surface. 

The ability to form complexes with cadmium ions results in higher removal efficiency. The 

low absorption capacity at pH> 6 can be attributed to the formation of hydroxide precipitates 
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or complex hydroxide complexes, which interfere with the absorption of metal ions in 

absorbance. The findings of Bazrafshan et al. also confirm this fact [36]. 

Effect of mixing speed. Provision of adequate contact of the adsorption surface with 

proper mixing in the liquid medium increases the absorption of the pollutants, improves the 

absorption process, and reduces the equilibrium time. The present study investigated the effect 

of mixing speed on cadmium ions biosorption at 150–350 rpm. As shown in Figures 7a, d, e, 

the Cd(II) removal efficiency increased from 81% to 89%, respectively, by increasing the 

mixing speed from 150 to 250 rpm, and then the removal efficiency increased the mixing speed 

efficiency almost constant or reduced it slightly. This may be due to breaking the bond between 

the metal ions and the adsorbent surface at high velocity or the occupation of active sites on 

the adsorbent. These results are consistent with the results of a study by Olabemiwo et al. On 

the evaluation of the organic regeneration of Cd(II) [37]. 

Effect of contact time. Contact time is one of the parameters that affect the absorption 

capacity of metal ions on biosorbents and determines the kinetics and time tested [38]. The 

effects of contact time on the Cd(II) biologist were evaluated at 30–240 min contact times. 

Figures 7b, d, f show the effect of contact time on Cd's biosorption capacity and absorption 

efficiency (II). With respect to Figure 7, we can see that the adsorption capacity and adsorption 

capacity increase at the beginning of the experiment with a constant slope so that the adhesion 

efficiency and capacities increase from 77.9% to 88.9% during contact 30 to 120 minutes, 

respectively. Later, it was almost constant. Abedini et al. were observed the highest 

concentration of Cd(II) by Moringa oleifera speed powder after 180 minutes of testing [39]. 

Therefore, the contact time of 120 minutes in this study can be considered the equilibrium time 

of the adsorption process, which can be considered optimal contact time to continue the 

experiment. The reason for the high absorption rate on Cd(II) at the beginning of the process 

is the active sites in the biosorbents and the high concentration of metal ions at such times. The 

absorption rate decreases over time as metal ions occupy active areas and reduce the 

concentration of ions. 

Effect of initial Cd(II) concentration. The initial concentration of pollutants is always an 

important parameter in the efficiency of the absorption process. Increasing the rate of chemical 

reaction at ambient temperature and the initial concentration of the contaminant as the driving 

force will affect the rate of mass transfer on the adsorbent surface of the adsorbent. Figures 7c, 

7e, 7f show the effect of the initial concentration of Cd(II) on the adsorption capacity at 

different temperatures. As can be seen from the figure, in this study, the highest absorption 

occurred at lower concentrations of Cd(II), and the efficiency of the adsorption process 

decreased with the concentrations of contaminant. This result is similar to the study of 

Sharififard et al. [40].  

Because of the limited number of active sites in the absorption, the high absorption rate 

at low concentrations can be attributed to many active sites in relation to the major ions in the 

medium. The efficiency of the adsorption process decreases when the concentrations of 

contaminants are increased due to the decrease in surface area and the vacancy of the active 

sites. Analysis of the effect of temperature on the adsorption process shows that increasing the 

temperature from 20 to 25 °C increases the removal efficiency. Due to Cd(II) diffusion 

coefficient, their affinity for the complex formation and synthesis of fungal surfaces has 

increased. Therefore, in the present study, the highest (90.93%) adsorption of Cd(II) at 25° C 

and 25 mg/L concentration were rationed, and the lowest (62.26%) ratio at 20 °C and 200 mg/L 

concentration. Due to the lower mass transfer rate and diffusion coefficient, the extraction 
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efficiency decreases at low temperatures. The removal efficiency decreased slightly from 25 

°C. This may be due to the high temperature not being suitable for fungal growth and changes 

in surface-active sites [36,41,42]. Figure 8 shows the effect of the initial concentration of Cd(II) 

on biosorption by Trichoderma fungus at different temperatures, too. 

 
Figure 8. Effect of initial concentration of Cd(II) on biosorption by Trichoderma fungus at different 

temperatures (pH=6, mixing speed=250 rpm, contact time = 120 min). 

Figure 9 shows the optimal of the experimental run and the transfer of these results to 

the software to predict the optimization of the experimental run and the best test conditions 

with the highest efficiency. Accordingly, the actual values of the parameters A and B are 

obtained by reducing the contact time and applying different densities of Cd(II) in the 91.25 

efficiency experiments. The maximum bending coefficient (equal to 1) is obtained in this study, 

as shown in Figure 9b. 
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(b) 

Figure 9. (a) Optimal conditions using response surface methodology for the removal of Cd(II) by Trichoderma 

fungus as a biosorbent. (b) The coefficients under the optimal load conditions of each variable. 

4. Conclusions and Perspectives 

Trichoderma fungi are used to remove pollutants from the environment and are capable 

of growing in most environments. Experimental results showed that Trichoderma has a high 

absorption ability to remove Cd(II) from the aqueous solution as an adsorbent. After examining 

the effect of the variables related to the adsorption process, it was found that the maximum rate 

of adsorption of cadmium ions (90.93%) occurs after the contact time of 120 min under pH = 

6 and temperature 25°C. The efficiency decreases with increasing mixing speed and the 

concentration of cadmium ions.  
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