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Abstract: The application of the biosorption process and agricultural waste to treat heavy metals has 

drawn much attention. This method seems to be a more economical, environmentally friendly, and 

simple way for removing heavy metals from effluents. The study was conducted to explore the 

efficiency of the biosorption process utilizing spent mushroom compost to remove copper (II) and iron 

(II) from synthetic wastewater. Biosorption studies at different operating parameters, such as biosorbent 

dosage (1.0 – 5.0 g), pH (pH 4 – 8), contact time (1 - 30 minutes), and initial heavy metal concentration 

(10 - 100 mg/L), were conducted in batch experiments. The highest performance for copper (II) and 

iron (II) biosorption was found at 5.0 g biosorbent dosage of spent mushroom compost, unadjusted pH 

6, 10 minutes of contact time, and 10 mg/L of initial concentration. The study was well fitted to the 

Langmuir isotherm model (R2 > 0.95) for copper (II) and iron (II) biosorption, which are much greater 

compared to the Freundlich model. The study is also very well suited to the pseudo-second-order (R2 > 

0.999) than the pseudo-first-order kinetic models. In conclusion, the spent mushroom compost has the 

potential to be an effective biosorbent for removing copper (II) and iron (II) from synthetic wastewater.  
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1. Introduction 

Heavy metals are persistent contaminants in the ecosystem because they cannot be 

eliminated. Most heavy metals are known to be toxic and carcinogenic. Heavy metals can be 

released by natural processes as well as anthropogenic activities into the environment. Heavy 

metals are natural elements in the earth's crust and are mostly found in soils, rocks, sediments, 

and waters with natural background concentrations [1]. Acidification, erosion, and weathering 

phenomena are natural processes that bring heavy metals into the environment [2–4]. For 

example, heavy rainfall or surface water runoff can leach heavy metals from geological 

formations. Meanwhile, anthropogenic activities such as agricultural activities, domestic 

waste, industrial processes, landfills, sewage discharge, mining, and emissions from vehicles 

also contribute to the existence of heavy metals in the environment [5–8]. The presence of 

anthropogenic heavy metals far outweighs in terms of quantity and concentrations compared 
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to the natural processes [1]. Amongst the above-listed anthropogenic activities, the industrial 

processes constitute the major contributor to heavy metals pollution due to inefficient treatment 

and poor management. 

In many countries, laws about water pollution control have been introduced. The 

efficient method of treating heavy metals from industrial effluent discharge has now become a 

crucial concern. There are various methods of industrial wastewater treatment which are based 

on various criteria. Chemical precipitation, membrane filtration, electrochemical, reduction, 

oxidation, flotation, and ion exchange are examples of heavy metals treatment methods [9]. 

Unfortunately, the existing heavy metals treatment methods have several limitations, including 

high operation and maintenance costs, complicated processes, high chemical consumption, and 

treatment that produces a high quantity of toxic sludge [10–12]. In addition, some of these 

conventional treatment operations are not economic and ineffective, particularly at low heavy 

metal concentrations of less than 100 mg/L [13,14]. As a solution, other treatments such as 

biosorption have been used and focused on due to certain aspects such as simple operation, 

economical, efficiency, and environmentally friendly. 

Biosorption is the alternative process for treating heavy metals. It is an independent 

method of the physio-chemical passive metabolite by deploying biosorbent from non-living 

biological materials. Biosorption is a suggested heavy metal treatment process because it is an 

environmentally friendly, economical, efficient, and simple technique [15]. Furthermore, this 

process is considered low-cost in operation and relatively more effective in treating heavy 

metals from dilute solutions or low concentrations of heavy metals [16]. According to [13], 

because of its ability to efficiently sequester dissolved heavy metals from dilute solutions, the 

biosorption process is an appropriate treatment for industrial wastewater comprising large 

amounts and low concentrations of heavy metals. The biosorption process can easily renew 

biosorbents for many reuses, producing no hazardous sludge [15]. In addition, recovering 

heavy metals from biosorbents can be carried out by applying several physical and chemical 

processes without damaging the structure of biosorbents [17].  

However, the key issue of the biosorption process is identifying the most feasible 

biosorbent from a vast array of easily available and low-cost biosorbents. A wide range of 

naturally available materials can be selected as biosorbent to bind and eliminate pollutants from 

industrial wastewater. Biosorbents can be made from any type of biomass, including plants, 

animals, and microorganisms, and waste from agriculture, factories, and by-products from 

various industries. An ideal biosorbent must have several characteristics, including easy 

availability in large quantities, low economic value, a high heavy metal affinity, and the 

biosorbent can be reused many times [5,12,18]. Spent mushroom compost is a type of residual 

material produced by mushroom production farms after the harvesting period of mushrooms. It 

is a mixture of mushroom mycelium, rubber tree sawdust, rice husk, and calcium carbonate. 

Mushroom farms dump approximately 24 tonnes of spent mushroom compost every month on 

average [19]. For mushroom farmers, disposing of unused mushroom compost is a major issue. 

Thus, spending mushroom compost as a biosorbent appears to be a sustainable solution to 

treating heavy metals from industrial waste and simultaneously solving the waste issue in 

mushroom farms. 

The study intends to explore the effectiveness of agricultural by-products, namely spent 

mushroom compost, in treating copper (II) and iron (II). The explicit aims of the present study 

are as follows: 1) to examine and optimize the biosorption efficiency at varying factors such as 

biosorbent dosage, pH, contact time, and initial heavy metal concentration, 2) to evaluate the 
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isotherm and kinetic studies for biosorption of copper (II) and iron (II) using spent mushroom 

compost.  

2. Materials and Methods 

2.1. Biosorbent material preparation. 

 About 3 kg of spent mushroom compost material was supplied by Amirul Mushrooms 

Farming Sdn. Bhd. in Kangar, Perlis. The biosorbent material was autoclaved at a temperature 

of 121°C, under the pressure of 18 psi for 15 minutes. Then, the biosorbent material was placed 

in an oven at a temperature of 60°C for 48 hours to reduce the moisture content [20]. The 

material was then crushed and sieved using a sieve tray to get a particle size less than 1.18 mm. 

Next, the biosorbent material was washed using distilled water to eliminate undesirable 

elements. Lastly, after drying in a 60°C oven, the biosorbent material was stored in the drying 

cabinet [20]. 

2.2. Preparation of stock solution. 

Analytical grade copper (II) sulfate pentahydrate (CuSO4.5H2O) and iron (II) sulfate 

heptahydrate (FeSO4.7H2O) were used and prepared for heavy metals stock solution. 

2.3. Biosorption experimental procedures. 

The studies were carried out under batch experiments and were performed by filling 

conical flasks with a known quantity of biosorbent material, followed by the addition of 50 mL 

of heavy metal solution. The conical flasks were then placed on the orbital shaker for a 

predetermined contact period and operated at a speed of 125 rpm. After completion of the 

treatment, the biosorbent was filtered using a filter paper size of 125 mm [21]. Then, the filtrate 

was analyzed using an Atomic Absorption Spectrometer (AAS). The optimum biosorption 

conditions were determined at varying parameters, such as biosorbent dosage, pH, contact time, 

and initial heavy metal concentration. Table 1 summarises the operating conditions for copper 

(II) and iron (II) biosorption employed in this study. The batch biosorption experiments for 

each heavy metal were conducted separately. 

Table 1. Summary of operating conditions for copper (II) and iron (II) biosorption. 

Parameter 
Operational conditions 

Biosorbent dosage (g) pH Contact time (min) Initial Concentration (mg/L) 

Biosorbent dosage 1 - 5 5 10 50 

pH 5 4 - 8 10 50 

Contact time 5 6 1 - 30 50 

Initial concentration 5 6 10 10 - 100 

3. Results and Discussion 

The effects of parameters such as biosorbent dosage, pH, contact time, and initial heavy 

metal concentration on the removal of copper (II) and iron (II) were investigated.  

3.1. Biosorbent dosage. 

Figure 1 presents the effects of increasing biosorbent dosage on copper (II) and iron (II) 

biosorption. The graph indicated that copper (II) and iron (II) biosorption gradually increased 

from 19.47% to 59.62% and 20.58% to 58.30%, respectively. The percentage removal was 
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increased as the amount of biosorbent was raised from 1.0 to 5.0 g. The optimum biosorbent 

dosage for copper (II) and iron (II) biosorption was observed at 5.0 g each. The maximum 

uptake capacities of copper (II) and iron (II) were observed at 0.31 mg/g and 0.36 mg/g, 

respectively. When the amount of biosorbent dosage was increased, so did the copper (II) and 

iron (II) biosorption, which might be attributed to an increase in the availability of binding sites 

on the biosorbent's surface [22–23]. According to [24], increasing the amount of biosorbent 

dosage will increase the availability of pores, surface area, active binding sites, and unsaturated 

sites, which all could contribute to increased biosorption effectiveness. Besides, studies on 

agricultural waste biosorbents such as abandoned mushroom compost [25], Cucumis melo rind 

[26], pomegranate peel [27], Tilapia Mossambica fish scale [28], and fruit peels [29] were 

found to have similar phenomena to this study's. 

 
Figure 1. Copper(II) and iron(II) biosorption versus biosorbent dosage. 

3.2. pH. 

The highly crucial factor regulating heavy metal biosorption is pH. Contrasts in pH 

straightforwardly influence the serious capacity of hydrogen ions with heavy metal ions at the 

dynamic binding sites on the biosorbent surface [30]. The influence of pH on copper (II) and 

iron (II) biosorption was studied in the pH range of 4 to 8. Figure 2 presents the copper (II) and 

iron (II) biosorption results with varying pH values. The performance of copper (II) and iron 

(II) biosorption improved as the pH value raised from pH 4 to 5. The highest biosorption 

efficiencies for both heavy metals were found at pH 6, 42.21%, and 62.19% for copper (II) and 

iron (II), respectively. Then, the highest uptake capacity for copper (II) was observed at 0.70 

mg/g, while for iron (II), it was at 0.62 mg/g. At pH 7 to 8, the uptake capacity for both heavy 

metals decreased. The low uptake capacity at low pH could be because the biosorbent surface 

is protonated and acts as a positive charge [21]. Therefore, the charge repulsion formed and 

decreased biosorption uptake of copper (II) and iron (II) [27,31]. Meanwhile, when pH is 

raised, the binding sites on the biosorbent’s surface deprotonate, and the charge attraction is 

reinforced [11,21]. Consequently, copper (II) and iron (II) biosorption uptake increased 

significantly. Similar trends were observed by employed coconut waste [31], pine fruit [32], 

banana trunks [33], white lupine husk [34], living biofilms [35], and eggshells [36] to treat 

copper (II) and/or iron (II). 
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Figure 2. Copper (II) and iron (II) biosorption versus pH. 

3.3. Contact time. 

The efficiency of copper (II) and iron (II) biosorption using spent mushroom compost 

at varying contact times are presented in Figure 3. Copper (II) and iron (II) biosorption were 

initially rapid, and then equilibrium was reached, as shown in Figure 3. Heavy metals removal 

increased as contact time increased. The equilibrium phase for copper (II) and iron (II) 

biosorption were 55.51% and 43.38%, respectively, achieved after 10 minutes of contact time. 

The uptake capacity for copper (II) and iron (II) biosorption was 0.28 mg/g and 0.26 mg/g, 

respectively. This proved that heavy metal ions easily occupy the active binding sites on the 

biosorbent’s surface. Furthermore, during the initial phase, this led to a significant rise in heavy 

metal biosorption [37]. The performance of heavy metals biosorption was improved rapidly in 

the initial phase due to the availability of greater surface area on the biosorbent for heavy metal 

biosorption [38–40]. Similar trends of contact time using Agaricus bisporus mushroom [41], 

rice husk ash [30], chemically modified rise husk [42], and green algae [43] indicate that heavy 

metal sorption was very efficient in the first few minutes of the process. Then the percentage 

of heavy metals biosorption reaches the equilibrium phase. 

 
Figure 3. Copper (II) and iron (II) biosorption versus contact time. 

3.4. Initial heavy metals concentration. 

Figure 4 depicts the influence of different concentrations on copper (II) and iron (II) 

biosorption. The copper (II) and iron (II) biosorption gradually decreased from 55.22% to 

23.48% and 61.71% to 29.10%, respectively, when the initial concentration of both heavy 

metals was increased between 10 to 100 mg/L. The highest uptake capacities of copper (II) and 

iron (II) were obtained at 0.26 mg/g and 0.33 mg/g, respectively. The decrease in biosorption 

4 5 6 7 8

pH

50

55

60

65

70

75

80

85

P
er

ce
n

ta
g
e 

re
m

o
v
al

 (
%

)

Cu(II)

Fe(II)

0 5 10 15 20 25 30

Time (min)

10

20

30

40

50

60

P
e
r
c
e
n
t
a
g
e
 
r
e
m
o
v
a
l
 
(
%
)

Cu(II)

Fe(II)

https://doi.org/10.33263/BRIAC126.77757786
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC126.77757786  

 https://biointerfaceresearch.com/ 7780 

efficiency was probably due to the saturation of the binding sites on the surface of the 

biosorbent with more heavy metal ions in the solution [10]. After all, the percentage removal 

of heavy metals was observed with higher biosorption levels at lower heavy metal 

concentrations [41]. This occurs because at a lower initial heavy metals concentration, the ratio 

of the initial moles of heavy metals to the available binding sites is low, and thus, adequate 

binding sites are available to accommodate all the heavy metals ions [44,45]. 

On the other hand, the biosorption uptake capacity enhanced with increasing initial 

heavy metals concentration due to the high concentration gradient between the heavy metals 

on the biosorbent and the heavy metals in the solution. A large concentration gradient is a 

driving force in overcoming the resistance of pollutant mass transfer between the aqueous and 

solid phases. This result will lead to an increase in heavy metals uptake [46]. Similar findings 

have been observed in other studies, such as pomegranate peel [27], Pleurotus spent mushroom 

compost [47], pine cone powder [48], and pumpkin stem [49] as biosorbents. The results 

indicated that these biosorbents have great potential as an optional treatment for removing 

heavy metals from effluents. 

 

Figure 4. Copper (II) and iron (II) biosorption versus initial concentration. 

3.5. Evaluation of existing mathematical models. 

The copper (II) and iron (II) biosorption experimental data were also assessed using 

isotherm models (Langmuir and Freundlich isotherms) and kinetic models (pseudo-first-order 

and pseudo-second-order kinetics). 

3.5.1. Isotherm models. 

Regression analysis using the linearized equation of Langmuir and the Freundlich 

isotherm models for copper (II) and iron (II) was established in Figure 5 and Figure 6, 

respectively. The linearisation of the Langmuir model helps estimate constant parameters such 

as maximum sorption capacity, qe, and the Langmuir constant, b, whereas the Freundlich model 

provides information about n and Kf values, which represent binding energy and bond strength, 

respectively [50]. Table 2 summarises the constant parameters of the Langmuir and Freundlich 

models. The findings indicated the experimental data were well fitted to the Langmuir 
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biosorption isotherms model for copper (II) and iron (II) biosorption since the coefficient of 

determination, R2 values were higher than the Freundlich model. These results suggest that the 

copper (II) and iron (II) biosorption on the surface of spent mushroom compost occurred in 

monolayer biosorption [51,52]. It has been widely known that the Langmuir biosorption 

isotherm assumes that biosorption occurs at specific sites within the surface of biosorbent [53]. 

Therefore, there is no further binding process at active sites once they are occupied. The finding 

is consistent with other biosorbents such as red mud [54] for copper (II) removal and durian 

leaves for iron (II) removal [55], which also fitted the Langmuir model. 

 
Figure 5. Evaluation of copper (II) and iron (II) biosorption using the Langmuir model. 

 
Figure 6. Evaluation of copper (II) and iron (II) biosorption using the Freundlich model. 

Table 2. Isotherm constant parameters for copper (II) and iron (II) biosorption. 

Heavy metal 
Langmuir parameters Freundlich parameters 

q (mg/g) b (L/mg) R2 KF n R2 

Copper (II) 0.34 0.04 0.9452 0.22 1.91 0.9306 

Iron (II) 0.43 0.04 0.9756 0.25 1.99 0.9541 

3.5.2. Kinetic models. 

Regression analysis of the linearized equations of pseudo-first-order and pseudo-

second-order kinetic models for copper (II) and iron (II) biosorption are shown in Figure 7 and 

Figure 8, respectively. Table 3 summarizes the calculated constant parameters of the pseudo-

first-order and pseudo-second-order kinetic models. The findings indicated that the copper (II) 

and iron (II) biosorption excellent fitted the pseudo-second-order as high coefficient of 
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determination values were achieved compared to the pseudo-first-order kinetic model. This 

model suggests that the limiting factor for the biosorption process is chemisorption, which 

involves valence force through the sharing of electrons [11,56]. This assumes that multiple 

simultaneous mechanisms exist during copper (II) and iron (II) biosorption [21]. The finding 

is consistent with other studies, such as [30,57,58] and [59]. Experimental data were also better 

fitted to the pseudo-second-order kinetic model than the first-order kinetic model. 

 
Figure 7. Evaluation of copper (II) and iron (II) biosorption using the pseudo-first-order kinetic model. 

 
Figure 8. Evaluation of copper (II) and iron (II) biosorption using the pseudo-second-order kinetic model. 

Table 3. Pseudo-first order and pseudo-second-order parameters for copper (II) and iron (II) biosorption. 

Heavy metal 
Pseudo-First Order Pseudo-Second Order 

qe (mg/g) K1 R2 qe (mg/g) K2 R2 

Copper (II) 1.08 0.01 0.7017 0.22 9.00 0.9993 

Iron (II) 1.31 0.02 0.5727 0.32 5.66 0.9998 

4. Conclusions 

 Copper (II) and iron (II) biosorption using spent mushroom compost was investigated 

in batch experiments with varying operating conditions. The experimental investigations 

indicated the copper (II) and iron (II) biosorption are highly influenced by the amount of 

biosorbent, pH, contact time, and initial heavy metal concentration. The best operating 

parameters to achieve higher efficiency for copper (II) and iron (II) biosorption were obtained 

using 5.0 g of biosorbent amount, pH of 6, 10 minutes of contact time, and 10 mg/L of initial 

concentration. The biosorption isotherm and kinetic of spent mushroom compost biosorbent 
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were also determined throughout this study. The coefficient of determination (R2 > 0.95) for 

copper (II) and iron (II) biosorption indicated that the results adapted fit to the Langmuir 

isotherm. This implies that the biosorption mechanism for copper (II) and iron (II) ions into 

spent mushroom compost is accompanied by a monolayer pattern. Next, the copper (II) and 

iron (II) biosorption were remarkably fitted (R2 > 0.999) to a pseudo-second-order kinetic 

model. The spent mushroom compost biosorbent is appropriate for use in the biosorption 

process. Therefore, spent mushroom compost biosorbent has a high chance of reducing solid 

waste management problems related to mushroom cultivation farms. In the future, the impact 

of other variables such as temperature, size of particles, and the existence of other elements or 

organics pollutants may also be studied to enhance the study of biosorption. 
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