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Recent research has explored the potential of rice husk biochar as a low-
cost adsorbent for the removal of contaminants from aqueous solutions, 
including aldrin, mercury (Hg2+), lead (Pb2+), and cadmium (Cd2+). 
Experimentation involved adding varying doses of biochar to wastewater 
with different contamination levels, agitating the mixture for 60 min, and 
filtering the solutions for analysis. The experiment revealed impressive 
removal efficiencies: 100% for aldrin, 99.92% - 99.99% for Hg2+, 95.90% - 
99.52% for Pb2+, and 88.60% - 99.46% for Cd2+. In binary and quaternary 
mixtures, Hg2+ showed higher removal efficiency than Pb2+ and Cd2+, with 
the exception of aldrin. The adsorption order was identified as aldrin > Hg2+ 
> Pb2+ > Cd2+. The Freundlich adsorption isotherm best described heavy 
metals in the mono and quaternary component adsorption, while the 
Langmuir adsorption isotherm was a better fit for the binary component. 
Consequently, the study highlights rice husk biochar as an efficient, 
sustainable, and environmentally friendly option for wastewater treatment. 
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INTRODUCTION 
 

Water pollution is ever increasing and spreading. Such pollution has high mobility, 

which makes it a severe threat to both the environment and public health. The long-standing 

worry of the general public worldwide has been the efficient removal of contaminants from 

water. Toxic metals such as mercury (Hg2+), lead (Pb2+), cadmium (Cd2+), and nickel (Ni) 

are becoming more prevalent as they make their way into water bodies such as groundwater 

aquifers, ponds, and rivers (Izah et al. 2016). These hazardous elements are introduced as 

a result of human activities related to development and modernisation. Toxic metals can 

impair or diminish brain and central nerve function, as well as affect energy levels and 

blood composition in people (Izah et al. 2016). Numerous investigations have revealed that 

herbicides have seriously contaminated surface water (Moschet et al. 2014) and 
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groundwater (Zhang et al. 2015). After entering the body, aldrin rapidly transforms into 

dieldrin and remains in adipose tissue for a considerable amount of time (Agency for toxic 

substances and disease registry (ATSDR 2002). High levels of exposure to aldrin and 

dieldrin have been linked to dysfunction in the immune system, endocrine glands, 

neurological system, and cardiovascular organs, as well as cancer (Kamel and Hoppin 

2014).  

There are several strategies for removing these harmful metals from wastewater. 

Some of these strategies include evaporation, ion-ion exchange, reverse osmosis, 

membrane-based, solvent extraction, destruction by catalytic moist air oxidation, 

photocatalytic oxidation, precipitation, membrane pervaporation, and adsorption (Hussain 

et al. 2018). However, because of high cost and low removal efficiency, these techniques 

on a large scale are not preferred. In order to be widely marketed as an efficient and viable 

treatment process, the process must meet economic and environmental requirements 

(Enaime et al. 2020). The high costs associated with wastewater treatment are often 

unaffordable for most poor African countries (Enaime et al. 2020). Over these techniques, 

biochar application has been gaining more attention (Li et al. 2023).  

Adsorption is becoming more popular as a technology for cleaning water and 

wastewater, but selecting the right adsorbent is crucial. Adsorption is a potential approach 

for the removal of heavy metals from aqueous environments, especially when adsorbents 

are generated from lignocellulosic materials (Al Moharbi et al. 2020). Agricultural wastes 

such as rice husks have a promising potential to be turned into a medium for effective 

removal of toxic materials in the environment. Rice is the world’s second most extensively 

produced crop, and it generates the most garbage (Nakhshiniev et al. 2014). The majority 

of rice growers now dispose of rice husks by piling and open burning, despite the fact that 

they have potential uses as value-added goods. These disposal techniques harm the 

environment and public health in addition to using land resources (Mohammadi et al. 

2016). As a result, it is very desirable to dispose of the rice husk biomass safely. In the 

meantime, after thermochemical processing, rice husk’s high carbon content makes it 

easier for it to be converted into energy-rich biochar (Li et al. 2023). The structure of rice 

husk consists of cellulose, hemicellulose, and lignin. Rice husk biochar is one of the many 

varieties of biochar that is highly desirable, since it is inexpensive and environmentally 

friendly, as it is derived from leftover rice husk (Sadeghi Afjeh et al. 2020). It has excellent 

qualities and a broad range of applications across multiple fields characterise rice husk 

biochar.  

A large amount of waste is produced in the course of agro-industrial production, 

much of which is disposed of incorrectly. Agricultural waste for instance can pose 

significant environmental challenges such as water pollution, soil degradation, and 

greenhouse gas emissions (Adedibu 2023). Rice husk biochar is utilised for the adsorption 

of heavy metals and organic compounds in water because of its excellent stability, 

recyclability, and adsorption capacity (Narzari et al. 2015). According to Ahmad et al. 

(2014) and Sun et al. (2019), there are five main mechanisms for heavy metal adsorption 

on rice husk biochar: physical adsorption between metal ions and rice husk biochar; ion 

exchange between metals ions adsorbed on the rice husk biochar surface (e.g., K+, Na+ and 

Mg2+); complexation of metals ions with functional groups (e.g., carboxyl, hydroxyl) on 

the rice husk biochar surface; electrostatic interaction between metals ions and the rice 

husk biochar surface; and coprecipitation between metals ions on the rice husk biochar 

surface. According to Sanka et al. (2020), rice husk biochar outperforms corncob biochar 

in its ability to adsorb lead, iron, and chromium from industrial effluent. From industrial 
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wastewater, rice husk biochar removed 90% of the lead and 65% of the chromium; in 

contrast, corncob biochar removed just 35% of the lead and 20% of the chromium. 

According to Amen et al. (2020), biochar made from agricultural waste has strong Pb2+ 

and Cd2+ adsorption capabilities. Pb2+ was absorbed by rice husk biochar at a level of 96.4% 

and Cd2+ was adsorbed at 94.7%. Also, Higashikawa et al. (2016) reported that sawdust 

biochar was not as effective as rice husk biochar at removing Cd2+ and Ni2+ from solutions. 

Thus, rice husk biochar may be more suitable than biochar produced from other agricultural 

wastes for adsorbing heavy metals in water. 
Rice husk generation in Ghana is high, and it is one of the main residues amongst 

different agricultural residues that can be used for production of biochar. These leftovers 

can be used once more as biomass to make adsorbents, which are substances that take 

pollutants out of the environment. Following this, rice husk becomes a viable biomass 

option for making adsorbents. These wastes, however, can be used for other purposes that 

benefit mankind and ensures sustainability. In this perspective, the rice sector is 

tremendously significant. The use of cheaper and more readily available materials in 

different recycling processes can reduce overall recycling costs and increase recycling 

efficiency. When compared to other traditional processes, the adsorption process using 

biochar from readily available biomass feedstock from agricultural waste has been deemed 

the most cost-effective and efficient. With the aim of using novel, inexpensive adsorbents 

in the elimination and/or reduction of pesticides in soils and waterways, this study therefore 

examined mono and simultaneous adsorption of aldrin, mercury, lead, and cadmium onto 

biochars produced from rice husk collected from the farmlands in Ghana. 
 

 

EXPERIMENTAL 
 
Rice Husk Collection and Biochar Production 

Rice husks were collected from rice farmers in Tamale Metropolis. The rice husk 

was thoroughly searched, and all foreign materials and biomass were removed. Rice husk 

biochar was produced at 500 ± 5 °C. This was done by placing the rice husk into a 20 cm 

silver bowl, which was put into a muffle furnace with temperature set at a 500 °C and 

pyrolysed under a limited oxygen condition for 60 min. This was repeated several times to 

obtain the desired 800 kg. The prepared biochar was then ground using a laboratory mortar 

and pestle and then sieved using a 2 mm sieve. 

 

Preparation of Stock Solution for Simulated Wastewater 
First, 1.68 g of cadmium chloride, 1.35 g of mercury chloride, and 1.60 g of lead 

nitrate were dissolved in deionised water to create stock solutions for the aqueous phase. 

These solutions had concentrations of 1000 mg/L. To determine the number of compounds 

containing 1 mg of each heavy metal, the molecular weights (g/mole) of CdCl2 (183.32), 

HgCl2 (271.50), and Pb(NO3)2 (331.21) were calculated and divided, respectively. In a 

1000 mL volumetric flask, heavy metal solution mixtures were made. Stock solution of 

organochlorine (aldrin) in 1000 ppm was obtained from Ghana Standard Board laboratory 

and kept in an airtight glass container at cool temperature of 5 degrees Celsius. In order to 

obtain desired concentrations, serial dilutions were done to obtain maximum concentration 

limits of the leaching contaminants. Dilution of aldrin stock was done with the same 

formula. However, acetonitrile solution was used in place of distilled water to dilute aldrin 

to desired concentration. Acetonitrile was chosen as solvent because aldrin is not soluble 
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in water but soluble in acetonitrile. 

 

Batch Adsorption Experiment 
The experiment was carried out in batches of mono, binary, and quaternary 

component systems. The adsorption experiment for aldrin was done by pipetting 1.00 mg/L 

of aldrin from the prepared aldrin solution (1 mL of aldrin was pipetted into a beaker and 

9 mL of acetonitrile was pipetted and added to it) into 1000 mL of deionised water in 1000 

mL volumetric flask. The solution was corked and thoroughly agitated to achieve a uniform 

mixture. A volume of 100 mL of the solution was transferred into a conical flask containing 

accurately weighed rice husk biochar of 1 g (the initial pH of the solution was recorded). 

The same process was repeated for 5 g and 10 g of rice husk biochar dosages (Table 1). 

The mixture was placed on an orbital shaker and adjusted firmly using cotton to avoid 

breakage of conical flask and spillage of the solution. The solution on the orbital shaker 

was agitated for 60 min at 160 rpm. Agitation speed and contact time enhances the 

adsorptive removal rate of contaminants via the mass transfer resistance and improvement 

of adsorbate and adsorbent surface interaction (Duwiejuah 2017). The solution was then 

filtered using a Whatman’s filter paper into a 35 mL sampling bottles.  

 

Table 1. Maximum Contamination Limits of Pollutants at Varied Dosages in 
Aqueous Phase 

Batch Metal Conc. 1 mg/L at 
1 g of dosage 

Conc. 3 mg/L at 5 
g of dosage 

Conc. 5 mg/L at 
10 g of dosage 

Mono Aldrin 
Cd 
Hg 
Pb 

1.00 
1.00 
1.00 
1.00 

3.00 
3.00 
3.00 
3.00 

5.00 
5.00 
5.00 
5.00 

Binary Aldrin: Cd 
Aldrin: Hg 
Aldrin: Pb 

Cd: Hg 
Cd: Pb 
Hg: Pb 

1.00: 1.00 
1.00: 1.00 
1.00: 1.00 
1.00: 1.00 
1.00: 1.00 
1.00: 1.00 

3.00: 3.00 
3.00: 3.00 
3.00: 3.00 
3.00: 3.00 
3.00: 3.00 
3.00: 3.00 

5.00: 5.00 
5.00: 5.00 
5.00: 5.00 
5.00: 5.00 
5.00: 5.00 
5.00: 5.00 

Quaternary Aldrin:Cd:Hg:Pb 1.0: 1.0: 1.00: 1.0 3.0: 3.0: 3.0: 3.0 5.0: 5.0: 5.0: 5.0 

 

Similar experiments, following the afore mentioned procedure, were used for the 

entire experiment (including binary and quaternary batches) which includes the use of iron-

modified and unmodified rice husk biochar, at different dosages and corresponding 

contamination limits. A total of 33 elutes were obtained at the end of the experiment. All 

elutes were well filtered using Whatman’s filter paper, into 35 mL sampling bottles and 

then transported to the Ghana Water Company Limited, Accra for analysis.  The elutes 

were transported in an ice chest to the University of Ghana's Ecological Laboratory for 

analysis. The Perkin Elmer PIN Accle 900T Graphite Atomic Absorption 

Spectrophotometer (AAS) (Waltham, USA) was used to analyze cadmium, mercury, and 

lead. 
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Calculation for Adsorption Capacity Contaminants by Biochar 
The equilibrium concentration of the adsorbent and the uptake of the toxic metal 

(Qe) for each toxic metal at each adsorbent dosage was calculated using Eq. 1. In 

percentage, adsorption capacity was calculated by Eq. 2, 

𝑄𝑒 =
𝐶𝑖−𝐶𝑓

𝑀
× 𝑉        (1) 

𝑄𝑒= 
(𝐶𝑖−𝐶𝑓)𝑉

𝑀
× 100        (2) 

where M is the dosage or amount of adsorbent, Qe is the adsorption capacity, Ci is the initial 

concentration of contaminants, Cf is the final concentration of contaminants after 

adsorption, and V is the volume of the solution. 

 
Adsorption Isotherm Models 
Langmuir model 

The Langmuir isotherm is used to determine and know the maximum removal or 

adsorption capacity as well as the type of interaction between the metals and the adsorbent. 

Below is the Langmuir isotherm formula in the linear form, 

𝐶𝑒

𝑄𝑚
 =

1

𝐾𝐿𝑄𝑚𝑎𝑥
+  

𝐶𝑒

𝑄𝑚𝑎𝑥
                                           (3) 

 

where Qmax (mg/g) is the maximum number of adsorbed molecules on the adsorbent surface 

at any given moment, KL is the Langmuir constant (L/mg), and Ce is the concentration of 

the adsorbate at equilibrium (mg/g) (Kecili et al. 2018). 

The separation factor, RL, is used in this model. This makes it possible to more 

clearly identify the crucial aspects of the Langmuir adsorption isotherm model. 

Additionally, the constant has no dimensions. RL is expressed as follows, 

RL = 
1

1+ 𝐾𝐿𝐶𝑜
                                                             (4) 

where Co is the starting concentration of the adsorbate and KL is the Langmuir constant 

(mg/g). The adsorption is said to be unfavorable when the RL exceeds 1. According to 

Ayawei et al. (2017), when the RL is 1, it is linear; when it is zero, it is irreversible; and 

when it is between 0 and 1, it is favorable. 

 

Freundlich model 

The Freundlich isotherm provides an expression that allows the exponentially 

distributed actives on heterogeneous adsorbent surfaces and their energies to be described 

(Ayawei et al. 2017). The standard Freundlich adsorption isotherm model is in Eq. 5, 

Qe = KFCe
1/n                                                       (5) 

 

where Ce is the equilibrium concentration of adsorbate (mg/L), Qe is the amount of 

hazardous metal removed at equilibrium per gram of the adsorbent (mg/g), KF is the 

Freundlich isotherm constant (mg/g), and 1/n is the adsorption intensity. The 1/n value 

demonstrates the relative distribution of energy as well as the heterogeneity of the 

adsorption sites. If 1/n equals 1, the adsorption is considered typical. According to Ayawei 

et al. (2017), co-operative adsorption occurs when 1/n > 1, whilst two-phase partition that 

is independent of concentration occurs when n = 1.  
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RESULTS AND DISCUSSION 
 
Fourier-Transform Infrared Spectroscopy (FTIR) and SEM Analysis 

FTIR spectroscopy is a non-destructive technique that can be used to identify the 

functional groups present on the surface of a material. In an FTIR analysis of rice husk 

biochar, absorbance peaks can be observed at specific wavenumbers indicative of different 

functional groups, as shown in Fig. 1.  

 

 
 

 
Fig. 1. FTIR analysis of rice husk biochar produced at 500 °C 

 

A peak at 3424.9 cm⁻¹ is typically due to O-H stretching vibrations, signifying the 

presence of hydroxyl groups or bonded water (Stuart 2004). Absorbance at 2922.8 cm⁻¹ is 

commonly associated with C-H stretching in alkanes, suggesting the presence of -CH2 or -

CH3 groups (Stuart 2004). A peak at 1614.0 cm⁻¹ often corresponds to C=C stretching in 

aromatic compounds, while a peak at 1100.6 cm⁻¹ indicates C-O stretching, possibly due 

to ether or alcohol groups (Silverstein et al. 2005). An absorbance peak at 802.3 cm⁻¹ can 

represent out-of-plane bending of C-H bonds in aromatic compounds or Si-O structures 

(Silverstein et al. 2005). Lastly, a peak at 467.7 cm⁻¹ often corresponds to metal-oxygen 

bonds or molecular rocking or wagging motions (Smith 2011). These interpretations are 

general, and exact functional groups should be identified considering the composition of 

the specific biochar and compared with reference spectra (Stuart 2004; Smith 2011). 
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Rice husk biochar produced at 500 °C, the SEM analysis showed a porous structure. 

The porosity is a result of the pyrolysis process, where volatile components are burned off, 

leaving a carbon-rich structure with voids where these components used to be (Nguyen et 

al. 2022). The surface of rice husk biochar is typically rough and irregular due to these 

pores. The size and distribution of the pores comprises a mixture of micro and macro pores. 

The micro pores are less than 2 nm in size, while the macro pores are larger. The specific 

morphology and porosity of the rice husk biochar can significantly impact its functionality, 

such as its adsorption capacity. A more porous structure generally leads to a higher surface 

area, which can enhance the biochar adsorption capacity. The SEM images depicts plant's 

cellular structure, appearing as bright spots in SEM images due to their higher electron 

density. 

 

 
 

Fig. 2. SEM analysis of rice husk biochar produced at 500 °C 

 

Adsorption Efficiency of Mono Metals onto Rice Husk Biochar  
The adsorption efficiency of mercury in the mono component ranged from 99.92% 

to 99.99% as indicated in Table 2. The adsorption efficiency of mercury onto rice husk 

biochar increased as the adsorbent dosage was increased along with an increase in 

contaminant limits. Similar outcome was also recorded for Pb and Cd. These observed 

increases in adsorption efficiency when adsorbent dosage increases could be attributed to 

the availability of more active sites for the metal ions to bind.   

The adsorption efficiency of Hg2+ onto the biochar was considerably higher than 

Pb2+ and Cd2+. This occurrence could be attributed to the fact that Hg2+ has higher and 

stronger affinity to the rice husk biochar active site and surface energies as well as the 

functional groups in the organic matter, including phenolic and carboxylic groups. This 

outcome is consistent with the outcome reported by Park et al. (2019).  
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The adsorption efficiency of aldrin was 100% throughout the study (Table 2). The 

complete adsorption of aldrin in the mono component could be a result of the nature of rice 

husk. Rice husk biochar has a huge surface area and porous structure, which makes it an 

efficient adsorbent for contaminants in water. Because of the enormous surface area of 

biochar, contaminants can bind to it, boosting the overall adsorption capacity. Similar 

findings were reported by Malik et al. (2017) and Cara et al. (2022).  

 

Table 2. Mono Component Adsorption of Pollutants in Aqueous Solution 

Pollutant Dosage (g) pH Initial Conc. (mg/L) Final Conc. 
(mg/L) 

Removal  
Efficiency (%) 

Hg2+ 1 7.34 1 0.00079 99.92 

 5 7.26 3 0.00041 99.99 

 10 7.35 5 0.00029 99.99 

Pb2+ 1 7.45 1 0.041 95.90 

 5 7.47 3 0.026 99.13 

 10 7.51 5 0.024 99.52 

Cd2+ 1 7.67 1 0.114 88.60 

 5 7.64 3 0.022 99.27 

 10 7.65 5 0.027 99.46 

Aldrin 1 7.04 1 0 100 

 5 7.23 3 0 100 

 10 7.14 5 0 100 

 

Adsorption of Contaminant in Binary and Quaternary Components 
The removal efficiency of Hg2+ and Pb2+ in a binary component increased with 

increasing adsorbent dosage (Table 3). This is due to the availability of more active sites 

for metal ions to bind to, boosting adsorption effectiveness. In all combinations, the 

removal efficiency of Hg2+ was higher than that of Pb2+ and Cd2+. Mercury had a higher 

charge density than cadmium, forming strong bonds with the adsorbent, leading to a higher 

removal efficiency. Additionally, mercury had a higher electronegativity than cadmium, 

which indicates a greater tendency to attract electrons. 

Aldrin had a 100% removal efficiency at all adsorbent doses in the binary 

components (Table 3). The presence of functional groups including -OH, lignin, talins and 

-COOH in rice husk, which have a high affinity for organochlorine compounds, results in 

strong organochlorine adsorption by rice husk biochar (Bielská et al. 2018). These 

functional groups have a high adsorption capacity because they may establish hydrogen 

bonds with organochlorine molecules. Also, the presence of hemicellulose, cellulose, 

lignin and mineral ash in rice husk contributes to the removal of contaminants (Satbaev et 

al. 2021). 

 

Effect of Pyrolysis Temperature 
Pyrolysis temperature is an important parameter in the production of rice husk 

biochar, as it affects the physical and chemical properties of the resulting biochar, and it 

can have a significant impact on its potential applications. The pyrolysis temperature used 

in this study was 500 °C, and the biochar produced at this temperature had a good amount 

of porous surfaces that aided in the adsorption of toxic metals and other contaminants. The 

higher adsorption efficiency recorded in this study could be attributed to the temperature 

at which the biochar was produced.   
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Table 3. Binary and Quaternary Adsorption of Pollutants From Aqueous Solution 

Binary 
Component 

Pollutant Dosage pH Initial 
Conc. 

Final 
Conc. 

Percentage 
(%) 

Hg2+ -Pb2+ Hg2+ 1 7.85 1 0.0021 99.79 

  5 7.92 3 0.0024 99.92 

  10 7.95 5 0.002 99.96 

 Pb2+ 1 7.85 1 0.023 97.70 

  5 7.92 3 0.026 99.13 

  10 7.95 5 0.029 99.42 

Hg2+ - Cd2+ Hg2+ 1 7.96 1 0.00119 99.88 

  5 7.97 3 0.00124 99.96 

  10 8.01 5 0.00166 99.97 

 Cd2+ 1 7.96 1 0.144 85.60 

  5 7.97 3 0.111 96.30 

  10 8.01 5 0.066 98.68 

Pb2+ - Cd2+ Pb2+ 1 8.07 1 0.069 93.10 

  5 8.1 3 0.096 96.80 

  10 8.15 5 0.032 99.36 

 Cd2+ 1 8.07 1 0.039 96.10 

  5 8.1 3 0.021 99.30 

  10 8.15 5 0.018 99.64 

Aldrin- Hg2+ Aldrin 1 7.47 1 0 100.00 

  5 7.14 3 0 100.00 

  10 7.35 5 0 100.00 

 Hg2+ 1 7.47 1 0.00029 99.97 

  5 7.14 3 0.0023 99.92 

  10 7.35 5 0.00016 100.00 

Aldrin- Pb2+ Aldrin 1 7.17 1 0 100.00 

  5 7.12 3 0 100.00 

  10 6.35 5 0 100.00 

 Pb2+ 1 7.17 1 0.137 86.30 

  5 7.12 3 0.015 99.50 

  10 6.35 5 0.013 99.74 

Aldrin- Cd2+ Aldrin 1 6.47 1 0 100.00 

  5 6.34 3 0 100.00 

  10 7.11 5 0 100.00 

 Cd2+ 1 6.47 1 0.019 98.10 

  5 6.34 3 0.013 99.57 

  10 7.11 5 0.014 99.72 

Quaternary Component 

Aldrin- Hg2+ - 
Pb2+ - Cd2+ 

Aldrin 1 
6.91 

1 0 100.00 

  5 6.83 3 0 100.00 

  10 6.52 5 0 100.00 

 Hg2+ 1 6.91 1 0.0024 99.76 

  5 6.83 3 0.0019 99.94 

  10 6.52 5 0.0021 99.96 

 Pb2+ 1 6.91 1 0.033 96.70 

  5 6.83 3 0.026 99.13 

  10 6.52 5 0.029 99.42 

 Cd2+ 1 6.91 1 0.022 97.80 

  5 6.83 3 0.016 99.47 

  10 6.52 5 0.011 99.78 

 



 

PEER-REVIEWED ARTICLE bioresources.cnr.ncsu.edu 

 

 

Tichem et al. (2024). “Rice husk biochar as adsorbent,” BioResources 19(1), 257-275.  266 

The porosity and specific surface area of rice husk biochar in a certain temperature 

range increases with increasing temperature of pyrolysis. This is presumably related to the 

formation of micropores and the decomposition of organic matter (Rajapaksha et al. 2015). 

Paethanom and Yoshikawa (2012) observed that pores were created during rice husk 

pyrolysis. These pores led to a sharp increase in the biochar specific surface area, but this 

porosity declined at temperatures above 600 °C. The rice husk biochar aromaticity 

upsurged with the increase in temperature of pyrolysis (Abrishamkesh et al. 2015). Also, 

high pyrolysis temperatures favour the basic functional groups generation. This is because 

as the temperature of pyrolysis increases, hemicellulose cellulose and start to degrade and 

some functional groups (e.g., carboxyl, alcohol, chromene, lactone, quinine, etc.) are 

generated (Li et al. 2023).  

 
Effect of Contact Time 

The effect of contact time also plays a significant role in the adsorption of 

contaminants in an aqueous phase or solution. The contact time affects the amount of 

adsorbate that is removed from the solution and the rate at which this occurs. The present 

study made use of 60 min of contact time. This contact time allowed for the effective 

binding of the contaminants on the surface of the adsorbent. Similar outcome was reported 

by Zhang et al. (2019). A similar study by Abd El-Aziz et al. (2022) reported the effects 

of contact time on Cr3+ and Pb2+ removal. The removal of 75% for Cr3+ and 92% for Pb2+ 

were obtained at an equilibrium of 90 min. Generally, with increasing contact time, the 

percentage removal will be increased.  

 
Effect of pH 

The effect of pH on adsorption is heavily influenced by the kind of biochar and the 

target metal ion. The pH recorded throughout the study ranged from slightly acidic (6.34) 

to slightly basic (8.15). Biochar has a variety of surface functional groups, most of which 

are oxygen groups. The pH recorded in this study was slightly acidic in the quaternary 

component, ranging from 6.52 to 6.91. In the binary component, the pH was slightly basic, 

ranging from 6.34 to 8.15. The pH range for toxic metals in the mono component ranged 

from 7.04 to 7.67. Increasing the pH causes precipitation of insoluble hydrated oxide or 

hydroxide, lowering the availability of heavy metal ions for sorption. A fall in pH leads to 

an increase in hydrogen ion concentration and hence possible competition for the binding 

sites. In general, sorption media pH is connected to the metal adsorption mechanism of the 

surfaces from water and disclosed the nature of the physico-chemical interaction of metal 

ions in solution and the nature of the sorption sites. These results find support from a study 

by Li et al. (2019) and Ahmed and Ahmed (2019). 

The highly critical factor regulating heavy metal adsorption 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 (Zhang et al. 2014). The influence of 

pH on Cr3+ and Pb2+ adsorption was studied in the pH range of 2 to 8 by Abd El-Aziz et al. 

(2022). The study showed that Cr3+ and Pb2+ adsorption performance improved as the pH 

value increased from pH 4 to 5. The highest adsorption efficiencies for Cr3+ and Pb2+ were 

found at pH 6, 63.2% and 40.1% for Cr3+ and Pb2+, respectively. Then, the highest uptake, 

Cr3+ was at 0.62 mg/g whilst for Pb2+ was at 0.70 mg/g, and at pH 7 to 8, the uptake capacity 

for Cr3+ and Pb2+ decreased. At low pH the adsorbent surface is protonated, acting as a 

positive charge resulting in low uptake capacity (Tay et al. 2012). When pH is elevated, 

the binding sites on the adsorbent’s surface deprotonate resulting in the reinforcement of 



 

PEER-REVIEWED ARTICLE bioresources.cnr.ncsu.edu 

 

 

Tichem et al. (2024). “Rice husk biochar as adsorbent,” BioResources 19(1), 257-275.  267 

charge attraction (Sathasivam et al. 2010). 

 

Adsorption Isotherm 
Langmuir adsorption isotherm 

The Langmuir isotherm is a popular model for describing molecule or ion 

adsorption on a solid surface. In the mono-component experiment, Hg had a maximum 

adsorption capacity (Qmax) of 256 mg/g, which was the highest among all the metal 

contaminants. Venkatesan et al. (2020) reported findings that agree favorably with the 

findings of this study in relation to the efficacy and the potency of rice husk biochar for the 

removal of toxic metals. Mercury’s Kl value of 1.28 × 10-03 L/mg indicates that it is easily 

transferred from the solid phase to the liquid phase. The Rl value of Hg (1.00 × 100) (Table 

5) indicates that the analysis of Hg2+ is linear, indicating that the adsorption is neither 

favorable nor unfavorable, and that the adsorbate has an equal affinity for the surface and 

the solution (Ayawei et al. 2017). The coefficient of determination (R2) value of Hg was 

0.92, which indicates a good fit of the metal analysis to the Langmuir model, and a highly 

accurate analysis. The KL value of lead was -2.17 x 10-01 L/mg, which indicates that Pb2+ 

is not easily transferred from the solid phase to the liquid phase. Its coefficient of 

determination value of 0.51 indicates a moderate fit of the metal analysis to the model, and 

a somewhat accurate analysis. The mono-component of Cd2+ had a maximum adsorption 

capacity (Qmax) of 108 mg/g, and its KL value of 2.15 x 10-02 L/mg indicates that Cd2+ is 

easily transferred from the solid phase to the liquid phase. Its RL value of 1.11 x 10-00 

indicates that the adsorption process is somewhat unfavorable, but that it still occurs. The 

cadmium coefficient of determination value of 0.98 indicates a good fit of the metal 

analysis to the model, and a highly accurate analysis.  

 

Table 5. Adsorption Isotherm Parameters Based on Langmuir Adsorption 
Isotherm Model 

Metal Ions Qmax (mg/g) KL (l/ mg) RL R2 

Hg 256.41 1.28 × 10-03  1.00 × 10+00 0.923 

Pb -434.78 -2.17 × 10-01 3.48 × 10-01 0.5107 

Cd 107.53 2.15 × 10-02 1.11 × 10+00 0.983 

Hg*- Pb 68.49 1.37 × 10-04 1.00 × 10+00 0.0773 

Hg- Pb* 17.24 -1.90 × 10-02 9.43 × 10-01 0.9916 

Hg*- Cd 25.45 -7.63 × 10-04 9.96 × 10-01 0.8983 

Hg- Cd* 204.08 2.24 × 10-01 1.22 × 10+00 0.4313 

Pb*- Cd 66.67 2.00 × 10-03 1.01 × 10+00 0.7477 

Pb- Cd* 416.67 1.25 × 10-01 1.63 × 10+00 0.9196 

Al- Hg* 58.82 -4.12 × 10-05 1.00 × 10+00 0.9962 

Al- Pb* 61.73 1.85 × 10-03 1.01 × 10+00 0.9997 

Al- Cd* -120.48 -4.82 × 10-02 7.59 × 10-01 0.3533 

Al- Hg*- Pb-Cd -53.19 -3.72 × 10-03 9.96 × 10-01 0.2749 

Al- Hg- Pb*- Cd -61.72 -5.56 × 10-02 8.33 × 10-01 0.2184 

Al- Hg- Pb-Cd* 5000 1.00 × 10+00 6.00 × 10+00 0.0011 
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In the Hg2+ - Cd2+ binary combination, Hg2+ had a Qmax value of 25.4 mg/g and a 

KL value of -7.63 x 10-04 L/mg. The RL value was 9.96 × 10-01 and the R2 value was 0.8983. 

This indicates a good fit to the Langmuir adsorption isotherm. Also, the RL value indicates 

that the adsorption was favourable. The Rl value for Cd2+ in this binary composition was 

1.22 × 1000 which indicates unfavourable adsorption. This outcome is as a result of the 

ionic strength of the solution. Also, the R2 obtained for cadmium was 0.4313, indicating a 

relatively poor fit to the Langmuir adsorption isotherm model. In the binary combination 

of Pb2+ - Cd2+, the Pb2+ maximum adsorption capacity Qmax value was 66.7 mg/g and a KL 

value of 2.00 × 10-03 L/mg. The RL value was 1.01 × 10-00 and the R2 value was 0.7477 

(Table 5). This indicates a good fit to the Langmuir adsorption isotherm. On the other hand, 

Cd2+ had higher maximum adsorption capacity of 417 mg/g and R2 of 0.9196, indicating a 

better fit to the Langmuir adsorption model as compared to the lead. In the binary 

composition with aldrin, Hg2+, Pb2+, and Cd2+ had an R2 of 0.9962, 0.9997, and 0.3533, 

respectively. This implies that Hg2+ and Pb2+ fit the Langmuir adsorption isotherm better 

than Cd2+. This occurrence could be ascribed to factors that may be influencing the 

adsorption process. This could be the reason why cadmium had a lower R2 in binary 

component with aldrin. Thus, the presence of other contaminants or competing adsorbate 

in the solution can impact the adsorption process by occupying adsorption sites or altering 

the surface chemistry of the adsorbent (Bakkaloglu et al. 2021).  

In the quaternary combination Al - Hg2+ - Pb2+ - Cd2+, the Qmax value obtained for 

Hg2+ was -53.19 mg/g and the KL value was -3.72×10-03 L/mg. The RL value was 9.96 × 

10-01, which means that the adsorption process was favourable. The R2 value recorded for 

Hg2+ in the ternary component was 0.2749 (Table 5). This indicates a poor fit to the 

Langmuir adsorption isotherm. Also, the results obtained for Cd2+ and Pb2+ showed poor 

fits to the Langmuir adsorption isotherm. This occurrence could be as a result of the 

presence of other competing contaminants in the aqueous solution.  

 

 
Fig. 3. Langmuir isotherm graph for the mono component adsorption of Hg2+ onto rice husk 
biochar which was produced at a temperature of 500 ± 5 °C (fast pyrolysis)  
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Fig. 4. Langmuir isotherm graph for the mono component adsorption of Pb2+ onto rice husk 
biochar which was produced at a temperature of 500 ± 5 °C (fast pyrolysis)  
 

 
Fig. 5. Langmuir isotherm graph for the mono component adsorption of Cd2+ onto rice husk 
biochar which was produced at a temperature of 500 ± 5 °C (fast pyrolysis)  
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indicating L-type isotherms. This means that the adsorption process was favorable, and the 

adsorbate was relatively easily adsorbed onto the surface of the adsorbent.  

The KF value for Al- Hg*- Pb-Cd was the highest among all systems, which 

suggests that the adsorbent has a high capacity for adsorbing multiple heavy metals 

simultaneously. The R2 value for Cd2+ was higher than Hg2+ and Pb2+, indicating that the 

Freundlich adsorption isotherm fitted Cd2+ better than the other contaminants in the 

quaternary component system. These results are consistent with the study conducted by 

Chen et al. (2020). 

 

Table 6. Freundlich Adsorption Isotherm Model of Contaminants 

System Pollutant 1/n N KF (mg/g) R2 

Mono Hg2+ 1.42 0.70 14890.18 0.9918 

 Pb2+ 0.86 1.16 3988.41 0.9839 

 Cd2+ 3.33 0.30 167.38 0.8303 

Binary Hg2+* -Pb2+ -47.17 -0.02 58.71 3.00 x 10-05 

 Hg2+- Pb2+* -0.34 -2.94 0.00 0.9476 

 Hg2+* - Cd2+ -0.65 -1.54 0.00 0.6077 

 Hg2+ - Cd2+* 1.54 0.65 275.17 0.8252 

 Pb2+* - Cd2+ 3.83 0.26 134.87 0.2031 

 Pb2+ - Cd2+* 1.21 0.83 1416.12 0.9941 

 Al - Hg2+* -71.94 -0.01 60.19 0.0029 

 Al- Pb2+* 6.29 0.16 107.32 0.9004 

 Al- Cd2+* 0.64 1.57 48150.41 0.8138 

Quaternary Al -Hg2+*-Pb2+-Cd2+ 0.43 2.34 121255096.1 0.5868 

 Al – Hg2+-Pb2+*- Cd2+ 0.47 2.13 123452.53 0.5465 

 Al- Hg2+- Pb2+- Cd2+* 1.05 0.96 3526.14 0.9066 

 

 

 
Fig. 6. Freundlich isotherm graph for the mono-component adsorption of Hg2+ onto rice husk 
biochar produced at a temperature of 500 ± 5 °C (fast pyrolysis)  
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Fig. 7. Freundlich isotherm graph for the mono-component adsorption of Pb2+ onto rice husk 

biochar which was produced at a temperature of 500 ± 5 °C (fast pyrolysis)  

 

 
Fig. 8. Freundlich isotherm graph for the mono-component adsorption of Cd2+ onto rice husk 
biochar which was produced at a temperature of 500 ± 5 °C (fast pyrolysis)  
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dosage was increased along with an increase in contaminant limits. The adsorption 

efficiency of aldrin was 100% throughout the study. The complete adsorption of aldrin 

in the mono component could be as a result of the nature of rice husk. Rice husk biochar 

has huge surface area and porous structure make it an efficient adsorbent for 

contaminants in water. Aldrin was completely adsorbed due to the huge surface area 

and porous structure of rice husk biochar. 

3. The pH of the solution affected the electrostatic attraction between metal ions and 

biochar, and the Freundlich and Langmuir adsorption isotherms were used to describe 

the type of adsorption. Adsorption efficiency of aldrin, mercury, lead and cadmium 

onto rice husk biochar increased as the adsorbent dosage was increased along with an 

increase in contaminant limits.  
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