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A B S T R A C T   

Agro-industrial waste is an abundant bio-resource that can be used as a feedstock to develop carbon nano
materials. This research identifies the specific microwave pyrolysis operating conditions to generate activated 
biochar from sugarcane bagasse (SCB) biomass. The optimal conditions to obtain activated biochar from SCB was 
by using H2SO4 chemical treatment in a mass ratio 1:1 followed by microwave-assisted pyrolysis at 1.5 kW for 
1 hour. The resulting carbon material attained a 278 m2/g BET surface area and a relatively pure carbon 
structure with a minor concentration of oxygen and silicon. The activated biochar was used to develop an 
electrochemical sensor using the drop-casting method. The SCB-activated biochar electrochemical sensor ach
ieved significant electrocatalytic properties to detect paracetamol, showing 71% less charge transfer resistance in 
EIS and 96% higher electrocatalytic properties than the bare electrode based on CV curves. The linear range of 
paracetamol current responses demonstrated a considerable sensitivity with a 2.5 µM limit of detection. The 
modified GCE indicates a promising performance in paracetamol detection in a real sample.   

1. Introduction 

Globally, agricultural production yields approximately 23.7 billion 
tons of solid food residues per day (Duque-Acevedo et al., 2020). Some 
agro-industrial waste categories are rice straw, rice husk, coffee pulp, 
sugarcane bagasse, seeds, crop/tree, wheat straw, and coconut husk 
(Zhao et al., 2022). Particularly, the global production of sugarcane 
bagasse is estimated at 534 million tonnes per year, with Australia 
contributing 10 million tonnes per year, and a waste generation range of 
8 tonnes per hectare (Hamawand et al., 2021; Khatri and Pandit, 2022). 
Each year, the global waste of wheat straw, hardwoods, and rice straw 
amounts to 709.2 million tons, 58 million tons, and 673.3 million tons, 
respectively (Millati et al., 2019; Sadh et al., 2018). The growing de
mand for agricultural resources leads to increased waste production, 
resulting in higher greenhouse gas emissions during waste disposal and 
storage, e.g., methane and carbon dioxide gas (Millati et al., 2019; Sadh 
et al., 2018). To address waste management challenges and reduce 
environmental risks, it is essential to develop efficient bioenergy tech
nologies that utilize abundant agricultural feedstock and provide a 
shortage of energy sources (Belyakov, 2019; Li et al., 2022a). 

Microwave pyrolysis is an alternative to the waste conversion 

method. Microwave heating implies a volumetric absorption of elec
tromagnetic energy (thermochemical process)- whose main by-products 
are char, oil, and gas (Ethaib et al., 2020). This technique offers various 
advantages such as high energy transfer, quick start-up, versatility in 
feedstock application, and rapid and efficient heating (Hadiya et al., 
2022). It enables the generation of clean energy and producing 
high-quality carbon materials (Allende et al., 2023a). Using microwave 
pyrolysis contributes to waste management solutions and reduces 
environmental hazards. 

Significant interest has gained the biochar activation due to its po
tential as an electrocatalytic material for sensing applications (Godwin 
et al., 2019; Spanu et al., 2020; Sudha et al., 2019). Microwave pyrolysis 
treatment of feedstock generates carbon-rich material with a micropo
rous structure and prominent porosity formation (Allende et al., 2023b). 
Activated biochar development considers physicochemical properties, 
environmental benefits, and low-cost production (Luo et al., 2022). 
Biochar modification involves two stages: biomass chemical activation 
and thermal treatment. Prior to thermal treatment, the biomass is 
chemically activated using acid (H3PO4, HNO3, HCl, H2O2, ZnCl2), 
alkaline (KOH, NaOH), or sulfonation additives (H2SO4) to enhance the 
porosity and optimize functional groups of the biochar (Cheng et al., 
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2017; Spanu et al., 2020). The chemically impregnated biomass un
dergoes thermochemical conversion through pyrolysis, which acceler
ates chemical reactions and thermal breakdown of lignocellulosic 
biomass components (Godwin et al., 2019). The porosity and functional 
groups are significantly influenced by the operating conditions during 
the pyrolysis process (Allende et al., 2022, 2023a). Higher pyrolysis 
temperatures and longer treatment times result in decreased particle 
size, increased BET surface area, enhanced pore volume, and higher 
concentrations of carboxylic or hydroxyl functional groups on the bio
char surface (Godwin et al., 2019; Monticelli, 2020; Tang et al., 2020). 

The use of agricultural waste for the generation of valuable carbon 
material is gaining interest due to its diverse applications in multiple 
industries. The global consumption of pharmaceutical products has 
increased rapidly through the years (Alfhaid, 2022; Benyekkou et al., 
2020). During these products’ fabrication, various pharmaceutical 
compounds are discharged into natural water, posing a considerable 
environmental risk due to the presence of toxic elements that can 
contaminate essential resources such as water, groundwater, food, and 
soil. (Benyekkou et al., 2020; Escapa et al., 2017). Paracetamol (acet
aminophen) is a common drug used for its antipyretic and analgesic 
properties, which chemical product has been detected in recycled water 
(Benyekkou et al., 2020; Villota et al., 2019). Accurate and rapid 
detection of paracetamol is crucial for conserving environmental sources 
(natural water and sewage treatment plants), avoiding improper 
disposal, and active pharmaceutical ingredients removal in recycled 
water. Current detection methods are capillary electrophoresis, mass 
spectroscopy, fluorescence spectrum and gas chromatography (Boumya 
et al., 2021). The applications of those methods represent extended 
procedure time, complex equipment, and expensive technologies (Zafar 
et al., 2022). Nevertheless, activated biochar is an emerging alternative 
with promising properties of electrochemical sensing, e.g., high sensi
tivity, simplicity, reliability, inexpensive, and low time-consuming for 
detecting paracetamol (Boumya et al., 2021; Wang et al., 2020a). 

Various studies have focused on synthesizing carbon materials to 
modify electrodes for detecting different species (Bhujel et al., 2019; 
Martínez-Sánchez et al., 2019; Wang et al., 2020b). However, many of 
these processes require the addition of metal/metal oxide and involve 
complex and less sustainable procedures (Li et al., 2022b). The objective 
of this research is to investigate the synthesis of activated 
biomass-derived materials and their application as metal-free sensors for 
detecting paracetamol. Sugarcane bagasse (SCB) serves as the biomass 
feedstock, sulfuric acid (H2SO4) as the acidic chemical activation 
method, and microwave pyrolysis as the heating conversion method in 
this study. The analytical performance of SCB-activated biochar is 
examined as an electrode material when applied to a glassy carbon 
electrode (GCE) for the detection of paracetamol. The electrochemical 
performance is evaluated based on the sensitivity, selectivity, stability, 
and reproducibility properties of the modified GCE. 

2. Material and methods 

2.1. Production of activated biochar 

The preparation of H2SO4-activated biochar involves several steps, 
including chemical activation and microwave pyrolysis of the raw 
biomass, followed by thermochemical post-treatment of the biochar. In 
this study, sugarcane bagasse (obtained from Wilmar Sugar Australia, 
Queensland) was used as the feedstock for biochar production. To 
eliminate impurities, the raw sugarcane bagasse (SCB) was initially 
washed with ethanol and then rinsed several with distilled water. Sub
sequently, the SCB was soaked in a 1:1 mass ratio of sulfuric acid 
(H2SO4) for 24 hrs. After the acid treatment, the feedstock was dried 
overnight at 110 ºC. The selection of H2SO4 as the activating agent was 
based on its ability to generate carbon material with catalyst properties 
(El-Nemr et al., 2022; Zhou et al., 2021). To prevent over-gasification 
and the destruction of the biochar pore structure, a low concentration 

of sulfuric acid (1:1 ratio) was used. Excessive addition of H2SO4 during 
the microwave heating process can lead to the dehydration of excess 
water and undesired over-gasification of the biochar (Baharak Sajjadi 
et al., 2019). 

Unlike previous studies on biochar-modified electrodes (Madhu 
et al., 2014; Wang et al., 2020b), this research utilized a larger amount 
of pre-treated biomass (75 g) for pyrolysis. Consequently, higher power 
and low microwave susceptor addition (M.S) were required to ensure 
the complete thermal decomposition of the lignocellulosic fibre com
pounds. Once chemically activated, the biomass was subjected to mi
crowave pyrolysis at 1.5 kW for 1 hour and 10% M.S in an oxygen-free 
environment under negative pressure of 25 kPa. These operational 
conditions were established based on a previous study reported in 
(Allende et al., 2022), in which power range and M.S were optimised in a 
range of 1–3 kW and 10–20% M.S, respectively. Optimised biochar 
allowed the formation of microporosity volume and BET surface area. 

The resulting carbon material was washed with 1 M hydrochloric 
acid (HCl) and thoroughly rinsed with distilled water. The selection of 
HCl is linked to the removal of impurities inside the biochar pores (Han 
et al., 2022; Wang et al., 2023). To remove moisture, the activated 
biochar was further heated at 110 ºC in an oven for 24 hours. Fig. 1 il
lustrates the synthesis process of SCB-activated biochar and the com
ponents involved in microwave pyrolysis. The microwave-assisted 
pyrolysis system utilized in the biochar activation process comprised the 
following components: (i) a nitrogen flow (5 L/min) to maintain an 
oxygen-free environment, (ii) a chamber where the biomass was placed 
during the pyrolysis process, (iii) a tuner used to control the reflected 
power, (iv) a 3 kW microwave generator (Sairem brand), (v) a condenser 
system, and (vi) a vacuum pump. 

2.2. Preparation of SCB-activated biochar/ GCE 

To prepare the carbon nanocomposites, the SCB-activated biochar 
was ground into a fine powder with a mortar. The resulting material was 
then dispersed in ethanol and subjected to ultrasonication for 40 min. 
until reached fine and uniform particles. Before the coating, the surface 
of the GCE was carefully polished using 0.3 µm and 0.5 µm alumina 
slurry to ensure a smooth surface. The bare GCE was cleaned by soni
cating it in ethanol and deionized water for 15 min. Subsequently, 2 µL 
of a dispersible activated SCB-biochar solution with a concentration of 
1.5 mg/mL was added dropwise onto the surface of the bare GCE. The 
modified working electrode was then dried at room temperature before 
conducting further testing. 

2.3. Reagents and apparatus 

The reagents used in the study included 98% sulphuric acid obtained 
from AJAX-Finechem (Univar) and 1 M hydrochloric acid from Sigma. 
Dibasic-Na2HPO4 and monobasic-NaH2PO4 were used in the 

Fig. 1. Synthesis process of SCB-activated biochar using microwave pyrolysis.  

S. Allende et al.                                                                                                                                                                                                                                 



Industrial Crops & Products 211 (2024) 118241

3

preparation of the buffer solution (PBS, pH 7.0). The BET surface area, 
microporosity area and volume of the SCB-activated biochar were 
determined using a micromeritics 3-flex surface analyzer. Scanning 
electron microscopy (SEM) and transmission electron microscopy (TEM) 
images were obtained using a JEOL 7001 F SEM and a JEOL 2100 TEM, 
respectively. Thermogravimetric analysis (TGA) was carried out using a 
Netzsch STA 449F3 Jupiter Simultaneous Thermal Analyzer. Raman 
spectroscopy measurements were performed using a Renishaw In-Via 
Micro-Raman spectrometer. Electrochemical experiments were con
ducted using a three-electrode system involving a platinum wire as the 
counter electrode, a glassy carbon electrode (GCE) as the working 
electrode and an Ag/AgCl reference electrode. The specifications of GCE 
involve an electrode of 3.0 mm diameter and a geometric area of 
7.07 mm2. For the electrochemical analysis was employed PalmSens4 
potentiostat (PalmSens, Netherlands). 

3. Result and discussion 

3.1. Characterisation of H2SO4 activated SCB-biochar 

The CHNSO elemental composition of activated biochar is vital to 
understanding its electrochemical behaviour. Table 1 shows the 
elemental analysis of the sugarcane bagasse treated with sulphuric acid 
before the pyrolysis process and the activated SCB-biochar. After H2SO4 
impregnation and microwave pyrolysis, the carbon content of the acti
vated biochar is increased by 24%, and the oxygen concentration is 
decreased by 45%. The chemical activation before microwave pyrolysis 
can reduce the carboxylic group and increase lactonic compounds 
(Baharak Sajjadi et al., 2019). The significance of the presence of 
functional groups lies in their electro-charge interaction with various 
molecules, especially on the surface of functionalized biochar, as 
observed in the case of paracetamol. On the other hand, the activation 
can produce high oxidation of H2SO4, generating a high C––O form and 
reducing the functional groups of oxygen-containing (Liu et al., 2020). 
SCB-activated biochar shows lower H/C and O/C ratios than nonacti
vated biochar. A Low H/C ratio involves higher biochar carbonization, 
low cellulose and hemicellulose content compounds and a high aromatic 
structure (Hassan et al., 2020). Furthermore, a low O/C value comprises 
a decrease in the hydrophilic and polarity properties of the biochar, 
which is linked to the volatilization of polar functional groups (Godwin 
et al., 2019; Peiris et al., 2019). Sulphur is not detected in raw biomass 
or biochar. 

Table 2 shows the BET analysis of SCB-activated biochar. The 
chemical activation by H2SO4 impregnation and microwave pyrolysis 
led to an increased surface area of up to 278 m2/g and 0.075 cm3/g pore 
volume. The acid impregnation in the raw biomass increases the 

formation of oxygen-containing functional groups on the modified bio
char surface. The chemical activation generates sulphuric oxidation and 
carbon gasification, benefiting an increase in specific surface area and 
pore volume (Baharak Sajjadi et al., 2019; Spanu et al., 2020). The 
biomass nature and the pyrolysis parameters are crucial to developing 
biochar surface area properties, e.g., the morphology structure of 
lignocellulosic biomass (tubular) promotes microporosity formation. 
The greater surface area is related to the raw sugarcane bagasse’s high 
lignin content and the prolonged pyrolysis time (Leng et al., 2021; M. 
Waqasa et al., 2018). 

The SEM images of activated biochar reveal the disintegration of 
lignocellulosic fibres as shown in Fig. 2 (a1) and (a2). The thermo
chemical activation process resulted in the formation of crystalline rods 
measuring approximately 5–10 nm in width. Fig. 2 (b1) and (b2) depict 
layered semi-organized carbon clusters, with no observation of indi
vidual carbon sheets. This biochar structure can be favourable to 
improve the sensing signal between the molecule and the biochar sur
face due to the stability and electrocatalytic properties of the biochar. 
The impregnation of SCB with sulphuric acid promoted the formation of 
pores due to carbon gasification (Baharak Sajjadi et al., 2019; Mon
ticelli, 2020). On the other hand, the application of high microwave 
power evidenced high biochar quality in terms of carbon elemental 
content, and uniform and larger pores formation. These properties are 
succeeded by the large volatiles released at a high heating rate 
throughout the biochar surface- rapid thermal breakdown of the ligno
cellulosic fibre compounds (Wallace et al., 2019; Zhang et al., 2022). 
Fig. 2 (c1), (c2) and (c3) show the EDS of activated biochar. The results 
indicate a relatively pure carbon structure with a minor concentration of 
O and Si. 

Thermogravimetric analysis (TGA) of activated biochar is shown in  
Fig. 3(a). The curve reveals biomass weight loss started between 150 ºC 
and 350 ºC. Below 350 ºC occurs moisture content reduction (thermal 
dehydration process), whose mass loss is attributable to the elimination 
of adsorbed water and the decomposition of some simple organic com
ponents. The second stage was observed between 350 ºC and 450 ºC, 
which involves the principal removal of volatile matter and fibre 
decomposition (cellulose and hemicellulose). The final mass loss was 
associated with the breakdown of lignin compound over 450 ºC to 800 
ºC— char combustion (Chen et al., 2019; Díaz et al., 2021; Elkhalifa 
et al., 2022). Fig. 2(b) reveals the Raman spectroscopy curve of activated 
SCB-biochar. The D and G peaks were observed at ~1350 cm− 1 and 
~1550 cm− 1, respectively. The D band intensity is related to existing 
defects in the structure (Muzyka et al., 2018), and the G peak is asso
ciated with graphitization grade (Khan et al., 2017). A small 2D peak 
was detected at 2700 cm− 1, exhibiting the existence of graphite and 
some layers of graphene (Merlen et al., 2017). 2D and D+D’ are linked to 
sp2 graphitic presence (Muhammad Hafiz et al., 2014). The 2D’ band 
specifies two or more graphene layers in the material composition 
(Muzyka et al., 2018). 

3.2. Electrochemical characterisation 

The interfacial performance of the modified GCE was evaluated by 
the electrochemical impedance spectra (EIS). Fig. 4 shows the electron 
transfer kinetic properties at the surface of the bare and modified GCE. 
EIS diagram consists of a semi-circular and linear part. The semicircle 
diameter denotes the charge-transfer resistance (Rct), which describes 
the conductivity property (resistance electron movement). The linear 
section at low frequency symbolizes the diffusion process (Foroughi, 
2021; Randviir and Banks, 2013; Zamfir et al., 2020). A decreased 
charge transfer resistance (Rct) was observed in modified GCE (0.35 kΩ 
to 0.1 kΩ), representing lower mass transport resistance and improving 
the electron transfer kinetics. The results of the two studied electrodes 
are in accordance with the proposed equivalent circuit (inset figure), 
which denotes the electrolyte resistance (Rs), charge transfer resistance 
property (Eet), double layer capacitance (Cdl) and Warburg impedance 

Table 1 
Ultimate analysis of raw feedstock and activated carbon material.  

Element N (wt 
%) 

C (wt 
%) 

H (wt 
%) 

O (wt 
%) 

H/C O/C 

Raw biomass  0.15  43.37  5.83  40.7  0.13  0.94 
SCB-activated 

biochar  
0.43  53.95  1.92  22.53  0.036  0.42  

Table 2 
Porosity data of raw biomass with H2SO4 before pyrolysis and SCB-activated 
biochar.  

Analysis Raw 
biomass+H2SO4 

H2SO4 activated SCB- 
biochar 

BET Surface Area (m2/g)  3.47  277.7 
t-Plot Micropore Area (m2/g)    188.2 
t-Plot micropore volume 

(cm3/g)  
0.0013  0.075  
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Fig. 2. Images of (a1) (a2) SEM, (b1) (b2) TEM, and (c1) (c2) (c3) TEM- EDS of SCB-activated biochar generated after the H2SO4 activation and 1.5 kW microwave 
pyrolysis process for 1 hour. 

S. Allende et al.                                                                                                                                                                                                                                 



Industrial Crops & Products 211 (2024) 118241

5

(Zw). 
The Cyclic voltammetry (CV) curves of the bare and modified GCE in 

0.1 M PBS with and without the presence of paracetamol are shown in  
Fig. 5. In a blank solution, oxidation responses were not observed for 
non-modified and modified electrodes. There is a considerable differ
ence between the capacitance of bare GCE and SCB-activated biochar/ 
GCE, whose property is related to a higher porosity of the SCB-activated 
biochar contrasted to the specific surface of the bare GCE. CV curve of 
the bare electrode showed a pair of oxidation peaks. The first peak could 
indicate acetaminophen oxidation to semiquinone radical formation. 
Then, the second peak could be assigned to the complete oxidation of a 
quinone (Chikere et al., 2019; Luk et al., 2021). The evidence of only one 
oxidation peak on modified GCE can be attributed to the large surface 
area of SCB-activated biochar provides a well-defined oxidation peak at 

the lower potential in an irreversible reaction (El-Azazy et al., 2022; Fu 
et al., 2018; Shanbhag et al., 2022). In this analysis, only the predomi
nant oxidation current peak is considered on bare GCE. Bare glassy 
carbon showed a current oxidation peak of ~ 6.2 µA for 0.5 mM para
cetamol was recorded at 0.55 V. An increased oxidation peak in 
SCB-activated biochar/GCE (17 µA) was detected at 0.49 V. The CVs 
response in modified GCE showed a beneficial effect on paracetamol 
oxidation, demonstrating that the existence of SCB-activated biochar 
improved the catalytic activity of the electrode. 

3.3. Electrochemical detection of paracetamol at H2SO4 activated SCB- 
biochar/ GCE 

The chronoamperometry technique was used to analyse the sensi
tivity of activated SCB-activated biochar/GCE at different paracetamol 
concentrations. The current-time response investigated was set at the 
optimal of 0.8 V. This optimisation was investigated using DPV mea
surements at various potentials in a range of − 0.5 V to +1.5 V, where 
the maximum oxidation peak current was achieved at an upper limit 

Fig. 3. (a) Thermogravimetric analysis and (b) Raman spectra curves of SCB- 
activated biochar. 

Fig. 4. Nyquist plot of the bare electrode and SCB-activated biochar/GCE in 
0.1 M KCl containing 5 mM K3[(Fe(CN)6)] at 5 mV potential amplitude and 
0.1 Hz to 100 kHz frequency range. 

Fig. 5. Cyclic voltammetry (CV) curve of the bare electrode and modified GCE 
in the non-existence (a and c) and the existence of 0.5 mM concentration of 
paracetamol (b and d) in 0.1 M PBS at 0.05 V/s scan rate. 

Fig. 6. (a) Chronoamperometry current response of modified GCE with acti
vated SCB-biochar at different concentrations of paracetamol in stirring 0.1 M 
PBS; (b) linear calibration plot for paracetamol concentration vs. cur
rent response. 
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potential of 0.8 V (decreased current peak observed below this limit). 
Hence, the potential value of 0.8 V was selected for paracetamol 
detection. Consecutive addition of paracetamol in 0.1 M PBS was eval
uated in the experimental part. Fig. 6 indicates a correlation curve be
tween the paracetamol concentration and its current response. The 
linear regression is given by the equation 
I(μA) = 0.1062(μM)+0.1049,R2 = 0.9966 for the range of concentra
tion from 5 µM to 950 µM. Table 3 shows the performance comparison 
of SCB-activated biochar/GCE with other published electrodes for 
paracetamol detection. This work achieved a limit of detection (LOD) of 
2.5 µM (S/N = 3). The LOD was tested as the lowest paracetamol con
centration that the modified electrode can consistently detect, which 

was calculated by LOD=3(SD/b). This ratio comprises the standard 
deviation of the intercept of the blank solution (SD) and the average 
slope of the regression line (b). 

The analytical performance of SCB-activated biochar/GCE was 
competitive compared to sensors found in the literature due to low LOD 
value and wide linear range, which indicates that the modified electrode 
has promising electrochemical characteristics to be applied in real 
samples. 

3.4. Selectivity, stability, and reproducibility of the modified electrode 

Selectivity of modified GCE for paracetamol detection was studied by 
the chronoamperometric response in the coexistence of common inter
ference species, e.g., uric acid (UA), urea, calcium chloride (CaCl2), 
potassium chloride (KCl), glucose and potassium nitrate (KNO3). Fig. 7 
shows the current-time response for the 0.5 mM paracetamol injections 
and various interfering molecules. The results demonstrated that adding 
0.5 mM of interfering substances had not affected the current peak 
oxidation of paracetamol. Hence, SCB-activated biochar/GCE has 
favourable anti-interference properties and selectively detects 
paracetamol. 

The reproducibility and stability properties of the modified electrode 
were assessed by the differential pulse voltammetry (DPV) method at 
6 mV step potential— shown in Fig. 8. The DPV technique provides 
clarity and accuracy to detect oxidation peaks using minimal paraceta
mol concentrations. The reproducibility was evaluated by the successive 
detections of five modified GCE in response to 0.5 mM paracetamol 
concentration. The relative standard deviation (RSD) from the oxidation 
current response of five modified GCE was 2.5%, confirming an 
acceptable reproducibility and consistent current performance for the 
five modified electrodes. The stability was studied considering the 
oxidation current of one modified GCE after 2, 3, 4, 6 and 8 days of its 
fabrication and storage at room temperature. The RSD obtained in the 
stability test was 2.32%. Electrochemical results of SCB-activated bio
char showed a stable current response through the storage time. 

4. Conclusion 

The large generation of agricultural waste and the lack of carbon 
sources make sugarcane bagasse biomass an excellent candidate for 
resource recovery, particularly from biochar. The synthesis of the SCB- 
activated biochar using chemical pre-treatment and microwave pyrol
ysis developed clustered semi-organised carbon layers with improved 
surface area up to 278 m2/g and increased carbon concertation by 24%. 
The electrochemical analysis of the modified GCE showed high electron 
transfer, electric conductivity, and potential redox behaviour. 

Table 3 
Analytical performance of various modified electrodes for paracetamol 
detection.  

Electrode Linear range 
concentration (µM) 

LOD 
(µM) 

Reference 

NiCu-CAT/GCE 5–190  5 (Wang et al., 2020a) 
DMBQ-MCNTPE 5–500  1 (Karimi-Maleh et al., 

2014) 
GCE-M221-Fe3O4 50–2000  16 (Mulyasuryani et al., 

2019) 
AGCE 0.1–100  0.72 (Câmpean et al., 

2011) 
GO/GCE 0.1–430  0.021 (Alagarsamy, 2018) 
AuNCs/BC 0.003–50  1 (Yu et al., 2022) 
SCB-activated 

biochar/GCE 
5–950  2.5 This work  

Fig. 7. Interference studies of activated SCB-activated biochar/GCE for para
cetamol detection in the presence of various interfering components in 0.1 M 
PBS at 0.8 V potential. 

Fig. 8. (a) reproducibility analysis of five SCB-activated biochar/GCE (b) and representation of modified GCE stability in the presence of 0.5 mM paracetamol 
contained in 0.1 M PBS (pH-7). 
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Fabrication of biosensors using biochar has received significant atten
tion due to its practical electrode synthesis method, eco-friendly ad
vantages, and potential electrochemical activity. Current detection 
methods represent extended procedure time, complex equipment, and 
expensive technologies. The biochar modified to possess electrocatalytic 
properties is well-suited for detecting paracetamol and proves to be ideal 
for identifying traces of pharmaceutical materials in wastewater. The 
use of the modified glassy carbon electrode (GCE) for paracetamol 
detection has shown commendable sensitivity, with a limit of detection 
(LOD) of 2.5 µM. This underscores the promise of SCB-activated bio
char/GCE for practical applications. Thus, developing carbon material 
from agricultural waste using microwave-assisted pyrolysis allowed 
electrochemical feasibility and an environmentally friendly alternative 
for paracetamol sensing in media such as wastewater. 
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