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This study investigated the development of silica particles derived from oil palm fronds (OPF-

Si) as a potential sorbent for determining organochlorine pesticides (OCPs) in aqueous samples. 

The technology applied is the dispersive solid-phase extraction (DSPE) followed by a 

chromatography-electron capture detector (GC-ECD). The OPF-Si was prepared via acid and 

thermal treatment and characterised using FT-IR and XRD to confirm its structural formation. 

Aldrin and Dieldrin were selected as the model analytes to examine the feasibility and performance 

of the OPF-Si-based DSPE to detect OCPs. The one-factor-at-a-time (OFAT) experimental 

approach was employed to investigate four significant variables for DSPE, including extraction 

time, desorption time, desorption solvent and mass of sorbent. As a result, the optimum extraction 

conditions were as follows: 40 mg of mass sorbent, 15 min extraction time, and n-hexane as 

desorption solvent at 5 min desorption time via sonication. The prepared sorbent showed a high 

affinity towards OCPs through hydrogen bonding and hydrophobic interaction. 
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Silica, also known as silicon dioxide (SiO2), has been 

widely applied in the industry because of its safe and 

non-toxic nature. In addition, it has many remarkable 

applications due to its controllable pore size, modifiable 

surface, strong mechanical properties and comparatively 

inert chemical composition [1]. Most of the silica was 

extracted from various silica sources to produce chemical 

precursors, such as inorganic chemical compounds found 

naturally in sand, quartz, or flint with various shapes, 

including gel, crystalline, and amorphous forms [2]. 

However, this conventional method of silica extraction 

requires high-temperature conditions and massive energy 

consumption during the production process, increasing 

the risks for global warming and requiring higher  

production costs [3]. 

 

Hence, re-utilising agricultural and industrial 

waste is a crucial long-term strategy to create sustainable 

industry cycles [4]. Several industrial wastes have 

been reused as SiO2 precursors, including powerplant 

fly ash [5], rice husk ash [6-7], sugarcane bagasse ash 

[8], palm kernel shell ash [9-10] and oil palm fronds 

[11-12]. Abdul Razak et al. [13] emphasised the simple 

procedure of chemical routes for silica production 

from agricultural waste. The process includes acid 

leaching or alkaline treatment, followed by either 

hydrothermal, co-precipitation or sol-gel. This method 

eliminates the high production cost of commercial 

silica precursor synthesis that relies on templates and 

surfactants. Therefore, it greatly benefits future chemical 

processes towards cleaner production and a circular 

economy. 

 

Organochlorine pesticides (OCPs) are organic 

compounds that have a cyclic structure and a variable 

number of chlorine atoms. It was excessively used in 

the agricultural industry until the 1980s to protect 

cultivated plants from insects, weeds, fungi, and  

bacterial attacks. OCPs compound has been classified 

as persistent organic pollutants (POPs) with a high 

half-life of compound up to 15 years and difficulty to 

be naturally degraded in the environment [14]. Their 

lipophilic and non-biodegradable properties lead to 

bioaccumulation and assimilation in living tissue. 

OCPs cause toxic effects on aquatic organisms, disrupt 

the food chain and eventually cause harm to human 

health and natural ecology [15-17]. Consequently, this 

organic compound was reported to increase the risk of 

hormone-related cancers, endocrine-disrupting human 

reproductive system, gastrointestinal adsorption and 

neurodegenerative disorders because of progressive 

damage to cells and the nervous system [18-21].
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Hence, the use of OCPs was banned in the Stockholm 

Convention, and their agricultural or domestic usage 

was not allowed in many European Countries [22]. 

However, the occurrence of OCPs-related diseases 

was recently reported in South Africa [23], Jiuxi 

Valley, China [24] and Andra Pradesh, India [25], 

indicating that it is still being used illegally. 

 

OCPs are usually determined using gas  

chromatographic techniques, with electron capture 

(ECD) and mass spectrometric (MS) detection [26-

27]. Besides chromatographic variables, optimisation 

parameters of extraction in sample pre-treatment 

techniques always play a significant role in enhancing 

the determination of targeted analytes. Among these 

techniques, classical solvent extraction (LLE) [28] and 

solid-phase extraction (SPE) [29-30] could be mentioned 

for aqueous samples. In terms of accuracy and 

precision, both techniques have simple procedures and 

give logically known results but suffer from several 

drawbacks such as time consumption, high labour and 

materials costs and long-time exposure to hazardous 

organic solvents. Therefore, dispersive solid-phase 

extraction (DSPE) has been considered an efficient 

technique to establish the easy, fast, and economical 

analysis method of its features of simple operating 

procedure and less solvent consumption [8,10]. The 

principle of DSPE refers to the dispersion of a solid 

sorbent within liquid samples in the extraction isolation 

and clean-up of different analytes from complex 

matrices. In the DSPE, sorbents are commonly used to 

adsorb analytes in bulk samples [8] or interfering 

compounds [31]. 

 

Therefore, the present study focuses on re-

utilising the oil palm frond as a silica precursor to 

prepare silica sorbent to determine selected organo-

chlorine pesticides (OCPs). DSPE was applied in the 

aqueous sample before the gas chromatography  

electron capture detector (GC- ECD). Several important 

extraction parameters of DSPE, such as extraction 

time, desorption time, desorption solvent and mass of 

sorbent, were optimised using one factor at a time 

(OFAT) to understand the mechanism of interaction 

between sorbent and targeted analyte. 

 

MATERIALS AND METHODS 

 

Reagents, Materials, and Instrumentation 

 

The oil palm fronds were collected from the oil palm 

plantation. Analytical grade n-hexane, dichloromethane, 

ethyl acetate and acetone were obtained from Merck 

(Darmstadt, Germany). Hydrochloric acid (HCl, 37%) 

was purchased from QReC Chemicals (New Zealand). 

Pesticide standards of aldrin and Dieldrin were  

purchased from Sigma-Aldrich (purity assay in the 

range of 98-101%). The chemical structures and 

properties of the studied OCPs in this work are shown 

in Table 1. A stock solution of each analyte was made 

by dissolving 10 mg of pure powder in 10 mL of 

methanol and keeping the solution at 4oC. 

 

The chromatographic analysis for OCPs was 

performed by gas chromatograph with electron  

capture detector, GC-ECD, an Agilent 7890A GC-

ECD equipped with an HP-5 column (30 m length x 

320 µm ID x 0.25 µm film thickness). Helium was 

used as carrier gas (1 mL min-1), while nitrogen (60 

mL min-1) was used as make-up gas. The injection 

port was set at 260ºC, and the detector temperature 

was set at 270ºC. The oven temperature was programmed 

from 150ºC to 200ºC at 30ºC min -1, then raised to 

244°C at 3°C min-1 and 20°C min-1 at 260°C. OCPs 

were identified based on their retention times. The 

prepared sorbent was characterised using Perkin Elmer 

Fourier Transform infrared, FTIR (Spectrum 400 

Perkin Elmer, Waltham, MA, USA) spectrometer 

in the range of 400 to 4000 cm -1 using potassium 

bromide pellet form. The crystallo- graphic structure 

of the prepared sorbent was examined using X-ray 

Diffraction, XRD (Rigaku Mini- flex II X-ray 

Diffractometer) with Cu Kα radiation (40 kV/40 mA, 

wavelength =0.1504 nm) at a scanning rate of   

 

 

Table 1. Chemical structures and chemical properties of aldrin and Dieldrin [32]. 

 

Properties Aldrin Dieldrin 

Molecular formula C12H8Cl6 

 

C12H8Cl6O 

 

Molecular weight 364.9 g/mol 380.91 g/mol 

Boiling point 145oC 385oC 

Solubility in water 0.003% 0.02% 



28   Nordiana Suhada Mohmad Tahiruddin, Nur Husna Zainal    Optimising the Operating Parameters of Oil Palm  

       Abidin, Azreen Asyikin Mhd Kamal, Nor Suhaila     Frond Silica-based Dispersive Solid Phase Extraction  

       Mohamad Hanapi, Nursyamsyila Mat Hadzir, Sheela    for Determination of Organochlorine Pesticides 

       Chandren, and Wan Nazihah Wan Ibrahim 

2°C/min. The diffraction pattern was recorded at 2θ 

angle between 10º and 90⁰. 

 

Preparation of Palm Frond Silica Sorbent (OPF-Si) 

 

The procedure described was adopted from a 

previous study [33] with minor modifications.  

Freshly harvested oil palm fronds (OPF) were  

separated from the petiole and sorted to remove 

unwanted materials. The OPF was then left in the 

oven at 70°C for 48 hours to dry. The dried OPF 

were cut into smaller pieces and ground into fine 

powder. The OPF powder was dispersed into 1 M 

HCl and constantly stirred for 2 hours at 400 rpm. 

The dispersion was allowed to cool at room 

temperature. The wet powder was washed with 

distilled water until the acid-treated OPF reached 

neutrality at pH 7. The neutralised OPF was filtered 

and dried in an oven at 80oC for 24 hours. Then, the 

OPF powder was calcined in the preheated furnace at 

600oC for 14 hours with a ramping time of 5 hours 

and a hold time of 9 hours at the rate of 2°C/min. 

The white ash of treated OPF-Si was harvested and 

stored in capped vials at room temperature for 

further analysis. 

 

Dispersive Solid Phase Extraction (DSPE) 

 

A 40 mg of OPF-Si sorbent was added into a 50-mL 

centrifuge tube containing 10 mL (a dilution of 1:9) 

of the aqueous sample. The sample was vortexed for 

15 min at 900 rpm. The sorbent was then separated 

from the solution by centrifugation at a speed of 4000 

rpm for 3 min, and the supernatant was discarded. 

The desorption of analytes was performed with 500 

μL of solvent under ultrasonication for 5 min, and the 

solution was filtered through a 0.45 μm polypropylene 

syringe filter. The solution was then pre-concentrated 

to 300 μL under a gentle stream of nitrogen gas for 

analyte enrichment. A 2 μL aliquot of the final extract 

was analysed by GC-ECD. Figure 1 illustrates the 

schematic dispersive solid phase extraction (DSPE) 

method. 

 

The parameters for DSPE performance were 

investigated and summarised in Table 2. The DSPE 

method was optimised in triplicate with deionised 

water spiked with 1 mg/L of selected OCPs. 

 

 

 
Figure 1. Schematic dispersive solid phase extraction (DSPE) method. 

 

 

 

Table 2. Extraction parameters involved in the optimisation process. 

 

Parameter Optimised DSPE Conditions 

Extraction time (min) 5, 10, 15, 20, 25 

Desorption time (min) 1, 2.5, 5, 7.5 

Type of desorption solvent n-hexane, dichloromethane, ethyl acetate, acetone 

Sorbent dosage (mg) 20, 40, 60, 80 
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Figure 2. The FTIR spectrum of (a) OPF and (b) OPF-Si 

 

 

RESULTS AND DISCUSSION 

 

Characterisation of Palm Frond Silica 

 

Fourier Transform Infrared Spectroscopy (FTIR) 

 

Silica prepared from acid-leached OPF was further 

characterised using FTIR and compared with raw OPF 

to observe changes in their composition. As shown in 

Figure 2(a), the FTIR spectroscopy displayed the 

presence of the adsorption bands of O-H stretching 

vibrations at 3382 cm-1 that were caused by intra-

intermolecular hydrogen bonding. However, the O-H 

stretching vibration bands were shifted to 3440 cm-1 

(Figure 2 (b)) with slightly decreased intensity bands. 

It may be attributed to the tightly bonded hydrogen 

in the silanol chain, which constrains the bonding 

vibrations, as was previously documented [34].  

The presence of lignin in OPF was indicated by the 

emergence of a band at 2920 cm -1 due to the CH2 

stretching vibrations of carbonyl groups present in 

lignin [35]. Similarly, the aromatic rings of lignin 

at 1519 cm-1 and 1455 cm-1 (Figure 2(b)) were 

ascribed to the stretching vibrations of C=C [36]. 

The vibrational bands for hemicellulose and lignin 

functional groups CH2, C=C, and C-O-C, disappeared 

in the spectra of OPF-Si. This observation suggests 

that most hemicellulose and lignin were eliminated 

during the acid treatment [37]. 

 

Additionally, two distinct peaks were observed 

at 1631 cm-1 and 1625 cm-1, corresponding to the 

stretching vibrations caused by the biopolymer’s O-H 

bending [38]. On the other hand, a band at 1108 cm-1 

and 1021 cm-1 corresponds to C-O-C stretching due to 

the pyranose ring and glycosidic linkages between 

glucose units in the cellulose, respectively [39]. 

Siloxane (Si-O-Si) stretching vibrations are  

responsible for the 797 cm-1 and 806 cm-1 bands, while 

the 469 cm-1 and 460 cm-1 bands are due to siloxane 

terminating vibrations in  OPF and OPF -Si,  

respectively [40]. 

 

X-ray Diffraction (XRD) 

 

The result obtained by XRD for OPF-Si is shown 

in Figure 3. The data confirms that the extracted 

silica is predominantly an amorphous solid, as 

described by Onoja et al. [33]. A higher  

difference (diffraction peak at 2θ = 24.0) shows 

an XRD pattern typical of amorphous materials, 

which is also characteristic of mesoporous silica 

nanoparticles [41]. Figure 3 illustrates the XRD 

patterns of OPF and OPF-Si. Both samples are 

subjectively evaluated for peak identification 

using the International Centre for Diffraction 

Data (ICDD). Apart from the existence of  

amorphous materials, the diffractogram of OPF 

(Figure 3(a)) revealed the presence of two main 

mineral phases. The compounds are cristobalite 

(SiO2) and hematite (Fe2O3), with ICDD card 

numbers 01-080-3756 and 01-080-5411. The 

outcome is comparable to results that were 

published from a prior study on agricultural 

biomass [42]. However, in Figure 3 (b) for OPF-

Si, the peak related to hematite, labelled H in the 

diffractogram, vanished. This occurrence is caused 

by a decrease in the concentrations of the AAEMs 

after the acid leaching and thermal treatment 

procedures. While the Bragg angles at 2θ = 24º 

confirm the presence of the amorphous character 

of silica as the predominant component in OPF-

Si, which is made from calcined agricultural 

biomass [43-44].  
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Figure 3. XRD pattern (a) OPF and (b) OPF-Si 

 

 

Optimisation of DSPE Conditions 

 

Optimisation of numerous variables is required to 

establish a DSPE procedure for the determination of 

aldrin and Dieldrin. Significant parameters that might 

affect DSPE performance [45], including extraction 

time, desorption time, solvent, and sorbent dosage, 

were thoroughly investigated. At the same time, other 

parameters such as room temperature, vortex speed 

(900 rpm), sample volume (10 mL), and desorption 

solvent volume (500 μL) were kept constant. The trials 

were carried out in triplicate (n=3), and the means of 

results were used for optimisation.  

 

Extraction Time 

 

The principle behind DSPE is the diffusion of analytes 

from the sample matrix to the extraction phase with 

the ultimate goal of reaching equilibrium between the 

phases. Theoretically, a longer extraction time will 

allocate more time for adsorption. However, a 

sufficient amount of time is required for a close system 

of DSPE to reach adsorption equilibrium where the 

adsorption and desorption rates become constant [46]. 

Therefore, the highest extraction efficiency was 

achieved when the extract ion  t ime reached  

equilibrium. In this experiment, the influence of  

extraction time between the analyte and sorbent was 

investigated by varying the agitation time from 5 to 

25 min. 

 

The experimental results depicted in Figure 4 

demonstrate that the recovery of OCPs increased 

gradually with the progression of extraction time from 

5 to 15 min. This observation suggests that the  

adsorption of OCPs increases over time as the large 

surface area of silica sorbent allows larger effective 

contact between sorbent and targeted analytes for 

swift mass transfer [47]. After 15 min, the recovery of 

OCPs remained plateau, indicating that the adsorption 

equilibrium has been achieved and the adsorption 

process has been completed. Therefore, the DSPE 

procedure was carried out employing 15 min of 

extraction time in all further stages of this work. 

 

 
 

Figure 4. The effect of extraction time on the DSPE method for extraction of OCPs 
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Figure 5. The effect of desorption time on the DSPE method for extraction of OPCs 
 

 

Desorption Time 
 

Desorption time is the time required for the analyte to 

be eluted from the sorbent surface. The DSPE 

procedure requires sufficient desorption time to  

achieve the desorption equilibria [48]. The effect of 

desorption time was studied for 1-7.5 minutes using a 

sonicator to determine the minimum amount of time 

required for complete elution. Desorption time refers 

to the time it takes to desorb all the analytes from the 

sorbent. Based on Figure 5, the extraction efficiency 

of the analytes increased by increasing the desorption 

times by up to 5 minutes. This fact demonstrates that 

the recovery of OCPs increases as time progresses 

before finally reaching a saturation state, indicating 

that the state of desorption equilibrium has been 

achieved [45]. However, a further increase in desorption 

time and decrease at 7.5 minutes showed significant 

decreases in OCP recovery of OCPs, most likely due 

to re-adsorption of the target analytes onto the sorbent 

[49] and possibly because of increased temperature 

with prolonged sonication [50], which can cause 

decomposition of analytes. Therefore, 5 min desorption 

time was selected as the optimum time. 

 

Desorption Solvent 

 
The selection of a suitable desorption solvent is  

important in the microextraction technique to ensure 

high recovery and sensitivity in extraction method 

performance [51]. Therefore, characteristics such as 

extraction capability, solubility, and compatibility with 

the GC system must be considered in this study.  

Several organic solvents were used, namely n-hexane, 

dichloromethane, ethyl acetate and acetone,  with 

polarity indexes of 0.1, 3.1, 4.4 and 5.1, respectively. 

Non-polar solvents should give better results than 

polar solvents due to the relative water insolubility of 

aldrin and Dieldrin (Table 1). Based on the result, n-

hexane showed the highest desorption efficiency 

(Figure 6) due to its low polarity index and strongest 

affinity for the OCPs due to its strong hydrophobic 

effect [52]. However, dipole-dipole interaction and 

hydrogen bonding between the targeted analytes and 

sorbent (OPF-Si) should not be disregarded. Therefore, 

further experiments were carried out using 500 μL of 

n-hexane as a desorption solvent.  

 
 

Figure 6. The effect of desorption solvent on the DSPE method for extraction of OPCs 
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Figure 7. The effect of sorbent dosage on the DSPE method for extraction of OCPs 

 

 

Sorbent Dosage 

 

The amount of sorbent is another important parameter 

to be considered in the DSPE procedure. Generally, an 

increase in the amount of adsorbent will increase the 

number of adsorption sites that may occupy the  

adsorbate particles during the extraction procedure 

[53]. In order to determine the minimum amount of 

sorbent sufficient to extract the total amount of OCPs 

per sample, the influence of the mass of silica sorbent 

on the recovery of the targeted OCPs was investigated 

in the range between 20 and 80 mg. Based on the 

obtained results (Figure 7), the recoveries of OCPs 

increased when the sorbent mass increased from 20-

40 mg. However, a further increase in the mass of 

sorbent did not improve the extraction efficiency of 

OCPs. This observation might be because of the 

saturation of sorption sites for the selected sample 

volume. Thus, excessive sorbents used resulted in 

more difficult desorption and required a higher 

volume of desorption solvent [50]. It can be concluded 

that 40 mg of the sorbent is adequate to provide 

sufficient active sites for quantitative extraction of 

OCPs in 10 mL of sample. 

 

CONCLUSION 

 

Remarkable parameters of the DSPE technique based 

on a new silica sorbent enriched from oil palm frond 

(OPF) for determining OCPs before GC-ECD analysis 

have been successfully optimised in this study by 

using the OFAT approach. The finding suggested that 

40 mg of mass sorbent, 15 min extraction time, and n-

hexane as desorption solvent at 5 min desorption time 

via sonication can be further used to investigate the 

trace determination of OCPs in various real samples. 

Furthermore, the experimental value of optimisation 

parameters showed that the dominant interaction 

between aldrin and dieldrin is via hydrophobic 

interaction, dipole-dipole and Hydrogen bonding 

interaction. The findings of this study will therefore 

provide a reference for future investigations using 

OCPs and silica sorbents. 
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