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Abstract 
This study focuses on the extraction of organochlorine pesticides (OCPs) contained in environmental water samples by using 
encapsulated alginate-silica (Alg-SiO2) composite beads. The composite beads were made by ionic crosslinking interaction 
between polymeric alginate and silica particles derived from oil palm fronds and were characterized by ATR-FTIR, FESEM, and 
EDX to study their chemical and physical properties. The Alg-SiO2 composite beads were then used as the sorbent material for the 
micro-solid phase extraction (μ-SPE) to extract OCPs from aqueous samples. Optimization of method development for extraction 
of targeted analytes (heptachlor, aldrin, and dieldrin) was done by varying the extraction time, extraction solvent, desorption time, 
and sorbent mass before the gas chromatography-mass spectrometry analysis. Analytical figures of merit for μ-SPE were calculated 
under the optimized extraction conditions. Under the optimum conditions of 50 mg of sorbent extracted for 5 mins and desorbed 
using n-hexane for 7 mins, good linearity was achieved based on the data from method validation, linear ranges of 1–10 mg/L for 
heptachlor, 0.1–1.0 mg/L for aldrin, and 0.2–1.4 mg/L for dieldrin, with a limit of detection of 0.09–0.85 mg/L. The proposed 
method was successfully applied to determine organochlorine pesticides in paddy water samples. The wide range of the calibration 
curves was linear, and the coefficients of regression were all around 0.979-0.993. The recoveries were obtained in a satisfactory 
range of 82-98%, and the precision RSD value was in the range of 0.19-4.52%. 

 
Keywords: alginate, silica sorbent, organochlorine, oil palm, micro solid phase extraction 

 
Abstrak 

Kajian ini memfokuskan kepada pengekstrakan racun perosak organoklorin (OCP) yang terkandung dalam sampel air persekitaran 
dengan menggunakan kapsulan manik komposit alginat-silika (Alg-SiO2). Manik komposit dibuat melalui interaksi pertautan 
silang ion antara polimer alginat dan zarah silika yang diperoleh daripada pelepah kelapa sawit, dan dicirikan oleh ATR-FTIR, 
FESEM, dan EDX untuk mengkaji sifat kimia dan fizikalnya. Manik komposit Alg-SiO2 kemudiannya digunakan sebagai bahan 
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penjerap untuk pengekstrakan fasa pepejal mikro (μ-SPE) untuk mengekstrak OCP daripada sampel akueus. Pengoptimuman 
pembangunan kaedah untuk pengekstrakan analit yang disasarkan (heptaklor, aldrin, dan dieldrin) dilakukan dengan 
mempelbagaikan masa pengekstrakan, pelarut pengekstrakan, masa nyahjerapan dan jisim penjerap sebelum analisis spektrometer 
jisim gas kromatografi. Angka analisis merit untuk μ-SPE dikira di bawah keadaan pengekstrakan yang dioptimumkan. Di bawah 
keadaan optimum 50 mg penjerap yang diekstrak selama 5 min dan nyahjerap menggunakan n-heksana selama 7 min telah 
menghasilkan julat linear yang baik. Berdasarkan data yang diperoleh daripada pengesahan kaedah, julat linear 1–10 mg/L untuk 
heptaklor, 0.1–1.0 mg/L untuk aldrin, dan 0.2–1.4 mg/L untuk dieldrin, dengan had pengesanan 0.09–0.85 mg/L. Kaedah yang 
dicadangkan telah berjaya digunakan untuk menentukan racun perosak organoklorin dalam sampel air padi. Julat luas keluk 
penentukuran adalah linear, dan pekali regresi adalah sekitar 0.979-0.993. Pemulihan diperolehi dalam julat yang memuaskan iaitu 
82-98% dan nilai ketepatan RSD dalam julat 0.19-4.52%. 

 
Kata kunci: alginat, silika sorben, organoklorin, kelapa sawit, pengekstraksi fasa mikro-pepejal 

 
Introduction 

Oil palm plants have contributed to Malaysia’s gross 
domestic product by around 37.9% compared to other 
agriculture plants [1]. As stated in the statistic report, 
77% of all residues come from oil palm production, 
which includes its frond, empty fruit bunch, trunks, 
kernel, and shells. As the number of oil palm plants 
increases, the waste undeniably increases. Dry oil palm 
fronds (OPF) only generated 44-47 million tons, which 
were burned as one of the disposal methods. This causes 
air pollution to the environment. In contrast, agricultural 
wastes are renewable resources that can be utilized to 
create energy, bio-based products, and items with 
additional value [2]. Consequently, numerous research 
and reviews exist on how these agricultural wastes can 
be utilized as useful resources rather than discarded [3, 
4]. Oil palm fronds have numerous underutilized natural 
polymers, including cellulose, hemicellulose, and 
lignin. According to Roslan et al., OPF may contain 
siliceous material, attracting the attention of many 
researchers to the potential of silica extracted from this 
biomass [5]. Silica is an inorganic substance with 
excellent mechanical strength, high chemical stability, 
and thermal stability. Its internal connection is 
composed of siloxane, while the surface is abundant in 
silanol. This provides silica with excellent 
hydrophilicity. Furthermore, this silica is 
environmentally tolerant, which makes it widely used as 
an adsorbent carrier [6]. Thus, this study utilized silica 
extracted from oil palm fronds, which follows the 
government’s announcement on “Zero Waste 
Initiatives” by reusing the oil palm fronds' wastes into 
silica powders. A study by Onoja et al. showed that ash 
from acid-treated OPF could produce about 95.30% 

silica (SiO2), which is employed in many applications 
such as in diverse array applications, enzyme 
immobilization carriers, as well as functional 
biomaterial [7]. The hydroxyl groups on the surface of 
silica particles make it easy to chemically modify the 
surface and introduce functional groups [8] by 
controlling the pore volume, pore size, and tortuosity, 
and surface chemistry on the particle allows for tunable 
release profiles in controlled release applications 
involving silica particles [9]. However, the light and fine 
particles of obtained silica properties make it 
complicated to collect and reuse after extraction. Hence, 
encapsulating the silica with tensile polymeric alginate 
proves to be a favorable option for improving their 
recyclability without the loss of any of the fine particles 
[10]. 
 
Alginate (Alg) is a biomaterial with several uses in 
biomedical science and engineering due to its 
advantageous features, such as biocompatibility and 
ease of gelation [11], with the presence of hydrophilic 
and reactive functional groups providing superior 
adsorption [12]. This biopolymer is rich in D-
mannuronic acid (M block) and L-guluronic acid (G 
block), which can be easily cross-linked utilizing 
bivalent ions such as calcium ions to create hydrogels 
during the gelation process [13]. Hence, it is frequently 
used to create a gel-phase adsorbent material that is 
easier to manipulate than the raw precursor material 
[14]. Nevertheless, this biomaterial has high rigidity, 
fragility, and weak elasticity, as well as weak mechanical 
properties [15]. Organic and inorganic alginate-based 
composites have been produced to improve the 
mechanical and thermal stability, as well as the swelling 
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properties of pure alginate polymers, which have been 
intensively studied for the removal of pollutants from 
aqueous solution over the past decade [15]. One of the 
materials studied was inorganic silica matrices that 
provided several benefits regarding chemical and 
mechanical stability [16]. These combined 
characteristics of silica and alginate composites have 
drawn interest since they may be superior compared to 
their individual compounds [17], which enhances their 

high biocompatibility and reasonable physical and 
chemical durability [18]. Thus, alginate-silica 
composites were proposed in the study as a new class of 
materials with promising applications in a variety of 
disciplines, including biomedicine, bio-catalysis, bio-
separation, and bio-sensing [19]. The proposed 
synthesis mechanism of alginate-silica adsorbent is 
shown in Figure 1 [20].  

 

 
Figure 1. Synthesis mechanism of alginate-silica hybrid adsorbent 

 
Amongst the aforementioned applications, very few 
studies of modification biowaste-silica for the pre-
concentration of organochlorine pesticides have been 
investigated, as summarized in Table 1. Most of them 
applied different types of sorbents for OCPs or 
organophosphorus pesticides (OPPs). Organochlorine 
pesticides (OCPs) are one of the major pesticides that 
are used to manage insect pests on various types of 
crops. These OCPs are in the persistent organic 
pollutants (POPs) class, which are poisonous, bio-
accumulative, and bio-magnified. The widespread 
adoption of these pesticides causes accumulation in the 
environment and food chains, and the incidence of OCP 
contamination in the human body can cause cancer, 
neurological system damage, generative diseases, and 
immune system disruption. The usage of OCPs is 
usually for pest and vector control in agricultural 
plantations such as oil palm, cocoa, and rubber in 
Malaysia [21]. However, the usage of OCPs has 
declined over the previous decade, as shown by various 
environmental monitoring studies [22, 23]. It is still 
possible to find OCPs and the products of their 
decomposition in the water, soil, sediment, and aquatic 
species in some regions of the world due to human 
activity. This is confirmed by several studies that have 
found the existence of OCPs in various samples in 

Malaysia. This includes the presence of OPCs 
(heptachlor and aldrin) in the surface water of Bertam 
and Terla River in Cameron Highland [24] and the 
detection of other types of OCPs such as endosulfan 
sulfate, 4-4’-DDT, and hexachlorocyclohexane isomers 
(α, β, γ, δ) in paddy soil situated in Machang, Kelantan 
[25] as well as detection of another group of OCPs, 
benzenehexachlorides (BHCs) in fish and sediment 
distributed in numerous countries including Malaysia 
[26]. 
 
These OCPs are present at the trace level, which needs 
sensitive, accurate, and efficient analytical procedures, 
which include sample preparation for their detection, 
identification, and quantification. Few sample 
preparations include liquid-liquid extraction (LLE) and 
solid phase extraction (SPE), which consume enormous 
volumes of toxic organic solvents and generate a 
substantial amount of waste that is unsafe for users and 
the environment [39]. Until today, SPE has mainly been 
used as sample preparation, especially on aqueous 
matrices, which mostly employ cylindrical cartridges 
packed with sorbent as SPE devices [40]. Countless 
researchers studied the miniaturization and solventless 
of SPE, such as dispersive SPE, or coined as µ-SPE. It 
is explained that this procedure implements loose 
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sorbent dispersed in the aqueous sample to allow the 
extraction of analytes and separated physically by 
magnetism, filtration, or centrifugation before the 
elution of analytes using solvent for the analysis [40]. 
This extraction method is favorable since it applies 
small amounts (microgram or milligram quantities) of 
sorbent, which allows the dispersion to occur and 
facilitates rapid and uniform interaction between sorbent 
and target analytes, resulting in faster equilibrium and 
enhancing the extraction efficiency [40]. Basheer et al. 
presented membrane-protected micro-solid-phase 
extraction (µ-SPE) as a replacement for classical 
multistep SPE, which allowed a reduction in the 

volumes of sorbent and desorption solvent as well as 
smaller sample volume and lower overall cost [41]. Sev
eral studies implementing numerous types of µ-SPE 
techniques with results are summarized in Table 1. 
Therefore, the research aimed to investigate the use of 
the first-ever attempt of alginate-silica beads derived 
from oil palm frond as a promising bio-sorbent for the 
determination of OCPs in water samples with the aid of 
μ-SPE. Besides, this method works well for matrices 
that are moderately difficult to process by protecting the 
hydrophobic membrane and improving the sorbent as 
well as matrix influence to a greater extent.  

 
Table 1. Summaries on analytical performance and extraction conditions of the developed procedure with other 

recently published works 

Extraction 
Technique 

Sorbent 
Type 

Sample 
Vol. 

(mL) 

Desorption 
Solvent 

Desorption 
Solvent 

Vol. (mL) 

Total 
Extraction 

Time & 
Desorption 
Time (min) 

LOQ (µg 
L−1) 

RR 
(%) Ref. 

d-µ-SPE 

C18/Florisil/ 
Chromosorb 

G/AW-
DCMS 

100 EtAc 0.5 54 0.0017– 
0.0745 

62.3-
123 [27] 

SBSE SMNMa 60 ACN 1.50 57 0.23 – 
2.94 

82.6-
104 [28] 

d-µ-SPE Zn-MOFb 20 ACN 0.20 ∼12 0.099 – 
0.693 

91.9-
99.5 [29] 

d-µ-SPE/ 
MSPE 

Fe3O4@PDA-
DES 100 ACN 1.50 ∼23 0.03 – 

0.036 
72.5-
108 [30] 

d-µ-SPE/ 
MSPE 

Fe3O4@SiO2 
@KIT-6 100 ACN 2.00 ∼12 0.04 – 

0.018 
86.6-
98.8 [31] 

MIP-SPE MIP 50 MeOH/HAc 1.50 - 0.23 – 
0.41 79-104 [32] 

d-µ-SPE Fe3O4@TGA 
@TMU6 25 1-ButOH 0.10 35 1.65 – 

3.30 88-107 [33] 

SPE PDMAT 
microbeads 100 DCM 10.0 - 0.006 – 

1.99 69-139 [34] 

SPE PEG-CNT 70 ACN 0.80 - 0.033 – 
0.099 

95.2-
99.8 [35] 

d-µ-SPE/ 
MSPE 

Fe3O4@APT
ES-GO 
/ZIF-8 

30 MeOH 1.50 18 0.033 – 
0.363 

71.2-
111 [36] 

d-µ-SPE MIL-101 10 EtAc 0.10 55 0.0083 – 
0.053 

87.6-
98.6 [37] 

d-µ-SPE/ 
MSPE KHA/Fe3O4 30 MeOH 0.25 10 0.099 – 

0.330 
93.4-
99.3 [38] 

d-µ-SPE Alginate – 
silica  10 n-hexane 1.00 22 

0.27 – 
2.55 

(mg/L) 
82 - 98 This 

work 
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Materials and Methods 
Chemicals and materials 
Three organochlorine pesticide standards: heptachlor 
(C5H10Cl7, ≥ 98%), aldrin (C12H8Cl6, ≥ 98%), dieldrin 
(C12H16O, ≥ 95%), Acetonitrile (C2H3N, 99.9%), and 
ethanol (C2H6, 99.9%, HPLC grade) were purchased 
from Sigma-Aldrich. Acetone (CH3COCH3, ≥ 99.5%) 
ACS reagent, ethyl acetate (C4H8O2, 98%), n-hexane 
(C6H12, 99%), anhydrous calcium chloride (CaCl2, ≥ 
97%) and sodium alginate were all purchased from 
Sigma Aldrich (St. Louis, USA). Ultrapure water was 
collected from Barnstead Nanopure (Thermo 
Scientific). 
 
Preparation of standard and sample solutions 
A series of working solutions from stock solution, 1000 
mg/L, were diluted in acetonitrile to prevent the 
decomposition of analytes and stored in amber glass at 
4°C when not in use. Paddy water samples were 
collected from Bukit Gambir, Johor, and filtered through 
0.45 µm nylon filter paper to remove any suspended 
particles. The samples were stored in a pre-cleaned 
bottle with acetone polyethylene at 4°C prior to the 
extraction. The sample was spiked with a standard 
mixture to give a final concentration of 5 mg/L of 
heptachlor, 0.5 mg/L of aldrin, and 1 mg/L of dieldrin 
common solution into a solution for a final volume of 10 
mL for the precision and accuracy studies. 
 
Preparation of silica derived from oil palm fronds 
The method of synthesis was adapted from the literature 
[42]. Freshly harvested oil palm fronds (OPF) were then 
dried in the oven at 70 °C for 48 hours 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 
neutralized OPF was filtered and dried in an oven at 
80 °C for 24 hours. Then, the OPF powder was calcined 
in the furnace at 600 °C 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 silica was harvested and 
stored in capped vials at room temperature for further 
analysis. 
 

Preparation of alginate-silica composite beads (Alg-
Si) 
Experimental methods for the preparation of alginate-
silica were adapted and modified from the previous 
studies with minor modifications [43]. Alginate-silica 
(Alg-Si) composites were prepared by adding 2g of 
sodium alginate into 100 mL of distilled water and 
stirring using a magnetic stirrer at 60 °C to produce 2% 
(w/v) of sodium alginate solution until no longer 
coagulated. The heat was turned off, and the solution 
was left stirred. In the meantime, 10 mL of distilled 
water was added to 0.1g of silica powder and 
ultrasonicated with parafilm covered onto the beaker’s 
mouth for approximately 10 mins. The silica solution 
was then added to the 2% (w/v) sodium alginate solution 
and stirred thoroughly. In the separated beaker, 4% (w/v) 
of CaCl2 was prepared and diluted with distilled water. 
The Alg-Si mixture was then dropped wisely into the 
prepared CaCl2 solution and left for 30 mins. The Alg-Si 
beads formed were filtered and rinsed with distilled 
water before being dried in an oven overnight at 80 °C 
to remove any excess cation solution. The Alg-Si was 
then stored and tested for the extraction procedure.  
 
Characterization of alginate-silica composite beads 
Several characterization methods were applied to study 
the physical and chemical properties of Alg-Si beads 
formedAttenuated Total Reflectance Fourier Transform 
Infrared spectroscopy (ATR-FTIR) with a resolution of 
4 cm-1 and a total of 8 scans in the range of 500-4000 
cm-1. Scanning Electron Microscope (SEM) was used to 
determine the qualitative characteristics of the physical 
organization and morphology of pure alginate beads and 
alginate-silica beads as well as energy-dispersive X-ray 
spectroscopy (EDX) analyzer TEAM TM EDS to 
measure the micro-area elements and the condition of 
element distribution in beads.  
 
Micro-solid phase extraction (µ-SPE) 
Several parameters were optimized by changing one 
variable at a time (OVAT), including extraction time, 
desorption solvent, desorption time, and mass of 
sorbent. OVAT was chosen because of the simplicity of 
the system and the limited number of parameters under 
consideration. With only four parameters to be 
examined, OVAT provides a practical and 
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straightforward approach, allowing for a focused 
exploration of individual factors while ensuring 
resource efficiency. This OVAT method was adapted 
from Othman et al. with minor modification, where 50 
mg of the beads were added to 10 mL of spiked aqueous 
sample and agitated at 900 rpm for 15 mins to allow the 
desorption process to occur in 12-Radley carousel 

system. The supernatant was discarded, and 1 mL of 
desorption solvent (acetonitrile) was added to the beads 
before sonicated for 7 mins. Under a gentle stream of 
nitrogen gas, the collected solvent was pre-concentrated 
to 500 µL and transferred to the vial for GC-MS analysis 
[44]. The schematic flow diagram of µ-SPE is illustrated 
in Figure 3.  

 

 
Figure 2. Micro-Solid Phase Extraction (µ-SPE) 

 
Chromatographic conditions 
The analysis was conducted using GC-MS, Shimadzu's 
(Kyoto, Japan) QP2010 GC-MS system, and a 
Shimadzu AOC-20i autosampler. The flow rate was set 
at 1.2 mL/min with pressure at 16 kPa at an average 
velocity of 41.633 cm/sec using helium as carrier gas. 
The injection was set without any intermediate splits. 
The separation was carried out on a silica capillary 
column (30 x 250 µm x 0.25 µm). The chromatographic 
conditions were optimized by varying the temperature. 
The temperature in the oven was increased from 150 °C 
(held for 1 min) to 200 °C at a rate of 30 °C per min 
(held for 2 mins), then to 250 °C at a rate of 10 °C per 
min, and finally to 280 °C at a rate of 20 °C per min. The 
data was collected in full scanning mode from 50 to 500 
m/z to verify retention times. Selective ion monitoring 
(SIM) analysis was performed on all standards and 
sample extracts. 
 
Method validation 
Prior to sample analysis, the linearity (R2), limit of 

detection (LOD), limit of quantification (LOQ), 
precision (RSD%), and accuracy (relative recovery%) of 
the method were evaluated.  
 
Green analytical calculator (AGREE) 
This analytical green calculator is a simple software 
applied in various research to evaluate the greenness of 
the analysis method. This calculator evaluated the 
greenness of the developed method when the AGREE 
metric values are near 1, correlated to a dark green. 
Meanwhile, a red color implies the least 
environmentally friendly, which is close to 0. This 
calculator has 12 scales, each of which corresponds to 
fundamental principles of green analytical chemistry, 
and the weight of each scale represents the importance 
of the principles of the analytical procedure [45]. The 
principle of the scale includes (1) the implementation of 
direct analytical techniques to avoid sample treatment, 
which can reduce the safety issues and health and 
environmental problems related to the methodology. 
However, direct analysis is usually inexecutable as the 
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appropriate form of the sample is required to increase its 
sensitivity; (2) the minimal usage of sample size and 
samples are recommended; (3) preferable in situ 
measurements whereby the location of analytical device 
should be close to the measurement location; (4) 
reduction usage of reagents and saves energy by the 
integration of analytical process and operations such as 
sampling with pre-concentration, simultaneous 
performance of derivatization with extraction or 
chromatographic determination; (5) automated and 
miniaturized methods; (6) no derivatization should be 
employed; (7) the proper management of analytical 
waste and a small volume of analytical waste should be 
implemented; (8) the multianalyte or multiparameter 
methods are preferred compared to methods using one 
analyte at a time; (9) the minimization of energy 
consumption in detection steps, sample preparation and 
analytical separation; (10) reagents obtained from 

renewable sources should be preferred; (11) toxic 
reagents should be eliminated or replaced by greener 
alternatives whenever possible; (12) the safety of the 
operator and environment whereby the several threats 
that are not avoidable should be selected [46]. 
 

Results and Discussion 
Physical properties  
Digital photographs were captured to examine the visual 
structure of the composite beads (Figure 4). Alg-Si 
beads, before drying, were obtained in asymmetrical 
white color and have a texture resembling hydrogel due 
to water content, as shown in (a). However, the size of 
Alg-Si shrunk to half after the drying process and turned 
to a yellowish color. In comparison, the pure alginate 
bead was prepared with a similar method and obtained 
as dark yellow beads.  

 

 
Figure 3. Digital photograph using phone camera with the scale of (a) Alg-Si beads before dried, (b) Alg-Si beads 

after dried overnight, (c) pure alginate beads after dried overnight 
 
ATR-FTIR analysis 
Figure 5 shows the spectra of OPF-silica powder, Alg-Si 
beads, and pure alginate beads. In the spectrum of OPF-
silica powder, the existence of a broad band around 3407 
cm-1 is attributed to the -OH stretching vibration of the 
silanol on the silica surface. The strong band at 805-
1079 cm-1 corresponds to the asymmetric vibration of 
the Si-O-Si siloxane bond, which forms the silica matrix 
backbone [7]. The FTIR spectra of Alg-Si beads 
demonstrate that the absorption peaks at 3326 cm-1 
correspond to the O-H absorption band, which is due to 
the stretching vibration of residual -OH groups and free 
hydrogen bonds [47]. The absorption peaks at 824 and 
1029 cm-1 correspond to symmetric and asymmetrical 
stretching vibrations of Si-O-Si bonds, respectively. The 

bands at 1419 and 1598 cm-1 in the spectrum of the Alg-
Si beads may be assigned to asymmetric and symmetric 
COO- deformation, respectively, confirming the 
interaction of carboxylate groups with silanol [48]. The 
FTIR spectra of pure alginate beads display 
characteristic bands at 3331 cm-1, which correspond to 
the OH stretching vibrations of hydrogen-bonded OH 
groups. Other distinctive peaks of pure alginate beads 
can be detected at 1424 cm-1 and 1598 cm-1. They are 
caused by the asymmetric and symmetric stretching 
peaks of carboxylate (-COO), respectively. Table 2 
summarizes the comparison of major absorption bands 
for OPF-silica powder, pure alginate beads, and 
alginate-silica beads with all the spectra in Figure 5.  

 



Mhd Kamal et al.: PRE-CONCENTRATION OF ORGANOCHLORINE PESTICIDES USING MICRO-SOLID 
PHASE EXTRACTION BASED ON BIO-SORBENT ALGINATE-SILICA BEADS DERIVED 
FROM OIL PALM FROND 

448   

 
Figure 4. ATR-FTIR spectra of OPF-silica powder, Alg-Si beads, and pure alginate beads 

 
Table 2. Comparison of major absorption bands for OPF-silica powder, Alg-Si beads, and pure alginate beads 

Major Functional Groups 

OPF-Si 
powder 

Alg-Si 
beads 

Pure alginate 
beads 

Wavenumber 
(cm-1) 

Wavenumber 
(cm-1) 

Wavenumber 
(cm-1) 

Stretching of O-H 3407 3326 3331 
Antisymmetric stretching of COO-groups - 1598 1598 
Symmetric stretching of COO-groups - 1419 1424 
Asymmetric stretching of Si-O-Si 1079 1029 - 
Symmetric stretching of Si-O-Si 805 824 - 

 
Field emission scanning electron microscopy 
The morphology of Alg-Si beads and pure alginate 
beads was investigated by field emission scanning 
electron microscopy (FESEM). Under magnification 
45X, 1000X, 3000X, and 5000X, micrographs of pure 
alginate and Alg-Si beads were viewed. Alginate and 
calcium chloride can form a rigid structure due to the 
sequential placement of G units on alginate, which 
generates a space for calcium ions to bind, with each ion 
able to link to four G units [49]. In accordance with 
Figure 4 (a-b), the surface of pure alginate beads was 
rough, irregular in shape, and possessed a deep and 
extensive fissure span. At the same time, the 
morphology study of Alg-Si beads in Figure 6 (c-d) 
found that the gully and folds on the surface of the 
hybrid material diminished after interaction with SiO2; 
the surface of the “wrinkles” ring shrunk and 
progressively became more regular, with no discernible 

fold ring appearing. Briefly, the surface structure of Alg-
Si beads was more homogeneous and regular than that 
of pure alginate composite beads. In addition to having 
a rough surface, the Alg-Si beads have cavities created 
during the cross-linking process. The formation of 
cavities during sonication, in which alginate and silica 
combine to produce a homogenous web [50]. Moreover, 
these cavities facilitate pore diffusion during adsorption 
due to the significance of the inner specific surface with 
a low diffusion resistance in the composite beads 
(involving increased adsorption potential and rate). In 
conclusion, the composite particles of alginate and silica 
exhibited a porous network structure. A large number of 
hydroxyl and carboxyl groups in sodium alginate 
provided numerous chemical and physical cross-linking 
and reactive sites, which enhanced the deformation of 
resistance of cross-linked structures [51]. 
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Figure 5. FESEM images for pure alginate beads at a) 45X, b) 1KX and Alg-Si beads at c) 45X, d) 5KX 

 
Energy dispersive X-ray (EDX) analysis 
In conjunction with energy dispersive X-ray (EDX), 
energy spectra of Alg-Si beads and pure alginate beads 
were measured to characterize the beads. It permits the 
quantification of the active molecules retained within 
the beads. Figures 7 a) and b) depict the EDX analysis 
of pure alginate and Alg-Si beads, respectively. EDX 

analysis revealed that pure alginate beads consisted 
primarily of oxygen (68.83%), calcium (28.55%), and a 
minor amount of sodium (2.62%) by weight. There were 
no additional impurity peaks in the EDX spectra, and 
this was consistent with the results obtained in the FTIR. 
Details of the chemical composition of pure alginate and 
Alg-Si beads were tabulated in Table 3.  

 

 
Figure 6. a) The EDX analysis of pure alginate beads and b) the EDX analysis of Alg-Si beads 
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Table 3. Chemical composition of pure alginate beads and alginate-silica beads based on EDX analysis 

Element 
Pure Alginate Beads Alginate-Silica Beads 

Weight (%) Atomic (%) Weight (%) Atomic (%) 
O 68.83 83.89 59.05 76.64 
Na 2.62 2.23 0.71 0.64 
Ca 28.55 13.89 18.16 9.41 
Cl - - 19.55 11.45 
Si - - 2.53 1.87 

 
Optimization parameters of µ-SPE 
Heptachlor, aldrin, and dieldrin were chosen as the 
target analytes for this analysis since they are the most 
frequently used OCPs in the agriculture industry due to 
their excellent efficacy in pest control and cost-
effectiveness [52]. In order to find the optimal 
conditions for the extraction of OCPs performance from 
aqueous samples, several significant variables that can 
affect the extraction performance, including extraction 
time, desorption solvent, desorption time, and sorbent 
mass, were studied. Optimization was conducted by 
using OVAT (one variable at a time) in which the 
distilled water samples were spiked with each OPC at a 
concentration of 1 mg/L in a 10 mL solution. Triplicate 
extractions were performed for every parameter 
optimized in this analysis using gas chromatography-
mass spectroscopy (GC-MS). 
 
Effect of extraction time 
In the µ-SPE principle, the sorbent is encapsulated in a 
polysaccharide alginate matrix; as a result, its sorption 
behavior is based on the equilibrium of mass transfer 
between the sample matrix and the sorbent, as opposed 
to the exhaustive extraction as in cartridge- or disc-
based SPE. The sorption time was one of the most 
important parameters for enhancing the precision and 
sensitivity of the extraction procedure, as it is vital to 
allow enough time to ensure the equilibrium between the 
aqueous phase and sorbent [53]. Thus, various 
extraction times were evaluated in the range of 2.5 to 15 
minutes to study the optimum time for the sorbent-
analyte to achieve an equilibrium state. The impact of 
contact time between the sorbent and target analytes is 
depicted in Figure 6. It was discovered that the 
adsorption efficiency of OCPs was significantly 
increased up to 15 minutes, especially for heptachlor and 

aldrin. However, the adsorption of dieldrin was 
practically constant after 10 minutes. This could be due 
to the saturation of the surface area of the sorbent as time 
progressed and the competitive adsorption rate of the 
analytes [54]. Further extraction time after 15 minutes 
was not advisable as a few studies show that it will cause 
back extraction of analytes from the acceptor into the 
sample solution [55]. Thus, the optimal extraction time 
was determined to be 15 mins and was employed in 
subsequent experiments. The average was reported with 
associated error bars representing the standard deviation 
(n=3) in Figure 8. 
 
Effect of desorption solvent 
According to the principle of “like dissolves like”, 
compounds dissolve in a solvent when their chemical 
properties, particularly their polarities, are similar [56]. 
Polar and non-polar solvents are able to dissolve polar 
and non-polar compounds, respectively [57]. In this 
analysis, the desorption solvents n-hexane, ethyl acetate 
(EA), acetone, acetonitrile (ACN), and ethanol were 
assessed, with increasing polarity from n-hexane to 
ethanol to determine which one provided the maximum 
analyte recovery using µ-SPE technique. Figure 9 
demonstrates that n-hexane performed better than the 
other solvents regarding desorption. N-hexane, which is 
non-polar with a polarity index of 0.1, provides a more 
favorable performance in desorbing the target analytes 
due to the hydrophobicity properties of the OCPs [58]. 
Meanwhile, due to its reduced compatibility with the 
hydrophobic OCPs in terms of polarity, ethanol 
exhibited the lowest desorption efficiency. Hence, the 
principle “like dissolves like” was applicable and 
produced the greatest results among various solvents 
used, and n-hexane was regarded as the optimal 
desorption solvent for further analysis.  

 



Malaysian Journal of Analytical Sciences, Vol 28 No 2 (2024): 441 - 460 
 

  451 

 
Figure 7. Graph of average relative peak height (Hz) against extraction time (min) 

 

 
Figure 8. Graph of average relative peak height (Hz) against desorption solvent 

 
Effect of desorption time 
Desorption time was an additional significant element 
that could influence the peak area of the analytes. It has 
been determined that ultrasonication is an effective 
method for enhancing the desorption procedure [59]. 
The effectiveness of ultrasonic-assisted desorption is 
dependent on the parameters that influence the acoustic 
cavitation created during the process [60]. In addition to 
the ultrasonic power, the total amount of analytes eluted 
is also influenced by the time consumed. As depicted in 
Figure 10, there were only minor changes in desorption 
efficiency between 1,3,5,7 and 10 mins of 
ultrasonication. As the ultrasonic time increased from 3 
to 7 minutes, a modest increase in the desorption of 
heptachlor, aldrin, and dieldrin was detected. Regardless 
of the result, at 1 and 10 mins, the trend of the graph 

appears to increase, although the data appears to be 
consistent at 3,5 and 7 mins, which are the span of time 
in the middle. Adding to this, extended ultrasonication 
decreased the efficacy of the OCP desorption. This result 
can be attributed to its comparatively high 
hydrophobicity among these analytes, indicating that the 
analyte prefers to diffuse into the hydrophobic pores of 
alginate-silica. It has been shown that ultrasonication 
can facilitate the desorption of adsorbed molecules and 
boost pore diffusion in the sorption process [60]. As a 
result of the re-adsorption of the target analytes, the peak 
area of each target OCP steadily decreased after a 7-
minute desorption time [61]. Thus, the optimal 
desorption time for further analysis was determined to 
be 7 minutes.  
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Figure 9. Graph of average relative peak height (Hz) against desorption time (min) 

 
Effect of sorbent mass 
In this study, 20, 30, 40, 50, and 60 mg of Alg-Si beads 
were used to optimize the sorbent mass. The results in 
Figure 11 demonstrate that the maximum peak area of 
analytes is attained with 50 mg of sorbents. With 
increasing sorbent mass, no discernible increase in peak 
area was seen; instead, the peak areas continued to 

diminish. This may be owing to the saturation of Alg-Si 
beads as the primary sorption site; hence, the use of an 
excessive amount of sorbent (more than 50 mg) made 
desorption more difficult and demanded a larger volume 
of desorption solvent [62]. Since the peak area for the 
analytes was at its maximum at 50 mg, 50 mg of sorbent 
was used for the following analysis.  

 

 
Figure 10. Graph of average relative peak height (Hz) against mas of sorbent (mg) 

 
Optimum µ-SPE conditions. 
The final adopted Alg-Si-µ-SPE conditions were: 15 
min extraction time; n-hexane as desorption solvent; 7 
min of desorption time; sorbent mass, 50 mg. Hence, 
these optimum extraction conditions were applied for 
subsequent studies.  
 

Matrix-matched calibration 
In analytical procedures, matrix effect (ME) can 
manifest as an undesired enhancement or suppression of 
the analytical response due to the eco-elution of 
interfering matrix components. Therefore, ME is a 
source of error in quantitative chromatography analyses 
of complex matrices such as pesticides, and it may be 
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compound or matrix-dependent. Commonly, ME is 
determined by comparing the slope of the calibration 
curve of analytes spiked into a blank paddy water 
sample to the slope of the calibration curve derived by 
spiking analytes into the solvent. In this study, matrix-
matched calibration was performed on blank pesticides 
of varying concentrations of the OCPs.  
 
Method validation 
The proposed µ-SPE-GC-MS analytical method for the 
determination of three pesticides in paddy water samples 
under optimized experimental conditions was deemed 
valid. The analytical figures of merit, including the limit 
of detection (LOD), the limit of quantification (LOQ), 
the linear range, the relative recoveries (RR), the 
determination coefficient (R2), and the precision (as 
relative standard deviation, RSD), were therefore 
determined. A calibration curve for each pesticide was 
constructed by adding six concentration levels of each 
analyte to a blank sample of paddy water. Heptachlor at 
1, 4, 7, 10, and 13 ppm; aldrin at 0.3, 0.5, 0.7, 1, and 1.3 
ppm; and dieldrin at 0.2, 0.6, 1, 1.4, 1.8 mg/L. Using 
least-squares linear analysis, the contours and 
corresponding regression equations were determined 
and subsequently validated by R2 values. The spiked 
concentration differs because of the varying detection 
limits and anticipated ambient concentrations of the 
analytes [63], in which the calculated values indicate the 
expected levels of a particular substance or analyte in 
the surrounding environment. The optimized, developed 
µ-SPE procedure was validated to determine the 
adsorption capacity of Alg-Si particles as a functional 
bio-sorbent using paddy water as a sample, as shown in 

Table 4.  
 
For each of the analytical curves, good R2 values for 
each analyte were obtained in the range of 0.9796 to 
0.9935. The LOD varied between 0.85 mg/L for 
heptachlor, 0.09 mg/L for aldrin, and 0.19 mg/L for 
dieldrin, as presented in Table 4, while the LOQ varied 
between 2.55 mg/L for heptachlor, 0.27 mg/L for aldrin, 
and 0.57 mg/L for dieldrin. Concerning precision, the 
examined OCPs exhibited intraday precision values of 
10% or less. The intraday precision RSD% ranged from 
2.52 – 2.78% for heptachlor, 2.34 – 3.29% for aldrin, 
and 3.52 – 4.52% for dieldrin. Meanwhile, the interday 
precision ranged from 1.82 – 2.31%, 0.30 – 1.91%, and 
0.19 – 2.11% for heptachlor, aldrin, and dieldrin, 
respectively. Enrichment factor (EF) and extraction 
recovery (ER%) were also determined to evaluate the 
method’s effectiveness. All the target pesticides provide 
RR (%) values above 80%, ranging from 82 – 84%, 90 
– 91%, and 95 – 98%, for heptachlor, aldrin, and 
dieldrin, respectively. This result is comparable with 
another study conducted by Huang et al., which obtained 
a range of 87.6 – 98.6% for the same method with the 
application of different sorbents [64]. The EF values for 
the pesticides ranged between 6.74 – 16.87 for 
heptachlor, 9.64 – 34.73 for aldrin, and 4.38 – 20.25 for 
dieldrin. The results are summarized in Table 5. 
Meanwhile, Figure 12 shows the chromatogram of blank 
paddy water sample in three different analyses (blank, 
spiked at 1 mg/L and 10 mg/L, 0.1 mg/L and one mg/L, 
and 0.2 and 1.4 mg/L for heptachlor, aldrin, and dieldrin, 
respectively). All targeted analytes were detected in less 
than 10 minutes.  

 
Table 4. Performance of the proposed method under optimized conditions 

Sample Analytes Linearity 
(mg/L) 

Correlation 
Coefficient 

Regression 
Coefficient, 

R² 

LOD  
(mg/L) 

LOQ  
(mg/L) 

Paddy 
water 

Heptachlor 1-10  
y = 1246479x + 

102580 0.9796 0.85 2.55 

Aldrin 0.1-1  
y = 710263x + 

166656 0.9908 0.09 0.27 

Dieldrin 0.2-1.4  
y = 469676x + 

62885 0.9935 0.19 0.57 
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Table 5. Method precision for intra- and inter-day (RSD), relative recovery (RR%), and enrichment factor (EF) 

Analytes Concentration  
(mg/L) 

Intra-day RSD  
(%, n=3) 

Inter-day RSD 
(%, n=9) 

%RR EF 

Heptachlor 
1 2.52 1.82 84 6.74 
10 2.78 2.31 82 16.87 

Aldrin 
0.1 2.34 0.30 90 9.64 
1 3.29 1.91 91 34.73 

Dieldrin 
0.2 3.52 0.19 95 4.38 
1.4 4.52 2.11 98 20.25 

 

 
Figure 11. Chromatogram of paddy water sample at unspiked (blank), spiked (lowest concentration), and spiked 

(higher concentration) 
 
Figure 12 shows the proposed interaction mechanism 
between the targeted analytes' OCPs and the obtained 
alginate-silica sorbent in this study. The extraction of 
OCP on alginate-silica sorbent is based on adsorption, 
whereby it possesses a porous structure comprising a 
substantial number of active sites accessible for binding 
with analytes [65]. It is explained that the binding type 
is contingent upon the nature of interactions between the 
adsorbent’s surface and the molecular species of the 
analyte. For this interaction between OCP and alginate-
silica composite, the interaction is physical, primarily 
governed by weak van der Waals forces, which is known 
as physisorption [65].  
 
Green analytical calculator (AGREE) 
The greenness of the developed method was evaluated 
using the AGREE metric calculator, which falls under a 

score (Figure 13) of 0.56. According to Rajendran et al., 
the determination of green classification lacks a 
predefined scale or metric; it hinges on the number of 
segments exhibiting a green color, with the value on the 
central pictogram approaching 1.0 [45]. The assessment 
implied an adequate green analytical methodology as it 
meets specific criteria, including (4) the integration of 
analytical processes for simultaneous steps, such as 
extraction and sonication (6), no derivatization agent 
was used during analysis and extraction, (10) no reagent 
used in the procedure, (12) the threats to the operator and 
environment were minimum due to minimum organic 
solvent consumption which approximately less than 
1mL. The other two criteria represented by red are (3) 
the offline position of the analytical device and (9) the 
high consumption of energy-intensive techniques as the 
analysis was performed using GC-MS. The red colors of 
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the assessment will be improved for future work. 
Nevertheless, by concentrating solely on the 
advancement of sample preparation techniques, this 

study can be regarded as an environmentally friendly 
method in comparison to conventional SPE and LLE 
techniques. 

 

 
Figure 12. Interaction mechanism of extraction between alginate-silica sorbent with OCP (heptachlor) by van der 

Waals interaction 
 

 
Figure 13. AGREE metric for greenness assessment of method developed 

 
Conclusion 

In conclusion, the chemical and physical properties of 
Alg-Si beads prepared by the encapsulation method 
were examined by characterization with ATR-FTIR and 
FESEM and showed that the functional groups of O-H, 
Si-O-Si, and COO- groups contribute to the van der 
Waals, the interaction between prepared Alg-Si beads 

sorbent with targeted analytes. An uneven, rough surface 
area from the FESEM analysis of the sorbents could be 
attributed to the porosity of the beads obtained. The 
performance of Alg-Si-µ-SPE to extract OCPs from 
paddy water samples using alginate-silica beads was 
optimized, which included extraction time, desorption 
solvent, desorption time, and mass of sorbent. 
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Furthermore, the high adsorption capacity of the sorbent 
is demonstrated by the data obtained from method 
validation, which reveals linear ranges of 1-10 mg/L, 
0.1-1.0 mg/L, 0.2-1.4 mg/L, for heptachlor, aldrin, and 
dieldrin, respectively with LOD and LOQ in between of 
0.09-0.85 mg/L and 0.27-2.55 mg/L, respectively. The 
relative recoveries (RR) have been found in the range of 
82-98% for all targeted analytes. OCPs were extracted 
from genuine paddy water samples, demonstrating the 
effectiveness of the developed sorbent. Most of the 
calibration curves were linear, and all regression 
coefficients were in the range of 0.97-0.99. The intra-
day precision varied from 2.34-4.52% while the inter-
day ranged from 0.30-2.31% by spiking the three 
analytes into a sample solution. The miniaturized 
solvents volume (µL) and sorbents mass (mg) utilized in 
this method could be considered a green method and 
safe for the environment. Furthermore, the silica 
produced from oil palm fronds (OPF) is likely to evolve 
considerably in various applications and not limited to 
analytical and material chemistry only.  
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