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ABSTRACT

This review aimed to inform about the magnetic nanoparticle functionalization and solid magnetic phase extraction application to separate analytes
in various types of samples. The review was conducted by analyzing several articles published in 2010 until 2021 obtained through search engines,
such as Science Direct, Google Scholar and PubMed, using the keyword “magnetic phase extraction” and “magnetic nanoparticle”. The magnetic
nanoparticle can be functionalized with organic, inorganic, and metal-organic framework compounds to obtain good selectivity and extraction
capability. The Magnetic Solid Phase Extraction (MSPE) can be applied to separate analytes in biological, food, environmental samples. The MSPE
can be used in various biological, food, and environmental samples resulting in high enrichment factor value, good recovery, and the magnetic
adsorbent has excellent reusability.
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INTRODUCTION done by suspending magnetic adsorbents with a sample solution by
mixing [4]. After the extraction process, the magnetic adsorbent is
separated using an external magnet (a separation process).
Separation is carried out without the need for filtration and
centrifugation processes [5]. Then, the analyte was eluted from the

magnetic adsorbent by adding the appropriate solvent (elution

Sample preparation is one of the essential steps in complex matrix
analysis. The correct sample preparation method will ensure the
analyte's sensitivity to match the instrument's detection limit and
increase the selectivity by eliminating unnecessary and interfering

compounds in the matrix [1]. One of the steps in sample preparation is
the extraction process. Solid-phase extraction (SPE) is one of the
extraction methods that has the advantage of simultaneous or selective
to a substance because different adsorbents interact with different
substances [2]. However, this SPE technique has several disadvantages
due to adsorbent packings, such as blockage of the sorbent and high
pressure. One method that can be used to overcome this problem is to
use the Magnetic Solid Phase Extraction (MSPE) technique [3].

In the MSPE technique, a magnetic adsorbent was used to adsorb the
target analyte (extraction process). The extraction process can be
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process), and the magnetic separation is performed to collect the
liquid phase containing an analyte. The magnetic adsorbent that has
been used for extraction can be directly reused for other sample
batches [6]. Fig. 1 shows the schematic of MSPE. Unlike the SPE
method, the magnetic adsorbents are directly dispersed in the
sample solution increasing the interfacial area between adsorbent
and target analyte and eliminating column blockage problem.
Furthermore, analyte isolation is simple and convenient because
magnetic adsorbent is immediately separated from analyte solution
by applying external magnetic [7].
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Fig. 1: Schematic of MSPE (created in BioRender.com)

Similar to SPE, the extraction process in MSPE is based on an separation of active substances in biological samples [13],

interaction between the analyte and functional group of adsorbents
through hydrogen bonding, van der Waals forces, dipole-dipole,
electrostatic force, etc. [8, 9]. Therefore, the magnetic nanoparticle
as magnetic core in magnetic adsorbent has been functionalized
with other materials to obtain good selectivity and extraction
capability. The magnetic nanoparticle can be functionalized with
organic, inorganic, and metal-organic framework compounds [10-
12]. At present, there are many developments in magnetic solid-
phase extraction, including the development of MSPE for the
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purification in extracts [4], pesticides in fruit and vegetables [14].
This review aims to inform about the magnetic nanoparticle
functionalization and an application of solid magnetic phase
extraction to separate analytes in various types of samples.

METHOD

This review was obtained by analyzing several articles obtained through
search engines, such as ScienceDirect, Google Scholar and PubMed
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published in 2010 until 2021. The article was found using the keyword
“magnetic solid-phase extraction” and “magnetic nanoparticles”. The
pre-proof journal and not indexed by Scopus were excluded.

Magnetic nanoparticle synthesis (MNPs)

Magnetic adsorbents have an essential role in MSPE. Materials
commonly used as magnetic materials in adsorbents are iron (Fe),
magnetite (Fes04), maghemite (y-Fe203), cobalt (Co), nickel (Ni) [15-
18]. Moreover, iron oxide is often used in the synthesis of magnetic
adsorbents. This iron oxide has high magnetic properties and has
low toxicity [19]. Synthesis of magnetic nanoparticles is carried out
using chemical co-precipitation, pyrolysis, solvothermal synthesis,
and micro-emulsion methods [20-23].

The chemical co-precipitation method is simple and is usually used
to prepare magnetic adsorbents because of the short reaction time,
simple processing, low prices, and ease of manufacture on an
industrial scale [24]. In the co-precipitation method, a solution
consisting of FeCls.6Hz20 and FeCl2.4H:0 in water under a nitrogen
atmosphere and distilled at a temperature of 70-85 °C followed the
addition of alkaline solution. A precipitate from magnetic
nanoparticles is generated and then separated by an external
magnet [20]. But in this method, the deposition of metal ions is not
uniform, and synthetic materials are usually easy to agglomerate and
usually have a broad particle size distribution [3].

Pyrolysis is the method that involves the decomposition of iron
compounds at high temperatures. Iron is placed in a calcined tube
furnace from 300-700 °C under nitrogen gas flow at a heating rate of
5 °C/min (pyrolytic in situ) [21]. Another synthesis method is
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solvothermal methods. It has been used to synthesize several types
of nanoparticles with liquid-solid reactions under different
hydrothermal conditions. The crucial factors in the synthesis using
this method are temperature and reaction time. The use of
microwaves in this analysis can help optimize the time used [22].
The micro-emulsion method used also is used to synthesis MNPs.
The micro-emulsion method consisted of surfactant, cosurfactant, oil
and metal salt solution. The metal salt solution was added to the
mixture solution of surfactant, cosurfactant, oil. The metal
compound was dispersed in the water-oil system under the action of
surfactant. Then, the alkali solution as precipitating agent is added to
form the MNPs [23]. The final nanoparticles are strongly influenced
by the proportions of the many components that make up the
microemulsion. The ratio of the water phase to surfactant could
influence the particle size of MNPs [25]. Various methods can carry
out the synthesis of MNPs. Still, several factors need to be
considered, such as pH, time reaction, temperature and ratio of
component that consisted, to produce a uniform MNPs particle size,
range of particle distribution is narrow and no aggregation.

Magnetic nanoparticle functionalization

Magnetic nanoparticles must be functionalized to produce magnetic
adsorbents that can extract analytes in the sample based on their
interaction. The interaction between adsorbent and analyte can
occur through m-m interaction, dipole-dipole interaction, hydrogen
bonding, hydrophobic interaction [10,26-28]. The magnetic
nanoparticle can be functionalized with an organic compound,
inorganic compound and metal-organic framework [27-34]. Table 1
provides the summary of magnetic nanoparticle functionalization.
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Fig. 2: Example for structure of magnetic nanoparticle functionalization. a) magnetic nanoparticle functionalization with polydopamine.
b1) Graphene oxide-magnetic nanoparticle, b2) magnetic carbon nanotube. c) Magnetic Nanoparticle Functionalization with Metal-
Organic Frameworks (created in BioRender.com)

Magnetic nanoparticle functionalization with organic compounds

B-cyclodextrin is one of the materials used in the functionalization of
MNs because it has selectivity and good affinity. B-cyclodextrin (CD)
is an oligosaccharide consisting of seven D-glucopyranose units
connected by B-1,4-glycosidic bonds [35]. B-cyclodextrin has a polar
hydrophilic outer shell because it is rich in hydroxyl (OH) groups
and has a relatively hydrophobic cavity that can encapsulate
hydrophobic molecules [36]. Zhang et al [29] developed the
Fe30.@fTi02-CMCD adsorbent with the grafting method to
determine chlorobenzene levels. TiO2 was used to coat the Fe304 to
provide surface modification to sundry functional groups. Then, the
surface of Fe304@fTiO2 was functionalized with carboxymethyl--
cyclodextrin (CMCD) to produce Fe304@fTiO2-CMCD. The CMCD was
chosen because it has a hydrophobic cavity that allows the
interaction of adsorbent with chlorobenzene. Therefore, the
adsorption capacity and selectivity of Fe304@fTiO2-CMCD have
increased. The development of CD-modified MNs was also carried
out by Zhang et al[28]. Graphene oxide-B-cyclodextrin (MGO-CD) is
synthesized by aromatic nucleophilic substitution of CD hydroxyl
groups and magnetic graphene oxide (MGO) with tetrafluoro-
terephthalonitrile linker for analysis of carbamazepine in serum. The
interaction mechanism between the MGO-CD and analyte is
hydrophobic interaction. Another interaction between MGO-CD and
carbamazepine is hydrogen bonding because the OH groups of CD
interacted with the amide group of carbamazepine [28].
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Dopamine is a substance that can self-polymerize at 25 °C to form a
polydopamine (PDA) shell on the surface of various types of
materials [26]. When the nanoparticles are coated with PDA, the
nanoparticles become more stable. They have good dispersibility in
the aqueous phase solution and the interaction of m-m with
molecular targets. PDA-coated nanoparticles are usually used to
absorb or remove contaminants in the water (19, 20). Li et al. [27]
synthesized magnetic nanoparticles coated with polydopamine
(Fes04@PDA) by solvothermal reaction and dopamine’s self-
polymerization as a magnetic sorbent for extracting the phenolic
compound such as 2,4,6-tribromophenol, bisphenol A,
tetrabromobisphenol A, and (S)-1,1’-bi-2-naphthol in environmental
water samples. The interaction between Fe304@PDA and these
phenolic compounds has dominated with hydrophobic interaction.
However, the m-m stacking and hydrogen bonding interactions also
occurred in this interaction [27]. Zhu et al [10] also synthesized
Fe304@PDA for the analysis of glimepiride compounds in dog
plasma. Fe30.@PDA can be synthesized by the grafting method and
produces high yields to be applied to analyze large samples.
Theoretically, the PDA layer can bind aromatic rings and amino
groups present in the glimepiride structure in the presence of m-1
interactions and hydrogen bonds [10].

Hemimicelles/admicelles SPE is a technique that used a single layer
(monolayer) of surfactant, which adsorbs on oppositely charged
materials (hemimicelles) and the surfactant bilayer (admicelles) as a
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sorbent. The surfactants’ hydrocarbon chains can provide
hydrophobic interactions with hydrophobic analytes, while the polar
groups will adsorb ionic analytes through electrostatic interactions or
hydrogen bonds [39]. Liu et al [30] synthesized Hemmimicelles/
admicelles on graphene sheet (MG) magnets to extract various organic
pollutants. MG sheets can be positively or negatively charged
depending on the pH of the solution, which allows extraction under
various conditions. Cetyltrimethylammonium Bromide (CTAB) is a
surfactant to form micelles and provides a cationic mode. They found
that the functionalization MG with CTAB (MG-CTAB) sorbent had good
extraction capabilities and good selectivity for
polyfluorohydrocarbons (PFAs) and alkylphenol than direct extraction
with MG  sorbent. The result showed that CTAB
hemimicelles/admicelles allow hydrophobic and chains-chain
interaction to increase due to the formation of a hydrophobic bond site
by hemmicicelles/admicelles. For the anionic mode, sodium dodecyl
sulfate (SDS) is used to form micelles. The analyte used is alkyl
trimethylammonium. In the SDS presence, the extraction efficiency of
the analyte increases due to the strong interaction between cationic
surfactants and SDS hemimicelles/admicelles [30].

Magnetic nanoparticle functionalization with inorganic compounds

One of the compounds used for the functionalization of magnetic
nanoparticles is graphene and carbon nanotubes. Graphene has a two-
dimensional sp2-bonded carbon layer arranged in a honeycomb
lattice. Graphene oxide (GO) is an essential derivative of graphene
because of its specific surface area and good physicochemical
properties. GO can effectively absorb polycyclic aromatic
hydrocarbons through m-m interactions and hydrophobic interactions
[40]. GO can be enriched with an oxygen-containing functional group
in the form of a hydroxyl (-OH) and epoxide (C-O) group in the basal
plane, as well as a carbonyl group (C = O) and a carboxyl (-COOH)
group placed on the GO edge [41]. Pashaei et al. [31] synthesized the
GO-Fe304 for pre-concentration terazosin hydrochloride using the
magnetic-dispersive solid phase extraction method in the human
plasma sample. GO was synthesized using the modified Hummers
method. In this method, the potassium permanganate (KMnOsa) is used
as an oxidizing and intercalating agent while the hydrogen peroxide
(H202) is added to remove the excess of KMnOa.

The GO-Fe304 was synthesized by the impregnation method. The
Fe304 were protonated to obtain a positive charge by dispersing in
nitric acid (HNOs). The protonated Fe304 was added to the exfoliated
GO that resulted by dispersing and ultrasonication the graphite
oxide in deionized water. The mixture was stirred and centrifugated
to form uniform dispersion. The mixture was centrifugated and
separated from the supernatant use external magnetic to collect the
GO-Fe304 [31]. The sample pH influences the interaction between
terazosin and GO-Fe30s because it can change the terazosin form
(molecule or ionic form) in an aqueous solution and the density of
the surface’s sorbent. The extraction efficiency of terazosin
significantly increased when the pH solution was increased from 2 to
5. However, the extraction efficiency of terazosin progressively
decreased when the pH solution was higher than 5. In a lower pH
solution, the iron oxide was dissolved, and the stability of GO-Fe304
decrease that causes the electrostatic repulsion between the Fez04
and the GO. Causes the extraction efficiency to be low in strong acid
solution or lower pH. When the pH solution is 5.0, the interaction
between terazosin and GO-Fe304 was optimal. In this condition, the
stability of GO-Fes0a is high, and the negative charge such as-COOH
and-OH group of GO functional group will interact optimally with
protonated terazosin. In higher pH (strongly alkaline), the terazosin
exists in molecule form (pKa=7.1), and the GO-Fe304 has a negative
charge which causes the interaction week and the extraction
efficiency of terazosin was low [31].

Lu et al. [11] also synthesized GO-Fe304 nanocomposite as a sorbent
for MSPE to extract psychoactive drugs in the urine sample. GO-
Fe304 was synthesized by co-precipitation of Fe?*and Fe3+*in the GO
dispersion solution under ultrasonic conditions. Fe3s04 nanoparticles
bind to the GO sheet with the help of a carboxylic group. Lu et al
[11] observed the morphological shape of GO-Fe:03 using the TEM
instrument. GO sheet has a large surface area, and Fez04 will bind to
the GO sheet surface. Some Fe304 nanoparticles are aggregated, most
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likely due to their small size, around 2-10 nm [11]. This study
showed the GO-Fe30s has an excellent performance in extracting
some psychoactive drugs. The sorbent can be reused multiple times
to extract the sample without losing its extraction capabilities [11].

Carbon nanotubes can be combined with magnetic nanoparticles
easily through covalent bonds or non-covalent interactions such as
electrostatic interactions and charge transfer. Carbon nanotube has
the advantage of physicochemical properties, including good
stability and mechanical strength, larger surface area, functionalized,
hydrophobicity, and delocalized m-electron system [5]. Based on the
location of magnetic nanoparticles on carbon nanotubes, magnetic
carbon nanotubes (MCNTs) can be classified into two categories,
namely magnetic nanoparticles located on the surface of carbon
nanotubes and magnetic nanoparticles located in the cavities of
carbon nanotubes [1]. Dimension of carbon nanotube can affect to
pre-concentration and adsorption performance of the MCNT. Based
on that, El-Sheikh et al. [42] synthesize the MCNTs with various
dimensions of carbon nanotube and various ratios of carbon
nanotube and magnetite. In this study, magnetite and carbon
nanotube (Mag: CNT) ratios used were 1:2; 1:1; and 2:1. The result
showed that increasing the ratio of Mag: CNT to 2:1 would decrease
the recovery of NSAIDs. However, the recovery of NSAIDs for
sorbent with the ratio of Mag: CNT were 1:1 and 1:2 have a similar
result. To investigate the effect of CNT dimension on adsorption
performance, El-Sheikh et al [42] used the CNT with different
lengths and diameters, 10-100 nm in diameter and 1-15 pm in
length. MCNT with a larger diameter (60-100 nm) results in good
adsorption for NSAIDs, while the length of MNCT was an
insignificant effect on adsorption NSAIDs [42]. Li et al. [32] synthesis
magnetic sorbent for dispersive micro solid-phase extraction with
two kinds of CNT, such as magnetic single-walled carbon nanotubes
(Mg-SWCNTSs) using single-walled carbon nanotubes with 0.7-1.3
nm in diameter and 1 pm in length; and magnetic multi-walled
carbon nanotubes (Mg-MWCNTs) using multi-walled carbon
nanotubes with 110-170 nm in diameter and 5-9 pum in length. The
analyte that will extract in biological samples was cyanide
metabolite, 2-aminothiazoline-4-carboxylic acid. The average
recovery of 2-aminothiazoline-4-carboxylic acid using Mg-SWCNTs
and Mg-MWCNTs as a sorbent showed that no significant difference.
However, in this study, the Mg-MWCNTs were chosen as an
adsorbent to extract 2-aminothiazoline-4-carboxylic acid because
the variation in the average recovery and its cost were lower [32].

Moreover, magnetic nanoparticles can be modified by the addition of
inorganic compounds such as silica. In general, silica can be used to
overcome the aggregate of FesOs because silica compounds have
inert properties and can weaken the bipolar interaction of particles
and make Fe304 nanoparticles stable [43]. Tetraethyl orthosilicate
(TEOS) is one of the materials that is often used in synthesizing
silica. Mashhadizadeh and Diva [43] synthesized Fez04 nanoparticles
with a silica coating modified with 3-mercapto propionic acid to
separate Al3*and Cr3+. 3-mercapto propionic acid has a carboxyl
(oxygen-donating atom) functional group with suitable
characteristics to form stable complexes with metal ions such as
AB+and Cr3*. Alkyl modification of silanol groups can be applied in
the pretreatment of some hydrophobic analytes because of the
lipophilic nature of these compounds [44]. Caon et al [45]
synthesized core-shell magnetic nanoparticles coated with silica
with a hydrophobically modified surface for extracting triclosan.
This study used three kinds of magnetic core (CoFez04, y-Fe203 and
MnFe;04). These cores were coated respectively and then
functionalized with organosilane octadecyltrimethoxysilane. The
result showed that CoFe204@Si02-C18, y-Fe203@Si02-C18 and
MnFe204@Si02-C18 were insignificantly different in adsorption
capacity, but the magnetic content of CoFe.0.@Si02-C18 was higher
than other. The higher magnetic content showed the adsorbent
would more easily be separated using an external magnetic field
from the supernatant [45].

Magnetic nanoparticle functionalization with metal-organic
frameworks

Metal-organic frameworks (MOFs) are constructed with ligands and
metal ions through the coordinate bond. MOF has several
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advantages such as easy composition (metal ions and organic
ligands), has a specific surface area, has a wide pore size range [12],
can be modified, and has good chemical and thermal stability. Based
on these, the MOF has good potential in separation analyte in the
sample [46]. MOF does not have magnetic properties, so there needs
to be a procedure to add magnetic properties to MOF, including
direct MOF magnetization. Zhang et al [33] synthesized
Fe30.@Si0.@Ui0-66 by facile hydrothermal synthesis. First, the
Fes04 was coated with SiO: (Fe30:@SiO2) to protect it from
degradation and further functionalization. Then the Fe30.@SiOz was
functionalized with an organosilane, 3-Aminopropyl)triethoxysilane.
To produce Fe304@Si0:@Ui0-66, functionalized Fe30.@SiO; was
added into a mixed solution containing N, N-dimethylformamide,
terephthalic acid, and ZrCls (Ui066) then stir the solution at 130 ° C
in an oil bath for 3 h. Fe304@Si0.@Ui0-66 was used to extract
domoic acid. To investigate the effect of MOF (UiO-66) on the
extraction capability, the Fe30.@Si0.@Ui0-66 and Fe304@SiO2 were
evaluated. The result showed that the Fe30.@Si0:@Ui0-66 could
extract a higher concentration of domoic acid than Fes0:@SiO:. It
indicates that the Ui0-66 has a role key on the extraction capability
because the interaction between UiO-66 and domoic acid may
depend on the affinity of the negatively charged carboxylic acid
group toward the vacant orbital of the metal ion (Zr**). The high
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adsorption capability is aided by the larger number of binding site
(Zr#+) and high surface area given by Ui0-66 [33].

Huo and Yan [34] synthesized Fe304@Si0.@MIL-101 sorbent using
in situ magnetizations. The Fe304@Si0; and MIL-101 were
synthesized separately. The MIL-101 was synthesized from a
mixture of Cr(NO3)3.9H:0, terephthalic acid, and HCl in the water at
220 °C. Fe304@Si02, MIL-101, and standard solution of polycyclic
aromatic hydrocarbon or sample were placed in the same vial to
carry out the extraction. Then the mixture was ultrasonication for 20
min to disperse the Fe;0.@Si0z and MIL-101 and for magnetization
of MIL-101 to form Fe30.@Si0.@MIL-101 for the simultaneous
extraction of polycyclic aromatic hydrocarbon [34]. The Fe30.@SiO:
sorbent hardly extracted polycyclic aromatic hydrocarbon;
therefore, the MIL-101 has an important role in extracting the
polycyclic aromatic hydrocarbon. This study investigates the effect
of the amount of MIL-101 on extraction efficiency. When the amount
of MIL-101 was increased from 0 to 0.6 mg, the extraction efficiency
increased significantly, revealing MIL-101's outstanding enrichment
ability. When the amount of MIL-101 was increased from 0.6 to 1.0
mg, the extraction efficiency reduced somewhat or even declined,
indicating that too much MIL 101 without magnetic modification
adsorbed caused a portion of polycyclic aromatic hydrocarbon could
not be collected by magnetic separation [34].

Table 1: Example compound for functionalization of magnetic nanoparticles

Magnetic sorbent Compound Ref
Magnetic nanoparticle functionalized with organic compounds B-cyclodextrin [29, 28]
Dopamine [10, 27]

Surfactant [30]

Magnetic nanoparticles functionalized with inorganic compounds Graphene Oxide [11]

Carbon nanotube [32]

[45]

Magnetic nanoparticle functionalized with Metal-Organic Ui0-66 [33]

Framework MIL-101 [34]

Application of mspe in varoius sample

MSPE is an extraction method that has easy and rapid sample
extraction. This method was developed to overcome the drawback of
SPE, such as packing of material and time-consuming [39, 11]. Table
2 provides a summary of the application of MSPE to extract analytes
in various samples.

MSPE application in biological samples

MSPE can be used as an alternative to SPE and can be used as an
enrichment procedure and separation of analytes from samples with
complex matrices using a magnetic sorbent. External magnets can
easily separate MPSE target analysis as a sign of centrifugation or
filtration [5]. Biological samples are samples that have a very
complex matrix. Biological sample analysis is usually carried out to
monitor drugs with a narrow therapeutic index [48], looking for
users of psychoactive drugs, such as heroin and morphine [11],
measuring metal levels in urine due to exposure to pollution or from
food and beverages [49].

Lu et al [11] developed MSPE using a magnetic modification of
nanoparticles with graphene oxide (GO-Fes04) to analyse morphine,
6-monoacetylmorphine, amphetamine, methamphetamine, codeine,
cocaine, dolantin, and benzoylecgonine in urine samples. Then the
analytes were measured using UHPLC-MS/MS instrument.
According to the optimization results, the extraction process
reached the equilibrium point at 15 min. This rapid extraction is due
to the large surface contact between the target analyte and GO-
Fe304. Desorption is an essential process in MSPE analysis. The
solvent used is a 3 ml methanol solution with 10% ammonia with a
desorption time of 10 min [11]. From the validation method results
using MSPE, the LOD values were obtained with a range of 0.02-0.2
ug/l, and LOQ 0.05-0.5 pg/l, the recovery obtained was around
80.4%-105.50% with an RSD value of 2.7%-13.7%. Compared with
other pretreatment methods such as SPE, liquid-liquid extraction,
dispersive liquid-liquid microextraction (DLLME), analysis using the
MSPE extraction method provides more sensitive and inexpensive
results and adsorbents that are reusable [11].
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Alendronate is a drug used in the treatment of hypocalcemia. In
general, alendronate is given in very small doses so that alendronate
analysis has difficulty in the process of purification and detection.
The lanthanide luminescence method can determine the
fluorometric levels of an organic molecule, forming complexes with
lanthanides. The emission of lanthanide ion chelates such as terbium
chelate (TB3+) can produce strong fluorescence with a large change
in wavelength (stoke change) and a narrow emission band [50].
Niaei et al.[48] developed a modified magnetic nanoparticle sorbent
with  PEG-b-P(IA-co-DMAEMA) block copolymer-TB3+. The
alendronate in the sample will be adsorbed and form a complex
alendronate-TB3+*that can fluoresce. Urine samples spiked with an
alendronate standard with a 600-1000 ppb concentration yielded a
98.9-100.8% recovery value with an RSD <4.7%. While the serum
samples spiked with alendronate standard with a 400-800 ppb
concentration resulted in a recovery value of 97.5-102.1% with an
RSD value of 4.4%. The LOD value obtained from the linearity
range 0.040-0.800 ppm is 0.011 ppm. Based on these results, this
method can be used as a routine analytical procedure for
alendronate in biological samples because the method is accurate,
precise, and has high sensitivity [48].

Tang et al. [51] analyzed sildenafil and desmethyl sildenafil (a
metabolite of sildenafil) in a biological sample using magnetic
sorbent with internal phenyl surface (Fe304-SiOz-Ph) with
methylcellulose (MC) (Fe304-SiO2-Ph-MC) to extract the analytes
then determine them using HPLC. The phenyl moiety in the sorbent
made it appropriate for extracting polar analytes. Methylcellulose
had a lot of hydrophilic hydroxyl moiety, which self-assembled on
the Fe3s04-Si02-Ph and was expected to improve water dispersibility,
which improved the extraction efficiency [51]. The Fe304-SiO2-Ph-
MC was used to extract sildenafil and desmethyl sildenafil in the
plasma and urine samples under optimal conditions. The result
showed that the sildenafil had an excellent linearity range of 5-200
ng/ml (r2=0.9972) for both the plasma and urine samples. The RSD
of the intraday for sildenafil in both samples was about 0.6%-4.2%,
while the RSD of the interday for sildenafil in both samples was
about 2.9-7.9%. The LOD for sildenafil in plasma and urine was 0.68
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ng/ml and 0.41 ng/ml, respectively. For desmethyl sildenafil, the
linearity range for plasma and urine samples was 5-400 ng/ml (r
r2=0.9959). The RSD of the intraday for desmethyl sildenafil in both
samples was about 2.4%-8.2%, while the RSD of the interday for
sildenafil in both samples was about 2.93-7.5%. The LOD for
desmethyl sildenafil in plasma and urine were 0.96 ng/ml and 0.80
ng/ml, respectively [51].

Based on the studies mentioned above, MSPE method can be applied
easily in biological samples with complex matrices and resulting in
excellent extraction and good recovery. Moreover, the MSPE method
exhibited a rapid and sensitive method for sample preparation.

MSPE application on environmental samples

Any chemical, physical, biological or radiological compound element
or compound with an unfavorable influence on air, water, soil, or
living organisms is considered an environmental pollutant or
contamination. Environmental contaminants can come from various
sources, including mining and energy exploration, fossil fuel
burning, agriculture and forestry, industrial production,
pharmaceutical and personal care product, etc. [52]. Shah et al. [53]
synthesized magnetic sorbents by functionalization magnetic
mesoporous silica by sulfonic acid for analysis of Cu (II) and Co (II)
in water samples. Before the sulfonic acid functionalization was
carried out, thiol functionalized magnetic mesoporous silica
(Fe304@Si02@mSiOz-SH) was synthesized by adding organosilane
mercaptopropyl-trimethoxysilane (MPTS) and CTAB to Fe304@SiOz.
After that, the Fe304@Si0:@mSiO2-SH was dispersed in H:0: to
oxidized the thiol group. And then, the product was dispersed in
sulphuric acid for 30 min and obtained sulphonic acid-functionalized
magnetic mesoporous silica (MMS). This study shows that the MMS
reaches equilibrium in 25 min at pH 7. The appropriate pH can
reduce the matrix effect and increase the high adsorption efficiency.
The maximum adsorption capacities are 132 mg/g and 99.1 mg/g
for copper and cobalt. Shat et al. [53] investigated the effect of
matrices or other metals such as (Fe3*, Mn?+, K*and Zn?*, Mg?*, etc.).
The error generated by these interventions of metal is less than+5%
(tolerance limit). Cu (II) and Co (II) detection limits reached 20 ng/1
and 27 ng/l. These results indicate that this sorbent can be used for
efficient pre-concentration of Cu (II) and Co (II) from complex
environmental samples [53].

Li et al. [54] synthesized magnetic adsorbent silver-based organic
coordination networks (Fe30:@Ag-OCN) for trihalomethane
extraction in water samples. The pH conditions at synthesizing of
Fe30.@Ag-OCN affect the diameter of the sorbent. In alkaline
conditions (pH = 9), the diameter is below 800 nm, while at an acidic
pH=6, the diameter is 2 pm larger. At alkaline pH, the surface area
increases compared to acidic pH, which is 172.16 m?/g, which
indicates that the smaller diameter correlates with the surface area
where the small size can increase the adsorption of analytes [54].
The adsorption selectivity was carried out by evaluating the
trihalomethane with other pollutant compounds. Pollutants with
more potent hydrophobicity exhibit a higher extraction factor.
Hydrophobicity shows lower solubility and tends to move from the
solution to the adsorbent surface. Among the selected pollutants,
trihalomethane is a more lipophilic compound that exhibits a higher
extraction factor (EF). The interactions that occur are hydrogen
interactions and the nature of hydrophobicity. The extraction factor
of sorbents synthesized at alkaline pH has a higher value than that of
sorbents synthesized at acidic pH (EF in alkaline pH = 1665, and EF
in acid pH = 1216) [54].

Fe304-Cys@MIL125-NH: is a magnetic adsorbent with a titanium-
based metal-organic core framework to extract fluoroquinolones in
water samples. This adsorbent has a strong magnetic response, good
hydrophilicity, and good affinity for target analytes [46]. The
adsorption condition was chosen at pH 7.0 because fluoroquinolones
will be converted to an intermediate form that shows good recovery
due to the interaction of m-m stacking on the MIL125-NH: layer
against fluoroquinolone molecules and hydrophobic effects [46]. The
Fe304-Cys@MIL125-NHz has been used to extract fluoroquinolone in
tap water and river water samples. The recoveries for the spiked tap
water and spiked river water were 83.8%-109.4% and 84.8%-
108.8%. The RSD was obtained lower than 8.9% for tap water
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sample and 0.7-8.9% for a river water sample. The result showed
that the MSPE method with Fe304-Cys@MIL125-NH: has a chance to
apply for sensitive determination of fluoroquinolone in the water
sample [46].

Application of the MSPE method on environmental samples resulted
in good recovery and good extraction factors. Based on the
abovementioned results, the MSPE method can extract various
analytes, such as metals, toxic or carcinogenic substances, and
pharmaceutical drugs, in environmental samples. In the extraction
process using the MSPE method, pH can affect the interaction
between the analyte and the magnetic sorbent. Therefore, it is
necessary to pay attention to the pH used in the extraction process.

MSPE application on food samples

Contamination in food products is accidentally present or unwanted
in food that can come from the environment or impact the food
chain process. This contamination can be in the form of biological
contamination, veterinary drug residues, pesticides, chemical
contaminants, or other objects that can disturb, harm, and endanger
human health [55]. In determining this contamination level, the use
of MSPE in the extraction process has been developed. Mahpishanian
and Hassan [56] developed [B-cyclodextrin/iron oxide reduced
graphene oxide hybrid nanostructure ($-CD/MRGO) to extract
organochlorine pesticides from honey samples. Organochlorine
molecules will interact with B-cyclodextrin functionalized on the
graphene oxide sheet. The formation of complexes and bond
strength depends on the size and dimensions appropriate and the
binding force between the cavities of the cyclodextrins and
organochlorines as guest molecules [56]. Organochlorines are
compounds that have low and moderate polarity. These
hydrophobic interactions occur in the formation of complexes
between cyclodextrins and organochlorines in water media.
Pesticides with high log P such as dichlorodiphenyltrichloroethane
(DDT), dichlorodiphenyldichloroethylene (DDE) and
Dichlorodiphenyldichloroethane (DDD) can be more bound by f-
cyclodextrins cavities. Some organochlorines such as heptachlor
epoxide, endosulfan sulfate, dieldrin, endosulfan I and II are
hydrogen acceptors because of an oxygen atom or carbonyl group
their structure. Hydrogen bonds between hydrogen or carbonyl
groups in organochlorines and OH residues on -cyclodextrins
formed p-cyclodextrin complexes with organochlorines. The
extraction carried out is assisted by the vortex process, which can in
an extreme way increase the contact area between the adsorbent
and the analyte because the adsorbent can be uniformly dispersed in
the sample solution [56].

Jia et al. [6] and Niu et al. [57] synthesized magnetic adsorbents to
extract the insecticide benzoylurea in tea samples. A magnetic metal-
organic framework composite adsorbent (Fe304@MOF-808) has
been synthesized by Jia et al. [6]. The MOF-88 is a 3D porous MOF
that has been self-assembled from Zirconium (Zr) ions and trimesic
acid ligands. The interaction that occurs between adsorbents and
benzoylurea are m-m interactions, hydrophobic interactions, and
hydrogen bonds. More hydrogen bond donors will increase the
formation of hydrogen bonding interactions with the compound.
Hydrogen bonding occurs between the amide group of the
benzoylurea and the Zr-O site, while the m-m interaction occurs
between the aromatic ring of benzoylurea and the MOF-808
framework [6]. Fe30.@MOF-808 as sorbent has advantages such as
simple procedure and can be reused. When the Fe304@MOF-808 was
used for ten cycles (adsorption-desorption), the RSD for all analytes
in the sample change less than 10.2% indicating it was a good
magnetic sorbent with excellent reusability[6]. Niu et al [57]
synthesize the attapulgite-modified magnetic metal-organic
frameworks (ATP@Fe30:@ZIF-8) as a sorbent to extract
benzoylurea shows that the sorbent produced enrichment factors
range 63.6-72.2.

Heavy metal is one type of contamination that is dangerous if it
enters the body. One of the routes that heavy metals enter the body
is through food. Habila et al. [58] synthesized magnetic nano sorbent
from Fe304 nanoparticles with polyacrylamide using a solvothermal
process. This process involves two steps: forming a carbon layer
around the Fe304 and functionalization with amino groups. This
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sorbent is used for metals Cr (III), Co (1), Cd (II), Zn (II), and Pb (II)
in food samples (eggplant, tomato, onion, and garlic). The validation
analysis results using standard wheat gluten material showed that
LOD is obtained with a 1-110 ng/1 value with an RSD value of less
than 10% and a recovery value of 97.0-100.00% [58]. The result
showed that the magnetic nano sorbent could be applied to extract
Cr (1I1), Co (II), Cd (1), Zn (II), and Pb (II) in food samples with high
efficiency.

Shegefti et al. [59] synthesized the magnetic sorbent obtained by
oxidative polymerization of thionine on Fe30s (Fes0.@PTh)
nanoparticles for cobalt (II) extraction. Polythionine (PTh) is
supposed to exhibit significant extraction efficiency because it has
abundant amino moieties that absorb the metals ion and different
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organic halogen substances [60,61]. Cobalt measurements were
carried out on water samples, canned fish, flour, spinach, black tea,
and cocoa powder, with an accuracy value of 96.0-104.9% with a
detection limit of 0.3 ng/ml. The Fe;0.@PTh sorbent shows that the
sorbent can be reused because after being used for three adsorption-
desorption cycles, the performance of sorbent did not change
significantly. The recovery obtained was more than 90% [59].

The MSPE method successfully extracts analytes in food samples,
just as biological and environmental samples. One of the advantages
of this method mentioned above is that the magnetic sorbent used
can be reused because the performance of the sorbent did not
change significantly after a few adsorption-desorption processes are
carried out.

Table 2: Application of magnetic adsorbents in various samples

Magnetic Analyte Sample Instrume EF* LOD Precision Recovery Ref

adsorbent nt (ng/) (%RSD) (%)

GO-Fe304 Morphine Urine UHPLC- - 0.2 4.8-10.6% 82.7-89.4%  [11]
Monoacetyl MS/MS 0.03 3.8-13.1% 83.5-88.3%
morphine
Amphetamine 0.02 4.0-10.6% 95.7-

105.5%
Metha amphetamine 0.02 2.7-9.2% 89.8-92.5%
Codein 0.03 4.4-10.5% 83.9-89.4%
Cocaine 0.02 3.9-13.7% 81.8-85.6%
Donlatin 0.02 3.5-10.8% 85.5-91.3%
Benzoylecgonine 0.2 2.6-10.5% 80.4-86.4%
PEG-b-P(IA- Alendronat Serum Fluorescen - 11 1.7-4.4% 97.5- [48]
coDMAEMA ce 102.1%
Urine 1.6-4.7% 98.9-
100.8%
Co@CNTs Flurbiprofen Serum HPLC 832 0.0006 0.75-2.10% 86.74- [62]
97.22%
Ketoprofen 672 0.0007 1.94-6.55% 87.35-
90.85%

ZSM-5 /Fe;03 Cadmium Urine SWASV 46-52  0.4-0.8 7-14% 89-98% [49]

Fes304-Si02-Ph-  Sildenafil Plasma/Urine HPLC - 0.68/0.41  2.9-7.9%/0.6- - [51]

MC 6.1%

Desmethyl Sildenafil 0.96/0.80  2.6-73%/2.3- -
7.2%

Fe304@C- Ibuprofen Plasma HPLC-DAD - 8 2-3% 91-95% [63]

nanodot@GO

hybrid

Magnetic Porous Ketoprofen Urine, Serum, HPLC 204 0.2 1.37-7.76% 84.99%- [64]

Carbon River water 112.49%
Naproxen 182 0.2 1.13-6.88% 84.67-

113.23%
Diclofenac 169 0.3 1.15-7.62% 87.94-
113.73%
Fe;0.@PDA Glimepiride Dog Serum LC-MS-MS - 0.001 3.98-8.54% 71.22- [10]
85.86%

Fe3;04@Si02-Cis Volatile organic Urine GC-gMS - 9.7-57.3 3% and 11% 75.1-99.1%  [65]
metabolite
compounds

pHEMA@MNP Ketoprofen Urine HPLC - 5 10-13% 94-99% [66]
Naproxen 10 10-13% 97-109%

Fenbufen 7 8-10% 98-108%
Flurbiprofen 8 2-12% 86-89%
C-g-C3Na/Fes04 Organobromine Tap water and HPLC - 0.1-0.2 2.7-6.1% 92.4-99.8%  [67]
compounds lake water
samples
Fe30.@Ag-OCN Trihalomethanes Tap water GC 0.0014- <6.31% 71.5- [54]
samples 0.01013 102.3%

Sulphonic acid Cupro (II) and Tap water and GFAAS - 0.02 - 102%,94%  [53]

functionalized Cobalt (II) lake water 0.27 96%, 93%

magnetic samples

mesoporous

silica (MMS)

Fe304- Fluoroquinolone Tap water and UHPLC - 0.05-0.2 <8.9% 83.8- [46]

Cys@MIL125- river water 109.4%

NH. samples
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Magnetic Analyte Sample Instrume EF* LOD Precision Recovery Ref
adsorbent nt (ng/) (%RSD) (%)
Fe304@fTiO2- Chlorobenzene soil GC-MS - 0.009- <5.4% 87.3- [29]
CMCD 0.031 104.3%
ng/kg
Graphene oxide Glucocorticoid River water, lake ~ HPLC- 52-78 0.0075- <10.0% 79.7-120% [68]
and carbon water, salt water ~ MS/MS 0.16 ng/1
nanotubes
Bacillus cereus SO-  Uranium (VI) dan Water samples ICP-OES - 0.008, <2.1% - [69]
14 immobilized-y Thorium (IV) 0.013
Fe203 ng/l
nanoparticles
Fe30.@PDA-DES Sulphonyl urea Lake water and HPLC 495- 0.0098- 1.2-3.6% 61.3- [70]
drinking water 630 0.110 108.6%
-CD/MRGO Organochlorine honey GC-ECD 0.52-3.21 <8.1% 78.8- [56]
ng/kg 116.2%
Fes04@MOF-808 Benzoylurea Tea and juice HPLC 110- 0.04-0.15 1.6-11.4% 84.6-98.3%  [6]
insecticide 120
Thiol- Sulphonamide Tap water and HPLC-DAD - 0.02-1.5 0.3-7.7% 80.7- [71]
functionalized antibiotics chicken meat 116.2%
magnetic
(TMCNTSs)
MNP@ATED- Cd (1), Pb (II), Cu Water; peanuts GFAAS 3.3-7.2 <10 % 80.5-114%; [72]
MSPE (Im ng/l; 1.1- 82.2-118%
1.5 ug/kg
ATP@Fe30.@ZIF- Benzoylureas Tea HPLC 63.6- 0.7-3.2 <10% 78.8- [57]
8 72.3 114.3%
(Zn-Al LDH)- Nikel (1I) dan Apple, orange, MS-FAAS 40 1.3 3.9-5.1% 98.3-99.6 [73]
(PTh/DBSNa)- banana, meat, ng/ml, %
Fe304 Cadmium (II) chicken, fish - 0.7ng/ml  3.1-4.4% 97.6-99.0
%
PS@MNPs Pesticide Mango, Apricot, GC-FID 230- 0.28-0.54 2-5% 90-103% [14]
peach, apple, 473
grape, tomato and
onion
Magnetic agarose  Flavonoid Black tea, dark HPLC - 0.2-1.1 <53% 86.0-98.8%  [74]
nanoparticle chocolate, tomato,
pineapple juice,
orange juice,
*EF: Enrichment Factor
CONCLUSION REFERENCES
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