ORGANIC-INORGANIC SOL-GEL HYBRID AND MAGNETIC
SPOROPOLLENIN-BASED COMPOSITES AS SOLID PHASE-BASED
EXTRACTION OF SELECTED ALDEHYDES AND DRUGS ANALYSIS

SITI MUNIRAH ABD WAHIB

UNIVERSITI TEKNOLOGI MALAYSIA



ORGANIC-INORGANIC SOL-GEL HYBRID AND MAGNETIC
SPOROPOLLENIN-BASED COMPOSITES AS SOLID PHASE-BASED
EXTRACTION OF SELECTED ALDEHYDES AND DRUGS ANALYSIS

SITI MUNIRAH ABD WAHIB

A thesis submitted in fulfilment of the
requirements for the award of the degree of

Doctor of Philosophy (Chemistry)

Faculty of Science

Universiti Teknologi Malaysia

DECEMBER 2020



DEDICATION

‘... Act! Allah will behold your actions, and (so will) His messenger and the
believers, and ye will be brought back to the Knower of the Invisible and the
Visible, and He will tell you what ye used to do” (A Taubah: verse 105)

This thesis is dedicated to my beloved family.



ACKNOWLEDGEMENT

In the name of Allah, The Most Merciful and The Most Compassionate. First
and foremost, | would like to express my appreciation and sincere thankfulness to my
main supervisor, Prof. Dr. Wan Aini Wan Ibrahim for her precious advice, priceless
guidance, assistance, critical comments, and moral support throughout my PhD
journey. A special thanks to my co-supervisor, Prof. Dr Mohd Marsin Sanagi for his
suggestions, encouragement, and motivation. Ministry of Science, Technology and
Innovation Malaysia (MOSTI) is also acknowledged for the myBrain15 award. This
study was supported by University Research Grant vote number 04H92 and 18H86

which is gratefully acknowledged.

Thousand thanks go to my fellow members of Separation Science and
Technology Group. There are not enough words to describe how grateful I am to have
you all as my friends. It is true, family is not always blood. Thank you for being an
indispensable part of my life. Special thanks to all staffs and graduate students in
Department of Chemistry for their helping hand and cooperation. | give my deepest
thank and gratitude to my beloved family especially my father and my mother for their
endless love, unconditional understanding, and support. For my beloved Anis and
Adam, you are my everything and my epitome of strength. The last thank goes to Dr

Muhammad Afzal Kamboh for his great ideas and guidance.



ABSTRACT

The effectiveness of microextraction method is strongly dependent on the
selection of suitable sorbent material for the target analyte/s. Production of an efficient
and easily handled sorbent material is challenging. The use of sorbent based on a single
material often exhibits limited physicochemical properties. Thus, combining the
advantages of different materials especially from renewable or less toxic sources is
preferred to obtain an eco-friendly composite with enhanced performance. In this
study, three organic-inorganic composites were successfully synthesized as new
extraction materials for selected organic compounds from different aqueous samples.
The first sorbent, methyltrimethoxysilane-(3-mercaptopropyl)trimethoxysilane
(MTMOS-MPTMOS) was successfully used as coating material in hollow fiber-solid
phase microextraction (HF-SPME) and applied to the extraction of hexanal and
heptanal in urine samples. MTMOS-MPTMOS HF-SPME method showed good limits
of detection (LOD) (3 S/N) (0.010 pg mL™? for hexanal and 0.015 pg mL? for
heptanal), excellent accuracies (recovery = 91.21 - 97.51%) and good precisions (RSD
< 5.6%). The ease of sorbent preparation and simplicity in use made the MTMOS-
MPTMOS HF-SPME as a potential tool for detecting volatile organic compounds in
real samples. The second sorbent, magnetic sporopollenin-3-
cyanopropyltriethoxysilane (MS-CNPrTEOS) was synthesized and successfully
evaluated as a new sorbent candidate for use in dispersive micro-magnetic solid phase
extraction (D-u-MSPE) for the determination of selected non-steroidal anti-
inflammatory drugs (NSAIDs) and tricyclic antidepressants (TCAS) in water samples.
Magnetic sporopollenin composite functionalized calix[4]arene derivative (Calix-MS)
was prepared as the third new sorbent and successfully employed for D-u-MSPE of
selected NSAIDs in water samples. The developed methods using both MS-
CNPrTEOS and Calix-MS provided low LODs (3s) at ppb levels (< 0.50 pg L), good
linearities (R2>0.9951) and accuracies (> 86%). Findings revealed that the bio-based
sporopollenin composites exhibited good extraction capability, good stability
(reusable) and sufficient magnetic property to greatly simplify the extraction process.
Based on the analytical eco-scale, the greenness of MTMOS-MPTMOS HF-SPME
method is excellent while D-u-MSPE using MS-CNPrTEQOS and Calix-MS as sorbents
are classified as acceptable green analytical methods. The three developed methods
showed high potential as green alternative methods for determination of organic
compounds in agueous samples.
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ABSTRAK

Keberkesanan kaedah pengekstrakan mikro amat bergantung kepada pemilihan
bahan pengerap untuk analit sasaran. Penghasilan bahan pengerap yang cekap dan
mudah dikendalikan adalah agak mencabar. Penggunaan bahan pengerap berasaskan
bahan tunggal kebiasaannya mempamerkan sifat fizikokimia yang terhad. Oleh itu,
kelebihan penggabungan bahan berbeza terutamanya daripada sumber yang boleh
diperbaharui atau kurang toksik lebih digemari untuk menghasilkan komposit mesra
alam dengan peningkatan prestasi. Dalam kajian ini, tiga komposit organik-tak organik
telah berjaya disintesis sebagai bahan pengekstrakan baharu untuk sebatian organik
terpilin  daripada sampel akueus berbeza. Bahan pengerap pertama,
metiltrimetoksisilana-(3-merkaptopropil)trimetoksisilana (MTMOS-MPTMOS) telah
berjaya digunakan sebagai bahan salut dalam pengekstrakan fasa pepejal-gentian
berongga (HF-SPME) dan diaplikasikan untuk pengekstrakan heksanal dan heptanal
di dalam sampel air kencing. Kaedah MTMOS-MPTMOS HF-SPME telah
menunjukkan had pengesanan yang baik (LOD) (3 S/N) (0.010 pg mL* untuk heksanal
dan 0.015 pug mL? untuk heptanal), ketepatan cemerlang (pengembalian semula =
91.21 - 97.51%) dan kepersisan yang baik (RSD < 5.6%). Penyediaan bahan pengerap
yang mudah dan senang digunakan menjadikan MTMOS-MPTMOS HF-SPME suatu
peranti yang berpotensi untuk mengesan sebatian organik mudah meruap di dalam
sampel sebenar. Bahan pengerap kedua, sporopollenin-sianopropiltrietoksisilana
bermagnet (MS-CNPrTEOS) telah disintesis dan diuji dengan jayanya sebagai bahan
pengerap baharu dalam pengekstrakan mikro fasa pepejal bermagnet terserak (D-p-
MSPE) untuk penentuan dadah anti-keradangan bukan steroid (NSAIDs) dan dadah
anti-kemurungan trisiklik (TCAs) terpilih di dalam sampel akueus. Komposit
sporopollenin bermagnet terfungsi terbitan kaliks[4]arena (Calix-MS) telah disediakan
sebagai bahan pengerap baharu ketiga dan telah berjaya digunakan untuk D-p-MSPE
bagi NSAIDs terpilih di dalam sampel air. Kaedah yang dibangunkan menggunakan
kedua-dua bahan pengerap MS-CNPrTEOS dan Calix-MS telah menghasilkan LOD
(3s) yang rendah pada tahap ppb (< 0.50 pg L) dan kelinearan baik (R?> 0.9951)
serta kejituan (> 86%) yang baik. Penemuan menunjukkan bahawa komposit
sporopollenin berasaskan-bio mempamerkan keupayaan pengekstrakan yang baik,
kestabilan yang baik (kebolehgunaan semula) dan sifat bermagnet yang mencukupi
untuk mempermudahkan proses pengekstrakan. Berdasarkan analisis skala-eko, tahap
kehijauan kaedah MTMOS-MPTMOS HF-SPME adalah cemerlang manakala kaedah
D-u-MSPE menggunakan MS-CNPrTEOS dan Calix-MS sebagai bahan pengerap
dikategorikan sebagai kaedah analisis hijau yang memuaskan. Ketiga-tiga kaedah
dibangunkan menunjukkan potensi tinggi sebagai kaedah alternatif hijau untuk
penentuan sebatian organik di dalam sampel akueus.
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CHAPTER 1

INTRODUCTION

1.1  Background of Study

Chromatographic analysis of organic compounds including endogenous
volatiles and environmental persistence pharmaceutical pollutants are inevitably
challenging due to the overwhelming matrix effects and the trace levels of the analytes
in sample matrices. Direct chromatographic sample introduction is often avoided.
Even though modern analytical instrumentation is utilized, sample preparation is still
mandatory to remove the interferences as well as impurities to obtain clean extracts
before instrumental separation and detection for analysis of the intended analyte/s. In
laboratory practice, coupling liquid chromatography and solid phase extraction (SPE)
is a typical technique to determine non-volatile organic compounds. For volatile
organic compounds (VOCs) determination, gas chromatography (GC) is a convenient
option and combination with a solid phase microextraction (SPME) method has been
proven a perfect match. With time, a variety of sample preparation and
preconcentration techniques have been developed and adopted for different classes of
organic compounds prior to chromatographic analysis. Undeniably, the choice of
sample preparation determines the reagents and solvent used, cost and time required
as well as influences the quality of the analysis. Besides, appropriate selection of
preconcentration approach is exceptionally an imperative way to improve method

reliability and sensitivity for intended organic compound/s analysis.

Among broad groups of organic compounds, aldehydes are important volatile
fingerprint that have been quantified in a variety of sample matrices such as biological
samples (Wei et al., 2019; Monedeiro et al., 2020), foodstuffs (Liu et al., 2020) as well
as beverages (Bueno et al., 2014; Moreira et al., 2019). Aldehydes play a role in
oxidative stress and several aliphatic aldehydes particularly hexanal and heptanal have

received a spotlight in research studies as potential markers of a few diseases including



lung cancer and bladder cancer (Liu et al., 2014; Yu et al., 2018; Wei et al., 2019). In
addition, hexanal and heptanal are among volatile aldehydes that are commonly found
as food processing by-products and their presence in foodstuffs could be a marker of
food quality (Aisala et al., 2019; Ghiasvand et al., 2019). Since they are useful volatile
markers, the two aldehydes have been selected as model compounds in the current
study.

Prior to analysis, SPME is a promising technique to determine volatile
aldehydes in multiple samples (Buszewski et al., 2012; Ghiasvand et al., 2018a;
Filipowska et al., 2020). SPME offers the advantage of one step extraction and
preconcentration which is rapid for sampling. Commercial SPME using
polydimethylsiloxane/divinylbenzene (PDMS/DVB) (Guadagni et al., 2011; Monteiro
et al., 2014) and carboxen/polydimethylsiloxane (CAR/PDMS) fibers (Manousi and
Zachariadis, 2019) are superior for aldehydes analysis. However, commercial SPME
fiber suffers from low recommended operating temperature, limited lifetime and is
relatively expensive. The commercially available fibers are not chemically stable due
to the mere physical deposition or partial cross linking of the polymer coating. These
limitations have been the driving force to emergence of diverse fiber coatings for
SPME (Wan lbrahim et al., 2010; Aziz-Zanjani and Mehdinia, 2014; Ghiasvand et al.,
2018b; Zhang et al., 2018; Xiang et al., 2020). Perpetual effort has been devoted to
creating materials for effective SPME and sol-gel approach offers a convenient and
simple pathway to produce sorbent materials with good properties and stability (Wan
Ibrahim et al., 2010; Sarafraz-Yazdi et al., 2011; Pena-Pereira et al., 2014; Ghader et
al., 2017; Kong et al., 2019; Dowlatshah and Saraji, 2020; Xiang et al., 2020).

Sol-gel technology represents a simple chemical route to synthesize
multicomponent composites and different kinds of sol-gel derived materials are proven
to be very useful for ultra-trace analysis (Wan Ibrahim et al., 2010; 2011a; 2013; Kabir
et al., 2013; Abd Rahim et al., 2016; Kong et al., 2019; Fan et al., 2020). Typical sol-
gel process involves hydrolysis and polycondensation of precursors in the presence of
other polymer or metallic derivatives. Some inherent advantages of sol-gel process
include the possibility of creating hybrid organic-inorganic materials at lower

processing temperature, homogeneous system and good properties of the final



materials including the ability to enhance stationary phase stability (Kumar et al.,
2008; Singh, 2008; Li et al., 2013; Moein et al., 2019; Amiri et al., 2020). Sol-gel
method is an established approach to prepare various form of materials, therefore,
designing new materials via this approach is expected to overcome the drawbacks of

commercial sorbents and is used in the current work.

Pharmaceutical drugs are among organic clusters that have received much
attention as intended analytes in scientific journals, including in the current study.
Pharmaceuticals occurrence in environmental waters has been considered as an
emerging issue pertaining to the tendency risk posed by their presence. Concern has
been raised for non-steroidal anti-inflammatory drugs (NSAIDs) and antidepressant
drugs as emerging contaminants since the drugs are among a wide range of
pharmaceuticals that have been detected in many environment compartments (Afonso-
Olivares et al., 2012; Nannou et al., 2015; Mezzelani et al., 2018; 2020). Most of the
pharmaceutical drugs are not extensively degraded; consequently, the drugs are highly
potential to be detected in environment waters. Pharmaceuticals occurrence can create
possible threats to the aquatic life and water ecosystem. Worst, the micropollutants
occasionally enter the groundwater and drinking source in which at certain level it can
be dangerous to embryos, infants, children, and person with weak constitutions or
allergic to pharmaceuticals (Lee et al., 2014; Mezzelani et al., 2016). Concerning the
unforeseen threat exposed to aquatic life as well as indirectly endanger to humans,
monitoring and measuring the concentration levels of the pharmaceutical drugs in

environment are of central importance.

In analytical practice, solid phase extraction (SPE) is an established technique
used for a wide spectrum of water contaminants including acidic and basic drugs (Wen
et al., 2014; Paiga et al., 2017; Azzouz et al., 2018; Montes et al., 2019; Alygizakis et
al., 2020). Even though SPE is a reliable sample pretreatment for decades, many
attempts have made to shift the matured technology to meet the green analytical
chemistry (GAC) requirement. GAC becomes an intense focus and safeguard for
environmental-friendly laboratory practice wherein a few GAC components such as
minimal use of sorbent or reagents, reducing sample number and size, minimal use of

energy, less generation of waste have been imparted as attractive perspectives and has



been adhered as much as possible in analytical methods (Mohamed, 2015; Saroj et al.,
2018). As an effort to meet the requirement of GAC, research has geared toward micro-

scale and miniaturized sample preparation which termed as microextraction.

Microextraction techniques offer the greatest benefits over conventional
method to congruent with GAC. SPME represents the first generation of
microextraction and evolution in existing analytical methods brings the second
generation of microextraction where different configurations of solid phase-based
extractions have been developed and improved from time-to-time (Kabir et al., 2017,
Reyes-Garcés et al., 2018; Soares da Silva Burato et al., 2020). Amongst the
microextraction options, dispersive-micro-solid phase extraction offers ease-of-use
procedure and close contact with analytes in sample solution without utilizing the
particles-filled cartridge or any auxiliary tools is the foremost method advantage (Du
et al.,2018a; Ji et al., 2018; Chisvert et al., 2019; Nascimento et al., 2019). The term
of dispersive-micro-solid phase extraction (D-u-SPE) was coined in 2009 and the D-
U-SPE based on silica/primary and secondary amines (PSA) was first applied to
isolation and preconcentration of veterinary drugs from swine muscle samples (Tsai et
al., 2009).

The evolution in solid phase-based extraction comes together with the
emergence of new sorbent materials. Sorbent materials play a vital role in extraction
methods to practically upgrade extraction efficiency and sensitivity. The advanced
materials technology in analytical methods has been widespread and dominated
research interests. Sorbents such as carbon nanotubes (Jiménez-Soto et al., 2012),
mesoporous carbon (Yahaya et al., 2013; 2019; Omidi et al., 2020),
graphene/graphene oxide (Mahpishanian and Sereshti, 2014; Amiri et al., 2019; Duval
et al., 2020), silica materials (Khezeli and Daneshfar, 2015), metal-organic
frameworks (Lu et al., 2016; Gutiérrez-Serpa et al., 2020), carbon graphite nitride
(Karbalaie et al., 2020), etc. have been applied in D-p-SPE. Several constraints
involved in conventional sorbents including specific-task, lack of selectivity, poor
capacity as well as inefficient towards analytes with different polarities have opened
the door to exploitation of various classes of materials. The deployment of neat or

single materials has also many drawbacks. Thus, much effort has been put to position



composites or hybrid materials as attractive alternatives to conventional sorbents. The
integration of magnetic nanoparticles (MNPSs) into D-u-SPE makes the method more
feasible since the magnetized sorbents could be easily retrieved from sample solution

by use of an external magnet.

Typical magnetic sorbents constitute simple magnetic composites and complex
magnetic composites. Combination of magnetic nanoparticles with a non-magnetic
material is classified as simple magnetic composite. For instance, simple magnetic
composite based on solely magnetite and carbon nanotubes was employed to
determine selected NSAIDs in environmental water samples (Abujaber et al., 2018;
El-Sheikh et al., 2019). Complex magnetic composites consist of more than two non-
magnetic components and the multifunctional composites possess additional desired
properties that can elevate the sorbent efficiency in extracting the target compounds.
For example, a new D-pu-SPE sorbent based on combination of metal-organic
framework, multiwalled carbon nanotubes and magnetite was synthesized and applied
in toxic environmental chemicals extraction (Jalilian et al., 2019). The resulting
magnetic composite exhibited high surface area and porosity, good adsorption capacity
and superior magnetic property and the enhanced merits of the sorbent provided
significant advantages of excellent extraction performance and fast extraction kinetic.

The use of composites based on advanced materials such as graphene/graphene
oxide nanocomposites (Rashidi Nodeh et al., 2017; Ferrone et al., 2018; Li et al.,
2018a; Sarp and Yilmaz, 2019; Medina et al., 2020), metal organic frameworks-based
composites (Wang et al., 2017; Boontongto and Burakham, 2019; Jalilian et al., 2019),
conducting polymers (Marsin et al., 2018; 2020) is top-notch and expanding over the
years. Due to the extraordinary properties and excellent extraction capability, such
extraction sorbents have been widely used for drugs determination in water samples.
Jalilian and co-workers synthesized a new nanocomposite made of magnetite, carbon
nanotubes and poly(2-aminopyrimidine) for determination of acidic and basic drugs in
wastewater (Jalilian et al., 2018). Determination of polar NSAIDs was accomplished
using a new magnetic sorbent based on magnetite, polyethyleneimine and reduce
graphene oxide (Li et al., 2019). Despite their fascinating extraction performance,

producing sorbent materials made of two or three advanced materials might incur high



cost and lengthy synthesis routes. Seeking the alternatives or complementary materials
from renewable and natural sources is advantageous from economic and
environmental perspective. In addition, employing substance from renewable resource
is among the listed philosophy of “12 Principles of Green Chemistry” (Anastas and
Kirchhoff, 2002). One of the attractive natural source materials is sporopollenin.

Sporopollenin is an abundant and low-cost natural organic polymer derived
from exoskeletal or exine of plant spores and pollen (Binks et al., 2011). Among the
pollen grains species, sporopollenin from Lycopodium Clavatum is more accessible
and readily marketed. The unique morphology of the exines and the polymeric nature
comprises hydroxyl, carboxyl, carbonyl is thought to be a useful green extraction
sorbent. Several literatures described the potential of sporopollenin as an inexpensive
sorbent for removal of toxic pollutants (Sener et al., 2014; Sargin and Arslan, 2015;
Ahmad et al., 2017; Hassan et al., 2020). Sporopollenin is relatively unexplored as
extractant usage and the fact that such less processing and abundant natural polymer
is highly desirable as it is cheaper, safer and is a sustainable alternative offer a good
option. The unique properties such as chemical and physical robustness and incredibly
consistent in size, morphology and composition as well as possess various group
functionality make the biopolymer attractive over the available synthetic polymers
(Erzengin et al., 2011; Sener et al., 2014; Kamboh et al., 2016; Kaya et al., 2017,
Pomelli et al., 2020).

To date, exploitation of sporopollenin and its composites in sample preparation
and as enrichment sorbent media is still limited. Pollen grains from Pinus Massoniana
Lamb were demonstrated as a hydrophilic SPE sorbent for analysis of selected
pesticides in fruits and vegetables (Lu et al., 2014). However, classical SPE involves
multi-step procedure that is time-consuming and clogging issue often associated with
the packed-bed column. Alternatively, D-u-SPE technique is more convenient and
time-saving approach that could circumvent the weakness of conventional SPE. In this
context, the merits of naturally occurring as microparticles with great uniformity which
is difficult to obtain by man-made and it is well-dispersed in water due to the abundant
oxygen-containing functional groups in its structure grants the biopolymer to fulfill

the criteria of dispersive-based extraction sorbent. Additionally, sporopollenin is



amenable to surface modification which enables the natural biopolymer to combine
with different kinds of compounds and materials to serve as efficient composites (Syed
Yaacob et al., 2018a, b). Since development of safer, benign, and sustainable materials
shows great promise for environmental-friendly sample preparation method, such

sustainable biopolymer is explored as material of choice in this study.

The GAC has stimulated the green wave in research field where research
interests are not only specific to microextraction methods development but also
designing material with less impact on the ecosystem. Thus, in this study, special
attention has been devoted to producing three new sorbents entailing the use of less
toxic or/and natural substance with the attempt to develop green analytical solid phase-
based extraction for determination of selected aldehydes, NSAIDs and tricyclic
antidepressants (TCAs). Interestingly, the green criterion of a method could be
evaluated using an ecological scale. This scale is evaluated based on deduction of 100
points with penalty points derived from the volume/toxicity of reagents used,
consumption of energy, emission, operator hazard as well as generation of waste. An
excellent green analysis is given to a method with > 75 points whereas acceptable
green analytical method is > 50 points (Armenta et al., 2015). This analytical eco-
scale is employed in the current work to assess the green character of the developed

methods using the sorbents produced.

1.2 Problem Statement

SPME is an outstanding green analytical method and the technique has been
widely used to analyse volatiles including aldehydes (Poli et al., 2010; Ma et al., 2014;
da Silva et al., 2015; Aisala et al., 2019; Filipowska et al., 2020). Interestingly, many
in-house SPME fibers adopted sol-gel method to address limitations related to thermal
stability and mechanical strength (Ghader et al., 2017; Yarazavi et al., 2018; Shnayder
et al., 2019). The use of sol-gel precursors to produce hybrid organic-inorganic
material as SPME extraction phase is relatively cost-effective. Great performance of

hybrid materials derived from two alkoxysilane precursors has been clarified in



previous works (Wan Ibrahim et al., 2012; 2013; Muhamad et al., 2014). Inspired by
the success of these works, herein, sol-gel hybrid based on methyltrimethoxysilane-
(3-mercaptopropyl)-trimethoxysilane  (MTMOS-MPTMOS) was proposed for
aldehydes analysis. However, there are several constraints associated with the
development of in-house SPME fiber including cumbersome pre- and post-gelation
treatment, long ageing time and conditioning is needed before first use. Fiber breakage
as well as sample carryover during analysis are other limitations that have outweighed
the advantage of SPME. These shortcomings have been highlighted in this work by
proposing hollow fiber-solid phase microextraction (HF-SPME) as an alternative and
simpler approach to extract volatiles such as aldehydes from aqueous samples. Rather
than using a fiber as support, HF-SPME makes use of a small segment of
polypropylene hollow fiber to hold the extracting phase. In this regard, sol-gel
MTMOS-MPTMOS could be coated in a simple manner without heat treatment via in-
situ polymerization in the lumen of the HF and thus, could serve as a convenient

extraction media for the determination of hexanal and heptanal.

Designing sorbent materials derived from biopolymer and natural sources is an
effective strategy to give low environmental impact. Sporopollenin is nontoxic,
biodegradable, cheap and from renewable sources that fit the green sorbent criteria.
The property of high dispersibility in water allows the biopolymer to be used in D-p-
SPE format. Separation of sporopollenin sorbent from sample solution is quite
challenging. In addition, pollen grains suffer from low surface area (Thio et al., 2011)
which may cause lack of selectivity to reach satisfactory fast kinetic extraction
efficiency. Functionalizing the sporopollenin surface serves as an appropriate solution
to improve and enhance its extraction capability and incorporation of magnetic
property allows for easy separation of the sorbent, avoiding filtration step. As concern
has surfaced over the effect of sorbent materials toxicity, choosing low toxicity and
biodegradable substances as functional materials is much pronounced to attend to the
demand for eco-friendly extraction strategy. Herein, two attractive substances that are
nontoxic, inert and biocompatible namely cyanopropyltriethoxysilane and
alkylbenzonitrile substituted p-tert-butylcalix[4]arene were selected as viable
functional groups in magnetic sporopollenin composites. They are easy to be

functionalized and possesses hydrophobic, hydrophilic as well as polarizable



characteristic that is expected to conceivably enhance the selectivity and versatility of
the sporopollenin composites in extracting NSAIDs and TCAs. To the best of our
knowledge, this is the first attempt on the use of magnetic sporopollenin-
cyanopropyltriethoxysilane (MS-CNPrTEQOS) and alkylbenzonitrile substituted p-tert-
butylcalix[4]arene immobilized-magnetic sporopollenin (Calix-MS) in D-p-SPE for
analysis of selected NSAIDs and TCAs in water samples.

1.3 Aims and Objectives of Study

The study aims to produce three new efficient sorbents namely MTMOS-MPTMOS,
MS-CNPrTEOS and Calix-MS and to use these materials to develop green analytical
chemistry methods for selected aldehydes and two classes of drugs analysis in aqueous

samples. The objectives of the study are to;

[1] develop a convenient and simple HF-SPME based on sol-gel hybrid MTMOS-
MPTMOS for analysis of hexanal and heptanal in urine samples.

[2] prepare MS-CNPrTEOS as a new D-u-MSPE biosorbent for extraction of
selected NSAIDS and TCAs in water samples.

[3] demonstrate an efficient method for determination of selected NSAIDs by

Calix-MS as a new D-pu-MSPE biosorbent in water samples.

1.4 Scope of Study

This work focuses on the development of solid phase-based microextraction
with a special emphasis on the use of MTMOS-MPTMOS, MS-CNPrTEOS and Calix-
MS as material of choice for analysis of selected aldehydes, NSAIDs and TCAs in
aqueous samples. This study includes preparation and characterization of the three new

sorbents and method development which covers optimization, validation, and



application to real samples. In this context, sol-gel hybrid MTMOS-MPTMOS was
synthesized as HF-SPME coating material and the MTMOS-MPTMOQOS HF-SPME
was demonstrated for hexanal and heptanal in urine samples. Gas chromatography-
flame ionization detector (GC-FID) was used for detection and quantification. Both
MS-CNPrTEOS and Calix-MS were synthesized as D-u-MSPE sorbents and used for
the determination of ketoprofen, ibuprofen, diclofenac and mefenamic acid in tap
water, lake water, river water and wastewater. The D-yu-MSPE based on MS-
CNPrTEOS was also evaluated and applied for the determination of three TCAs
(amitriptyline, imipramine and chlorpromazine) in water samples. High performance
liqguid chromatography-ultraviolet (HPLC-UV) was used for detection and
quantification of the selected NSAIDs and TCAs. The last part of study involves the
green assessment of the developed methods using analytical eco-scale (penalty points

approach).

1.5  Limitation of Study

This study has some limitations. In this work, environment water samples were
collected at nearby source (viz., Skudai, Johor Bahru) and used for validation purpose
in method development. The collection of water samples involved only a snapshot of
the situation at the sampling area and this small sample size might fail to provide more
realistic information. In addition, the possibility of non-presence of the target analytes
might be associated to the inavailability of sensitive detection for trace amount (low
ng/L) since laboratory-based instrumental analysis was performed using UV detector.
In order to acquire more intensive monitoring of environmental levels, multi-channel
sampling stations and liquid chromatography-tandem mass spectrometry can be used

in the future work.
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1.6 Significance of Study

MTMOS-MPTMOS HF-SPME and D-pu-MSPE based on bio-based
sporopollenin composites are new extraction media that offer fast, easy handling and
efficient miniaturized approach for determination of selected target organic
compounds. The developed methods are expected to satisfy the GAC aspect and have
great potential to serve as promising cost-effective alternatives to established methods.
This work emphasizes on the minimal use of hazardous solvents, user-friendly
procedure, and the employment of eco-compatible materials and from renewable
source which bring the eco-friendly advantage to mitigating environmental impact.
Since environmental component is included in Sustainable Development Goals
(SDGs), this work represents an academic effort to support SDGs and the 2030 Agenda

to be pursued.

11



REFERENCES

Abd Rahim, M., Wan lbrahim, W. A., Ramli, Z., Sanagi, M. M. and Aboul-Enein, H.
Y. (2016) ‘New Sol-Gel Hybrid Material in Solid Phase Extraction Combined
with Liquid Chromatography for The Determination of Non-Steroidal Anti-
Inflammatory Drugs in Water Samples’, Chromatographia, 79(7-8), 421- 429.
doi: 10.1007/s10337-016-3059-3.

Abdel-Rehim, M., Altun, Z. and Blomberg, L. (2004) ‘Microextraction in Packed
Syringe (MEPS) for Liquid and Gas Chromatographic Applications. Part 1l
Determination of Ropivacaine and Its Metabolites in Human Plasma Samples
Using MEPS with Liquid Chromatography/Tandem Mass Spectrometry’,
Journal of Mass Spectrometry, 39(12), 1488-1493. doi: 10.1002/jms.731.

Abedi, H., Ebrahimzadeh, H. and Ghasemi, J.B. (2015) ‘Solid Phase Headspace
Microextraction of Tricyclic Antidepressants Using a Directly Prepared
Nanocomposite Consisting of Graphene, CTAB and Polyaniline’,
Microchimica Acta, 182(3-4), 633-641. doi: 10.1007/s00604-014-1367-6.

Abu Bakar, N. A., Wan lbrahim, W. A. and Sanagi, M. M. (2016) ‘Sol-Gel (3-
Mercaptopropyl)trimethoxysilane-Methyltrimethoxysilane as Adsorbent for
Stir Bar Sorptive Extraction of Selected Organic Dyes’, Jurnal Teknologi,
78(3-2), 31-38. doi: 10.11113/jt.v78.7809.

Abujaber, F., Zougagh, M., Jodeh, S., Rios, A., Javier, F., Bernardo, G., and Martin-
Doimeadios, R. C. R. (2018) ‘Magnetic Cellulose Nanoparticles Coated with
lonic Liquid as A New Material for The Simple and Fast Monitoring of
Emerging Pollutants in Waters by Magnetic Solid Phase Extraction’,
Microchemical Journal, 137, 490-495. doi: 10.1016/j.microc.2017.12.007.

Acharya, A., Samanta, K. and Rao, C. P. (2012) ‘Conjugates of Calixarenes Emerging
as Molecular Entities of Nanoscience’, Coordination Chemistry Reviews,
256(17-18), 2096-2125. doi: 10.1016/j.ccr.2012.05.018.

Afonso-Olivares, C., Sosa-Ferrera, Z. and Santana-Rodriguez, J. J. (2012) ‘Analysis
of Anti-Inflammatory, Analgesic, Stimulant and Antidepressant Drugs in
Purified Water from Wastewater Treatment Plants Using SPE-LC Tandem

Mass Spectrometry’, Journal of Environmental Science and Health-Part A

199



Toxic/Hazardous Substances and Environmental Engineering, 47(6), 887-895.
doi: 10.1080/10934529.2012.665005.

Aguilar-Arteaga, K., Rodriguez, J. A., Miranda, J. M., Medina, J. and Barrado, E.
(2010) ‘Determination of Non-Steroidal Anti-Inflammatory Drugs in
Wastewaters by Magnetic Matrix Solid Phase Dispersion-HPLC’, Talanta, 80,
1152-1157. doi: 10.1016/j.talanta.2009.08.042.

Ahmad, N. F., Kamboh, M. A., Nodeh, H. R., Halim, S. N. B. A. and Mohamad, S.
(2017) ‘Synthesis of Piperazine Functionalized Magnetic Sporopollenin: A
New Organic-Inorganic Hybrid Material for the Removal of Lead(Il) and
Arsenic(IlI) from Aqueous Solution’, Environmental Science and Pollution
Research, 24(27), 21846-21858. doi: 10.1007/s11356-017-9820-9.

Ahmad, S. M., Almeida, C., Neng, N. R. and Nogueira, J. M. F. (2016) ‘Bar Adsorptive
Microextraction (BApE) Coated with Mixed Sorbent Phases-Enhanced
Selectivity for The Determination of Non-Steroidal Anti-Inflammatory Drugs
in Real Matrices in Combination with Capillary Electrophoresis’, Journal of
Chromatography B, 1008, 115-124. doi: 10.1016/j.jchromb.2015.11.018.

Aisala, H., Sola, J., Hopia, A., Linderborg, K. M. and Sandell, M. (2019) ‘Odor
Contributing Volatile Compounds of Wild Edible Nordic Mushrooms
Analyzed with HS-SPME-GC-MS and HS-SPME-GC-O/FID’, Food
Chemistry, 283, 566-578. doi: 10.1016/j.foodchem.2019.01.053.

Al-Hashimi, N. N., EI-Sheikh, A. H., Qawariq, R. F., Shtaiwi, M. H. and AlEjielat, R.
(2019) ‘Multi-Walled Carbon Nanotubes Reinforced into Hollow Fiber by
Chitosan Sol-gel for Solid/Liquid Phase Microextraction of NSAIDs from
Urine Prior to HPLC-DAD Analysis’, Current Pharmaceutical Biotechnology,
20(5), 390-400. doi: 10.2174/1389201020666190405181234.

Al-Lawati, H., Binkhathlan, Z., and Lavasanifar, A. (2019) ‘Nanomedicine for The
Effective and Safe Delivery of Non-Steroidal Anti-Inflammatory Drugs. A
Review of Preclinical Research’, European Journal of Pharmaceutics and
Biopharmaceutics, 142, 179-194. doi: 10.1016/j.ejpb.2019.06.06.025.

Alhooshani, K. (2019) ‘Determination of Chlorinated Hydrocarbons in Milk Samples
Using Sol-Gel Based Polymer Coated Silica Sorbent for Stir-Bar Supported
Micro-Solid-Phase Extraction Coupled with Gas Chromatography Mass-
Spectrometry’, Journal of Saudi Chemical Society, 23(6), 702-710. doi:
10.1016/j.jscs.2018.11.010.

200



Alinezhad, H., Amiri, A., Tarahomi, M. and Maleki, B. (2018) “Magnetic Solid Phase
Extraction of Non-Steroidal Anti-Inflammatory Drugs from Environmental
Water Samples Using Polyamidoamine Dendrimer Functionalized with
Magnetite Nanoparticles as A Sorbent’, Talanta, 183, 149-157. doi:
10.1016/j.talanta.2018.02.069.

Alonso, M., Cerdan, L., Godayol, A., Antico, E. and Sanchez, J. M. (2011) ‘Headspace
Needle-Trap Analysis of Priority Volatile Organic Compounds from Aqueous
Samples: Application to The Analysis of Natural and Wastewaters’, Journal of
Chromatography A, 1218(45), 8131-8139. doi: 10.1016/j.chroma.2011.09.042

Alygizakis, N. A., Urik, J., Beretsou, V. G., Kampouris, I., Galani, A., Oswaldova, M.,
Berendonk, T., Oswald, P., Thomaidis, N. S., Slobodnik, J., Vrana, B. and
Fatta-Kassinos, D. (2020) °‘Evaluation of Chemical and Biological
Contaminants of Emerging Concern in Treated Wastewater Intended for
Agricultural Reuse’, Environment International, 138, 105597. doi:
10.1016/j.envint.2020.105597.

Amiri, A. (2016) ‘Solid-Phase Microextraction-Based Sol-Gel Technique’, TrAC -
Trends in Analytical Chemistry, 75, 57-74. doi: 10.1016/j.trac.2015.10.003.

Amiri, A., Mirzaei, M. and Derakhshanrad, S. (2019) ‘A Nanohybrid Composed of
Polyoxotungstate and Graphene Oxide for Dispersive Micro Solid-Phase
Extraction of Non-Steroidal Anti-Inflammatory Drugs Prior to Their
Quantitation by HPLC’, Microchimica Acta, 186(8), 534. doi:
10.1007/s00604-019-3694-0.

Amiri, A., Baghayeri, M. and Vahdati-Nasab, N. (2020) ‘Effective Extraction of
Organophosphorus Pesticides Using Sol-Gel Based Coated Stainless Steel
Mesh as Novel Solid-Phase Extraction Sorbent’, Journal of Chromatography
A, 1620, 461020. doi: 10.1016/j.chroma.2020.461020.

Anastas, P. T. and Kirchhoff, M. M. (2002) ‘Origins, Current Status, and Future
Challenges of Green Chemistry’, Accounts of Chemical Research, 35(9), 686-
694. doi: 10.1021/ar010065m.

Anastassiades, M., Lehotay, S. J., Stajnbaher, D. and Schenck, F. J. (2003) ‘Fast and
Easy Multiresidue Method Employing Acetonitrile Extraction/Partitioning and
“Dispersive Solid-Phase Extraction” for The Determination of Pesticide
Residues in Produce’, Journal of AOAC International, 86 (2), 412-431. doi:
10.1093.jaoac/86.2.412.

201



Arias, J. L. D. O., Rombaldi, C., Caldas, S. S. and Primel, E. G. (2014) ‘Alternative
Sorbents for The Dispersive Solid-Phase Extraction Step in Quick, Easy,
Cheap, Effective, Rugged and Safe Method for Extraction of Pesticides from
Rice Paddy Soils with Determination by Liquid Chromatography Tandem
Mass Spectrometry’, Journal of Chromatography A, 1360, 66-75. doi:
10.1016/j.chroma.2014.07.082.

Armenta, S., Garrigues, S. and de la Guardia, M. (2015) ‘The Role of Green Extraction
Techniques in Green Analytical Chemistry’, TrAC Trends in Analytical
Chemistry, 71, 2-8. doi: 10.1016/j.trac.2014.12.011.

Armenta, S., de la Guardia, M., and Namiesnik, J. (2017) 'Green Microextraction' in
Valcarcel, M., Cérdenas, S., Lucena, R. (Eds.) Analytical Microextraction
Techniques. Sharjah, U.A.E: Betham Science Publishers, 3-27.

Arthur, C. L. and Pawliszyn, J. (1990) ‘Solid Phase Microextraction with Thermal
Desorption Using Fused Silica Optical Fibers’, Analytical Chemistry,
62(19),2145-2148. doi: 10.1021/ac00218a019.

Asadi, M. and Sereshti, H. (2020) ‘Magnetic Amino-Functionalized Hollow Silica-
Titania Microsphere as an Efficient Sorbent for Extraction of Pesticides in
Green and Roasted Coffee Beans’, Journal of Separation Science, 43(11),
2115-2124. doi: 10.1002/ jssc. 201901135.

Asgharinezhad, A. A., Mollazadeh, N., Ebrahimzadeh, H., Mirbabaei, F. and Shekari,
N. (2014) ‘Magnetic Nanoparticles Based Dispersive Micro-Solid-Phase
Extraction as a Novel Technique for Coextraction of Acidic and Basic Drugs
from Biological Fluids and Wastewater’, Journal of Chromatography A, 1338,
1-8. doi: 10.1016/j.chroma.2014.02.027.

Asgharinezhad, A. A., Karami, S., Ebrahimzadeh, H., Shekari, N. and Jalilian, N.
(2015) ‘Polypyrrole/Magnetic Nanoparticles Composite as an Efficient
Sorbent for Dispersive Micro-Solid-Phase Extraction of Antidepressant Drugs
from Biological Fluids’, International Journal of Pharmaceutics, 494(1), 102-
112. doi: 10.1016/j.ijpharm.2015.08.001.

Ata, S., Berber, M., Cabuk, H. and Akyiiz, M. (2015) ‘Optimization of Magnetic
Extraction by Experimental Design Methodology for The Determination of
Antidepressants in Biological Samples’, Analytical Methods, 7(15), 6231-
6242. doi: 10.1039/c5ay01100kK.

Azenha, M., Malheiro, C. and Silva, A. F. (2005) ‘Ultrathin Phenyl-Functionalized

202



Solid Phase Microextraction Fiber Coating Developed by Sol-Gel Deposition’,
Journal of Chromatography A, 1069(2), 163-172. doi:
10.1016/j.chroma.2005.02.013.

Aziz-Zanjani, M. O. and Mehdinia, A. (2014) ‘A Review on Procedures for The
Preparation of Coatings for Solid Phase Microextraction’, Microchimica Acta,
181(11-12), 1169-1190. doi: 10.1007/s00604-014-1265-y.

Azzouz, A., Kailasa, S. K., Leg, S. S., Rascon, A. J., Ballesteros, E., Zhang, M. and
Kim, K.-H. (2018) ‘Review of Nanomaterials as Sorbents in Solid-Phase
Extraction for Environmental Samples’, TrAC Trends in Analytical Chemistry,
108, 347-369. doi: 10.1016/j.trac.2018.08.009.

Bachmann, S. (2018) ‘Epidemiology of Suicide and The Psychiatric Perspective’,
International Journal of Environmental Research and Public Health, 15(7),
1425. doi: 10.3390/ijerph15071425.

Bagheri, H., Piri-Moghadam, H. and Ahdi, T. (2012) ‘Role of Precursors and Coating
Polymers in Sol-Gel Chemistry Toward Enhanced Selectivity and Efficiency
in Solid Phase Microextraction’, Analytica Chimica Acta, 742, 45-53. doi:
10.1016/j.aca. 2012.02.021.

Bagheri, H., Banihashemi, S. and Zandian, F. K. (2016) ‘Microextraction of
Antidepressant Drugs into Syringes Packed with a Nanocomposite Consisting
of Polydopamine, Silver Nanoparticles and Polypyrrole’, Microchimica Acta,
183(1), 195-202. doi: 10.1007/s00604-015-1606-5.

Bai, J. and Lin, Z. A. (2019) ‘Research Advances in Covalent Organic Framework
Materials for Sample Pretreatment’, Chinese Journal of Chromatography,
37(12), 1251-1260. doi: 10.3724/sp.j.1123.2019.08008.

Baile, P., Vidal, L. and Canals, A. (2019) ‘A Modified Zeolite/Iron Oxide Composite
as a Sorbent for Magnetic Dispersive Solid-Phase Extraction for The
Preconcentration of Nonsteroidal Anti-Inflammatory Drugs in Water and
Urine Samples’, Journal of Chromatography A, 1603, 33-43. doi:
10.1016/j.chroma.2019.06.039.

Baltussen, E., Sandra, P., David, F. and Cramers, C. (1999) ‘Stir Bar Sorptive
Extraction (SBSE), A Novel Extraction Technique for Aqueous Samples:
Theory and Principles’, Journal of Microcolumn Separations, 11(10), 737-747.
d0i:10.1002/(sici)1520-667x(1999)11.

Barati, A., Kazemi, E., Dadfarnia, S. and Haji Shabani, A. M. (2017)

203



‘Synthesis/Characterization of Molecular Imprinted Polymer Based on
Magnetic Chitosan/Graphene Oxide for Selective Separation/Preconcentration
of Fluoxetine from Environmental and Biological Samples’, Journal of
Industrial ~and  Engineering  Chemistry, 46, 212-221. doi:
10.1016/j.jiec.2016.10.033.

Barati, E. and Alizadeh, N. (2020) ‘Simultancous Determination of Sertraline,
Imipramine and Alprazolam in Human Plasma Samples Using Headspace
Solid Phase Microextraction Based on a Nanostructured Polypyrrole Fiber
Coupled to lon Mobility Spectrometry’, Analytical Methods, 12(7), 930-937.
d0i:10.1039/c9ay02001b.

Becerra-Herrera, M., Miranda, V., Arismendi, D. and Richter, P. (2018) ‘Chemometric
Optimization of the Extraction and Derivatization of Parabens for Their
Determination in Water Samples by Rotating-Disk Sorptive Extraction and
Gas Chromatography Mass Spectrometry’, Talanta, 176, 551-557. doi:
10.1016/j.talanta.2017.08.071.

Becherini, S., Mitmoen, M. and Tran, C. D. (2019) ‘Natural Sporopollenin
Microcapsules Facilitated Encapsulation of Phase Change Material into
Cellulose Composites for Smart and Biocompatible Materials’, ACS Applied
Materials and Interfaces, 11(47), 44708-44721. doi: 10.1021/acsami.9b15530.

Benedé, J. L., Chisvert, A., Moyano, C., Giokas, D. L. and Salvador, A. (2018)
‘Expanding The Application of Stir Bar Sorptive-Dispersive Microextraction
Approach to Solid Matrices: Determination of Ultraviolet Filters in Coastal
Sand Samples’, Journal of Chromatography A, 1564, 25-33. doi:
10.1016/j.chroma.2018.06.003.

Bhatti, A. A., Kamboh, M. A., Solangi, I. B. and Memon, S. (2013) ‘Synthesis of
Calix[6]arene Based XAD-4 Material for The Removal of Reactive Blue 19
from Aqueous Environments’, Journal of Applied Polymer Science,
130(2),776-785. doi: 10.1002/app.39214.

Bhatti, A. A., Oguz, M. and Yilmaz, M. (2017) ‘Magnetizing Calixarene: Azo Dye
Removal from Aqueous Media by Fe3Os Nanoparticles Fabricated with
Carboxylic-Substituted Calix[4]arene’, Journal of Chemical and Engineering
Data, 62(9), 2819-2825. doi: 10.1021/acs.jced.7b00128.

Bingol, D. and Kulcu, M. (2011) ‘Optimization of The Solid Phase Extraction Method

for Determination of Cu(ll) in Natural Waters by Using Response Surface

204



Methodology’, Analyst, 136(19), 4036-4044. doi: 10.1039/c1an15358g.

Binks, B. P., Boa, A. N., Kibble, M. A., Mackenzie, G. and Rocher, A. (2011)
‘Sporopollenin Capsules at Fluid Interfaces: Particle-Stabilised Emulsions and
Liquid Marbles’, Soft Matter, 7(8), 4017-4024. doi: 10.1039/c0sm01516d.

Boontongto, T. and Burakham, R. (2019) ‘Evaluation of Metal-Organic Framework
NH2-MIL-101(Fe) as an Efficient Sorbent for Dispersive Micro-Solid Phase
Extraction of Phenolic Pollutants in Environmental Water Samples’, Heliyon,
5(11), e02848. doi: 10.1016/ j.heliyon.2019.e02848.

Boyaci, E., Rodriguez-Lafuente, A., Gorynski, K., Mirnaghi, F., Souza-Silva, E. A.,
Hein, D. and Pawliszyn, J. (2015) ‘Sample Preparation with Solid Phase
Microextraction and Exhaustive Extraction Approaches: Comparison for
Challenging Cases’, Analytica Chimica Acta, 873, 14-30. doi:
10.1016/j.aca.2014.12.051.

Bueno, M., Zapata, J. and Ferreira, V. (2014) ‘Simultaneous Determination of Free
and Bonded Forms of Odor-Active Carbonyls in Wine Using a Headspace
Solid Phase Microextraction Strategy’, Journal of Chromatography A, 1369,
33-42. doi: 10.1016/j.chroma.2014.10.004.

Buszewski, B., Ligor, T., Jezierski, T., Wenda-Piesik, A., Walczak, M. and Rudnicka,
J. (2012) ‘Identification of Volatile Lung Cancer Markers by Gas
Chromatography Mass Spectrometry: Comparison with Discrimination by
Canines’, Analytical and Bioanalytical Chemistry, 404(1), 141-146. doi:
10.1007/500216-012-6102-8.

Cai, M., Chen, X., Wei, X., Pan, S., Zhao, Y. and Jin, M. (2014) ‘Dispersive Solid-
Phase Extraction Followed by High-Performance Liquid
Chromatography/Tandem Mass Spectrometry for The Determination of
Ricinine in Cooking Oil’, Food Chemistry, 158, 459-465. doi:
10.1016/j.foodchem.2014.02.114.

Cai, P., Xiong, X., Li, D., Zhou, Y. and Xiong, C. (2020) ‘Magnetic Solid-Phase
Extraction Coupled with UHPLC-MS/MS for Four Antidepressants and One
Metabolite in Clinical Plasma and Urine Samples’, Bioanalysis, 12(1), 35-52.
doi: 10.4155/bio-2019-0171.

Calovi, M., Callone, E., Ceccato, R., Deflorian, F., Rossi, S. and Dire, S. (2019) ‘Effect
of The Organic Functional Group on The Grafting Ability of Trialkoxysilanes
onto Graphene Oxide: A Combined NMR, XRD, and ESR Study’, Materials,

205



12(23), 3828. doi: 10.3390/mal2233828.

Camino-Séanchez, F. J., Rodriguez-Gomez, R., Zafra-Gomez, A., Santos-Fandila, A.
and Vilchez, J. L. (2014) Stir Bar Sorptive Extraction: Recent Applications,
Limitations and Future Trends’, Talanta, 130, 388-399. doi:
10.1016/j.talanta.2014.07.022.

Casado, N., Morante-Zarcero, S., Pérez-Quintanilla, D. and Sierra, I. (2016)
‘Application of a Hybrid Ordered Mesoporus Silica as Sorbent for Solid-Phase
Multi-Residue Extraction of Veterinary Drugs in Meat by Ultra-High
Performance Liquid Chromatography Coupled to lon-Trap Tandem Mass
Spectrometry’, Journal of Chromatography A, 149, 24-37. doi:
10.1016/j.chroma.2016.06.077.

Catauro, M., Bollino, F., Papale, F., Ferrara, C. and Mustarelli, P. (2015) ‘Silica-
Polyethylene Glycol Hybrids Synthesized by Sol-Gel: Biocompatibility
Improvement of Titanium Implants by Coating’, Materials Science and
Engineering C, Materials for Biological Applications, 55, 118-125. doi:
10.1016/j.msec.2015.05.016.

Cay, S., Sayin, S., Engin, M. S. and Eymur, S. (2020) ‘Preparation and
Characterization of Calix[4]arene-Immobilized Magnetic Microcapsule and Its
Application in Heavy Metal Removal’, Polycyclic Aromatic Compounds,
40(1), 116-125. doi: 10.1080/10406638.2017.1363063.

Cecchi, L., Migliorini, M., Giambanelli, E., Rossetti, A., Cane, A. and Mulinacci, N.
(2019) ‘New Volatile Molecular Markers of Rancidity in Virgin Olive Oils
Under Nonaccelerated Oxidative Storage Conditions’, Journal of Agricultural
and Food Chemistry, 67(47), 13150-13163. doi: 10.1021/acs.jafc.9b05809.

Chambers, E. E., Woodcock, M. J., Wheaton, J. P., Pekol, T. M. and Diehl, D. M.
(2014) ‘Systematic Development of an UPLC-MS/MS Method for The
Determination of Tricyclic Antidepressants in Human Urine’, Journal of
Pharmaceutical and Biomedical Analysis, 88, 660-665. doi:
10.1016/j.jpba.2013.09.001.

Chang, T., Yan, X., Liu, S. and Liu, Y. (2017) ‘Magnetic Dummy Template Silica Sol-
Gel Molecularly Imprinted Polymer Nanospheres as Magnetic Solid-Phase
Extraction Material for The Selective and Sensitive Determination of
Bisphenol A in Plastic Bottled Beverages’, Food Analytical Methods, 10(12),
3980-3990. doi: 10.1007/s12161-017-0969-0.

206



Chen, D., Ding, J., Wu, M. K., Zhang, T. Y., Qi, C. B. and Feng, Y. Q. (2017) ‘A
Liquid Chromatography-Mass Spectrometry Method based on Post Column
Derivatization for Automated Analysis of Urinary Hexanal and Heptanal’,
Journal of Chromatography A, 1493, 57-63. doi:
10.1016/j.chroma.2017.02.071.

Chen, G., Li, W., Zhang, C., Zhou, C. and Feng, S. (2012) ‘Preparation of a Novel
Hyperbranched Carbosilane-Silica Hybrid Coating for Trace Amount
Detection by Solid Phase Microextraction/Gas Chromatography’, Journal of
Chromatography A, 1256, 213-21. doi: 10.1016/j.chroma.2012.07.049.

Cherkashina, K., Voznesenskiy, M., Osmolovskaya, O., Vakh, C., and Bulatov, A.
(2020) ‘Effect of Surfactant Coating of FesOs Nanoparticles on Magnetic
Dispersive Micro-Solid Phase Extraction of Tetracyclines from Human
Serum’, Talanta, 214, 120861. doi: 10.1016/j.talanta.2020.120861.

Chisvert, A., Cardenas, S., and Lucena, R. (2019) ‘Dispersive Micro-Solid Phase
Extraction’, TrAC Trends in Analytical Chemistry, 112, 226-233. doi:
10.1016/j.trac.2018.12.005.

Choi, J.-W., Zhao, Y., Bediako, J. K., Cho, C.-W. and Yun, Y.-S. (2018) ‘Estimating
Environmental Fate of Tricyclic Antidepressants in Wastewater Treatment
Plant’, Science of The Total Environment, 634, 52-58. doi:
10.1016/j.scitotenv.2018.03.278.

Cruz-Vera, M., Lucena, R., Cardenas, S. and Valcarcel, M. (2011) ‘Sample Treatments
Based on Dispersive (Micro)extraction’, Analytical Methods, 3(8), 1719- 1728.
doi: 10.1039/c1lay05201b.

Cui, X., Xu, S., Jin, C. and Ji, Y. (2018) ‘Recent Advances in the Preparation and
Application of Mussel-Inspired Polydopamine-Coated Capillary Tubes in
Microextraction and Miniaturized Chromatography Systems’, Analytica
Chimica Acta, 1033, 35-48. doi: 10.1016/j.aca.2018.04.070.

da Costa, B. R., Reichenbach, S., Keller, N., Nartey, L., Wandel, S., Juni, P. and Trelle,
S. (2017) ‘Effectiveness of Non-Steroidal Anti-Inflammatory Drugs for the
Treatment of Pain in Knee and Hip Osteoarthritis: A Network Meta-Analysis’,
The Lancet, 390(10090), 21-23. doi: 10.1016/S0140-6736(17)31744-0.

da Silva, G. C., da Silva, A. A. S., da Silva, L. S. N., Godoy, R. L. d. O., Nogueira, L.
C., Quitério, S. L. and Raices, R. S. L. (2015) ‘Method Development by GC-
ECD and HS-SPME-GC-MS for Beer Volatile Analysis’, Food Chemistry,

207



167, 71-77. doi: 10.1016/j.foodchem.2014.06.033.

Deng, C., Li, N. and Zhang, X. (2004) ‘Development of Headspace Solid-Phase
Microextraction with On-Fiber Derivatization for Determination of Hexanal
and Heptanal in Human Blood’, Journal of Chromatography B, 813(1-2),47-
52. doi: 10.1016/j.jchromb.2004.09.007.

Dimpe, K. M. and Nomngongo, P. N. (2016) ‘Current Sample Preparation
Methodologies for Analysis of Emerging Pollutants in Different
Environmental Matrices’, TrAC - Trends in Analytical Chemistry, 82, 199-207.
doi: 10.1016/j.trac.2016.05.023.

Ding, Y., Song, X. and Chen, J. (2019) ‘Analysis of Pesticide Residue in Tomatoes by
Carbon Nanotubes/B-Cyclodextrin Nanocomposite Reinforced Hollow Fiber
Coupled with HPLC’, Journal of Food Science, 84(6), 1651-1659. doi:
10.1111/1750-3841.14640.

Dong, C., Zeng, Z. and Li, X. (2005) ‘Determination of Organochlorine Pesticides and
Their Metabolites in Radish After Headspace Solid-Phase Microextraction
Using  Calix[4]arene  Fiber’,  Talanta, 66(3), 721-727. doi:
10.1016/j.talanta.2004.12.020.

Dowlatshah, S. and Saraji, M. (2020) ‘A Silica-Based Three-Dimensional Molecularly
Imprinted Coating for The Selective Solid-Phase Microextraction of
Difenoconazole from Wheat and Fruits Samples’, Analytica Chimica Acta,
1098, 37-46. doi: 10.1016/j.aca.2019.11.013.

Du, L.-J., Hu, Y.-H., Wang, Q.-Y., Zhang, Q.-D., Chen, Y.-B., Peng, L.-Q., Pan, S.
L., Li, Q. and Cao, J. (2018a) ‘Crown Ether Microfunctionalized Carbon
Nanotubes for Dispersive Micro-Solid-Phase Extraction of Sudan Dyes and
Their  Metabolites’,  Food  Chemistry, 262,  118-128.  doi:
10.1016/j.foodchem.2018.04.072.

Du, L.-J., Jiao, Y.-H., Ye, L.-H., Fei, T.-H., Wang, Q.-Y., Hu, Y.-H., Cao, J., Zhang,
Q.-D., Peng, L.-Q. and Chen, Y.-B. (2018b) ‘Calixarene-Based Miniaturized
Solid-Phase Extraction of Trace Triazine Herbicides from The Honey and Milk
Samples’, Food Analytical Methods, 11(12), 3283-3292. doi:
10.1007/s12161-018-1270-6.

Duval, B., Gredilla, A., Fdez-Ortiz de Vallejuelo, S., Tessier, E., Amouroux, D. and
de Diego, A. (2020) ‘A Simple Determination of Trace Mercury

Concentrations in Natural Waters Using Dispersive Micro-Solid Phase

208



Extraction Preconcentration Based on Functionalized Graphene Nanosheets’,
Microchemical Journal, 154, 104549. doi: 10.1016/j.microc.2019.104549.

Ebrahimi, M., Es’haghi, Z., Samadi, F. and Hosseini, M.-S. (2011) ‘Ionic Liquid
Mediated Sol-Gel Sorbents for Hollow Fiber Solid-Phase Microextraction of
Pesticide Residues in Water and Hair Samples’, Journal of Chromatography
A, 1218(46), 8313-8321. doi: 10.1016/j.chroma.2011.09.058.

Ebrahimi, M., Es’haghi, Z., Samadi, F., Bamoharram, F. F. and Hosseini, M.-S. (2012)
‘Rational Design of Heteropolyacid-Based Nanosorbent for Hollow Fiber
Solid-Phase Microextraction of Organophosphorus Residue in Hair Samples’,
Journal of Chromatography A, 1225, 37-44. doi:
10.1016/j.chroma.2011.12.077.

El-Sheikh, A. H., Qawariq, R. F. and Abdelghani, J. 1. (2019) ‘Adsorption and
Magnetic  Solid-Phase Extraction of NSAIDs from Pharmaceutical
Wastewater Using Magnetic Carbon Nanotubes: Effect of Sorbent
Dimensions, Magnetite Loading and Competitive Adsorption Study’,
Environmental Technology and Innovation, 16, 100496. doi:
10.1016/j.€ti.2019.100496.

Elbashir, A. A., Omar, M. M. A., Ibrahim, W. A. W., Schmitz, O. J. and Aboul-Enein,
H. Y. (2014) ‘Acrylamide Analysis in Food by Liquid Chromatographic and
Gas Chromatographic Methods’, Critical Reviews in Analytical Chemistry,
44(2), 107-141. doi: 10.1080/10408347.2013.829388.

Erzengin, M., Unlii, N. and Odabasi, M. (2011) ‘A Novel Adsorbent for Protein
Chromatography: Supermacroporous Monolithic Cryogel Embedded with
Cu?*-Attached Sporopollenin Particles’, Journal of Chromatography A,
1218(3), 484-490. doi: 10.1016/j.chroma.2010.11.074.

Es’haghi, Z., Rezacifar, Z., Rounaghi, G.-H., Nezhadi, Z. A. and Golsefidi, M. A.
(2011a) ‘Synthesis and Application of a Novel Solid-Phase Microextraction
Adsorbent: Hollow Fiber Supported Carbon Nanotube Reinforced Sol-Gel for
Determination of Phenobarbital’, Analytica Chimica Acta, 689(1), 122-128.
doi: 10.1016/ j.aca.2011.01.019.

Es’haghi, Z., Ebrahimi, M. and Hosseini, M. S. (2011b) ‘Optimization of a Novel
Method for Determination of Benzene, Toluene, Ethylbenzene and Xylenes in
Hair and Waste Water Samples by Carbon Nanotubes Reinforced Sol-Gel

Based Hollow Fiber Solid Phase Microextraction and Gas Chromatography

209



Using Factorial Experimental Design’, Journal of Chromatography A,
1218(21), 3400-3406. doi: 10.1016/j.chroma.2011.03.043.

Es’haghi, Z., Sorayaei, H., Samadi, F., Masrournia, M. and Bakherad, Z. (2011c)
‘Fabrication of a Novel Nanocomposite Based on Sol-Gel Process for Hollow
Fiber-Solid Phase Microextraction of Aflatoxins: B1 and B2, in Cereals
Combined with High Performane Liquid Chromatography-Diode Array
Detection’, Journal of Chromatography B, 879(28), 3034-3040. doi:
10.1016/j.jchromb.2011.08.042.

Es’haghi, Z. and Esmaeili-Shahri, E. (2014) ‘Sol-Gel-Derived Magnetic SiO2/TiO>
Nanocomposite Reinforced Hollow Fiber-Solid Phase Microextraction for
Enrichment of Non-Steroidal Anti-Inflammatory Drugs from Human Hair
Prior to High Performance Liquid Chromatography’, Journal of
Chromatography B, 973, 142-151. doi: 10.1016/j.jchromb.2014.09.030.

Espanol, E. S. and Maldonado, M. (2019) 'Recognition of Pesticides by Calixarenes'
Critical Reviews in Analytical Chemistry, 49(5), 383-394. doi:
10.1080/10408347.2018.1534200.

Fahimirad, B., Rajabi, M. and Elhampour, A. (2019) ‘A Rapid and Simple Extraction
of Anti-Depressant Drugs by Effervescent Salt-Assisted Dispersive
Magnetic Micro Solid-Phase Extraction Method Using New Adsorbent
Fes0:@SiO.@N3’, Analytica Chimica Acta, 1047, 275-284. doi:
10.1016/j.aca.2018.10.028.

Fan, W., Mao, X., He, M., Chen, B. and Hu, B. (2014) ‘Development of Novel Sol
Gel Coatings by Chemically Bonded lonic Liquids for Stir Bar Sorptive
Extraction-Application for The Determination of NSAIDS in Real Samples’,
Analytical and  Bioanalytical = Chemistry, 406(28), 7261-7273.
d0i:10.1007/s00216-0148141-9.

Fan, W., He, M., You, L., Chen, B. and Hu, B. (2020) ‘Spiral Stir Bar Sorptive
Extraction with Polyaniline-Polydimethylsiloxane Sol-Gel Packings for the
Analysis of Trace Estrogens in Environmental Water and Animal-Derived
Food Samples’, Journal of Separation Science, 43(6), 1137-1144. doi:
10.1002/jssc.201900819.

Faraji, M., Yamini, Y. and Gholami, M. (2019) ‘Recent Advances and Trends in
Applications of Solid-Phase Extraction Techniques in Food and Environmental
Analysis’, Chromatographia, 82(8), 1207-1249. doi: 10.1007/s10337-019-

210



03726-9.

Feizy, J., Es’haghi, Z. and Lakshmipathy, R. (2020) ‘Aflatoxins’ Clean-Up in Food
Samples by Graphene Oxide-Polyvinyl Polypyrrolidone-Hollow Fiber Solid-
Phase  Microextraction’,  Chromatographia, 83(3), 385-395. doi:
10.1007/s10337-019-03851-5.

Feng, J., Qiu, H., Liu, X. and Jiang, S. (2013) ‘The Development of Solid-Phase
Microextraction Fibers with Metal Wires as Supporting Substrates’, TrAC-
Trends in Analytical Chemistry, 46, 44-58. doi: 10.1016/j.trac.2013.01.015.

Fernandes, M. J., Paiga, P., Silva, A., Llaguno, C. P., Carvalho, M., Vazquez, F. M.
and Delerue-Matos, C. (2020) ‘Antibiotics and Antidepressants Occurrence in
Surface Waters and Sediments Collected in The North of Portugal’,
Chemosphere, 239, 124729. doi: 10.1016/j.chemosphere.2019.124729.

Ferreira, S. L. C., Bruns, R. E., Ferreira, H. S., Matos, G. D., David, J. M., Brand, G.
C., Silva, E. G. P., Reis, P. S., Souza, A. S. and Santos, W. N. L. (2007) ‘Box-
Behnken Design: An Alternative for The Optimization of Analytical
Methods’,  Analytical  Chimica  Acta, 597(2), 179-186. doi:
10.1016/j.aca.2007.07.011.

Ferreira, S. L. C., Lemos, V. A,, de Carvalho, V. S., da Silva, E. G. P., Queiroz, A.
F. S., Felix, C. S. A, da Silva, D. L. F., Dourado, G. B. and Oliveira, R. V.
(2018) ‘Multivariate Optimization Techniques in Analytical Chemistry - An
Overview’, Microchemical Journal, 140, 176-182. doi:
10.1016/j.microc.2018.04.002.

Ferrone, V., Carlucci, M., Ettorre, V., Cotellese, R., Palumbo, P., Fontana, A., Siani,
G. and Carlucci, G. (2018) ‘Dispersive Magnetic Solid Phase Extraction
Exploiting Magnetic Graphene Nanocomposite Coupled with UHPLC-PDA
for Simultaneous Determination of NSAIDs in Human Plasma and Urine’,
Journal of Pharmaceutical and Biomedical Analysis, 161, 280-288. doi:
10.1016/j.jpba.2018.08.005.

Filipowska, W., Jaskula-Goiris, B., Ditrych, M., Schlich, J., De Rouck, G., Aerts, G.
and De Cooman, L. (2020) ‘Determination of Optimal Sample Preparation for
Aldehyde Extraction from Pale Malts and Their Quantification Via Headspace
Solid-Phase Microextraction followed by Gas Chromatography and Mass
Spectrometry’, Journal of Chromatography A, 1612, 460647. doi:
10.1016/j.chroma.2019.460647.

211



Fresco-Cala, B. and Cardenas, S. (2020) ‘Facile Preparation of Carbon Nanotube
Based Molecularly Imprinted Monolithic Stirred Unit’, Analytical and
Bioanalytical Chemistry, 412(24), 6341-6349. doi: 10.1007/s00216-020-
02570-3.

Fuentes, A. M. A., Fernandez, P., Fernandez, A. M., Carro, A. M. and Lorenzo, R. A.
(2019) ‘Microextraction by Packed Sorbent followed by Ultra High-
Performance Liquid Chromatography for The Fast Extraction and
Determination of Six Antidepressants in Urine’, Journal of Separation
Science, 42(11), 2053-2061. doi: 10.1002/jssc.201900060.

Fumes, B. H., Silva, M. R., Andrade, F. N., Nazario, C. E. D. and Lancas, F. M. (2015)
‘Recent Advances and Future Trends in New Materials for Sample
Preparation’, TrAC Trends in Analytical Chemistry, 71, 9-25. doi:
10.1016/j.trac.2015.04.011.

Gatuszka, A., Migaszewski, Z. M., Konieczka, P. and Namiesnik, J. (2012) Analytical
Eco-Scale for Assessing the Greenness of Analytical Procedures’, TrAC
Trends in Analytical Chemistry, 37, 61-72. doi: 10.1016/j.trac.2012.03.013.

Gatuszka, A., Migaszewski, Z. M., Konieczka, P. and Namie$nik, J. (2013) ‘The 12
Principles of Green Analytical Chemistry and the SIGNIFICANCE Mnemonic
of Green Analytical Practices’, TrAC Trends in Analytical Chemistry, 50, 78-
84. doi: 10.1016/j.trac.2013.04.010

Ge, D. and Lee, H. K. (2013) ‘Ionic Liquid Based Dispersive Liquid-Liquid
Microextraction Coupled with Micro-Solid Phase Extraction of Antidepressant
Drugs from Environmental Water Samples’, Journal of Chromatography A,
1317, 217-222. doi: 10.1016/j.chroma.2013.04.014.

Ghader, M., Shokoufi, N., Es-haghi, A. and Kargosha, K. (2017) ‘Sol-Gel-Based
SPME Fiber as a Reliable Sampling Technique for Studying Biogenic
Volatile Organic Compounds Released from Clostridium Tetani’, Analytical
and Bioanalytical Chemistry, 409(29), 6739-6744. doi: 10.1007/s00216-017
0675-1.

Ghiasvand, A., Heidari, N. and Abdolhosseini, S. (2018a) ‘Iron
Oxide/Silica/Polypyrrole Nanocomposite Sorbent for The Comparison Study
of Direct-Immersion and Headspace Solid-Phase Microextraction of Aldehyde
Biomarkers in Human Urine’, Journal of Pharmaceutical and Biomedical
Analysis, 159, 37-44. doi: 10.1016/ j.jpba.2018.06.052.

212



Ghiasvand, A., Heidari, N. and Abdolhosseini, S. (2018b) ‘Magnetic Field-Assisted
Direct Immersion SPME of Endogenous Aldehydes in Human Urine’,
Chromatographia, 81(11), 1579-1587. doi: 10.1007/s10337-018-3620-3.

Ghiasvand, A., Behfar, M. and Yazdankhah, F. (2019) ‘Reduced-Pressure Fiber-in-
Needle Sampling of Aldehydes for Room Temperature Assessment of Edible
Oils’ Oxidative Stability’, Chromatographia, 82(9), 1405-1414. doi:
10.1007/s10337-019-03752-7.

Ghorbani, M., Esmaelnia, M., Aghamohammadhasan, M., Akhlaghi, H., Seyedin, O.
and Azari, Z. A. (2019) ‘Preconcentration and Determination of Fluoxetine
and Norfluoxetine in Biological and Water Samples with B-cyclodextrin Multi-
Walled Carbon Nanotubes as a Suitable Hollow Fiber Solid phase
Microextraction Sorbent and High Performance Liquid Chromatography’,
Journal of  Analytical Chemistry, 74(6), 540-549. doi:
10.1134/51061934819060030.

Gionfriddo, E., Gruszecka, D., Li, X. and Pawliszyn, J. (2020) ‘Direct-Immersion
SPME in Soy Milk for Pesticide Analysis at Trace Levels by Means of a
Matrix-Compatible Coating’, Talanta, 211, 120746. doi:
10.1016/j.talanta.2020.120746

Gode, F. and Pehlivan, E. (2007) ‘Sorption of Cr(II) onto Chelating b-DAEG-
Sporopollenin and CEP-Sporopollenin Resins’, Bioresource Technology,
98(4), 904-911. doi: 10.1016/j.biortech.2006.02.043.

Grenni, P., Patrolecco, L., Ademollo, N., Lenola, M. Di and Caracciolo, A. B. (2018)
‘Assessment of Gemfibrozil Persistence in River Water Alone and in Co-
Presence of Naproxen’, Microchemical Journal, 136, 49-55. doi:
10.1016/j.microc.2016.11.018.

Guadagni, R., Miraglia, N., Simonelli, A., Silvestre, A., Lamberti, M., Feola, D.,
Acampora, A. and Sannolo, N. (2011) ‘Solid-Phase Microextraction-Gas
Chromatography-Mass  Spectrometry  Method  Validation for The
Determination of Endogenous Substances: Urinary Hexanal and Heptanal as
Lung Tumor Biomarkers’, Analytica Chimica Acta, 701(1), 29-36. doi:
10.1016/j.aca.2011.05.035.

Gubbuk, I. H. (2011) ‘Isotherms and Thermodynamics for The Sorption of Heavy
Metal Ions onto Functionalized Sporopollenin’, Journal of Hazardous
Materials, 186(1), 416-422. doi: 10.1016/j.jhazmat.2010.11.010.

213



Gubbuk, I. H., Giirfidan, L., Erdemir, S. and Yilmaz, M. (2011) ‘Surface Modification
of Sporopollenin with Calixarene Derivative’, Water, Air, & Soil Pollution,
223(5), 2623-2632. doi: 10.1007/s11270-011-1054-8.

Gungor, O., Memon, S. and Yilmaz, M. (2005) ‘Synthesis of Alkyl Nitrile and Alkyl
Benzonitrile Derivatives of Calix[4]arene and Their Polymer Supported
Analogues: A Comparative Study in Two-Phase Extraction Systems’,
Reactive and Functional Polymers, 63(1), 1-9. doi:
10.1016/j.reactfunctpolym.2005.02.004.

Gura, S., Tarifa, A., Mulloor, J., Torres, M. N. and Almirall, J. R. (2018) ‘Capillary
Microextraction of Volatiles Device for Enhanced BTEX Vapors Sampling
Based on a Phenyl Modified PDMS Sol-Gel Adsorption Phase’, Analytica
Chimica Acta, 1014, 27-40. doi: 10.1016/j.aca.2018.01.043.

Gutiérrez-Serpa, A., Jiménez-Abizanda, A. I., Jiménez-Moreno, F., Pasan, J. and Pino,
V. (2020) ‘Core-shell Microparticles Formed by The Metal-Organic
Framework CIM-80(Al) (Silica@CIM-80(Al)) as Sorbent Material in
Miniaturized Dispersive Solid-Phase Extraction’, Talanta, 211, 120723. doi:
10.1016/j.talanta.2020.120723.

Hamidi, F., Hadjmohammadi, M. R. and Aghaie, A. B. G. (2017) ‘Ultrasound-Assisted
Dispersive Magnetic Solid Phase Extraction Based on Amino-Functionalized
Fez04 Adsorbent for Recovery of Clomipramine from Human Plasma and Its
Determination by High Performance Liquid Chromatography: Optimization by
Experimental Design’, Journal of Chromatography B, 1063, 18-24. doi:
10.1016/j.jchromb.2017.08.005.

Hanetho, S. M., Kaus, I., Bouzga, A., Simon, C., Grande, T. and Einarsrud, M. -A.
(2014) ‘Synthesis and Characterization of Hybrid Aminopropyl Silane-Based
Coatings on Stainless Steel Substrates’, Surface and Coatings Technology,
238, 1-8. doi: 10.1016/j.surfcoat.2013.10.013.

Hao, W., ‘Skip Kingston, H. M., Dillard, A., Stuff, J. and Pamuku, M. (2020)
‘Quantification of Persistent Organic Pollutants in Dietary Supplements Using
Stir Bar Sorptive Extraction Coupled with GC-MS/MS and Isotope Dilution
Mass Spectrometry’, Food Additives and Contaminants - Part A Chemistry,
Analysis, Control, Exposure and Risk Assessment, 37(7), 1202-1215. doi:
10.1080/19440049.2020.1749315.

Hassan, A. M., Wan lbrahim, W. A., Bakar, M. B., Sanagi, M. M., Sutirman, Z. A.,

214



Nodeh, H. R. and Mokhter, M. A. (2020) ‘New Effective 3-
Aminopropyltrimethoxysilane Functionalized Magnetic Sporopollenin-Based
Silica Coated Graphene Oxide Adsorbent for Removal of Pb(1l) from Aqueous
Environment’, Journal of Environmental Management, 253, 109658. doi:
10.1016/j.Jenvman.2019.109658.

Hu, K., Qiao, J., Wu, X., Yang, H., Huang, Y. and Zhang, S. (2018) ‘Poly(Calixarene
lonic Liquid) Modified Fe3O4 Nanoparticles as New Sorbent for Extraction of
Flavonoids in Fruit Juice and Green Tea’, Microchemical Journal, 143, 39-
46. doi: 10.1016/j.microc.2018.07.029

Huang, C. and Hu, B. (2008) ‘Silica-Coated Magnetic Nanoparticles Modified with y-
Mercaptopropyltrimethoxysilane for Fast and Selective Solid Phase Extraction
of Trace Amounts of Cd, Cu, Hg, and Pb in Environmental and Biological
Samples Prior to Their Determination by Inductively Coupled Plasma Mass
Spectrometry’,  Spectrochimica Acta Part B, 63, 437-444. doi:
10.1016/j.sab.2007.12.010.

Huang, N. J., Xia, Q. Q., Zhang, Z. H., Zhao, L., Zhang, G. D., Gao, J. F. and Tang,
L. C. (2020) ‘Simultaneous Improvements in Fire Resistance and Alarm
Response of GO Paper Via One-Step 3-Mercaptopropyltrimethoxysilane
Functionalization for Efficient Fire Safety and Prevention’, Composites Part
A:  Applied Science and Manufacturing, 131, 105797. doi:
10.1016/j.compositesa.2020.105797.

Huang, S., Chen, G., Ye, N., Kou, X., Zhu, F., Shen, J. and Ouyang, G. (2019) ‘Solid-
Phase Microextraction: An Appealing Alternative for The Determination of
Endogenous Substances-A Review’, Analytica Chimica Acta, 1077, 67-86.
doi: 10.1016/ j.aca.2019.05.054.

Huang, Z., Zhang, J., Zhang, P., Wang, H., Pan, Z. and Wang, L. (2016) ‘Analysis of
Volatile Organic Compounds in Pleural Effusions by Headspace Solid-Phase
Microextraction Coupled with Cryotrap Gas Chromatography and Mass
Spectrometry’, Journal of Separation Science, 39(13), 2544-2552. doi:
10.1002/jss€.201600279.

Jachero, L., Sepulveda, B., Ahumada, I., Fuentes, E. and Richter, P. (2013) ‘Rotating
Disk Sorptive Extraction of Triclosan and Methyl-Triclosan from Water
Samples’, Analytical and Bioanalytical Chemistry, 405(24), 7711-7716.
doi: 10.1007/s00216-012-6679-y.

215



Jafari, M. T., Saraji, M. and Sherafatmand, H. (2014) ‘Polypyrrole/Montmorillonite
Nanocomposite as a New Solid Phase Microextraction Fiber Combined with
Gas Chromatography-Corona Discharge lon Mobility Spectrometry for The
Simultaneous Determination of Diazinon and Fenthion Organophosphorus
Pesticides’, Analytica Chimica Acta, 814, 69-78. doi:
10.1016/j.aca.2014.01.037.

Jafari, M., Sedghi, R. and Ebrahimzadeh, H. (2016) ‘A Platinum Wire Coated with a
Composite Consisting of Polypyrrole and Poly(e-Caprolactone) for Solid
Phase Microextraction of The Antidepressant Imipramine Prior to Its
Determination Via Ion Mobility Spectrometry’, Microchimica Acta, 183(2),
805-812. doi: 10.1007/s00604-015-1719-x.

Jahed, F. S., Hamidi, S., Ghaffary, S. and Nejati, B. (2020) ‘Dispersive Micro Solid
Phase Extraction of Busulfan from Plasma Samples Using Novel Mesoporous
Sorbent Prior to Determination by HPLC-MS/MS’, Journal of
Chromatography B, 1145, 122091. doi: 10.1016/j.jchromb.2020.122091.

Jalilian, N., Ebrahimzadeh, H. and Asgharinezhad, A. A. (2017) ‘Dispersive Micro-
Solid Phase Extraction of Aromatic Amines Based on an Efficient Sorbent
Made from Poly(1,8-diaminonaphtalen) and Magnetic Multiwalled Carbon
Nanotubes Composite’, Journal of Chromatography A, 1499, 38-47. doi:
10.1016/j.chroma.2017.03.087.

Jalilian, N., Ebrahimzadeh, H. and Asgharinezhad, A. A. (2018) ‘Determination of
Acidic, Basic and Amphoteric Drugs in Biological Fluids and Wastewater
After Their Simultaneous Dispersive Micro-Solid Phase Extraction Using
Multiwalled  Carbon Nanotubes/Magnetite Nanoparticles@Poly(2-
Aminopyrimidine) Composite’, Microchemical Journal, 143, 337-349. doi:
10.1016/j.microc.2018.08.037.

Jalilian, N., Ebrahimzadeh, H. and Asgharinezhad, A. A. (2019) ‘Preparation of
Magnetite/Multiwalled  Carbon  Nanotubes/Metal-Organic ~ Framework
Composite for Dispersive Magnetic Micro Solid Phase Extraction of Parabens
and Phthalate Esters from Water Samples and Various Types of Cream for
Their Determination with Liquid Chromatography’, Journal of
Chromatography A, 1608, 460426. doi: 10.1016/j.chroma.2019.460426.

Jannesar, R., Zare, F., Ghaedi, M. and Daneshfar, A. (2016) ‘Dispersion of
Hydrophobic Magnetic Nanoparticles Using Ultrasonic-Assisted in

216



Combination with Coacervative Microextraction for The Simultaneous
Preconcentration and Determination of Tricyclic Antidepressant Drugs in
Biological Fluids’, Ultrasonics Sonochemistry, 32, 380-386. doi:
10.1016/j.ultsonch.2016.04.010

Jawad, A. H., Malek, N. N. A., Abdulhameed, A. S. and Razuan, R. (2020) ‘Synthesis
of Magnetic Chitosan-Fly Ash/FesOs Composite for Adsorption of Reactive
Orange 16 Dye: Optimization by Box-Behnken Design’, Journal of Polymers
and The Environment, 28(3), 1068-1082. doi: 10.1007/s10924-020-01669z.

Ji, J., Liu, H., Chen, J., Zeng, J., Huang, J., Gao, L., Wang, Y. and Chen, X. (2012)
‘ZnO Nanorod Coating for Solid Phase Microextraction and Its Applications
for The Analysis of Aldehydes in Instant Noodle Samples’, Journal of
Chromatography A, 1246, 22-27. doi: 10.1016/j.chroma.2012.01.080.

Ji, Z., Cheng, J., Song, C., Hu, N., Zhou, W., Suo, Y., Sun, Z. and You, J. (2018) ‘A
Highly Sensitive and Selective Method for Determination of Phenoxy
Carboxylic Acids from Environmental Water Samples by Dispersive Solid
Phase Extraction Coupled with Ultra High Performance Liquid
Chromatography-Tandem Mass Spectrometry’, Talanta, 191, 313-323.
doi: 10.1016/j.talanta.2018.08.055.

Jiang, H., Li, J., Hu, X., Shen, J., Sun, X., Han, W. and Wang, L. (2017) ‘Ordered
Mesoporous Silica Film as a Novel Fiber Coating for Solid-Phase
Microextraction’, Talanta, 174, 307-313. doi: 10.1016/j.talanta.2017.06.026.

Jiang, X., Pan, W., Chen, M., Yuan, Y., and Zhao, L. (2020) ‘The Fabrication of Thiol
Modified Chitosan Magnetic Graphene Oxide Nanocomposite and Its
Adsorption Performance Towards lllegal Drug of Clenbuterol from Pork
Samples’, Dalton Transactions, 49(18), 6097-6107. doi. 10.1039/d0dt00705f.

Jiao, J., Liu, P., Wang, L. and Cai, Y. (2013) ‘One-Step Synthesis of Improved
Silica/Epoxy Nanocomposites with Inorganic-Organic Hybrid Network’,
Journal of Polymer Research, 20(8), 202. doi: 10.1007/s10965-013-0202-9.

Jiménez-Soto, J. M., Cardenas, S. and Valcarcel, M. (2012) ‘Dispersive Micro Solid-
Phase Extraction of Triazines from Waters Using Oxidized Single-Walled
Carbon Nanohorns as Sorbent’, Journal of Chromatography A, 1245,17-23.
doi: 10.1016/j.chroma.2012.05.016.

Jlassi, K., Abidi, R., Benna, M., Chehimi, M. M., Kasak, P. and Krupa, I. (2018)

‘Bentonite-Decorated Calix[4]arene: A new, Promising Hybrid Material for

217



Heavy-Metal Removal’, Applied Clay Science, 161, 15-22. doi:
10.1016/j.clay.2018.04.005.

Kabir, A., Furton, K. G. and Malik, A. (2013) ‘Innovations in Sol-Gel Microextraction
Phases for Solvent-Free Sample Preparation in Analytical Chemistry’, TrAC
Trends in Analytical Chemistry, 45, 197-218. doi: 10.1016/j.trac.2012.11.014.

Kabir, A., Locatelli, M. and Ulusoy, H. (2017) ‘Recent Trends in Microextraction
Techniques Employed in Analytical and Bioanalytical Sample Preparation’,
Separations, 4(4), 36. doi: 10.3390/separations4040036.

Kamaruzaman, S., Sanagi, M. M., Endud, S., Wan Ibrahim, W. A., Yahaya, N. (2013)
‘MCM-41 Solid Phase Membrane Tip Extraction Combined with Liquid
Chromatography for The Determination of Non-Steroidal Anti-Inflammatory
Drugs in Human Urine’, Journal of Chromatography B, 940, 59-65.
doi: 10.1016/j.jchromb.2013.09.017

Kamaruzaman, S., Sanagi, M. M., Yahaya, N., Wan lbrahim, W. A., Endud, S. and
Wan Ibrahim, W. N. (2017) ‘Magnetic Micro-Solid-Phase Extraction Based
on Magnetite-MCM-41 with Gas Chromatography-Mass Spectrometry for The
Determination of Antidepressant Drugs in Biological Fluids’, Journal of
Separation Science, 40(21), 4222-4233. doi: 10.1002/jssc.201700549.

Kamboh, M. A., Solangi, I. B., Sherazi, S. T. H. and Memon, S. (2009) ‘Synthesis and
Application of Calix[4]arene Based Resin for The Removal of Azo Dyes’,
Journal  of  Hazardous  Materials, 172(1),  234-239.  doi:
10.1016/j.jhazmat.2009.06.165.

Kamboh, M. A., Solangi, I. B., Sherazi, S. T. H. and Memon, S. (2011) ‘A Highly
Efficient Calix[4]arene Based Resin for The Removal of Azo Dyes’,
Desalination, 268(1-3), 83-89. doi: 10.1016/j.desal.2010.10.001.

Kamboh, M. A. and Yilmaz, M. (2013) ‘Synthesis of N-Methylglucamine
Functionalized Calix[4]arene Based Magnetic Sporopollenin for The Removal
of Boron from Aqueous Environment’, Desalination, 310, 67-74. doi:
10.1016/j.desal.2012.10.034.

Kamboh, M. A., Aini, W., Ibrahim, W., Nodeh, H. R., Sanagi, M. M., Tufail, S. and
Sherazi, H. (2016) ‘The Removal of Organophosphorus Pesticides from Water
Using A New Amino-Substituted Calixarene-Based Magnetic Sporopollenin’,
New Journal of Chemistry, 40(4), 3130-3138. doi: 10.1039/C5NJ02284C.

Kamboh, M. A., Wan Ibrahim, W. A., Rashidi Nodeh, H., Zardari, L. A., Sherazi, S.

218



T. H. and Sanagi, M. M. (2019) ‘p-Sulphonatocalix[8]arene Functionalized
Silica Resin for The Enhanced Removal of Methylene Blue from Wastewater:
Equilibrium and Kinetic study’, Separation Science and Technology, 54(14),
2240-2251. doi: 10.1080/01496395.2018.1543322.

Karbalaie, B., Rajabi, M. and Fahimirad, B. (2020) ‘Polymerisation of Dopamine on
The Carbon Graphite Nitride Nanosheets as an Effective Adsorbent in
Determination of Metal lons Using Effervescent-Assisted Dispersive Micro
Solid-Phase Extraction Method’, International Journal of Environmental
Analytical Chemistry. Article in Press. doi: 10.1080/03067319.2020.1711893.

Kataoka, H. (2003) ‘New Trends in Sample Preparation for Clinical and
Pharmaceutical Analysis’, TrAC Trends in Analytical Chemistry, 22(4),
232-244. doi: 10.1016/S0165-9936(03)00402-3.

Kataoka, H., Ishizaki, A. and Saito, K. (2016) ‘Recent Progress in Solid-Phase
Microextraction and Its Pharmaceutical and Biomedical Applications’,
Analytical Methods, 8(29), 5773-5788. doi: 10.1039/C6AY00380J.

Kaya, M., Akyuz, L., Sargin, I., Mujtaba, M., Salaberria, A. M., Labidi, J., Cakmak,
Y. S., Koc, B., Baran, T. and Ceter, T. (2017) ‘Incorporation of Sporopollenin
Enhances Acid-Base Durability, Hydrophobicity, and Mechanical, Antifungal
and Antioxidant Properties of Chitosan Films’, Journal of Industrial and
Engineering Chemistry, 47, 236-245. doi: 10.1016/J.JIEC.2016.11.038.

Kazantzi, V. and Anthemidis, A. (2017) ‘Fabric Sol-Gel Phase Sorptive Extraction
Technique: A Review’, Separations, 4(2), 20. doi:
10.3390/separations4020020.

Kebede, T. G., Dube, S. and Nindi, M. M. (2018) ‘Removal of Non-Steroidal Anti-
Inflammatory Drugs (NSAIDs) and Carbamazepine from Wastewater Using
Water-Soluble Protein Extracted from Moringa Stenopetala Seeds’, Journal of
Environmental ~ Chemical  Engineering, 6(2), 3095-3103.  doi:
10.1016/j.jece.2018.04.066.

Kedziora-Koch, K. and Wasiak, W. (2018) ‘Needle-Based Extraction Techniques with
Protected Sorbent as Powerful Sample Preparation Tools to Gas
Chromatographic ~ Analysis: Trends in  Application’, Journal of
Chromatography A, 1565, 1-18. doi: 10.1016/j.chroma.2018.06.046.

Khairuddin, K. A., Jatau, A. I., Manan, M. M., Tiong, C.S., Chitneni, M., Abdullah,
A. H., Mahalingam, S. R. and Arshad, K. (2017) ‘Utilization Pattern of Non-

219



Steroidal Anti-Inflammatory Drugs at a Primary Health Care in Malaysia’,
Indian Journal of Pharmaceutical Education and Research, 51(1), 156-161.
doi: 10.5530/ijper.51.1.21.

Khezeli, T. and Daneshfar, A. (2015) ‘Monodisperse Silica Nanoparticles Coated with
Gold Nanoparticles as a Sorbent for The Extraction of Phenol and
Dihydroxybenzenes from Water Samples Based on Dispersive Micro-Solid-
Phase Extraction: Response Surface Methodology’, Journal of Separation
Science, 38(16), 2804-2812. doi: 10.1002/jssc.201500320.

Khezeli, T. and Daneshfar, A. (2017) ‘Development of Dispersive Micro-Solid Phase
Extraction Based on Micro and Nano Sorbents’, TrAC - Trends in Analytical
Chemistry, 89, 99-118. doi: 10.1016/j.trac.2017.01.004.

Kishikawa, N., El-Maghrabey, M. H. and Kuroda, N. (2019) ‘Chromatographic
Methods and Sample Pretreatment Techniques for Aldehydes Determination
in Biological, Food, and Environmental Samples’, Journal of Pharmaceutical
and Biomedical Analysis, 175, 112782. doi: 10.1016/j.jpba.2019.112782.

Kocak, N., Sahin, M. and Gubbuk, 1. H. (2012) ‘Synthesized of Sporopollenin-
Immobilized Schiff Bases and Their Vanadium(IV) Sorption Studies’, Journal
of Inorganic and Organometallic Polymers and Materials, 22(4), 852-859. doi:
10.1007/s10904-011-9646-8.

Kole, P. L., Venkatesh, G., Kotecha, J. and Sheshala, R. (2011) ‘Recent Advances in
Sample Preparation Techniques for Effective Bioanalytical Methods’,
Biomedical Chromatography, 25(1-2), 199-217. doi: 10.1002/bmc.1560.

Kong, J., Zhu, F., Huang, W., He, H., Hu, J., Sun, C., Xian, Q. and Yang, S. (2019)
‘Sol-Gel Based Metal-Organic Framework Zeolite Imidazolate Framework-8
Fibers for Solid-Phase Microextraction of Nitro Polycyclic Aromatic
Hydrocarbons and Polycyclic Aromatic Hydrocarbons in Water Samples’,
Journal of Chromatography A, 1603, 92-101. doi:
10.1016/j.chroma.2019.06.063.

Kong, X., Gao, R., He, X., Chen, L. and Zhang, Y. (2012) ‘Synthesis and
Characterization of The Core-Shell Magnetic Molecularly Imprinted Polymers
(FesOs@MIPs) Adsorbents for Effective Extraction and Determination of
Sulfonamides in The Poultry Feed’, Journal of Chromatography A, 1245, 8-
16. doi: 10.1016/j.chroma.2012.04.061.

Koodali, R. T., Mokhtari, T., Sorensen, C. M. and Klabunde, K. J. (2013) ‘Role of

220



Solvents in The Gelation Process: Can Light Scattering Studies Shed Some
Light?’, Journal of Sol-Gel Science and Technology, 66(1), 43-49. doi:
10.1007/s10971-013-2964-2.

Korany, M. A., Mahgoub, H., Haggag, R. S., Ragab, M. A. A. and Elmallah, O. A.
(2017) Green Chemistry: Analytical and Chromatography', Journal of Liquid
Chromatography & Related Technologies, 40(16), 839-852. doi:
10.1080/10826076.2017.1373672.

Kot-Wasik, A., Jakimska, A. and Sliwka-Kaszyﬁska, M. (2016) ‘Occurrence and
Seasonal Variations of 25 Pharmaceutical Residues in Wastewater and
Drinking Water Treatment Plants’, Environmental Monitoring and
Assessment, 188(12), 661. doi: 10.1007/s10661-016-5637-0.

Koziel, J. A., Odziemkowski, M. and Pawliszyn, J. (2001) ‘Sampling and Analysis of
Airborne Particulate Matter and Aerosols Using In-Needle Trap and SPME
Fiber Devices’, Analytical Chemistry, 73(1), 47-54. doi: 10.1021/ac000835s.

Krawczyk, M. and Jeszka-Skowron, M. (2016) ‘Multiwalled Carbon Nanotubes as
Solid Sorbent in Dispersive Micro Solid-Phase Extraction for The Sequential
Determination of Cadmium and Lead in Water Samples’, Microchemical
Journal, 126, 296-301. doi: 10.1016/j.microc.2015.12.027.

Kumar, A., Chang, B. and Xagoraraki, I. (2010) ‘Human Health Risk Assessment of
Pharmaceuticals in Water: Issues and Challenges Ahead’, International
Journal of Environmental Research and Public Health, 7(11), 3929-3953. doi:
10.3390/ijerph7113929.

Kumar, A., Gaurav, Malik, A. K., Tewary, D. K. and Singh, B. (2008) ‘A Review on
Development of Solid Phase Microextraction Fibers by Sol-Gel Methods and
Their Applications’, Analytica Chimica Acta, 610(1), 1-14. doi:
10.1016/j.aca.2008.01.028.

Lawal, A., Wong, R. C. S., Tan, G. H., Abdulra’uf, L. B. and Alsharif, A. M. A. (2018)
‘Recent Modifications and Validation of QUEChERS-dSPE Coupled to LC-
MS and GC-MS Instruments for Determination of Pesticide/Agrochemical
Residues in Fruits and Vegetables: Review’, Journal of Chromatographic
Science, 56(7), 656-669. doi: 10.1093/chromsci/bmy032.

Lee, C. H., Shin, Y., Nam, M. W., Jeong, K. M. and Lee, J. (2014) ‘A New Analytical
Method to Determine Non-Steroidal Anti-Inflammatory Drugs in Surface

Water Using In-Situ Derivatization Combined with Ultrasound-Assisted

221



Emulsification Microextraction Followed by Gas Chromatography-Mass
Spectrometry’, Talanta, 129, 552-559. doi: 10.1016/j.talanta.2014.06.027.

Li, D., Xu, F., Liu, Z., Zhu, J., Zhang, Q. and Shao, L. (2013) ‘The Effect of Adding
PDMS-OH and Silica Nanoparticles on Sol-Gel Properties and Effectiveness
in Stone Protection’, Applied Surface Science, 266, 368-374. doi:
10.1016/j.apsusc.2012.12.030.

Li, H., Pan, J., Gao, C., Ma, M., Lu, L., Xiong, Y. and Dong, F. (2019) ‘Mercapto-
Functionalized Porous Organosilica Monoliths Loaded with Gold
Nanoparticles for Catalytic Application’, Molecules, 24(23), 4366. doi:
10.3390/molecules24234366.

Li, J., Wang, Y.-B., Wu, L., Li, K.-Y. and Feng, W. (2014) ‘Fabrication of Multi
Walled Carbon Nanotubes/Oxide Reinforced Hollow Fibers by Sol-Gel
Technique for Rapid Determination of Metronidazole in Milk’, Analytical
Methods, 6(5), 1404-1411. doi: 10.1039/c3ay41645c

Li, J., Wang, Y., Yan, S., Li, X. and Pan, S. (2016) ‘Molecularly Imprinted Calixarene
Fiber for Solid-Phase Microextraction of Four Organophosphorous Pesticides
in Fruits’, Food Chemistry, 192, 260-267. doi:
10.1016/j.foodchem.2015.07.018.

Li, N., Deng, C., Yin, X., Yao, N., Shen, X., and Zhang, X. (2005) °‘Gas
Chromatography-Mass Spectrometric Analysis of Hexanal and Heptanal in
Human Blood by Headspace Single-Drop Microextraction with Droplet
Derivatization’, Analytical Biochemistry, 342, 318-326.
d0i:10.1016/j.ab.2005.04.024

Li, N., Jiang, H. L., Wang, X., Wang, X., Xu, G., Zhang, B., Wang, L., Zhao, R. S.
and Lin, J. M. (2018) ‘Recent Advances in Graphene-Based Magnetic
Composites for Magnetic Solid-Phase Extraction’, TrAC - Trends in Analytical
Chemistry, 102, 60-74. doi: 10.1016/j.trac.2018.01.009.

Li, N., Chen, J. and Shi, Y.-P. (2019) ‘Magnetic Polyethyleneimine Functionalized
Reduced Graphene Oxide as a Novel Magnetic Sorbent for The Separation of
Polar Non-Steroidal Anti-Inflammatory Drugs in Waters’, Talanta, 191,
526-534. doi: 10.1016/j.talanta.2018.09.006.

Li, P., Chen, Y., Hu, X. and Lian, H. (2015) ‘Magnetic Solid Phase Extraction for The
Determination of Trace Antimony Species in Water by Inductively Coupled

Plasma  Mass Spectrometry’, Talanta, 134, 292-297. doi:

222



10.1016/j.talanta.2014.11.026.

Li, W., Huang, L., Guo, D., Zhao, Y. and Zhu, Y. (2018a) ‘Self-Assembling Covalent
Organic  Framework Functionalized Poly(Styrene-Divinyl  Benzene-
Glycidylmethacrylate) Composite for The Rapid Extraction of Non-Steroidal
Anti-Inflammatory Drugs in Wastewater’, Journal of Chromatography A,
1571, 76-83. doi: 10.1016/j.chroma.2018.08.019.

Li, W., Zhang, H. and Shi, Y. (2018b) ‘Simultaneous Determination of Bifenox,
Dichlobenil and Diclofop Methyl by Hollow Carbon Nanospheres Enhanced
Magnetic Carboxylic Multiwalled Carbon Nanotubes’, Analytica Chimica
Acta, 1011, 40-49. doi: 10.1016/j.aca.2018.01.030.

Li, Y., Yang, J., Huang, C., Wang, L., Wang, J. and Chen, J. (2015) ‘Dendrimer-
Functionalized Mesoporous Silica as a Reversed-Phase/Anion-Exchange
Mixed-Mode Sorbent for Solid Phase Extraction of Acid Drugs in Human
Urine’, Journal of Chromatography A, 1392, 28-36. doi:
10.1016/j.chroma.2015.03.003.

Lichtenberger, R. and Schubert, U. (2010) ‘Chemical Modification of Aluminium
Alkoxides for Sol-Gel Processing’, Journal of Materials Chemistry, 20, 9287-
9296. doi: 10.1039/C0.JM00993H.

Lioupi, A., Kabir, A., Furton, K. G. and Samanidou, V. (2019) ‘Fabric Phase Sorptive
Extraction for The Isolation of Five Common Antidepressants from Human
Urine Prior to HPLC-DAD Analysis’, Journal of Chromatography B, 1118-
1119, 171-179. doi: 10.1016/j.jchromb. 2019.04.045.

Liu, F. and Xu, H. (2017) ‘Development of a Novel Polystyrene/Metal-Organic
Framework-199 Electrospun Nanofiber Adsorbent for Thin Film
Microextraction of Aldehydes in Human Urine’, Talanta, 162, 261-267.
doi: 10.1016/j.talanta.2016.09.065.

Liu, H-L. and Chiou, Y.-R. (2005) ‘Optimal Decolorization Efficiency of Reactive
Red 239 by UV/TiIO. Photocatalytic Process Coupled with Response
Surface Methodology’, Chemical Engineering Journal, 112(1-3), 173-179.
doi: 10.1016/j.cej.2005.07.012.

Liu, H. and Qiu, H. (2020) ‘Recent Advances of 3D Graphene-Based Adsorbents for
Sample Preparation of Water Pollutants: A Review’, Chemical Engineering
Journal, 393, 124691. doi: 10.1016/j.cej.2020.124691.

Liu, H., Wang, H., Li, C., Wang, L., Pan, Z. and Wang, L. (2014) ‘Investigation of

223



Volatile Organic Metabolites in Lung Cancer Pleural Effusions by Solid-Phase
Microextraction and Gas Chromatography/Mass Spectrometry’, Journal of
Chromatography B, 945-946, 53-59. doi: 10.1016/j.jchromb. 2013.11.038.

Liu, J. F., Yuan, B. F. and Feng, Y. Q. (2015) ‘Determination of Hexanal and Heptanal
in Human Urine Using Magnetic Solid Phase Extraction Coupled with In-Situ
Derivatization by High Performance Liquid Chromatography’, Talanta, 136,
54-59. doi: 10.1016/j.talanta.2015.01.003.

Liu, S., Li, S., Yang, W., Gu, F., Xu, H., Wang, T., Sun, D. and Hou, X. (2019)
‘Magnetic Nanoparticle of Metal-Organic Framework with Core-Shell
Structure as an Adsorbent for Magnetic Solid Phase Extraction of Non-
Steroidal Anti-Inflammatory  Drugs’, Talanta, 194, 514-521. doi:
10.1016/j.talanta.2018.10.037.

Liu, Y., Liu, Y., Liu, Z., Hu, X. and Xu, Z. (2018) ‘B-Cyclodextrin Molecularly
Imprinted Solid-Phase Microextraction Coatings for Selective Recognition of
Polychlorophenols in Water Samples’, Analytical and Bioanalytical
Chemistry, 410(2), 509-519. doi: 10.1007/s00216-017-0746-3.

Liu, Z. Y., Zhou, D. Y., Li, A., Zhao, M. T., Hu, Y. Y., Li, D. Y., Xie, H. K., Zhao,
Q., Hu, X. P., Zhang, J. H. and Shahidi, F. (2020) ‘Effects of Temperature and
Heating Time on the Formation of Aldehydes During the Frying Process of
Clam Assessed by an HPLC-MS/MS Method’, Food Chemistry, 308, 125650.
doi: 10.1016/j.foodchem.2019.125650.

Lobato, N. C. C., Ferreira, A. de M., Weidler, P. G., Franzreb, M., Silva, G. C. and
Mansur, M. B. (2020) ‘Microstructure and Chemical Stability Analysis of
Magnetic Core Coated with Silica and Functionalized with Silane OTS’,
Applied Surface Science, 505, 144565. doi: 10.1016/j.apsusc.2019.144565.

Lord, H. L., Zhan, W. and Pawliszyn, J. (2010) ‘Fundamentals and Applications of
Needle Trap Devices: A Critical Review’, Analytica Chimica Acta, 677(1),
3-18. doi: 10.1016/j.aca.2010.06.020.

Lu, N., Wang, T., Zhao, P., Zhang, L., Lun, X., Zhang, X. and Hou, X. (2016)
‘Experimental and Molecular Docking Investigation on Metal-Organic
Framework MIL-101(Cr) as a Sorbent for Vortex Assisted Dispersive Micro-
Solid-Phase Extraction of Trace 5-Nitroimidazole Residues in Environmental
Water Samples Prior to UPLC-MS/MS Analysis’, Analytical and Bioanalytical
Chemistry, 408(29), 8515-8528. doi: 10.1007/s00216-016-9977-y.

224



Lu, Q., Wu, J.-H., Yu, Q.-W. and Feng, Y.-Q. (2014) ‘Using Pollen Grains as Novel
Hydrophilic Solid-Phase Extraction Sorbents for The Simultaneous
Determination of 16 Plant Growth Regulators’, Journal of Chromatography
A, 1367, 39-47. doi: 10.1016/j.chroma.2014.09.071

Luo, Z., Li, Z., Liu, H., Tang, M. and Shi, Z. (2015) ‘Click Chemistry-Based Synthesis
of Water-Dispersible Hydrophobic Magnetic Nanoparticles for Use in Solid
Phase Extraction of Non-Steroidal Anti-Inflammatory Drugs’, Microchimica
Acta, 182(15-16), 2585-2591. doi: 10.1007/s00604-015-1638-x.

Lyu, D. Y., Yang, C. X. and Yan, X. P. (2015) ‘Fabrication of Aluminum
Terephthalate Metal-Organic Framework Incorporated Polymer Monolith for
the Microextraction of Non-Steroidal Anti-Inflammatory Drugs in Water and
Urine Samples’, Journal of Chromatography A, 1393, 1-7. doi:
10.1016/j.chroma.2015.03.020.

Ma, C., Ji, J., Tan, C., Chen, D., Luo, F., Wang, Y. and Chen, X. (2014) ‘Headspace
Solid-Phase Microextraction Coupled to Gas Chromatography for The
Analysis of Aldehydes in Edible Oils’, Talanta, 120, 94-99. doi:
10.1016/j.talanta.2013.11.021

Ma, L. Y., L1, Q., L1, J. and Xu, L. (2018) ‘Preparation of Highly Hydrophilic Magnetic
Nanoparticles with Anion-Exchange Ability and Their Application for The
Extraction of Non-Steroidal Anti-Inflammatory Drugs in Environmental
Samples’, Journal of Separation Science, 41(3), 678-688. doi:
10.1002/jssc.201700881.

Ma, L., Liu, G., Cheng, W., Liu, X., Brennan, C., Brennan, M. A., Liu, H. and Wang,
Q. (2020) ‘The Effect of Heating on The Formation of 4-Hydroxy-2-Hexenal
and 4-Hydroxy-2-Nonenal in Unsaturated Vegetable Oils: Evaluation of
Oxidation  Indicators’,  Food  Chemistry, 321, 126603.  doi:
10.1016/j.foodchem.2020.126603

Ma, Q., Xu, J.,, Lu, Y., Shi, Z. G. and Feng, Y. Q. (2010) ‘Preparation of A Mixed
Mode of Hydrophobic/Cation-Exchange Polymer Monolith and Its
Application to Analysis of Six Antidepressants in Human Plasma’, Analytical
Methods, 2(9), 1333-1340. doi: 10.1039/c0ay00228c

Ma, Y. J, Bi, A. Q., Wang, X. Y., Qin, L., Du, M., Dong, L. and Xu, X. B. (2020)
‘Dispersive  Solid-Phase  Extraction and Dispersive Liquid-Liquid

Microextraction for The Determination of Flavor Enhancers in Ready-to-Eat

225



Seafood by HPLC-PDA’, Food Chemistry, 309, 125753. doi:
10.1016/j.foodchem.2019.125753

Madikizela, L. M., Tavengwa, N. T. and Chimuka, L. (2018) ‘Applications of
Molecularly Imprinted Polymers for Solid-Phase Extraction of Non-Steroidal
Anti-Inflammatory Drugs and Analgesics from Environmental Waters and
Biological Samples’, Journal of Pharmaceutical and Biomedical Analysis,
147, 624-633. doi: 10.1016/j.jpba.2017.04.010.

Madikizela, L. M., Ncube, S. and Chimuka, L. (2020) ‘Analysis, Occurrence and
Removal of Pharmaceuticals in African Water Resources: A Current Status’,
Journal  of  Environmental Management, 253, 109741. doi:
10.1016/j.jenvman.2019.109741.

Magiera, S., Gulmez, S., Michalik, A. and Baranowska, J. (2013) ‘Application of
Statistical Experimental Design to The Optimisation of Microextraction by
Packed Sorbent for The Analysis of Non-Steroidal Anti-inflammatory Drugs
in Human Urine by Ultra-High Pressure Liquid Chromatography’, Journal of
Chromatography A, 1304, 1-9. doi: 10.1016/j.chroma.2013.06.047.

Magnusson, B. and Ornemak, U. (eds.) Eurachem Guide: The Fitness for Purpose of
Analytical Methods- A Laboratory Guide to Method Validation and Related
Topics, (2"ed. 2014). ISBN 978-91-87461-59-0. Available from
www.eurachem.org.

Mabhpishanian, S. and Sereshti, H. (2014) ‘Graphene Oxide-Based Dispersive Micro-
Solid Phase Extraction for Separation and Preconcentration of Nicotine from
Biological and Environmental Water Samples Followed by Gas
Chromatography-Flame Ionization Detection’, Talanta, 130, 71-77. doi:
10.1016/j.talanta.2014.06.004.

Majda, A., Mrochem, K., Wietecha-Postuszny, R., Zapotoczny, S. and Zawadzki, M.
(2020) ‘Fast and Efficient Analyses of the Post-Mortem Human Blood and
Bone Marrow Using DI-SPME/LC-TOFMS Method for Forensic Medicine
Purposes’, Talanta, 209, 120533. doi: 10.1016/j.talanta.2019.120533.

Mandal, B. and Basu, B. (2014) ‘Recent Advances in S—S Bond Formation’, RSC
Advances, 4(27), 13854-13881. doi: 10.1039/c3ra45997g.

Mandaric, L., Mor, J.-R., Sabater, S. and Petrovic, M. (2018) ‘Impact of Urban
Chemical Pollution on Water Quality in Small, Rural and Effluent-Dominated

Mediterranean Streams and Rivers’, Science of The Total Environment, 613,

226



763-772. doi: 10.1016/j.scitotenv.2017.09.128.

Manousi, N. and Zachariadis, G. A. (2019) ‘Determination of Volatile Compounds in
Nut-Based Milk Alternative Beverages by HS-SPME Prior to GC-MS
Analysis’, Molecules, 24(17), 3091. doi: 10.3390/molecules24173091.

Manzo, V., Navarro, O., Honda, L., Sanchez, K., Inés Toral, M. and Richter, P. (2013)
‘Determination of Crystal Violet in Water by Direct Solid Phase
Spectrophotometry After Rotating Disk Sorptive Extraction’, Talanta, 106,
305-308. doi: 10.1016/j.talanta.2012.11.004.

Manzo, V., Honda, L., Navarro, O., Ascar, L. and Richter, P. (2014) ‘Microextraction
of Non-Steroidal Anti-Inflammatory Drugs from Wastewater Samples by
Rotating-Disk  Sorptive  Extraction’, Talanta, 128, 486-492. doi:
10.1016/j.talanta.2014.06.003.

Manzo, V., Ulisse, K., Rodriguez, 1., Pereira, E. and Richter, P. (2015) ‘A Molecularly
Imprinted Polymer as The Sorptive Phase Immobilized in a Rotating Disk
Extraction Device for The Determination of Diclofenac and Mefenamic Acid
in Wastewater’, Analytica Chimica Acta, 889, 130-137. doi:
10.1016/j.aca.2015.07.038.

Manzo, V., Goya-Pacheco, J., Arismendi, D., Becerra-Herrera, M., Castillo-Aguirre,
A., Castillo-Felices, R., Rosero-Moreano, M., Carasek, E. and Richter, P.
(2019) “‘Cork Sheet as a Sorptive Phase to Extract Hormones from Water by
Rotating-Disk Sorptive Extraction (RDSE)’, Analytica Chimica Acta, 1087,
1-10. doi: 10.1016/j.aca.2019.08.069.

Mao, X., He, M., Chen, B. and Hu, B. (2016) ‘Membrane Protected C18 Coated Stir
Bar Sorptive Extraction Combined with High Performance Liquid
Chromatography-Ultraviolet Detection for The Determination of Non-
Steroidal Anti-Inflammatory Drugs in Water Samples’, Journal of
Chromatography A, 1472, 27-34. doi: 10.1016/j.chroma.2016.10.051.

Markus, A., Gbadamosi, A. O., Yusuff, A. S., Agi, A. and Oseh, J. (2018) ‘Magnetite-
Sporopollenin/Graphene Oxide as New Preconcentration Adsorbent for
Removal of Polar Organophosphorus Pesticides in Vegetables’, Environmental
Science and  Pollution  Research, 25(35), 35130-35142. doi:
10.1007/s11356-018-3402-3.

Marsin, F. M., Ibrahim, W. A. W_, Keyon, A. S. A. and Sanagi, M. M. (2018) ‘Box-
Behnken Experimental Design for The Synthesis of Magnetite-Polypyrrole

227



Composite for The Magnetic Solid Phase Extraction of Non-Steroidal Anti-
Inflammatory Drug Residues’, Analytical Letters, 51(14), 2221-2239. doi:
10.1080/00032719.2017.1422740.

Marsin, F. M., Wan Ibrahim, W. A., Nodeh, H. R. and Sanagi, M. M. (2020) ‘New
Magnetic Oil Palm Fiber Activated Carbon-Reinforced Polypyrrole Solid
Phase Extraction Combined with Gas Chromatography-Electron Capture
Detection for Determination of Organochlorine Pesticides in Water Samples’,
Journal of Chromatography A, 1612, 460638. doi:
10.1016/j.chroma.2019.460638.

Maya, F., Palomino Cabello, C., Ghani, M., Turnes Palomino, G. and Cerda, V. (2018)
‘Emerging Materials for Sample Preparation’, Journal of Separation Science,
41(1), 262-287. doi: 10.1002/jssc.201700836.

McDonagh, C., Bowe, P., Mongey, K. and MacCraith, B. (2002) ‘Characterisation of
Porosity and Sensor Response Times of Sol-Gel-Derived Thin Films for
Oxygen Sensor Applications’, Journal of Non-Crystalline Solids, 306(2),
138-148. doi: 10.1016/S0022-3093(02)01154-7.

Medina, A., Casado-Carmona, F. A., Lopez-Lorente, A. . and Céardenas, S. (2020)
‘Magnetic Graphene Oxide Composite for The Microextraction and
Determination of Benzophenones in Water Samples’, Nanomaterials, 10(1),
168. doi: 10.3390/nan010010168.

Meétivier, R., Leray, 1., Lebeau, B. and Valeur, B. (2005) ‘A Mesoporous Silica
Functionalized by Covalently Bound Calixarene-Based Fluoroionophore for
Selective Optical Sensing of Mercury(Il) in Water’, Journal of Materials
Chemistry, 15(27-28), 2965-2973. doi: 10.1039/b501897h.

Mezzelani, M., Gorbi, S., Da Ros, Z., Fattorini, D., Errico, G., Milan, M., Bargelloni,
L. and Regoli, F. (2016) ‘Ecotoxicological Potential of Non-Steroidal Anti-
Inflammatory Drugs (NSAIDs) in Marine Organisms: Bioavailability,
Biomarkers and Natural Occurrence in Mytilus Galloprovincialis’, Marine
Environmental Research, 121, 31-39. doi: 10.1016/j.marenvres.2016.03.005.

Mezzelani, M., Gorbi, S. and Regoli, F. (2018) ‘Pharmaceuticals in The Aquatic
Environments: Evidence of Emerged Threat and Future Challenges for
Marine Organisms’, Marine Environmental Research, 140, 41-60.
doi:10.1016/j.marenvres.2018.05.001.

Mezzelani, M., Fattorini, D., Gorbi, S., Nigro, M. and Regoli, F. (2020) ‘Human

228



Pharmaceuticals in Marine Mussels: Evidence of Sneaky Environmental
Hazard Along Italian Coasts’, Marine Environmental Research, 162, 105137.
doi: 10.1016/j.marenvres.2020.105137.

Mieth, M., Kischkel, S., Schubert, J. K., Hein, D. and Miekisch, W. (2009) ‘Multibed
Needle Trap Devices for on Site Sampling and Preconcentration of Volatile
Breath Biomarkers’, Analytical Chemistry, 81(14), 5851-5857. doi:
10.1021/ac90092609.

Miskam, M., Bakar, N. K. A. and Mohamad, S. (2013) ‘Preparation and
Characterization of New Sol-Gel Titanium(1V) Butoxide-
Cyanopropyltriethoxysilane Hybrid Sorbent for Extraction of Polar Aromatic
Amines’, Journal of Sol-Gel Science and Technology, 67(1), 121-129. doi:
10.1007/s10971-013-3057-y.

Miskam, M., Abu Bakar, N. K. and Mohamad, S. (2014) ‘Determination of Polar
Aromatic Amines Using Newly Synthesized Sol-Gel Titanium(lV) Butoxide
Cyanopropyltriethoxysilane as Solid Phase Extraction Sorbent’, Talanta, 120,
450-455. doi: 10.1016/j.talanta.2013.12.037.

Mlunguza, N. Y., Ncube, S., Nokwethemba Mahlambi, P., Chimuka, L. and
Madikizela, L. M. (2019) ‘Adsorbents and Removal Strategies of Non-
Steroidal Anti-Inflammatory Drugs from Contaminated Water Bodies’,
Journal of Environmental Chemical Engineering, 7(3), 103142. doi:
10.1016/j.jece.2019.103142.

Moein, M. M., Abdel-Rehim, A. and Abdel-Rehim, M. (2019) ‘Recent Applications
of Molecularly Imprinted Sol-Gel Methodology in Sample Preparation’,
Molecules, 24(16), 2889. doi: 10.3390/molecules24162889.

Mohamed, H. M. (2015) ‘Green, Environment-Friendly, Analytical Tools Give
Insights in Pharmaceuticals and Cosmetics Analysis’, TrAC - Trends in
Analytical Chemistry, 66, 176-192. doi: 10.1016/j.trac.2014.11.010.

Mohammadi Toudeshki, R., Haji Shabani, A. M. and Dadfarnia, S. (2019) ‘Hollow
Fiber Reinforced with Molecularly Imprinted Polymer Supported on
Multiwalled Carbon Nanotubes for Microextraction of Furazolidone in Real
Samples Prior to Its Spectrophotometric Determination’, Journal of the Iranian
Chemical Society, 16(9), 2003-2010. doi: 10.1007/s13738-019-01671-w.

Mokhtari, B. and Pourabdollah, K. (2012) ‘Applications of Calixarene Nano-Baskets

in Pharmacology’, Journal of Inclusion Phenomena and Macrocyclic

229



Chemistry, 73(1-4), 1-15. doi: 10.1007/s10847-011-0062-z.

Monedeiro, F., Dos Reis, R. B., Peria, F. M., Sares, C. T. G. and De Martinis, B. S.
(2020) ‘Investigation of Sweat VOC Profiles in Assessment of Cancer
Biomarkers Using HS-GC-MS’, Journal of Breath Research, 14(2), 026009.
doi: 10.1088/1752-7163/AB5B3C.

Monteiro, M., Carvalho, M., Henrique, R., Jer6nimo, C., Moreira, N., Bastos, M. D.
L. and de Pinho, P. G. (2014) ‘Analysis of Volatile Human Urinary
Metabolome by Solid-Phase Microextraction in Combination with Gas
Chromatography - Mass Spectrometry for Biomarker Discovery: Application
in A Pilot Study to Discriminate Patients with Renal Cell Carcinoma’,
European Journal of Cancer, 50(11), 1993-2002. doi:
10.1016/j.ejca.2014.04.011.

Montes, R., Quintana, J. B., Ramil, M. and Rodil, R. (2019) ‘Environmental
Applications (Water)’, in Poole, C. F. Solid-Phase Extraction. Elsevier,
609-645. doi: 10.1016/B978-0-12-816906-3.00023-6.

Moreira, N., Aradjo, A. M., Rogerson, F., Vasconcelos, I., Freitas, V. D. and Pinho,
P. G. D. (2019) ‘Development and Optimization of a HS-SPME-GC-MS
Methodology to Quantify Volatile Carbonyl Compounds in Port Wines’, Food
Chemistry, 270, 518-526. doi: 10.1016/j.foodchem.2018.07.093.

Mousavi, L., Tamiji, Z. and Khoshayand, M. R. (2018) ‘Applications and
Opportunities of Experimental Design for The Dispersive Liquid-Liquid
Microextraction Method - A Review’, Talanta, 190, 335-356. doi:
10.1016/j.talanta.2018.08.002.

Mu, L., Hu, X., Wen, J. and Zhou, Q. (2013) ‘Robust Aptamer Sol-Gel Solid Phase
Microextraction of Very Polar Adenosine from Human Plasma’, Journal of
Chromatography A, 1279, 7-12. doi: 0.1016/j.chroma.2013.01.002.

Muhamad, N., Ibrahim, W. A. W. and Sanagi, M. M. (2014) ‘Sol-Gel Hybrid
Cyanopropyltriethoxysilane-Methyltrimethoxysilane as  Adsorbent  for
Dispersive-Micro Solid Phase Extraction of Selected Organophosphorus
Pesticides in Water Samples’, Jurnal Teknologi, 71(5), 57-62. doi:
10.11113/jt.v71.3854.

Murtada, K., de Andrés, F., Rios, A. and Zougagh, M. (2018) ‘Determination of
Antidepressants in Human Urine Extracted by Magnetic Multiwalled Carbon

Nanotube Poly(Styrene-co-Divinylbenzene) Composites and Separation by

230



Capillary Electrophoresis’, Electrophoresis, 39(14), 1808-1815. doi:
10.1002/elps.201700496.

Murtada, K. (2020) ‘Trends in Nanomaterial-Based Solid-Phase Microextraction with
a Focus on Environmental Applications - A Review’, Trends in Environmental
Analytical Chemistry, 25, e00077. doi: 10.1016/j.teac.2019.e00077.

Nannou, C. 1., Kosma, C. I. and Albanis, T. A. (2015) ‘Occurrence of Pharmaceuticals
in Surface Waters: Analytical Method Development and Environmental Risk
Assessment’, International Journal of Environmental Analytical Chemistry,
95(13),1242-1262. doi: 10.1080/03067319.2015.1085520.

Narenderan, S. T., Meyyanathan, S. N. and Karri, V. V. S. R. (2019)
‘Experimental Design in Pesticide Extraction Methods: A Review’, Food
Chemistry, 289, 384-395. doi: 10.1016/j.foodchem.2019.03.045.

Nascimento, M. M., Olimpio da Rocha, G. and Bittencourt de Andrade, J. (2019)
‘Simple and Effective Dispersive Micro-Solid Phase Extraction Procedure for
Simultaneous Determination of Polycyclic Aromatic Compounds in Fresh and
Marine Waters’, Talanta, 204, 776-791. doi: 10.1016/j.talanta.2019.06.061.

Nogueira, J. M. F. (2012) ‘Novel Sorption-Based Methodologies for Static
Microextraction Analysis: A Review on SBSE and Related Techniques’,
Analytica Chimica Acta, 757, 1-10. doi: 10.1016/j.aca.2012.10.033.

Ochiai, N., Sasamoto, K., David, F. and Sandra, P. (2018) ‘Recent Developments of
Stir Bar Sorptive Extraction for Food Applications: Extension to Polar
Solutes’, Journal of Agricultural and Food Chemistry, 66(28), 7249-7255.
doi: 10.1021/acs.jafc.8b02182.

Oenning, A. L., Morés, L., Dias, A. N. and Carasek, E. (2017) ‘A New Configuration
for Bar Adsorptive Microextraction (BApE) for The Quantification of
Biomarkers (Hexanal and Heptanal) in Human Urine by HPLC Providing an
Alternative for Early Lung Cancer Diagnosis’, Analytica Chimica Acta, 965,
54-62. doi: 10.1016/j.aca.2017.02.034.

Omidi, F., Khadem, M., Dehghani, F., Seyedsomeah, M. and Shahtaheri, S. J. (2020)
‘Ultrasound-Assisted Dispersive Micro-Solid-Phase Extraction Based on N-
Doped Mesoporous Carbon and High-Performance Liquid Chromatographic
Determination of 1-Hydroxypyrene in Urine Samples’, Journal of Separation
Science, 43(13), 2602-2609. doi: 10.1002/jssc.202000172.

Pacheco-Fernandez, 1., Najafi, A., Pino, V., Anderson, J. L., Ayala, J. H., Afonso, A.

231



M. (2016) “Utilization of Highly Robust and Selective Crosslinked Polymeric
lonic Liquid-Based Sorbent Coatings in Direct-Immersion Solid-Phase
Microextraction and High-Performance Liquid Chromatography for
Determining Polar Organic Pollutants in Waters’, Talanta, 158, 125-133.
doi: 10.1016/j.talanta.2016.05.041.

Paiga, P., Santos, L. H. M. L. M. and Delerue-Matos, C. (2017) ‘Development of a
Multi-Residue Method for The Determination of Human and Veterinary
Pharmaceuticals and Some of Their Metabolites in Aqueous Environmental
Matrices by SPE-UHPLC-MS/MS’, Journal of Pharmaceutical and
Biomedical Analysis, 135, 75-86. doi: 10.1016/j.jpba.2016.12.013.

Pais, M. C. N. and Nascimento, E. S. (2018) ‘Guideline Values and Human Risks
Assessment for The Presence of Anti-Inflammatory Drugs Remaining in
Drinking Water After Lab Scale Treatment’, Brazilian Journal of
Pharmaceutical ~ Sciences, 54(1), e17320. doi: 10.1590/s2175-
97902018000117320.

Palenikova, A. and Hrouzkova, S. (2014) ‘Microextraction in Packed Syringe:
Solvent-Minimized Sample Preparation Technique’, Monatshefte fir Chemie -
Chemical Monthly, 145(4), 537-549. doi: 10.1007/s00706-013-1119-z.

Park, S. Bin, Lih, E., Park, K. S., Joung, Y. K. and Han, D. K. (2017) ‘Biopolymer-
Based Functional Composites for Medical Applications’, Progress in Polymer
Science, 68, 77-105. doi: 10.1016/j.progpolymsci.2016.12.003.

Pena-Pereira, F., Marcinkowski, .., Kloskowski, A. and Namiesnik, J. (2014) ‘Silica-
Based lonogels: Nanoconfined lonic Liquid-Rich Fibers for Headspace Solid-
Phase Microextraction Coupled with Gas Chromatography-Barrier Discharge
Ionization Detection’, Analytical Chemistry, 86(23), 11640-11648. doi:
10.1021/ac502666f.

Peng, Y., Gautam, L. and Hall, S. W. (2019) ‘The Detection of Drugs of Abuse and
Pharmaceuticals in Drinking Water Using Solid-Phase Extraction and Liquid
Chromatography-Mass Spectrometry’, Chemosphere, 223, 438-447. doi:
10.1016/j.chemosphere.2019.02.040.

Petrie, B., Barden, R. and Kasprzyk-Horder, B. (2014) ‘A Review on Emerging
Contaminants in Wastewaters and The Environment: Current Knowledge,
Understudied Areas and Recommendations for Future Monitoring’, Water
Research, 72, 3-27. doi: 10.1016/j.watres.2014.08.053.

232



Pirdadeh-Beiranvand, M., Afkhami, A. and Madrakian, T. (2019) ‘Ionic Liquid Coated
Magnetic SiO>@Fe304 Nanocomposite for Temperature-Assisted Solid-Phase
Extraction of Venlafaxine’, Journal of the Iranian Chemical Society, 16(10),
2101-2109. doi: 10.1007/s13738-019-01679-2.

Piri-Moghadam, H., Alam, M. N. and Pawliszyn, J. (2017) ‘Review of Geometries and
Coating Materials in Solid Phase Microextraction: Opportunities, Limitations,
and Future Perspectives’, Analytica Chimica Acta, 984, 42-65. doi:
10.1016/j.aca.2017.05.035.

Poli, D., Goldoni, M., Corradi, M., Acampa, O., Carbognani, P., Internullo, E.,
Casalini, A. and Mutti, A. (2010) ‘Determination of Aldehydes in Exhaled
Breath of Patients with Lung Cancer by Means of On-Fiber-Derivatisation
SPME-GC/MS’, Journal of Chromatography B, 878(27), 2643-51. doi:
10.1016/j.jchromb.2010.01.022.

Pomelli, C. S., D’Andrea, F., Mezzetta, A. and Guazzelli, L. (2020) ‘Exploiting Pollen
and Sporopollenin for The Sustainable Production of Microstructures’, New
Journal of Chemistry, 44(3), 647-652. doi: 10.1039/c9nj05082e.

Portillo-Castillo, O. J., Castro-Rios, R., Chavez-Montes, A., Gonzélez-Horta, A.,
Cavazos-Rocha, N., De Torres, N. H. W. and Garza-Tapia, M. (2018)
‘Developments of Solid-Phase Microextraction Fiber Coatings for
Environmental Pharmaceuticals and Personal Care Products Analysis’,
Reviews in Analytical Chemistry, 37(2), 20170018. doi: 10.1515/revac-2017-
0018.

Qiao, Z., Perestrelo, R., Reyes-Gallardo, E. M., Lucena, R., Céardenas, S., Rodrigues,
J. and Camara, J. S. (2015) ‘Octadecyl Functionalized Core-Shell Magnetic
Silica Nanoparticle as A Powerful Nanocomposite Sorbent to Extract Urinary
Volatile Organic Metabolites’, Journal of Chromatography A, 1393, 18-25.
doi: 10.1016/j.chroma.2015.03.026.

Rashidi Nodeh, H., Wan lIbrahim, W. A., Kamboh, M.A. and Sanagi, M. M. (2017)
‘New Magnetic Graphene-Based Inorganic-Organic  Sol-Gel Hybrid
Nanocomposite for Simultaneous Analysis of Polar and Non-Polar
Organophosphorus Pesticides from Water Samples Using Solid-Phase
Extraction’, Chemosphere, 166, 21-30. doi:
10.1016/j.chemosphere.2016.09.054.

Raynie, D and Driver, J. L. Green Assessment of Chemical Methods in: 13th Green

233



Chemistry and Engineering Conference, 2009, Washington DC, 20009.

Reyes-Gallardo, E. M., Lucena, R., Cardenas, S. and Valcarcel, M. (2016) ‘Dispersive
Micro-Solid Phase Extraction of Bisphenol A From Milk Using Magnetic
Nylon 6 Composite and Its Final Determination by HPLC-UV’,
Microchemical Journal, 124, 751-756. doi: 10.1016/j.microc.2015.10.025.

Reyes-Garcés, N., Gionfriddo, E., Gémez-Rios, G. A., Alam, M. N., Boyaci, E.,
Bojko, B., Singh, V., Grandy, J. and Pawliszyn, J. (2018) ‘Advances in Solid
Phase Microextraction and Perspective on Future Directions’, Analytical
Chemistry, 90(1), 302-360. doi: 10.1021/acs.analchem.7b04502.

Rezazadeh, T., Dalali, N. and Sehati, N. (2018) ‘Investigation of Adsorption
Performance of Graphene Oxide/Polyaniline Reinforced Hollow Fiber
Membrane for Preconcentration of Ivermectin in Some Environmental
Samples’, Spectrochimica Acta - Part A: Molecular and Biomolecular
Spectroscopy, 204, 409-415. doi: 10.1016/j.saa.2018.06.040.

Rios, A. and Zougagh, M. (2016) ‘Recent Advances in Magnetic Nanomaterials for
Improving Analytical Processes’, TrAC Trends in Analytical Chemistry, 84,
72-83. doi: 10.1016/j.trac.2016.03.001.

Rocio-Bautista, P., Gutiérrez-Serpa, A., Cruz, A. J., Ameloot, R., Ayala, J. H., Afonso,
A. M., Pasén, J., Rodriguez-Hermida, S. and Pino, V. (2020) ‘Solid-Phase
Microextraction Coatings Based on The Metal-Organic Framework ZIF-8:
Ensuring Stable and Reusable Fibers’, Talanta, 215, 120910. doi:
10.1016/j.talanta.2020.120910.

Safari, M., Shahlaei, M., Yamini, Y., Shakorian, M. and Arkan, E. (2018) ‘Magnetic
Framework Composite as Sorbent for Magnetic Solid Phase Extraction
Coupled with High Performance Liquid Chromatography for Simultaneous
Extraction and Determination of Tricyclic Antidepressants’, Analytica
Chimica Acta, 1034, 204-213. doi: 10.1016/j.aca.2018.06.023.

Safaiikova, M. and Safatik, I. (1999) ‘Magnetic Solid-Phase Extraction’, Journal of
Magnetism and Magnetic Materials, 194(1), 108-112. doi: 10.1016/S0304-
8853(98)00566-6.

Sajid, M. and Plotka-Wasylka, J. (2018) ‘Combined Extraction and Microextraction
Techniques: Recent Trends and Future Perspectives’, TrAC Trends in
Analytica Chemistry, 103, 74-86. doi: 10.1016/j.trac.2018.03.013.

Salisaeng, P., Arnnok, P., Patdhanagul, N. and Burakham, R. (2016) ‘Vortex-Assisted

234



Dispersive Micro-Solid Phase Extraction Using CTAB-Modified Zeolite NaY
Sorbent Coupled with HPLC for The Determination of Carbamate
Insecticides’, Journal of Agricultural and Food Chemistry, 64(10), 2145-
2152. doi: 10.1021/acs.jafc.5b05437.

Sanagi, M. M., Loh, S. H., Wan lIbrahim, W. N., Pourmand, N., Salisu, A., Wan
Ibrahim, W. A., and Alj, 1. (2016) Agarose- and Alginate-Based Biopolymers
for Sample Preparation: Excellent Green Extraction Tools for This Century’,
Journal of Separation Science, 39(6), 1152-1159. doi: 10.1002/jssc.201501207

Sarafraz-Yazdi, A., Amiri, A., Rounaghi, G. and Hosseini, H. E. (2011) ‘A Novel
Solid Phase Microextraction Using Coated Fiber Based Sol-Gel Technique
Using Poly(ethylene glycol) Grafted Multiwalled Carbon Nanotubes for
Determination of Benzene, Toluene, Ethylbenzene and O-Xylene in Water
Samples with Gas Chromatography-Flame Ionization Detector’, Journal of
Chromatography A, 1218(34), 5757-5764. doi: 10.1016/ j.chroma.2011.
06.099.

Sarafraz-Yazdi, A., Amiri, A., Rounaghi, G. and Eshtiagh-Hosseini, H. (2012)
‘Determination of Non-Steroidal Anti-Inflammatory Drugs in Water Samples
by Solid-Phase Microextraction Based Sol-Gel Technique Using
Poly(Ethylene Glycol) Grafted Multiwalled Carbon Nanotubes Coated Fiber’,
Analytica Chimica Acta, 720, 134-141. doi: 10.1016/j.aca.2012.01.021.

Sarafraz-Yazdi, A. and Vatani, H. (2013) ‘A Solid Phase Microextraction Coating
Based on lonic Liquid Sol-Gel Technique for Determination of Benzene,
Toluene, Ethylbenzene and O-Xylene in Water Samples Using Gas
Chromatography Flame Ionization Detector’, Journal of Chromatography A,
1300, 104-111. doi: 10.1016/j.chroma.2013.03.039.

Sargin, 1. and Arslan, G. (2015) ‘Chitosan/Sporopollenin Microcapsules: Preparation,
Characterisation and Application in Heavy Metal Removal’, International
Journal  of Biological = Macromolecules, 75, 230-238. doi:
10.1016/j.ijbiomac.2015.01.039.

Sargin, I. and Arslan, G. (2016) ‘Effect of Glutaraldehyde Cross-linking Degree of
Chitosan/Sporopollenin Microcapsules on Removal of Copper(ll) from
Aqueous Solution’, Desalination and Water Treatment, 57(23), 10664 - 10676.
doi: 10.1080/19443994.2015.1038738.

Saroj, S., Shah, P., Jairaj, V. and Rathod, R. (2018) ‘Green Analytical Chemistry and

235



Quality by Design: A Combined Approach Towards Robust and Sustainable
Modern Analysis’, Current Analytical Chemistry, 14(4), 367-381. doi:
10.2174/1573411013666170615140836.

Sarp, G. and Yilmaz, E. (2019) ‘A Flower-Like Hybrid Material Composed of Fe3Oa4,
Graphene Oxide and CdSe Nanodots for Magnetic Solid Phase Extraction of
Ibuprofen Prior to Its Quantification by HPLC Detection’, Microchimica Acta,
186(11), 744. doi: 10.1007/s00604-019-3875-x.

Sayin, S. and Yilmaz, M. (2011) ‘Preparation and Uranyl Ion Extraction Studies of
Calix[4]arene-Based Magnetite Nanoparticles’, Desalination, 276(1-3), 328-
335. doi: 10.1016/j.desal.2011.03.073.

Sayin, S., Yilmaz, M. and Tavasli, M. (2011) ‘Syntheses of Two Diamine Substituted
1,3-Distal Calix[4]arene-Based Magnetite Nanoparticles for Extraction of
Dichromate, Arsenate and Uranyl lons’, Tetrahedron, 67(20), 3743-3753.
doi: 10.1016/j.tet.2011.03.012.

Sayin, S., Ozcan, F. and Yilmaz, M. (2013) ‘Two Novel Calixarene Functionalized
Iron Oxide Magnetite Nanoparticles as a Platform for Magnetic Separation in
The Liquid-Liquid/Solid-Liquid Extraction of Oxyanions’, Materials Science
and Engineering C, 33(4), 2433-2439. doi: 10.1016/j.msec.2013.02.004.

Sayin, S., Engin, M. S., Eymur, S. and Cay, S. (2018) ‘Synthesis and Characterization
of 1-(2-Furoyl)Piperazine Calix[4]arene for The Preconcentration of Metal
Ions’,  Analytical  Letters, 51(1-2), 111-118. doi:  10.1080/
00032719.2016.1265533.

Schubert, U., Huesing, N. and Lorenz, A. (1995) ‘Hybrid Inorganic-Organic Materials
by Sol-Gel Processing of Organofunctional Metal Alkoxides’, Chemistry of
Materials, 7(11), 2010-2027. doi: 10.1021/cm00059a007.

Sehati, N., Dalali, N., Soltanpour, S., Saced, M. and Dorraji, S. (2015) ‘Application of
Hollow Fiber Membrane Mediated with Titanium Dioxide Nanowire/
Reduced Graphene Oxide Nanocomposite in Preconcentration of Clotrimazole
and Tylosin’, Journal of Chromatography A, 420, 46-53. doi:
10.1016/j.chroma.2015.09.063.

Sener, M., Reddy, D. H. K. and Kayan, B. (2014) ‘Biosorption Properties of Pretreated
Sporopollenin Biomass for Lead(ll) and Copper(Il): Application of Response
Surface Methodology’, Ecological Engineering, 68, 200-208. doi:
10.1016/j.ecoleng.2014.03.024.

236



Sereshti, H., Toloutehrani, A. and Nodeh, H. R. (2020) ‘Determination of
Cholecalciferol (Vitamin D3) in Bovine Milk by Dispersive Micro-Solid Phase
Extraction Based on the Magnetic Three-Dimensional Graphene Sporopollenin
Sorbent’, Journal of Chromatography B, 1136, 121907. doi:
10.1016/j.jchromb.2019.121907.

Serpone, N., Artemev, Y. M., Ryabchuk, V. K., Emeline, A. V. and Horikoshi, S.
(2017) ‘Light-Driven Advanced Oxidation Processes in The Disposal of
Emerging Pharmaceutical Contaminants in Aqueous Media: A Brief Review’,
Current Opinion in Green and Sustainable Chemistry, 6, 18-33. doi:
10.1016/j.cogsc.2017.05.003.

Shestivska, V., Olsinova, M., Sovova, K., Kubista, J., Smith, D., Cebecauer, M. and
Spanél, P. (2018) ‘Evaluation of Lipid Peroxidation by The Analysis of
Volatile Aldehydes in The Headspace of Synthetic Membranes Using Selected
Ion Flow Tube Mass Spectrometry’, Rapid Communications in Mass
Spectrometry, 32(18), 1617-1628. doi: 10.1002/rcm.8212.

Shirkhanloo, H., Khaligh, A., Mousavi, H. Z. and Rashidi, A. (2017) ‘Ultrasound
Assisted-Dispersive-lonic Liquid-Micro-Solid Phase Extraction Based on
Carboxyl-Functionalized Nanoporous Graphene for Speciation and
Determination of Trace Inorganic and Organic Mercury Species in Water and
Caprine Blood Samples’, Microchemical Journal, 130, 245-254. doi:
10.1016/j.microc.2016.09.012.

Shnayder, B. A., Levchyk, V. M., Zui, M. F. and Kobylinska, N. G. (2019) ‘Hybrid
Organosilica Coatings for Solid Phase Microextraction: Highly Efficient
Adsorbents for Determination of Trace Parabens’, Protection of Metals and
Physical Chemistry of Surfaces, 55(4), 657-666. doi:
10.1134/S2070205119040221.

Singh, B. (2008) ‘A Review on Development of Solid Phase Microextraction Fibers
by Sol-Gel Methods and Their Applications’, Analytica Chimica Acta, 610(1),
1-14. doi: 10.1016/j.aca.2008.01.028.

Singh, A. K. and Singh, K. P. (2016) ‘Response Surface Optimization of Nitrite
Removal from Aqueous Solution by FesOs Stabilized Zero-Valent Iron
Nanoparticles Using a Three-Factor, Three-Level Box-Behnken Design’,
Research  On Chemical Intermediates, 42(3), 2247-2265. doi:
10.1007/s11164-015-2147-6.

237



Singh, S. K. and Das, A. (2015) ‘The n — == Interaction: A Rapidly Emerging Non-
Covalent Interaction’, Physical Chemistry Chemical Physics, 17(15), 9596-
9612. doi: 10.1039/c4cp05536e.

Soares da Silva Burato, J., Vargas Medina, D. A., de Toffoli, A. L., Vasconcelos
Soares Maciel, E. and Mauro Langas, F. (2020) ‘Recent Advances and Trends
in Miniaturized Sample Preparation Techniques’, Journal of Separation
Science, 43 (1), 202-225. doi: 10.1002/jssc.201900776.

Song, D., Gu, Y., Liang, L., Ai, Z., Zhang, L. and Xu, H. (2011) ‘Magnetic Solid-
Phase Extraction Followed by High Performance Liquid Chromatography for
Determination of Hexanal and Heptanal in Human Urine’, Analytical Methods,
3(6), 1418-1423. doi: 10.1039/clay05102d.

Song, X.-Y., Shi, Y.-P. and Chen, J. (2012) ‘A Novel Extraction Technique Based on
Carbon Nanotubes Reinforced Hollow Fiber Solid/Liquid Microextraction for
The Measurement of Piroxicam and Diclofenac Combined with High
Performance Liquid Chromatography’, Talanta, 100, 153-61. doi:
10.1016/j.talanta.2012.08.042.

Song, X.-Y., Chen, J. and Shi, Y.-P. (2017) ‘Different Configurations of Carbon
Nanotubes Reinforced Solid-Phase Microextraction Techniques and Their
Applications in The Environmental Analysis’, TrAC Trends in Analytical
Chemistry, 86, 263-275. doi: 10.1016/j.trac.2016.11.006.

Sottero, B., Leonarduzzi, G., Testa, G., Gargiulo, S., Poli, G. and Biasi, F. (2019)
‘Lipid Oxidation Derived Aldehydes and Oxysterols Between Health and
Disease’, European Journal of Lipid Science and Technology, 121(1),
1700047. doi:10.1002/ejlt.201700047.

Soutoudehnia Korrani, Z., Wan lIbrahim, W. A., Rashidi Nodeh, H., Aboul-Enein, H.
Y. and Sanagi, M. M. (2016) ‘Simultaneous Preconcentration of Polar and
Non-Polar Organophosphorus Pesticides from Water Samples by Using a New
Sorbent Based on Mesoporous Silica’, Journal of Separation Science, 39(6),
1144-1151. doi: 10.1002/jssc.201500896.

Spietelun, A., Pilarczyk, M., Kloskowski, A. and Namie$nik, J. (2010) ‘Current Trends
in Solid-Phase Microextraction (SPME) Fibre Coatings’, Chemical Society
Reviews, 39(11), 4524-4537. doi: 10.1039/c003335a.

Spietelun, A., Marcinkowski, L., de la Guardia, M. and Namies$nik, J. (2013) ‘Recent

Developments and Future Trends in Solid Phase Microextraction Techniques

238



Towards Green Analytical Chemistry’, Journal of Chromatography A, 1321,
1-13. doi: 10.1016/j.chroma.2013.10.030.

Srivastava, G., Roy, S. and Kayastha, A. M. (2015) ‘Immobilisation of Fenugreek /-
Amylase on Chitosan/PVP Blend and Chitosan Coated PVC Beads: A
Comparative  Study’, Food  Chemistry, 172, 844-851.  doi:
10.1016/j.foodchem.2014.09.145.

Syed Yaacob, S. F. F., Kamboh, M. A., Wan Ibrahim, W. A. and Mohamad, S. (2018a)
‘New Sporopollenin-Based S-Cyclodextrin Functionalized Magnetic Hybrid
Adsorbent for Magnetic Solid-Phase Extraction of Nonsteroidal Anti-
Inflammatory Drugs from Water Samples’, Royal Society Open Science, 5(7),
1-14. doi: 10.1098/rs0s.171311.

Syed Yaacob, S. F. F., Mohd Jamil, A. K., Kamboh, M. A., Wan Ibrahim, W. A. and
Mohamad, S. (2018b) ‘Fabrication of Calixarene-Grafted Bio-Polymeric
Magnetic Composites for Magnetic Solid Phase Extraction of Non-Steroidal
Anti-Inflammatory Drugs in Water Samples’, PeerJ, 6, €5108. doi:
10.7717/peerj.5108.

Tabish, M. S., Hanapi, N. S. M., Wan Ibrahim, W. N., Saim, N. and Yahaya, N. (2019)
‘Alginate-Graphene Oxide Biocomposite Sorbent for Rapid and Selective
Extraction of Non-Steroidal Anti-Inflammatory Drugs Using Micro-Solid
Phase Extraction’, Indonesian Journal of Chemistry, 19(3), 684-695. doi:
10.22146/ijc.38168.

Tang, Y., Zhang, N., Zhang, B., Lei, X. and Wu, X. (2018) ‘On-Line Coupling of
Hydrophilic lonic Liquids-Based Polymer Monolith Microextraction to
Capillary Liquid Chromatography with Amperometric Detection: An
Ultrasensitive Residue Analysis Method for Glycopeptide Antibiotics’,
Journal of Chromatography A, 1556, 10-20. doi:
10.1016/j.chroma.2018.04.063.

Thio, B. J. R., Clark, K. K. and Keller, A. A. (2011) ‘Magnetic Pollen Grains as
Sorbents for Facile Removal of Organic Pollutants in Aqueous Media’, Journal
of Hazardous Materials, 194, 53-61. doi: 10.1016/j.jhazmat.2011.07.070.

Tian, M., Cheng, R., Ye, J., Liu, X. and Jia, Q. (2014) ‘Preparation and Evaluation of
lonic Liquid-Calixarene Solid-Phase Microextraction Fibres for The
Determination of Triazines in Fruit and Vegetable Samples’, Food Chemistry,
145, 28-33. doi: 10.1016/j.foodchem.2013.08.029.

239



Tsai, W.-H., Huang, T.-C., Huang, J.-J., Hsue, Y.-H. and Chuang, H.-Y. (2009)
‘Dispersive Solid-Phase Microextraction Method for Sample Extraction in The
Analysis of Four Tetracyclines in Water and Milk Samples by High
Performance Liquid Chromatography with Diode-Array Detection’, Journal
of Chromatography A 1216(12), 2263-2269. doi:
10.1016/j.chroma.2009.01.034.

Tuckey, N. P. L., Day, J. R. and Miller, M. R. (2013) ‘Determination of Volatile
Compounds in New Zealand Greenshell™ Mussels (Perna Canaliculus)
During Chilled Storage Using Solid Phase Microextraction Gas
Chromatography Mass Spectrometry’, Food Chemistry, 136(1), 218-223. doi:
10.1016/j.foodchem.2012.07.118.

Unlii, N. and Ersoz, M. (2006) ‘Adsorption Characteristics of Heavy Metal lons onto
A Low Cost Biopolymeric Sorbent from Aqueous Solutions’, Journal of
Hazardous Materials, 136(2), 272-280. doi: 10.1016/j.jhazmat.2005.12.013.

Unli, N. and Ersoz, M. (2007) ‘Removal of Heavy Metal Ions by Using
Dithiocarbamated-Sporopollenin’, Separation and Purification Technology,
52(3), 461-469. doi: 10.1016/j.seppur.2006.05.026.

Veloo, K. V. and Ibrahim, N. A. S. (2020) ‘Solid Phase Extraction Using Chloro
Propyl Functionalised Sol-Gel Hybrid Sorbent for Simultaneous
Determination of Organophosphorus Pesticides in Selected Fruit Samples’,
Journal of  Separation  Science,  43(15),  3027-3035. doi:
10.1002/jssc.201901237.

Wan Ibrahim, W. A., Farhani, H., Sanagi, M. M. and Aboul-Enein, H. Y. (2010) ‘Solid
Phase Microextraction Using New Sol-Gel Hybrid Polydimethylsiloxane-2-
Hydroxymethyl-18-Crown-6-Coated  Fiber  for  Determination  of
Organophosphorous Pesticides’, Journal of Chromatography A, 1217(30),
4890-4897. doi: 10.1016/j.chroma.2010.05.050.

Wan lbrahim, W. A., Abdul Keyon, A. S., Prastomo, N. and Matsuda, A. (2011a)
‘Synthesis and Characterization of Polydimethylsiloxane-
Cyanopropyltriethoxysilane-Derived Hybrid Coating for Stir Bar Sorptive
Extraction’, Journal of Sol-Gel Science and Technology, 59(1), 128-134. doi:
10.1007/s10971-011-2470-3.

Wan Ibrahim, W. A., Wan Ismail, W. N., Abdul Keyon, A. S., and Sanagi, M. M.
(2011b) ‘Preparation and Characterization of a New Sol-Gel Hybrid Based

240



Tetraethoxysilane-Polydimethylsiloxane as a Stir Bar Extraction Sorbent
Materials’, Journal of Sol-Gel Science and Technology, 58(3), 602-611. doi:
10.1007/s10971-011-2434-7

Wan Ibrahim, W. A., Veloo, K. V. and Sanagi, M. M. (2012) ‘Novel Sol-Gel Hybrid

Methyltrimethoxysilane-Tetraethoxysilane as Solid Phase Extraction Sorbent
for Organophosphorus Pesticides’, Journal of Chromatography A, 1229, 55-
62. doi: 10.1016/j.chroma.2012.01.022.

Wan Ibrahim, W. A., Wan Ismail, W. N. and Sanagi, M. M. (2013) ‘Selective and

Wang,

Simultaneous Solid Phase Extraction of Polar and Non-Polar
Organophosphorus Pesticides Using Sol-Gel Hybrid Silica-Based Sorbent’,
Jurnal Teknologi, 62, 83-87. doi: 10. 11113/jt.v62.1893.

J., He, B., Yan, D. and Hu, X. (2017) ‘Implementing Ecopharmacovigilance
(EPV) From A Pharmacy Perspective: A Focus on Non-Steroidal Anti-
Inflammatory Drugs’, Science of the Total Environment, 603-604, 772-784.
doi: 10.1016/j.scitotenv.2017.02.2009.

Wang, T., Liu, S., Gao, G., Zhao, P., Lu, N., Lun, X. and Hou, X. (2017) ‘Magnetic

Wang,

Solid Phase Extraction of Non-Steroidal Anti-Inflammatory Drugs from Water
Samples Using a Metal Organic Framework of Type FezO4/MIL-101(Cr), and
Their Quantitation by UPLC-MS/MS’, Microchimica Acta, 184(8), 2981-
2990. doi: 10.1007/s00604-017-2319-8.

W., Zhang, S., Li, Z.,, Li, J., Yang, X., Wang, C. and Wang, Z. (2020)
‘Construction of Covalent Triazine-Based Frameworks and Application to
Solid Phase Microextraction of Polycyclic Aromatic Hydrocarbons from
Honey Samples’, Food Chemistry, 322, 126770. doi:
10.1016/j.foodchem.2020.126770.

Wang, Y., Jia, M., Wu, X., Wang, T., Wang, J. and Hou, X. (2019) ‘PEG Modified

Wang,

Column MIL-101(Cr)/PVA Cryogel as a Sorbent in Stir Bar Solid Phase
Extraction for Determination of Non-Steroidal Anti-Inflammatory Drugs in
Water  Samples’,  Microchemical Journal, 146, 214-219. doi:
10.1016/j.microc.2018.12.045.

Z., He, M., Chen, B. and Hu, B. (2020) ‘Azo-Linked Porous Organic
Polymers/Polydimethylsiloxane Coated Stir Bar for Extraction of
Benzotriazole Ultraviolet Absorbers from Environmental Water and Soil

Samples Followed by High Performance Liquid Chromatography-Diode

241



Array Detection’, Journal of Chromatography A, 1616, 460793. doi:
10.1016/j.chroma.2019.460793.

Wei, Y., Wang, M., Liu, H., Niu, Y., Wang, S., Zhang, F. and Liu, H. (2019)
‘Simultaneous Determination of Seven Endogenous Aldehydes in Human
Blood by Headspace Gas Chromatography-Mass Spectrometry’, Journal of
Chromatography B, 1118-1119, 85-92. doi: 10.1016/j.jchromb.2019.04.027.

Wen, Y., Chen, L., Li, J., Liu, D. and Chen, L. (2014) ‘Recent Advances in Solid Phase
Sorbents for Sample Preparation Prior to Chromatographic Analysis’, TrAC -
Trends in Analytical Chemistry, 59, 26-41. doi: 10.1016/j.trac.2014.03.011.

Wierucka, M. and Biziuk, M. (2014) ‘Application of Magnetic Nanoparticles for
Magnetic Solid-Phase Extraction in Preparing Biological, Environmental and
Food Samples’, TrAC - Trends in Analytical Chemistry, 59, 50-58. doi:
10.1016/j.trac.2014.04.007.

Xiang, X., Wang, Y., Zhang, X., Huang, M., Li, X. and Pan, S. (2020) ‘Multifiber
Solid-Phase Microextraction Using Different Molecularly Imprinted
Coatings for Simultaneous Selective Extraction and Sensitive Determination
of Organophosphorus Pesticides’, Journal of Separation Science, 43(4),
756-765. doi: 10.1002/jssc.201900994.

Xie, M., Dong, X., Yu, Y. and Cui, L. (2020) ‘A Novel Method for Detection of Lipid
Oxidation in Edible Oil’, LWT-Food Science and Technology, 123, 109068.
doi: 10.1016/j.lwt.2020.109068.

Xie, W. and Zang, X. (2016) ‘Immobilized Lipase on Core-Shell Structured FezOs-
MCM-41 Nanocomposites as a Magnetically Recyclable Biocatalyst for
Interesterification of Soybean Oil and Lard’, Food Chemistry, 194, 1283-
1292. doi: 10.1016/j.foodchem.2015.09.009.

Xu, H., Song, D., Cui, Y., Hu, S., Yu, Q and Feng, Y. (2009) ‘Analysis of Hexanal
and Heptanal in Human Blood by Simultaneous Derivatization and Dispersive
Liquid-Liquid Microextraction Then LC-APCI-MS-MS’, Chromatographia,
70, 775-781. doi: 10.1365/s10337-009-1208-7.

Xu, H., Wang, S., Zhang, G., Huang, S., Song, D., Zhou, Y. and Long, G. (2011) ‘A
Novel Solid-Phase Microextraction Method Based on Polymer Monolith Frit
Combining with High-Performance Liquid Chromatography for Determination
of Aldehydes in Biological Samples’, Analytica Chimica Acta, 690(1), 86-93.
doi: 10.1016/j.aca.2011.02.006.

242



Xu, H. and Wang, S. (2012) ‘A Novel Sorptive Extraction Method Based on
Polydimethylsiloxane Frit for Determination of Lung Cancer Biomarkers in
Human Serum’, Analytica Chimica Acta, 724, 61-66. doi:
10.1016/j.aca.2012.02.046.

Xu, H., Wei, Y., Zhu, L., Huang, J., Li, Y., Liu, F., Wang, S. and Liu, S. (2014)
‘Bifunctional Magnetic Nanoparticles for Analysis of Aldehyde Metabolites in
Exhaled Breath of Lung Cancer Patients’, Journal of Chromatography A, 1324,
29-35. doi: 10.1016/j.chroma.2013.11.041.

Xu, R. and Lee, H. K. (2014) ‘Application of Electro-Enhanced Solid Phase
Microextraction Combined with Gas Chromatography-Mass Spectrometry for
The Determination of Tricyclic Antidepressants in Environmental Water
Samples’, Journal of Chromatography A, 1350, 15-22. doi:
10.1016/j.chroma.2014.05.024.

Yahaya, N., Mitome, T., Nishiyama, N., Sanagi, M. M., Wan Ibrahim, W. A. and Nur,
H. (2013) ‘Rapid Dispersive Micro-Solid Phase Extraction Using Mesoporous
Carbon COU-2 in The Analysis of Cloxacillin in Water’, Journal of
Pharmaceutical Innovation, 8(4), 240-246. doi: 10.1007/s12247-013-9164-z.

Yahaya, N., Kamaruzaman, S., Sanagi, M. M., Wan lbrahim, W. A., Mitome, T.,
Nishiyama, N., Nur, H., Abdul Ghaffar, Z., Aziz, M. Y. and Mohamed Fauzi,
H. (2019) “Vinyl-Functionalized Mesoporous Carbon for Dispersive Micro-
Solid Phase Extraction of Azole Antifungal Agents from Aqueous Matrices’,
Separation  Science and Technology, 55(17), 3102-3112. doi:
10.1080/01496395.2019.1675699.

Yang, J., Dong, X., Hu, Y. H., Wang, Q. Y., Wang, S. L., Cao, J. and Zhang, H. H.
(2019) “Calixarene and Ionic Liquid Assisted Matrix Solid-Phase Dispersion
Microextraction of Organic Acids from Fruit’, Journal of Chromatography A,
1602, 150-159. doi: 10.1016/j.chroma.2019.03.055.

Yang, Y., Chen, J., and Shi, Y, -P. (2012) ‘Determination of Diethylstilbestrol in
Milk Using Carbon Nanotube-Reinforced Hollow Fiber Solid-Phase
Microextraction Combined with High Performance Liquid Chromatography’,
Talanta, 97, 222-228. doi: 10.1016/j.talanta.2012.04.021.

Yarazavi, M., Noroozian, E. and Mousavi, M. (2018) ‘Headspace Solid-Phase
Microextraction of Menthol Using a Sol-Gel Titania-Based Coating Along

with Multiwalled Carbon Nanotubes on The Surface of Stainless Steel Fiber’,

243



Journal of the Iranian Chemical Society, 15(11), 2593-2603. doi:
10.1007/s13738-018-1448-2.

Yavuz, E., Tokalioglu, S. and Patat, S. (2018) ‘Core-Shell Fe3Os Polydopamine
Nanoparticles as Sorbent for Magnetic Dispersive Solid-Phase Extraction of
Copper from Food Samples’, Food Chemistry, 263, 232-239. doi:
10.1016/j.foodchem.2018.04.134.

Yazdi, M. N., Yamini, Y. and Asiabi, H. (2018a) ‘Multiwall Carbon Nanotube-
Zirconium Oxide Nanocomposite Hollow Fiber Solid Phase Microextraction
for Determination of Polyaromatic Hydrocarbons in Water, Coffee and Tea
Samples’, Journal of Chromatography A, 1554, 8-15. doi:
10.1016/j.chroma.2018.04.040.

Yazdi, M. N., Yamini, Y. and Asiabi, H. (2018b) ‘Fabrication of Polypyrrole-Silver
Nanocomposite for Hollow Fiber Solid Phase Microextraction Followed by
HPLC/UV Analysis for Determination of Parabens in Water and Beverages
Samples’, Journal of Food Composition and Analysis, 74, 18-26. doi:
10.1016/j.jfca.2018.08.006.

Ye, N. and Shi, P. (2015) ‘Applications of Graphene-Based Materials in Solid-Phase
Extraction and Solid-Phase Microextraction’, Separation & Purification
Reviews, 44(3), 183-198. doi: 10.1080/15422119.2014.912664.

Yetilmezsoy, K., Demirel, S. and Vanderbei, R. J. (2009) ‘Response Surface Modeling
of Pb(I1) Removal from Aqueous Solution by Pistacia Vera L.: Box-Behnken
Experimental Design’, Journal of Hazardous Materials, 171(1-3), 551-
562. doi: 10.1016/j.jhazmat.2009.06.035.

Yu, L.-Q., Wang, L.-Y., Su, F.-H., Hao, P. Y., Wang, H. and Lv, Y.-K. (2018) ‘A
Gate-Opening Controlled Metal-Organic Framework for Selective Solid-Phase
Microextraction of Aldehydes from Exhaled Breath of Lung Cancer Patients’,
Microchimica Acta, 185(6), 307. doi: 10.1007/s00604-018-2843-1.

Zare, F., Ghaedi, M. and Daneshfar, A. (2015) ‘Solid Phase Extraction of
Antidepressants Drugs Amitriptyline and Nortriptyline from Plasma Samples
Using Core-Shell Nanoparticles of the Type Fes04s@ZrO@N-
Cetylpyridinium, and Their Subsequent Determination by HPLC with UV
Detection’, Microchimica Acta, 182(11-12), 1893-1902. doi: 10.1007/s00604-
015-1499-3.

Zhai, Y., Li,N., Lei, L., Yang, X. and Zhang, H. (2014) ‘Dispersive Micro-Solid Phase

244



Extraction of Hormones in Liquid Cosmetics with Metal-Organic Framework’,
Analytical Methods, 6(23), 9435-9445. doi: 10.1039/c4ay01763c.

Zhang, B., Xu, G., Li, L., Wang, X., Li, N., Zhao, R.-S. and Lin, J. (2018) ‘Facile
Fabrication of MIL-96 as Coating Fiber for Solid-Phase Microextraction of
Trihalomethanes and Halonitromethanes in Water Samples’, Chemical
Engineering Journal, 350, 240-247. doi: 10.1016/j.cej.2018.05.180.

Zhang, W., Deng, Z., Zhao, W., Guo, L., Tang, W., Du, H., Lin, L., Jiang, Q., Yu, A,
He, L. and Zhang, S. (2014) ‘Determination of Trace Acrylamide in Starchy
Foodstuffs by HPLC Using a Novel Mixed-Mode Functionalized Calixarene
Sorbent for Solid-Phase Extraction Cleanup’, Journal of Agricultural and
Food Chemistry, 62(26), 6100-6107. doi: 10.1021/jf501569q.

Zhang, X., Liang, Q., Han, Q., Wan, W. and Ding, M. (2016) ‘Metal-Organic
Frameworks@Graphene Hybrid Aerogels for Solid-Phase Extraction of Non-
Steroidal Anti-Inflammatory Drugs and Selective Enrichment of Proteins’,
Analyst, 141(13), 4219-4226. doi: 10.1039/c6an00353b.

Zhang, Y., Zhao, Y. G., Muhammad, N., Ye, M. L. and Zhu, Y. (2020) ‘Ultrasound-
Assisted Synthesis of Clover-Shaped Nano-Titania Functionalized Covalent
Organic Frameworks for The Dispersive Solid Phase Extraction of N-
Nitrosamines in Drinking Water’, Journal of Chromatography A, 1618,
460891. doi: 10.1016/j.chroma.2020.460891.

Zhao, W., Yang, L., He, L. and Zhang, S. (2016) ‘Simultaneous Enrichment of
Polycyclic  Aromatic Hydrocarbons and Cu?* in Water Using
Tetraazacalix[2]arene[2]triazine as a Solid-Phase Extraction Selector’, Journal
of Agricultural and Food Chemistry, 64(31), 6233-6239. doi:
10.1021/acs.jafc.6b03083.

Zheng, J., Huang, J., Yang, Q., Ni, C., Xie, X., Shi, Y., Sun, J., Zhu, F., Ouyang, G.
(2018) ‘Fabrications of Novel Solid Phase Microextraction Fiber Coatings
Based on New Materials for High Enrichment Capability’, TrAC Trends in
Analytical Chemistry, 108, 135-153. doi: 10.1016/j.trac.2018.08.021.

Zheng, S., He, M., Chen, B. and Hu, B. (2020) ‘Porous Aromatic Framework Coated
Stir Bar Sorptive Extraction Coupled with High Performance Liquid
Chromatography for the Analysis of Triazine Herbicides in Maize Samples’,
Journal of Chromatography A, 1614, 460728. doi:
10.1016/j.chroma.2019.460728.

245



Zhou, J., Huang, Z.-A., Kumar, U. and Chen, D. D. Y. (2017) ‘Review of Recent
Developments in Determining Volatile Organic Compounds in Exhaled Breath
as Biomarkers for Lung Cancer Diagnosis’, Analytica Chimica Acta, 996, 1-9.
doi: 10.1016/j.aca.2017.09.021.

Zhou, W., Wang, C., Wang, X. and Chen, Z. (2018) ‘Etched Poly (Ether Ether Ketone)
Jacket Stir Bar with Detachable Dumbbell-Shaped Structure for Stir Bar
Sorptive Extraction’, Journal of Chromatography A, 1553, 43-50. doi:
10.1016/j.chroma.2018.

Zhou, W., Wang, X., Wang, C., Li, W. and Chen, Z. (2020) 'Surface Area Expansion
by Flower-like Nanoscale Layered Double Hydroxides for High Efficient Stir
Bar Sorptive Extraction’, Analytica Chimica Acta, 1116, 45-52. doi:
04.022.10.1016/j.aca.2020.04.034.

Zilfidou, E., Kabir, A., Furton, K. G. and Samanidou, V. (2019) ‘An Improved Fabric
Phase Sorptive Extraction Method for the Determination of Five Selected
Antidepressant Drug Residues in Human Blood Serum Prior to High
Performance Liquid Chromatography with Diode Array Detection’, Journal of
Chromatography B, 1125, 121720. doi: 10.1016/j.jchromb.2019.121720.

246



LIST OF PUBLICATIONS

Journal with Impact Factor

Abd Wabhib, S. M., Wan Ibrahim, W. A., Sanagi, M. M., Kamboh, M. A. and Abdul
Keyon, A. S. (2018), ‘Magnetic Sporopollenin-Cyanopropyltriethoxysilane-
Dispersive-Micro-Solid Phase Extraction Coupled with High Performance Liquid
Chromatography for the Determination of Selected Non-Steroidal Anti-Inflammatory
Drugs in Water Samples’, Journal of Chromatography A, 1532, 50-57. (Q1; IF:
4.049).

Indexed Journal

Abd Wahib, S. M., Wan Ibrahim, W. A., and Sanagi, M. M. (2016), ‘New
Methyltrimethoxysilane-(3-Mercaptopropyl)trimethoxysilane Coated Hollow Fiber-
Solid Phase Microextraction for Hexanal and Heptanal Analysis’, Malaysian Journal
of Analytical Sciences, 20 (1), 51-63 (Indexed by Scopus).

Non-Indexed Conference Proceeding

Abd Wahib, S. M., Wan lIbrahim, W. A., and Sanagi, M. M. (2014). Optimization of
Sol-Gel Hybrid-Mediated Hollow Fiber-Solid Phase Microextraction for Analysis of
Selected Aldehydes. Proceeding of 2" International Science Postgraduate
Conference 2014. ISBN: 978-967-0194-39-4.

247



LIST OF PRESENTATIONS

Siti Munirah Abd Wahib, Wan Aini Wan Ibrahim, Mohd Marsin Sanagi. Sol-Gel
Hybrid Coating Hollow Fiber-Solid Phase Microextraction Coupled with Gas
Chromatography-Flame lonization Detection for Analysis of Hexanal and Heptanal.
Paper presented at the 27" Regional Malaysian Symposium of Analytical Sciences
(SKAM-27), Johor Bahru, 9-10 December 2014.

Siti Munirah Abd Wahib, Wan Aini Wan lbrahim, Mohd Marsin Sanagi. Magnetic
Sporopollenin-Grafted Cyanopropyltriethoxysilane for Analysis of Non-Steroidal
Anti-Inflammatory Drugs. Paper presented at International Science Postgraduate
Conference 2016, Johor Bahru, 22-24 February 2016.

Siti Munirah Abd Wahib, Wan Aini Wan Ibrahim, Mohd Marsin Sanagi. Muhammad
Afzal Kamboh. Magnetic Sporopollenin-Cyanopropyltriethoxysilane-Dispersive-
Micro-Solid Phase Extraction for the Determination of Selected Tricyclic
Antidepressants in Water. Poster presented at 16™ Asia-Pacific International
Symposium on Microscale Separations and Analysis Johor Bahru, 8-10 November
2016.

Wan Aini Wan lbrahim, Siti Munirah Abd Wahib, Mohd Marsin Sanagi. Magnetic
Sporopollenin-Cyanopropyltriethoxysilane-Dispersive-Micro-Solid Phase Extraction
Coupled with HPLC for the Determination of Selected Non-Steroidal Anti-
Inflammatory Drugs in Water Samples. Paper presented at 61 International Conference
and Workshops on Basic and Applied Science (ICOWOBAS 2017), Erbil-Kurdistan,
Irag, 18-19 March 2017.

Siti Munirah Abd Wahib, Wan Aini Wan Ibrahim, Mohd Marsin Sanagi. Eco-friendly
Adsorbent for Dispersive-Micro-Solid Phase Extraction of Selected Non-Steroidal
Anti-Inflammatory Drugs from Aqueous Samples. Paper presented at Malaysia
Separation Science Conference (MySSC 2017), Johor Bahru, 25 October 2017.

249



Wan Aini Wan Ibrahim, Siti Munirah Abd Wahib, Mohd Marsin Sanagi. Dispersive-
Micro-Solid Phase Extraction based on Magnetic Sporopollenin-Composite for the
Determination of Selected Non-Steroidal Anti-Inflammatory Drugs in Water Samples.
Paper presented at 2018 International Congress on Chemical, Biological and

Environmental Sciences (ICCBES 2018), Sapporo, Hokkaido, Japan, 1-3 May 2018.

250





