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Abstract

Determination of volatile organic compounds (VOCs) in various matrices is often accomplished using solid phase
microextraction (SPME) as a superior mode of extraction. Alternatively, another configuration of solid phase microextraction
(SPME) namely hollow fiber-solid phase microextraction (HF-SPME) is a great approach to redress some limitations of the
ordinary SPME fibers including fiber breakage, coating stripping and sample carry over. The HF-SPME technique highlights the
use of hollow polypropylene (PP) membrane to hold and protect the adsorbent inside its lumen. Unlike the conventional SPME,
the inexpensive HF device can be disposed after single use. Introducing extracting phase via sol-gel technology has gained great
interest owing to its simple preparation method and promising way to obtain materials with good characteristics. In the present
work, a new hybrid silica material based on methyltrimethoxysilane-(3-mercaptopropyl)trimethoxysilane (MTMOS-MPTMOS)
was introduced as a new extractant of HF-SPME and the effectiveness of the proposed method was tested for analysis of hexanal
and heptanal as the target VOC analytes. Preparation of the HF-SPME MTMOS-MPTMOS was simple in which the hybrid
material was synthesized via sol-gel method and was self-polymerized in small segments of HF. Parameters affecting the
efficiency of the HF-SPME MTMOS-MPTMOS in extracting both aldehydes were thoroughly investigated and analyzed by gas
chromatography-flame ionization detection (GC-FID). It was found that the highest efficiency was achieved as the extraction
was conducted in 30 min at a stirring rate of 1000 rpm in a 10 mL of sample solution whereby the back-extraction was
performed via vortex for 3 min using 100 pL methanol as desorption solvent. Under the optimal conditions, linearity was
observed over a range of 0.020-10.00 pg mL™ with detection limits of 0.015 pg mL™ and 0.010 pug mL™ for hexanal and
heptanal, respectively. The applicability of the HF-SPME MTMOS-MPTMOS for analysis of hexanal and heptanal in human
urine sample was proven from the quantitative recoveries (> 90%) achieved. The HF-SPME MTMOS-MPTMOS offers an
attractive alternative for rapid and convenient extraction tool and showed good potential for analysis of hexanal and heptanal
from aqueous samples.

Keywords: hollow fiber-solid phase microextraction, sol-gel hybrid, methyltrimethoxysilane, (3-mercaptopropyl)tri-
methoxysilane, hexanal, heptanal

Abstrak
Penentuan sebatian organik meruap (VOC) dalam pelbagai matriks sering dicapai dengan pengekstrakan mikro fasa pepejal
(SPME) sebagai mod unggul pengekstrakan. Sebagai alternatif, pengekstrakan mikro fasa pepejal-gentian berongga (HF-SPME)
adalah pendekatan yang baik untuk mengatasi kekangan gentian SPME biasa termasuk kerapuhan gentian, salutan tertanggal dan
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baki sampel suntikan tertinggal. Teknik HF-SPME mengetengahkan penggunaan membran polipropilena (PP) berongga untuk
memegang dan melindungi fasa pengekstrak dalam lumen HF. Tidak seperti konvensional SPME, alat HF yang murah boleh
dibuang selepas sekali penggunaan. Menghasilkan fasa pengekstrak melalui teknologi sol-gel telah mendapat perhatian luas
kerana kaedah penyediaan yang mudah dan cara yang memberangsangkan untuk menghasilkan bahan dengan ciri-ciri yang baik.
Dalam kajian semasa, bahan silika hibrid baharu berdasarkan metiltrimetoksisilana-(3-merkaptopropil)trimetoksisilana
(MTMOS-MPTMOS) telah diperkenalkan sebagai bahan penjerap baharu HF-SPME dan keberkesanan kaedah yang
dicadangkan telah diuji terhadap analisis heksanal dan heptanal sebagai analit VOC sasaran. Penyediaan HF-SPME MTMOS-
MPTMOS adalah mudah yang mana bahan hibrid ini telah disintesis menggunakan kaedah sol-gel dan telah diswapolimer di
dalam segmen kecil HF. Parameter yang mempengaruhi kecekapan HF-SPME MTMOS-MPTMOS dalam mengekstrak kedua-
dua aldehid telah dikaji dengan teliti dan dianalisis menggunakan kromatografi gas-pengesan pengionan nyala (GC-FID).
Kecekapan tertinggi telah dicapai apabila pengekstrakan dijalankan selama 30 min pada kadar kacauan 1000 rpm di dalam 10
mL larutan sampel yang mana pengekstrakan-kembali dilakukan melalui vorteks selama 3 min menggunakan 100 uL metanol
sebagai pelarut penyahjerapan. Pada keadaan optimum, julat linear ialah 0.020-10.00 pg mL™* dengan had pengesanan bagi
heksanal dan heptanal masing-masing ialah 0.015 ug mL™ and 0.010 pg mL™. Kesesuaian HF-SPME MTMOS-MPTMOS untuk
analisis heksanal dan heptanal dalam sampel air kencing manusia terbukti dengan perolehan kuantitatif yang dicapai (> 90%).
HF-SPME MTMOS-MPTMOS menawarkan alternatif menarik sebagai alat pengekstrakan yang cepat dan mudah serta
menunjukkan potensi yang baik untuk analisis heksanal dan heptanal daripada sampel akueus.

Kata kunci: pengekstrakan mikro fasa pepejal-gentian berongga, hibrid sol-gel, metiltrimetoksisilana, (3-merkaptopropil)-
trimetoksisilana, heksanal, heptanal

Introduction

Aldehydes are common carbonyl compounds that take part in the pathology of certain diseases and their presence
have been suggested as degradation products of lipid peroxidation [1, 2]. Besides, aldehydes were predominately
VOCs biomarker found at elevated concentrations level in lung cancer subjects. In particular, hexanal and heptanal
have been extensively studied as potential lung cancer biomarkers that can be measured in different biological
samples [3 — 6]. The accurate determination of volatile compounds in biological samples is a major constraint due to
the presence of overwhelming matrix effects and the analyte concentration might be too low to be analysed directly.
Thus, searching for a reliable extraction technique is of vital importance. The prevalent extraction method employed
to analyze aldehydes is solid phase microextraction (SPME) [2 — 6]. Specifically, carboxen/ polydimethylsiloxane
(CAR/PDMS) [3] and polydimethylsiloxane/divinylbenzene (PDMS/DVB) [4 — 6] are two well-known SPME
fibers that were used for the determination of aldehydes. SPME is a rapid and simple technique. Extraction,
preconcentration and sampling can be carried out as a single step. However, SPME has certain limitations such as
commercially available fibers are not chemically stable due to mere physical deposition or partial cross linking of
the polymer coating. In addition, the ordinary SPME fibers suffer from low recommended operating temperature,
fragile, limited lifetime and is expensive [7, 8]. Other than ordinary SPME fiber, several methods were developed
for analysis of hexanal and heptanal in biofluids [9 — 11]. However, the proposed techniques involved complicated
preparation material or extraction procedure. This is time consuming as it adds extra step in the sample preparation
steps.

Sol-gel technology offers the simplest way to obtain adsorbent with good characteristic for extraction purpose.
Various adsorbents were synthesized by sol-gel method including the combination of sol-gel precursors with other
different coating materials to enhance the properties of extracting phase [12 — 16]. Some inherent advantages of sol-
gel process that can redress the limitations of commercial SPME are; porous structure material with high surface
areas for better analytes adsorption, coating is stable towards high temperature, good adhesion towards fiber as
support owing to chemical bonding [17 — 19]. However, there are still several factors impeding the use of SPME
fiber including troublesome in pre- and post-gelation treatment, long conditioning time needed before first use, and
sample carryover during analysis. Emerging of different configurations of solid-based extraction is a promising
solution and alternative to the above-mentioned problem.

Recently, Es’haghi et al. [20, 21] has come out with a new SPME approach namely hollow fiber-solid phase
microextraction (HF-SPME). Instead of using a fiber, small segments of polypropylene HF were used for coating
purpose. The possible memory effect can be avoided by discarding the HF tool after single use. Besides, the use of
porous polypropylene enables to eliminate matrix interferences by prohibiting the larger molecules enter/adsorb
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onto the coated material, thus, promotes clean extraction. HF-SPME technique was successfully applied for the
determination of different types of compounds including phenobarbital [21] organophosphorus pesticides [22, 23]
selected aflatoxins [20], diclofenac and piroxicam [24], diethylstilbestrol [25], metronidazole [26] and heavy metals
[27]. Introducing HF-SPME extracting phase via sol-gel method is a good approach since the HF can act as a
medium to hold the sol-gel material and in the same time, simple preparation of sol-gel material can be
accomplished by in-situ gelation process of sol solution in the lumen of HF. To the best of our knowledge, no
development of sol-gel hybrid materials for use as adsorbent material has been reported for the determination of
hexanal and heptanal, particularly for HF-SPME. Therefore, in the present work, the sol-gel material based on
methyltrimethoxysilane-(3-mercaptopropyl)trimethoxysilane (MTMOS-MPTMOS) is proposed to be employed as
the main extractant of HF-SPME for the determination of hexanal and heptanal in agqueous samples.

Materials and Methods

Standards and Chemicals

Methyltrimethoxysilane (MTMOS), (3-mercaptopropyl)trimethoxysilane (MPTMOS), trifluoroacetic acid (95%)
and polymethylhydroxysiloxane (PMHS) were obtained from Aldrich (St. Louis, MO, USA). HPLC grade methanol
was purchased from Fisher Scientific (Leicestershire, UK) and deionized water was produced from a Millipore
water purification system (Molsheim, France). Accurel Q3/2 polypropylene tubular membranes from Membrana
(Wuppertal, Germany) with a wall thickness of 200 pum, pore size of 0.2 um, and an ID of 600 um were used for the
HF-SPME device. Hexanal and heptanal were purchased from Merck Schuchardt (Hohenbrunn, Germany).
Individual stock solution (1000 pug/mL) of hexanal and heptanal was prepared by dissolving the calculated amounts
in HPLC grade methanol and fresh working solutions were prepared in methanol daily by further dilution of the
stock solution.

Instrumentation

A 7820A Agilent GC from Agilent Technologies (Waldbronn, Germany) equipped with a HP-5 (5% phenyl methyl
siloxane) column (30 m x 0.32 mm ID and 0.23 pum film thickness), a split/splitless injector and flame ionization
detector (FID) was used for analysis of extracted hexanal and heptanal. Helium was used as the carrier gas at a flow
rate of 1 mL/min. The flow rate of air as oxidant was set at 400 mL/min while the flow rate of hydrogen was set at
30 mL/min. All gaseous sources were supplied from Linde Malaysia (Kuala Lumpur, Malaysia). The oven
temperature program was as follows: initial temperature of 50 °C, ramp to 80 °C at a rate of 10 °C/min, then to 180
°C at a rate of 40 °C/min to obtain a run time of 5.5 min. The inlet temperature used was 250 °C and the FID
temperature was set at 280 °C.

The sol-gel MTMOS-MPTMOS was characterized using a Perkin EImer FT-IR Spectrometer (Shelton, USA) in the
region 650-4000 cm™ via attenuated total reflectance (ATR) method. The images of the HF-SPME MTMOS-
MPTMOS was captured with a Hitachi S3400N scanning electron microscopy (SEM) (Tokyo, Japan) using back-
scattered electrons (BSE) mode at an accelerating voltage of 15 kV and low vacuum of 30 Pa.

HF membrane preparation

The polypropylene (PP) HF membrane was cut into ~ 2.5 cm segments and cleaned with acetone. It was then air
dried before being injected with 6 pL of the prepared sol solution [22]. Both sides of the HF devices were heat-
sealed before used. The sol solution was prepared by mixing appropriate volumes (uL) of precursors (MTMOS and
MPTMOS), water, TFA (95%) as acid-catalyst, methanol (MeOH) as solvent and polymethylhydroxysiloxane
(PMHS) in a 2 mL centrifuge tube to produce the desired mol ratios. The mixtures were vortexed for 2 min
followed by centrifugation at 15 965 x g for 5 min. Then the homogenous solutions were directly injected into the
lumen of the HF to allow for in-situ gelation. To ensure that the sol solidified in the HF, it was left at ambient
temperature for overnight. The HF-SPME devices were then kept in an oven at 100°C for further drying before use.

HF-SPME Procedure

Typical HF-SPME extraction was performed using direct immersion mode in a sample vial containing 10 mL of
deionised water spiked with an appropriate volume of a working standard hexanal and heptanal solution to obtain a
final concentration of 10.0 pg/mL. To achieve the highest extraction efficiency, systematic studies were performed
in triplicate for the optimization of several parameters including extraction time (15 - 70 min), sample volume (3 -
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20 mL), sample stirring rate (450 — 1000 rpm) and salt addition (0 — 2.0%, w/v). After extraction, the PP HF
membrane tool was transferred into a 2 mL vial containing an appropriate volume of suitable organic solvent
(methanol, MeOH) prior to desorption process. For back-extraction, vortex-assisted method was selected to desorb
the extracted analytes for 3 min. Parameters affecting desorption process including desorption solvent volume (80 —
500 pL) and vortex speed (15.8 — 86.4 x g) were also studied.

Preparation of real samples

The urine samples were obtained from healthy volunteers and stored at -2°C. An aliquot of the human urine samples
was spiked with an appropriate amount of hexanal and heptanal. The urine samples were then diluted two times
with deionised water and filtration through a 0.20 um membrane filter prior to extraction. The same extraction
procedure was applied for the spiked human urine and blank human urine sample (without spiking), similar to
above-mentioned HF-SPME procedure.

Method Validation

The analytical performance of HF-SPME MTMOS-MPTMOS was validated in terms of repeatability, linearity,
limit of detection (LOD) and limit of quantification (LOQ) using the optimized extraction conditions. The within
batch and inter-batch precision were evaluated based on relative standard deviation in which the repeatability of
extraction was calculated using 4 replicates. Linearity was obtained from the construction of calibration curve from
0.020 - 10.0 ug mL™. The LOD was determined at signal-to-noise ratio (S/N = 3) whilst the LOQ was determined at
signal-to-noise ratio (S/N = 10). Accuracy (recovery) of the proposed HF-SPME MTMOS-MPTMOS method was
assessed by spiking 1.0 and 0.25 ug mL™ of hexanal and heptanal in human urine sample.

Results and Discussion
Preliminary Study
In order to assess the potential and effectiveness of the proposed sol-gel silica-based hybrid material in extracting
hexanal and heptanal, effect of sol-gel process such as precursor, water, solvent and acid catalyst were optimized.
Selection of optimal sol-gel synthesis was based on extraction efficiencies (measured by peak area response)
obtained from GC-FID.

Effect of precursor

Precursors are the backbones of sol-gel polymer and synthesis of extracting phase using only precursors is much
easier, faster, cheaper and more controllable as compared to addition of coating polymer [28]. In this study, the
extracting phase was synthesized based on two precursors; MTMOS and MPTMOS. MTMOS is a good selection of
precursor as the sol-gel network originating from an alkyl derivative of a tetraalkoxysilane precursor possesses a
more open structure which can minimize cracking and shrinkage problems during drying step [29]. Meanwhile, the
addition of MPTMOS that possess thiol (-SH) moiety can alter the polarity of the sol-gel hybrid formed thus
enhance the possibility to extract the two mid-polar hexanal and heptanal more effectively.

Initially, the MTMOS amount was kept constant at 1 mmol whereas the addition of MPTMOS was evaluated at
different mol ratios (1 — 7 mmol). Trifluoroacetic acid (TFA) as acid catalyst and methanol (MeOH) as solvent were
fixed at a 2.5 and 6.0 mmol, respectively. PMHS as a deactivation agent (25 uL) was added to each sol solutions.
As the mol ratios of MTMOS: MPTMOS was increased gradually from 1:1 to 1:4, better peak area response of
hexanal and heptanal was obtained. However, further increase of MPTMOS from 5 mmol to 7 mmol resulted in a
decrease of extraction performance for the two aldehydes. At higher mol of MPTMOQOS, the increase number of thiol
moieties possibly led to covalent formation of disulphide (-S-S) [30]. This behavior decreased the number density of
the bridging oxygen -Si-O-Si- as the network backbone thus alter the features of the sol-gel material in which the
coated HF-SPME was easily ruptured. Therefore, the mol ratio 1:4 MTMOS: MPTMOS was selected as the
optimum sol-gel composition and was used for further study.

Effect of water

Water is needed in sol-gel process to hydrolyze the precursors to form the reactive species for condensation reaction
that leading to the formation of 3-D network [31]. In the present work, the sol-gel based on 1:4 mol ratio MTMOS:
MPTMOS materials were prepared using different mol ratios of water from 3 mmol to 9 mmol, keeping the other
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amount constant (6 mmol MeOH, 2.5 mmol TFA). Addition of 3 mmol water in sol solution resulted in the lowest
extraction efficiency of hexanal and heptanal. It is possible that in the presence of small amount of water content in
sol system, both precursors (MTMOS and MPTMOS) compete with each other to be hydrolyzed and only partial of
the precursors enable to form reactive species for further reaction process. As the water content was increased from
3 mmol to 6 mmol, increasing in peak areas response were observed for hexanal and heptanal. Based on
stoichiometric calculation, both MTMOS and MPTMOS have three methoxy groups each that can be hydrolyzed.
This is parallel with the results obtained as the addition of 6 mmol of water in the sol system gave the highest peak
area response. Further increase of water content from 7 to 9 mmol resulted in a reduction of extraction performance
of the sol-gel hybrid material. It seems that the addition of higher volume of water content may not be necessary as
water is also eliminated during the condensation process to produce the 3-D networks. In short, 6 mmol was
selected as the optimum amount of water and was used for further investigation on sol-gel synthesis optimization.

Effect of acid catalyst

Catalyst plays a role in hydrolysis part of sol-gel process in which under acidic condition, the sol solution will
undergo polymerization to form long, linear and poorly cross-linking material which is suitable for coating purpose
or thin film end-product [32]. TFA, commonly used as acid catalyst, was adopted in this study. TFA is favourable
since the organic acid could disperse in the organic matrix more evenly as compared to inorganic acid and enable to
minimize crack formation as reported by Chen and co-workers [33]. The different mol of TFA varied from 1 mmol
to 3.5 mmol were mixed in the sol solution consisting of 1 mmol MTMOS, 4 mmol MPTMOQOS, 6 mmol water and 6
mmol MeOH. According to the peak areas obtained (data not shown), using 2.5 mmol TFA (95%) gave the highest
extraction efficiency, hence, was selected as the optimum acid mol in sol-gel MTMOS-MPTMOS.

Effect of solvent

Solvent is added in sol system to facilitate mixing of sol-gel precursors, water and deactivating reagents into a
homogenous system [34]. In the current work, MeOH was used as the sol-gel solvent system and the effect of the
solvent was investigated from 4-9 mmol. Higher peak areas of hexanal and heptanal were observed as MeOH was
increased from 4 mmol to 7 mmol in sol solution. The apparent increase in signals is due to the increase amount of
solvent which will favor more precursors to be solvated, hence increase the reaction rates of polymerization.
However, addition of higher volumes of solvent (8 mmol and 9 mmol) caused a reduction in peak area performance
for both hexanal and heptanal. This behavior is probably due to the excess amount of solvent which will dilute the
sol solution and thus reduce the precursor concentration [31]. Thus, 7 mmol MeOH was selected as the optimum
solvent to be added in the sol solution.

In brief, the optimum sol-gel MTMOS-MPTMOS in extracting the two aldehydes was 1 mmol MTMQS, 4 mmol
MPTMOQOS, 6 mmol H,O, 7 mmol MeOH, 2.5 mmol TFA (95%) and PMHS was added at a constant volume (25 pL)
in the sol solutions. The optimization of sol-gel synthesis become more convenient and faster as the preparation of
sol solution involved merely one-pot reaction at mild condition including vortex and centrifugation procedure
before directly injected into the lumen of HF (the whole process takes ~10 min). Likewise, sol-gel hybrid is simply
self-polymerized after left overnight and no troublesome post-gelation procedure is needed. SEM image of HF-
SPME MTMOS-MPTMOS device is shown in Figure 1. It can be seen a thin layer coating surrounded the inner
wall of hollow fiber with estimated thickness of 30 um. Meanwhile, the small insert image indicates the sol-gel
coating possesses a porous surface in which the pores are evenly distributed with average pore size of ~0.7 um.

FTIR Characterization

To prove the existence of inorganic-organic networks in the synthesized material, the material was characterized
using FTIR. The absorption bands of sol-gel hybrid MTMOS-MPTMOS spectrum are nearly identical to both
spectra of MTMOS and MPTMOS precursors (Figure 2). The broad absorption band at wave number 3397.14 cm™
corresponds to -OH stretching mode. This is possibly due to the presence of water or methanol in the sol-gel
material. CH-stretching mode can be observed at wave number 2930.41 cm™ but at lower intensity as compared to
precursor’s spectra. A very weak absorption band at 2556.02 cm™ is due to the existence of thiol (-SH) functional
group in the sol-gel hybrid. Even though the intensity is very low, it is similar to the absorption of pure MPTMOS
precursor. Two wave numbers at 1000.15 cm™ and 1091.13 cm™ correspond to Si-O-Si absorption. The presence of
the two bands with broader absorption at 1000.15 cm™ and 1091.13 cm™ as compared to spectra of MTMOS and
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MPTMOS precursor indicates that siloxane chains become longer or branched, hence proved the successful
polymerization of alkoxides to form Si-O-Si network.

15.0kV 5.9mm x85 BSE3D 30Pa

Figure 1. SEM images of sol-gel hybrid MTMOS-MPTMOS HF-SPME at x 85 magnification
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Figure 2. FTIR spectra of (a) MTMOS, (b) MPTMOS and (c) sol-gel hybrid of MTMOS-MPTMOS
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Optimization of HF-SPME Performance
To obtain the highest extraction efficiency in extracting the two target aldehydes in aqueous samples, several
parameters affecting the HF-SPME MTMOS-MPTMOS extraction performance were evaluated and optimized.

Selection of desorption method

Two desorption methods namely ultrasonication and vortex were used to back-extract the two analytes of interest. It
was found that 20 min was the optimum desorption time using ultrasonication technique. In contrast, comparable
peak efficiency for both aldehydes was obtained when desorption was performed via vortex for 3 min. As shorter
analysis time is more practical, desorption via vortex for 3 min was selected for subsequent study.

Effect of extraction time

HF-SPME technique is based on an equilibrium process in which mass transfer is time-dependent. Thus, extraction
time is a crucial factor to be optimized as the solute molecules need sufficient time to transfer from sample solution
to HF interface and adsorbed onto the sol-gel material [21, 22]. In this work, different extraction times ranging from
15 min to 70 min were evaluated at ambient temperature and other extraction parameters were kept constant at a
stirring rate of 600 rpm and sample volume of 10 mL while back-extraction was performed via vortex-assisted for 3
min using 100 pL MeOH (Figure 3). The selectivity of the fibre was found to be significantly higher for heptanal
compared to hexanal. The extraction efficiency of hexanal and heptanal increased up to 30 min and no apparent
signal differences was observed when extraction was increased from 40-70 min. Thus, 30 min was chosen as the
optimum extraction time and was used for further study.

100 - I

T
m hexanal
s0
heptanal
a0
20
[
15 20 30 40 S0 (=3 T

Extraction time {min)

peak area (pA)
@

Figure 3. Effect of extraction time on the HF-SPME extraction efficiency (based on peak area). Extraction
conditions: sample volume, 10 mL; stirring rate, 600 rpm. Desorption conditions: desorption solvent,
MeOH; vortex assistance desorption for 3 min; vortex speed, 44.1 x g; desorption volume, 100 pL.

Effect of sample stirring rate and sample volume

Agitation of sample solution is favourable in extraction as it will shorten the required time needed for the analyte/s
to reach equilibrium thus reduce the extraction time [21]. Effect of different stirring rate (450-1000 rpm) was tested
for the HF-SPME MTMOS-MPTMOS extraction (Figure 4a). Higher stirring rate (beyond 1000 rpm) was avoided
as it led to formation of excessive bubble during extraction and in the same time vigorous collision occurred
between the HF and the vial wall. It was observed that higher stirring rate resulted in higher extraction efficiency as
it can enhance the mass transfer of the analyte/s towards the extractant. Agitation at 1000 rpm showed the best
extraction efficiency for hexanal and heptanal, thus, it was chosen as the optimum sample stirring rate.
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During the HF-SPME process, the interaction between the analytes in the sample solution and the extractant is
based on equilibrium, hence the ideal sample volume is also play a role to achieve the optimum extraction
efficiency. Sample volume as a donor phase was varied from 3 — 20 mL (Figure 4b) for 30 min extraction time with
an agitation rate of 1000 rpm while back-extraction was performed via vortex-assisted method for 3 min in 100 pL
MeOH. Increasing the sample volume stepwise from 3 mL to 10 mL enhanced the peak areas of hexanal and
heptanal. On the contrary, further volume increase to 15 mL and 20 mL gave poorer extraction efficiency for both
aldehydes. This is probably due to poorer mass transfer kinetics in larger sample volume that resulted in the poor
extraction efficiency observed. Therefore, 10 mL was chosen as the best sample volume for HF-SPME MTMOS-
MPTMOS extraction.

a) k)
200 200
130 . 180 -+ T
160 I 160 o I
g o . T z 140 -
= 120 A E 170 -
£ 100 4 E 100
E 20 = g B hexanal
50 = & 60 - = I heptanal
40 40
] 20 -j
o -
g
450 500 750 200 1000 3 s 10 15 20
Stirring rate (rpm) Sample volume (mL)

Figure 4. Effect of (a) sample stirring rate and (b) sample volume on the HF-SPME extraction efficiency (based on
peak area). Other conditions are as in Figure 3.

Effect of salt addition

In most cases, salt is added to increase the ionic strength and to decrease the solubility of analyte/s in sample
solution. In the present work, addition of sodium chloride was investigated at different concentrations from 0.5 -
2.0%, w/v (Figure 5) and the results were compared with the sample solution without the addition of sodium
chloride. It was found that the higher the addition of salt concentration in sample solution, lower extraction
efficiency of hexanal and heptanal was obtained. This is probably due to the presence of salt that can alter the
properties of material coated in the tube of HF, change the diffusion rates hence, less analyte/s transfer to the
extractant. Similar behavior was reported by Ebrahimi et al. [22]. Therefore, salt addition was not significant to be
utilized for HF-SPME MTMOS-MPTMOS extraction of hexanal and heptanal.

Effect of desorption volume

Selection of appropriate volume of solvent is essential for the desorption capacity and to strip the analytes of
interests from the sorbent phase. In this study, methanol was used as desorption solvent and the solvent volume was
varied from 80 pL to 500 pL (Figure 6). Increase in extraction efficiency was observed for hexanal and heptanal
when amount of the desorption volume was reduced. This is expected as the lower the desorption volume, the
higher the preconcentration factor obtained. However, using a 80 pL desorption solvent resulted in peak decrease.
The reason is, the volume level did not completely immerse the HF segments thus resulted in improper back-
extraction of analyte/s. As the highest extraction efficiency was achieved using 100 pL of methanol, this volume
was selected as the best desorption volume.
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Figure 5. Effect of salt addition on the HF-SPME extraction efficiency (based on peak area). Other conditions are
as in Figure 3.
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Figure 6. Effect of desorption volume on the HF-SPME extraction efficiency (based on peak area). Other
conditions are as in Figure 3.

Effect of vortex speed

In this study, desorption was performed by vortex-assisted method. To select the ideal vortex speed, different vortex
speed was explored within the range of 15.8 - 86.4 x g (Figure 7). As expected, increasing the speed of vortex
provided higher extraction efficiency and the highest peak areas response of both aldehydes were obtained when the
applied speed rate was 63.5 x g. Increasing the vortex speed to 86.4x g led to massive bubble formation and this is a
fast speed to use to back-extract the analyte/s in 100 uL of desorption solvent, resulting in the reduction of
extraction efficiency for both hexanal and heptanal. As vortex assistance desorption at 63.5 x g gave the highest
extraction efficiency in determining hexanal and heptanal, it was chosen as the best vortex speed.
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Figure 7. Effect of vortex speed on the HF-SPME extraction efficiency (based on peak area). Other conditions as in
Figure 3.

Method Validation

Optimum extraction performance of hexanal and heptanal based on peak area response measured by GC-FID was
achieved using 30 min extraction time, 1000 rpm agitation rate using 10 mL of aqueous sample, back-extraction of
extracted analytes performed via vortex for 3 min at a speed of 63.5 x g using 100 uL methanol as the desorption
solvent. Table 1 summarizes the calibration curve equation, limit of detection (LOD = 3 S/N), limit of quantification
(LOQ = 10 S/N)) together with their coefficient of determination (R?) and precision (intra batch and inter-batch) of
HF-SPME MTMOS MPTMOS under the optimum extraction conditions. Linearity order observed was 500 with
good coefficient of determination (> 0.996).

Table 1. Calibration curve equation, coefficient of determination, LOD, LOQ and precision values (within batch
and inter-batch) HF-SPME at optimum conditions

Calibration Coefficient of LOD LO Within Inter
Compound curve determination mL / QI_ batch RSD  batch RSD
Equation (R?) (ng/mL)  (pg/mL) (%,n=4) (%, n=4)
y=0.013x +
Hexanal 0.9985 0.015 0.040 3.82 7.86
4.568
y =0.021x +
Heptanal 6.378 0.9969 0.010 0.030 3.25 9.36

Linear range: 0.020 —10.0 ug mL™

The applicability of the proposed HF-SPME MTMOS-MPTMOS method was tested on human urine from a healthy
volunteer. Urine samples were spiked with hexanal and heptanal standard at certain concentrations after confirming
the non-presence of the two aldehydes. Two levels of spiking were used in order to compare the recovery and
precision values. Quantitative percentage recoveries were obtained for hexanal and heptanal (91.21 — 97.51 %, RSD
< 5.5%, n = 3) (Table 2). Figure 8 shows the chromatograms of extract of blank and spiked urine samples (at 0.25
pg/mL of hexanal and heptanal) using HF-SPME MTMOS-MPTMOS. Based on the chromatograms, it is noticed
that there was no significant interference from the sample matrix thus proved that HF-SPME method provided clean
extraction.
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Table 2. Average recovery of hexanal and heptanal in spiked urine sample

Analvte Spiked concentration Average recovery RSD
Y (ug/mL) (%) (%,n=3)

Hexanal 1.0 97.51 3.28

0.25 95.34 5.58

Heptanal 1.0 93.16 4.00

0.25 91.21 2.78

*All extractions were carried out at optimum conditions
*n = 3 (three different extractions)

3) Blank wene

) apiked wuh standasds

Figure 8. Chromatograms of a) blank urine sample b) extract of urine sample spiked with 0.25 pg/mL mixture
of hexanal and heptanal using the proposed HF-SPME MTMOS-MPTMOS. Unknown peaks are most
likely small molecular weight interferences from urine sample.

Conclusion
The sol-gel hybrid material, MTMOS-MPTMOS was successfully synthesized using mild conditions and used as a
new adsorbent of HF-SPME for quantitative analysis of hexanal and heptanal from human urine samples with
minimum sample preparation process. Several parameters affecting the extraction performance were successfully
optimized and used in method validation. The proposed HF-SPME MTMOS-MPTMOS method is an easy and
convenient microextraction technique that provides easy material preparation step and can be potentially applied for
determination of hexanal and heptanal in human urine sample analysis.
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