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In this research, novel zirconia nanoparticles-decorated calcium alginate hydrogel fibers (ZNCAHF) were
synthesized through a simple, green procedure. ZNCAHF were used as an adsorbent in the micro-solid-
phase extraction (MSPE) of methyl parathion (MP), fenitrothion (FT) and malathion (MT) as model
pesticides prior to gas chromatography-mass spectroscopic detection (GC-MS). The composition and
morphology of the prepared fiber were characterized by Fourier transform-infrared spectroscopy (FTIR),
field emission scanning electron microscopy (FESEM), energy dispersive X-ray diffraction (EDX), and dif-

Iz?é ‘;Vr(:irjsr;anoparticles ferential scanning calorimetry (DSC). Various parameters affecting fabrication of the fiber (weight ratio
Alginate of components) and relative extraction recovery (pH, amount of adsorbent, extraction time, salt addition,

and desorption conditions) were investigated and optimized. Under optimized conditions, the calibra-
tion curves were obtained in the concentration range of 0.01-500 ng mL-! with regression coefficients
between 0.9997 and 0.9999. The limits of detection (LOD) (S/N=3) and limits of quantification (LOQ)
(S/N=10) of the method ranged from 0.001 to 0.004ngmL-! and 0.003 to 0.012ngmL~", respectively.
The intra-day and inter-day relative standard deviations (RSDs) were 2.2-5.9% and 3.2-7.8%, respectively.
The applicability of the fabricated adsorbent was investigated by extraction of selected organophospho-
rous pesticides (OPPs) from real samples of juice and water. The obtained relative recoveries were in
the range of 90.6-105.4%, demonstrating elimination of matrix effects which can be attributed to the
remarkable affinity of OPPs toward ZNCAHF.

Organophosphorous pesticides
Micro solid phase extraction
Gas chromatography
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1. Introduction

In general, sample preparation is a key step in the trace analysis
of environmental samples. Extraction as a part of sample prepa-
ration is necessary prior to any instrumental analysis. Solid phase
extraction (SPE) [1] and related new miniaturized techniques such
as solid phase micro extraction (SPME) [2], dispersive micro solid
phase extraction (DMSPE) [3], micro solid phase extraction (MSPE)
[4] and, stir-bar sorptive extraction (SBSE) [5]| have been employed
for effective cleanup and preconcentration procedures. In these
sorbent-based extraction methods the selection of adsorbent plays
an important role in analytical techniques; thus, a promising direc-
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tion of sample preparation is the development of new adsorbents.
However, separating sorbent from sample solutions after extrac-
tion and elution is a laborious, time-consuming step. Magnetic
sorbents [6], stir-bars [7], stir disks [8], encapsulated sorbent in
polypropylene membrane bags [9] and fibers with or without mod-
ified surfaces [10,11] have been used to overcome these difficulties,
because they are easily isolated from matrices.

Alginates (sodium, potassium and ammonium salts of alginic
acid) are water-soluble, natural polysaccharides extracted mainly
from brown algae. Industrial applications of alginates are based
on their gelling, viscosifying and stabilizing characteristics. Algi-
nates are extensively used in biotechnology, medicine and food
industries. They are binary, linear copolymers composed from
[-p-mannuronic acid (MA) and a-L-guluronic acid (GA) and are
known as nontoxic, biodegradable and non-immunogenic biopoly-
mers (Fig. S1). Differences in M/G ratio and block configuration
account for the differences in alginate properties and functionality,
especially gelling capability and gel strength.The most important
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chemical property of alginates is the selective binding of multi-
valent cations, which is the basis for their sol/gel transition of
alginates. A controlled introduction of cross-linking cations such
as Cu?*, Ca?* and BaZ* can form stabilized hydrogels with the for-
mation of a three dimensional network (3D-N) [12-16]. Because
of their ability to form stable hydrogels, alginates are widely used
for the immobilization of different materials, such as algal biomass,
microorganisms and enzymes. In entrapment of living cells within
Ca-alginate beads, a cell suspension is mixed with a sodium algi-
nate solution, the mixture dripped into a calcium chloride solution
and the droplets instantaneously form gel-spheres entrapping the
cells in a 3D-N [16]. Typically, alginates with higher calcium con-
tents (between 3 and 10%, w/w) are nearly or totally insoluble, The
proportion and sequence of G blocks in alginate affect the mechan-
ical and swelling properties of the gel beads of Ca-alginate ionic
cross-links formed because G-blocks are responsible for specific
ion binding with multivalent cations [12,16]. Generally, hydrogels
made with synthetic and natural polymers usually have porous
surfaces, large specific surface areas and strong loading capacity.
The swelling property of hydrogels in water allows the free move-
ment of water and solutes through the inner cavities of hydrogels
[17,18]. Recently, metal oxides such as TiO, and ZrO, supported by
alginate-based hydrogels have found applications in the analysis of
pharmaceuticals and photo-catalytic and adsorption de-pollution
of water bodies [14,15,19-22].

Zirconia acts as a hard Lewis acid because of the zirconium (IV)
vacant 3d orbital. Lewis acid sites on the surface of zirconia interact
strongly with Lewis-based functional groups (e.g., R—SO3—, R-PO3—
and R—0—0—), creating coordination bonds [23,24]. This inorganic
material with high mechanical property is used as biomaterial for
hip prosthesis, tooth crown, and dental implants, and is a candidate
for new bone restorative R—SO3~, R-PO3~ and R—0O—0~ material
due toits low toxicity. Recently, zirconia based sorbents are used for
DMSPE of pesticide residues in fish and edible oils [25,26]. The use of
zirconia nanoparticles (ZNPs) with high surface area, lack toxicity,
physicochemical stability over the whole pH range, and selective
affinity to phosphorous groups, is an attractive approach for the
capture of phosphate groups. Moreover, it has been employed in
water treatments and electroanalytical methods [27-33]. However,
the small size and possible release into the treated solution restrict
their practical applications. Immobilization and encapsulation of
nanoparticles with supports such resin, chitosan and alginate have
been effectively used to prevent their leakage into the environment
[22].

Organophosphorus pesticides (OPPs) are still used extensively
throughout the world to improve yield and quality of fruits, grain
crops, and vegetables during the entire period of growth [34]. These
pesticides are an important contamination source in the environ-
ment because of their widespread application, and their residues
become a potential threat to human beings. European Union regu-
lations have established maximum residue limits (MRLs) for OPPs
in food and water samples in the ranges of 0.01-0.5mgkg~! and
0.02-0.1mgL-1, respectively [35]. Therefore, the effective extrac-
tion of these pollutants from complex matrices such as food and
environmental samples is necessary and often requires extensive
clean-up treatments to isolate target analytes from sample interfer-
ences. A wide variety of modern miniaturized sample preparation
methodologies in various modes such as dispersive liquid-liquid
micro extraction (DLLME) [34,35], SPME [36], and magnetic solid
phase extraction [37] coupled with chromatographic techniques
have been employed to extract and determine the OPPs. The chem-
ical structures of the examined OPPs are illustrated in Fig. S2.

The object of this work was to develop a facile synthesis
methodology for zirconia nanoparticle/calcium alginate hydrogel
fiber (ZNCAHF) as novel sorbent for OPPs. The fabricated sorbent
with skein shape as a selective, green, and more environmentally-

friendly sorbent was easily applied for simultaneous micro
extraction and determination of methyl parathion (MP), fenitroth-
ion (FT) and malathion (MT) (the three most toxic and widely-used
OPPs) as model analytes in water and juice samples in off-line con-
jugation with gas chromatography-mass detection (GC-MS). The
3D-N Ca-alginate provides a suitable environment for the immobi-
lization of ZNPs as an adsorbent to OPPs as well as the easy mass
transfer of analytes into the network. With the aid of this hydrogel
fiber, there is no need for centrifugation or filtration techniques or
the use of magnetic fields for magnetic adsorbents, because it is
a floating, fibrous solid phase which is easily withdrawn from the
solution using forceps.

2. Experimental
2.1. Reagents and standards

Certified standards of MP, FT and MT were supplied by Fluka.
Stock solutions of these compounds were prepared in methanol at
a concentration of 500 mg L~! and were stored at —20°C. ZNPs were
purchased from Inframat Advanced Materials (Farmington, CT,
USA). Sodium alginate (SA) from brown algae with an approximate
viscosity of 3500 cps was purchased from Sigma. Methanol (MeOH),
toluene, n-propanol, dichloromethane (DCM), acetone, acetic acid
(HOAC), hydrochloric acid (HCI), sodium hydroxide (NaOH), cal-
cium chloride (CaCl, ), and sodium chloride (NaCl) were purchased
from Merck (Darmstadt, Germany).

2.2. Instrumentation

GC analysis was carried out on an Agilent 7890A instrument
(Palo Alto, CA, USA) with split/splitless injection port, and an Agi-
lent 5975C mass detector system were used. The MS detector was
operated in electron impact (EI) mode with ionization energy of
70eV. Helium (99.999%) was used as the carrier gas at a flow
rate 1 mLmin~!. OPPs were separated on a 30 m x 0.320 m HP-5
MS column with 0.25 wm film thickness. The GC column tem-
perature was first 70°C (t=0min), then increased to 150°C by
25°Cmin~!, next raised to 180°C by increments of 3°Cmin~!,
and finally increased to 200°C by increments of 1.5°Cmin~!. The
split/splitless injection port was set at 250 °C and in splitless mode.
The GC-MS interface, ion source and quadruple temperatures were
set at 280, 230 and 150°C, respectively. The solvent delay and
total run time for analysis were 7 min and 22 min, respectively.
For quantitative determination, MS detector was operated in the
time-scheduled selected ion monitoring (SIM) mode. Data acqui-
sition was conducted using Chemstation software. Field emission
scanning electron microscopy (FESEM) and energy dispersive x-
ray diffraction (EDX) were used to show the morphology, dimen-
sion and composition of the ZNCAHF (Mira 3-XMU, Germany).
FTIR spectrum was recorded by a vertex 70 FTIR spectrometer
(Bruker, Germany). Differential scanning calorimetric (DSC) anal-
ysis was performed using a DSC1 STAR system (Mettler Toledo,
Switzerland). 10 mg of sample was put in an aluminum pan and
heated from O to 400°C at a constant heating rate of 10°C/min
under constant purging of nitrogen at 20mL/min. Solution pH
values were measured by a pH-meter E520 (Metrohm Herisau,
Switzerland). Fibers were prepared using a probe sonicator with
the power output of 400 w (TOPSONICS, Iran). Solvent desorption
of OPPs was performed by an ultrasonic bath (Elma, Germany). All
sample solutions were stirred using a CAT M 6.2 magnetic stirrer
(Germany).



30 M. Zare et al. / ]. Chromatogr. A 1473 (2016) 28-37

ZNP

v
V, o \
A&"

CaZ+

Fig. 1. A schematic illustration of a) adsorbent synthesis steps and MSPE procedure; b) proposed structure for ZNCAHF.

2.3. Synthesis of ZNCAHF

A schematic illustration of the synthesis steps for ZNCAHF is
shown in Fig. 1a. The adsorbent was synthesized in two sim-
ple steps: preparation of zirconia/sodium alginate suspension, and
injection with syringe into the 0.5 mol L~ of CaCl, solution to form
adsorbent fibers. Briefly, first 0.18 g of ZNPs in 20 mL deionized
water was sonicated for 10 min to obtain a homogeneous suspen-
sion using a probe sonicator. Then, 0.18 g of SA was added into the
prepared suspension and sonicated by probe for 10 min to form the
homogeneous viscose suspension. 0.5 mL of the prepared suspen-
sion was rapidly injected into the CaCl, solution (0.5 mol L-1) using
a grey hub color insulin syringe 27 gauge. As soon as the suspen-
sion was injected, the solidified swelled fiber with an approximate
weight of 0.1 g (equivalent to 10 mg of dried fiber) appeared. The
fiber was easily separated from the CaCl, solution with forceps,
washed with de-ionized water, and dried with a suitable filter paper
(Fig. S3).

2.4. Extraction and analysis

The extraction was conducted by immersion of 0.1 g freshly pre-
pared and swelled wet fiber in 5mL solution containing 0.2 mL
acetate buffer (pH 5.5) and an appropriate concentration of stan-
dard OPPs solution. The mixture was stirred on a magnetic stirrer
at a rate of 500rpm at room temperature for 5min. Afterward,
the sorbent was easily withdrawn from the solution, washed with
de-ionized water to remove any possible interference, and dried
with a filter paper. For desorption, the fiber was then inserted
inside a small tube and the OPPs were desorbed from the fiber

by ultrasound-assisted eluting with 250 L toluene/DCM (D/T 3:1,
v/v) in 10 min using an ultrasonic bath. Finally, a 1 pL aliquot was
injected into the GC-MS. The Photographs of the system setup are
also presented in the Supplementary data (Fig. S4).

2.5. Analysis of real samples

A river water sample was collected from the Karun River in
Ahvaz (Khuzestan province, Iran). A tap water sample was collected
from Ahvaz. Mineral water and cherry juice were purchased from
local supermarkets in Ahvaz. All samples were filtered through
a 045mm membrane filter and stored at 4°C. Each 5mL of
solution including 2.5 mL of real sample, spiked with standard ana-
lytes, and 0.2 mL of acetate buffer (pH 5.5) was subjected to the
optimized extraction and analytical method without any pretreat-
ments. Extractions from non-spiked samples were also carried out
in parallel. All experiments were performed in triplicate. Relative
recovery (R%) was calculated using the following equation:

% = (Cp/Ca) x 100

where Cg, C4 are founded concentrations in the real samples spiked
with the known amount of OPPs standard solution and the added
concentrations of OPPs in real samples, respectively.

3. Results and discussion
3.1. Characterization of ZNCAHF

FT-IR spectra of ZrO,, SA and ZNCAHF are illustrated in Fig. 2.
As shown in Fig. 2a, the main band at about 508 cm~! is attributed
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Fig. 2. FT-IR spectra of a) ZNP, b)SA, c¢) ZNCAHF, d) OPPs-adsorbed ZNCAHF.

to the Zr-0 vibration. The other bands around 1631 and 3430 cm™!
are ascribed to the bending and stretching vibration of —OH from
adsorbed water molecules. SA displayed the absorption peak at
1626 cm~! corresponding to the stretching vibration of the car-
bonyl group of the carboxylic acid group. The adsorption peaks at
1037 and 1094 are due to the O—H bending vibration of the alco-
holic group (surface hydroxyl groups) in SA[19,36]. In addition, the
peaks at about 2862 and 2925 cm~! correspond to the symmetric
and asymmetric vibration band of the —CH, group (Fig. 2b). The
spectrum of ZNCAHF shows the Zr-O vibration peak at 510 with a
slight shift indicating the interaction between the —COO— groups
of AS and zirconia exists (Fig. 2c) [23,24]. The peak observed at
510cm~! correlated to Zr—O bond in ZNCAHF presented a larger
shift to 515 cm~! in the case of OPPs-adsorbed ZNCAHF, indicating
the interaction between the analytes and the zirconia constituent
of the adsorbent (Fig. 2d).

The morphology and composition of ZNCAHF are illustrated
in Fig. 3. The outward appearance of the synthesized adsorbent
with continually fibrous shape is shown in Fig. 3a. The FESEM
micrographs of the fiber with different magnifications are shown
in Fig. 3b and c. Obviously, ZNPs are uniformly immobilized in
Ca-alginate 3D-N and although, the zirconia particles have been
covered with hydrogel, their sizes are kept in the criteria defined
for nano-materials (<100 nm). The EDX results confirmed that ZNPs
were successfully impregnated in Ca-alginate 3D-N (Fig. 3d).

DSC thermograms of ZNP, SA and ZNCAHF are shown in Fig. 4.
The DSC curve of ZNP exhibited an endothermic weak peak at
about 100 °C that can be correlated to the loose water bonded on
the zirconia surface (Fig. 4a). As seen in Fig. 4b, the DSC profile
of SA displays an endothermic peak at about 160°C that, prob-
ably because of the loss of water, linked to the —COO— groups
(hydrophilic groups of biopolymer) and the melting of crystalline
structure [38], while two intense exothermic peaks at 240°C and
370°C are correlated to pyrolysis (biopolymer degradation) and
oxidation reactions, respectively [39-42]. The data presented in
Fig. 4c clearly shows that the peak attributed to the pyrolysis
reaction was weakened and the oxidation peak was disappeared
suggesting that ZNCAHF has become more stable comparing to SA

in the temperatures ranged from 0 to 400 °C. This phenomenon can
be explained by the interaction of alginate with the metals (cal-
cium and zirconium) leading to the stabilization of the biopolymer
in high temperatures probably due to an increase in cross-linking
density that restrict the molecular mobility, and the role of ZNPs
as thermal barrier [20,42,43]. Moreover, the endothermic peak at
about 150°C in the case of SA appeared as a much stronger peak in
the thermogram of ZNCAHF. This observation might be attributed
to enhanced chain stiffness due to the crosslinking with Ca2* and
the bonded ZNPs to —COO— groups in ZNCAHF and clearly shows
that the metals (calcium and zirconium) could affect the physico-
chemical characters of the adsorbent [24,44,45].

3.2. Optimization of experimental conditions

In order to obtain the best of ZNCAHF, various parameters
affecting adsorption efficiency such as ZrO,/Alginate ratio, pH, the
amount of sorbent, extraction time and type, composition and vol-
ume of desorption solvents, and sonication time, in the desorption
step were optimized.

3.2.1. ZNCAHF composition

To obtain the most sensitive and fragmentation-resistant fiber,
different weight compositions (80:20, 70:30, 60:40, 50:50, 40:60,
30:70 and 20:80) of ZNP:SA were synthesized. The constructed
fibers were subjected to the extraction procedure, and the best
quality of fiber and extraction recovery was obtained by 50:50
(w/w) ratios. The fibers with ZNP ratios of more than 50% by weight
showed fragmentation when stirred with sample solution, and the
adsorbent could not be easily separated. Extraction efficiency was
slightly decreased proportional to the decrease in ZNP ratio (less
than 50%), indicating the role of ZNPs as adsorbing sites in ZNCAHF.
The ZNP could be strongly retained by hydrogel without leakage in
the stirring and sonication steps, suggesting the possible bonding
of ZNPs to —COO— groups in M-blocks of alginate [24]. Therefore,
it can be suggested that G-blocks in AS may selectively bind with
Ca2* jons and M-blocks are free for possible bonding with zirconia
as depicted in Fig. 1b [16].
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Fig. 4. The DSC curves of a) ZNP, b) SA, ¢) ZNCAHF.

3.2.2. Effect of pH

The stability, charge and adsorption characteristics of adsorbent
toward analytes as well as the chemical properties of analytes can
be affected by the pH of the solution. Hence, the effect of pH on
the adsorption of the selected OPPs was studied over the range of
2-9 using sodium hydroxide and hydrochloric acid solutions. The
results shown in Fig. 5a indicate that the pH of the sample solu-
tion influenced extraction efficiency. In pH values lower than 5 and
higher than 6, the extraction recovery of all OPPs decreased and
in pHs 5-6 the peak areas remained almost constant. Zirconia is
known as a Lewis acid, and the adsorption of OPPs on the ZNC-
AHF surface can be explained by the attraction between vacant 3d
orbital of Zr(IV) and free electron pairs of phosphate moiety in the

OPPs neutral molecules. At a pH between 5 and 6, the best extrac-
tion recovery was achieved, because the surface of the adsorbent
is neutral and Lewis acid-base attraction occurred between zirco-
nia and the phosphate moiety of OPPs. However, since zirconia is
an amphoteric metal oxide with an isoelectric point of 5.7, its sur-
face behaves like a brénsted acid or base [24,27,46,47]. Thus, in
pH values lower and higher than the isoelectric point of zirconia,
the Lewis acid-base attraction between ZNCAHF and OPPs weakens
and extraction efficiency decreases. Moreover, in a pH lower than
3, slight leakage of ZNP from ZNCAHF was observed. As mentioned
in section 3.2.1, zirconia might be retained in AS via carboxcylate
groups. In a pH lower 3, these functional groups are in protonated
forms due to their dissociation constants (pKa MA=3.38 and pKa
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solvent, 0.5 mL of methanol; sonication time for desorption of analytes, 10 min), and d) salt concentration on the extraction efficiency (conditions: 5 mL of OPPs solution,
0.1 pgmL-1; pH, 5.5; extraction time, 5 min; fiber suspension, 0.5 mL; eluting solvent, 0.5 mL of methanol; sonication time for desorption of analytes, 10 min).

GA =3.65) and zirconia cannot bind with —COO~00— groups [48].
Therefore, in the remaining experiments, the pH of the sample solu-
tions was adjusted to 5.5 using 0.2 mL of acetate buffer. The effect of
buffer volume on extraction is shown in Fig. S5. The buffer volume
had no significant effect on the peak areas of the extracted OPPs.

3.2.3. Effect of ZNCAHF amount

To achieve the highest possible extraction efficiency, the effect
of the fiber amount was studied by injecting the ZNP/SA suspen-
sion in the range of 0.25-1 mL into the CaCl, solution. Extraction
efficiency was increased from 0.25 to 0.5 mL of ZNP/SA suspension,
and remained almost constant in higher volumes. Therefore, 0.5 mL
of suspension was selected to produce the best amount of fiber
(Fig. 5b).

3.2.4. Effect of extraction time

Extraction time refers to the period allowed for the partition of
analyte between solution and adsorbent. To achieve higher relative
extraction recovery, extraction times in the range of 1-90 min were
examined by shaking the sample solution on a magnetic stirrer at
500 rpm. As shown in Fig. 5c, the peak areas increased slightly up
to 5 min, while no improvement on the relative extraction recovery
was observed at higher extraction times; therefore, the extraction
time of 5min was chosen as the optimum value. The results indi-
cated that the adsorption kinetics is very fast, and the adsorption
process reached equilibrium in a short time.

3.2.5. Effect of salt concentration
The addition of salt to the aqueous solution may improve extrac-
tion recovery because of the salting-out effect. Therefore, different

amounts of NaCl ranging 0-20% (w/v) were added into the sam-
ple solutions to check the effect of salt concentration. As shown
in Fig. 5d, the amount of extracted analytes was reduced by the
addition of salt. This can be due to the fact that the existence of
salt increases the viscosity of the sample solution, resulting in a
reduction in the mass transfer of OPPs from the aqueous phase to
the adsorbent surface [37,49]. Considering these results and the
simplicity of the extraction procedure, further experiments were
performed without adding salt.

3.2.6. Desorption conditions

Selecting suitable conditions, such as type and volume of eluting
solvent, and desorption time for effective desorption of the analytes
from the adsorbent, is the key step in every MSPE procedure. The
proper selection of eluting solvent can lead to a better desorption of
analytes from the adsorbent resulting in higher efficiency. Hence,
desorption studies were performed using different organic solvents
including methanol, acetone, DCM, n-propanol and toluene and
their mixtures. As illustrated in Fig. 6a, the desorption ability of the
mixture of toluene and DCM (T/D 3:1v/v) was better than that of
other solvents. The effect of selected solvent volume on the extrac-
tion efficiency of the examined OPPs was also investigated. It was
found that the analytes could be effectively desorbed by 250 L
of a mixture of toluene and DCM (Fig. 6b). In order to achieve the
best sonication time in desorbing, different times in the range of
2-20 min were studied. The best sonication time was found to be
10 min as shown in Fig. 6c.
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Analytical features for determination of OPPs by the proposed MSPE/GC-MS method.
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Pesticide LOD? LoQ LDR¢ R2d Regression equation
Methyl parathion 0.003 0.010 0.01-500 0.9999 y=2307.8 x+6.8534
Fenitrothion 0.001 0.003 0.01-250 0.9997 y=5019.3 x+7.3589
Malathion 0.004 0.012 0.01-500 0.9998 y=2025.2 x+7.5332
2 Limit of detection (ng mL™1).
b Limit of quantification (ng mL~1).
¢ Linear dynamic range (ngmL-1).
d Regression coefficient.
Table 2
Relative recoveries and RSDs of OPPs on three spiked standard levels.
Pesticide Added? Found" Recovery® RSD¢
Intra-day (n=5) Inter-day (n=3)
Methyl parathion 5.0 53 106.9 52 7.4
50.0 47.5 94.9 3.5 42
250.0 247.9 99.2 2.2 3.7
Fenitrothion 5.0 53 105.0 43 6.5
50.0 50.3 100.5 2.6 5.4
250.0 249.1 99.7 23 3.2
Malathion 5.0 5.1 101.6 5.9 7.8
50.0 47.4 94.7 4.0 4.6
250.0 253.0 101.2 2.7 4.2
2 Spiked concentrations of MP, FT and MT (pgL-1).
b Recovered concentrations of MP, FT and MT (ugL~') (n=5).
¢ Relative recovery (%).
d Relative standard deviations (%).
Table 3
Investigation of matrices effect in spiked real samples with the proposed method (all samples were diluted with deionized water at a ratio of 1:2).
Sample MP FT MT
Added® Found® Recovery*© Found Recovery Found Recovery
River water - ND¢ - ND - ND -
25.0 241 96.5 23.8 95.2 229 91.5
100.0 91.9 91.9 97.9 97.9 1014 1014
250.0 243.1 97.2 238.6 95.4 234.7 93.9
Tap water - ND - ND - ND -
25.0 253 101.1 235 94.2 26.0 104.0
100.0 934 934 101.1 101.1 97.1 97.1
250.0 252.8 101.1 242.5 97.0 240.7 96.3
Mineral water - ND - ND - ND -
25.0 26.1 104.4 24.7 98.7 24.8 99.3
100.0 96.9 96.9 96.8 96.8 1034 103.4
250.0 258.9 103.5 2513 100.5 241.5 96.6
Cherry juice - ND - ND - ND -
25.0 22.7 90.6 234 93.6 23.0 92.1
100.0 97.6 97.6 95.5 95.5 105.4 105.4
250.0 235.8 94.3 262.5 105.0 230.6 92.2
2 Spiked concentrations of MP, FT and MT (pgL1).
b Recovered concentrations of MP, FT and MT (ugL-1).
¢ Relative recovery (%).
4 Not detected.
Table 4
Comparison of the current method with recent reported methods for the determination of OPPs.
Method Matrices LDR (pgLl!) LODs (pngL™1) Extraction time(min) Recovery (%) Adsorbent (mg) References
MSPE-GC-NPD Fruit juice 0.003-50 0.001-0.005 2 86-107 10 [50]
CNESE?-UHPLC-MS Ginseng 0.5-500 00.08-0.29 15 82-110 1000 [51]
SBSE"-GC-FPD Water 0.2-100 0.043-0.085 25 80-115 - [52]
ET-DLLME®-GC-FID Water- fruit juice 2.60-1000 0.82-2.72 9 64-83 - [35]
MSPE-GC-MS Water 100-20,000 0.1-10.30 30 87-112 [53]
MSPE-GC-MS Water- fruit juice 0.01-500 0.001-0.004 5 90-105 10 Present work

@ Carbon nanotube envelope-based solvent extraction.
b Stir bar sorptive extraction.
¢ Elevated temperature-dispersive liquid-liquid microextraction.
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Fig. 7. A typical chromatogram of a cherry juice sample after being spiked with OPPs at 100 ng mL~'.

3.3. Analytical performance and method validation

In order to show the validation of the proposed method, the
analytical features of the method such as dynamic range of the
calibration curve, LOD, LOQ, accuracy and precision were exam-
ined. A series of sample solutions containing MP, FT and MT in
the range of 0.01-500ng mL~! at ten selected concentration levels
was prepared and analyzed under optimal extraction conditions.
All obtained data were the averages of three determinations. Then,
the calibration curves of OPPs were constructed using least squares
linear regression method. The limits of detection (LODs) and quan-
tification (LOQs) of the method were determined at signal to noise
ratio of 3 and 10 by injecting a series of samples with known con-
centration, respectively. The analytical features of the method are
given in Table 1. The peak area measurements of analyte solu-

tion containing the quality control (QC) amounts of OPPs were
interpolated from the calibration curve on the same day to give
concentrations of the analyte. The results from QC samples in five
runs on the same day and on three consecutive days were used
to evaluate the precision and accuracy of the developed method.
To evaluate the intra- and inter-day precision of the developed
method, showing the reproducibility and repeatability terms, five
similar experiments were performed for the QC samples at concen-
tration levels of 5,50 and 250 ng mL~! on the same day and on three
consecutive days. As can be seen in Table 2, the RSD% results ranged
from 2.2% to 5.9% for analysis of intra-day spiked samples, reveal-
ing the high reproducibility of the proposed method. Moreover, the
inter-day precision results were between 3.2% and 7.8%.
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3.4. Application of the method to water and juice samples

The optimized analytical procedure was applied to analyze
water and juice samples to show the applicability of the proposed
method for real samples. The results are shown in Table 3. The
extraction recoveries from water and juice real sample solutions
containing low, middle and high concentrations of MP, FT and
MT (25, 100 and 250ngmL-1) were in the range of 90.6-105.4%.
All investigated real samples met the criteria for matrix effect
(70-120%) according to the guidance document on analytical qual-
ity control and validation procedures for pesticide residues analysis
in food and feed [50]. Therefore, no significant matrix effect for
MSPE of the selected OPPs by ZNCAHF was observed in various
matrices, indicating that the use of matrix-matched calibration
standards is not required. The typical chromatogram of a cherry
juice sample after being spiked with OPPs at 100ng mL~! is shown
in Fig. 7.

4. Conclusion

In this work a new and simple method was developed to pre-
pare a selective and green adsorbent fiber based on the formation of
three dimensional hydrogel by SA and CaZ* ions and immobilization
of ZNPs in the network, and reported for first time. The modifica-
tion of Ca-alginate hydrogel with ZNPs led to the fabrication of a
sorbent with a high surface area that possesses plenty of sites for —
adsorption of OPPs. The fabricated adsorbent was resistant to ZNP
leakage in the solution stirring and sonication steps. With the aid of
ZNCAHF the MSPE procedure carried out without limitation due to
the isolation of adsorbent from sample solution and desorption sol-
vent. Ease of separation from solution and having high specific area
due to its thin fibrous shape and ZNPs content are two essential fea-
tures of the synthesized fiber. Most importantly, the fiber showed
high selectivity to the OPPs and almost no matrix interference was
observed. Therefore, satisfactory recoveries from real samples were
obtained, indicating the potential of the synthesized fiber for selec-
tive and sensitive detection of OPPs in complicated matrices. Some
analytical features of the current method and other recent meth-
ods for the extraction and determination of OPPs are compared in
Table 4. As shown, the proposed method possesses a wide dynamic
range, low LODs, short extraction time, and satisfactory recoveries
compared with most of the other reported methods, which could
be related to the great adsorptive ability of ZNCAHF toward OPPs.
The results revealed that the synthesized adsorbent can be applied
in a simple, fast, and effective MSPE procedure for OPPs extraction
from various matrices. In addition, the proposed procedure can be
applied for the synthesis of fibers other than ZNCAHF with various
modifying compounds providing an excellent prospective in the
fabrication of selective solid phases without the need for separa-
tion methods (filtration and centrifugation) or even the application
of magnetic sorbents which are generally nonselective adsorbents.
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