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At the present study, solid phase micro extraction based on nano-magnetite has
been studied as a rapid, sensitive and cost effective method through using iron magnetic
nanoparticles. The reason for using iron magnetic nanoparticles is because of easy and
rapid controlling and isolating the particles using magnetic field . In technique of solid
phase micro extraction based on magnetite nanoparticles (MNs). Magnetic nanoparticles
have been applied through direct method for extracting and measuring of the
organophosphorus pesticides (OPs); diazinon, fenitrothion and malathion from aqueous
samples at the same time through using gas chromatography with flame ionization detector.
Firstly, magnetic nanoparticles were synthesized from Fe?*/Fe®* salts using chemical co-
precipitation method. Magnetic nanoparticles have been also applied directly for purpose
of simultaneous extraction of OPs. Effect of some factors such as pH, aqueous phase
volume, stirring rate of extraction and desorption and time of extraction have been
investigated. Under optimal conditions, concentration factor was also obtained to 1344,
1257 and 1681 at diazinon, malathion and fenitrothion respectively. The proposed method
has been applied for purpose of simultaneous pre-concentration and measurement of
OPs in aqueous samples is satisfactorily.
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Solid phase microextraction (SPME) was
presented by Politian in early 1990s and has been
already applied mostly for preparation of sample.
Pesticides are substancesintended for preventing,
destroying, repelling or mitigating any pest. They
arewidely used on avariety of cropsin the current
agricultural practices, and the residues are found
in foods®. However, the majority of pesticides
demonstrate high acute toxicity to human
beings?3. Therefore, it is necessary to develop
analytical methods to survey OPs residue in
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aqueous and biological samples, fruits and
vegetables for evaluation of the food safety and
possible risks to human health.

Recently, great attention has been paid
to the synthesis of tha nanoparticles like spheres,
nanotubes, nanocages and nanohorns using
different materials. Among them, magnetic
nanoparticles have attracted broad attention due
to their potential applications in magnetic res-
onance imaging?, drug delivery? hyperthermia
treatment® and analytical applications*s. As for
sampletreatment proce- dures, superparamagnetic
nanoparticles represent one of the most exciting
prospectsin analytical nanotechnology since they
can be easily isolated from the matrix by using an
external magnetic field without retaining residual
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magnetization after its removal. The main
advantages over traditional solid-phase extraction
sor- bents rely on large surface areas, high
extraction efficiencies, use of reduced amounts of
sample and of toxic organic solvents. Different
magnetic oxides have been synthesized using co-
precipitation method’, water-in-oil
microemulsions®, hydrothermal and solvothermal
synthesistechniques™*. Magnetite (Fe, O, ) isthe
best-suited magnetic oxide for the above-cited
applications, since it was widely characterized in
the past and showsferrimagnetic ordering at room
temperature with a saturation magnetization of 92
emu/g*2. Taking into account that el ectrical, optical
and mag- netic properties of nanoparticles strongly
depend on their size, the synthesis of
monodisperse nanoparticles with controlled
particlesizesisof key importance'®®,

The method can provide accuracy results
with trace concentration of analytes and can also
prevent the loss and wastage during extraction,
concentration and purification in different
traditional method.

Today, with the increasing development
of nanotechnology in different fields, the need for
more accurate analysis methods has been increased
and different analysis methods in scope of
nanotechnology are being widely applied. Using
nanoparticles in solid phase micro extraction is
practically based on dividing the analyte between
the sample and static phase covered on the solid
surface. The type of applied coverage has basic
rolein output of isolation and analysis. Structured
nanoparticles can be useful instruments for this
method because of their absorption capacity?.

Agricultural advances in developed
countries have been to high extent depended on
discovering and introducing different types of
pesticides’, which have important role in
controlling pesticides and protecting vegetation.
However, increase in production of pesticidesfor
agricultural and healthcare uses has caused
pollution of air and water and has also created
some dangers for the environment and health of
Species.

In order to determine remains of
pesticides, different methods can be applied. Most
of the methods are based on extraction,
concentration and chromatography. Diazinon has
been supplied to the market with brands such as
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Neocidol, Sarulex and Diazol.
Diazinon hasbeen supplied to the market with
brandssuch asNeocidol, Sar ulex and Diazol
Analytical chemistry is in close
relationship with nanotechnol ogy. Therelationship
can be interpreted as mutual services of the two
sciences to each other. although the studies on
them are being developed increasingly. At the
present study, magnetic nanoparticles have been
applied for purpose of conducting simultaneous
micro-extraction of Malathion, fenitrothion and
diazinon. Then, components of mixture have been
analyzed based on their different migrationsalong
the gas chromatography column.

EXPERIMENTAL

Apparatus

The Varian 3800CP gas chromatography
(Palo Alto, CA, USA) equipped with a flame
ioni zation detector was employed for determination
of theanalytes. A DB-5 (5% biphenyl + 95% po ly
dimethyl siloxane) fused-silica capillary column
(30mx0.25mmi.d. and 0.25 um film thickness) was
applied for separation of the analytes. The GC split
valve was opened (split ratio: 1/20) and nitrogen
was used as acarrier gas at the constant flow rate
of 1.5mL/min. Thecolumnovenwasinitially held
at 50 a%6C for 3min, programmed to 150 a6C at a
rate of 12 a6C/min and then to 240a0C at 20e8%C/
min. Theinjectionswere carried out using a 10pL
Hamilton microsyringe (Bonaduz, Switzerland) and
10mL extractionvial. Stirring of the solutionswas
carried out by aHeidolph MR3001magnetic stirrer
(Schwabach, Germany) and a8x1.5mm magnetic
stirring bar.

Shaker device made by Pars Azma
Company. ethanol ,methanol (HPLC grade)
FeCl,.6H,0, FeCl,.4H,0; 37% hydrochloric acid;
32% ammoniac-; 65% nitric acid were purchased
from Merck. Diazinon, fenitrothion and malation
were purchased from China High Hope Fortone
Ag.Cowith.

Synthesisof magnetic nanoparticles

The magnetic Fe,O, NPs were prepared
by the chemical co-precipitation method. Briefly,
5.2gof FeClI3-6H20, 2.5gFeCl -4H,0,and 0.85 mL
HCI (conc.) weredissolved in 25 mL water under a
N, stream. This solution was added drop-wiseinto
250 mL of sodium hydroxide under
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anitrogen atmosphere and stirred for 30 min. The
resulting black precipitate was separated with a
magnet and washed several times with degassed
water; it wasstored in 100 mL degassed water under
a nitrogen atmosphere’. it was cooled under
ambient temperature. Synthesized nanoparticles
were absorbed by magnetic field.
Magnetic solid phase extraction (M SPE)
Procedure

for each solution 10 mg MNPswas added
to 5mL of water sample containing OPsinal10 mL
vial and stirred for 20 min with speed of 300 rpm.
After performing the extraction at room
temperature, the magnetic sorbentswere collected
using an external magnet, and the supernatant
water was decanted. The extracted analytes was
desorbed using 0.1 mL of methanol and
subsequently 1 pL aliquot was injected into the
GC-FID systemfor analysis. For each experiment,
four replicate extractionswere performed.
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RESULTSAND DISCUSSION

Characterization of Functionalized Magnetic
nanoparticles

Particle interactions with their
environment are greatly affected by their surface
functionality. the characterization was performed
by IR spectroscopy. The FT—IR spectrafor Fe,O,
MNPsisshownin Fig. 4. The broad feature in the
range 3,440-3,225 cm wasdueto —H stretch (m1),
which correspondsto the hydroxyl group attached
by the hydrogen bonds to the iron oxide surface,
and al so the water mol ecul es chemically adsorbed
to the magnetic nanoparticl surface®®. The
transmittance waveband from 635 to 573 cm-%,
which corresponds to the metal—oxygen bonds, is
considered as an indication of the ferrite
formation'’. Figure 4 shows the particle
morphology of the prepared MNPsby transmission

Tablel. Figures of merit of the proposed method in the
determination of the organophosphorus pesticides in agueous samples

Analtye DLR (mg/L) Regression equation R? LOD (mg/L) %RSD (n=5)
Diazinon 0.002-20 Y=21764.35+14736C 0984 0.00081 4.4
Fenitrothion 0.0008-15 Y =19574.8+11367.6C 0.9935 0.0007 4.6
Malathion 0.0005-20 Y=16734.74+4365C 0.9945 0.0004 39

Table 2. Comparison of some methods which were used for determination of pesticides compounds

No Date Matrices ExtractionTechnique LOD R RSD%  Refence
1 2004 Honey SPME 0.08-20 mgkg* 099% 3.6-76 [22]
2 2004 Herbal infusions  SPME 0.13-1.1mgmL* 0974 1.3-121 [23]
3 2004 Food SPME 0.01-0.1nggr* 0.998 2.1-12.1 [24]
4 2007  beverage LPME 0.1-1.7pgL™* 095 6.1-11.5 [25]
5 2008 Water SPME 0.17-0.29ug L* 0.998 2.-2.7 [26]
6 2008 Water LPME 0.01-0.04mgL* 0.999 — [27]
7 2010 Water SPME 0.1-1pg mL* 0.9% 2-10 [28]
Table 3. Detected concentrations (mg/L) of organophosphorus
pesticides in surface water (Mashhad, Iran) and river water

Analtye Concentration (mg/L ) RSD% (n=5)% Relative recovery

surface water river water surface water river water surfacewater river water
Diazinon 1.98 184 2.6 3.6 91 92
Fenitrothion 18 18 3.6 4.7 90.5 90
Malathion 1.86 1.78 4.3 4.2 93 89.8

e Relative recovery after spiked 2 mg/l of analytes
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electron microscopy (TEM). It is seen that the
particlesarewell dispersed with particle size about
§—pP—0 20-40 nm. After ensure of success of the method,
\c relevant examinations of optimization of micro
0 Hy  extraction conditions were conducted. Various
/S H factors can affect amount of micro extraction and
S pre-concentration. In order to enhance efficiency
[’/ \"7:\ /ff \ of microextraction, the conditions should be
HaC—CH, 0 0O HaC—CHs  optimized. Optimized factorsin this phaseinclude
extraction time, desorption time, capacity of donor
Fig. 1. phase and mixing speed.
CHa Optimization
Effect of type desor ption solvent
= Selecting organic solvent is one of the
| most important effective factors in extraction
process and proper selection of it can result in
N 9] good sampling. Offline desorption performed using
| | minimum volume of desorption solvent required
CHs _ﬁ_D to completely immerse the SPME fiber segment.
H}G—GHE, Different desorption solvents such as,
cyclohexane, acetonitrile, methanol and 1-octanol
were employed. Based on the obtained results,
methanol was found to get the best extraction
S efficiency, while its chromatographic peak was
easily separated from the analyte peaks (see Fig.
u 5). Meanwhile, the extract was stable at the
S0 extraction period dueto its low vapor pressure at
C/ ! \C the extraction conditions. Therefore, methanol was
) Mz sdlected as the desorption solvent.
\C \GHg Pesticidecompoundsat the concentration level of
-0 1mg/L,wereused intheextraction studies
EjJ/ Effect of pH effect
M G CH The pH value of aqueous feed-phase
plays an essential role in the extraction process.

Fig.3 Considering the feed solution pH is also one of
a b
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Fig. 4. a) FT-IR spectra of the MNPs, b) TEM image of the magnetic nanoparticles
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theimportant factorsthat it progressesthetransfer
of OPsfrom the feed to the adsorbent. Therefore,
after survey of the pH effect inthe pH range 5-11,
by adding the appropriate hydrocholoric acid or
sodium hydroxide solution to the aqueous donor
phase.

The results confirmed that the analytes
extraction performance reached a better level at
pH 6 (see Fig. 6). When pH rose above 6, the peak
areas of malathion and diazinon decreased rapidly.
Afterwards the peak areas were decreased with
increasing of pH. It is due to the occurrence of
degradation under high alkaline condition. Based
on thorough consideration, pH 6 was selected for
furtherexperiments.

One of the most important factors in
process of surface absorption of malathion,
fenitrothion and diazinon on magnetic
nanoparticlesand finally, increasein efficiency of
extraction is pH level. pH of solution plays an
important role in mechanism of surface absorption
of the desired compound on surface of magnetic
nanoparticle and form and load of the desired
sample. Surface lead of magnetic nanoparticlesis
condition of pH<7 is positive. On the other hand,
compounds of diazinon and malathion were
decomposed in strong acid and alkaline pH ratios.
Inthisstudy, pH levelsof 10,9, 8, 7, 6, 5and 4 have
beeninvestigated and it was observed that in pH=6,
the maximum level of sub-peak can be obtained.
Therefore, pH=6 has been considered here as
optimized pH level. In pH=6, level of nanoparticle
is positive, molecular form of analytes is stable
and the condition is provided for surface
absorption that has high extraction efficiency.

The affection of thetime onthe extraction
efficiency isan equilibrium process and extraction
timeinfluences on the equilibrium conditions. Over
the extraction solute molecules have sufficient
chance extraction device and for collection in it.
Therefore, extraction time is a significant factor
that influences on the extraction efficiency.
Extraction was performed from 5 to 60 min to
determine the effect of extraction time on the
method efficiency. The resultsthat were shownin
Fig. 7. All theanalytesdemonstrated that average
peak of analytes the highest increase in the peak
areas in the period of 20 min. Afterwards the
average peak areaswere decreased withincreasing
of extractiontime.
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So, a period of 30 min was used for the
subsequent experiments.
Effect of thestirringrate

Stirring enhances mass transfer and
reducesthetimerequired to reach equilibrium. The
instrument’s response was recorded for several
stirring rates ranging from 100 to 700 rpm for a
extraction time of 20 min of 4 mL agueous samples
with each target analyte concentration of 10 pg/
mL. The results confirmed that agitation of the
sample enhances extraction. However, violent
stirring (>300 rpm) resulted in massive air bubble
and decreased the preconcentration factors.
Therefore, a 300 rpm setting was selected for
extraction at the subsequent experiments. On the
other hand, it is understood that agitation of the
sample enhances desorption.

The effect of this variable on the
desorption step was assessed by varying the
stirring rate from 100 rpm to 500 rpm using a
magnetic stirrer. It was observed that the peak areas
of the analytes areincreased with the increase of
stirring rate up to 400 rpm. Above this value the
amount of extracted analyte remained unchanged.
Therefore, 400 rpm was set as the optimized rate
for subsequent experiments.

Effect of thedonor phasevolume

As the analytes are extracted from
relatively large sample volumesinto avery small
volume of acceptor phase, most extraction
applications provide substantial analyte efficiency
extraction.

As the volume of the sample increases,
the efficiency extraction also increases'®?. In
SPME, extractionisin equilibration and therefore,
theamount of analyte partitioning into the acceptor
phase becomesindependent of the sample volume
when thisvolumeis much higher than the product
of the partition constant and the volume of the
acceptor phase. This implies that increasing the
efficiency extraction requires donor phase volume
to be large On the other hand, a larger sample
volume has disadvantageous to poorer mass-
transfer kinetics, resulting in worse extraction
efficiency [21]. Inthe present work, the phase donor
volume solutionswas optimized by changing the
volume of the donor phase between 3 and 8 mL
while the amount of magnetic nanoparticles was
kept constant. Generally, the extraction efficiency
can be improved by increasing the volume of
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donor donor phase. Asseenin Fig. 8, however, the
extraction results obtained for the analytes were
favorable at 4 mL donor phase volume.
Repeatability was decreased in the agueous donor
phase volumes less than 4 mL. While with an
increase in the aqueous donor phase volume. This
would lead to a decrease in the extraction
efficiency. Therefore, we selected avolume of 4.0
mL asthe optimized donor phase volume.
Effect of desor ption solvent volume

In extraction procedure, analytes were
desorbed using the appropriate organic solvent
system. As this research has shown, methanol is
often the best desorption solvent. Desorption
solvent volume is important on the desorption
capacity of extraction device aswell asthe overall
time required by extraction to reach equilibrium.
Four different desorber volumes (0.1-1.0 mL) for
spiked target analytes (10 pg/L) were studied.
Highest extraction efficiency was observed when
0.1 mL desorption solvent volume was used.
Decrease in peak area response was noted when
larger desorption solvent volume applied in the
extraction. This phenomenon might be due to the
dilution analyteseffects. Repeatability was
decreased in the desorption solvent volume less
than 0.1 mL. Thus0.1mL was used asthe optimal
volume desorption solvent.
Evaluation of themethod performance
Figuresof merit

To evaluate the practical applicability of
SPM E technique, thefigures of merit of thismethod
including correlation coefficient (R), the
corresponding regression equation, experimental
limit of detection (LOD) and linear dynamic range
(LDR) wereinvestigated under the best conditions.
Cadlibration curves in agueous and were plotted
against the concentration levels of the pesticides
compounds. At each level, four replicate extractions
were performed. Theresultsare showed in Table 1.

The method was compared with the other
works (Table 2). In comparison with the other
conventional sample preparation method, the
developed method has the figure of merits of
considerable analysis speed, good separation
efficiency and improved pre-concentration, high
sensitivity and notable precision.
Analysisof Real Samples

Applicability and reliability of the
extraction method to extract the Ops from surface
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water (Mashhad, Iran) and river water (Akhlamad
River, Mashhad, Iran) wereinvestigated.

The experimental resultsindicated that no
analytes were detected in real samples.

Therefore, the method was eval uated by
analysis of the sampl es spiked with known amount
of

OPs. The obtained results showed which
indicates that the proposed method is repeatable.
Theanalytical results of real sasmplesaregivenin
Table3.

Detected concentrations (mg/L) of
organophosphorus pesticides in surface water
(Mashhad, Iran) and river water

CONCLUSON

In this study, magnetic adsorbents
synthesized and used as a SPM E nano-adsorbent
to separate and pre-concentrate trace amount of
diazinon, mal athion and fenitrothion prior to GC—
FID analysisin aqueous environmental samples.

The high extraction efficiency of MNPs
adsorbents was caused by their large surface areas
and strong adsorption ability of magnetic
adsorbent. The MNPs adsorbents show a large
surface area, and satisfactory extraction for analytes
was obtained in analysis of real samples which
indicate good selectivity of the adsorbents and
high recoveries (seetable 3). The proposed method
can be applied for another pesticides and in legal
medicine centersfor analysisof biological samples
such as human hair samplesto identify the causes
of drugsintoxication and death. This method was
also applicablefor environmental pollution control
for analysis of agueous environmental samples
such asriver and surface water samples.
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