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ABSTRACT 
 
A novel SPME fiber was prepared for determination of pesticides in tomato samples. Different materials were synthesized as absorbent layer 

with Sol-Gel technology. These different adsorbing layers essentially were different combinations of polyethylene glycol (PEG), 

(Trimethoxysilyl) propyl methacrylate (TMSPA), polydimethylsiloxane (PDMS) with Silica Nanoparticles (Silica-NPs) and 1-Butyl-4-

methylpyridinium tetrafluoroborate (BMPT) as the ionic liquid. These final synthesized absorbing layers were attached to the modified 

surface of porous copper self-assembled monolayer (SAM) with simple immersion. Then the fibers were used to extract 6 types of pesticides 

in tomato samples and the extraction parameters such as extraction temperature and time, Ionic strength, pH, desorption temperature and 

time were optimized. The fabricated fibers were compared with each other in terms of extraction efficiency and the selected fiber with best 

performance was PEG-Ionic Liquid-Silica NPs. The selected fiber was examined by SEM and figures of merit like LOD, LOQ, LDR, r2 for each 

individual pesticide were calculated for this proposed technique under optimum conditions. 

 

INTRODUCTION 
  
Pesticide residue analysis in environmental and biological samples has received increasing attention in 

the last few decades as can be deduced by the great number of papers published dealing with this subject 

[1]. Pesticides are substances intended for preventing, destroying, repelling or mitigating any pest and are 

widely used on a variety of crops in the current agricultural practices. In this regard, the pesticide residues 

are found in foods [2]. It has been shown that the majority of pesticides cause acute high toxicity in human 

beings [3-4].The residues are harmful not only for human being but also for all living organisms. The 

ongoing research in this area indicates the presence of pesticide residues in most agricultural products. 

When the contaminated products are taken by humans, they cause different diseases and may even be 

lethal. 

 

Various methods such as supercritical fluid extraction, accelerated solvent extraction microwave-assisted 

extraction, ultrasonic extraction, and matrix solid phase dispersion have been employed to separate and 

measure these compounds in various matrices [5-9]. Many of these methods are time-consuming and 

require large amounts of organic solvents. In the literature, the need for rapid sample preparation 

methods for extraction and separation of analytes with high selectivity for the composition in matrix is 

emphasized [10-15]. To evaluate food safety and potential risks to human health, development of 

analytical methods to identify pesticide residues in aqueous and biological samples, fruits, and vegetables 

is necessary. A common sample preparation technique is solid-phase micro extraction (SPME). The 

technique was first described in 1990 by Pawliszynet.al [16] as a solvent-free pre-concentration and 

sample preparation method. It was introduced as a new way to insert the samples into the 

chromatography system. It is based upon development of a balance between the analyte in the sample 

solution and the fiber. After fulfillment of the extraction the analyte is desorbed into an analytical 

instrument such as GC or HPLC [17-20]. 

 

The fiber coated with typically an immobilized polymer, a solid adsorbent or a combination of them [17, 

21]for sample introduction to GC and GC-MS, has been successfully and routinely applied to a wide variety 

of compounds from environmental, biological, and food samples[14, 21-24]. Among disadvantages of the 

commercial fibers used in SPME we can consider the large thickness of the stationary phase, fragility, high 

price, and lack of chemical bonding between the stationary phase and the substrate surface that causes 

low thermal stability of the aforementioned fibers. To tackle these disadvantages, a large number of home-

made fibers have been prepared using different ways. Some of these methods include electrochemical 

deposition of conductive polymers, sol-gel technology, and using ionic liquids and nanoparticles [25]. 

Another approach to improve extraction efficiency in SPME is to use metals like Pt, Ni-Ti [26], Al [27], and 

Cu [28]as substrates to prevent the fragility of silica substrates. Increased porosity in the metallic 

substrate leads to higher thermal stability of the fiber and stronger bonding with the polymer network [28]. 

Metal substrate porosity has been achieved by electro deposition of a Cu thin layer on clean surface of Cu 

wire by applying a negative potential [29]. Other methods to enhance the extraction efficiency is promoting 

the formation of a covalent bond between the porous copper substrate and the polymer network (3-

mercaptopropyl) trime thoxysilane (3MPTS) as binder using self-assembled monolayer (SAM) [30] as well 

as using carbon nanotubes[31-32]. Employment of silica nanoparticles is another way to improve the 

performance of SPME fibers [33]. 

 

Using SPME with ionic liquid coated fibers are highly proposed because ILs have some unique properties 

including negligible vapor pressure, good thermal stability, tunable viscosity and miscibility with water and 
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organic solvents, as well as good extractability for various organic compounds and metal ions 

[34].Recently, solid-phase micro extraction (SPME) with ionic liquid (IL) coating was developed for 

headspace extraction of BTEX [35]. Liu and co-workers introduced the use of ILs in preparation of SPME 

fiber for the first time [36].There are several reports of the ionic liquids application in SPME such as 

extraction of polycyclic aromatic hydrocarbons (PAHs) in water samples by Nafion membrane based on ILs 

[37], extraction of various organic compounds and metal ions [38-39], headspace extraction of BTEX [40], 

and determination of amphetamine metabolite [41]. 

 

Conventional SPME including suffer from some drawbacks like operating temperature problems, 

instability, and swelling in organic solvents [34, 42]. Sol-gel technology which was suggested by Malik and 

co-workers [34] provides efficient approach by incorporation of the organic component into the inorganic 

polymeric structure in solution under very mild thermal condition [43]. Among many inherent advantages 

of sol-gel technology are the followings: i) high thermal stability achieved by strong adhesion of the coating 

to the substrate due to chemical bonding; ii) porous structure that provides high surface area and 

possibility of the use of thinner coatings to achieve acceptable stationary phase loading, sample 

capacities, and fast mass transfer characteristics; and iii) high degree of flexibility in coating composition 

and selectivity by varying the proportion of the sol solution ingredients or using a deactivation reagent[44]. 

 

In this study Cu porous wire was prepared by electro deposition of Cu thin layer on Cu substrate and metal 

surface was modified using SAM of (3-mercaptopropyl) trime thoxysilane (3MPTS) covalently bonded to the 

Cu substrate. Different combination of organic polymers, ionic liquids and silica NPs were prepared by sol-

gel chemistry and the final synthesized mixtures were coated on the surface of the modified Cu-porous by 

SAM. Incorporation of silica NPs and ionic liquids enhances the fiber performance. Analysis of the surface 

morphology characteristics of the coated fibers was performed using SEM. Extraction efficiency of these 

fibers were investigated by direct immersion of the fibers in the aqueous sample for extraction of some 

pesticides in tomato samples. The most suitable fiber was PEG-Ionic Liquid-Silica NPs that caused highest 

extraction efficiency. 

 

MATERIALS AND METHODS 
 

Reagents 
 
(3-Mercaptopropyl) trime thoxysilane (3MPTS) (95%) was purchased from Fluka (Buchs, Switzerland). 

Hydroxyl-terminated poly dimethyl siloxane (OHTSO), tetra ethylortho silicate (TEOS), tri fluoroacetic acid 

(TFA, 98%), poly methyl hydro siloxane (PMHS), silica NPs (10–20 nm), and 1-butyl-4-methylpyridinium 

tetra fluoro borate were obtained from Aldrich (Stein heim, Germany).Polyethylene glycol (PEG) (mono 

methyl ether, MW; 5000), and Superox-4 (PEG)were purchased from Sigma-Aldrich (Chemie, Stein heim, 

Germany), 3-(Trime thoxysilyl)propyl methacrylate (TMSPA),ionic liquid (1-butyl-4-methylpyridinium tetra 

fluoro borate) was purchased from Fluka (Buchs, Switzerland). All these materials were used as received, 

except TFA that was diluted to 95%and 99% with water. Before use, all plastic and glassware were 

decontaminated overnight in20% nitric acid and thoroughly washed with Milli-Q quality (Millipore, Billerica, 

MA) deionized water. Target pesticides include Phosmet, parathion, Phorate, desethylatrazine and 

terbuthylazine [Table1] were supplied from Riedel-deHaen (Seelze-Hannover, Germany) with purity higher 

than 95.5%. Sodium chloride (extra pure), ethanol, methanol and acetonitrile (all of analytical reagent 

grades) were purchased from Merck (Darmstadt, Germany). Characterize of pesticides used in this work 

are summarized in [Table 1].  

Table 1: Specifications of the pesticides used 
 

 

 

 

 

 

 

 

 

 
Water solubility (S), vapor pressure (VP), Henry’s law constant (H); data from Footprint Pesticide Properties 

Database. 

 

Apparatus 
 

A Hewlett-Packard (HP, Palo Alto, USA) HP 6890 plus series GC equipped with a split/split less injector and 

a Flame ionization detector system were used. Helium (99.999%) was employed as carrier gas and its flow 

velocity was constantly adjusted to 70 cm S^ (-1). The separation of pesticides was performed on a 30m× 

0.25 mm HP-5 (0.25 µm film thickness). The column was held at 40 °C for 2 min, increased to 290 °C at 

a rate of 25 °C min−1 and kept constant for 4 min and then raised to 290°C at 40°C min−1 and kept at 

this temperature for 4 min. The injector temperature was set at 260 °C and fiber desorption was carried 

out in the split less mode. 

 

 S (mg/L) Log Kow VP (mPa) MW VP (mPa) 

Terbuthylazine 6.6 3.4 0.12 229.71 0.12 

Desethylatrazine 3200 1.51 12.44 187.63 12.44 

Phorate 44 3.66 85.5 260.36 85.5 

Parathion 11.75 3.73  291  
Phosmet 15.2 2.96 0.065 317.323 0.065 
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Fiber Fabrication 
 
Preparation of SPME fibers 
 

A Cu wire with a length of 2cm and diameter of 200𝜇m was prepared and its physical contamination was 

removed by washing with acetone, ethanol and distilled water respectively. For achieving a porous Cu 

surface a system of two electrodes (anode and cathode; both copper) with an electrolyte solution of) 10% 

v/v) H2SO4 and) 5% W/W (CuSO4was applied by a voltage to -500 mv – DC for 5 min. All porous wires 

were kept in ethanol for later use. Then the wires were placed in a solution of 3-MPTS (10-3 M) in ethanol 

for two hours. In the following, the wire was immersed in a solution of 0.1 M NaOH for 90 min and then in 

a solution of HCl for 60 min and finally rinsed with distilled water. Cu surface porosity highly increases the 

level of adhesion of polymer network which was attached through 3-MPTSwith SAM procedure. [Fig. 1A] 

shows SEM images of Cu wire without electro deposition of the porous layer, 1B shows Cu-porous layer, 1C 

shows Cu-porous layer 3-MPTS modified and 1D shows Cu-porous- 3MPTS-PEG-IL-silica NPs fiber. 

 
 
 a b 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
(C)    (D) 

Fig. 1: ACu wire without electro deposition of porous layer and - B shows Cu- porous layer –C shows Cu- 

porous layer 3-MPTS modified and D shows Cu-porous- 3MPTS – PEG-IL-silica NPs fiber. 

…………………………………………………………………………………………………………………………… 
 

Polyethylene glycol (PEG), (Trime thoxysilyl) propyl methacrylate (TMSPA), poly dimethylsiloxane (PDMS) 

with Silica Nanoparticles (Silica-NPs) and 1-Butyl-4-methylpyridinium tetra fluoroborate (BMPT) as the ionic 

liquid were the raw materials which was prepared with Sol-Gel procedure as PDMS, PDMS-Ils, PDMS-Ils-

silica NPs, PA, PA-Ils, PA-Ils-silica NPs, PEG, PEG-Ils, and PEG-Ils-silica NPs. After preparing the Sol-Gel 

solution, the previous treated copper wire was simply immersed in it and after about 60 minutes the 

covalent bonding of absorbing layer with metallic substrate will be accomplished. 

 

SPME procedure 
 

Before extraction, all the fibers were conditioned in the inlet of GC at the temperature of 280 °C with 

helium carrier gas for one hour. For real sample analysis 300 g tomato (purchased from the local market) 

was crushed, homogenized and diluted with 500 mL of distilled water. 

 

The stock solution of the pesticides contains terbuthylazine, desethylatrazine, Phorate, Parathion, and 

Phosmet were prepared in methanol at the concentration of 1000 ppm and was kept in the refrigerator 

and the standard solutions were prepared from that on daily basis. To spike a certain amount of pesticides 

in tomato samples 50 ml of chopped and homogenized tomato samples were mixed with appropriate 

values of standard solutions in a 100-ml flask and brought to the volume using double distilled water and 

became uniform by placing in an ultrasonic bath for 30 min. Then, 10 ml of the top solution was 

transferred to a Falcon tube, blended smoothly, and was centrifuged at 8000 rpm for 10 min. After that 

few milliliters of the supernatant in the test tube was transferred to a glass vial and the fabricated fibers 

were placed in it for 45 min at 30 °C. Then the fibers were removed and injected into the GC device. [Fig. 

2] shows chromatogram obtained after SPME of pesticides at 500 ppb. As can be seen main peaks 

started from around 6 min and ended at 9 min. These five peaks represent desethylatrazine, Phosmet, 

terbuthylazine, Phorate and parathion respectively. 
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Fig. 2: Final chromatogram after SPME procedure for extracted pesticide from tomato samples. Five main 

peaks from 6 min to 9 min are desethylatrazine, Phosmet, terbuthylazine, Phorate and parathion respectively 

…………………………………………………………………………………………………………………………… 
 

RESULTS 
 
For optimization of effective parameters of extraction, the concentration of 500 ppb of the pesticides was 

spiked in to the tomato samples. According to the results demonstrated in [Fig. 3], absorbent fiber with 

PEG-IL-silica NPs was selected as the most suitable fiber for extraction. The extraction parameters 

including extraction time and temperature, pH, ionic strength, stirring speed for the solution, and time and 

temperature of desorption were evaluated and the extraction efficiency values were compared under 

various condition. 

 

 
 

Fig. 3: Comparison of the extraction efficiency of five pesticides spiked in tomato solution by SPME with 

different fibres. The sample concentration was 500 ppb.  
…………………………………………………………………………………………………………………………… 

 

DISCUSSION 
 

Camel Optimization of SPME procedure 
 
To determine optimal conditions for separation and measurement of the amount of pesticides, we 

compared the area of the peak of the pesticide as studied in the chromatogram obtained by direct fiber 

injection with a SPME syringe in to the GC inlet. To achieve accurate and reliable results, each analysis 

was repeated three times. This optimization was performed by keeping other parameters constant at 

values obtained from the literature. 

 

The best extraction temperature for the pesticides studied was 30 °C due to increasing diffusion 

coefficient of analytes in higher temperatures and 45 min was chosen as the duration of extraction as the 

best equilibration time. 
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Adding salt may lead to increased or decreased extraction efficiency where-as ionic strength of the solution 

may reduces water solubility of organic compounds and several folds increases partition coefficient of the 

analytes present in water. After optimization the salt concentration in the solution was selected as 

15%.The finding is probably due to different physicochemical properties and polarity of the pesticides. 

 

Stirring the solution can speed up the process of mass transfer between the fiber and the solution but 

much higher speeds can remove the analytes or absorbent layer. Optimization resulted in tostirring rate of 

400 rpm as the optimal stirring rate. 

 

When the analytes are in ionic, acidic or basic formor the analytes are compounds that their 

decomposition or formation is affected by pH, it is necessary to adjust the pH value. Therefore effect of pH 

value on extraction of pesticides was studied in the range of 2-13 by adding hydrochloric acid or sodium 

hydroxide. Some pesticides such as terbuthylazine showed considerable signal loss at high pH values. This 

is while Phosmet and Phorate showed lower signal loss as pH value changes from the neutral state. So pH 

= 7 was chosen as the optimal pH value which caused the best extraction efficiency for majority of 

investigated pesticides. 

 

By finishing the extraction process the fiber was directly injected into the GC inlet by SPME syringe. The 

inlet temperature and the time which SPME fiber remained in it were studied because of their remarkable 

effect on the final achieved signal. The results showed that the peak area of each individual pesticide was 

at its highest level at 250 °C and 4 min placing SPME fiber in the GC inlet. 

 

Method validation 
 

To assess method validation of this proposed method, specific values of each pesticide spiked into the 

tomato samples so that final concentration of each of them was between 50 to 1000ppb and the whole 

process was conducted on them in the optimum conditions. The coefficient of correlation was higher than 

0.98 for all the pesticides measured. The values obtained for R2, RSD, LDR, LOD and LOQ are summarized 

in [Table 2]. 

Table 2: Specific values of each pesticide spiked into the tomato 

 

CONCLUSION 
 
Regarding the importance of pesticide residues in agricultural products, a new SPME fiber coated by sol-

gel technology based on ionic liquids, on a copper porous substrate using silica NPs was fabricated. 

Different parameters in extraction of pesticides from real sample solution containing the pesticides such 

as extraction time and temperature, stirring rate, pH, ionic strength, desorption temperature and time were 

optimized. 

 

Extraction of pesticides from tomato samples using fibers showed that the PSG-Ils-silica NPs fiber has the 

highest efficiency in the extraction and determination of pesticides in real samples. This new method was 

successfully able to extract different pesticides from tomato samples with high reliability and 

reproducibility. 
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