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Abstract

Project Code: TRG5780060

Project Title: Green sample preparation methods for the determination of
neonicotinoid pesticide residues

Investigators: 1) Asst. Prof. Dr. Jitlada Vichapong, Mahasarakham University
2) Assoc. Prof. Dr. Supalax Srijaranai, Khon Kaen University

E-mail Address: jitlada v@yahoo.com; jitlada.v@msu.ac.th

Project Period: 2 years (2 June 2014 to 1 June 2016)

In this present project, four sample preparation systems for preconcentration and
analysis of neonicotinoid pesticides (i.e., imidacloprid, acetamiprid, clothianidin,
thiacloprid, thiamethoxam, dinotefuran, and nitenpyram) in food samples were
investigated. Parameters affecting on the extraction performance of four extraction
methods were also investigated and optimized. The separation of target analytes was
carried out using isocratic elution of water and acetonitrile, at a flow rate of 1.0
mL min?, and photodiode array detection at 254 nm. Under this selected conditions,
the target neonicotinoids was completely separated within 18 min. The optimum
conditions and analytical results obtained from in-coupled syringe assisted octanol-
water partition microextraction, vortex assisted liquid-liquid microextraction using room
temperature ionic liquid (RTIL-VALLME), ionic liquid-based cold-induced aggregation
microextraction procedure, and low density solvent with low toxic organic solvent-based
dispersive liquid-liquid microextraction (LDS-DLLME) are described follow.

In-coupled syringe assisted octanol-water partition microextraction system was
carried out by rapid shooting of two syringes. Therefore, rapid dispersion and mass
transfer processes was created between phases, and thus affects the extraction
efficiency of the proposed method. The optimum extraction conditions were 10.00 mL
of aqueous sample, 1% (W) NaySO4, 1-octanol (100 plL) as an extraction solvent,
shooting 4 times and extraction time 2 min. No disperser solvent and centrifugation step
was necessary. Linearity was obtained within the range of 0.1-3000 ng mL’, with the
correlation coefficients greater than 0.99. The high enrichment factor of the target
analytes was 200 fold and low limit of detection (0.25 to 0.50 ng mL™) could be

obtained. This proposed method has been successfully applied in the analysis of
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neonicotinoid residues in honey, and good recoveries in the range of 96.93-107.70%
were obtained.

Vortex assisted liquid-liquid microextraction (VALLME) was carried out by using
room temperature ionic liquids [CqMIM][PFs] as g¢reen extractant phases, being
compatible with high performance liquid chromatographic systems. The optimum
extraction conditions were a volume of 10.00 mL of the standard solution (or sample
solution) and 1.5 ¢ of Na,SOq, 150 L of [C4MIMI[PFe] RTIL, vortex the tube for 30 s. The
aqueous phase was removed by using a syringe. Then, 50 pL of acetonitrile (the
minimum amount necessary to completely dissolve the RTIL phase) is added to
decrease viscosity and then injected into the HPLC column. Under the selected
conditions, the high enrichment factors of 100 could be achieved with the limit of
detection in the range of 0.25-0.30 ng mL™!, and with the relative standard deviations of
lower than 2.68 and 5.38% for retention time and peak area, respectively. The
proposed method was applied to the analysis of fruit juice samples and the recoveries
of the analytes ranged from 95 to 108%.

A preconcentration approach based on ionic liquid-based cold-induced
aggregation microextraction was carried out by using room temperature ionic liquid
[C4MIMI[PF¢] (extraction solvent) and SDS (emulsifier). The parameters affecting the
extraction efficiency were optimized. The optimum microextraction conditions were 200
uL room temperature ionic liquids [C4MIMI[PF¢] containing 0.05 mol L™ sodium
dodecylsulphate, 0.75 g sodium carbonate, vortex agitation speed of 1800 rpm for 30 s
and centrifugation at 3500 rpm for 10 min. Under optimum conditions, the high
enrichment factors of 200 could be obtained, leading to low limit of detection (0.01 g
L for all analytes) with the relative standard deviations lower than 2.68 and 5.38% for
retention time and peak area, respectively. Good recoveries for the spiked target
neonicotinoids at three different concentrations of honey samples were obtained in 86
to 100% and relative standard deviations were lower than 8.1%. The results
demonstrated that the proposed method can be used as an alternative powerful
method for the simultaneous determination of the studied insecticides in real honey
samples.

LDS-DLLME procedures was carried out by using 1-octanol as extraction solvent
and ACN as dispersive solvent. A 10-mL aliquot of sample (or standard solution) was

mixed with 2.5 ¢ of Na,SO4 and then subsequently transferring to a 10-mL screw cap test
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tube. After that, a mixture of 200 pL extraction solvent (1 -octanol) and 200 pL
dispersive solvent (ACN) were injected rapidly into the sample solution. A cloudy
solution because of the dispersion of 1-octanol in the solution was obtained. After that,
the resulting emulsion was completely separated by centrifugation at 3,500 rpm for 10
min. The reconstituted solution floated on the top of the tube. The upper extraction
solvent was collected by 1-mL syringe and then injected into the HPLC for analysis.
Under the optimum condition, linearity was obtained within the range of 0.1 to 1000 ng
¢! with the correlation coefficient more than 0.999. The high enrichment factor of the
target analytes was 125-200 folds and low limit of detection (0.25 to 0.80 ng g-1) could
be obtained. The fruit samples were successfully analyzed, and the relative recoveries
were obtained in the range of 90.07-112.22%.

In summary, the proposed In-coupled syringe assisted octanol-water partition
microextraction,  RTIL-VALLME, lonic  liquid-based  cold-induced  aggregation
microextraction procedure, and LDS-DLLME, coupled with HPLC-PDA method have been
demonstrated to be simple, effective, and reliable for the preconcentration and

simultaneous analysis of target neonicotinoid pesticides in the food samples studied.

Keyword: extraction, neonicotinoid pesticides, high-performance liquid chromatography,
food samples
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