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Abstract. Seventy-one pesticides, belonging to six different pesticide groups; organochlorines, organophosphates, carbamates, pyrethroids, herbicides, and fungicides, were spiked into a sample of mixed vegetables and extracted by the microwave-assisted solvent extraction technique (MASE). Certain pesticides were also extracted and determined following the official method of analysis of AOAC international procedure for comparison. The results showed that extraction by MASE had recovery percentages higher than AOAC extraction methods except for the fungicide thiram, the organochlorine endrin aldehyde, and the organophosphates TEPP and guthion, which were probably thermally degraded by the MASE method.  The greatest advantage of this technique over the AOAC is not only for the higher recovery percentages but also for the shorter time of extraction (30 minutes versus 2 hours), less solvent consumption (60 ml versus 250 ml), and a larger number of pesticides that could be simultaneously extracted. 

Introduction

New techniques have been developed for the improvement of the extraction of pesticide residues in food products.  Most of these techniques focused on new extraction methods with lower costs. lower solvent consumption, and faster extraction time.  Microwave-assisted solvent extraction (MASE) and supercritical fluid extraction (SFE) were among the techniques that fulfilled these requirements.  Other techniques were not as successful as these two techniques, especially for heavier molecular weight components.  Compared to conventional extraction methods, which require 50-100 g of sample and 100-250 ml of extraction solvent, MASE utilizes only small amounts of sample and extraction solvent.  MASE processes, which use microwave energy to heat samples and solvents in a closed pressurized vessel, may achieve a 90% reduction in solvent consumption [1-5].


The application of microwave energy to flammable organic compounds, such as solvents, can pose serious hazards in inexperienced hands.  Given the fact that chemical and physical principles underlying the technology are deceptively simple, an extraordinary safety and attention to details when planning and performing experiments must be used by all personnel dealing with the microwaves.  A number of commercially available microwave extraction systems are specifically designed for use with organic solvents. Safety features of these systems are intended to prevent ignition of flammable and explosive extraction solvents, and corrosion of the microwave cavity.  Other safety features include a solvent vapor detection system, which turns off the microwave if solvent vapors are detected in the microwave cavity.  Moreover, extraction vessels contain safety membranes connected to a sealed center collection vessel so that in the event of a vessel safety membrane rupture, solvent vapors will be contained and directed from the cavity to the external exhaust.

Several applications of microwave-assisted solvent extraction (MASE) to the extraction of pesticide residues from different matrices including soil, surface water and food products, show that this technique may replace the current conventional techniques such as liquid/liquid and soxhlet extractions used to extract pesticide residues [6,7].  The study of the applicability of MASE to the multi-residue extraction of a wide range of  pesticides covering most  pesticide groups is presented in this paper.  

Materials and Methods

Preparation of food samples

The food product samples used in this study were collected from the local food market.  Six kg of frozen mixed vegetables (mixture of carrots, potatoes, green beans, peas, lima beans, okra, corn, onions, and celery), were used in this investigation. The samples were washed, cut, homogenized, and dehydrated at 50°C.  The obtained powdered food samples were then stored in 1 kg glass containers at -5°C until analysis. The dried food sample used was divided into 5 portions.  Four portions were spiked with pesticides, while the fifth served as the control without spiking.  Three of the 4 food sample portions were then extracted using MASE and the fourth sample was extracted using the method reported in AOAC [8,9]. After extraction, the food samples were filtered and concentrated using the rotary evaporator and finally transferred into GC or HPLC vials for analysis. 
Pesticide samples
All analytical standards were obtained from Chemservice, Inc. (West Chester, PA.) and EPA (Research Triangle Park, NC.), U.S.A.  The investigated pesticides belong to six pesticide groups; pyrethroids and the metabolite phenoxy benzoic acid, herbicides, fungicides, carbamates, organchlorines, and organophosphates. The concentration range of pesticides used for spiking food samples were 0.16-1.6 µg/g for pyrethroids, 0.14 -1.4 µg/g for herbicides, 0.24 - 2.4 µg/g for fungicides, 0.16-0.8 µg/g for carbamates and 0.26-0.8 µg/g for each of organochlorines and organophosphates. Table 1 lists the names of all 71 pesticides used.

Table 1. Recovery percentages of MASE of pesticide residues compared to those extracted by the AOAC method

	Pesticide
	Recovery %

	
	I
	II
	III
	Average
	S.D.
	AOAC

	Pyrethroids
	
	
	
	
	
	

	Allethrin
	97.6
	98.1
	102.5
	99.40
	2.20
	-

	Resmethin
	96.1
	99.3
	110.1
	101.83
	5.99
	-

	Phenothin
	94.9
	96.2
	106.2
	99.10
	5.05
	-

	Permethrin
	102.3
	106.1
	100.7
	103.03
	2.26
	82.50

	Tetramethrin
	95.6
	92.9
	99.5
	96.00
	2.71
	-

	Cypermethrin
	97.3
	98.2
	95.1
	96.87
	1.30
	94.00

	Deltamethrin
	101.6
	100.9
	107.2
	103.23
	2.82
	87.70

	Herbicides
	
	
	
	
	
	

	Trifuralin
	101.4
	108.2
	105.2
	104.90
	2.80
	-

	Tillam
	99.8
	98.2
	94.6
	97.50
	2.20
	-

	Chlorthal
	90.1
	90.8
	92.3
	91.10
	0.90
	-

	Alachlor
	92.2
	90.8
	93.2
	92.20
	1.10
	-

	Propazin
	93.2
	99.6
	99.2
	97.30
	2.90
	-

	Terbuthyazin
	106.1
	110.1
	111.4
	109.20
	2.20
	-

	Atrazin
	98.6
	97.4
	99.1
	98.40
	0.70
	-

	Simazin
	103.4
	102.7
	100.6
	102.20
	1.20
	-

	Fungicides
	
	
	
	
	
	

	PCNB
	56.3
	55.7
	60.3
	57.50
	2.10
	-

	CDEC
	76.2
	78.9
	76.8
	77.30
	1.30
	-

	Dichlon
	63.4
	62.8
	61.7
	62.50
	0.60
	-

	Captan
	86.2
	89.1
	90.4
	88.60
	1.80
	-

	Captafol
	90.1
	90.8
	92.3
	91.10
	0.90
	-

	Carboxin
	69.3
	64.2
	66.7
	66.80
	2.10
	-

	Thiram
	N.D.
	N.D.
	N.D.
	N.D.
	N.D.
	-

	Carbamates
	
	
	
	
	
	

	Aldicarb
	93.2
	99.6
	100.3
	97.70
	3.20
	92.20

	Bendiocab
	118.8
	110.3
	112.7
	113.90
	3.60
	-

	Baygon
	106.2
	104.9
	109.9
	107.00
	2.10
	-

	BDMC
	109.7
	112.6
	113.9
	112.00
	1.70
	-

	Methiocarb
	101.3
	108.2
	107.8
	105.80
	3.20
	89.50

	Carbaryl
	108.6
	110.7
	103.6
	107.60
	3.00
	95.90

	Methomyl
	115.6
	108.4
	113.7
	112.60
	3.00
	92.90

	Oxamyl
	111.2
	110.2
	108.2
	109.90
	1.20
	77.10


Table 1. Contd.

	Pesticide
	Recovery %

	
	I
	II
	III
	Average
	S.D.
	AOAC

	Organochlorines
	
	
	
	
	
	

	-HCH
	104.4
	104.1
	103.7
	104.1
	0.30
	-

	- HCH
	109.4
	108.1
	109.1
	108.90
	0.60
	-

	-HCH (Lindane)
	101.8
	101.2
	99.4
	100.80
	1.00
	106.80

	Heptachlor
	94.5
	92.1
	92.9
	93.20
	1.00
	89.50

	-HCH
	97.2
	98.6
	95.4
	97.10
	1.30
	-

	Aldrin
	101.7
	100.3
	102.1
	101.40
	0.80
	86.07

	Heptachlor epoxide
	102.4
	101.7
	104.4
	102.80
	1.10
	99.40

	Endosulfan I
	98.5
	99.1
	95.8
	97.80
	1.40
	-

	4,4’-DDE
	104.8
	103.7
	102.9
	103.80
	0.80
	96.60

	Dieldrin
	104.7
	103.9
	101.2
	103.30
	1.50
	104.50

	Endrin
	96.8
	95.5
	93.6
	95.30
	1.30
	90.90

	4,4’-DDD
	94.1
	95.7
	94.7
	94.80
	0.70
	-

	Endosulfan II
	91.8
	90.6
	90.7
	91.00
	0.50
	-

	4,4’-DDT
	96.1
	96.8
	99.1
	97.30
	1.30
	-

	Endrin aldehyde
	N.D.
	N.D.
	N.D.
	N.D.
	N.D.
	-

	Endosulfan sulfate
	104.1
	103.5
	105.1
	104.20
	0.70
	-

	Organophosphates
	
	
	
	
	
	

	Dylox
	101.8
	96.2
	98.2
	98.70
	2.30
	-

	Methamidophos
	93.2
	89.7
	90.7
	91.20
	1.50
	-

	TEPP
	N.D.
	N.D.
	N.D.
	N.D.
	N.D.
	-

	Phorate
	114.1
	110.7
	108.7
	111.20
	2.20
	-

	Diazinon
	112.2
	115.2
	110.2
	112.50
	2.10
	98.30

	Dicrotophos
	94.4
	98.7
	99.3
	97.50
	2.20
	-

	Disulfton
	116.1
	99.3
	106.2
	106.20
	6.80
	-

	Safroton
	106.5
	110.1
	103.2
	106.60
	2.80
	-

	Chlorpyriphos-methyl
	100.5
	97.8
	99.2
	99.20
	1.10
	-

	Dimethoate
	105.1
	98.5
	98.9
	100.90
	3.00
	-

	Pirimiphos
	110.8
	110.5
	112.7
	111.30
	1.00
	-

	Chlorpyriphos
	96.9
	98.9
	99.2
	98.30
	1.00
	-

	Methyl parathion
	84.7
	90.2
	92.1
	89.00
	3.10
	101.80

	Fenthion
	97.2
	115.6
	100.5
	104.40
	8.10
	-

	Malathion
	104.6
	100.1
	100.8
	101.80
	2.00
	109-.30

	Paraxon
	111.7
	110.9
	108.9
	110.40
	1.10
	-

	Rulene
	114.1
	110.9
	109.5
	111.50
	1.90
	-

	Crotophos
	93.2
	98.8
	99.2
	97.10
	2.70
	-

	Phenamiphos
	101.1
	99.3
	99.8
	100.10
	0.80
	-

	Ethion
	100.3
	107.4
	101.5
	103.10
	3.10
	85.70

	Carbophenthion
	106.8
	104.4
	102.1
	104.40
	0.90
	-

	Leptophos
	98.9
	95.1
	103.8
	99.30
	3.60
	-

	EPN
	113.7
	110.1
	112.9
	112.20
	0.50
	-

	Guthion
	N.D.
	N.D.
	N.D.
	N.D.
	N.D.
	-

	Guthion ethyl
	111.7
	108.6
	99.8
	106.70
	5.00
	-


Microwave-assisted solvent extraction (MASE) 

A Microwave-assisted solvent extraction (MASE) system model MES‑1000 (CEM Corporation, Matthews, NC., USA) with Lined Extraction Vessels (LEV), consists of a 950 watt microwave instrument which has been specifically designed for use with organic solvents was used.  Extraction conditions are controlled by temperature using an inboard fiber optic system, which allows extraction temperatures to be selected from 20‑200°C in 1°C increments.  Safety features of this system are intended to prevent ignition of flammable and explosive extraction solvents. The cavity is Teflon lined and additional Teflon has been added to the cavity ceiling.  Other safety features include a solvent vapor detector in the system air exhaust which turns off the microwave magnetron if solvent vapors are detected in the microwave cavity.  An exhaust blower continually moves air through the cavity.  All extraction vessels are connected to a sealed center collection vessel so that in the event of a vessel safety membrane rupture, solvent vapors will be contained.  These vapors are then directed from the cavity through a venturi exhaust tube and routed to the external exhaust, the venturi in the cavity exhaust creates a slight vacuum which helps to remove solvent vapors. Extraction vessels are double‑walled vessels specifically adapted for use with organic solvents.  The vessel consists of an inner Teflon PFA liner and liner cover, which contain the 5g food sample and 60 ml (acetone‑hexane, 3:2) extraction solvent, the outer body which gives mechanical strength to the vessel, is a special grade of Ultem polyetherimide that is resistant to attack by organic solvents.  The extraction conditions of temperature and pressure were 125°C and 85 psi, the microwave power was 75% and time of extraction 30 min.

AOAC extraction methods


The official method of analysis for the extraction of pesticides from food samples was used to compare the effectiveness of the MASE method versus the AOAC methods. For pyrethroids method 998.01, [9] was used.  For organochlorines, organophosphates, carbamates, fungicides and herbicides, AOAC method 970 series, general multi-residue method was used [8]. 

Analysis of pesticide residues

Pesticide residues were analyzed using: (1) gas chromatography systems of Hewlett Packard 5980 series II gas chromatographs fitted with electron capture (ECD) and nitrogen-phosphorus (NPD) detectors, (2) a high performance liquid chromatography (HPLC) system consisting of a Perkin Elmer model 410 LC pump, an ISS 200 injector, attached to fluorescence detector LC 240,  and a post column derivatization reactor (Pickering Laboratories, Inc., Mountain View, CA), and (3) a Hewlett Packard Supercritical Fluid Chromatograph (SFC) model G 1205A attached to an HP 1050 diode array detector, and a modifier pump G 1205A.

Organochlorine residues were analyzed by GC/ECD attached to a DB 608  (30m x 0.53 mm i.d. x 0.33 µm film thickness) column. Helium was used as the carrier gas at a pressure of 10 psi and flow rate 3.2 ml/min.  The injector was operated in the split mode with the split ratio 32:1 and its temperature was maintained at 220C.  The oven temperature program was initially set at 140C, held for 0.5 min then gradually increased to 250C at a rate of 6C/min. The detector temperature was set at 330C.  

Organophosphate residues were analyzed by GC/NPD, attached to a DB 1701 column (30m x 0.53 mm i.d. x 1.0µm film thickness). The oven temperature was programmed from an initial temperature of 100 C (0.5min hold) to 250 C at 3C/min., and held for 20 min. The detector temperature was maintained at 250C.  Other condition remained the same as with the organochlorine pesticides.

Carbamates were analyzed using HPLC attached to a C-18 (250 mm x 4.6 mm i.d.) column run by the mobile phase water:methanol with a linear gradient (75 :25% for 1 min,  to 25:75% in 20 min., then 100% methanol for 5min.). The analytes, after elution from the column were hydrolized by NaOH then coupled with OPA reagent (consisting of 100 mg of o-phthalaldehyde and 2g of Thioflor (N,N- dimethyl-2-mercaptopropionic acid), mixed in 950 ml of o-phthalaldehyde diluent, (Pickering Laboratories, Inc.,) to form the fluorescent isoindole derivatives. Isoindole derivatives of carbamates were detected by fluorescence at an excitation wavelength of 250 nm, and an emission wavelength of 450 nm. 

Pyrethroids, herbicides, and fungicides were analyzed by Supercritical Fluid Chromatography (SFC) using supercritical fluid CO2 attached to a silica column (Alltec Hypersil APS 25 micron, (205 mm x 4.6 mm i.d.). Pyrethroids were run at an oven temperature of 60C, pressure 130‑200 bar (5 bar/min), flow rate 1‑3 ml/min at (2ml/min), and 2% methanol as modifier.  Peaks were detected at the wavelength of 220 nm.  Herbicides and fungicides were run at an oven temperature of 30C, pressure 80-150 bar (30 bar/min), flow rate 1‑2 ml/min, (0.5 ml/min), modifier 2-3% methanol (0.5%/min) herbicides were detected at 220 nm, while fungicides were detected at 210 nm. 

Results and Discussion

The optimum conditions for microwave extraction were established after carrying out a set of experiments to determine suitable values for the microwave parameters; solvent, time, temperature, microwave power, and pressure.  The solvent composition of acetone:hexane (3:2) was fixed when other variables were changed in all the experiments.  Experiments with temperatures ranging from 100C to 135C, pressure 70-95 psi, microwave power 60-80%, time 20-35 min., and solvent volume 40-65 ml were carried out.   Mild extraction conditions of temperature and pressure yielded the largest number of extracted pesticides, however, higher recovery percentages were obtained when higher temperatures and pressure were used.  These higher temperature conditions resulted in the thermal degradation of certain pesticides such as the fungicide thiram, the organochlorine endrin aldehyde, and the organophosphates TEPP and guthion.  It was then concluded that most pesticides used can be extracted by one MASE method giving the highest recovery percentages using optimum extracting conditions only in 30 min, with microwave power 75%, temperature 125C, solvent volume 60ml and pressure 85 psi.  

The average recovery percentages of 3 replicates of each food sample spiked with 71 pesticides and the standard deviation (S.D.) are shown in Table 1.  The S.D. of all samples varied from 0.3-8.1, which shows the effectiveness and reproducibility of the MASE method.  The recovery percentages were also compared to those obtained following the official method of AOAC international method and were found in most analytes to be higher and in accordance with those previously reported [10-14].

Extraction of pesticide residues using microwave-assisted solvent extraction has shown the applicability of this method to extract a large variety of pesticides in a single step.  This extraction method was also successful in the extraction of  levels of pesticide residues as low as 0.16 µg/g.  This qualifies the microwave method for a successful multi-residue extraction procedure challenging other known and authorized procedures.  Although other studies included extraction of some pesticides by microwave-assistance, however, this study includes the largest number and types of pesticides to be extracted by a single MASE method [15-17].  The great advantage of  the MASE procedure was that the extraction process was achieved in only 30 minutes, consuming only 60 ml of solvents to extract 12 samples at a time.  In addition, extraction of pesticides by MASE also did not require a cleanup step eliminating several more hours of laborious chromatographic cleanup and usage of costly solvents.  The increased analyte capacity of high temperature solvent due to microwave energy gives this method a great advantage over traditional solvent extraction techniques because of the accelerated desorption and dissolution kinetics.  Experiments has shown that for every 10 degree increase in temperature there is a two-fold increase in kinetics [18]. 
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استخلاص متبقيات المبيدات في الأغذية بالمذيبات-المعاوَنة بأشعة الميكروويف

علاء كامل

قسم وقاية النبات، كلية الزراعة، جامعة الملك سعود، 

ص. ب 2460، الرياض 11451، المملكة العربية السعودية.

(قدم للنشر في12/11/ 1422هـ؛ وقبل للنشر في4/7/ 1423هـ)

ملخص البحث. تم استخلاص 71 مبيدَا ينتمون إلى ستة مجموعات مختلفة من المبيدات- وهي المبيدات الكلورينية العضوية، الفوسفورية العضوية، الكرباماتية، البايريثرويدية، مبيدات الحشائش والمبيدات الفطرية- من عينة من الخضروات المشكلة بعد تزويدها بهذه المبيدات، باسخدام المذيبات-المعاونَة بأشعة الميكروويف. قد تم أيضا استخلاص وتقدير بعض من هذه المبيدات باتباع الطريقة الرسمية لـ AOAC  وذلك للمقارنة. وقد أظهرت النتائج أن الاستخلاص بمعاونة أشعة الميكروويف كان لها عائد استرجاع أعلى من طرق الـ AOAC  ماعدا للمبيد الفطري ثايرام، والمبيد الكلوريني العضوي ألدهيد الإندرين endrin aldehyde، والمبيدين الفوسفورييين العضويين TEPP وجوثيون guthion، والذين تم تحطمهم غالباً باتباع طريقة الاستخلاص بالمذيبات- لمعاونة بأشعة الميكروويف. وتعتبر أهم مزايا هذه الطريقة عن طريقة الـ AOAC ليس فقط في عائد الاسترجاع الأعلى وإنما في زمن الاستخلاض الأقل (30 دقيقة مقابل ساعتين)، والاستهلاك الأقل للمذيبات (60 ملل مقابل 250 ملل)، وأيضا عدد المبيدات الممكن إستخلاصه في آن واحد.
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