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 Summary:-  Solid phase extraction (SPE) with florisil cartridges was applied 

as a clean-up step in a HPLC method for the determination of the dissipation of 

chlorpyrifos and malathion in some fruits and vegetables. The fruits and 

vegetables were spayed with very dilute solutions of pesticides, collected every 

day, and brought to the laboratory for extraction and analysis. The extraction 

was carried out with acetonitrile and partitioning in normal hexane. The 

Hexane layers, which contain pesticides, were passed through Sep-pack solid-

phase florisil cartridges. The cartridges were first conditioned with hexane then 

sample is passed through the sorbents, rinsing, and finally eluting the analytes 

with a mixture of n-hexane and acetone (80:20). Determination was carried out 

by reversed-phase high-performance liquid chromatography (HPLC) with 

methanol-water (90:10) using ultrasphere C-18 column. Detection limits are 10 

mg/kg for both pesticides at 245 nm UV detection.   

 

Introduction 

  Solid-Phase extraction (SPE) is a method of sample preparation that 

concentrates and purifies analytes from solution by sorption onto a disposable 

solid-phase cartridge, followed by elution of the analyte with a solvent 

appropriate for instrumental analysis
1
. The mechanisms of retention include 

reversed phase, normal phase, and ion exchange. SPE is usually used for 

determination of pesticide in water
2,3

. A review is presented of the modern 
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techniques and approaches in methods for pesticide residue analysis in water 

matrices
4
. A multiresidue determination of pesticide by gas chromatography 

ion trap mass spectrometer was developed after solid phase extraction
5
. 

Multiresidue determination of pesticides in plants by high-performance liquid 

chromatography following gel permeation chromatography as clean up was 

used
6
. Comparison of different sorbents for on line liquid-solid extraction polar 

compounds reversed phase C-8 or C-18 solid phase were applied
7
. Styrene-

divinylbenzene copolymers (SDB) solid phase cartridges were also applied
8
. 

Silica cartridge was used for clean up of some pesticide compounds from 

surface water
9
. Extractions followed by high-performance liquid 

chromatography for the determination of nitrogen-containing pesticides were 

used
10

. Solid-phase extraction materials that consist of C-18 and amino (LC-

NH2) functionalities are used to extract metal species in aqueous solutions 

[10]. A new method for the determination of carbendazim residues in grains is 

described. Samples are extracted with hydrochloric acid, cleaned up by solid-

phase extraction
11

. Solid-Phase Extraction and reversed-phase ion-pair high 

performance liquid chromatography was used for determination of 

chlorophacinone and diphacinone residue in range grass
12

. 

 

Materials and methods 

 The study was carried out at Agriculture Research Center belonging to 

King Abdulaziz University, Faculty of Metrology, Environment and Arid Land 

Agriculture at Hada Alsham. The study includes the spraying of the plants with  

chlorpyrifos and malathion (Astrachem, Tabuk, Saudi Arabia) 7.5 and 10 ml 

respectively in 5 liters water. Two types of fruits (grape, and guava) and two 

types of vegetables (lettuce, and parsley) were used for study.  

 

Crops sampling 

 Twenty-four hours after spraying the first batch was collect from each 

plant and put in paper bags and transferred by car to the laboratory, this 

procedure continued regularly to the end of the period (10-13 days). 
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Solid-phase extraction   

 A 25.0 g sample was chopped into high-speed blender jar with 50.0 ml 

acetonitrile and blended for 2 minutes, at high speed.  The mixture was filtered 

through a Buckhner funnel by suction. Blender jar was rinsed twice with 10.0 

ml portions of acetonitrile. Filtrate was Transferred to 250 ml separating funnel 

and partitioning with 50.0 ml n-hexane with strong shaking for 5 minutes, A 50 

ml deionized water and 5.0 ml saturated sodium chloride solution were added 

and the contents were shaken slowly in horizontal direction for one minute. The 

lower aqueous layer was discarded and the upper organic layer containing the 

pesticides was collected (after washing two times with 25.0 ml deionized 

water). The extract is dried using a minimum amount of anhydrous sodium 

sulphate, and filtered. The filtrate is concentrated to 5.0 ml with rotary 

evaporated (BCH1, RE 111) under vacuum at 40 °C. 

The extract from the previous step was passed through a Sep-Pack florisil 

cartridge, conditioned with 20.0 ml of n-hexane to activate the functional 

groups of the sorbents. The sample is applied to the cartridge by vacuum 

manifold system, this causes the  analytes to be concentrated on the sorbents. 

Finally, analytes were eluted with 10.0 ml of a mixture of n-hexane and acetone 

in the ratio (80: 20). 

 

Reagents and Standard 

 HPLC-grade acetonitrile, methanol-hexane, and acetone were obtained 

from HiperSolv TM (BDH, England). Analytical grade anhydrous sodium 

sulphate and sodium chloride were obtained from (BDH, England). Water 

purified using Milli-Q plus system (Millipore, Bedford, MA, USA) was used 

for solution preparations. Pesticides reference standard chlorpyrifos, and 

malathion were obtained from Allied Signal, Riedel-deHaen, Germany. Stock 

standard (1.0 mg/ml) was prepared in methanol. Composites working standard 

solutions were prepared in the mobile phase by diluting the stock solutions as 

required. 
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HPLC- Analysis 

 HPLC-analysis was done on A Beckman HPLC system equipped with 

114 solvent delivery module, a 165 variable wavelength detector a 7725i 

Rheodyne injector fitted with 20-µl-sample loop. The column was Ultra sphere 

C-18, 5µm, 250X4.6 mm (Beckman). The column effluent was monitored at 

254 nm and 0.01 absorbancy units’ full scale m (AUFS). The mobile phase 

was composed of methanol: water (90:10), and the flow rate was 1.0 

ml/minute. The solvent used was HPLC grade and filtered through 0.45 um 

PTEF membrane (waters) and degassed with Ultrasonic Bath Cleaner 

(Bransonic 2210 R-DTH) before use. 

  

Recovery 

 1.0 ml of 100 µg/ml of each pesticide in methanol was added to 25.0 g 

of chopped and homogenized untreated samples. The samples were mixed and 

allowed to stand for 2 hours before extracted with the procedure mentioned 

above and the final extract was put in 10.0 ml volumetric flask to give 

fortification level 0.1 mg/25 g (4 mg/kg). Each recovery test was repeated three 

times. The untreated control samples were analyzed with each matrix and 

fortification level. 

 

Results and discussion 

 A number of analytical procedures involving a variety of solvents for 

extraction of pesticide residues through blending, soxhlet extraction followed 

by a large number of steps and large volume of solvents for the clean up have 

been described in the literature
13,14

. These traditional methods are time 

consuming and expensive because of the high cost of the solvents and 

adsorbent. Solid-phase extraction with florisil cartridge reduces the cost of the 

analysis, because it requires smaller volumes of solvents and the amounts of 

solid phase needed are small. Malathion and chlorpyrifos were recovered 

quantitatively from the cartridge by elution with a mixture of hexane and 
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acetone. Prewashing of florisil cartridge before use with solvent was necessary 

to remove substances which interfered with HPLC determination. 

   The mean recoveries, for chlorpyrifos, and malathion are summarized in Table 1. 

 

Table 1 Mean recovery 

 

 

 

 

The dissipation of chlorpyrifos from parsley, lettuce, grape and guava are 

shown in Table 2. The initial concentration in ppm for chlorpyrifos on parsley, 

lettuce, grape and guava are 27.54, 0.5154, 6.438 and 14.29 respectively. Daily 

analysis for the treated crops over 13 days (10 days in the case of grape) 

showed progressive dissipation of residues. Table 2  and Fig. 2 summarize the 

dissipation of chlorpyrifos in these crops. The results show more than  95.57 to 

99.92% of the residues were lost within 13 days after spraying. 

 

Table 2 Dissipation of chlorpyrifos from four plants 

 

Pesticide Lettuce Grape Guava Parsley 

Chlorpyrifos 33.65 32.87 72.56 69.15 

Malathion 9.54 10.02 9.75 10.9 

Day Parsley Lettuce Grape Guava 

1 27.54 0.5154 6.438 14.29 

2 18.60 0.2189 0.5649 4.709 

3 16.14 0.1847 0.4764 3.954 

4 15.68 0.0385 0.1598 3.488 

5 14.84 0.0749 0.09018 1.283 

6 13.46 0.0776 0.09339 0.1938 

7 12.47 0.02274 0.03291 0.2392 

8 11.84 0.02328 0.02462 0.1028 

9 10.98 0.02274 0.02135 0.1707 

10 8.329 0.02274 0.005191 0.1140 

11 3.002 0.02167 ------ 0.05138 

12 1.370 0.02140 ------ 0.01632 

13 1.219 0.02140 ------ 0.01434 

% of lost 95.57 95.85 99.92 99.90 
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Table 3 Dissipation of malathion from four plants 

 

           Day           Parsley       Lettuce               Grape         Guava  

  

              1      0.4383           0.06858               0.02788        0.1768 

              2             0.2180           0.03432               0.02466        0.08108 

 

 

 

 

Figure3.Dissipation pattern 

of Malathion from four plants
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Figure   2   : Dissipation pattern of Chlorpyrifos  

from  parsley, le ttuce,grape and guava  
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Table 3 Dissipation of malathion from four plants 

 

 

Table 3 and Fig. 3 show the dissipation of malathion in the same four plants. 

The concentration was 0.06858, 0.02788 and 0.1766 ppm respectively. The 

final concentration for parsley was 0.006273 after 13 days, 0.001568 for lettuce 

after 10 days, 0.01148 for grape after 10 initial concentration of malathion in 

parsley, lettuce, grape and guava was 0.4383, day and 0.005175 for guava after 

11 days. Comparing these results with those of chlorpyrifos, the malathion 

concentration was very low because the degradation rate of malathion is faster 

than chlorpyrifos. The concentration of malathion in lettuce in day six is high 

(0.16848 ppm) may be this an odd number.The percentage of loses in the days 

of study is about the same for chlorpyrifos except for grape 58.82. Pesticide 

residues appear in tables 2 and 3 are compared with the maximum residue 

limits of pesticides on crops as specified by Wold Health Organization (WHO) 

and Food and Agriculture Organization
15

. 

  

 

Day Parsley Lettuce Grape Guava 

1 0.4383 0.06858 0.02788 0.1768 

2 0.2180 0.03432 0.02466 0.08108 

3 0.2152 0.03398 0.02327 0.06636 

4 0.1714 0.02821 0.02187 0.05617 

5 0.1173 0.01725 0.02060 0.04920 

6 0.1066 0.16848 0.01938 0.04326 

7 0.09129 0.015414 0.01903 0.03019 

8 0.07598 0.012636 0.01788 0.03198 

9 0.07468 0.003708 0.01498 0.02450 

10 0.07476 0.001568 0.01148 0.01814 

11 0.06375 ------ ------- 0.005175 

12 0.03734 ------ ------ ------ 

13 0.006273 ------- ------- ------ 

% of lost 98.57 97.71 58.82 97.07 
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