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ABSTRACT 

A method is described for the determination of residual amounts of some in- 
secticides, acaricides and fungicides in fresh and processed fruits. Optimum condi- 
tions were established for the extraction of eighteen pesticides, purification of the 
extracts by column chromatography and subsequent two-dimensional thin-layer 
chromatography on silica gel GF 254 with cyclohexane-acetone (1O:l) and light pe- 
troleum-benzene-ethanol (65:30:5) as solvents and with detection under UV light at 
254 and 366 nm followed by a 0.1% solution of bromophenol blue. 

INTRODUCTION 

The wide application of pesticides requires methods for the detection and deter- 
mination of pesticide residues in agricultural products and foodstuffs. Thin-layer 
chromatography (TLC) has proved advantageous for the determination of modern 
perticides belonging to different chemical classes’-‘. 

The aim of this work was to develop a analytical procedure based on TLC for 
rapid determining various insecticides, acaricides and fungicides in fresh and 
processed fruits. 

EXPERIMENTAL 

Reugeats 
Standard acetone solutions (1000 pg/cm3) of the following pesticides were pre- 

pared: dimethoate (CSH12N03PS2), tetrachlorvinphos (C10H9C1404P), pyrazophos 
(CMHX,N~O~PS), diazinon (C12HZ1N203PS), phozalone (C12H15ClN04PS2), pyri- 
miphosmethyl (CllHZ0N303PS), fenitrothion (C9Hr2N05PS), chlorpyriphos 
(C~HllC13N03PS), deltametrin (CZ2H19BrZN03), silhaletrin (CZ3H19F3C1N03), 
triflumisol (CI~H&~CLN~O), fenarimol (CI,HIZC~ZNZO), iprodion 

(C13H13C12N303), vinclosolin (ClzH&lzN03), hexathiazox (C17H21ClN202S), 
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chlofentisin (C12H11C12N4), flubenzin (C17H10F6N) and guazatin (C15H33N406). 
The TLC supports were silica gel G and silica gel GF 2 54 (Merck). The solvent systems 
used are given in Table I. Detection was effected with (1) 0.1% bromophenol blue 
(BPB) solution prepared by dissolving 0.1 g of BPB and in 100 cm3 of 1% AgN03 
solution in 0.5 M ammonia, (2) UV light at 254 and 366 nm, (3) Dragendorff reagent’ 
and (4) iodine vapour. 

Procedure 
A solutions containing 25 pg of a pesticide was mixed with 50 g of apple ho- 

mogenate free from pesticides or with apple juice. All pesticides were extracted with 
130 cm3 of methanol for 50 min. 

Each extract was filtered through a silica gel layer and the filtrate was mixed 
with 150 cm3 of 10% sodium chloride solution. The pesticides were extracted twice 
from the solution with 80 cm3 of chloroform and the extracts were evaporated to 4-5 
cm3 and passed down a chromatographic column packed with 5 g of adsorbent 
consisting of sodium sulphate, Florisil, Celite and charcoal (1:1:0.5:0.1). The pesti- 
cides in the column were eluted using 90 cm3 of chloroform-diethyl ether (9: 1). The 
eluate was evaporated to dryness at 40°C and the dry residue was dissolved in 0.5 cm3 
of acetone. A 250-,ul aliquot of the acetone solution was spread on a chromatographic 
plate precoated with silica gel GF 254. A standard mixture of the pesticides was spread 
on another plate. 

The pesticides were separated using two-dimensial TLC with the solvent sys- 
tems cyclohexaneeacetone (1O:l) and light petroleum-benzene-ethanol (65:30:5). To 
identify the separated spots, the plates were first irradiated with UV light at 254 nm, 
which developed all pesticides except vinclosolin and dimethoate; the vinclosolin spot 
was then revealed under UV light at 366 nm and that of dimethoate by spraying with 
0.1% BPB solution. The areas of the spots developed on the test plates and the plate 
with the standard mixture were compared in order to determine the pesticide contents 
in the samples. 

RESULTS AND DISCUSSION 

TLC has a number of advantages for determining a wide range of pesticides 
with different structures, owing to the rapidity and efficiency of separation and identi- 
fication. 

To establish the optimum conditions for the TLC analysis of the pesticides, a 
number of tests were performed on common chromatographic supports such as silica 
gel G, alumina, cellulose, Florisil and polyamide1-8. Silica gel G proved to be the 
most suitable and was adopted&subsequent work. The mobile phase for separating 
the pesticides under consideration was chosen after testing about 50 combinations of 
solvents, some of which are used in pesticide analysis and others in chromatographic 
analyses of similar compounds’-‘I. The most suitable are given in Table I. The 
results indicate that the most suitable systems for insecticides are 1 and 2, for acar- 
icides 2 and 4 and for fungicides 5 and 2. 

As none of the solvent systems could be used for the simultaneous determina- 
tion of the whole combination of eighteen pesticides, two-dimensional TLC was test- 
ed with systems 1 and 2 successively. The latter was suitable for all three groups of 
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X 

3 

40Z 8 

B 

Fig. 1. Two-dimensional chromatogram of a mixture of 18 pesticides (10 pg each) on silica gel GF,,,. 
Solvent systems: cyclohexane-acetone (1O:l) and light petroleum-benzene-ethanol (65305). Detection 
UV light (254 and 366 nm) and 0.1% BPB. 1 = Dimethoate: 2 = triflumisol; 3 = fenarimol; 4 = 
tetrachlorvinphos; 5 = iprodion; 6 = pyrazophos; 7 = phozalone; 8 = fenitrothion; 9 = flubenzimin; 
10 = diazinon; 11 = hexathiazox; 12 = chlofentisin; 13 = sihaletrin; 14 = pyrimiphos methyl; IS = 
guazatin; 16 = vinciosolin; 17 = deltametrin; 18 = chlorpyriphos. 

TABLE III 

ANALYTICAL RECOVERY AND DETECTION LIMIT IN TLC OF PESTICIDES IN APPLES 

Pesticide Standard addition 
(mg kg-‘) 

Analytical recovery for 
apples (n =12) (%) 

Detection limit 
(mg kg-‘) 

Diazinon 0.5 72 0.20 
Dimethoate 0.5 80 0.08 
Pyrimiphosmethyl 0.5 88 0.04 
Chlorpyriphos 0.5 84 0.08 
Tetrachlorvinphos 0.5 88 0.08 
Phozalone 0.5 72 0.20 
Fenitrothion 0.5 80 0.04 
Pyrazophos 0.5 96 0.02 
Deltametrin 0.5 80 0.20 
Sihaletrin 0.5 72 0.20 
Fenarimol 0.5 84 0.08 
Vinclosolin 0.5 88 0.08 
Triflumisol 0.5 80 0.08 
Iprodion 0.5 72 0.20 
Guazatin 0.5 80 0.20 
Flubenzimin 0.5 80 0.08 
Hexathiazox 0.5 76 0.20 
Clofentisin 0.5 96 0.02 
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(a) 

x 

Fig. 2. Chromatograms of purified extract of (a) apples and (b) apple juice containing IX pesticides (0.5 mg 
kg- ‘) on silica gel GF,,,. 

pesticides, whereas system 1 ensured the best separation of the insecticides. Fig. 1 
shows the results obtained from two-dimensional TLC on silica gel GFZS4. 

The detection reagents found to be suitable for the spots of the pesticides under 
consideration are listed in Table II. It can be seen that the highest sensitivity was 
obtained with identification using 0.1% BPB solution and UVirradiation at 254 nm. 
They produced intact spots of regular shape and their areas and intensities were 
proportional to the amounts of pesticides. 
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The results in Tables I and II indicate that the optimum conditions for the 
simultaneous TLC determination of the eighteen pesticides are the following: silica 
gel GFZS4 as the chromatographic support; two-dimensional chromatography for 
about 100 min with cyclohexane-acetone (10: 1) and light petroleum-benzene-etha- 
nol (65:30:5) and detection by successive UV irradiation at 254 and 366 nm for 
vinclosolin followed by spraying with 0.1% BPB solution for dimethoate. 

Fig. 2 presents chromatograms of purified extracts of apples and apple juice (50 g) 
containing 0.5 ppm of each of the studies pesticides. Table ITT gives the results for 
pesticides determined by the standard additions method in apples and apple juice. 
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