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The organophosphorus pesticides diazinon (o0,0-diethyl o-2-isopropyl-6-
methylpyrimidin-4-yl phosphorothioate), malathion (s-1,2-
dicarbethoxyethyl-o,0-dimethyl-dithiophosphate) and methamidophos (o,s-
dimethyl phosphoramidothioate) are active ingredients in the
organophosphorus pesticide formulations used in many parts of the world
to control a range of pests on an array of crops, including tomatoes
(Adnan et al.1998, Arellano, 1998). These pesticides are used widely in
Venezuela to suppress the population of several common pests, such as
the white fly (Bemesia tabaci), aphids and cutworms, which infest tomato
plants (lycopersicum esculetum Miller) and cause serious economic
damage (Chirinos et al. 1996, Geraud-Pouey et al.1997).

Due to the high ambient temperature (about 40 °C) reached throughout
the dry season in the tomato cultivated area (Zulia state), volatility could
be a primary means of loss for diazinon and malathion from the pesticide
sprayed tomatoes, since both are non-systemic pesticides. This
environmental condition establishes a safety interval before harvest.
Persistence pesticide studies have been conducted in other countries
(Adnan et al. 1988, Antonious et al.1994, Liapis et al.1994), however
research of this type in tomatoes has not been carried out in our country,
although the persistence for pesticides on other kind of matrix has being
developed (Ettiene et al. 1997, Medina et al. 1999), such as must and
grape wine and also in river water. This work deals with the study of the
dissipation rates of two non-systemic pesticides (diazinon and malathion)
and the systemic pesticide methamidophos applied on physiologically ripe
tomatoes. Small volume of samples and reagents were used in the
extraction-clean up procedure, prior to gas chromatographic analysis.

MATERIALS AND METHODS

Stock solutions (1000 pg/mL) of high purity standards: methamidophos,
diazinon and malathion (Dr. Ehrenstosfer GmbH) pesticides, and 500
pg/mL triphenyl phosphate (99% purity, Riedel de Haen) were prepared in
ethyl acetate (Beaker). Anhydrous sodium sulphate (Riedel de Haen)
analytical-reagent grade was used to get dryness during the extraction
process. Acetone (Fisher), methanol (Baker) and ethyl acetate grade
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pesticides were used. Clean up of the sample extracts was performed
through 100 mg non porous (120-400 mesh) graphitized carbon black
cartridges (supelclean Envi-Carb, Supelco).

Pesticide residues were analysed using an Auto system Perkin Elmer gas
chromatograph; equipped with a NPD at 280 °C , autosampler (Perkin
Elmer), and a 30m x 0.53mm x 1.2 ym AT-5 capillary column (Alltech)
containing 5 % phenyl- 95% methyl silicon. The injector temperature was
250 °C and splitless injection was used; temperature program: 60 °C for
0.80 min, 40 °C/min to 100 °C, 3.5 °C/ min to 280 °C hold for 1 min;
carrier gas flow, helium at 10 mL/min; detector gas flow, H, at 2 mL/min,
air at 100 mL/min with a work umbral of 0.75 mV.

Commercial formulations of pesticides at 1.5 L/ha in the dose
recommended by the manufacturer (Amidor 60: Methamidophos 60 % at
900 g/ha; Danol 60: Diazinon 58.6 % or 879 g/ha and Malathion 57:
Malathion 57 % i.e. 855 g/ha) were applied once on 0.04 ha plots of ripe
tomatoes in April 1996 (dry season). Tomato plants (lycopersicum
esculentum mill) cv. Rio Grande were grown at the Mara area located in
the Zulia State (Venezuela). Four plots of 0.01 ha were studied, one of
them was left untreated as a control piot.

Tomato samples were taken from all plots at 0, 1, 2, 4, 6, 8, 10, 16, 23
and 30 days after the application. Samples designated as 0 day post-
application were taken 1hr after the application, as soon as the water from
the spray application had evaporated. At each sampling date, one bulk
field sample (500 g) was taken from each plot. Samples were transported
to the laboratory each day for processing and analysing in persistence
studies.

Sub-samples (4 g tomatoes) were blended for 10 min with 10 mL of
acetone/ ethyl acetate 10:90 v/v and 5 g anhydrous sodium sulphate for
the studied pesticides extraction. The small extraction solvent volume
used in this step allows us to describe it as a mini-extraction method. After
centrifugation at 1200 rpm for 4 min, a 2.00 mL aliquot of the organic layer
was cleaned up through a graphitized carbon black cartridge, by gravity.
This is an additional application of the graphitized carbon black which, as
far as the authors concern, has not been previously reported. The partially
retained pesticides during the clean up steps were then eluted from the
cartridge with 2.00 mL of 10:90 v/v acetone/ethyl acetate (elution solvent).
This last step avoided that nearly 50 % of the pesticides were retained on
the cartridge, thus improving pesticide recovery. Furthermore, colourless
extracts were obtained by mixing both the 2.00 mL cleaned aliquot sample
and the 2.00 mL elution solvent. The extracts were concentrated to 2.00
mL with the aid of a stream of nitrogen. Triphenyl phosphate (TPP) as
internal standard was added to each extract. Sub samples were prepared
in triplicate and 1 uL aliquots of each one was injected into the
chromatograph, in order to study the persistence of methamidophos,
diazinon and malathion.
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Untreated tomatoes samples were fortified with methamidophos, diazinon
and malathion at 1 and 5 pg/g. The extraction was carried out as
described above. The quantitative recovery study was perfomed in order
to establish the validity of the extraction process.

RESULTS AND DISCUSSION

Sample chromatograms from the analysis of methamidophos, diazinon
and malathion in tomatoes are shown in Figure 1. The TPP peak is also
shown. The recoveries from fortified samples at 1 and 5 ug/g were in the
range of 75-105 %. The mean RSD was 7 %. These results demonstrate
that the procedures used for extraction, clean up through graphitized
carbon black cartridge and the quantitation of the 3 organophosphorus
pesticides were reliable and provided clean chromatograms, free of
interference and good recoveries. The limits of detectability for the
pesticides was considered to be 0.01ug/g. The developed mini-extraction
and clean up procedures, were performed with small volume (12
mL/sample) of organic solvents, and they were carried out in 14 min, using
less volume and consuming less time than other methods previously
reported (Carabias et al.1992, Holstege et al. 1994).

Residues of methamidophos, diazinon and malathion remaining in treated
tomatoes are shown in Table 1. The initial residue level of methamidophos
was higher than those of diazinon and malathion, and it dropped less
rapidly during the following days. These resuits demonstrate an extremely
rapid absorption of methamidophos into the tomato tissues. Percentage of
residue levels decreased steadily over the 30-day period of the study, in
this order methamidophos followed by diazinon and malathion. The
persistence of malathion was lower than that of the other pesticides
studied. Both diazinon and malathion are documented as non-systemic
pesticides (Adnan et al. 1988, International Regulatory Aspects For
Pesticide Chemical.1981), while methamidophos is systemic (International
Regulatory Aspects For Pesticide Chemical.1981, Antonious et al. 1994).

This difference probably accounts for the persistence of methamidophos
in tomatoes, since similar behaviour has being reported (Antonious et al.
1994) for this pesticide in comparison to other pesticides, although the
experiments were carried out under different production systems,
climates, farming, conditions, etc. The residue levels of diazinon and
malathion were below the limit of determination (0.01 ug/g) for this
procedure at day 23; while methamidophos remained at 0.60 pg/g , being
lower than the M.R.L (International Regulatory Aspects For Pesticide
Chemical.1981) of 2 ug/g.

Logarithmic dissipation plots of methamidophos, diazinon and malathion
are shown in Figure 2. As expected, according to non-systemic behaviour;
the half-life of diazinon and malathion were similar.
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Figure 1. Sample Chromatograms from the analysis of organophosphorus
pesticides in tomatoes. one uL injection of; a control sample, b fortified
control sample at 1 pg/g, ¢ fortified control sample at 5 pg/g, d field
treated sample 0 day application. 1: methamidophos, 2: diazinon, 3:
malathion, 4: triphenyl phosphate internal standard.
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Table 1. Persistence of the pesticides in tomatoes samples.

Mean (n=3) residue concentration (ug/g X + 8) and % Residue

Time Methamidophos % Diazinon % Malathion %
days
0 8.57 £4.71 - 3.65+£1.79 - 7.321+4.61 -
1 6.76 + 1.57 211 158+059 567 213+090 709
2 3.90+2.80 545 0.53+041 855 0.32+£022 956
4 3.30+£0.99 61.5 0.34+0.21 907 0.16+0.14 97.8
6 2.87+0.79 66.5 0.30+0.13 91.8 0.17+0.08 97.7
8 3.32+2.32 61.3 0.16+0.13 956 0.09+0.04 988
10 291+1.74 66.0 0.11+£0.06 97.0 0.04+0.02 995
16 240+2.14 72.0 0.04+0.02 989 0.02+0.01 997
23 0.60 £0.30 93.0 ND - ND -
30 ND - ND - ND -
ND = Not detected < 0.01 ug/g
- = It does not apply
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Figure 2. Logarithmic dissipation of methamidophos, diazinon and
malathion in tomatos samples

The maximum residue limits (MRL) for the studied pesticides are shown in
Table 2. Comparison of Tables 1 and 2 shows that the residue levels of
diazinon and malathion at the fourth and first-day sampling, respectively
were below the published maximum residue limits. These results would
suggest that a safety interval in the range of 1-4 days should be allowed
after the application of diazinon and malathion on tomatoes, and more

than 16 days after the application of methamidophos.
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Table 2. Approximate waiting time for residues to reach Maximum
Residue Limits (MRL) after one application on tomato fruit.

Pesticide Application  Residue K Half-life MRL Approximate

Rate (g/L) recovered day’1 ty, (Codex waiting
at 1 h after (da 2 tolerance)  time (days)
e ys)
application yalg
(Hg/9)
Methamidophos 2.3 8.57 0.37 1.87 2.0 23
Diazinon 0.9 3.65 0.61 1.14 0.5 4
Malathion 1.4 7.32 0.61 1.14 3.0

MRL= Maximum residue limits recommended by FAO/ WHO

Acknowledgments. We thank CONDES and CONICIT for financial
support.

REFERENCES

Adnan | Al-Samarice, Khloud A M Shaker and Mabriouk A Al-Bassomy
(1988) Residue level of three organophosphorus insecticides in
sweet pepper grow in commercial greenhouses. Pestic Sci 22: 189-
194,

Antonious G and Snyder J (1994) Residues and half-lives of acephate,
methamidophos and pirimiphos-methyl in leaves and fruit of
greenhouse-grown tomatoes. Bull Environ Contam Toxicol 52: 141-
148.

Arellano Parra M (1988) Plaguicidas. Red Toxicologica Nacional.
Venezuela.

Carabias M R, Rodriguez G E, Amigo M J, and Hernandez J M (1992)
Sensitive method for the determination of organophosphorus
pesticides in fruits and surface waters by high-performanced liquid
chromatography with ultraviolet detection. J Chromatog 607:; 37-45.

D Medina, A Prieto, G Ettiene, | Buscema and A Abreu de V (1999)
Persistence of organophosphorus pesticide residues in Limon river
waters. Bull Environ Contam Toxicol 63: 39-44.

Chaput Daniel (1988) Simplified multiresidue method for liquid
chromatographic determination of n-methyl carbamate insecticides
in fruits and vegetables. J Assoc Off Anal Chem 71:542-546.

Chirinos D, Geraud-Pouey F (1996) Efectos de algunos insecticidas sobre
entomofauna del cultivo del tomate en el Noroeste del Estado
Zulia, Venezuela. INTERCIENCIA 21:31-386.

Ettiene G, Prieto A, Medina D, Buscema |, Sandoval L and Unda L (1997)
Residues of organophosphorus pesticide in must and grape wine.
Rev Téc Ing Univ Zulia 20:223-230.

Geraud-Pouey F, Chirinos D, Miranda M, Tejera A (1997) Side effects of
insecticide treatments on melon, Cucumis melo L. Entofauna. Rev
Fac Agron (LUZ). 14:225-232.



Holstege D, Scharberg D, Tor E, Hart C and Galey F (1994) A rapid
multiresidue screen for organophosphorus, organochlorine, and n-
methyl carbamate insecticides in plant and animal tissues. J AOAC
77:1263-1274.

Hong J, Eo Y, Rhee J and Tkim J (1993) Simultaneous analysis of 25
pesticides in crops using gas chromatography and their
identification by gas chromatography-mass spectrometry. J
Chromatogr 639:261-271.

International Regulatory Aspects for Pesticide Chemicals. 1, Toxicity
profiles CRC Press Inc. Boca Raton Florida 1981, 2nd edn.

Liapis K, Miliadis G and Aplada P (1994) Persistence of monocrotophos
residues in greenhouse tomatoes. Bull Environ Contam Toxicol
531: 303-308.

485



