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ABSTRACT

Pesticideresidues, especialy in vegetablesand fruits, areareason
for concern with respect to the health of consumers and workers that
need to return to areas that have been treated with these
agrochemicals. The objectives of this experiment were to (a) study
the behavior of deltamethrin residues from different formulations
on cucumber fruits; and (b) correlate insecticide contentsin the fruits
with pickleworm control. Treatments were as follows: (a) control;
(b) three 30 mL applications of deltamethrin 25 EC 100 L water
(emulsifiable concentrate formulation); (c) three 7.5 mL applications
of deltamethrin 100 EC 100 L* water (emulsifiable concentrate);
and (d) three 3.75 mL applications of deltamethrin 200 CS 100 L*
water (concentrate suspension). Samples were taken at (-1), zero, 1;
3; 5; 7, and 14 days after the last application. Residues were
determined by the gas chromatography technique, using an electron
capture detector. In order to evaluate insecticide effectiveness, six
infestation surveys were conducted during the same sampling times.
Although at low levels, the deltamethrin residues in the fruits were
above the maximum residue level (MRL = 0.03 mg kg*), even one
day after the end of the safety interval (2 days), and were higher for
the CS formulation. The insecticide was effective to control the pest
during the entire evaluation period.
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RESUMO

Residuos de deltametrina, aplicada em diferentes
formulagdes em pepino tutorado e a¢do do inseticida no controle
da broca-das-cucurbitaceas

Residuos de agrotdxicos, principalmente em hortaligas e frutas,
s80 motivo de preocupacdo para a salide dos consumidores e opera
rios que necessitam retornar as areas tratadas com esses agrotoxi cos.
Os objetivos deste estudo foram: (a) estudar o comportamento dos
residuos de deltametrina resultantes de aplicacoes de diferentes for-
mulagBes em frutos de pepino; e (b) correlacionar os teores do inse-
ticida nos frutos com o controle da broca-das-cucurbitéceas. Os tra-
tamentos foram: (a) testemunha; (b) trés aplicacbes de 30 mL de
deltametrina 25 CE 100 L de &gua (formulagdo concentrado
emulsionavel); (c) trés aplicagbes de 7,5 mL de deltametrina 100
CE 100 L"* de &gua (concentrado emulsionavel); e (d) trés aplica
¢Bes de 3,75 mL de deltametrina 200 SC 100 L de agua (suspensdo
concentrada). As amostras foram tomadas a(-1), zero, 1; 3; 5; 7 e 14
dias apds a Ultima aplicagdo. Os residuos foram determinados por
técnica de cromatografia gasosa, com o uso de detector de captura
de elétrons. Para a avaliagdo da eficiéncia do inseticida foram feitos
seis levantamentos de infestagdo nas mesmas épocas. Os residuos
de deltametrina nos frutos, embora em baixos niveis, encontravam-
se acimado limite maximo de residuo (LMR = 0,03 mg kg, mesmo
um dia apds o término do intervalo de seguranca (2 dias), sendo
maiores quando decorrentes daformulacgo SC. O inseticida nasfor-
mulagBes em que foi aplicado foi eficiente no controle da praga du-
rante todo o periodo de avaliagéo.

Palavras-chave: Cucumis sativus, Diaphania nitidalis, residuos de
agrotoxicos.
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he development of techniques to

ensureagricultural productivity, both
in quality and quantity, has caused an
increase in the use of pesticides, which
control harmful organisms in a relevant
manner. Although pesticides are used to
control pests, diseases, and weeds, they
may contaminate foods, other products,
and the environment due to their
application at a given stage of the crop’s
production cycle, storage, transport, or
due to soil contamination from previous
trestments, crop rotation, or to irrigation
water contamination (Eom, 1994).

The importance of using pesticides,
the conducting of research, and regular
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and freguent monitoring programs are
actions needed to provide direction to
governments and rural extension
agencies as to the use of these
agricultural chemicals, as well as to
provide accurate information to the
population about their adverse effects
(Lucas, 1998).

Animportant trait of these pesticides
is that there main use has aways been
targeted at major crops, especially
cereals; however, in the case of
vegetables, despitetheir short cyclesand
thefact that they are grown in relatively
small areas, these pesticides become, in
away, adapted to vegetable crops.

Vegetables frequently ensure good
financial return per area unit, especially
because consumers often prefer
products with good aspect as if that
would guaranteetheir health and quality
(Baptista & Trevizan, 2007).

Among cultivated vegetables,
cucumbers occupy a prominent position
because of their importanceand acceptance
by the populationin genera, intheform of
salads and pickles. Accordingly, about
41,000 tons of this cucurbit were traded a
CEAGESP-SP in 2002 (FNP Consultoria
& Agroinformativos, 2004).

The cucumber crop has many and
serious phytosanitary problems
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represented by insect pestsand diseases.
Among insects, the most important ones
are: aphids, Aphis gossypii Glover and
Myzus persicae (Sulzer) (Hemiptera:
Aphididae), the whitefly Bemisia tabaci
(Genn.) (Hemiptera: Aleyrodidae), and
the cucurbit borers Diaphania nitidalis
(Cramer) (pickleworm) and D.
hyalinata  (L.) (melonworm)
(Lepidoptera: Crambidae), whose
control is normally achieved with the
use of insecticides (Gallo et al., 2002).

Fenitrothion residues, applied as an
emulsifiable concentrate formulation,
were evaluated in cucumber rind and
pulp at zero, 3, and 8 days after the first
application, and at zero, 8, and 14 days
after a second application, with the
insecticide used at dose rates of 150 and
300 g ai. 100 L water. The residues
were concentrated in the rind and
underwent rapid degradation (90-96%
in 3 days), but did not penetrate the pul p
(Ferst, 1991). In a study conducted to
evaluate residues of pyrethroid
insecticides in vegetables, it was
observed that deltamethrin and
cypermethrin residues in asparagus
decreased to levels below 0.1 mg kg*
on the following day after the last
application of the insecticides at the
recommended dosg; in steam-cooked
onion, deltamethrin residueswere below
the limit of quantitation of the method
(LOQ = 0.1 mg kg1 (Ripley et al.,
2001).

Studies performed at the
Universidade Estadual de Campinas’
Cafeteria in the period from October
1998 to April 2001, involving several
vegetables including cucumber, with
deltamethrin, cypermethrin, and
permethrin residues, demonstrated some
situations in which these pyrethroids
were inadequately used, with levels
above the legal MRL, or their
occurrencein vegetablesfor which they
have not been registered, especially
cypermethrin and permethrin. However,
deltamethrin residues were not found in
the samples analyzed (Oviedo et al.,
2003).

The objectives of this study were to
evaluate the behavior of deltamethrin
residues applied as different
formulationsin a staked cucumber crop
and its action on pickleworm control.
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MATERIAL AND METHODS

The Experiment was conducted
under field conditions in the city of
Piedade, S&o Paulo State, Brazil
(geographic coordinates: latitude 23° 42’
43" S; longitude47°25' 40" W), dtitude
942 m. Seeding was performed on 08/
11/03, in pits spaced at 1 m between
rows x 0.5 meter between plants. The
‘Caipird type, ‘ Safira hybrid cucumber
cultivar was used, conducted in the
staked system, without irrigation (water
provided by rainfall only). The
experimental design consisted of
randomized blockswith four treatments
and three replications.

Isolation between blocks was
provided by borders consisting of two
double rows of plants, and plots were
separated within each block by ten
plants arranged in double rows. Each
plot was 7 min length with double rows
of plants spaced 0.5 m from each other
and 0.5 m between plants. Fertilizations
were made in the planting pits with 100
g of the 4-16-8 NPK formula and two
ammonium sulfate sidedressing
applications (10 g plant™) at thinning
and at the beginning of fruit formation.

The applied pesticide (deltamethrin)
is a pyrethroid insecticide, named (S)-
a-cyano-3-phenoxybenzyl-(1R,3R)-3-
(2,2-dibromovinyl)-2,2-dimethyl
cyclopropane carboxilate. Some
toxicologica data are: acute oral LD,
= 330 mg kg* for dogs; acute dermal
LD, for rats and rabbits >2,000 mg kg™;
inhalation LC, (4 hours) for rats 2.2 mg
L air; acceptable daily intake (ADI)
0.01 mg kg* body weight; acute ora
LD,, =445 mgkg* forthe25gL* EC
formulation in rats (Tomlin, 2002).

Two emulsifiable concentrate
formulations: deltamethrin 25 EC (25 g
ai. deltamethrin L) and deltamethrin
100 EC (100 g a.i. deltamethrin L) and
one concentrate suspension formul ation:
deltamethrin 200 CS (200 g a.i.
deltamethrin L) were used. Treatments
were: (&) control; (b) three applications
of 30 mL deltamethrin 25 EC.100 L*
water; (c) three applications of 7.5 mL
deltamethrin 100 EC.100 L%; (d) three
applications of 3.75 mL deltamethrin
200 SC.100 L. Thus, al deltamethrin

treatments had 0.75 g a..
deltamethrin.100 L* water. Applications
were made by means of a backpack
sprayer, kept at 60 psi CO, constant
pressure, equipped with D2-23 spray
nozzles; a800 L ha! spray volume was
applied each time, as recommended,
sufficient to completely wet the plants.
The applications were made at 7-day
intervals from one another.

Samples were taken one day before
the last application (-1) and at zero, 1;
3; 5, and 7 days after the last spray, and
were obtained at random, respecting
their spatial distribution within the
plants, so as to make them as
representative as possible. Seventy-two
samples were analyzed, as follows: 4
treatments x 3 replicates x 6 harvests.

Samples consisted of 12 fruits each,
stored in plastic bags and transported in
a Styrofoam box containing dry ice. In
the laboratory, the samples were
processed on the same day they were
harvested, and were ground/
homogenized; subsamples weighing
about 400 g each were taken; the
subsamples were sealed in plastic vials
and maintained at -20°C until analysis
time.

During the experiment, daily
temperature and precipitation datawere
obtained on-site for the period, to allow
correlations to be made with insecticide
effectiveness on pickleworm control.

The analytical method was adapted
from Andersson & Palsheden (1998),
and consisted of residue extraction with
ethyl acetate in the presence of Na,SO,.
Then, an aliquot of the extract was
concentrated by evaporation and the
residues were resuspended in an ethyl
acetate/cyclohexane mixture; next, the
extractives were cleaned-up by the gel
permeation chromatography (GPC)
technique, and elution was performed
using the same solvent mixture. The
quantitative determinations were done
by gas chromatography using an
electron capture detector.

For the analyses, 10 g of the
homogenized samples were transferred
to a 100 mL Duran-Schott flask, to
which 50 mL ethyl acetate and 10 g
Na,SO, were added. The preparations
were then homogenized in an Ultra-
turrax devicefor two minutesat 132,243
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g and centrifuged for five minutes at
1,223 g. Ten mL supernatant aliquot
samples were transferred to 50 mL
polypropylene tubes and evaporated to
dryness in a water-bath at a constant
temperature of 40° C under a slight
airflow previously dried through asilica
gel filter.

The extracts were cleaned up
through gel permestion chromatography
(GPC), using two PLGel columns; to
accomplish that, the residues were
resuspended in 2 mL of an ethyl acetate/
cyclohexane (1/1, v/v) mixture; thetube
walls were thoroughly rinsed and the
extracts were collected in 15 mL
centrifuge tubes, which were placed in
amini-shaker apparatusfor 1 minuteand
under ultrasound for another minute,
after which the extracts were filtered
through a0.20 um Millipore membrane
using 5 mL hypodermic syringes, and
transferred to GPC vials. Next, 500 pL
of the extracts were injected into the
GPC which was operated at aflow of 1
mL min! with the same organic solvent
mixture; the eluates were discarded
during the first 14 minutes and the
cleaned extracts were collected during
the subsequent 2-minute period in 15
mL centrifuge tubes. These were taken
to a Turbo Vap LV evaporator until the
extracts were completely dried under a
slight N, flow at 35°C.

The residues were resuspended in
exactly 0.5 mL of the same ethyl acetate/
cyclohexane mixture containing the
internal standard (bifenthrin pyrethroid

insecticide), and the extracts were
transferred to gas chromatograph
autosampler vials using Pasteur-
pipettes. The extract aliquot samples
were injected into the gas
chromatograph in the splitless mode,
programmed with a linear temperature
gradient program. The analytical
instrument used was a Hewlett Packard
gas chromatograph, model 6890,
equipped with an electron capture
detector (u-ECD, Ni®), HP-608
megabore column, 30 m in length, 0.53
internal diameter and 0.5 um film
thickness, auto sampler device, and an
HP GC ChemStation rev.A.06.03
software. The equipment operation
conditions were: injector temperature =
250°C; column temperatures. 100°C
(start), for 1 minute; ramp of 25°C min
1 up to 280°C (12 minutes); detector
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Figure 1. Deltamethrin residues in cucumber fruits (residuos de deltametrina em frutos de

pepino). Piracicaba, USP-ESALQ, 2006.

temperature = 320°C. Gas flows were:
H, (carrier) = 6 mL min™, N, (make up)
=30 mL mint. Under these conditions,
the retention times were: deltamethrin
10 minutes 40 seconds; bifenthrin
internal standard 8 minutes 45 seconds.

The residues were calculated
directly from the correspondent
calibration curve (r? = 0.9984),
previously plotted by comparison with
the standards, obtained from injections
of 10; 20; 40; 100; 200; 400, and 800 pg
of deltamethrin, diluted in the ethyl
acetate/cyclohexane mixture (1/1, viv)
containing theinternal standard, intothe
chromatographic system.

In order to determine the limit of
quantitation (LOQ) and the percentage
of fruit residue recoveries, 10 g of
homogenized, deltamethrin
contamination-free cucumber
subsamples were spiked with the
insecticide so asto obtain concentrations
of 0.02 mg kg* and 0.2 mg kg* with
three replications each, and were
processed in the same way as the
experimental field samples.

The results obtained were handled
by obtaining statistical parameters such
as the mean, standard deviation of the
mean, and coefficient of variation. In
order to validate the analytical method,
recoveries ranging from 70 to 120%
were considered acceptable (Catta-
Preta, 2002).

In order to evaluate the occurrence
of the pest and effectiveness of

treatments, infestation was initially
evaluated in the plots when the fruits
were gtill very small, before beginning
the applications. After two applications,
(-1 day) samples were taken and, after
the third and last application, another
five infestation surveys were
subsequently carried out, corresponding
to the dates when samples were
obtained. In each of these surveys,
before grinding for residue
determination, the 12 fruits sampled
were sliced and examined for the
presence or absence of the caterpillar or
damages that might have been done to
thefruits. These datawere recorded and
transformed to be expressed as
percentages of infested fruits, which
were submitted to analysis of variance
and then to Tukey test for comparisons
between treatments. The SANEST
statistical program - Sstema de Andlise
Estatistica para o Célculo das Tabelas
de Variancia (Statistical Analysis
System for the Calculation of Variance
Tables) - was used in the analyses.

RESULTS AND DISCUSSION

The Anderson & Palsheden (1998)
method proved to be adequate for the
analysis of deltamethrin residues in
cucumber fruits with LOQ set at 0.02
mg kg?; recoveries ranged from 72-
79%. Below that value, the interfering
meaterials eluted in the chromatograms
considerably impaired their resolution.
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Table 1. Pickleworm infestation (%) in cucumber (n=12 fruits). Piracicaba, USP-ESALQ,

2006.
Sampling (days after last application)
Treatment
-1 zero 1 3 5 7

Control 19a 25a 31a 25 a 36 a 28 a
Decis 25 EC 0b 6b 0b 3b 0Ob 6b
Decis Ultra 100 EC 0b 3b 0b 3b Ob Ob
Decis 200 CS 0b Ob 0b 0b 0Ob 0b

Values followed by different letters in columns are significantly different by Tukey test

(p<0.01)

The deltamethrin residues in the
fruits, although at low levels, were
above the MRL of 0.03 mg kg?, even
one day after the end of the safety
interval (2 days) (Agéncia Nacional de
Vigilancia Sanitéaria, 2007) for all
formulations, and were higher in
samples of the concentrate suspension
formulation (0.05 mg kg?) (Figure 1).
Hascoét & André (1978) reported
deltamethrin residue levels lower than
0.01 mg kg in cucumber, which the
authors considered very low in whole
fruits, after two days since the last
application. In addition, no residues
were found in the pulp, but occurred
exclusively in the rind. Ferst (1991)
researched the occurrence of
chlorpyrifosand fenitrothion residuesin
cucumber and observed that they were
found in the rind only, without
penetration into the pulp.

The comparison between residual
levels in the treatments that used
different formulations showed that CS
resulted in higher residues than the ECs
over the sampling period, with values
on day zero of 0.06 for CS and of 0.04
mg kg* for the other formulations, and
then, at the end of the period (7 days),
of 0.03 and 0.02 mg kg, respectively.
Such trait, according to which higher
residues are found in the CS
formulation, was also observed for
dislodgeable residues in cucumber
leaves (Franco et al, 2005). The day (-
1) sample results (<0.02 mg kg?)
showed that the 7-day period between
two applications was sufficient to
dissipate the residues, and no
overlapping of the applications made
until then was observed. Also, it can be
seen that residue degradation in the
varioustreatments (formulations) during
the sampling period (7 days) was twice
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as high for all formulation types: from
0.04t0 0.02 mg kg'* for deltamethrin 25
EC and deltamethrin 100 EC, and from
0.06t0 0.03 mg kg™ for deltamethrin 200
CS, which seems to indicate that the
occurrence of 21.4 mm of rainfal during
the period and the prevalence of average
temperatures of 20.5 + 2.7°C were not
determinative factorsfor apotential and
more accelerated reduction of residues
in the fruits.

The results found in the 18 control
samples (<LOQ) reved that the plotsin
that treatment were very well protected
and isolated at application time, and did
not present cross contamination, which
is sometimes difficult to ensure.

Initial evaluation of pickleworm
attack showed no plot infestation. It can
be observed that the insecticide, in the
three formulations studied deltamethrin
25 EC, deltamethrin 100 EC, and
deltamethrin 200 CS), was effective to
control the pickleworm during the
sampling period (Table 1). It can be seen
also that, after 13 days from the
beginning of applications the control
plots were aready infested by the pest,
differing from the treatments that had
received the insecticide applications,
just as they differed during the entire
sampling period. Lorini & Foerster
(1987) evaluated the effectiveness of
several insecticides, including
deltamethrin, on pickleworm control;
the authors concluded that the
insecticide was effective to control the
pest and did not differ from the best
treatments.

ACKNOWLEDGMENTS

To “Coordenacdo de Aperfeicoa-
mento de Pessoal do Ensino Superior”
(CAPES) for a scholarship granted to
the third author.

REFERENCES

AGENCIA NACIONAL DE VIGILANCIA
SANITARIA. 2002. Toxicologia. monografia
dos produtos agrotoxicos: deltametrina.
Available: <http://www.anvisa.gov.br/
toxicol ogia/lmonografias/d06.pdf. Accessed in
30" March, 2007.

ANDERSSON A; PALSHEDEN H. 1998. Multi-
residue method for the analysis of pesticidesin
fruit and vegetablesusing ethyl acetateextraction,
GPC clean-up and GC determination. In:
NATIONAL FOOD ADMINISTRATION.
Pesticide analytical methodsin Sweden. pt.1, p.
9-41 (Rapport, 17/18).

BAPTISTA GC; TREVIZAN LRP. 2007. Pés-
Colheita - Residuos de agrotéxicos podem
congtituir barreiraaexportacdo. Visao Agricola
7. 70-71.

CATTA-PRETA, R. 2002. Procedimento
Analitico. In: Manual: CritériosMinimospara
a Conducgdo de Estudos de Residuos.
Piracicaba. Associacao Grupo de Analistas de
Residuos de Pesticidas. p. 44-56.

EOM YS. 1994. Pesticide residue risk and food
safety valuation: a random utility approach.
American Journal of Agricultural Economics.
76: 760-771.

FERST JC. 1991. Residuos de clorpirifos e
fenitrotion em casca e polpa de pepino
“ Caipira” , determinadospor cromatografiaem
fase gasosa. ESALQ/USP. 71p (Master thesis).

FNP CONSULTORIA &
AGROINFORMATIVOS. 2004. Pepino.
AGRIANUAL-2004.S80 Paulo, p. 404-406.

FRANCO AA; TREVIZAN LRP; BAPTISTA
GC; CASSAMASSIMO RE. 2005. Leaf
dislodgeable residues of deltamethrin applied
in different types of formulations in staked
cucumber. Revista Brasileira de Toxicologia
18: 5-10.

GALLO D; NAKANO O; SILVEIRA NETO SS;
CARVALHO RPL; BAPTISTA GC; BERTI
FILHO E; PARRA JRP; ZUCCHI RA;
ALVES SB; VENDRAMIM JD; MARCHINI
LC; LOPES JRS; OMOTO C. 2002.
Entomologia agricola. Piracicaba. Fundacéo
de Estudos Agrérios Luiz de Queiroz. 920p

HASCOET M; ANDRE L. 1978. Détermination
dés résidus de décamétrine présents dans lés
végétaux et |és sols traités. Phytiatrie-
Phytopharmacie 27: 85-89.

LORINI I; FOERSTER LA. 1987. Ocorréncia e
efeito de inseticidas sobre a broca dos frutos
(Diaphania nitidalis, Stoll) (Lepidoptera:
Pyralidae) na cultura do pepino (Cucumis
sativus L.). Anais da Sociedade Entomol 6gica
do Brasil 16: 145-153.

LUCAS MB. 1998. Residuos de fenitrotion em
frutos, folhas, solo e agua de irrigagdo em
cultura de berinjela (Solanummelongena L.).
ESALQ/USP. 130p (Ph.D. thesis).

OVIEDO MTP, TOLEDO MCF; VICENTE E.
2003. Residuos de agrotoxicos piretroides em
hortdlicas. Revista de Ecotoxicologia e Meio
Ambiente 13, p. 9-18.

RIPLEY BD; RITCEY GM; HARRIS CR;
DENOMME MA; BROWN PD. 2001.
Pyrethroid insecticide residues on vegetable
crops. Pest Management Science 57: 683-687.

TOMLIN CDS. 2002. The e-Pesticide manual . 12"
ed. British Crop Protection Council. verson 2.1.

Hortic. bras., v. 26, n. 3, jul.-set. 2008





