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ABSTRACT

A sensitive gas chromatographic method using an electron-capture detec-
tor (ECD) has been devel oped for the determination of diniconazole fungi-
cide residues in grapes and zucchini. The developed method consists of
extraction with ethyl acetate, and column chromatographic clean-up, fol-
lowed by capillary gas chromatographic determination. The recoveries of
diniconazole were greater than 90% for both plant samples. The limit of
determination of the method was 0.0001 ppm. The method was applied to
determine residues and the rate of disappearance of diniconazolefrom grapes
and zucchini [open field treatment, 35 cc of Sumi-eight 5% EC (emulsifiable
concentrate) for 100 L of water]. The fungicideincorporated into the plants
decreased rapidly with a half-life time around 6 days in grapes and 2 days
for zucchini. It is recommended not to apply diniconazole on grapes after
maturation stage No residues could be detected in zucchini 16 days after
field application. Hence, the plant could be used safely after that period of
time. Four market sampleswere chosen from different regionsfromA.R.E.
and all of them showed no residues of diniconazole.
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Pesticides are used on alarge scale for agricul-
tural purposes. The adverse effects of pesticideson
both human health and the environment are amatter
of public concern. Thusboth theactual state and resi-
dueleve sof pesticidesin agricultural productsshould
be extensively monitored. One of the new classes of
pesticideisthetriazolederivatives, which arevery ef-
fective fungicides. In this class is the fungicide
diniconazole, (Figure1).

Diniconazole, (BE)-1H-1,2,4-triazole-1-

Diniconazale
Figurel: Chemical structureof diniconazole
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ethanol B[ (2,4-dichlorophenyl)methylene]-a-(1,1-
dimethylethyl), CAS: [83657-24-3], isabroad-spec-
trum systemicfungicide. It hasrecently been registered
in various countries. This fungicide is steroid
demethylationinhibitor, actingmainly onthevegetative
stages of fungi by blocking themycelid growth either
insdeor onthesurface of thehost plant™®. Diniconazole
iseffectivein controlling abroad spectrum of diseases
such as powdery mildew, scab, brown rust, septoria
and rhynchosporium3,

Greset effortsareexerted to devel op sensitivemeth-
odswithlow limitsof quantificationto determinere-
sdua levelsof pesticides. Among thevariousmethods
of anadysis, chromatographic methods (HPLC and GC)
havethe advantage of sensitivity despitethe higher cost
of instrumentation and chemicals. Theliterature con-
cerningtheanaysisof diniconazoleresduesin different
matricesislimited, and the determination of residuesof
triazol e pesticidesin vegetables and fruitshas not been
widdyinvestigated.

Severa schemeshave been provided for extrac-
tion diniconazolefrom plant materialsand for their
clean-up frominterferingimpurities. Extracting solvents
used for diniconazole varied from acetonel>®, hex-
ane, chloroform?, ethyl acetate 12, acetonitril€*?,
or methanol** %3 were used. Other methodsfor ex-
traction include stir bar sorptive extraction®, solid
bonded-phase extraction!*”, and supercritical fluid
extraction(*®,

Theclean-up step for diniconazoleis solid-phase
extraction %17 dispersive solid phase extraction>
18 TLCE, or column chromatography(tt14.15.19,

Estimation of theres dual amountsof diniconazole
islargely dependent on GC methodsusing FPDI6 21,
ECDI5 79.14.15.201 TP TSP GC-M S or GC/
MS/MS?. HPLC methods are used to a lesser ex-
tent> 1122, | C/MSisaso used®, and LC-MS/MS
has been applied recently!2 131, ELISA technique has
been used for assay of diniconazole in agricultural
samples?,

Thisstudy was an attempt to follow up dangerous
widely used pesticideresiduesinan Egyptianfield. The
study demonstrates the determination of diniconazole
resduesintreated grapes and zucchini andtheir rate of
decreasewithtime.
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Materialsand reagents
Solventsand reagents

Ethyl acetate, methanol, methylene chloride, and
acetonewere of HPLC reagent grade (Sigma-Aldrich,
Steinheim, Germany); ortho-phosphoric acid (El-Nasr
Company, Cairo, Egypt) was purchased.

Chemicals

Hyflo-Supercel | was used for column chromatog-
raphy (LobaChemiePVT. Ltd, Mumbai, India), with
sodium chloride (El-Nasr) and ammonium chloride
andar (CarloErba, Milan, Italy).
Pesticidediniconazolestandard solution

(100 pg/ml) in ethyl acetate was from Central Agri-
cultural PesticidesLaboratory, Agricultural Research
Center, Ministry of Agriculture, Cairo, Egypt.

Pesticidetechnical formulations

Sumi-eight 5% EC (Sumitomo, Japan), purchased
from El-Quormashop, Cairo, Egypt.
Apparatusand chromatography
Thegaschromtaography unit and data system

Hewlett-Packard series 6890 (Ramsey, MN,
USA). A gaschromatograph programmed for external
standardi zation using the peak areawas used.
Column

DB-5% phenylmethylsiloxane capillary column of
30 mlength, 0.32 mminternal diameter and 0.25-pm
filmthickness.

Operating conditions

The oven temperature was 240°C, inlet tempera
ture 280°C, and detector temperature 300°C. The car-
rier gaswasnitrogen at aflow rate of 5ml/min, withan
injection volumeof 1 ul and splitlessinjection mode.

Electron capturedetector

Field experiment

Thetrial wascarried out at Wardan, GizaGover-
norate, Egypt. Two fildswerechosento apply the ex-
periment: grapesweregrown in onefield and zucchini
intheother. Each field was subdivided into two aress,
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onefor treatment with diniconazole and the other for
control and recovery and not treated by thefungicide.
The experiment started on Saturday, August 8", 20009.
Thespecified field for grapeswastreated with therec-
ommended doseasindicated in the Technical Recom-
mendationsfor Agricultura Pests Control, Ministry of
Agriculture, A.R.E. for diniconazole, avolumeof 7.5
ml of Sumi-eight 5% EC wasdiluted with 20 L of wa-
ter. Thediluted fungicidewas applied on the specified
areawith aknapsack sprayer equipped with anozzle.

Thespecified field for zucchini wastreated with the
recommended dose of diniconazole as mentioned be-
fore. The experiment started on Saturday, September
1, 20009.

Sampling and storage

Samplingwas performed by randomly collecting 3
kg of grapesand zucchini from eachtreated area. The
collected sampleswererepresentative of al plantsin
thearea. First, clean samples of grapesand zucchini
were collected from the control areas, and then treat-
ment of plants started and sampling wasstarted 1 hr
after application of theinitia deposits, repeated 1, 3, 5,
8, 11, and 16 daysafterwardsto study thediss pation
of thefungicide. Field sampleswereplaced inbagsand
transported in iceboxesto thelaboratory. Each field
sample was subdivided, removed from necks (for
grapes) or chopped using afood cutter (for zucchini),
and then representative subsamplesof 50 gweresorted
at -20°C until analysis.

Extraction procedure

Fifty gramsof the plant sasmpleswastransferred
into ablender stainlesssted jar and homogenized with
150 ml of ethyl acetate and 20 g of activated anhy-
drous sodium sul phate (activated over night at 105°C)
for 2 min. The macerate wasfiltered through aclean
cotton pad into agraduated cylinder. A knownvolume
(100 ml) of the extract was evaporated just to dryness
using arotary evaporator operating at 40°C.

Clean up procedure

Clean up was carried out according to the method
of Johnson®! anditsmodification madeby Neasr et d .29
using acoagul ating solution (ammoniumchloride0.5g
and 1 ml of 85% orthophosphoric acid solution in 400
ml of ditilled water). Theresduewasdissolvedin5ml
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of methanol, thenthoroughly mixed with 10 ml of cooled
freshly prepared coagul ating sol ution and the contents
were quantitatively transferred and filtered through a
chromatographic column (2.5 cmi.d.) packed with a
5-cm layer of Hyflo-supercell. Transfer wasrepeated
for twotimes.

Thefiltratewasthen collected ina250-ml separat-
ingfunnel and extracted with 30, 20, and 10 ml methyl-
ene chloride. The extracts were collected in 100-ml
round-bottomed flasks and evaporated under vacuum
to drynessusing arotary evaporator operating at 40°C.
Acetone (3 X 10 ml) wasadded separatel y and evapo-
rated each timeto removeany residua methylenechlo-
ride in the extract which affects the performance of
ECD. Theresduewasdissolvedin aknown volumeof
ethyl acetate (GC grade) for GC determination.

GCanalysis

All GC specifications and operating conditions
are presented under A pparatus and chromatography.
Under these operating conditionsthe retention time

70000
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Figure2: Chlromtogram of)standard din}bonazole
of diniconazolewas4.502 min (Figure 2).
Recovery assays

Known quantitiesof diniconazoledissolvedinethyl
acetate were added to control samplesof grapesand
zucchini at fortificationlevelsof 0.001,0.01,0.1,and 1
ppm. Extraction (2.5.) and cleanup (2.6.) were car-
ried. Simultaneous processing frequently checked the
recovery of theoverall method.

Analysisof random mar ket samples

Random sampleswere purchasen from different
marketsin Egypt, namely: El-Obour Market (Cairo-
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Ismailiadesert road), DinaFarms (Cairo-Alexandria
desert road), Matai (Minia Governorate in Upper
Egypt), and Isis(Cairo-Belbeisroad). ISsproductsare
clamedtobeorganic, i.e., no chemica ssuch as pesti-
cidesareusedinthefarm. All these sampleswereana
lyzed using the previously mentioned schemein 2.5.
and 2.6.

Quantitativeanalysis

Theresponse of the detector to the diniconazole
concentration waslinear, and the correl ation coefficient
wasr =0.9997. Quantitation of diniconazolein samples
was performed by comparing the detector response
(areq) for thesampleto that of the calibration standard.

All collected samples, recovery sample, and mar-
ket sampleswereanayzed using the prescribed scheme
and then quantified by GC previoudy mentioned.

RESULTS& DISCUSSION

Recovery

Control samplesof tomatoesand green beanswere
fortified at thefour levelsof 0.001 ppm, 0.01 ppm, 0.1
ppm, and 1 ppm, and average recovery percentages
from spiked samplesarelistedin TABLE 1. Asclear

TABLE 1: Recoveriesof diniconazolefrom grapesand zuc-
chini at 4fortification levels

Grapes Zucchini
1 01 001 0001 1 0.1 001 0.001
ppm ppm ppm ppm ppm ppm ppm  ppm
82.92 90.02 94.32 95.36 98.08 97.92 99.54 96.73
fromthe TABLE, therecoveriesranged from 82.92 -
99.54 %.

Residuedeter mination and residuedissipation

Residues of diniconazole on grapesand zucchini
arelisedinTABLE 2, theresduesof diniconazolede-
creasewithtime. Figure 3 showsthisdecreasein case
of grapes, whileFigure4 showsitinzucchini. Interpre-
tation of diniconazoleres dueresultsshowsthat itsrate
of decreasefollowsafirst-order kineticsreaction:
R=R e™,

Where R is the residue level on t day after
diniconazolegpplication, R theresiduelevel atimet=
0, and K isthe degradation rate constant, which differs

in grapes and zucchini, where K gapes = 0-1201 day*
andK_ _..=0.3856day™. Thet ,was5.77 daysin
case of grapesand 1.8 daysin zucchini.
Diniconazole residues decrease with time and
within every fixed timeinterval, the decreaseisacon-
stant ratio from the amount already present at the be-
ginning of theinterval, i.e., therate of decreaseinres-
duesat any timeisdirectly proportional to amount of
theresiduesat that time, whichisthesign of first-or-
der kineticd?" %, Alsothereisalinear relationship
between | og residues of diniconazole on both grapes

TABLE 2: Residuesof diniconazoleon grapesand zucchini

Grapes Zucchini
Time (day) a
ppm % loss ppm % loss
0 0.095 0 0.01072 0
1 0.08 9.090909 0.00759 18.39013
3 0.07018 20.25 0.00343 42.83196
5 0.0495 43.75 0.00127 55.52291
8 0.033 62.5 0.000602 59.45065
11 0.02475 71.875 0.000144 62.13866
16 0.01408 84 n.d.2
an.d.: not detected
T
3
i = |
§ o
' i
il —

Figure 3 : Decrease of diniconazole residueson grapes by
time

Time {day]
Figure4: Decrease of diniconazoleresidueson zucchini by
time

and zucchini, and time (TABLE 3 and Figures5 and
6). Thisconfirmsthat diss pation of diniconazol e obeys
first order kinetics.
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TABLE 3: Logresiduesof diniconazolever sustime

Time (day) Grapes Zucchini
Log ppm Log ppm
0 -1.02228 -1.96983
1 -1.09691 -2.11976
3 -1.15379 -2.46471
5 -1.30539 -2.8962
8 -1.48149 -3.22076
11 -1.60642 -3.84164

16 -1.8514
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Figure 5 : Log of diniconazole residues on grapes versus
time
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Figure6 : Log of diniconazoleresidues on zucchini versus
time

Analysisof market samples

All thefour market samplesdid not show any resi-
duesof diniconazoleunder thesensitivity of themethod.

DISCUSSION

Theobjectiveof thisstudy wasmonitoring residues
of diniconazolefungicidesthroughaperiod of time, and
predictingthePHI (PreHarvest Interva) of diniconazole
for grapesand zucchini at the described experimental
conditions. Sinceresiduesof diniconazoleon grapes
did not vanish after 16 daysand calculated (from first

—> Fyll Poper

order kineticsequation) to stay for morethan 30 days,
so it is recommended not to apply diniconazole on
grapes after maturation stage. In case of zucchini, the
estimated PHI was 12 days. It should be noted that
diniconazoleisreported to haveno MRL (Minimum
Residue Limit)®, soit should not be harvested before
vanishing from plants

CONCLUSIONS

A modified capillary gas chromatographic method
isdescribed for the determination of residues of the
fungicidediniconazole. Themethodisuseful for quanti-
tativeanaysisof real samples. Thetechnique devel-
oped for sampl e extraction and clean-up was applied
tomonitor theresiduesof thestudied fungicidein grapes
and zucchini. Themethodisa so gpplicablefor therou-
tineanalysisof fruit and vegetable samplesinsimple
laboratories equipped with acapillary gas chromato-
graph. Theestimated PHI for diniconazoleon zucchini
was 12 days while it is recommended not to use
diniconazolefor grapesafter maturation.
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