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Abstract

A method for the determination of the benzoylurea insecticides diflubenzuron, triflumuron, teflubenzuron, Iufenuron and
flufenoxuron in grapes and wine by HPLC has been developed and validated. Grape samples (50 g) were homogenized and
extracted with ethyl acetate—sodium sulfate and further cleaned-up by solid-phase extraction on silica sorbent. Wine samples
(10 ml) diluted with water (1:3) were solid-phase extracted on an octadecyl sorbent using methanol as the eluent. The
pesticides were separated on a reversed-phase octadecyl narrow-bore column by gradient elution and the residues were
determined with a UV diode array detector. The calibration plots were linear over the range 0.05-5 p.g/ml. Recoveries of
benzoylurea pesticides from spiked grapes (0.02—-2.0 mg/kg) and wine (0.01-0.2mg/l) were 85.8-101.6% and 69.1—
104.8%, respectively, and the limits of quantification for these insecticides were <0.01 mg/kg for grapes and <0.01 mg/|
for wine. The method was applied to the determination of flufenoxuron and teflubenzuron residues in grapes from treated
fields and in produced wine. O 1999 Elsevier Science BV. All rights reserved.
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1. Introduction various national and international standards, estab-

lished as maximum residue limits (MRLs), for

Wine, an important beverage in international trade,
is subject to strict regulations concerning its quality
in regards to truth-to-label and absence of additives
[1]. Pesticides are used in vine protection and
residues of them remaining on grapes at harvest may
be transferred into the wine. Although pesticide
residue levels are known to decrease during vinifica
tion [2,3], they are generally regulated through
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pesticides in table or in viniferous grapes [4]. There
is a world-wide trend towards setting specific, lower
MRLs for pesticides in wine.

Among the different chemical classes of insec-
ticides, which have been developed to control insect
pests on vine, benzoylureas are promising, acting as
powerful insect growth regulators [5]. Although their
use is continuously increasing, due to their attractive
properties, there are only a few analytical studies for
their determination in some plant tissue matrices
such as pear, apple, mushrooms and kiwi, but no
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analytical studies have appeared yet for their de-
termination in grapes or in wine. Most of the
analytical studies deal with the determination of a
single benzoylurea, usualy diflubenzuron [6-14].
Diflubenzuron is the only benzoylurea to be de-
termined in different environmental samples both by
gas chromatography (GC) [11-14], with or without
derivatization, and by high-performance liquid chro-
matography (HPLC) [6-10]. The other ones are
determined mainly by reversed-phase HPLC with
UV detection [6,15]. Analytical studies concerned
with the simultaneous determination of more than
one benzoylurea in plant tissues, like apples and
pears, have recently appeared in literature. Bicchi
and co-workers [16,17] determined diflubenzuron,
triflumuron and teflubenzuron in apple and pear pulp
at 0.01 ppm level using extraction with dichlorome-
thane—acetone, clean-up by C,; solid-phase extrac-
tion (SPE) and isocratic reversed-phase HPLC analy-
sis with UV detection, or by supercritical fluid
chromatography (SFC)-UV analysis after metha
nolic extraction and the same clean-up. Tomsg and
HajSlova [18] determined diflubenzuron, flufenox-
uron, flucycloxuron, chlorfluazuron and triflumuron
in apples using extraction with acetone, liquid parti-
tion into dichloromethane and gel permeation chro-
matography (GPC) clean-up before isocratic HPLC
analysis on a C,; column, with detection limits
varying from 0.01 to 0.03 mg/kg for the different
compounds.

Our laboratories have previoudy determined ben-
zoylurea insecticides residues in apples and pears by
using HPLC analysis after solvent extraction and
polar SPE clean-up [19]. We now report the de-
termination of diflubenzuron, triflumuron, tefluben-
zuron, lufenuron and flufenoxuron residues in grapes,
after solvent extraction and silica SPE clean-up, and
in wine, after the application of C,; SPE, in combi-
nation with narrow-bore gradient elution HPLC and
UV diode array detection (DAD).

2. Experimental

2.1. Materials and reagents

Analytical standards of diflubenzuron (Solvay-
Duphar, Weesp, The Netherlands), triflumuron

(Bayer, Mannheim, Germany), lufenuron (Novartis,
Basel, Switzerland) and flufenoxuron (Cyanamid,
Princeton NJ, USA) were certified to be >99 % pure
and teflubenzuron (Cyanamid) 97.4%. Ethyl acetate,
n-hexane, dichloromethane and isopropanol were of
pesticide residue grade; while water, methanol and
ethanol were of HPLC grade; al solvents were
purchased from Labscan (Dublin, Ireland).

2.2, Sandard solutions

Individual analytical standard stock solutions of
(@ 0.2 mg/ml for flufenoxuron, (b) 0.5 mg/ml for
diflubenzuron and (¢) 1 mg/ml for triflumuron,
teflubenzuron and lufenuron were prepared in metha-
nol and stored at —18°C in glass vias. A standard
stock solution containing all compounds, at 100 g/
ml each, was prepared in methanol from the in-
dividua stock solutions. Standard solutions at con-
centrations 0.05 to 20.0 pg/ml were prepared from
this standard stock solution to be used as calibration
standards and spiking solutions.

2.3 Samples and recovery test

Grapes from untreated vines and white wine
produced from them by microvinification were used
as control samples, as well as for the fortification
experiments. Commercial red and rose wines were
also used for the experiments.

Control grapes and wine samples were spiked at
concentrations 0.02—-2.0 mg/kg for grapes and 0.01—
0.2 mg/l for wine. Commercial rose and red wines
were also spiked at 0.02 mg/l. Extraction of spiked
samples were performed as described.

Grapes were also collected from vines treated,
during summer 1997, with 0.08% (v/v) Nomolt
15SC (15%, w/v, teflubenzuron) and from vines
treated with 0.075% (v/v) Cascade 10DC (10%,
w/v, flufenoxuron). Grapes were collected from
vines 40 and 50 days after treatment with Nomolt
and Cascade, respectively. Wine was also produced
from grapes collected from the treated vines.

All grape samples were homogenized and 50-g
sub-samples were kept frozen until spiking or analy-
sis.



G.E. Miliadis et al. / J. Chromatogr. A 835 (1999) 113—-120 115

2.4. HPLC apparatus and operation

Chromatographic analyses were performed with an
HP 1090, Series Il liquid chromatograph (Hewlett-
Packard, Waldbronn, Germany), equipped with a
ternary-delivery system attached to an autoinjector, a
Model 1040 UV diode-array detector and a Chem-
station chromatography manager data acquisition and
processing system. The analytica column was an
ODS Hypersil (MZ-Anaysentechnik, Mainz, Aus-
trig) C,g column (250x2.1 mm I.D, 5.0 pwm particle
size).

The mobile phase was methanol—water, delivered
at a flow-rate of 0.3 ml/min with a gradient com-
position, consisting of 10% (v/v) methanol for 5
min, a linear increase over 15 min to 64% methanol,
then an increase to 100% methanol over 20 min and
finaly a decrease at 10% (v/v) methanol over 2 min,
giving a total run time of 42 min. Acrodisk LC 13
(Gelman Sciences, Ann Arbor, MI, USA) PVDF
membrane filters of 0.2 wm pore size were used for
all samples. The injection volume was 20 .l and the
column temperature 42°C. The optimum detection
was at 260 nm, 4 nm bandwidth referenced against
450 nm wavelength, 80 nm bandwidth.

The concentration of the benzoylureas was de-
termined by comparing the peak areas in the sample
with those found in the calibration solutions. In
addition to the spiked and treated samples, control
samples were analyzed as blank samples and stan-
dard solutions were injected after every six samples.
The calibration plots were reproduced weekly.

2.5, Sample preparation

2.5.1. Solvent extraction and clean-up for grapes
Solvent extraction of benzoylureas from grapes
was based on a general extraction method using ethyl
acetate as extraction solvent in the presence of
anhydrous sodium sulphate [20]. To each homogen-
ized sample (50 g) 100 ml ethyl acetate and 50 g
sodium sulphate were added and the mixture was
blended at low speed for 3 min. The supernatant
extract was filtered through a Whatman No. 2 filter
paper containing anhydrous sodium sulfate. Fifty ml
of the filtrate was evaporated to dryness and the
residue was redissolved, with the aid of an ultrasonic
bath, in 5.0 ml hexane. Isolute SPE cartridges

(International Sorbent Technology, Mid Glamorgan,
UK), containing 500 mg of unbonded silica were
used for the clean-up of samples. The cartridge was
preconditioned with 10 ml hexane and after passage
of the sample (1 ml) rinsed with 5 ml hexane.
Benzoylureas were eluted with 2 ml dichlorome-
thane—isopropanol (9:1). The eluent was taken to
dryness under a gentle stream of nitrogen. Residues
were redissolved in 1ml of methanol and the re-
sulting solution was filtered prior to injection into the
LC system.

2.5.2. Solid-phase extraction for wine

Wine (10 ml) was diluted with 30 ml of water and
benzoylureas were extracted on a Isolute SPE car-
tridge containing 500 mg endcapped (EC) C,,
sorbent. The C_,; cartridge was preconditioned with 3
ml of acetone, 4 ml of 20% ethanol in water and
finaly with 4 ml of 2.5% ethanol in water. Diluted
wine samples (40 ml) were passed through the
cartridge under manual positive pressure with the aid
of a glass syringe at a flow-rate of ca. 5 ml/min.
After the enrichment step the cartridge was rinsed
with 4 ml of 2.5% ethanol in water and the residues
of this solvent were removed by passing 210 ml of
air with the syringe, without drying the cartridge
completely. Benzoylureas were eluted with methanol
until collecting 2 ml of eluate. The extract was
filtered and a suitable aliquot was injected into the
LC system.

3. Results and discussion

Chromatographic analysis of the benzoylurea com-
pounds was performed on octadecyl reversed-phase
narrow-bore column, with gradient elution program
providing adegquate separation for the five com-
pounds. The chromatograms of the grape and wine
extracts were satisfactory, without interferences at
the benzoylureas elution times area (Figs. 1 and 2).

For obtaining the calibration plots, calibration
solutions of benzoylurea insecticides were injected in
triplicate at the 1.0-100 ng range (eleven levels).
The detector’s response was linear over the studied
range and the least-squares linear regression analysis
of the data provided excellent correlation for al five
compounds (r>0.999). The intercepts and the re-
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Fig. 1. Chromatograms obtained (8) for standard mixture of
benzoylurea insecticides (10 ng) and after the solvent extraction
and clean-up of (b) untreated grapes, (c) spiked grapes at
concentration 0.1 mg/kg. 1=Diflubenzuron; 2=triflumuron; 3=
teflubenzuron; 4=Ilufenuron; 5=flufenoxuron. Chromatographic
conditions: see Section 2.4.
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Fig. 2. Chromatograms of (a) standard mixture of benzoylurea
insecticides (2 ng) and of spiked wines at 0.02 mg/I as follows:
(b) white wine, (c) red wine and (d) rosé wine. Peak numbers asin
Fig. 1. Chromatographic conditions: see Section 2.4.

sidual standard deviations for the five cdibration
curves were found to vary from —0.9 to 0.6 and
from 0.8 to 2.6, respectively. Quantification of
benzoylureas was performed by measuring the peak
areas at 260 nm, a wavelength presenting high
sensitivity with minor interferences.

3.1 Solvent extraction and clean-up of grapes

The proposed extraction by ethyl acetate—sodium
sulfate is a genera method for pesticides extraction
from non fatty matrices, suited frequently for GC—
nitrogen—phosphorus detection (NPD) analysis. By
the use of this method benzoylurea compounds can
be extracted in a frame of a multiresidue extraction
method. In preliminary investigations performed for
choosing the extraction solvent, this method pre-
sented the highest recoveries; other solvents tested
were acetone and dichloromethane. The use of the
polar silica stationary phase for benzoylureas clean-
up was found efficient; these compounds were
strongly retained by silica phase and elution was
attained by the use of dichloromethane—isopropanol
solution as mobile phase. The proposed sample
preparation method is simple, fast and applicable to
other matrices as well [19].

Accuracy and reproducibility of the described
extraction, clean-up and analysis method for the five
benzoylureas in grapes spiked at five levels were
evaluated and are shown in Table 1. The mean
recovery values at al concentrations levels were
found to be in the range of 85.8 to 101.6% with
relative standard deviation (RSD) values =5.8% for
all compounds. The overal recovery for al spiking
levels was 94.9% for diflubenzuron, 98.7% for
triflumuron, 94.0% for teflubenzuron, 90.4% for
lufenuron and 93.4% for flufenoxuron. All values in
this table are within the accepted range for residue
determinations [21].

3.2, Wine SPE and analysis

A simple SPE method for the isolation of ben-
zoylurea insecticides from wine matrix was sought,
as the use of SPE in pesticides analysis in wine is
increasing and promising [22—26]. From the com-
mercially available adsorbent phases the C,; bonded
phase adsorbent was chosen, as it is widely used for
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Table 1

Mean recovery (R) and relative standard deviation (RSD) (in parentheses) of benzoylurea insecticides from spiked grapes at various levels

(n=3, except for spiking level 0.02 mg/kg, where n=7)

Pedticide Mean recovery (R, %) (RSD, %)

0.02 mg/kg 0.1 mg/kg 0.5 mg/kg 1.0 mg/kg 2.0 mg/kg
Diflubenzuron 87.4 (4.5) 95.8 (2.1) 97.2 (255) 96.8 (1.0) 97.3 (1.4)
Triflumuron 100.1 (2.7) 100.8 (1.4) 1016 (2.2) 92.9 (0.9) 97.9 (4.2)
Teflubenzuron 87.1 (3.2) 87.7 (2.0) 96.2 (0.5) 99.7 (0.5) 99.4 (0.8)
Lufenuron 90.8 (5.8) 90.4 (1.9) 97.4 (0.8) 87.6 (1.5) 85.8 (3.5)
Flufenoxuron 98.9 (2.4) 93.6 (2.5) 99.1 (0.8) 87.5 (0.7) 87.7 (2.2)

pesticide determination or screening in wine samples
[25,26]. The 2 ml of elution solvent (methanol) used
was found adequate for extracting the benzoylureas,
as they were not detected in the eluent resulting by
passing an additional 2 ml of elution solvent through
the cartridge. After SPE tests of benzoylurea pes-
ticides from spiked undiluted wine samples, satisfac-
tory recovery values (>91.6%) at all concentrations
tested (0.02, 0.1 and 0.2 mg/l) were observed only
for diflubenzuron and triflumuron, while low or
insufficient values were observed for teflubenzuron
(54-95%), lufenuron (47-67%) and flufenoxuron
(52—75%), particularly at the spiking levels 0.1 and
0.2 mg/l (Fig. 3). Recovery was found to improve
when wine diluted with water was spiked and
extracted. The highest recoveries (>69.1% at al
spiking levels) were found after wine dilution with
water at 1.3 ratio, while the recovery values after a
dilution at 1:1 and 1:2 were >59.5% and >63.2%,
respectively. Recoveries were also found to be
dependent on the concentration of the benzoylurea
insecticides (mainly for flufenoxuron and lufenuron
and less for teflubenzuron) in wine, i.e., decreased
with increasing concentration (Fig. 3 and Table 2).
Although this dependence was rather unimportant in
the case of diflubenzuron and triflumuron, it was
important for consideration in the case of flufenox-
uron and lufenuron, especialy at the highest con-
centrations (0.1 and 0.2 mg/l). Nevertheless, the
method remains simple and rapid, and achieves
satisfactory accuracy and precision for residue analy-
sis, as shown in Table 2, where the results of the
validation of the proposed extraction procedure, by
spiking wine samples at five levels, are given. The
mean recovery values were between 69.1 to 104.8%
for al insecticides at al spiking levels. The re-
coveries were above 87% for diflubenzuron, tri-

flumuron and teflubenzuron at all concentrations
tested and for flufenoxuron and lufenuron at con-
centrations 0.01, 0.02 and 0.05 mg/I, while at higher
concentrations (0.1 and 0.2 mg/l) the recoveries for
these two insecticides ranged between 69.1 and
77.5%. Reproducibility was also very good for all
pesticides, as the RSD ranged from 0.8 to 5.8%.

The extraction procedure for benzoylurea insec-
ticides was also evaluated by spiking Greek wine of
two varieties: red and rosé. The results are showed in
Table 3 and the relative chromatograms are pre-
sented in Figs. 2c and d. The recoveries found
(73-110%) were in the same range as for white
wine, while a small dependence on the variety of
wine was observed, showing a minor influence of the
wine matrix on the extraction process.

3.3, Limits of quantification

The limits of quantification (LOQs), evaluated as
signal-to-noise (S/N) ratio equal to 10, with the
selected gradient elution program and wavelength
detection, were found to be 0.4 to 0.5 ng for the five
insecticides. These values, combined with the pro-
posed sample preparation and chromatographic in-
jection volume (20 l), correspond to LOQs of
0.004-0.005 mg/kg in grapes and 0.004—0.005 mg/|
in wine and enable reliable determinations of ben-
zoylureas insecticides at least at the 0.01 ppm level.

If lower concentrations need to be determined
(especidly in wine) it can possibly be attained by
either concentrating the final methanolic solution
before LC injection or by injecting a larger volume
(30 instead of 20 pl). Injection volumes in excess of
30 wl resulted in peak broadening, due to a dilution
effect.

The LOQ values are comparable to those pub-
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Fig. 3. Recoveries (%) (R) of benzoylurea insecticides after solid-phase extraction from spiked wine at various levels (0.02, 0.1 and 0.2
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Table 2

Mean recovery (R) and relative standard deviation (RSD) (in parentheses) of benzoylurea insecticides from spiked wine at various levels

(n=4, except for spiking levels 0.01 and 0.02 mg/kg, where n=7)

Pedticide Mean recovery (R, %) (RSD, %)

0.01 mg/I 0.02 mg/I 0.05 mg/I 0.1 mg/I 0.2 mg/I
Diflubenzuron 100.6 (2.6) 99.2 (2.6) 94.4 (4.7) 99.2 (2.6) 97.4 (2.5)
Triflumuron 98.3 (3.0) 104.8 (3.6) 98.3 (4.3) 1014 (1.7) 102.7 (0.8)
Teflubenzuron 101.8 (4.0) 104.7 (3.9) 97.9 (3.1) 97.6 (2.8) 98.2 (5.4)
L ufenuron 97.1 (2.9) 87.0 (3.0) 90.8 (4.7) 735 (1.2) 69.1 (2.9)
Flufenoxuron 99.2 (3.6) 90.9 (3.2) 91.7 (1.7) 775 (3.0) 72.1 (5.8)

lished for benzoylurea analysis in various plant
tissues [10,11,16—19]. No MRLs have been set by
the European Union or the FAO/WHO for the five
benzoylureas in grapes. Various countries have set
MRLs, e.g., Italy has set 1 mg/kg for teflubenzuron,
0.5 mg/kg for lufenuron and 0.1 mg/kg for flufenox-
uron in grapes, France has set 0.1 mg/kg for
flufenoxuron in grapes. The LOQs attained by the
method are much lower than those MRL values,
making the method suitable for routine analysis.

34. Fidd sample analysis

Residues of teflubenzuron and flufenoxuron mea-
sured on field treated grapes and on wine produced
from them, as described in Section 2.3, were found
to be 0.52 and 0.20 mg/kg for the two compounds
respectively in grapes, and 0.012 and 0.010 mg/I,
respectively in wine. By comparing these values, it
can be seen that concentrations of teflubenzuron and
flufenoxuron residues are considerably decreased
from vine to wine. The determined concentrations
are within the studied range and the application of
the method was proved satisfactory.

Table 3

Mean recovery (R) and relative standard deviation (RSD) (in
parentheses) of benzoylurea insecticides, as evaluated from wines
of different varieties (white, rosg, red) at 0.02 mg/l (n=4, except
for white wine, where n=7)

Pesticide Mean recovery (R, %) (RSD, %)

White Rosé Red
Diflubenzuron 99.2(26)  100.1 (2.8) 103.5 (5.4)
Triflumuron 104.8(36) 1100 (4.1) 109.7 (4.7)
Teflubenzuron 104.7 (3.9) 87.3 (5.2) 91.8 (7.2)
Lufenuron 87.0(3.0) 84.3 (4.9) 82.1(6.1)
Flufenoxuron 90.9 (3.2) 73.0 (4.6) 74.3 (3.7)

4. Conclusions

A novel and robust method for the determination
of benzoylurea insecticides residues in grapes and
wine was developed. Reliable recovery data were
found at various concentrations, after spiking grapes
and wine, and good limits of quantification were
attained. Solvent extraction and SPE clean-up for
grapes, and SPE for wine were used in combination
with narrow-bore HPLC with UV-DAD under opti-
mized experimental conditions. The method is suit-
able for routine analysis for grapes and wine, as well
as for research dissipation studies of these insec-
ticides in field-treated grapes.
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