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Determination of Urea Pesticide Residues in
Vegetable, Soil, and Water Samples

Houda Berrada, Guillermina Font, and Juan Carlos Molté*
Laboratory of Food Chemistry and Toxicology, Faculty of Pharmacy, University of Valencia, Av.

Vicent Andrés Estellés s/n, 46100 Burjassot, Spain

*  Corresponding author. Fax: +34 963 544 954. E-mail address: j.c.molto@uv.es

ABSTRACT: The main physico-chemical, toxicological, and environmental properties of urea pesticides are
summarized. General characteristics of analytical methods for residues of phenylurea herbicides (PUHs), sulfo-
nylurea herbicides (SUHs), and Benzoylurea insecticides (BUISs) in crops, soil, and water samples, employed in
the last 5 years are reviewed. Provided it is information about liquid-liquid and solid-phase extraction of the
samples and clean-up steps. The applications of gas chromatography (GC), liquid chromatography (LC), and
capillary electrophoresis (CE) techniques in the analysis of these compounds are exposed in tabular form and
commented on. Sensitivity and instrument conditions of liquid and gas chromatographic techniques coupled to
mass spectrometric detectors are outlined. The advantages and drawbacks of the analytical methods developed

recently are discussed.

KEY WORDS: phenylurea herbicides, sulfonylurea herbicides, benzoylurea insecticides, liquid chromatography,
gas chromatography, capillary electrophoresis, foods, water.

I. INTRODUCTION

Substituted ureas are an important group of
pesticides that are used as herbicides (phenylureas
and sulfonylureas) and insecticides (benzoylureas).
Phenylurea herbicides (PUHs) are largely used in
field applications for pre- and post-emergence
weed control in a variety of crops. The main
groups of phenylurea herbicides are the N-phe-
nyl-N',N'-dialkylureas, N-phenyl-N'-methoxyureas,
and compounds containing a heterocyclic group.
More recently a group of sulfonylurea herbicides
(SUHs) has been developed. SUHs are very spe-
cific to the target organisms, and thus the applied
amounts in the field are much smaller than with
conventional pesticides. The mechanism of ac-
tion of all ureas is common, consisting in act
inhibiting the photosynthesis producing herbicidal
activity, impeding the chlorophyll’s function due
to the inhibition light reaction at the level of Hill
reaction. Sulfonylureas act inhibiting acetolactate
synthasa. This enzyme intervenes in the biosyn-
thesis of branched chain amino acids conducting

1040-8347/03/$.50
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the photosynthesis inhibition. Benzoylurea com-
pounds are promising insecticides (BUIs) and used
because their ability to act as insect growth regu-
lators that inhibit the synthesis of cuticle chitin in
target pests. Figure 1 shows some examples of
structures of the main groups of urea pesticides,
and Tables 1 and 2 outline the physicochemical
and toxicological properties of these compounds.

For the determination of urea pesticides sev-
eral techniques can be used.!> Gas chromatogra-
phy (GC) is used because of its high sensitivity
and selectivity for the detection of these com-
pounds, but the thermal instability of some urea
pesticides makes it necessary to first prepare stable
derivatives, indirectly determine them in the form
of their derivatives, or to use other techniques
such as liquid chromatographic (LC) or capillary
electrophoresis (CE). Although in recent years
the preference for LC methods has increased in
the applications for urea compounds, CG meth-
ods, when applicable, still have the advantages of
great separation efficiency, high speed of analy-
sis, and the availability of a wide range of highly
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FIGURE 1. Examples of the chemical structures of the main groups of substituted urea pesticides
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sensitive detectors.? Capillary electrophoresis (CE)
is a promising analytical tool that provides im-
proved resolution over LC with similar sensitivity
at trace levels of urea pesticides in a variety of
matrices with several different sets of CE condi-
tions.*

Multiresidue and single residue methods gen-
erally consist of the same basic steps, but
multiresidue methods allow the determination of
a large number of pesticides in a single analysis,
thus reducing time and cost of analysis. The
Maximum Admissible Concentration (MAC) of
pesticides in drinking water, defined by European
Community Directive as 0.1 pg L' for individual
pesticides and 0.5 pug L' for the sum of pesti-
cides. posed certain demands of the analytical
methods for pesticide residue determination. This
subject has been reviewed by several authors.>”
Analytical methods have also been reviewed to
screen, quantify, and confirm pesticide residues
in agricultural products under Maximum Residue
Limits (MRLs) established by regulations.’1°

The aim of this review is to summarize and
discuss the extraction methods developed to iso-
late and preconcentrate urea pesticides, and the
methods used to determine these compounds the
last 5 years in water and food samples.

Il. EXTRACTION AND CLEAN-UP

Several of the substituted urea pesticides are
highly persistent in the environment and can con-
taminate surface waters damaging crops if the
contaminated water is used for irrigation or in-
creasing residues in drinking water. Extraction
and clean-up procedures play an important role in
the determination of urea pesticides in food and
water samples. An important advantage of re-
versed-phase column LC in conjunction with aque-
ous samples is that the low eluotropic strength of
water samples allows the injection of large sample
volume.'! Phenylureas can be determined using a
GC method by large volume injection.'> Aqueous
samples can be analyzed directly by CE.!? Al-
though the traditional liquid-liquid extraction
(LLE) requires the handling of a large volume of
solvents, some methods are proposed for the analy-
sis of waters with dichloromethane,'*!” ethyl ac-
etate,'®1° or acetonitrile,” for vegetables with ethyl
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acetate,2!22 acetone,?2* dichloromethane,!21625-27
or acetonitrile.”-3* The extracts from vegetal
samples are cleaned up by gel permeation chro-
matography?"?32427 or solid-phase extraction (SPE)
to clean up with silica,'*?>?> aminopropyl car-
tridges,?® or cation exchange SPE.!3

SPE is a very useful preconcentration tech-
nique that allows both extraction and concentra-
tion of pesticide residues. Water samples can be
extracted using SPE bulk C18 sorbent,’! disks,3>3
columns,?*3¢ or cartridges.>”* After SPE extrac-
tion, extracts can be cleaned up with alumina
cartridges.’® Considerable reduction of solvent
consumption can be achieved by miniaturizing
the scale of sample extraction. Adoption tech-
niques such as matrix solid-phase dispersion
(MSPD) can help to reduce considerably the size
of sample and the solvent consumption. C8 bonded
silica is used to extract BUIs from citrus fruits.**4’
Solid-phase microextraction (SPME), a solvent-
free, easy sample preparation method, is used to
extract urea pesticides from water.*$4°

Automatic devices that couple on-line the sample
pretreatment by SPE-LC in one analytical run are
nowadays commercially available. This method is
well suited for multiresidue analysis of water
samples.’®->3 Both parent and breakdown products
of sulfonylureas were extracted on-line from large
water samples by supercritical fluid chromatogra-
phy SFC.>* The combination of an on-line concen-
tration and extraction and microbore LC is capable
of providing good recoveries in the determination of
herbicides in environmental water samples.>

Tables 3 and 4 summarize the main liquid-
liquid and solid-phase extraction procedures found
in the literature and the cleaning-up steps used
before determination. In general, analytical pro-
cedures based on GC detectors do not need ex-
tracts of great purity, and cleaning-up can usually
be avoided. Dichloromethane is the most fre-
quently used solvent for extraction and clean-up
purposes in methods based on liquid-liquid parti-
tion, whereas octadecylsilica is largely preferred
over other supports in SPE methods.

Ill. DETERMINATION SYSTEMS

A variety of analytical methods have been
used for the analysis of pesticides. Most analyti-
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cal schemes are currently based on GC, LC, and
CE techniques.

A. Gas Chromatography

The behavior of the analytes in the GC or LC
columns is the main criterion for the selection of
the separation method. Most of the phenylurea
herbicides are non-GC-amenable compounds, due
to thermal instability, but in some cases despite
their degradation under GC conditions the preci-
sion of analysis is not significantly affected. Some
compounds can be determined unchanged by GC
with electron capture detector (ECD)?#26:31:495% and
nitrogen phosphorus detector (NPD).3!5* In other
cases, a degradation product is quantified,**¢ or
the pesticide is derivatized before GC determina-
tion.! GC coupled with a quadrupole MSD?+26:39:48.56
or an ion trap (IT) MSD operating in electronic
impact mode'>* sometimes performs confirma-
tion of identity of pesticide residues. Table 5 sum-
marizes the use of GC methods in the determina-
tion of urea pesticides.

B. Liquid Chromatography

LC is the most commonly adapted technique
for analyzing urea pesticides. A summary of
methods based on LC is given in Table 6. Many
of these applications employ UV or diode array
detection (DAD). PUHs!!323351 and SUHgs#!44.54
are determined currently in water with UV detec-
tion. PUHs,2 SUHs,? and BUIs2!-2246 can also
been determined in fruits and vegetables with UV
detection thanks to the previous processes of con-
centration and purification. LC with DAD per-
formed satisfactorily for determining PUHs,
SUHs, and BUIs in water samples,!#15:18:34.35:40
fruits,?” and wine.!?

The LC-MS technique is now widely applied
to determine urea pesticides in food and water
analysis.”” Due to completely different ionization
techniques such as electrospray ionization (ESI)
and atmospheric pressure chemical ionization
(APCI), in contrast to electron impact ionization
(ED), as well as different fragmentation mecha-
nisms, new mass spectral libraries have been con-

structed.”® In the last few years, interfaces based on
atmospheric pressure ionization (API) increased in
the number of applications.” The most abundant
ions in the MS spectra of PUHs and sulfonylureas
are produced in positive-ion mode [M+H]+. ESI is
an effective interface for assessing trace levels of
PUHs and their major related degradation prod-
ucts’> and sulfonylureas*>#3> in water and in
cottonseed and cotton gin trash.?’ SUHs can also
been determined in water using ESI in negative ion
mode.'® PUHs are best ionized as positive ions
with APCI'*% and determined in water samples.
APCI spectra of BUIs typically provided intense
molecular ions in negative-ion mode, allowing the
acquisition of primarily molecular weight informa-
tion rather than promoting fragmentation. An LC/
APCI-MS method was applied to determine these
compounds in mushrooms,’! plums, strawberries,
and blackcurrant-based fruit drinks,®? and in citrus
fruits.*’

C. Sensitivity of Mass Spectrometric
Techniques

Routinely, GC-MS is used for monitoring pes-
ticides in aqueous samples. Several methods have
been reported for the determination of either the
intact ureas’*%? or their breakdown products.’®%*
The mass spectra of the urea derivatives obtained
with electronic impact mode (-70 eV) show few
fragments and an intense molecular ion [M+], for
this an adequate selection of few m/z ions (two or
three) to perform a SIM provides both good sen-
sitivity and the correct identification of such de-
rivatives.

Polar pesticides are the most likely to leach to
ground water, which is the way analytical meth-
ods based on LC are often preferred and, in par-
ticular, methods using LC-MS. Different inter-
faces such as particle beam (PB),% thermospray,
and atmospheric pressure ionization (API) have
been used for urea pesticides. However, during
the last few years, API techniques, high flow
pneumatically assisted electrospray ionization
(ES),36606% or ionspray (ISP)’® and atmospheric
pressure chemical ionization (APCI),%”! both of
these soft ionization modes, have become the most
popular interfacing techniques. Table 7 details
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the instrument sensitivity of several GC-MS and
LC-MS methods using different interfaces em-
ployed to analyze urea pesticides in several matri-
ces as well as the searched m/z ions. The sensitiv-
ity of GC-MS is very good, instrumental conditions
are completely reproducible, and the high separa-
tion power of capillary columns can be used. On
the other hand, LC-MS techniques become more
and more sensitive and allow the determination of
intact urea pesticides.

D. Capillary Electrophoresis

Capillary electrophoresis (CE) is rapidly be-
coming an important tool for the separation of a
wide variety of compounds (Table 8). To apply CE
for monitoring studies of pesticides, particular atten-
tion has to be devoted to the optimization of the
separation in order to obtain the best selectivity in a
complex matrix as vegetables, where many poten-
tial compounds may interfere. There are several
separation modes. In micellar electrokinetic chro-
matography (MEKC), the potential applied across a
fused-silica capillary is the driving for migration, as
in capillary zone electrophoresis (CZE), but MEKC
involves the addition of an anionic micellar additive
as sodium dodecyl sulfate (SDS) to the working
electrolyte. This allows the separation of nonionic
compounds.” Experimental retention factors of the
phenylurea herbicides, measured using MEKC with
working electrolytes containing various micellar con-
centrations of SDS shows a good agreement with
the retention data predicted using the polarity and
the lipophilicity indices. MEKC can be used for
separations using working electrolytes containing
SDS at concentration upper than the critical micellar
concentration (CMC).”® Micellar, mixed micellar,
and microemulsion electrokinetic chromatography
(EKC) were applied to the separation of phenylureas
and chlorsulfuron, showing that the separation effi-
ciencies in mixed micellar and microemulsion EKC
were higher than in micellar EKC.7#7 Sulfonylurea
herbicides and their degradation products may be
detected simultaneously and separated by MEKC,
permitting the quantitation of these compounds at
the ng g™ in water,'*'” mushrooms,®' and grains.*
CZE ofters also a fast and reliable method to deter-
mine sulfonylurea herbicides in water.?0-304
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IV. DETERMINATION IN REAL SAMPLES

Considerable research activities have been
done to increase the sensitivity of the methods
and their reability at trace levels to accomplish
the exigencies of the laws. At very low concentra-
tions, matrix interference from complexes samples
as foods could cause errors in the final results,
and consequently a purification step is required.
Water is usually a more simple matrix, and clean-
up can be avoided if selective extraction and de-
tection techniques are used (see Tables 3 and 4).

A. Water and Soil

The levels of urea herbicides found in real
samples are very low (ug L' order), which is
because its own physico-chemical properties (see
the octanol/water partition coefficient and the
water solubility of PUHs and BUIs in Table 1), its
environmental behavior (see the field dissipation
half life and half-life in soil in Table 2), and its
low application rate (see Table 2).

Real water samples have been analyzed by GC
using direct and indirect determination of urea her-
bicides in surface and ground water.'83°476 In the
indirect analysis of phenylurea pesticides, the sol-
vent used for injection has influence on the deter-
mined compound. In this sense, phenylcarbamic
acid alkyl ester derivatives are determined when
methanol or ethanol is used, phenylisocyanates are
determined when acetonitrile or dichloromethane is
used,* and phenylamines are formed when water is
present, as occurs in SPME.* For samples analyzed
by GC techniques, typical reported levels in waters
are as low as 3.5to 11.4 ug L! for chlortoluron in
irrigation channels for citrus fields,’® and 0.28 pug L
for isoproturon and 1.55 g L-! for diuron in surface
waters.'8

LC was applied to the determination of
PUHs,!111532:34404151 BUTs, 4 and SUHs¥414452 ip
surface and ground water samples. Nicosulfuron
is one of the most frequently detected herbicide in
surface waters from the Midwestern USA,*3
whereas diuron is a commonly detected com-
pound in surface waters from central and south-
eastern regions of France.'® A residue of 23.1 ug L' of
diuron was found in Lake Creek stream water.>* It
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is one of the highest concentrations reported for
urea herbicides in waters when an analysis is
performed following LC techniques.

B. Foods

Urea pesticide residues in food have been
researched by GC, particularly diflubenzuron in
apples,?® linuron, metobromuron, and monolinuron
in routine crop monitoring,?* diuron in orange and
sugar cane,’® and flufenoxuron in wines.* After a
field treatment applied 55 days before sampling,
0.10 mg kg! of diflubenzuron residue was found
in apples.?® As a result of a controlled application
of diuron (6400 g ha™') following a good agricul-
tural practice in orange and sugar cane fields from
Sao Paulo (Brazil) the diuron residues quantified
were of 8.9 to 11.3 ug kg! for orange samples
and 5.3 to 6.6 ng kg! for sugar cane samples.’®
Seven Portuguese red wine and five white wine
samples were analyzed for flufenoxuron and other
pesticides, and no residue was found.*

LC permits the determination of bensulfuron
methyl in rice and crayfish? and BUISs in citrus
fruits*’ grapes and wine.! Diflubenzuron,
hexaflumuron, and flufenoxuron were found in
several citrus fruit samples from Spain, but no
sample exceeded the maximum residue levels
established in such state.*” Teflubenzuron and
flufenoxuron were determined in grapes from
treated Greek fields and produced wines. Their
residues were higher in grapes (0.52 mg kg! for
teflubenzuron and 0.20 mg kg™! for flufenoxuron)
than in wines (0.012 mg L' for teflubenzuron and
0.010 ug kg! for flufenoxuron)."

V. CONCLUSIONS

The extraction with organic solvents is still
used from the isolation of urea pesticides from
food and water samples. The solid phases are now
preferred to analyze water samples as well as
food samples by using solid-phase extraction and
matrix solid-phase dispersion procedures.

GC is preferably used for an analysis of vola-
tile and thermostable pesticides, but the well-es-
tablished methods with selective detectors allow

the determination of some urea pesticides. How-
ever, multiresidue analysis including thermally
labile compounds over a wide range of polarity is
generally performed by LC and CE techniques.
The larger number of applications has been per-
formed by LC. Approximately half uses UV and
DAD detectors, and the other half MS detector. In
the last few years LC-MS methods operating with
different interfaces have been proposed showing
the suitability of these techniques. The interfaces
ESI and APCI are considered to have a promising
future.

CE is an emerging technique complementary
to GC and LC, with applications in the area of
urea pesticides. The advantages of CE for moni-
toring routine analyses are the simplicity of the
instrumentation, the low solvent consumption, and
the easy equipment maintenance with respect to
chromatographic techniques. The main limitation
of CE is the low loadability of the system that
allows the achievement of impressive detection
limits without preconcentration or sample stack-
ing techniques to enhance sensitivity. In recent
years the employ of MSD configured with ESI or
APCI interfaces will permit extending the appli-
cations of this technique. Nevertheless, the poten-
tial of CE has not been fully exploited in many
fields of research, including environmental analy-
ses for urea pesticides.

Monitoring of vegetables and water sources
will become extremely important and the meth-
ods applied will be intended to achieve efficient
and rapid separations whatever the technique may
be employed.
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