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1. Introduction 

Urea herbicides form, together with phenoxy derivatives and triazines, the most important 
agricultural herbicide group. The urea-derivatives are typical pre-emergence herbicides 
applied usually as aqueous emulsions to the surface of soil. Almost all of the urea 
compounds with good herbicidal action are trisubstituted ureas, containing a free imino-
hydrogen. According to the receptor theory, this hydrogen plays a role in the formation of 
the hydrogen bond being significant in the mode of action of ureas. Chemically, the urea 
type herbicides contain a urea bridge substituted by triazine, benzothiazole, sulfonyl, 
phenyl, alkyl or other moieties. Besides herbicidal activity, some analogous structures have 
other biological activity (Lányi&Dinya, 2005).  
The general structure of a phenylurea herbicide (PU) is (substituted) phenyl–NH–C(O)–NR2. 
The phenyl ring is often substituted with chlorine or bromine atoms, but methoxy, methyl, 
trifluoromethyl, or 2-propyl substitution is also possible. Most PU are N-dimethyl PU, but a 
combination of a methyl substituent and another group also occurs (Niessen, 2010). PU are 
used as selective and non-selective herbicides in substantial amounts, including the use as 
systemic herbicides to control broadleaf and grassy weeds in cereals and other crops, as total 
herbicides in urban areas, and as algicides in paints and coatings. 
Sulphonylureas (SU) form a group of selective herbicides with R1–NH–C(O)–NH–SO2–R2 as 
general structure. R1 and R2 generally are substituted heterocyclic rings such as 4,6-
dimethylpyrimidin-2-yl and 2-(benzoic acid methyl ester) (Niessen, 2010). The mode of 
action of these herbicides consists of inhibiting acetolactate synthase (ALS) which is a key 
enzyme in the biosynthesis of branched amino acids (valine, leucine, and isoleucine). SU are 
low dose herbicides (10 – 40 g a.i. ha-1) used to control broad leaved weeds in cereals 
exhibiting very low acute and chronic mammalian toxicities (Wang Y. S. et al., 2010). 
Benzoylureas (BU), which were introduced in the early ‘70s, represent a class of insect 
growth regulators (IGRs) which act on the larval stages of most insects by inhibiting or 
blocking the synthesis of chitin, a vital and almost indestructible part of the insect 
exoskeleton during the molting stage; therefore, the failure to successfully cast off the old 
exoskeleton leads to the eventual death of the larvae. Diflubenzuron is the prototype of all 
benzoylurea chitin synthesis inhibitor insecticides (Shim et al., 2007). 
The specificity of benzoylureas to species whose structural integrity depends upon chitin, 
their low acute toxicity to mammals along with their high biological activity, make them 
suitable for inclusion in integrated pest management programs for fruit and vegetables 
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(Shim et al., 2007). This kind of insecticide suffers a rapid degradation in both soil and water 
(Zhou et al., 2009). Nevertheless, residues can often reach populations through the food chain 
causing chronic exposure and long-term toxicity effects. Some studies show that several IGRs 
may affect nontarget arthropods, such as teflubenzuron and hexaflumuron at concentrations 
that are probably environmentally relevant (Campiche et al., 2006). Previous studies have 
shown that extremely low levels of metsulfuron-methyl, a SU herbicide, have phytotoxicity to 
sensitive crops in crop-rotation systems and have unintended side effects on non-target 
organisms (Wang H. Z. et al., 2010). Diuron, a PU herbicide, has been shown to cause a drop in 

photosynthesis in algal communities at concentration of 1.5 μg/L (Ricart et al., 2010). 
The substituted urea herbicides are used for the control of many annual and perennial 
weeds, for bush control, and for weed control in irrigation and drainage ditches. Likewise, 
the benzoylurea insecticides are widely used on a large number of crops. 
In this chapter, the more relevant contributions of the last 5 years to the current knowledge 
on several aspects regarding urea pesticides, such as degradation in soil and natural waters, 
occurrence of residues in food, legislation and analytical determination will be discussed.  

2. Degradation studies 

Several studies have investigated the degradation pathways of urea pesticides  in aqueous 
solutions and soil. In soil, their persistence is mostly influenced by the rate of chemical and 
microbial degradation. Degradation is particularly dependent on the soil pH, moisture 
content and microbiological activity. The ultraviolet (UV) radiation in the sunlight is one of 
the most powerful forces for pesticide degradation. Studies on the photodegradation of 
pesticides in both homogenous and heterogeneous systems contribute to elucidate the 
transformation, mineralization and elimination of these xenobiotics in the different 
environmental compartments. In a review by Burrows et al. (2002) the photodegradation of 
pesticides is reviewed, with particular reference to the studies that describe the mechanisms 
of the processes involved, the nature of reactive intermediates and final products. 
The more recent herbicide formulations are designed to offer advantages of the highest 
selectivity together with the lowest persistence in the environment: SU meet these 
requirements. But, unfortunately, lower persistence in the environment does not necessarily 
correspond to lower toxicity, since many herbicides undergo natural degradation reactions 
in the environment that do not lead to mineralization but to the formation of new species 
potentially more toxic and stable than the precursors (Bottaro et al., 2008). 
The most important pathways of degradation of SU in soil are chemical hydrolysis and 
microbial degradation, while other dissipation processes such as volatilization and 
photolysis are relatively insignificant (Saha & Kulshrestha, 2008; Si et al., 2005; Wang Y. S. et 
al., 2010). SU typical field dissipation half-lives (t1/2) are about 1-8 weeks in some cases, but 
within a few days in the case of some newer compounds. Chemical hydrolysis is pH and 
temperature dependent: in most cases the degradation is faster in acidic rather than in 
neutral or in weakly basic conditions, and at high temperature (Wang Y. S. et al., 2010). 
Degradation of ethametsulfuron-methyl, a SU, in soils was pH-dependent; calculated t1/2 

values ranged from 13 to 67 days. Ethametsulfuron-methyl was more persistent in neutral or 
weakly basic than in acidic soil. Five soil metabolites were isolated and identified by LC-
MS/MS analysis. Different authors have shown that soil pH is the most important factor in 
affecting both sorption behaviour and chemical degradation of metsulfuron-methyl in soil 
because of its ability to influence the ionization state of the herbicide (Wang H. Z. et al., 

www.intechopen.com



Urea Pesticides   

 

243 

2010). The mineralization rate was negatively correlated with soil pH, organic carbon 
contents, and clay contents, while it was positively correlated with soil microbial biomass 
carbon and silt contents. Regression analyses suggested that soil properties did not act 
separately but in an interactive manner in influencing the overall metsulfuron-methyl 
mineralization in soils.  
The dissipation mechanisms of two SU herbicides, chlorsulfuron and imazosulfuron, were 
both chemical and biological. Half-life calculation followed the first-order kinetics. The t1/2 
of chlorsulfuron was 6.8–28.4 days and that of imazosulfuron was 6.4–14.6 days. Persistence 
is strongly influenced by the temperature and soil pH. Both compounds dissipate faster in a 
more acidic soil. The two SU changed the soil bacterial composition, and the change was 
larger with imazosulfuron at 50 mg/kg. The selectivity of survival for bacteria was stronger 
in more alkaline soil (Wang Y. S. et al., 2010). 
In soil, the hydroxylation of the aromatic ring of chlorsulfuron has been reported in the 
presence of the fungus Aspergillus niger. Photolysis of imazosulfuron was reported in 
aqueous solution under UV light. Chemical cleavage was the main degradation pathway in 
aerobic conditions, whereas in anaerobic conditions, microbial degradation was the main 
degradative pathway to demethylate imazosulfuron (Wang Y. S. et al., 2010). 
The hydrolysis rate of rimsulfuron was as high as the photolysis rate, and decreased on 
diminishing the pH values of the solution. Sorption and photolysis reactions of rimsulfuron 
on silica and clay minerals were also investigated and compared with a natural soil sample. 
The photochemical degradation of the herbicide was strongly affected by retention 
phenomena, showing that silica and clay minerals can retain and protect rimsulfuron from 
photodegradation much more than soil (Bufo et al., 2006). Degradation products of 
rimsulfuron can leach through sandy soils in relatively high concentrations and could 
potentially contaminate vulnerable aquatic environments (Rosenbom et al., 2010). 
Rimsulfuron is moderately persistent to non-persistent in aqueous solutions/soil 
suspensions under anaerobic/aerobic conditions, with t1/2 of 6–40 d in soil. Most of the 
rimsulfuron and its degradation products are available for either leaching or formation of 
non-extractable residues (sorption, exclusion/trapping) since mineralisation is negligible.  
The kinetics of hydrolytic degradation of sulfosulfuron was investigated to predict the fate 
of the herbicide in an aqueous environment. The study revealed that the hydrolytic 
degradation followed first-order kinetics. The degradation was dependent on pH and 
temperature. Hydrolysis rate was faster in acidic condition (t1/2=9.24 d at pH 4.0) than 
alkaline environment (t1/2=14.14 d at pH 9.2). Under abiotic conditions, the major 
degradation mechanism of the compound was the breaking of the sulfonylurea bridge 
yielding corresponding sulfonamide and aminopyrimidine (Saha & Kulshrestha, 2008). 
The UV induced photodegradation of metsulfuron in water has been studied. The 
mechanism involved hydrolytic cleavage of the sulfonylurea bridge to form the 
corresponding phenyl sulfonyl carbamic acid and s-triazine, with the carbamic acid 
subsequently decarboxylating to form a phenyl sulfonamide and a cyclic derivative 
(Burrows et al., 2002). 
BU adsorb readily in soil with little subsequent desorption and, even though its mobility in 
soil is very low, some BU may be present in surface water after application (Martinez et al., 
2007). 
Diflubenzuron is quickly degraded in the environment mainly by hydrolysis and 
photodegradation producing as major metabolites: 2,6-diflurobenzamide, 4-
chlorophenylurea, 4-chloroacetanilide, 4-chloroaniline and N-methyl-4-chloroaniline, the 
last three of them classified as mutagens (Rodriguez et al., 1999). 
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In a review dealing with the degradation of phenylurea herbicides, Sorensen et al. (2003) 
reported that degradation proceeds mainly through a microbial way with the action of a 
wide variety of microbial strains. 
Transport of pesticides from point of application via sub-surface drains can contribute 
significantly to contamination of surface waters. Many pesticides (particularly soil-acting 
herbicides) rely for their activity on a degree of mobility and persistence in soil, but these 
properties can confer vulnerability to leaching to sub-surface drains (Brown & van Beinum, 
2009). 
Due to the extensive use of urea pesticides for agricultural and non-agricultural purposes, 
their residues have been detected in wastewater effluents, surface water and raw drinking 
water sources, as well as food products, around the world, and have received particular 
attention because of their toxicity and possible carcinogenic properties. Among them, the 
highly persistent phenylurea herbicides can be found at concentrations reaching several 
µg/L in natural waters. Since their possible activity as carcinogens, the control of the levels 
of the residues of these compounds in the environment and in crops has an outstanding 
importance. 

3. Legislation 

Increasing public concern about health risks from pesticide residues in the diet has led to 
strict regulation of maximum residue levels (MRLs). Food Safety legislation is not 
harmonized through the world. However, well-known international bodies, the most 
representative of which is the Codex Alimentarius Commission established by Food and 
Agriculture Organization (FAO) and World Health Organization (WHO), create risk based 
food safety standards that are a reference in international trade and a model for countries to 
use in their legislation. Actually, the Codex Alimentarius (2009) set MRLs only for the 
following ureas: diazinon (0.01 to 5 mg/kg); diflubenzuron (0.01 to 5 mg/kg); novaluron 
(0.01 to 40 mg/kg) and teflubenzuron (0.05 to 1 mg/kg). 
The European Union, as one of the world’s largest food importers, exerts a major influence 
on food safety testing globally and has also strict legislation in this area (Hetherton et al., 
2004). Legislation on food at the European Community level dates back to 1976 when 
Council Directive 76/895/EEC specified MRLs for pesticides (43 active substances) in and 
on selected fruits and vegetables, 7 of them were urea herbicides (monolinuron, 
metsulfuron-methyl, thifensulfuron-methyl, triasulfuron, azimsulfuron, chloraxuron and 
flupyrsulfuron-methyl). Linuron and monolinuron were also included in the so-called 
"black list" of the 76/464/EEC Council Directive on pollution caused by certain dangerous 
substances discharged into the aquatic environment of the Community. Later, in order to 
prevent the contamination of groundwater and drinking water, a priority list which 
considered pesticides used over 50,000 kg per year and their capacity for probable or 
transient leaching was published; chlorotoluron, diuron, isoproturon and 
methabenthiazuron were included in this list. The 80/779/EEC Directive on the Quality of 
Water Intended for Human Consumption stated a maximum admissible concentration of 0.1 

μg/L for individual pesticide and 0.5 μg/L for the total pesticides, regardless of their 
toxicity. The regulation (EC) No. 396/2005 made an important step forward in its efforts to 
ensure food safety in the European Union, as a regulation revising and simplifying the rules 
pertaining to pesticide residues entered into force. The new rules set harmonised MRLs for 
pesticides. They ensure food safety for all consumers and allow traders and importers to do 
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business smoothly as confusion over dealing with 27 lists of national MRLs was eliminated. 
If a pesticide is not included in any of the above mentioned lists, the default MRL of 0.01 
mg/kg applies (Art 18(1b) of Reg. (EC) No 396/2005). Recently, regulation (EC) No 
901/2009 has been produced concerning a coordinated multiannual Community control 
programme for 2010 to 2012 to ensure compliance with MRLs and to assess the consumer 
exposure to pesticide residues in and on food of plant and animal origin. The Member States 
shall, during 2010 - 2012 analyse samples for the product/pesticide residue combinations, 
including the ureas: flufenoxuron, linuron, lufenuron, pencycuron and triflumuron. 

4. Analytical methods 

Various approaches are described in the literature for detailed analysis of urea pesticides in 
environmental, biological and food samples. Tables 1-3 summarize the more relevant 
studies, published in the last five years, concerning the analytical methodologies applied for 
PU (Table 1), SU (Table 2) and BU (Table 3) determination. Research has been carried out in 
ureas extraction, separation and specific detection. It is a tremendous challenge to develop 
sensitive and selective analytical methods that can quantitatively characterize trace levels of 
residues in the several types of samples. This challenge is most evident in the detection of 
ureas due to the low dose used, their water solubility and chemical instability. At present, 
there is still a lack of officially approved methods that would solve the difficulties associated 
with quantitative isolation of urea pesticides from the various matrices, clean-up of the 
extract without significant loss of the analyte, separation of all individual pesticides 
contained in the purified extract, detection of the separated components, unequivocal 
identification and quantification of the identified compounds. 
Sample pretreatment processes are crucial steps to achieve clean-up and effective 
enrichment of the target analytes before analysis. For solid samples, traditionally, Soxhlet 
and manual/mechanical shaking have been used for ureas extraction (Buszewski et al., 
2006; Cydzik et al., 2007; El Imache et al., 2009; Ghanem et al., 2008; Mou et al., 2008; Scheyer 
et al., 2005; Tamayo et al., 2005a, b; Tamayo & Martin-Esteban, 2005). On the other hand, for 
aqueous samples the classical methodology is liquid-liquid extraction (Moros et al., 2005). 
However, these techniques have inherent disadvantages, for example the large volumes of 
organic solvents required. They are also time-consuming and involve multistep processes 
that have always the risk of loss of some analytes. Supercritical-fluid extraction, matrix 
solid-phase dispersion, pressurized liquid extraction (Bichon et al., 2006), microwave-
assisted extraction (Paiga et al., 2008, 2009a; Paiga et al., 2009b) and batch extraction 
enhanced by sonication (Boti et al., 2007a; Buszewski et al., 2006; De Rossi & Desiderio, 2005) 
have been developed as alternative techniques to replace classical extraction methods 
mainly for solid samples. All these methods reduce extraction time and the volumes of 
solvent required, but some have the disadvantages of high investment and maintenance 
costs of the instruments (i.e., supercritical-fluid extraction, pressurized liquid extraction, and 
microwave-assisted extraction). Supercritical-fluid extraction is less frequently used, 
probably due to a strong dependence of optimal parameters setting on sample composition 
and analytes, which is the cause of a rather low robustness of supercritical fluid extraction-
based procedures. Matrix solid-phase dispersion is relevant for tissue analysis, such as beef 
fat, catfish muscle or oysters (Bichon et al., 2006). Matrices are blended with C18 or Florisil 
phases before analyte elution with an adequate solvent. The major drawback of this 
procedure is the manual preparation which complicates the routine application (Bichon et 
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al., 2006). Nowadays, microwave-assisted extraction and pressurised liquid extraction are 
applied successfully for urea residues control in soils (Paiga et al., 2008), vegetables (Paiga et 
al., 2009a; Paiga et al., 2009b) and in oysters (Bichon et al., 2006a). Low temperatures must be 
selected due to urea’s thermolability. Studies have shown that once optimized, these new 
extraction techniques are comparably efficient, with similar standard deviations. However, 
the main drawback is the wide range of co-extracted compounds leading usually to more 
purification steps. 
Solid phase extraction (SPE) is a well-established preconcentration technique that allows 
both extraction (for liquid samples) and concentration of traces of contaminants using low 
amounts of solvents. It represents the most often-applied method in environmental and food 
analysis (Tables 1-3). The popularity of SPE has increased in recent years as it is easily 
automated and a wide range of phases is available. Octadecylsilica is the largely preferred 
sorbent over other supports for all the three groups of ureas (Crespo-Corral et al., 2008; 
Piccirilli et al., 2008; Sa et al., 2007). Moreover new multi-functionalized and selective 
sorbents are exploited to improve enrichment and clean-up performances (Breton et al., 
2006; Carabias-Martinez et al., 2005; Mansilha et al., 2010; Tamayo et al., 2005b; Tamayo & 
Martin-Esteban, 2005; Zhang et al., 2006).  
Molecularly imprinted polymers (MIPs) are synthetic polymers possessing specific cavities 
designed for a target molecule. By a mechanism of molecular recognition, the MIPs are used 
as selective tools for the development of various analytical techniques such as SPE. MIPs 
possess many advantages, for instance, easy preparation, chemical stability and pre-
determined selectivity. The enhancement of the selectivity provided by the MIP has been 
largely described in the literature (Pichon & Chapuis-Hugon, 2008; Pichon & Haupt, 2006). 
MIPs were developed for SU (Liu et al., 2007) and PU (Breton et al., 2006; Carabias-Martinez 
et al., 2005; Tamayo et al., 2005b; Tamayo & Martin-Esteban, 2005). They were compared to 
classical sorbents in order to demonstrate the possibility to obtain cleaner baseline when 
using the MIP than when using C18 silicas or hydrophobic polymers (Breton et al., 2006; 
Carabias-Martinez et al., 2005; Tamayo et al., 2005b; Tamayo & Martin-Esteban, 2005). There 
are more and more applications of MIPs directly to real samples without a preliminary 
treatment (Bettazzi et al., 2007; Breton et al., 2006; Pichon & Chapuis-Hugon, 2008; Pichon & 
Haupt, 2006). The selectivity was also demonstrated by spiking the sample with compounds 
belonging to the same range of polarity as the target analytes; the lack of retention of these 
compounds on the MIP demonstrates the selectivity of the extraction procedure on MIPs 
(Pichon & Chapuis-Hugon, 2008; Pichon & Haupt, 2006).  
Room temperature ionic liquids (RTILs) containing relatively large asymmetric organic 
cations and inorganic or organic anions have recently been used as “green solvents” to 
replace traditional organic solvents for chemical reactions. The application of immobilized 
ILs in separation and clean-up procedures has recently raised much interest. (Fang et al., 
2010) showed that cartridges with ionic liquid-functionalized silica sorbent allow a better 
simultaneous quantification of 12 SU than the reached with C18 sorbent.  
Recently, solid-phase extraction with polystyrene divinylbenzene and multiwalled carbon 
nanotubes (MWCNTS) as the packed materials were successfully used for enhancing the 
detection sensitivity of PU (chlortoluron (Zhou et al., 2007); diuron and linuron (Ozhan et 
al., 2005)) and SU (nicosulfuron, thifensulfuron and metsulfuron-methyl (Zhou et al., 2006)). 
On the basis of their peculiar electronic, metallic and structural characteristics, they have 
also been exploited in other fields such as biosensors, field-effect transistors and so on (Zhou 
et al., 2006). 
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The need to reduce the overall sample preparation time and the quantities of organic 
solvents has led to the emergence of several new extraction approaches, including solid-
phase microextraction (SPME) (Mughari et al., 2007b; Sagratini et al., 2007), liquid phase 
microextraction (Zhou et al., 2009) and dispersive liquid-liquid microextraction (Chou et al., 
2009; Saraji & Tansazan, 2009). The SPME technique is a solvent-free extraction technique 
that was successfully coupled to GC and LC (Mughari et al., 2007b; Sagratini et al., 2007) in 
order to analyze PU in fruit juices and groundwater. In dispersive liquid-liquid 
microextraction, a water-immiscible organic extractant and a water-miscible dispersive 
solvent are two key factors to form fine droplets of the extractant, which disperse entirely in 
the aqueous solution, for extracting analytes (Chou et al., 2009). The cloudy sample solution 
is then subjected to centrifuge to obtain sedimented organic extractant containing target 
analytes. Saraji & Tansazan (2009) and Chou et al. (2009) used this technique to isolate and 
concentrate several PU herbicides from river water samples. 
Several polymers have been developed which change their structure in response to 
surrounding conditions, such as the pH, electric field, and temperature. Poly(N-
isopropylacrylamide) (PNIPAAm) is one of these. There are considerable and reversible 
changes in the hydrophilic/hydrophobic properties of PNIPAAm-grafted surfaces in 
response to a change in temperature. Taking advantage of this characteristic, an LC column 
packed with PNIPAAm to selectively separate SU herbicides by controlling the external 
column temperature has been developed (Ayano et al., 2005). 
Nowadays, the main analytical alternatives sufficiently sensitive for determining urea 
residues are gas chromatography (GC) and liquid chromatography (LC). GC is applied for 
the determination of many organic pollutants, but direct determination of ureas is difficult 
due to their low volatility and thermal instability (Crespo-Corral et al., 2008). Methods 
developed by GC usually involved a derivatization procedure with diazomethane or 
pentafluorobenzyl bromide (Scheyer et al., 2005). The derivative procedure made GC 
difficult to be a robust tool for monitoring ureas. However, (Crespo-Corral et al., 2008) 
showed the usefulness of the potassium tert-butoxide/dimethyl sulphoxide/ethyl iodide 
derivatization reaction to determine simultaneously PU, carbamate and phenoxy acid 
herbicide residues in natural water samples by GC-MS. They reached limits of detection for 
PU in the range of 0.12–0.52 ng/L which are ones of the lowest achieved (Table 1). 
Methods based on LC coupled with different detectors are the most commonly preferred. 
Conventional UV, diode array or photodiode array detection have been extensively used in 
LC for the determination of PU, SU and BU in environmental samples (Zhou et al., 2006). 
MIPs were tested as stationary phases for PU separation (Tamayo et al., 2005b; Wang et al., 
2005) before LC-UV detection.  
Fluorescence detection (FLD) has been closely bound to the important development of LC 
instrumentation as it is generally more sensitive than classical UV absorption and less 
expensive that MS detection. It represents a very selective detector, overcoming matrix 
interferences (Mughari et al., 2007b). However, few compounds are fluorescent, although 
some of them possess the necessary degree of aromaticity and may be converted to 
fluorescent species by using derivatization methods. Several authors (Mou et al., 2008; 
Mughari et al., 2007a; Mughari et al., 2007b) studied the application of FLD combined with 
post-column photochemically induced fluorimetry derivatization to determine PU 
compounds in groundwater and rice and corn samples.  
Amperometric detector has been also coupled with LC for the analysis of PU (Shapovalova 
et al., 2009). 
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Matrix Phenylurea Pretreatment Extraction 
Clean-up/ 

Elution 
Detection LOD Ref. 

Air samples 
chlortoluron, 

diuron, 
isoproturon 

 

Soxhlet with 
n-hexane/ 

CH2Cl2 (1:1, 
v/v) 

 

GC-MS/MS 
after 

derivatisation 

with 
pentafluoro-

benzyl-
bromide 

100-500 

μg/L 

Scheyer 
et al., 
2005 

Corn 

fenuron, 
metoxuron, 

chlortoluron, 
isoproturon, 

metobromuron, 
linuron 

manual 
shacking with 

ACN; 
supernatant 
was filtered 
through a 

0.45 μm filter

several MIPs 
conditioned 
with toluene

MeOH LC-PAD 
not 

provided 

Tamayo 
et al., 
2005b 

Corn, potato, 
pea and 
carrot 

fenuron, 
metoxuron, 

chlortoluron, 
isoproturon, 

metobromuron, 
linuron 

dried 
manual 

shacking 
with ACN 

MIPs elution 
with MeOH

LC-UV 
not 

provided 

Tamayo 
et al., 
2005a 

Corn and rice 

fenuron, 
tebuthiuron, 
metoxuron, 
monuron, 

chlortoluron, 
fluometuron, 
isoproturon, 

diuron, 
monolinuron, 

metobromuron, 
buturon, siduron, 

linuron, 
chlorbromuron, 

neburon 

finely ground
mechanical 
shaker with 

ACN 

Florisil SPE 
conditioned 

by sequential 
washing with 

acetone/n-
hexane 

(40:60, v/v) 
and n-

hexane. 

LC-FLD after 
UV 

decomposition 

and 
post-column 

derivatization

0.003-
0.032 

mg/kg 

Mou et 
al., 2008 

Courgette 
cucumber, 
lettuce and 

peppers 

linuron, 
metobromuron, 

monolinuron 
chopped 

microwave-
assisted 

extraction 
with ACN 

filtration 
through a 

GF/C and 0.2 

μm filters 

LC-PAD 
7.2-10.1 

μg/kg 
Paiga et 

al., 2009a 

Drinking 
water 

diuron, 
fluometuron, 

linuron, siduron, 
thidiazuron. 

 

C18 disks, 
conditioned 
with MeOH 

water. 

MeOH LC-MS 

0.010-
0.026 

μg/L 

Li et al., 
2006 

Fresh and 
processed 
Tomato 

linuron, 
metobromuron, 

monolinuron 
chopped 

microwave-
assisted 

extraction 
with ACN 

filtration 
through a 

GF/C and 0.2 

μm filters 

LC-PAD and 
LC-MS 

2.0-7.1 

μg/kg 
Paiga et 

al., 2009b 

Fresh and 
estuarine 

waters 

chlortoluron, 
diuron, linuron, 
metobromuron, 

metoxuron, 
monolinuron, 

monuron, 
neburon, 

pH adjusted 
to 7; filtered 
using GF/F 

glass 
microfibre 

filters (0.7 μm 
pore size) 

HLB 
cartridge 

conditioned 
with MeOH 
and water 

MeOH LC-MS/MS 
5-59 

ng/L 

Mazzella 
et al., 
2009 
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Fruit juices 
(orange, 

strawberry, 
cherry and 

apple) 

diuron, monuron, 
monolinuron 

Centrifuga-
tion and 
filtration 

through 0.45 

μm nylon 
membrane 

SPME with 

50 μm 
Carbowax/
templated 

resin, 60 μm 
(PDMS/DVB)

and 85 μm 
polyacrylate

 
LC-MS and 
LC-MS/MS 

0.005- 
0.01 

mg/kg 

Sagratini 
et al., 
2007 

Groundwater 

monolinuron, 
diuron, 
linuron, 
neburon 

 

SPME with a 

60 μm 
(PDMS/DVB)

fiber 

 

LC-FLD after 
post-column 
photochemi-
cally induced 
fluorimetry 

derivatization 
with a Xenon 

lamp 

0.019-
0.031 

μg/L 

Mughari 
et al., 
2007b 

 
Groundwater 

 
monuron, 

monolinuron, 
chlortoluron, 

diuron, 
neburon 

 

 
C18 ethyl 

acetate 
followed by 

water 

 
ethyl acetate

LC-FLD after 
post-column 
photochemi-
cally induced 
fluorimetry 

derivatization 
with a  Xenon 

lamp 

 
2.8-9.94 
ng/L 

 
Mughari 

et al., 
2007a 

Natural 
water 

samples 

monolinuron, 
diuron, 
neburon 

acidified to 
pH 2 with 0.1 
mol/L HCl 
and filtered 
through 0.45 

μm nylon 
membrane 

C18 Sep-
Pack 

cartridge 
conditioned 
with MeOH 
and water at 

pH 2. 

of 5% ethanol 
in DMSO 

GC-MS after 
potassium 

tert-
butoxide/ 
dimethyl 

sulphoxide/
ethyl iodide 

derivatization

0.12–0.52 
ng/L 

Crespo-
Corral et 
al., 2008 

Natural 
Waters 

diuron 

filtered 
through a 

0.45 μm 
syringe filter

  

one-shot 
screen-
printed 

thylakoid 
membrane-

based 
biosensor 

1.3 μg/L 
Bettazzi 

et al., 
2007 

Natural 
Waters 

diuron  

MIP based 
SPE 

conditioned 
with  

MeOH and 
water 

Elution with 
MeOH/triflu
oroacetic acid 

(98/2, v/v) 

photo 
synthetic 
biosensor 

0.35 

μg/L 

Breton et 
al., 2006 

Natural 
waters and 
freshwater 
sediments 

diuron, 
linuron 

freeze-dried

Ultrasonic 
extraction 

with acetone, 
MeOH and 

DCM 

Centrifugation 
and filtration 
through PTFE 

membranes 

(0.22 μm) 

LC-DAD 
0.6-0.7 

μg/kg 

Boti et al., 
2007a 

Natural 
waters 

diuron, 
linuron 

 

C18 
conditioned 
with DCM:

acetone 
 (1:1, v/v) 

DCM: 
acetone 

(1:1, v/v) 
LC-DAD 

1.4-5.7 
ng/L 

Boti et 
al., 2007b 
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Oysters 

 
chlortoluron, 

diuron, 
isoproturon, 

linuron, 

 
Pressurised 

liquid 
extraction 

SPE 
CN/SiOH 
cartridge 

conditioned 
with 

cyclohexane 
SPE 

combined 
with LLE 

LC–MS/MS
0.1-3.9 
μg/kg 

Bichon et 
al., 2006 

Pesticide 
formulations 

diuron  
manual 
shaking 

with ACN 
 

NIR 
spectrometry

0.08-0.18 
mg/kg 

Moros et 
al., 2005 

Pure water 

monuron, 
diuron, 

isoproturon, 
fenuron, 

chlortoluron, 
difenoxuron, 
metoxuron, 

neburon, 
buturon, 

fluometuron 

   

LC-UV 
performed 
with a MIP 

column 

not 
provided 

Wang et 
al., 2005 

River water 

tebuthiuron, 
diuron, 

fluometuron, 
siduron, 
linuron, 

thidiazuron 

filtered 
through a 
0.45-μm 
nylon 

membrane 
filter 

dispersive 
LLME with 

acetone, CS2 
and toluene

 LC-PAD 
0.01–0.5 
μg/L 

Saraji & 
Tansazan, 

2009 

River water 

fenuron, 
monuron, 

chlortoluron, 
isoproturon, 

diuron, 
metobromuron, 

linuron 

Oasis HLB 
cartridges 

several MIPs 
conditioned 
with ACN 

and toluene

ACN LC-DAD 
not 

provided 

Carabias-
Martinez 

et al., 
2005 

Sewage 
sludge 

diuron  

horizontal 
shaker; ethyl 

acetate–
DCM 90:10 

(v/v) 

glass column 
with 

activated 
Florisil; 
elution  
with n-
hexane–
acetone 

(90:10 and 
50:50 (v/v))

LC-MS/MS
0.4 

μg/kg 
dw 

Ghanem 
et al., 
2008 

Soil 

chlortoluron, 
isoproturon, 

diuron, 
monolinuron, 

linuron, 
metobromuron, 
chlorbromuron, 

methabenzthiazu
ron. 

 

mechanical 
shaker, fast 

speeding 
mixer, and 
sonicator 

with  
MeOH, 
DCM, 

ethanol,  
and acetone

activated 
silica gel; 

elution with 
MeOH/DCM

(1:5, v/v) 

LC-DAD 
0.07 -
0.13 

mg/kg 

Buszewski 
et al., 2006 

Soil 
diuron, 
linuron 

air dried 
MeOH in an 
automated 

Soxhlet 
 LC-DAD 1 μg/kg 

El 
Imache et 
al., 2009 
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Soils 
linuron, 

metobromuron, 
monolinuron 

air-drying 
and sieving 

to a grain size 
of 2 mm 

microwave-
assisted 

extraction 
with ACN 

filtration 
through a 

GF/C and 0.2 

μm filters 

LC-PAD 
0.65-2.4 

μg/kg 
Paiga et 
al., 2008 

Surface 
waters 

chlortoluron, 
diuron, 

isoproturon, 
linuron, 

metoxuron 

pH 2 

HLB 
cartridge 

conditioned 
with 

ultrapure 
water 

acidified at 
pH 2 

ACN and 
DCM (1:1, 

v/v) 

ultra-
pressure LC-

MS/MS 

4-12 
ng/L 

Gervais 
et al., 
2008 

Surface 
waters 

isoproturon 

filtered 
through 

0.45-μm 
cellulose 

acetate filters; 
pH adjusted 
to 7.5, stored 

at 4 ◦C. 

sol–gel 
immuno 
sorbent 

ACN LC-MS/MS 5 ng/L 
Zhang et 
al., 2006 

Surface 
waters 

chlortoluron, 
diuron, 
linuron, 

metobromuron, 
monolinuron 

filtered 
through glass 
fiber filter (0.7 

μm) 

C18 
cartridges 
activated 

with MeOH 
and water 

ACN LC-DAD 
0.02-0.04 

μg/L 

Kotrikla 
et al., 
2006 

Surface 
waters 

diuron, 
isoproturon 

Filtration 
with 0.45 μm 

pore size 
cellulose 
nitrate 

membrane; 
pH adjusted 

to 4 

on-line SPE  LC–MS/MS 0.5 ng/L 
Stoob et 
al., 2005 

Surface 
waters 

diuron, 
linuron 

filtered 
through  
0.45 μm  

pore-size 
cellulosic 

membranes 

C18 and 
styrene 

divinylbenze
ne cartridges 

(SDB) 

DCM for C18 
and ACN for 

SDB 

dual-column 
LC-DAD 

0.012-
0.018 

μg/L 

Ozhan et 
al., 2005 

Tap, 
underground 
and mineral 

waters 

linuron filtration 

C18 silica gel 
disk 

conditioned 
with ACN 
and water 

ACN 

Flow-through 
photochemi-
cally induced 
fluorescence 
optosensor 

0.13-0.22 
mg/L 

Piccirilli 
et al., 
2008 

Tap water 
and beetroot 

juice. 

linuron, 
metoxuron, 

dicuron 
filtration 

LLE with 
ACN 

 
LC-

amperometric 
detection 

0.003-
0.17 

mg/L 

Shapo-
valova et 
al., 2009 

Tap water, 
ground 
water, 

sewage water 
and snow 

water 

chlortoluron 

filtered 
through a 

0.45 μm 
membrane 

SPE 
multiwalled 

carbon 
nanotubes 

conditioned 
with  

MeOH and 
water 

DCM LC-UV 
0.012 

μg/L 

Zhou et 
al., 2007 
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Urine, soil, 
water, 

pesticide 
formulation 

fluometuron 

soil was 
mixed with 
water and 

shaked 

C18 
conditioned 
with MEOH

ACN (10%) 

photo-
induced 

chemilumi-
nescence in 
continuous-
flow multi-

commutation 
assembly 

0.1 
mg/L 

Cydzik et 
al., 2007 

Vegetables 
and 

vegetable 
processed 

food 

diuron, 
isoproturon, 

linuron, 
metobromuron 

chopped 

MeOH or 
acetone in 
ultrasonic 

bath 

carbograph 
cartridge 

eluted with 
DCM/MeOH 
(60:40, v/v) 

Reversed 
phase 

capillary 
electro- 

chromato- 
graphy 

not 
provided 

De Rossi 
& 

Desiderio, 
2005 

Vegetable 
samples 

isoproturon, 
metoxuron, 

fenuron, 
linuron, 

chlortoluron, 
metobromuron 

dried 

manual 
shacking 
during  

10 min with 
ACN and 

centri-
fugation 

 

LC-UV 
performed 

with 
imprinted-
stationary 

phases 

not 
provided 

Tamayo 
& 

Martin-
Esteban, 

2005 

Water fluometuron  
C18 

conditioned 
with MEOH

ACN (10%) 

photo-
induced 

chemilumine
scence  

in 
continuous-
flow multi-

commutation 
assembly 

0.1 
mg/L 

Sa et al., 
2007 

Water linuron pH 6 
octadecyl 
silanized 
magnetite 

ethanol  1.0 μg/L 
Katsumata 

et al., 
2007 

Table 1. Methods for phenylurea determination.  

HLB- hydrophilic–lipophilic balance; ACN-acetonitrile, MeOH- methanol; THF- tetrahydrofuran; DCM-

dichloromethane; LLE- liquid liquid extraction; LLME- liquid liquid microectraction; MIPs- molecularly 

imprinted polymers; PDMS – poly(dimethylsiloxane); DVB – divinylbenzene 

 

Chemiluminescence (CL) is becoming an attractive technique to be used as detection system 

in LC due to its high sensitivity, wide linear range and simple instrumentation. Despite 

these advantages, CL has been used less than fluorescence and absorbance for pesticide 

residue analysis, but has been successfully applied to the determination of some BU 

insecticides (Galera et al., 2008; Garcia et al., 2007) 

Actually, LC combined with mass spectrometry (LC–MS) is widely applied to determine 

ureas in environmental and food analysis (Table 1-3) mainly due to the high selectivity and 

sensitivity of the MS-detector, as well as, the possibility of performing reliable identification 

and confirmation. As regards LC–MS interfacing, atmospheric pressure chemical ionization 

(APCI) or electrospray ionization (ESI) are the most widely applied LC–MS ionization 

techniques (Losito et al., 2006). 

Time-of-flight-mass spectrometry (TOF-MS) analysis generates increased resolution of 

signals on the m/z axis in comparison to other quadrupole mass spectrometers. 
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Matrix Sulfonylurea Pretreatment Extraction 
Clean-up/ 

Elution 
Detection LOD Ref 

60 mL of 
soil-

extraction 
solution,  pH 
adjusted to 

4.8 

Cart. with ionic 
liquid-

functionalized 
silica equilibrated 

with 10mL of 
DCM–MeOH 95:5 
(v/v) and water.

Water / 
Elution with 

15mL of 
DCM- MeOH 

95:5 (v/v). 

LC-MS 
0.08 – 

1.0 µg/g

Soil 
 

Thifensulfuron-
methyl, metsulfuron-

methyl, 
chlorsulfuron, 
sulfometuron-

methyl,  
rimsulfuron, 

ethametsulfuron, 
tribenuronmethyl, 

bensulfuron-methyl, 
prosulfuron, 

pyrazosulfuron, 
chlorimuron-ethyl 
and primisulfuron 

60 mL of 
soil-

extraction 
solution, pH 
adjusted to 

4.5 

Cart. C18 
preconditioned 
with MeOH and 

water. 

MeOH -water 
(2:8). / 

Elution with 
ACN 

LC-MS 
0.05 – 
1.78 

µg/kg 

Fang et 
al., 2010 

Soil and 
50% ethanol 

solution 
36.3 

µg/L 
orange 

juice 

Thifensulfuron-
methyl 

- 
- 

- Polarography
159  µg/ 

L 

Inam et 
al., 2006 

Soil 
2.3 

µg/L 

Water 
Cyclosulfamuron - - - 

Square wave 
stripping 

voltammetry 3.1 
µg/L 

Sarigul & 
Inam, 
2009 

Soybean 
Azimsulfuron and 

pyrazosulfuron-ethyl
- ACN 

AccuBOND 
C-18 

LC-TOF-MS
1.3 - 9.7 
µg/kg 

Cui et al., 
2007 

Filtered 
through a 
glass-fiber 

and pH 
adjusted to 

4.8 

Cart. with ionic 
liquid-

functionalized 
silica equilibrated 

with DCM – 
MeOH 95:5 (v/v) 

and water. 

Water/ 
Elution with 

DCM - MeOH 
95:5 (v/v). 

LC-MS 
0.012 – 
0.142 
µg/L 

Water 

Thifensulfuron-
methyl, 

metsulfuron-methyl, 
chlorsulfuron, 
sulfometuron-

methyl,  
rimsulfuron, 

ethametsulfuron, 
tribenuronmethyl, 

bensulfuron-methyl, 
prosulfuron, 

pyrazosulfuron, 
chlorimuron-ethyl 
and primisulfuron 

Filtered 
through a 
glass-fiber 

and pH 
adjusted to 

4.5 

Cart. C18 
preconditioned 

with MeOH 
followed by 

water. 

5 mL of 
MeOH –water 

(2:8). / 
Elution with 

10mL of 
ACN. 

LC-MS 
0.013 – 
0.175 
µg/L 

Fang et 
al., 2010 

Water 

Amidosulfuron, 
bensulfuron-methyl, 

chlorsulfuron, 
iodosulfuron-methyl, 
metsulfuron-methyl, 

nicosulfuron, 
primisulfuron-

methyl, prosulfuron, 
thifensulfuron-

methyl, 
 triasulfuron and 

triflusulfuron-methyl

- - - LC-MS/MS
< 10 
ng/L 

Seitz et 
al., 2006 

Water 
(drinking) 

Metsulfuron-methyl
EDTA at 10 

g/ L 

MIP column 
washed with 
CH3CN/H2O 

(95:5, v/v) and 
then redistilled 

water. 

ACN -water 
(10:90, v/v). 

/Elution with 
ACN -water 
(95:5, v/v). 

LC-UV 
6.0 

ng/L 
Liu et al., 

2007 
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Water 
(drinking 

and paddy 
field) 

Metsulfuron-methyl 
and bensulfuron 

methyl 
- 

Cart. C18 and 
HLB 

- LC-DAD 
0.03 - 
0.04 

µg/L 

Roehrs et 
al., 2009 

Water 
(pure, tap 
and river) 

Bensulfuron-methyl, 
flazasulfuron, 

pyrazosulfuron-
ethyl, halosulfuron-

methyl, 
Imazosulfuron 

Ascorbic 
acid sodium 

salt 
0.005%(w/v)
. River water 
was filtered 
through a 
glass-fiber 

N-vinyl-
pyrrolidone 

polymer resin 
(Oasis HLB Plus 
Extraction Cart.) 
equilibrated with 
MeOH and pure 

water. 

Pure water / 
Elution with 

of MeOH. 

UV using 
temperature
-responsive 
chromato-

graphy 

1 - 4 
µg/L 

Ayano et 
al., 2005 

Strata RP-18 cart. 
conditioned with 
ACN and water 
acidified (1.5%, 
v/v) for acetic 

acid. 

LC-UV 
< 48.3 
ng/L* 

Water 
(surfaces) 

Amidosulfuron, 
azimsulfuron, 
nicosulfuron, 
rimsulfuron, 

thifensulfuron 
methyl, tribenuron 

methyl 

- 
Strata-X cart. 

conditioned with 
ACN and water 
acidified (2.0%, 
v/v) for acetic 

acid. 

Elution with 
1.0mL of an 

acidified 
(1.5%, v/v 
acetic acid) 

water/ ACN 
mixture. LC-MSn 

< 26.9 
ng/L* 

Polati et 
al., 2006 

Water 
(surface 

and 
drinking) 

Chlorsulfuron 

Filtration 
through a 
0.45 µm 

membrane. 
pH adjust to 

3.5 

C18 disk 
conditioned with 
MeOH, ACN and 

Milli-Q water 

Elution with 2 
x 3 mL of 

DCM 

LC-UV-
DAD 

0.035 
µg/ L 

Ozhan et 
al., 2005 

Water  
(river) 

Thifensulfuron, 
metsulfuron and 

chlorsulfuron 

Filtration 
through a 
0.45 µm 

membrane

On-line pre-
concentration 

with a 
Supelguard cart. 

packed with 5µm, 
C18 silica-bonded 

phase. 

- LC-MS 
0.012 - 
0.026 
µg/L 

Losito et 
al., 2006 

Water 
(well, tap, 
reservoir 

and 
seawater) 

Nicosulfuron, 
thifensulfuron and 

metsulfuron-methyl

pH adjust
to 3 

Cart. with 
MWCNTS. 

Washing with 
ACN and 

ultrapure water.

Pure water. / 
Elution with 

ACN 
containing 1% 
of acetic acid.

LC-UV 
0.0059 – 
0.0112 
µg/L 

Zhou et 
al., 2006 

Table 2. Methods for sulfonylurea determination.  
ACN-acetonitrile, Cart- Cartridges; MeOH- methanol; DCM-dichloromethane; *LOQ 

Furthermore, this enhanced resolving power benefits analyses involving complex matrices. 

Although LC-TOF-MS has not become a widely used technique for the determination of 

pesticides, it will probably become as one of the main techniques for the unequivocal 

identification of contaminants (Cui et al., 2007). 

Recently, a wide range of immunoassays and sensors for environmental analytes such as 
pesticides (including ureas) are being investigated, using various detection systems such as 
amperometric, capacitative, conductimetric, potentiometric and fluorimetric (Bettazzi et al., 
2007; Breton et al., 2006; Cydzik et al., 2007; Piccirilli et al., 2008; Sa et al., 2007). Despite 
offering a number of advantages, such as low cost, easy to use, often portable, disposable 
and rapid analyte detection, they are normally restricted to aqueous solutions or solutions 
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 Matrix Benzoylurea Pretreatment Extraction 
Clean-up/ 

Elution 
Detection LOD Ref 

Apple, 
grape and 

wine 

flufenoxuron (+6 
other pesticides)

 
cyclohexane-DCM 

(9:1, v/v) 

Isolute SPE 
silica cartridges 

and elution 
with THF 

HPLC-UV
5 – 20 
µg/kg 

Likas & 
Tsiropoulos, 

2009 

Cucumber 

diflubenzuron, 
flufenoxuron, 
hexaflumuron, 
lufenuron and 

triflumuron 

chopped and 
homogenized

DCM (50 mL + 2×20 
mL) 

aminopropyl-
bonded silica 
SPE cartridge 
elution  with 

DCM 

HPLC-CL
12 – 180 
µg/kg 

Garcia et 
al., 2007 

Food 
(fruit, 

vegetable, 
cereals, 

and 
animal 

products) 

chorfluazuron, 
diflubenzuron, 
flucycloxuron, 
flufenoxuron, 
fluometuron, 

hexaflumuron, 
lufenuron, 

teflubenzuron,
triflumuron 

chopped and
homogenized

PLE (5 g of sample 
blended with 

diatomaceous earth 
in a 22 mL extraction 
cell; ethyl acetate as 
solvent at 80 oC and 

1500 psi; evaporation 
and reconstitution in 

0.5 mL of MeOH) 

 
LC-

MS/MS 
0.7–3.4 
µg/kg 

Brutti et 
al., 2010 

Peach juice 

diflubenzuron, 
hexaflumuron 

teflubenzuron (+ 
2 carbamates) 

filtered 
through 0.45 

μm cellulose 
acetate 

membrane 
filter 

Floated organic drop 
microextraction 
(FDME) with 1-

dodecanol; 15 mL 
sample; 40 oC; NaCl, 

30 g/L; pH 4; 420 
rpm; 25 min 

 HPLC-UV
5 – 10 
µg/L 

Zhou et 
al., 2009 

Tomato 
diflubenzuron, 

triflumuron 
chopped and 
homogenized

QuEChERS PSA HPLC-CL
2 – 17 
µg/L 

Galera et 
al., 2008 

Vegetables 
and water 

(river) 

diflubenzuron, 
flufenoxuron, 
hexaflumuron, 
lufenuron and 

triflumuron 

chopped and 
homogenized

 
400 mL H2O+ 

100 mL 
MeOH 
filtered 

through a 
0.45 µm 

membrane 

DCM (25 mL + 2×20 
mL) for vegetable 

samples 
 

Plus C18 SPE 
cartridges (3 mL) 

containing 
360 mg of the 

strongly 
hydrophobic 

silica-based phase 
for water samples 

 
Elution with 5 

mL of ACN 
and 5 mL of 

Cl2CH2 

LC-MS 

0.68 – 
1.75 

µg/kg 

(vege-
tables) 

 
2.6 – 7.5 

ng/L 
(water) 

Martinez 
et al., 
2007 

Table 3. Methods for benzoylurea determination.  
ACN – acetonitrile; CL – chemiluminescence; DCM – dichloromethane; PLE – pressurized liquid 
extraction; PSA – primary secondary 2/2 amine; THF – tetrahydrofuran. 

containing only small amounts of organic solvents. Although their great potential more 

research is needed since, in most cases, the LODs obtained are rather high for environmental 

analysis (Bettazzi et al., 2007; Breton et al., 2006; Piccirilli et al., 2008; Sa et al., 2007). On the 

other hand, electroanalytical methods offer useful applications in kinetic and equilibria 

studies. A differential pulse polarographic method for the determination of trace amounts of 

thifensulfuron-methyl in soil and orange juice was validated and the obtained LODs were 

36.3 µg /L and 159  µg/L (9.37 x 10-8 and 4.1 x 10-7 mol/L), respectively (Inam et al., 2006). 
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The square-wave electrochemical mode offered favourable signal-to noise characteristics 
and was used by Sarigul & Inam (2009) for determination of cyclosulfamuron in tap water 
and soil achieving LODs of 3.1 µg/L and 2.3 µg/L, respectively. 

5. Conclusion 

Urea pesticides form, together with phenoxy derivatives and triazines, the most important 
agricultural pesticide group. Ureas undergo natural degradation reactions in the 
environment that may lead to mineralization and/or to the formation of new species 
potentially more toxic and stable than the precursors.  Several studies have shown that 
degradation is mainly dependent on the soil pH, moisture content and microbiological 
activity. Nevertheless, residues can reach populations through the food chain causing 
chronic exposure and long-term toxicity effects.  
Actually, sensitive and accurate methods are available to meet the needs for compliance of 
urea MRLs in environmental and food matrices. Methods based on LC are the most 
commonly preferred, and in particular those using mass spectrometric detection. Limits of 
detection and recoveries for ureas are compound, matrix and method dependent. The 
detection limits typically range from ng/L to  mg/L. 

6. References 

Ayano E., Okada Y., Sakamoto C., Kanazawa H., Okano T., Ando M. and Nishimura T. 

(2005). Analysis of herbicides in water using temperature-responsive 

chromatography and an aqueous mobile phase. J Chromatogr A 1069, 281-285. 

Bettazzi F., Laschi S. and Mascini M. (2007). One-shot screen-printed thylakoid membrane-

based biosensor for the detection of photosynthetic inhibitors in discrete samples. 

Anal Chim Acta 589, 14-21. 

Bichon E., Dupuis M., Le Bizec B. and Andre F. (2006). LC-ESI-MS/MS determination of 

phenylurea and triazine herbicides and their dealkylated degradation products in 

oysters. J Chromatogr B 838, 96-106. 

Boti V.I., Sakkas V.A. and Albanis T.A. (2007a). Measurement uncertainty arising from 

trueness of the analysis of two endocrine disruptors and their metabolites in 

environmental samples - Part 1: Ultrasonic extraction from diverse sediment 

matrices. J Chromatogr A 1146, 139-147. 

Boti V.I., Sakkas V.A. and Albanis T.A. (2007b). Measurement uncertainty arising from 

trueness of the analysis of two endocrine disruptors and their metabolites in 

environmental samples - Part II. Solid-phase extraction from environmental natural 

waters. J Chromatogr A 1146, 148-156. 

Bottaro M., Frascarolo P., Gosetti F., Mazzucco E., Giatiotti V., Polati S., Pollici E., Piacentini 

L., Pavese G. and Gennaro M.C. (2008). Hydrolytic and photoinduced degradation 

of tribenuron methyl studied by HPLC-DAD-MS/MS. J Am Soc Mass Spectrom 19, 

1221-1229. 

Breton F., Euzet P., Piletsky S.A., Giardi M.T. and Rouillon R. (2006). Integration of 

photosynthetic biosensor with molecularly imprinted polymer-based solid phase 

extraction cartridge. Anal Chim Acta 569, 50-57. 

www.intechopen.com



Urea Pesticides   

 

257 

Brown C.D. and van Beinum W. (2009). Pesticide transport via sub-surface drains in Europe. 

Environ Pollut 157, 3314-3324. 

Brutti M., Blasco C. and Pico Y. (2010). Determination of benzoylurea insecticides in food by 

pressurized liquid extraction and LC-MS. J Sep Sci 33, 1-10. 

Bufo S.A., Scrano L., Emmelin C. and Bouhaouss A. (2006). Effect of soil organic matter 

destruction on sorption and photolysis rate of rimsulphuron. Int J Environ Anal 

Chem 86, 243-251. 

Burrows H.D., Canle M., Santaballa J.A. and Steenken S. (2002). Reaction pathways and 

mechanisms of photodegradation of pesticides. Journal of Photochemistry and 

Photobiology B 67, 71-108. 

Buszewski B., Rutkowski T., Zebrowski W. and Michel M. (2006). Isolation and 

determination of urea herbicides in soil by hyphenated chromatographic 

techniques. J Liq Chromatogr Relat Technol 29, 1933-1949. 

Campiche S., Becker-Van Slooten K., Ridreau C. and Tarradellas J. (2006). Effects of insect 

growth regulators on the nontarget soil arthropod Folsomia candida (Collembola). 

Ecotoxicol. Environ. Saf. 63, 216-225. 

Carabias-Martinez R., Rodriguez-Gonzalo E., Herrero-Hernandez E. and Diaz-Garcia M.E. 

(2005). Development and characterisation of a molecularly imprinted polymer 

prepared by precipitation polymerisation for the determination of phenylurea 

herbicides. J Sep Sci 28, 453-461. 

Chou T.-Y., Lin S.-L. and Fuh M.-R. (2009). Determination of phenylurea herbicides in 

aqueous samples using partitioned dispersive liquid-liquid microextraction. Talanta 

80, 493-498. 

Codex alimentarius. (2009). Maximum Residue Limits for Pesticides, available in 

http://www.codexalimentarius.net. 

Crespo-Corral E., Santos-Delgado M.J., Polo-Diez L.M. and Soria A.C. (2008). Determination 

of carbamate, phenylurea and phenoxy acid herbicide residues by gas 

chromatography after potassium tert-butoxide/dimethyl sulphoxide/ethyl iodide 

derivatization reaction. J Chromatogr A 1209, 22-28. 

Cui X.Y., Gao X.W., Chu X.G., Yong W., Ling Y., Yang M.L., Li X.Q., Wang D.N., Fang Y.Y. 

and Zweigenbaum J.A. (2007). Application of liquid chromatography time-of-

flight-mass spectrometry for the analysis of urea herbicides residues in soybean. 

Anal Lett 40, 1117-1130. 

Cydzik I., Albert-Garcia J.R. and Calatayud J.M. (2007). Photo-induced fluorescence of 

fluometuron in a continuousflow multicommutation assembly. Journal of 

Fluorescence 17, 29-36. 

De Rossi A. and Desiderio C. (2005). Application of reversed phase short end-capillary 

electrochromatography to herbicides residues analysis. Chromatographia 61, 271-275. 

El Imache A., Dahchour A., Elamrani B., Dousset S., Pozzonni F. and Guzzella L. (2009). 

Leaching of Diuron, Linuron and their main metabolites in undisturbed field 

lysimeters. J Environ Sci Health Part B-Pestic Contam Agric Wastes 44, 31-37. 

Fang G., Chen J., Wang J., He J. and Wang S. (2010). N-Methylimidazolium ionic liquid-

functionalized silica as a sorbent for selective solid-phase extraction of 12 

www.intechopen.com



 Pesticides - Strategies for Pesticides Analysis 

 

258 

sulfonylurea herbicides in environmental water and soil samples. J Chromatogr A 

1217, 1567-1574. 

Galera M.M., Garcia M.D.G. and Valverde R.S. (2008). Determination of photoirradiated 

high polar benzoylureas in tomato by HPLC with luminol chemiluminescence 

detection. Talanta 76, 815-823. 

Garcia M.D.G., Galera M.M. and Valverde R.S. (2007). New method for the photo-

chemiluminometric determination of benzoylurea insecticides based on acetonitrile 

chemiluminescence. Anal Bioanal Chem 387, 1973-1981. 

Gervais G., Brosillon S., Laplanche A. and Helen C. (2008). Ultra-pressure liquid 

chromatography-electrospray tandem mass spectrometry for multiresidue 

determination of pesticides in water. J Chromatogr A 1202, 163-172. 

Ghanem A., Bados P., Perreau F., Benabdallah R., Plagellat C., de Alencastro L.F. and 

Einhorn J. (2008). Multiresidue analysis of atrazine, diuron and their degradation 

products in sewage sludge by liquid chromatography tandem mass spectrometry. 

Anal Bioanal Chem 391, 345-352. 

Hetherton C.L., Sykes M.D., Fussell R.J. and Goodall D.M. (2004). A multi-residue screening 

method for the determination of 73 pesticides and metabolites in fruit and 

vegetables using high-performance liquid chromatography/tandem mass 

spectrometry. Rapid Communications in Mass Spectrometry 18, 2443-2450. 

Inam R., Sarigul T., Gulerman E.Z. and Uncu N. (2006). Polarographic determination of 

herbicide thifensulfuron methyl/application to agrochemical pesticide, soil, and 

fruit juice. Taylor & Francis, pp 1135 - 1149. 

Katsumata H., Asai H., Kaneco S., Suzuki T. and Ohta K. (2007). Determination of linuron in 

water samples by high performance liquid chromatography after preconcentration 

with octadecyl silanized magnetite. Microchemical Journal 85, 285-289. 

Kotrikla A., Gatidou G. and Lekkas T.D. (2006). Monitoring of triazine and phenylurea 

herbicides in the surface waters of Greece. . J Environ Sci Health Part B- 41, 135-144. 

Lányi K. and Dinya Z. (2005). Photodegradation study for assessing the environmental fate 

of some triazine-, urea- and thiolcarbamate-type herbicides. Microchemical Journal 

80, 79-87. 

Li Y.T., George J.E., McCarty C.L. and Wendelken S.C. (2006). Compliance analysis of 

phenylurea and related compounds in drinking water by liquid 

chromatography/electrospray ionization/mass spectrometry coupled with solid-

phase extraction. J Chromatogr A 1134, 170-176. 

Likas D.T. and Tsiropoulos N.G. (2009). Residue screening in apple, grape and wine food 

samples for seven new pesticides using HPLC with UV detection. An application to 

trifloxystrobin dissipation in grape and wine. Int J Environ Anal Chem 89, 857-869. 

Liu X., Chen Z., Zhao R., Shangguan D., Liu G. and Chen Y. (2007). Uniform-sized 

molecularly imprinted polymer for metsulfuron-methyl by one-step swelling and 

polymerization method. Talanta 71, 1205-1210. 

Losito I., Amorisco A., Carbonara T., Lofiego S. and Palmisano F. (2006). Simultaneous 

determination of phenyl- and sulfonyl-urea herbicides in river water at sub-parts-

per-billion level by on-line preconcentration and liquid chromatography-tandem 

mass spectrometry. Anal Chim Acta 575, 89-96. 

www.intechopen.com



Urea Pesticides   

 

259 

Mansilha C., Melo A., Rebelo H., Ferreira I.M.P.L.V.O., Pinho O., Domingues V., Pinho C. 

and Gameiro P. (2010). Quantification of endocrine disruptors and pesticides in 

water by gas chromatography-tandem mass spectrometry. Method validation using 

weighted linear regression schemes. J Chromatogr A 1217, 6681-6691. 

Martinez D.B., Galera M.M., Vazquez P.P. and Garcia M.D.G. (2007). Simple and rapid 

determination of benzoylphenylurea pesticides in river water and vegetables by 

LC-ESI-MS. Chromatographia 66, 533-538. 

Mazzella N., Delmas F., Delest B., Mechin B., Madigou C., Allenou J.P., Gabellec R. and 

Caquet T. (2009). Investigation of the matrix effects on a HPLC-ESI-MS/MS method 

and application for monitoring triazine, phenylurea and chloroacetanilide 

concentrations in fresh and estuarine waters. J. Environmental Monitoring 11, 108-

115. 

Moros J., Armenta S., Garrigues S. and de la Guardia M. (2005). Near infrared determination 

of Diuron in pesticide formulations. Anal Chim Acta 543, 124-129. 

Mou R.X., Chen M.X. and Zhi J.L. (2008). Simultaneous determination of 15 phenylurea 

herbicides in rice and corn using HPLC with fluorescence detection combined with 

UV decomposition and post-column derivatization. J Chromatogr B 875, 437-443. 

Mughari A.R., Galera M.M., Vazquez P.P. and Valverde R.S. (2007a). Coupled-column 

liquid chromatography combined with postcolumn photochemical derivatization 

and fluorescence detection for the determination of herbicides in groundwater. J 

Sep Sci 30, 673-678. 

Mughari A.R., Vazquez P.P. and Galera M.M. (2007b). Analysis of phenylurea and propanil 

herbicides by solid-phase microextraction and liquid chromatography combined 

with post-column photochemically induced fluorimetry derivatization and 

fluorescence detection. Anal Chim Acta 593, 157-163. 

Niessen W.M.A. (2010). Group-specific fragmentation of pesticides and related compounds 

in liquid chromatography-tandem mass spectrometry. J Chromatogr A 1217, 4061-

4070. 

Ozhan G., Ozden S. and Alpertunga B. (2005). Determination of commonly used herbicides 

in surface water using solid-phase extraction and dual-column HPLC-DAD. J 

Environ Sci Health Part B 40, 827-840. 

Paiga P., Morais S., Correia M., Alves A. and Delerue-Matos C. (2008). A multiresidue 

method for the analysis of carbamate and urea pesticides from soils by microwave-

assisted extraction and liquid chromatography with photodiode array detection. 

Anal Lett 41, 1751-1772. 

Paiga P., Morais S., Correia M., Alves A. and Delerue-Matos C. (2009a). Screening of 

Carbamates and Ureas in Fresh and Processed Tomato Samples using Microwave-

Assisted Extraction and Liquid Chromatography. Anal Lett 42, 265-283. 

Paiga P., Morais S., Correia M., Delerue-Matos C. and Alves A. (2009b). Determination of 

carbamate and urea pesticide residues in fresh vegetables using microwave-

assisted extraction and liquid chromatography. Int J Environ Anal Chem 89, 199-210. 

Piccirilli G.N., Escandar G.M., Canada F.C., Meras I.D. and de la Pena A.M. (2008). Flow-

through photochemically induced fluorescence optosensor for the determination of 

linuron. Talanta 77, 852-857. 

www.intechopen.com



 Pesticides - Strategies for Pesticides Analysis 

 

260 

Pichon V. and Chapuis-Hugon F. (2008). Role of molecularly imprinted polymers for 

selective determination of environmental pollutants - A review. Anal Chim Acta 622, 

48-61. 

Pichon V. and Haupt K. (2006). Affinity separations on molecularly imprinted polymers 

with special emphasis on solid-phase extraction. J Liq Chromatogr Relat Technol 29, 

989-1023. 

Polati S., Bottaro M., Frascarolo P., Gosetti F., Gianotti V. and Gennaro M.C. (2006). HPLC-

UV and HPLC-MSn multiresidue determination of amidosulfuron, azimsulfuron, 

nicosulfuron, rimsulfuron, thifensulfuron methyl, tribenuron methyl and 

azoxystrobin in surface waters. Anal Chim Acta 579, 146-151. 

Ricart M., Guasch H., Barcelo D., Brix R., Conceicao M.H., Geiszinger A., de Alda M.J.L., 

Lopez-Doval J.C., Munoz I., Postigo C., Romani A.M., Villagrasa M. and Sabater S. 

(2010) Primary and complex stressors in polluted mediterranean rivers: Pesticide 

effects on biological communities. J Hydrol 383, 52-61. 

Rodriguez E., Barrio R.J., Goicolea A. and de Balugera Z.G. (1999). Determination of 

diflubenzuron and its main metabolites in forestry matrices by Liquid 

chromatography with on-line diode-array and electrochemical detection. Anal Chim 

Acta 384, 63-70. 

Roehrs R., Zanella R., Pizzuti I., Adaime M.B., Pareja L., Niell S., Cesio M.V. and Heinzen H. 

(2009). Liquid Chromatographic-Diode-Array Detection Multiresidue 

Determination of Rice Herbicides in Drinking and Paddy-Field Water. Journal of 

Aoac International 92, 1190-1195. 

Rosenbom A.E., Kjaer J. and Olsen P. (2010) Long-term leaching of rimsulfuron degradation 

products through sandy agricultural soils. Chemosphere 79, 830-838. 

Sa F., Malo D.L. and Calatayud J.M. (2007). Determination of the herbicide fluometuron by 

photo-induced chemiluminescence in a continuous-flow multicommutation 

assembly. Anal Lett 40, 2872-2885. 

Sagratini G., Manes J., Giardina D., Damiani P. and Pico Y. (2007). Analysis of carbarnate 

and phenylurea pesticide residues in fruit juices by solid-phase microextraction 

and liquid chromatography-mass spectrometry. J Chromatogr A 1147, 135-143. 

Saha S. and Kulshrestha G. (2008). Hydrolysis kinetics of the sulfonylurea herbicide 

Sulfosulfuron. Int J Environ Anal Chem 88, 891-898. 

Saraji M. and Tansazan N. (2009). Application of dispersive liquid-liquid microextraction for 

the determination of phenylurea herbicides in water samples by HPLC-diode array 

detection. J Sep Sci 32, 4186-4192. 

Sarigul T. and Inam R. (2009). Study and determination of the herbicide cyclosulfamuron by 

square wave stripping voltammetry. Electrochimica Acta 54, 5376-5380. 

Scheyer A., Morville S., Mirabel P. and Millet M. (2005). A multiresidue method using ion-

trap gas chromatography-tandem mass spectrometry with or without 

derivatisation with pentafluorobenzylbromide for the analysis of pesticides in the 

atmosphere. Anal Bioanal Chem 381, 1226-1233. 

Seitz W., Schulz W. and Weber W.H. (2006). Novel applications of highly sensitive liquid 

chromatography/mass spectrometry/mass spectrometry for the direct detection of 

www.intechopen.com



Urea Pesticides   

 

261 

ultra-trace levels of contaminants in water. Rapid Communications in Mass 

Spectrometry 20, 2281-2285. 

Shapovalova E.N., Yaroslavtseva L.N., Merkulova N.L., Yashin A.Y. and Shpigun O.A. 

(2009). Separation of pesticides by high-performance liquid chromatography with 

amperometric detection. J. Analytical Chemistry 64, 164-170. 

Shim J.H., Abd El-Aty A.M., Choi J.H. and Choi Y.S. (2007). Post-harvest HPLC 

determination of chlorfluazuron residues in pears treated with different programs. 

Biomedical Chromatography 21, 695-700. 

Si Y.B., Zhang L.G. and Takagi K. (2005). Application of coupled liquid chromatography-

mass spectrometry in hydrolysis studies of the herbicide ethametsulfuron-methyl. 

Int J Environ Anal Chem 85, 73-88. 

Sorensen S.R., Bending G.D., Jacobsen C.S., Walker A. and Aamand J. (2003). Microbial 

degradation of isoproturon and related phenylurea herbicides in and below 

agricultural fields. Fems Microbiology Ecology 45, 1-11. 

Stoob K., Singer H.P., Goetz C.W., Ruff M. and Mueller S.R. (2005). Fully automated online 

solid phase extraction coupled directly to liquid chromatography-tandem mass 

spectrometry: Quantification of sulfonamide antibiotics, neutral and acidic 

pesticides at low concentrations in surface waters. J. Chromatogr. A 1097, 138-147. 

Tamayo F.G., Casillas J.L. and Martin-Esteban A. (2005a). Clean up of phenylurea herbicides 

in plant sample extracts using molecularly imprinted polymers. Anal Bioanal Chem 

381, 1234-1240. 

Tamayo F.G., Casillas J.L. and Martin-Esteban A. (2005b). Evaluation of new selective 

molecularly imprinted polymers prepared by precipitation polymerisation for the 

extraction of phenylurea herbicides. J Chromatogr A 1069, 173-181. 

Tamayo F.G. and Martin-Esteban A. (2005). Selective high performance liquid 

chromatography imprinted-stationary phases for the screening of phenylurea 

herbicides in vegetable samples. J Chromatogr A 1098, 116-122. 

Wang H.Z., Xu J.M., Yates S.R., Zhang J.B., Gan J., Ma J.C., Wu J.J. and Xuan R.C. (2010). 

Mineralization of metsulfuron-methyl in Chinese paddy soils. Chemosphere 78, 335-

341. 

Wang J.C., Guo R.B., Chen J.P., Zhang Q. and Liang X.M. (2005). Phenylurea herbicides-

selective polymer prepared by molecular imprinting using N-(4-isopropylphenyl)-

N'-butyleneurea as dummy template. Anal Chim Acta 540, 307-315. 

Wang Y.S., Chen W.C., Lin L.C. and Yen J.H. (2010). Dissipation of herbicides chlorsulfuron 

and imazosulfuron in the soil and the effects on the soil bacterial community. J 

Environ Sci Health Part B 45, 449-455. 

Zhang X., Martens D., Krämer P.M., Kettrup A.A. and Liang X. (2006). Development and 

application of a sol-gel immunosorbent-based method for the determination of 

isoproturon in surface water. J Chromatogr A 1102, 84-90. 

Zhou J.K., Liu R.Y., Song G. and Zhang M.C. (2009). Determination of Carbamate and 

Benzoylurea Insecticides in Peach Juice Drink by Floated Organic Drop 

Microextraction-High Performance Liquid Chromatography. Anal Lett 42, 1805-

1819. 

www.intechopen.com



 Pesticides - Strategies for Pesticides Analysis 

 

262 

Zhou Q.X., Ding Y.J. and Xia J.P. (2007). Simultaneous determination of cyanazine, 

chlorotoluron and chlorbenzuron in environmental water samples with SPE 

multiwalled carbon nanotubes and LC. Chromatographia 65, 25-30. 

Zhou Q.X., Wang W.D. and Xiao J.P. (2006). Preconcentration and determination of 

nicosulfuron, thifensulfuron-methyl and metsulfuron-methyl in water samples 

using carbon nanotubes packed cartridge in combination with high performance 

liquid chromatography. Anal Chim Acta 559, 200-206. 

 

 

www.intechopen.com



Pesticides - Strategies for Pesticides Analysis

Edited by Prof. Margarita Stoytcheva

ISBN 978-953-307-460-3

Hard cover, 404 pages

Publisher InTech

Published online 21, January, 2011

Published in print edition January, 2011

InTech Europe

University Campus STeP Ri 

Slavka Krautzeka 83/A 

51000 Rijeka, Croatia 

Phone: +385 (51) 770 447 

Fax: +385 (51) 686 166

www.intechopen.com

InTech China

Unit 405, Office Block, Hotel Equatorial Shanghai 

No.65, Yan An Road (West), Shanghai, 200040, China 

Phone: +86-21-62489820 

Fax: +86-21-62489821

This book provides recent information on various analytical procedures and techniques, representing

strategies for reliability, specificity, selectivity and sensitivity improvements in pesticides analysis. The volume

covers three main topics: current trends in sample preparation, selective and sensitive chromatographic

detection and determination of pesticide residues in food and environmental samples, and the application of

biological (immunoassays-and biosensors-based) methods in pesticides analysis as an alternative to the

chromatographic methods for "in situ" and "on line" pesticides quantification. Intended as electronic edition,

providing immediate "open access" to its content, the book is easy to follow and will be of interest to

professionals involved in pesticides analysis.

How to reference

In order to correctly reference this scholarly work, feel free to copy and paste the following:

Simone Morais, Manuela Correia, Valentina Domingues and Cristina Delerue-Matos (2011). Urea Pesticides,

Pesticides - Strategies for Pesticides Analysis, Prof. Margarita Stoytcheva (Ed.), ISBN: 978-953-307-460-3,

InTech, Available from: http://www.intechopen.com/books/pesticides-strategies-for-pesticides-analysis/urea-

pesticides



© 2011 The Author(s). Licensee IntechOpen. This chapter is distributed

under the terms of the Creative Commons Attribution-NonCommercial-

ShareAlike-3.0 License, which permits use, distribution and reproduction for

non-commercial purposes, provided the original is properly cited and

derivative works building on this content are distributed under the same

license.


