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Abstract This work describes the optimization of a photo-
chemically induced method for the detection of eight
phenylureas has been developed by response surface
methodology (RSM). These pesticides do not show native
fluorescence but they were photolyzed into strongly fluores-
cent photoproducts under UV irradiation. The effect of the
main variables affecting the yield of the photoderivatization
reaction, and hence the fluorescence intensity, such as
solvent, UV irradiation time and pH were optimized for each
pesticide. A Doehlert design was applied in order to obtain
maximum intensity fluorescence using response surface
methodology. In general, a maximum was found for all
pesticides using MeOH as organic solvent, except for diuron,
whereas the effect of pH and irradiation time was different,
according to each pesticide. Finally, the addition of β-
cyclodextrin upon the photochemically induced fluorescence
intensity was investigate. The fluorescence intensity was only
improved for monolinuron at a concentration of 4×10−3 M of
β-cyclodextrin.

Keywords Phenylurea herbicides . Photochemically
induced fluorescence . Optimization . Doehlert design

Introduction

Phenylureas represent a large and important class of herbi-
cides widely used in agriculture to control weeds in cereals,
vegetables and fruit trees. The first urea compound with
herbicidal properties was discovered four decades ago, and
since then a large number of urea pesticides have been
synthesized. These herbicides are water soluble and their
soil-based residues can remain for several months following
application. From the soil they can migrate to crops and enter
the food chain and, the herbicides can also reach ground
waters [1].

Presently, phenylurea herbicides residues are mainly
determined by chromatographic methods. Gas chromatogra-
phy (GC) is commonly used because of its high sensitivity
and selectivity, however, the thermal instability of most
phenylurea pesticides requires preparation of stable deriva-
tives prior detection, which complicates the analysis because
of time consuming and tedious manipulations [2, 3].
Therefore, high-performance liquid chromatography (HPLC)
with UV diode array detection (DAD) [4–6] and/or mass
spectrometric (MS) detection [7] for additional confirmation
is often preferred to GC. However, considerable matrix effects
consisting of a suppression/enhancement on the analytical
signal have been observed in MS detection [8].

Alternatively, fluorimetric detection is generally more
sensitive than the classical UV absorption detection. In
addition, fluorescence detectors are very selective, over-
coming matrix interference [9].

Although few compounds are fluorescents, some of them
possess the necessary degree of aromaticity and may be
converted to fluorescent species by using derivatization
methods. Recently, several authors have demonstrated the
usefulness of room temperature photochemically induced
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fluorescence (PIF) for the determination of aromatic
pesticides [10–15]. The PIF methods are based on the direct
UV irradiation of stationary liquid solutions or dynamic flow
containing a non fluorescent or weakly fluorescent analyte
and photoconversion into strongly fluorescent photoprod-
ucts. The main advantages of this methodology are its
simplicity, rapidity, low cost and possibility of coupled on-
line with chromatographic techniques in contract with the
sophisticated equipment and time-consuming procedures
such as LC-MS or GC-MS. This methodology has been
applied to clinical, pharmaceutical, biochemical and envi-
ronmental analysis [9].

The development of a PIF method for the determination
of analytes involves the optimization of some parameters
such as solvent, UV irradiation time, pH and the presence
of other substances, such as surfactants or cyclodextrins.
The general goal in an optimization is to discover the con-
ditions which produce the best response. Conventional
optimization is univariate methodology (one factor at a
time) which requires a great amount of experiments,
reagents and is time consuming; moreover, interactions
between variables are not considered. An alternative method
entails multivariate techniques whose main advantages are
that they are economical and effective, allowing more than
one variable to be optimized simultaneously; in addition,
some of these approaches, such as Doehlert designs, are able
to take into account interactions between factors.

The uniform shell design developed by Doehlert [16] has
the following characteristics:

i) A uniform distribution of the experimental points are
allocated on the surface of a hypersphere

ii) The number of experiments is given by N2 + N+1,
where N is the number of variables under study

iii) Each factor is analyzed at different number of levels.
This particular characteristic is relevant when some
factors are subject to some restrictions such as cost or
instrumental constraints, so their study with a small
number of levels is necessary

iv) Extension of the experimental matrix to another
experimental domain may be done by using previous
adjacent points.

Doehlert design belongs to the category of simultaneous
designs, whose basic idea is to record one or more selected
experimental responses for a set of experiments carried out
in a systematic way, in order to predict the optimum and the
interaction effects using regression analysis [17]. These
approaches offer advantages in relation to other second
order models such as central composite design (CCD) and
Box Behnken design (BBD), as they need fewer experi-
ments, which are easier and more efficient. Since the first
application of the Doehlert matrix in analytical chemistry

[18] a number of articles have appeared involving determi-
nations by spectroscopic, chromatographic, electrochemical
and other methods using two, three or even four variables
[19–23].

In this paper, the optimization of PIF experimental vari-
ables for the determination of eight phenylurea pesticides
(monuron, monolinuron, chlorotoluron, isoproturon, diu-
ron, neburon, propanil and linuron) was studied by using
Doehlert design. The three optimized variables were pH,
organic solvent percentage and UV irradiation time. Two
experimental designs were performed for each pesticide
using as organic solvent methanol (MeOH) and acetonitrile
(AcN) and, finally, the effect of β-cyclodextrin (β-CD) was
investigated for the target pesticides in their optimum
conditions.

Experimental

Reagents

All experiments were carried out with analytical reagent
grade chemicals. The pesticides used in this study, Monuron
99.9%, Linuron 99.5%, Diuron 99.4%, Isoproturon 99.9%,
Neburon 99.7%, Chlorotoluron 99.7%, Propanil 99.7% and
Monolinuron 99.8% were obtained from Riedel Haën
(Seelze, Germany). Organic solvents (AcN and MeOH) were
obtained from Merk (Darmstadt, Germany). Demineralized
water was obtained with a Milli-Q water purification system
(Millipore, Bedford, MA, USA). β-CD was obtained from
Cyclolab (Budapest, Hungary).

Apparatus and software

All spectrofluorimetric measurements were carried out
using an Aminco Bowman Series 2 Luminescence Spec-
trometer controlled by a PC Novo Pentium microcomputer.

Fluorescence spectra were recorded by using an AB2
software Version 2.0, running under OS/2 Version 2.0. All
spectrofluorimeter measurements were performed at room
temperature.

An Oriel 50–500W Model 66901 Xenon lamp (200 W)
with an Oriel Model 8500 power supply was used for the
photolysis reactions. The photochemical reactor included a
light box consisting of a fan, a Xenon lamp and a con-
venient quartz lens to concentrate the radiation on a
standard Hellma 10 mm quartz cell containing an aliquot
of the pesticide solution on an optical bench at 30 cm from
the Xenon lamp. For the photolysis reactions, the pesticide
solution was magnetically stirred during the UV irradiation.

Statgraphics statistical software package was used for
data treatment (STATGRAPHICS 6.0, Statistical Graphics
Co., 1993).

366 J Fluoresc (2008) 18:365–373



Procedure

For each pesticide, a stock solution of 200 mg L−1 was pre-
pared by dissolving the exact amount of the corresponding
compound in MeOH and preserved in a dark brown bottle at
4 °C in a refrigerator.

Working standard solutions of 4 mg L−1 of each pesti-
cide were freshly prepared by diluting the appropriate
volume of each stock solution in a volumetric flask up to a
final volume of 10 mL with the appropriate binary aqueous
solution. For the study of pH effects, standard solutions of
each pesticide were adjusted using 0.02 N HCl and 0.02 N
NaOH solutions.

An aliquot of the target solution was placed in a quartz
cuvette and irradiated for the fixed time for photolysis
reactions by UV light, according to the experimental
design. The photoproducts obtained after UV irradiation

were then scanned for the fluorescence spectra at the
optima excitation and emission wavelengths (λex, λem).

To study the influence of β-Cyclodextrin in the PIF
signal, aqueous solutions of 1×10−2 M, 5×10−3 M, 1×
10−3 M and 1×10−4 M were prepared. An aliquot of each
solution was placed into a 10 mL volumetric flask with
addition of the appropriate amount of each pesticide
solution to give a final concentration of 4 mg L−1 of each
pesticide. This solution was irradiated with UV light at 10,
20, 30, 40 minutes. Then each one was scanned to obtain a
fluorescence emission spectrum at the optimum λex.

Experimental design

Factors such as pH, solvent composition and irradiation
time have been found to show important effects on the
fluorescence intensity of photoproducts [11].

A second-order polynomial function, which includes
quadratic terms, was used to express the relationship be-
tween the fluorescence intensity and the three experimental
variables percentage of organic solvent, UV irradiation time
and pH, using independently MeOH and AcN or their
binary mixtures as solvent. A response surface methodol-
ogy (RSM) was established to obtain a predictive model for
the whole domains of the variables. In order to determine
the model coefficients an experimental design Doehlert was
chosen.

The three-variables Doehlert matrix has 13 experiments.
Five levels were considered for the percentage of organic
solvent (A) and the UV irradiation time (B) while for the
pH (C) three levels were only considered because previous
experiments showed that the two first variables have the
stronger effects on the fluorescence intensity of pesticide
photoproducts (Y). Table 1 contains the experiments with
coded values. Minimum and maximum values of the three
variables for each pesticide, listed in Table 2, were chosen

Table 1 Coded values for the three variables using Doehlert design

Run Experimental variables

A B C

1 −0.5 −0.5 −0.707
2 0.5 −0.5 −0.707
3 −0.5 0.5 −0.707
4 0.5 0.5 −0.707
5 −0.5 −0.5 0.707
6 0.5 −0.5 0.707
7 −0.5 0.5 0.707
8 0.5 0.5 0.707
9 −1 0 0
10 1 0 0
11 0 −1 0
12 0 1 0
13 0 0 0

A, percentage of organic solvent; B, UV irradiation time; C, pH

Table 2 Minimum and maximum levels used in the experiments

Pesticide Variable

MeOH (%) Tirr (min) pH AcN (%) Tirr (min) pH

Low
(−)

High
(+)

Low
(−)

High
(+)

Low
(−)

High
(+)

Low
(−)

High
(+)

Low
(−)

High
(+)

Low
(−)

High
(+)

Monuron 20 60 15 30 2.6 5.4 10 70 10 30 3.9 8.1
Monolinuron 30 60 15 30 5.3 6.0 0 60 10 30 3.9 8.1
Chlorotoluron 40 100 20 40 2.6 6.4 40 100 10 40 3.9 8.1
Isoproturon 40 100 20 40 4.6 7.4 60 100 10 40 3.9 8.1
Diuron 20 80 20 40 3.9 8.1 0 60 10 40 3.9 8.1
Propanil 40 100 20 40 2.6 5.4 20 100 10 30 3.9 8.1
Linuron 10 50 20 40 2.6 5.4 0 60 10 40 3.9 8.1
Neburon 10 70 20 40 2.6 5.4 0 60 10 40 3.9 8.1

Tirr, UV irradiation time
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according to previous experiments related to their PIF
properties. The real values and the corresponding coded
values for the three variables were used for setting up the
experiments and the model, respectively.

Experimental samples were prepared following the
methodology described in the previous section. The mean
values of PIF measurements (two replicates for each
experiment) obtained at the maxima λex and λem for each
pesticide were analysed using the Statgraphics 6.0 software.

Results and discussion

Photochemically induced fluorescence properties

Phenylurea herbicides have no native fluorescence in MeOH
and AcN. However, when pesticide solutions (prepared in

these organic solvents) were irradiated with a high power UV
lamp, they were photolyzed into fluorescent photoproducts in
both cases (Fig. 1), except for diuron, neburon and linuron
when irradiated in AcN solutions.

In order to investigate the influence of the main variables
on the PIF reaction, several experiments involving changes
in the percentage of organic solvent in the aqueous mixtures
of MeOH and AcN, as well as in irradiation time were
performed. The results obtained showed that the PIF signal
changes with the percentage of water and this change is
different for each pesticide as well as for each organic
solvent used. In addition the optimum UV irradiation time
increased when the percentage of water in the mixture
decreased whereas no photoproducts were obtained for
diuron, neburon and linuron in AcN/water mixtures.

Additionally, some experiments were performed in order
to determine the pH effect on the fluorescence intensity of
photoproducts using binary aqueous mixtures of both
organic solvents. The results obtained showed that the PIF
intensity and the optimum UV irradiation time changed
with the pH of the sample.

In all cases, no significant shift of the λex and λem
occurred upon changing the solvent composition and pH at
different UV irradiation times, but the fluorescence signal
for each pesticide depends on the three variables.

Therefore, in order to obtain the best experimental con-
ditions, it is of interest to evaluate the different variables
(percentage of organic solvent, pH and UV irradiation time)
affecting the photoderivatization of each pesticide. With
this aim an empirical model was developed using RSM to
evaluate and optimize their relative significance in the PIF
signal even in the presence of complex interactions [24].

Optimisation of the surface response

The optimisation process was carried out using a Doehlert
design [16] involving three experimental variables (A, B
and C) showed previously in Tables 1 and 2. The surface

Fig. 1 Excitation and emission spectra for monolinuron in MeOH: a)
without UV irradiation and b) after UV irradiation for 10 min

Table 3 Analysis of variance (ANOVA) for the independent variables using MeOH as organic solvent

Factors Monuron Monolinuron Chlorotoluron Isoproturon Propanil Diuron Linuron Neburon

F p-value F p-value F p-value F p-value F p-value F p-value F p-value F p-value

A 365.2 0.00 858.6 0.00 68.4 0.00 1283.7 0.00 2057.4 0.00 – – 73.9 0.00 15.7 0.00
B 8.2 0.01 30.1 0.00 649.9 0.00 79.2 0.00 161.5 0.00 18.9 0.00 767.2 0.00 121.0 0.00
C 3528.1 0.00 432.2 0.00 156.6 0.00 165.9 0.00 30.2 0.00 – – 2194.6 0.00 395.8 0.00
AB – – – – – – 9.7 0.01 – – – – – – – –
AC 141.5 0.00 – – 36.6 0.00 39.5 0.00 – – 7.5 0.01 7.8 0.01 17.3 0.00
BC – – – – – – – – – – – – 60.4 0.00 – –
AA 9.6 0.01 12.8 0.00 112.1 0.00 44.2 0.00 71.8 0.00 104.5 0.00 17.6 0.00 202.6 0.00
BB – – – – – – – – – – – – 7.0 0.02 – –
CC 220.2 0.00 137.7 0.00 59.3 0.00 – – 47.2 0.00 467.6 0.00 370.9 0.00 6.6 0.02

–, No significant effect
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response that relates the coded variables (A, B and C) with
the observed response Y can be calculated as:

Y ¼ a þ b Að Þ þ c Bð Þ þ d Cð Þ þ e A2
� � þ f B2

� �

þ g C2
� � þ h Að Þ Bð Þ þ i Að Þ Cð Þ þ j Bð Þ Cð Þ

where a is the constant term, b, c and d are the coefficients of
the linear terms, e, f and g are the coefficients of the quadratic
terms and h, i and j are the coefficients of interaction [20].

The analysis of variance (ANOVA) was carried out to
identify the variables which have significant effect on the
fluorescence intensity of each compound (Tables 3 and 4) at
a p-value < 0.05. The results obtained for the F-values using
MeOH as solvent indicated that the three variables exhibited
statistically significant effects on the PIF signal at the p-
value lower than 0.01 for all pesticides except for diuron
whose signal was only affected by the irradiation time.

On the other hand, when using AcN as solvent no effect
on the PIF signal was observed at different pH except for
monuron. As for diuron, linuron and neburon no information
was found due to the weak fluorescence signal obtained

when using AcN as solvent. Finally, two-level interactions
between the three variables also showed significant influ-
ence on the analytical responses (Tables 3 and 4).

The results of the multiple regression analysis which
provided the estimates of these model coefficients are listed
in Table 5, also including the coefficients R2. These were
greater than 0.92; therefore the fitted regression equations
explain more than 92% of the total variation in the data.

Determination of critical points

From every fitted second-order response surface we studied
if there exits a critical point representing the optimal con-
ditions to maximize or minimize the response. Different
approaches have been proposed to find them.

Firstly, the signal of the quadratic coefficients (e, f and g)
can evidence initial information about the indication of
maximum and minimum points. If all of them are negative,
the function can show a maximum; if all these coefficients
are positive, the function can show a minimum and when

Table 4 Analysis of variance (ANOVA) for the independent variables using AcN as organic solvent

Factors Monuron Monolinuron Chlorotoluron Isoproturon Propanil

F p-value F p-value F p-value F p-value F p-value

A 4954.2 0.00 208.2 0.00 148.3 0.00 126.0 0.00 32.6 0.00
B 132.6 0.00 4.7 0.04 3078.3 0.00 42.8 0.00 28.7 0.00
C 636.4 0.00 – – – – – – – –
AB 9.3 0.01 – – – – – – – –
AC 378.4 0.00 116.0 0.00 12.2 0.00 – – – –
BC 18.0 0.00 – – – – – – – –
AA 800.4 0.00 1137.1 0.00 118.9 0.00 16.1 0.00 27.9 0.00
BB – – 7.5 0.01 5.5 0.03 – – – –
CC – – 944.7 0.00 – – – – – –

–, No significant effect

Table 5 Equations obtained from the polynomial functions using Doehlert design for each pesticide

Pesticide Solvent R2 a b c d e f g h i j Critical point

Monuron MeOH 0.996 446.7 −90.8 13.6 282.3 −36.0 −14.7 −186.6 −16.1 −114.5 −1.0 Maximum
AcN 0.998 188.2 −37.7 −6.2 13.5 −37.1 −1.1 −2.4 −4.6 −20.8 −4.5 Maximum

Monolinuron MeOH 0.990 297.9 −55.4 −10.4 39.3 −16.6 2.2 58.8 0.8 2.5 −0.3 Saddle point
AcN 0.994 199.1 −15.1 −2.2 0.7 −86.2 −7.0 −84.9 4.5 22.5 2.8 Maximum

Chlorotoluron MeOH 0.986 20.4 −2.0 6.1 3.0 −6.2 −1.1 −4.8 −0.1 −2.9 0.4 Maximum
AcN 0.995 18.0 −2.6 11.8 0.0 −5.7 −1.2 0.5 −0.2 −1.5 −0.2 Saddle point

Isoproturon MeOH 0.990 20.7 17.4 4.3 6.3 7.9 1.5 −2.6 4.3 6.1 1.9 Saddle point
AcN 0.928 40.1 23.1 13.5 0.8 20.3 −3.4 −1.1 0.4 −2.2 0.7 Saddle point

Propanil MeOH 0.993 39.7 16.8 4.7 2.0 −7.7 −1.7 −6.7 1.1 −1.1 −1.3 Maximum
AcN 0.977 44.6 13.1 12.3 −1.7 −29.6 −4.4 5.8 7.4 3.3 −0.8 Saddle point

Diuron MeOH 0.977 2.9 1.0 2.3 −0.4 13.4 0.1 30.7 0.6 2.9 −1.3 Minimum
Linuron MeOH 0.995 26.9 1.5 4.9 8.3 −1.8 −1.1 −9.0 1.1 1.0 2.8 Maximum
Neburon MeOH 0.982 30.0 1.7 4.8 8.8 −15.3 −2.2 −3.0 −0.2 −3.6 0.8 Maximum
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some are positive and the others are negative, the critical
point can be a saddle point with a relative maximum for the
variables with a negative term and with a relative minimum
for the one with a positive coefficient.

In this work according to quadratic coefficients (Table 5),
a maximum value for PIF intensity was found for monuron,
chlorotoluron, propanil, linuron and neburon, a minimum
for diuron and a saddle point for monolinuron and
isoproturon in MeOH. On the other hand, a maximum
was obtained for monuron and monolinuron and a saddle
point for chlorotoluron, isoproturon and propanil in AcN.

Nevertheless, it is necessary to verify these conclusions
by applying a second approach. In this sense, the LaGrange
criterion [25] is generally used to determine the nature of
this critical point. In a second-order model for three
variables, LaGrange criterion is based on the calculation
of the Hessian determinant (Δ1, Δ2 and Δ3) of the
response function. If the quadratic equations show only one
critical point, four situations are possible. Information on
the nature of the surface can be obtained from the values
and signs of Hessian coefficients. When Δ2=0 there is no
information obtained. If Δ1<0, Δ2>0, Δ3<0, it is

indicated as a relative maximum. When Δ1>0, Δ2>0,
Δ3>0 it is indicated as a relative minima. If none of the
above situations are obtained, it represents a saddle point,
i.e. the critical point of the surface response which presents
maximum response for levels of some variables and, simul-
taneously, indicates minimum response for levels of other
variables of the analytical system studied.

The values of Hessian coefficients obtained in this work
for experiments using both MeOH and AcN as solvent are
shown in Table 6. As can be seen, when using MeOH as
organic solvent the nature of critical point obtained using
both approaches are similar while for AcN a saddle point
was obtained for all pesticides using the last criterion.

Finally, in order to obtain the coordinates of the critical
point (Ac,Bc,Cc) for each pesticide the corresponding
polynomial function were calculated by solving the followed
equations systems: ΔY/ΔA=0 ; ΔY/ΔB=0 ; ΔY/ΔC=0.

The values of the three variables under study for the
critical point for all pesticides are shown in Table 7. In
addition, the correlation between predicted and experimen-
tal values obtained for PIF intensity at the maximum value
demonstrated that the model is well fitted.

Table 6 Hessian values for the response surface and critical point

Pesticide MeOH AcN

Δ1 Δ2 Δ3 Critical point Δ1 Δ2 Δ3 Critical point

Monuron −72.0 1857.6 −311426.1 Maximum −74.2 142.1 911.2 Saddle point
Monolinuron −33.2 −146.7 −17280.0 Saddle point −172.4 2393.3 397384.7 Saddle point
Chlorotoluron −12.4 27.3 −241.1 Maximum −11.4 27.3 33.1 Saddle point
Isoproturon 15.8 28.9 −219.3 Saddle point 40.6 −276.2 619.5 Saddle point
Propanil −15.4 51.2 −652.1 Maximum −59.4 468.0 5523.1 Saddle point
Diuron 26.8 5.0 255.5 Minimum – – – –
Linuron −3.6 6.7 −84.2 Maximum – – – –
Neburon −30.6 134.6 −729.8 Maximum – – – –

–, Non response surface

Table 7 Optimum values found using Doehlert design and theoretical and experimental PIF signal obtained in these conditions

Pesticide Optimum values Optimum PIF signal Optimum values Optimum PIF signal

MeOH
(%)

Tirr
(min)

pH Theoretical Experimental Residual
(%)

AcN
(%)

Tirr
(min)

pH Theoretical Experimental Residual
(%)

Monuron 20 30 5.4 703.1 687.0 2.3 20 10 8.1 220.3 203.0 8.5
Monolinuron 30 15 6.0 402.1 400.0 0.5 30 20 6.0 200.0 185.0 8.1
Chlorotoluron 60 40 5.6 26.3 25.8 1.9 60 40 8.1 25.4 26.5 −4.1
Isoproturon 100 40 6.6 69.9 68.3 −2.3 100 40 5.0 94.0 104.0 9.6
Propanil 100 40 4.0 50.2 47.8 5.0 70 40 5.5 63.5 59.5 6.7
Diuron 80 37 3.9 30.7 30.4 1.0 – – – – –
Linuron 50 40 5.3 45.5 47.5 −4.2 – – – – –
Neburon 40 40 5.4 20.8 21.6 −3.7 – – – – –

Tirr, UV irradiation time
–, Non response surface
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Effect of water percentage

In this study, the higher intensity of fluorescence was
obtained when using MeOH as organic solvent (except for
isoproturon and propanil) and varied with the percentage of
water in binary mixtures for each pesticide (Table 7). In
general, the PIF intensity increased with the percentage of
water in the mixture reached a maximum value between 80
and 20%, according to the compound, except for isopro-
turon that a diminution in the intensity occurred when the
percentage of water increased in the mixture. As an
example, Fig. 2 shows the surface responses related with
the percentage of MeOH as solvent versus UV irradiation
time and versus pH, respectively for chlorotoluron.

Effect of UV irradiation

The PIF intensity of all pesticides increased with the UV
irradiation time, reaching a maximum for monuron
(30 min), monolinuron (15 min), while no well-defined
maximum values were found for the other compounds.
Therefore, a maximum time of 40 min was selected as
compromise between sensitivity and time analysis. As an
example, Fig. 3 shows the surface responses for monuron

by plotting UV irradiation time versus percentage of MeOH
and versus pH, respectively.

Effect of pH

Finally, the results of F-values (Table 3 and 4) showed that
the pH gives the most statistically significant effect on the
fluorescence intensity for monuron, linuron and mono-
linuron in MeOH. However, when using AcN as solvent the
pH of the media have a significant effect on the PIF signal
only for monuron. Fig. 4 shows the surface responses of
linuron by plotting pH versus percentage of MeOH and
versus UV irradiation time.

Effect of β-Cyclodextrin concentration

CDs are cyclic oligosaccharides formed by an α-(1,4)
linkage of glucopyranose units. The most commonly used
oligosaccharides are α, β and γ-cyclodextrines with six,
seven or eight glucopyranose units, respectively, which
results in inner cavity diameters of different size. Further
more, these compounds possess a hydrophobic exterior,
which makes them soluble in water and an interior cavity

Fig. 3 Surface responses from Doehlert design by plotting the UV
irradiation time versus: a) percentage of MeOH and b) pH for monuron

Fig. 2 Surface responses from Doehlert design by plotting the
percentage of MeOH versus: a) UV irradiation time and b) pH for
chlorotoluron
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which is less polar than water. These properties enable CDs
to incorporate guess molecules on the basis of size and
hydrophobicity. Thus, it is well established that β-CD size-
selectively complex phenylurea herbicides [26].

The influence of β-CD on PIF intensity on the optimum
variables obtained for each pesticide when using MeOH-
water solvent was investigated, except for propanil and

isoproturon, because for these two pesticides the optimum
solvent was 100% of MeOH.

Different concentrations of β-CD, ranging from 10−3 M to
7×10−3 M, were tested. The results obtained are shown in
Fig. 5. It can be seen that for all pesticides the PIF signal
obtained using β-CD was lower than those obtained for
optimum values without addition of β-CD, except for
monolinuron which showed a maximum at 4×10−3M β-CD.

This behaviour indicates that the photolysis reaction is
slowed down when phenylurea herbicides are included in
β-CD complexes, except for monolinuron, which probably
yields photoproducts taking part of inclusion complexes
with β-CD. These results are in agreement with those
obtained by Mahedero et al. [26], who found that the
optimum UV irradiation time was dramatically increased
when phenylurea herbicides were in the presence of β-CD.
This also explains why phenylurea solutions containing
β-CD and being irradiated at the optimum UV irradiation
time obtained for aqueous solutions, yield no fluorescence.

Conclusion

The use of UV irradiation allows the sensitive determination
of eight non-fluorescent phenylureas by fluorescence detec-
tion. Application of Doehlert design allowed the rapid
optimization of the main variables such as organic solvent,
UV irradiation time and pH, which affect the PIF signal using
only 13 experimental measurements. The main goals
obtained with this approach are the reduction in the exper-
imental effort, time and cost regarding the use of traditional
optimization approaches to obtain the optimum variables in
order to obtain higher sensibility on the fluorescence signal.
The results obtained will be taken into account for the
optimization of a method for the determination of the target
phenylureas using fluorescence as a detection system coupled
with the chromatographic technique.
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