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Abstract This paper deals with the photo-induced fluo-
rimetric determination of the herbicide Fluometuron with
the aid of a continuous-flow assembly of the emergent
and new methodology known as Multicommutation which
was provided with an on-line photoreactor. Maximum flu-
orescence intensity was observed at basic pH solutions,
1 × 10−4 mol l−1 NaOH, after 1.4 min of irradiation and
being the maximum at λexc 247.0 nm and λem 325.0 nm.

The influence of different experimental parameters either
chemical (pH, surfactants presence, solvent polarity and tem-
perature) or hydrodynamic (time of photo-degradation, size
and number of different segments and flow-rate) was tested.

The linear dynamic range was from 0.01 to 4.0 mg l−1

of Fluometuron; the inter-day reproducibility (as R.S.D.) of
the slope was 0.001% and 1.7% from the peaks intra-day
reproducibility. A large series of potential interferents was
studied and finally the method was applied to human urine,
soil, formulation and water samples.
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Introduction

The use or even abuse of pesticides in the fight against animal
and plant pests has resulted in massive pollution. In fact,
most pesticides are water-soluble and can readily spread in
the environment. For this reason, many countries have passed
stringent legislation intended to protect citizens’ health and
the environment. This has raised the need to develop new
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analytical methods for the expeditious, inexpensive and as
automatic as possible control of these compounds.

The Fluometuron [1] or 1,1-dimethyl-3-(α,α,α-trifluoro-
m-tolyl)urea, (C10H11F3N2O) with a molecular weight
232.29 belongs to the phenyl urea herbicides family. It is
a white to tan powder or crystalline material with an amine-
like odour and it is also available in liquid, dry flowable
and wettable powder formulations. Its water solubility is
105 mg l−1 at 20◦C, and it is slightly soluble in other sol-
vents like in acetone, chloroform, methanol, hexane, and or-
ganic solvents. Melting point is 163–164◦C. The molecular
structure as depicted in Fig. 1a.

Fluometuron is a selective herbicide which acts by inhibit-
ing photosynthesis [2]; it is registered exclusively for use on
cotton and sugarcane. It can be applied pre-emergence, for
weed control before planting, or post-emergence, after target
crops and weeds come up, and may have residual activity for
several months.

Fluometuron is a mild skin irritant affecting to the mucous
membrane lining the skin, gastrointestinal tract, and respira-
tory system; it may cause corneal opacity in test animals. This
herbicide is considered a mild inhibitor of cholinesterase.
Other symptoms of Fluometuron poisoning include muscu-
lar weakness, tearing or watery eyes, extreme exhaustion,
and collapse. Some secondary teratogenic effects were seen
in the progeny of rats and rabbits. Mice showed evidence
of liver tumours and leukaemia, a condition characterized
by uncontrolled growth in the number of white-blood cells.
Studies on the carcinogenic effects in humans are not con-
clusive. Fluometuron is slowly absorbed into the body from
the gastrointestinal tract. At 72 hr after rats were given oral
doses of 50 mg/kg Fluometuron, 15% of the dose was ex-
creted in the urine and 49% was excreted unchanged in the
faeces. And about other ecological effects, it is slightly toxic
to fish and is relatively non-toxic to bees.
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Fig. 1 (a) Molecular structure
of Fluometuron. (b) Direct
photolysis degradation
(defluorination) of Fluometuron

Fluometuron is moderately to highly persistent in the soil
environment, with a reported field half-life of 12 to 171 days.
A representative field half-life under most conditions is esti-
mated to be 85 days. Breakdown in the soil environment oc-
curs mainly through photodegradation specially when there
is little rainfall after application, and by microbial action. As
it is soluble in water, it is poorly bound to most soils and may
be highly persistent in the water environment. The half-life
of Fluometuron in water is 110 to 144 weeks. It is stable at
pH values ranging from 1 to 13, at 20◦C. However, exposure
of 10 mg l−1 aqueous solutions of Fluometuron to natural
sunlight resulted in 88% decomposition in 3 days, with a
half-life of 1.2 days.

Most of reported analytical procedures are dealing with
separation and determination of pesticides by liquid chro-
matography. Complex mixtures of pesticides, even from dif-
ferent families, have been assayed. The chromatographic
procedure should be applied after a previous solid-phase ex-
traction step. Main efforts are devoted to test the influence
of different sorbent phases and eluting reagents. Different
detectors have been used [3] and mostly of reported papers
are dealing on water samples.

The simultaneous determination of mixtures of herbi-
cides has been solved by using HPLC [4]; and the sepa-
ration of 10 sulfonyl- and phenylurea herbicides from one
of their most common degradation products (3-chloro-4-
methylphenyl urea) was also developed with the aid of liquid
chromatography provided with a diode array UV detection
and positive ion electrospray mass spectrometry; the best op-
timization of chromatographic phases resulted with a copoly-
mer of poly(divinylbenzene-co-N-vinylpyrrolidone) [5]. A
solid-phase adsorbent, based on cytokinin-binding protein
immobilized on Sephadex LH-20, was synthesized and eval-
uated either for a solid-phase-extraction and for the HPLC
column [6]. A water sample containing known amounts of
sixteen phenylurea herbicides was aspirated through precon-
ditioned C18 cartridges and separated by HPLC by using
gradient elution with the solvent mixture acetonitrile and
H2O [7]. Another method for the separation of a mixture of
polar pesticides in water and wine samples was developed

by coupling automated in-tube solid-phase microextraction
to HPLC-electrospray ionization mass spectrometry equip-
ment [8]. In an HPLC method developed for phenylurea
pesticides in surface waters, emphasis was put on the pesti-
cide preservation by the addition of 2.5 g Trizma preset pH
7 crystals [a mixture of tris(hydroxymethyl)aminomethane
and its hydrochloride] and 0.25 mg copper sulphate [9]. A
Liquid Chromatography – Mass Spectrometry method was
developed targeting 52 pesticides (thiocarbamates and
phenylureas) without previous extraction-separation from
the matrix; the chromatography system comprised a
reversed-phase C8 column and an ammonium acetate wa-
ter/acetonitrile binary gradient; then, the method was ap-
plied to drinking and wastewater samples [10]. A microbore
liquid chromatography and positive-ion electrospray MS set
was applied to the determination of pesticides and herbicides
in water; the paper included a discussion on the mobile-phase
matrix effects [11]. The mixture Dinoserb, Fluometuron and
other terbutylazine pesticides was assayed with the aid of
HPLC and by using a column with a gradient mobile phase of
ammonium acetate and methanol [12]. The separation of Flu-
ometuron and its main environmental metabolites were sep-
arated in a soil sample matrix after extraction with methanol
[13]. The simultaneous determination of Fluometuron and
norflurazon in soil extracts and leachates was performed on
the basis of sample being extracted with methanol; after cen-
trifugation and filtration, the soil extracts were diluted with
CaCl2 to give a 1:1 methanol/CaCl2 matrix [14].

Several phenylurea herbicides: namely, chlorbromuron,
Fluometuron, diuron, linuron, metobromuron, monolinuron
and monuron were isolated from weed plant materials by
extraction with acidic aqueous solutions and the correspond-
ing aqueous extract was pre-concentrated and cleaned-up
by using a continuous solid-phase extraction module; fur-
ther work was the determination of the pesticides with
the suitable gas chromatographic equipment provided with
a mass spectrometry detector [15]. The degradation prod-
ucts of chlorsulfuron, chlortoluron, diuron, fluometuron, iso-
proturon, linuron, metabenzthiazuron, metobromuron and
monuron formed in the injector of a GC instrument were
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used to identify the respective herbicides; the influence of
the solvent on the degradation was also studied [16–18]. A
comparative study on several chromatographic procedures
(gas and liquid) can be find in the analytical literature [19].
A different previous solid-phase separator was based on im-
munosorbents; it was applied to a mixture of phenylurea pes-
ticides in drinking and surface water samples [20]. The im-
munosorbent was prepared by immobilizing anti-isoproturon
antibodies and it was packed into stainless-steel columns.

Some intents dealing on thin layer chromatography (TLC)
have been also reported [21]; the phenylurea herbicides
chlortoluron, diuron, Fluometuron, isoproturon, linuron,
methabenzthiazuron and neburon were separated with the aid
of three different TLC systems; the experimental results were
evaluated and densitometrically quantified at nanogram lev-
els. Capillary electrochromatography techniques have been
also proposed for separation and determination of mixtures
of different herbicides (carbamates and phenylureas among
others) [22, 23]; the separation was based on the potential of
porous graphitic carbon as a new stationary phase.

The Capillary Electrophoresis at a potential of 25 kV
and spectrophotometric detection at 190–320 nm was ap-
plied [24]; previously the sample solution was homogenized
in methanol, filtered, diluted with H2O, then subjected to
solid-phase extraction (C8) and eluted with CH2Cl2. The
separation was achieved in 7 min

A supercritical CO2 fluid extraction of Fluometuron from
soil samples was compared with the conventional liquid-
liquid extraction with methanol [25]. The soil sample was
treated with 14C-ring-labelled Fluometuron (I) and the opti-
mization of the supercritical extraction method also included
adding modifiers and varying CO2 fluid density.

The present work was focused to find new photo-induced
fluorescence automated processes to increase the sensitivity
and obtaining minor limits of detection for pesticides. The
method is performed with the aid of the emergent continuous-
flow analytical methodology known as Multicommutation
and based on an automated solenoid-valves set. The re-
sult is a quick procedure performed in very simple assem-
bly which also could be adapted to work in a post-column
format.

To the author’s knowledge, this is the first report dealing
with the fluorescent-based determination of Fluometuron and
also the first using a continuous-flow methodology for its
automated determination.

Experimental

Reagents

All chemicals were of analytical reagent grade and solved in
purified water by reverse osmosis and deionised (18M�cm)

with the aid of Sybron/Barnstead Nanopure II. Fluome-
turon was from Dr. Ehrenstorfer GmbH (98.5%, Germany).
Other reagents were glycine for buffer solutions, ethanol,
iso-propanol, acetonitrile and dimethylformamide all from
Scharlau (Spain); NaCl, sodium tetraborate, NH4Cl, sodium
dodecyl sulphate and Triton X-100 all from Panreac (Spain);
ammonia and HCl from Probus (Spain); N-cethyl NNN
trimethyl ammonium from Merck; hexadecylpiridinium 98%
and β-cyclodextrine from Fluka (Switzerland); and, benza-
lkonium chloride from Guinama (Spain).

Inorganic salts tested as potential interferents were NaCl,
KCl, Na2SO4.10H2O, KCN, NaNO3, FeSO4.2H2O,MgCl2.
6H2O (Panreac), Na2H2PO4 (UCB), Na2CO3 (Prolabo),
KI (Guinama), ZnCl2 (Scharlau), Pb(CH3COO)2.3H2O,
MnCl2.4H2O (DHémio), Co(CH3COO)2.4H2O (Riedel de
Haëdel, Germany), Cr(CH3COO)3.nH2O and CuSO4.5H2O
(Scharlau), CaCl2.2H2O, NaNO2, FeCl3, NaCH3COO.
3H2O, and NiCl2 all from Probus.

The flow manifold comprised PTFE tubing of 0.8 mm in-
ternal diameter, a Gilson (Worthington, OH, USA) peristaltic
pump, model Minipuls 2 which was provided with flexi-
ble pump tubing from Elkay (Co, USA); and, two solenoid
valves Model 161T031 (Nresearch, Northboro, MA, USA).
The valves were controlled via friendly software made in the
laboratory and were working in a computer type Pentium
in Microsoft Windows 98. The photo reactor consisted of a
150 cm length and 0.8 mm internal diameter PTFE tubing
(from Omnifit, USA) helically coiled around a 15 W low-
pressure mercury lamp (Zalux) for germicidal use; and, the
detector was a Fluorimeter Jasco FP-6200 provided with a
flow-cell Hellma 176.052-QS (inner volume 125 µl). Data
collection was performed by means of the corresponding
software prepared for the fluorimeter “Spectra Manager for
Windows 95/NT,” type 1.53.00. The flow-manifold is de-
picted in Fig. 2.

As external standard used to test the fluorimeter repro-
ducibility was a solution containing 25 µg·l−1 quinine in
0.1M H2SO4. The test was performed before and after the
studies with the Fluometuron.

Results and discussion

Flow preliminary assays (screening)

We performed some preliminary tests involving various pes-
ticides in order to study their molecular changes upon UV
irradiation. To this end, we used aqueous solutions at a vari-
able pH over the range 0–12 to record UV- vis absorption
spectra before and after irradiation for 2.5 or 5 min. Tests
were conducted under continuous-flow conditions, using
the multicommutated system of Figure 2 and the following
parameter values: flow-rate 7 ml min−1; number of segments
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Fig. 2 Flow assembly for the fluorimetric determination of Fluometuron S, aqueous solution of analyte; M, medium; A, water; P, peristaltic pump;
Pr, photo-reactor, V, solenoid valves; W, waste; D, fluorimeter FP-750 (λexc 247.0 nm and λem 325.0 nm)

10; sample and medium segment size 0.4 and 0.2 s, respec-
tively; and irradiation time 2.5 min. Fluometuron was found
to both fluoresce upon irradiation and exhibit native fluores-
cence (lamp OFF), with λexc = 247 nm and λem = 325 nm in
both cases.

Based on the results, Fluometuron was chosen for sub-
sequent tests as it exhibited the largest increase in emission
upon irradiation. The kinetic stability of a 2 mg l−1 solution
of the pesticide was studied by keeping it refrigerated at 4◦C
in the dark for 7 days. The UV-vis spectra for the solution
recorded over such a period exhibited no significant changes.

Influence of pH

Both the nature of the medium and its pH can influence
the fluorescence emission of a compound. We thus studied
the potential effects of both variables carefully by using the
above-described flow assembly.

Solutions containing a 2 mg l−1 concentration of the herbi-
cide were adjusted to pH 1–12 potentiometrically by adding
HCl or NaOH dropwise as required. All solutions exhibited
some fluorescence, whether or not they were irradiated, but
particularly those irradiated at pH 10.0.

Because the pH was strongly influential, we tested var-
ious buffer solutions in order to obtain as chemically
robust as possible an irradiation medium. The buffers
tested included glycine/NaOH, sodium tetraborate/NaOH
and NH4Cl/NaOH. The RSD values of the resulting peaks
were 1.3, 1.1 and 0.9 for the ammonia, glycine and tetrabo-
rate buffer, respectively. As can be seen in Fig. 3, the highest
signal was obtained with the alkaline solution (i.e. in the
absence of buffer).

The influence of the NaOH concentration in the buffer
was examined over the range 10−5–10−3 mol l−1, with the
lamp both ON and OFF. The best results were provided by
an NaOH concentration of 10−4 mol l−1.

Influence of the photodegradation time

The extent of photodegradation of a substance (i.e. the cleav-
age of bonds in it by effect of irradiation) depends on the
irradiation time. We examined the influence of this variable
over the range 0.5–4 min. As can be seen from Fig. 4, the op-

timum irradiation time was 1.5 min, which was thus chosen
for subsequent tests.

Study of the medium: solvent polarity and organized media
(presence of tensoactive agents)

Fluorescence emissions can be affected by the polarity and
viscosity of the medium, and also by the presence of orga-
nized media or heavy atoms, among others.

Organized media (particularly surfactants) can enhance
fluorescence emission by protecting excited molecules from
interactions with their environment. This protective effect is
exerted by micelles wrapping up the molecules of the excited
species; alternatively, such species can be protected by “stor-
age” within appropriate molecular structures such as that of
β-cyclodextrin. Tests were conducted on solutions contain-
ing a 1 mg l−1 concentration of pesticide plus the protective
agent at a level above its critical micelle concentration (cmc)
and the blank needed to record the control signal. The com-
pounds studied and the amounts used (in a final solution
volume of 50 ml) were as follows: 0.1 g of 98% hexadecyl
pyridinium, 0.3 g of benzalkonium, 0.1 g of N-cetyl-N,N,N-
trimethylammonium, 0.6 g of Tween 80, 0.6 g of sodium
dodecyl sulphate (SDS), 0.3 g of Triton X-100 and 0.6 g of
β-cyclodextrin. The results were compared with those pro-
vided by an identical Fluometuron solution containing no
protective agent. The enhancing effect on the fluorescence
emission was especially marked with β-cyclodextrin and
SDS. However, the relative standard deviations (RSDs) were
quite high as the likely result of the strong signals given by

Influence of buffers on the fluorescence 
emission
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Fig. 3 Influence of NaOH and different buffers on the emission out-
puts. (2 mg l−1 of Fluometuron)
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Fig. 4 Influence of photodegradation time on the fluorescent emission

the blanks. No protective agent was therefore chosen for use
in subsequent tests.

We also examined the effect of organic solvents of vari-
able polarity, which were used to prepare solutions con-
taining a 0.5 mg l−1 concentration of pesticide. As can
be seen from Fig. 5a, the highest, most reproducible sig-
nals were obtained in the presence of acetonitrile. A further
test at variable concentrations of this solvent from 5–40%
revealed a proportion of 20% to provide the best results
(see Fig. 5b).
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Fig. 5 Influence of the solvent polarity. (a) Studied organic solvents.
(b) Influence of the acetonitrile concentration

Influence of the temperature

Raising the temperature of a fluorescence-based analytical
system usually decreases the amount of light emitted through
an increased likelihood of collisions between molecules or
ions leading to deactivation via non-radiative mechanisms. In
the presence of some derivatization reaction, the influence
of temperature is much more difficult to predict as it can
reach both the fluorescence emission and the derivatization
process.

The effect of temperature was examined by immersing
the vessels containing the sample, medium and carrier in a
Tectron 200 water bath at a variable temperature from room
level to 80◦C. Tests showed the emission intensity to decrease
strongly with increasing temperature. We therefore adopted
room temperature for subsequent tests.

Photochemical reactions

The photodegradation of various substances all bearing a
trifluoromethyl group on an aromatic ring was examined in
recent previous work [29] where the kinetics of both direct
photodegradation (i.e. when a compound absorbs light, be-
comes unstable and subsequently decomposes in the absence
of other chemical means) and indirect photodegradation
(when indirect photolysis occurs through interactions with
reactive intermediates produced by another light-absorbing
molecule).

The defluorination of the trifluoromethyl group is believed
to constitute a common pathway for direct photolysis in
trifluoromethylated compounds. The presence of hydroxyl
groups has been shown to accelerate the kinetics of direct
photolysis. Thus, photodegradation at pH 9 was found to be
more than twice stronger than at any other pH tested (viz. 4.0,
5.5 and 7.0). The most interesting conclusion drawn as re-
gards the direct and indirect kinetics was that the –CF3 group
undergoes photo-nucleophilic substitution by a carboxyl
group (–COOH). A stoichiometric study of the reaction (see
Fig. 1b in the previous paper [29]) revealed the presence
of three fluoride ions per photolysed molecule. The reaction
products were isolated and identified by LC/MS/MS. The
mechanism was confirmed for other, similar compounds and
further information on the influence of the -OH group in the
indirect photolysis pathway was provided.

The above-described preliminary tests conducted in this
work revealed that a 1 mg l−1 solution of the pesticide ex-
hibited fluorescence in various photodegradation media con-
taining Fe(II), Fe(III), hydrogen peroxide or 10−4 mol l−1

NaOH. Spectra were identical in all media, with two emission
bands of different strength; the emission intensity, however,
differed markedly among media. As noted earlier, the great-
est intensity by far was that obtained in the NaOH medium.
This is quite consistent with the results described in the
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previous paragraph. Thus, the emission band at 247 and
249 nm appeared in the spectra obtained in the presence
and absence of irradiation (i.e. with the lamp ON and OFF,
respectively) and peaked at similar wavelengths (325 and
332 nm, respectively). The differences observed with the
lamp OFF and ON were about 11% in favour of the latter.
This justified using irradiation on the pesticide, especially if
one considers the simplicity of the flow manifold including
an on-line integrated photoreactor.

We thus recorded the UV-vis absorption and fluorescence
spectra for Fluometuron in an alkaline solution in the absence
and presence of irradiation for variable lengths of time (0.5,
1.5 and 2.5 min). The absorption spectra obtained in the al-
kaline medium without irradiation exhibited three bands typ-
ical of aromatic rings [30], two peaking at 207 and 241 nm,
respectively, and the third appearing as a plateau over the
wavelength range 268–280 nm. This last band increased with
increasing irradiation time up to 1.5 min; by contrast, the
other two decreased only slightly, with no clear-cut effect of
the irradiation time. This suggests the substitution of a -CF3

group on the ring by an electronegative group (–COOH).

Analytical figures of merit

The persistence of analytical outputs when the experimental
conditions are altered, also known as “robustness” in rela-
tion to an analytical procedure, was examined over a range
about ± 10% around the selected optimum concentrations
for sodium hydroxide and acetonitrile. Relative errors were
calculated by comparing the outputs with those obtained
under the reference conditions. The ranges studied were 17–
23% vs 20% for acetonitrile and 5 × 10−5 –5 × 10−4 mol l−1

vs 1 × 10−4 mol l−1 for sodium hydroxide. Both concentra-
tions proved critical (especially that of NaOH, with relative
errors exceeding 10%). By exception, an increase of more
than 20% in the acetonitrile concentration resulted in a rela-
tive error of 3.9%. The final set of selected flow parameters
is depicted in Table 1.

The dynamic range studied spanned concentrations
from 0.01 to 18 mg l−1 and was fitted to the equation
I = − 0.9895x2 + 48.3480x + 0.1535 with a correlation co-
efficient of 0.9975. The parabolic profile obtained was
linear from 0.01 to 5.0 mg l−1 and fitted the equation
I = 47.286x + 0.242 with a correlation coefficient of 0.9992
for n = 5 (i.e. with 5 replicates per dot).

The reproducibility of the slope of the calibration curve
or relative standard deviation was examined over the range
0.01–5 mg l−1 in tests performed on different days and on
freshly prepared solutions. The mean slope obtained from 6
independent calibrations of Fluometuron was 41.7287 (the
calculated RSD was 0.001%). The RSD for the peaks, which
is a measure of repeatability, was determined by using 20

Table 1 Set of flow parameters selected for further work

V1 = 0,10∗(0.3,0.4)
V2 = 0,7,84
tcycle = 91s

consecutive sample aliquots containing a 0.5 mg l−1 pesticide
concentration and found to be 1.7%.

The maximum throughput was calculated from the aver-
age peak base width for 20 replicates containing a 0.5 mg l−1

concentration of analyte. The result was 33 samples/h. The
limit of detection, which was taken to be the lowest pesticide
concentration giving a signal equal to the blank signal plus
three times its standard deviation, was 0.1 mg l−1.

The analytical features of the proposed method and its tol-
erance to potential interferences accompanying Fluometuron
in real samples were studied by using variable concentrations
of interferents up to 500 mg l−1 and a 0.5 mg l−1 pesticide
concentration. When the error exceeded 5%, a lower concen-
tration of interferent was used. Foreign species were consid-
ered not to interfere when the calculated relative error with
respect to the blank (viz. a solution containing 0.5 mg l−1

pesticide alone) was less than ± 5%. The results are shown
in Table 2. As can be seen, the most critical adverse influence
was exerted by iron (II and III), copper (II), manganese (II),
chromium (III), nitrite, phosphate and sulphate ions. There-
fore, these cations and anions should be removed by passage
through appropriate ion-exchange resins such as Duolite A-
107 (anionic) or C20 (cationic), both from Probus, if their
interference with the determination of the pesticide is to be
avoided.

In this work, the exchangers were prepared by packing
Omnifit 5 cm × 4 mm i.d. methacrylate chromatographic
columns with the resins. Prior to use, each column was
conditioned by passing a 0.1 mol l−1 NaOH or HCl so-
lution. Interferents were removed by preparing solutions
containing a 0.5 mg l−1 concentration of pesticide and
300 mg l−1 interferent. All results were quite acceptable (see
Table 2).

Nitrite ion, which interfered above 100 mg l−1, can be
easily removed. Thus, a solution containing 0.5 mg l−1 Flu-
ometuron and 500 mg l−1 nitrite exhibited no interference
following gentle heating for 10 min (see Table 2).

The applicability of the proposed FIA fluorimetric method
was checked on various types of sample including hu-
man urine from different individuals, water from different
sources, soil and a pesticide formulation.

Urine samples were directly spiked with the required
amount of herbicide to obtain a Fluometuron concentration
of 1 mg l−1 and subjected to the continuous-flow analyti-
cal procedure. The results thus obtained departed markedly
from the amount of pesticide added, even when the standard

Springer



J Fluoresc (2007) 17:29–36 35

Table 2 Influence of foreign compounds (up); and Influence of
foreign compounds after treatment of the solution (bottom)

Interferents C(mg l−1) Relative error (%)

Up
Fe3+ 50 − 5
Fe2+ 100 0.64
NH4

+ 500 −5.4
Mn2+ 500 7.6
K+ 200 4.2
Na+ 100 4.7
Zn2+ 500 −0.65
Mg2+ 500 4.3
Ni2+ 200 2.9
Cr3+ 200 6.4
Cu2+ 200 −6.1
Ca2+ 500 5.9
H2PO4

− 500 −4.1
CH3COO− 200 −3.2
Cl− 200 2.9
SO4

2− 500 −0.77
NO2

− 100 4.7
NO3

− 200 −3.1

Bottom
Fe3+,Cu2+,Ca2+,Mn2+,Cr3+ 300 7.1
SO4

2−,H2PO4
− 300 2.7

NO2
−(boil) 500 2.1

Note. The solutions were prepared from salts of sodium or chloride for
anions and cations, respectively.

procedure was applied, probably because the sample matrix
acted as an internal filter—the absorption peak of the sample
matrix at 325 nm coincided with the Fluometuron emission
peak. A separation step was therefore seemingly required.
Various solid-liquid extraction cartridges were used for this
purpose, and the absorption spectra for the solutions before
passage and after elution compared. The best results (i.e.
complete retention of the herbicide) were obtained with Bond
Elut C18 cartridges from Varian and acetonitrile as eluent.
These cartridges also retained part of the sample, resulting
in smaller relative errors. Two consecutive retention-elution
cycles sufficed to ensure good results. Recoveries (n = 5)
were 99.0, 101.8 and 96.4%.

The applicability of the proposed Multicommutation flu-
orimetric method was also checked on water samples of
variable origin that were all spiked with a 1 mg l−1 con-
centration of Fluometuron. The types of samples studied,
their sampling location, and the recoveries obtained (plus
their standard deviations) were as follows: underground
water from San Antonio, Valencia, Spain (1◦9′9.993′′W,
39◦31′22.096′′N), 102.0% (1%); waste water from Xirivella,
Valencia (0◦26′19.057′′W, 39◦27′10.642′′N), 103.9% (2%);
tap water from the University of Valencia, 103.0% (3%); and
mineral water bottled by Agua de Bejis in Castellón, Spain,
104.3% (0.5%).

Commercially available formulations of pesticides con-
tain the active ingredient(s) plus other, inert compounds such
as emulsifying, dispersing and coadjuvant agents. No com-
mercial samples of Fluometuron were available from local
pesticide manufacturers, so a wettable powdered sample had
to be prepared in the laboratory from relative amounts in ac-
cordance to legal rules (Environmental Protection Agency,
EPA, code GCPF) [31]. Thus, the samples contained 50%
Fluometuron, 20% talc and 30% magnesium stearate. The
amount of pesticide found was 1.2 mg l−1 (RSD 0.02%), so
the recovery was 104.2%.

A soil sample was collected from an agricultural field and
treated with the pesticide following the recommended proce-
dure for pesticide application [34]. Then, a liquid extraction
was performed with 100 ml of water and 20 g of soil with
shaking for 20 min, after which the suspension was filtered
and the filtrate monitored spectroscopically. A blank test was
simultaneously conducted on an unspiked soil sample the ex-
tract from which was found to exhibit no fluorescence. The
amount of pesticide recovered departed markedly from that
added to the soil. Solid-liquid extraction of the extract us-
ing the same procedure as for the urine samples provided a
recovery of 97.5% (RSD 4.5%), however.

Conclusions

A new analytical method based on the light-induced fluo-
rescence of the herbicide Fluometuron and the use of the
continuous-flow methodology known as “Multicommuta-
tion” is proposed. The optimum assembly includes a pho-
toreactor and the photofragments obtained are driven to the
flow-cell of a spectrofluorimeter in order to monitor emitted
light.

The method requires the use of no chemical reagents for
the emission to develop. Rather, the native fluorescence of
the pesticide is boosted by prior irradiation. All at room
temperature and pH 10.0.

The method was used for the determination of Fluome-
turon in various types of sample including water, soil, human
urine and a pesticide formulation.

The assembly used affords the implementation of a sep-
aration technique such as liquid chromatography or elec-
trophoresis in the post-column mode in order to further
enhance the selectivity. This is a result of the ability of
multicommutated systems being capable of addressing dif-
ferent analytical problems without the need for physical
changes in the hardware, but only reconfiguration of the
software.

The proposed method exhibits competitive sensitivity,
with a detection limit of 0.1 mg l−1, in addition to an RSD
of 1.7% and a throughput of 33 samples/h.
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3. Martı́nez Calatayud J, Catalá Icardo M (2005) Environmental pol-

lution monitoring. ISBN 973- 0- 03917 – 8, Bucarest
4. Lopez Roldan P, Lopez de Alda MJ, Barcelo D (2004) Anal Bioanal

Chem 378:599
5. Carabias Martinez R, Rodriguez Gonzalo E, Herrero Hernandez

E, Hernandez Mendez J (2004) Anal Chim Acta 517:71
6. Uzbekov VV, Arzanova IA, Veshkurova ON, Salikhov SI (2002)

Chem Nat Comp 38:297
7. Li FS, Martens D, Kettrup A (2001) Sepu 19:534
8. Wu JC, Tragas C, Lord H, Pawliszyn J (2002) J Chromatogr A

976:357
9. Bassett MV, Wendelken SC, Dattilio TA, Pepich BV, Munch DJ

(2002) Environ Sci Technol 36:1809
10. Yu K, Krol J, Balogh M, Monks I (2003) Anal Chem 75:4103
11. Wang N, Budde WL (2001) Anal Chem 73:997
12. Aguilar C, Ferrer I, Borrull F, Marce RM, Barcelo D (1998) J

Chromatogr A 794:147
13. Mueller TC, Moorman TB (1991) J Assoc Off Anal Chem 74:671
14. Essington ME, Tyler DD, Wilson GV (1995) Commun Soil Sci

Plant Anal 26:2295
15. Pena F, Cardenas S, Gallego M, Valcarcel M (2002) Talanta 56:727
16. Berrada H, Font G, Molto JC (2001) Chromatographia 54:253

17. Berrada H, Molto JC, Font G (2001) Chromatographia 54:360.
18. Berrada H, Font G, Molto JC (2000) J Chromatogr A 890:303
19. Senseman SA, Lavy TL, Mattice JD, Gbur EE, Skulman BV (1997)

Environ Sci Technol 31:395
20. Pichon V, Chen L, Hennion MC (1995) Anal Chim Acta 311:429
21. Hamada M, Wintersteiger R (2002) J Planar Chromatogr Mod TLC

15:11
22. Starkey JA, Abrantes S, Mechref Y, Novotny MV (2003) J Sep Sci

23:1635
23. Al-Rifai R, Demesmay C, Rocca JL (2003) Chromatographia

57:197
24. Rodriguez R, Pico Y, Font G, Manes J (2001) Electrophoresis

22:2010
25. Locke MA (1993) J Agric Food Chem 41:1081
26. Yabro LA, Derming SN (1974) Anal Chim Acta 73:1043
27. Morgan SL, Derming SN (1974) Anal Chem 46:1170
28. Nelder A, Mead R (1965) Comput 7:308
29. Lam MW, Young CJ, Mabury SA (2005) Environ Sci Technol

39:513
30. Skoog DA, Leary JJ (1993) Análisis instrumental, 4th edn. Mc-

Graw Hill, Madrid
31. http://www.epa.gov/opprd001/inerts/lists.html
32. http://www.agriculture.com
33. http://www.agro-biz.com.ar/uso seguro/glosario.html
34. http://www.mapya.es/agricultura/pags/fitos/registro/productos/

pdf/17489.pdf

Springer



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


