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Abstract. Flow-injection analysis (FIA) is proposed
for determining thiabendazole (TBZ) and fuberidazole
(FBZ) by spectrofluorimetry. A pH 2 aqueous solution
was found to be the optimal solvent for the rapid,
precise and sensitive fluorescence analysis of both fun-
gicides. Linear dynamic graphs were established over
a concentration range of two orders of magnitude.
Limits of detection were 0.7ng/ml for TBZ and
0.1 ng/ml for FBZ. Relative standard deviations were
0.5 and 0.8% for TBZ and FBZ, respectively. The
method was applied to the determination of both
compounds in spiked river and tap water samples, with
satisfactory recoveries.
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2-Substituted benzimidazoles are the most important
class of benzimidazoles used in agriculture.
Fuberidazole (2-(2-furanyl)benzimidazole, FBZ) has
been applied as a fungicide [ 1], as an antihelmintic [2]
and against enteroviruses [3]. Residue analysis in
plants and soil is usually performed by gas chromatog-
raphy (GC) [4, 5]. Recently, fluorimetric methods have
been described for FBZ determination in stationary
solutions; applications to analysis of FBZ in fruits and
water have been described [ 6, 7]. Thiabendazole (2-(4-
thiazolyl)-1 H-benzimidazole, TBZ) has been widely
used as a broad-spectrum anthelmintic agent for
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domestic animals [8—10] and as a pre- or postharvest
fungicide for the control of a wide range of fungi
affecting field crops and stored fruits and vegetables
[11]. Because TBZ is frequently spread on crops in
large quantities [12], it may constitute an important
entry route for residues into the human food chain and
natural waters. Several analytical methods using fluor-
escence, spectrophotometry and liquid chromatogra-
phy (LC) have been reported for quantitation of TBZ in
plant and animal products [13-19]. Determination of
FBZ in the presence of TBZ and benomyl also has been
carried out by GC after derivatization of the fungicides
[20].

The high requirements on water purity set by the
European Community (0.1 ng/ml for each individual
pesticide in drinking water) has resulted in an increas-
ing need to develop sensitive analytical methods for
determining pesticides in water matrices. In general,
fluorescence spectrometry is considered as a powerful,
highly sensitive analytical technique and is widely used
for environmental routine analysis; its advantages are
its simplicity, rapidity and low detection limits, which
fit perfectly the natural conditions in which the envi-
ronmental impact must be studied. Flow injection
analysis (FIA) is a technique well suited to automation,
since it possesses the required features of rapid analysis,
robustness, simplicity, versatility and minimal operat-
ing cost. In recent years the potential and application
of FIA for on-line process monitoring have been dis-
cussed by several authors [21-257]. Moreover, FIA is
a technique that satisfies the requirements to determine
noxious species in waters in a fast and cheap way
without sacrificing precision.
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The aim of this work was to develop a simple,
sensitive and rapid procedure for the analysis of fungi-
cide residues in water samples, using a flow-injection
system coupled to a spectrofluorimetric detector. Suc-
cessive passage of the sample through the flow-cell and
continuous fluorimetric monitoring of the process pro-
vided the analytical information needed to determine
TBZ and FBZ. The proposed method allows the auto-
matic on-line monitoring of these compounds in water.
In addition, the system is simple and easily assembled.

Experimental

Apparatus

Fluorescence measurements were performed on a Kontron SFM-25
spectrofluorimeter, equipped with a Hellma 18-ul flow-fluorescence
cell, and connected to a GEOCOM microcomputer model CPC
1420E. Data acquisition and data analysis were performed by using
an SFM data acquisition program.

The manifold of the FI system included an Ismatec IPN-4 peristal-
tic pump to pump the solution. The aqueous carrier solution was
pumped at a flow rate of 2.5 ml/min. The samples (50300 ul) were
injected into the carrier stream by means of a six-way rotary injection
valve (Omnifit No.1106) equipped with a volume control loop.
Throughout the system, poly(tetrafluoroethylene) (PTFE) tubing of
0.5mm i.d. was used.

Reagents

All chemicals were analytical-reagent grade, and deionized water
was used throughout. Thiabendazole (2-(4-thiazolyl)-1H-ben-
zimidazole, TBZ) was obtained from Merck & Co. (USA) and
fuberidazole (2-(2-furanyl)benzimidazole, FBZ) was a gift of Bayer
(FRG). Ethanol (Merck) was used for preparing standard solutions
of fungicides. Fluka buffer solutions between pH 2 and 11 were used.

Procedure

A stock solution of 200 pug/ml of each fungicide was prepared from
the corresponding compound by dissolving it in ethanol, and stored
under light-protected conditions in a refrigerator to avoid photo-
decomposition. Serial dilutions were performed to prepare solutions
at selected concentrations, using pH 2 aqueous buffer solutions to
give the optimal conditions for measurement of both TBZ and FBZ.
All diluted solutions had an ethanol content lower than 4% and 15%
for TBZ and FBZ, respectively. These working solutions were utiliz-
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Table 1. Analytical parameters for the flow-injection fluorimetric
determination of fungicides

Analytical

parameter Studied range  TBZ FBZ
gy (I - 299 312
ooy (M) - 347 350
Flow-rate (ml/min) 1.9-4.2 2.5 2.5
Injected volume (ul) 50-300 300 300
Reactor length (cm) 20-200 20 20
Sensitivity® 1-10 10 10
Voltage (V)° 400--500 500 500

# Analytical excitation and emission wavelengths.
® Instrumental characteristics.

ed for measuring analytical parameters such as the limit of detection
(LD), the linear dynamic range (LDR) and the relative standard
deviation (RSD).

A 300-p} volume of sample solution containing TBZ or FBZ was
injected directly into the solution carrier, which was water in all
instances. The solution was carried to the flow cell, and the fluor-
escence intensity was measured at constant excitation and emission
wavelengths (Table 1). Each solution was assayed in triplicate. As
marny as sixty FIA measurements could be performed per hour. The
sensitivity of the spectrofluorimeter was maintained at 10, and
a voltage of 500V was used for the PM tube.

Calibration curves, consisting of plots of fluorescence intensity vs.
concentration of each standard, were obtained. These linear dynamic
graphs were established over a concentration range of two orders of
magnitude for both fungicides studied. Recoveries from water
samples (Seine river and tap water) were evaluated by using the
standard addition procedure.

Results and Discussion

Preliminary Bulk Solution Studies

In order to select the optimum spectroscopic and
physicochemical conditions for fluorescence measure-
ments, a bulk solution procedure was utilized. Fluor-
escence excitation and emission spectra of TBZ and
FBZ were recorded in a pH 2 buffer aqueous solution
at room temperature (Fig. 1). Excitation and emission
maxima were located at 299 and 347 nm for TBZ and
312 and 350nm for FBZ. The effect of pH on the
fluorescence intensity as well as the stability and
photoreactivity of TBZ and FBZ standard solutions
were examined.

We found that no significant fluorescence spectral
shift occurred for pH values between 1.5 and 11.0. At all
pH, excitation and emission maxima were identical to
those reported in Fig. 1. As can be seen in Fig. 2,
sigmoidal fluorescence intensity (I) vs pH curves were
found for both compounds, with a much higher Iy
value at acidic pH. Therefore, a pH 2.0 aqueous solu-
tion was chosen as the optimal medium for analytical
studies.
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Fig. 1. Fluorescence emission spectra of fBZ (Aexy =299 nm) and
FBZ (i, = 312nm) in a pH 2 buffer aqueous solution
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Fig. 2. Effect of pH on the fluorescence intensity of 400 ng/ml TBZ
and 16.6 ng/ml FBZ, in aqueous solution

In contrast to our previous photochemical-fluor-
escence studies of other pesticides [26], no analytically-
useful effect of methanol or ethanol percentage on the
fluorescence intensity of TBZ and FBZ was found.
Consequently, a purely aqueous pH 2.0 medium was
selected to carry out the proposed method of determi-
nation of both fungicides.

The stability of the TBZ and FBZ ethanolic stock
solutions and pH 2.0 aqueous solutions was studied by
recording their fluorescence spectra at several periods
of time. Ethanolic stock solutions were found to be
stable for at least 15 days when stored in the dark in
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Fig. 3. Effect of the ultraviolet irradiation time on the fluorescence
intensity of TBZ (400 ng/ml) and FBZ (160 ng/ml) in aqueous sol-
ution

a refrigerator. Dilute aqueous solutions were satisfac-
torily stable for above 2h when kept in the dark.

In another work on the fluorescence determination
of aromatic pesticides [27] and chlorophenoxyacid
herbicides [26], we had found that the sensitivity of the
method could be improved by irradiating these com-
pounds under UV light. To determine whether the
fluorescence signals of TBZ and FBZ could be in-
creased upon UV irradiation, the photoreactivity of
both compounds was investigated in bulk pH 2.0 aque-
ous solutions. It was observed that the intensities of
their fluorescence bands diminished markedly after
exposing their corresponding solutions to light from
a mercury lamp under the experimental conditions
used (Fig. 3). No significant change of the excitation
and emission wavelengths occurred upon irradiation.
These results confirm the described photochemical
behaviour of TBZ and FBZ, which indicate photodeg-
radation of these compounds [28-31].

Effect of FIA Variables

For FIA studies, all fluorescence measurements were
carried out at the excitation and emission wavelengths
listed for both compounds in Table 1.

The FIA system was optimized by changing each
variable in turn while keeping all others unchanged.
Thus, the effect of injected volume and flow-rate on the
fluorescence signals were examined at concentrations
of 108 ng/ml for TBZ and 9.3 ng/mlfor FBZ, in order to
provide maximum response and minimum band
broadening,
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Fig. 4. Effect of sample injection volume on the fluorescence inten-
sity of TBZ and FBZ in the FI system. [TBZ]=108ng/ml;
[FBZ] = 9.3 ng/ml; flow rate = 2.5 ml/min; reactor length = 20 cm

Table 1 gives the range of investigation of these
parameters and the optimum analytical values. The
volume injected was varied between 50 and 300 pul
Figure 4 shows that fluorescence intensity increased
significantly upon increasing the injected volume.
A 300-pl volume was selected as a suitable value for
both fungicides.

Contrary to previous FIA photochemical-fluor-
escence studies on other pesticides [32], no photoreac-
tor was necessary, since the native fluorescence of the
fungicides was measured. Therefore, a 20-cm tube
(minimum length of reactor required for operating the
rotary injection valve) was used. Changes in flow-rate
produced a slight variation of fluorescence intensity for
both compounds. As is observed in Fig. 5, an increase
in the flow-rate led to a decrease in fluorescence signal.
For TBZ and FBZ, the optimum flow-rate was
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Fig. 5. Effect of flow rate on the fluorescence intensity of TBZ and
FBZ in the FI system. [TBZ] = 108ng/ml; [FBZ]=9.4ng/ml;
sample volume injection = 300 pl; reactor length = 20 cm
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2.5ml/min. A smaller flow-rate resulted in an increase
of the peak broadening.

Analytical Figures of Merit

The analytical figures of merit for the determination of
both TBZ and FBZ under optimum conditions are
presented in Table 2. These figures were obtained from
measurements performed for at least ten concentra-
tions of each compound. A typical set of FIA peaks,
obtained under optimum conditions, is given for each
compound in Fig. 6, showing the reproducibility of the
triplicate measurements.

The linearity of typical calibration graphs for these
analytes, which cover more than two orders of magni-
tude, is clearly evidenced by correlation coefficients
close to unity.

In order to determine the precision of the recommen-
ded procedure, two series of ten standard samples
containing respectively 5.6 and 162ng/ml of
fuberidazole, and another two series of an equal num-
ber of samples containing respectively 24.2 and
121.1ng/ml of thiabendazole, were prepared and the
fluorescence measurement were made according to the
proposed method. The relative standard deviations
(RSD), are shown in Table 2.

Since the blanks used for the determination of these
compounds showed no fluorescence signal, the limit of
detection (LD) was calculated on the basis of the
variation of the analyte response at low concentrations
[33]. Thus, the LD was defined as the concentration
giving a fluorescence signal three times the standard
deviation of the fluorescence signal for 20 determina-
tions, for a sample containing one of the smallest
analyte concentrations. We found LD values of
0.7ng/ml for TBZ and 0.1 ng/ml for FBZ. These values

Table 2. Analytical figures of merit for the FIA fluorimetric determi-
nation of TBZ and FBZ

TBZ FBZ
Concentration range (ng/ml) 2-242 0.2-36
Regression equation® 1, =747c—295 I =47.32¢ +7.66
Correlation coefficient 0.9999 0.9998
Limit of detection® (ng/ml) 0.7 0.1
RSD (%)° 0.5 2.1
RSD (%) 0.5 0.8

* Ir=relative fluorescence signal; ¢ =analyte concentration
(ng/ml).

® Defined as the concentration of analyte giving a signal-to-noise
ratio of 3.

¢ RSD = relative standard deviation for a TBZ concentration of
24 ng/ml and an FBZ concentration of 5.6 ng/ml (n = 10).

4 RSD for a TBZ concentration of 121 ng/ml and a FBZ concen-
tration of 16 ng/ml (n = 10).
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Fig. 6. Typical recorder output for both series of TBZ and FBZ
standards under the proposed conditions by FI technique (numbers
above the peaks are concentrations in ng/ml)

compare favorably with literature values of 1-50 ng/ml
for TBZ [13-15] and 0.08-50ng/ml for FBZ [6,7]
obtained by direct fluorescence or LC methods.

Applications

In order to evaluate the applicability of our method to
authentic samples, TBZ and FBZ were determined in
river water (Seine river) and tap water samples. The
river water samples were filtered on a Whatman filter
paper. Both water samples were spiked with a fungicide
stock solution (200 pg/ml), since a preliminary study
showed that these compounds were initially absent in
both river and tap water samples studied.

Table 3. Determination of TBZ and FBZ in real water samples®
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Fig. 7. Standard addition procedure for the determination of TBZ in
a river water sample. Lower line: pure sample; upper line: spiked
river water

To estimate the response of the added compounds,
the standard addition procedure was used (Fig. 7). The
results are summarized in Table 3. As can be seen,
satisfactory recoveries were obtained for both real
water samples. Moreover, direct measurements based
on the appropriate calibration graph, led to similar
recovery values for the determination of both TBZ and
FBZ. Consequently, river and tap water matrices do
not show significant interferences in the proposed FIA
method for determining residues of these fungicides.

It should be noted that a preconcentration step
might be required for the determination of real samples
containing very low levels of fungicides, as is generally
the case for most analytical methods.

Conclusions

We can conclude from this study that fungicide resi-
dues can be determined in water by using a simple FIA
system with spectrofluorimetric detection. The method
is rapid, reproducible and sufficiently sensitive for the
determination of very low level fungicide residues. The
flow-injection analysis technique, which has been de-
veloped in this work, allows fast and precise determina-
tions of TBZ and FBZ at low operating cost. The

Type of sample TBZ FBZ
Added Found Recovery Added Found Recovery
{ng/ml) (ng/ml) (%) (ng/ml) (ng/ml) (%)
Tap water 499 51.9 104.0 109 11.1 101.8
Seine river 49.9 523 104.8 109 11.7 107.3

 Triplicate measurements with RSD ca. 1% for TBZ and ca. 3% for FBZ.
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proposed method should be suitable for automated use
in a routine monitoring system for fungicide residues in
water,

The similarity of analytical emission wavelengths
(347 and 350nm) for TBZ and FBZ means that it is
impractical to determine one in the presence of the
other with this set-up. Derivative and/or synchronous
fluorescence spectra may enable them to be resolved.
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