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Abstract

A number of pesticides, such as Propanil, a contact anilide herbicide frequently used for agricultural purposes in Senegal,.are photochemically unstable, being degradable under UV irradiation. As a result, propanil residues can be found in Senegal natural waters. In this work, the photo-induced fluorescence (PIF) method, which consists to transform under UV irradiation naturally non-fluorescent propanil into fluorescent photo-product(s), is developed in stationary solution. The solvent effect of water, methanol and cyclohexane on the PIF excitation and emission spectra and signal of propanil was investigated, and various PIF parameters were optimized. The PIF analytical performances were satisfactory, with limit of detection (LOD) values of, respectively, 1.5 and 29 ng mL-1, in cyclohexane and methanol solutions, the corresponding limits of quantification (LOQ) being, respectively, 5 and 124 ng mL-1. Relative standard deviation (RSD) values were in the 1.2-2.2 % range. The PIF method was applied to the quantitative analysis of propanil residues in natural waters, collected in agricultural areas of the Senegal River valley, the samples being fortified  with propanil and submitted to liquid-liquid extraction with several organic solvents, including cyclohexane, chloroform and ethyl acetate. Acceptable recovery percentage values (75–92%) were obtained, using cyclohexane as extraction solvent. Therefore, due to its interesting analytical performances, PIF constitutes a simple, rapid and precise analytical method, potentially useful for the determination of propanil residues in the Senegal natural waters of agricultural areas. 
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Introduction
Pesticides are widely utilized in agriculture, and they are the object of serious concern, because they can significantly contaminate the environment, in particular surface and ground waters, causing many health problems. Propanil, an extensively used post-emergence herbicide belonging to the anilide family, is applied against numerous grasses and broad-leaved weeds for the protection of rice, potato and wheat crops in Senegal. Because of its important solubility in water, propanil can significantly pollute natural waters, resulting in the presence of propanil residues, and it has notable toxicological effects on aquatic organisms. In addition, propanil is significantly degraded by micro-organisms in soils and aqueous media (1). 
Therefore, several analytical methods, including chromatography, spectrophotometry, immunoassays, amperometry, have been developed for the determination of propanil residues, together with other herbicides, in various environmental samples (2-22). 

Most methods used until now are based on high-performance liquid chromatography (HPLC) and/or gas chromatography (GC), often after chemical or photochemical derivatization. For instance, in early studies the performances of GC with electron capture detection and UV-HPLC for the determination of propanil and other herbicides in food were compared (2, 3). More recently, a very sensitive solid–phase micro-extraction technique combined with HPLC and photo-induced-fluorescence detection (SPME-HPLC-PIF-FD) was reported for the analysis of propanil and four phenylurea herbicides in ground water (4), and GC using solid-phase extraction with mass-spectrometry (MS) detection was proposed for the analysis of propanil and other pesticides in water samples (5,6). HPLC-UV and GC-MS methods were also applied to the quantification of propanil in a number of matrices, such as plants (7), water (8-14), serum (15, 16) and fruits (17). In addition, a nano-HPLC column coupled to the ion trap of a GC-MS, which allowed one to improve the sensitivity and other performances of the HPLC method for propanil and other pesticides, was reported (18). 
Other analytical methods used for propanil included immunoassays and amperometry (19-22). An indirect enzyme-linked immunosorbent assay (ELISA) was developed for the detection of propanil at the ng/mL concentration level in rice, and its sensitivity was found to be close to that of GC-MS (19, 20). An immuno-affinity solid-phase extraction sorbent had a high affinity for propanil and structurally-related phenylurea herbicides which were quantitatively recovered from river water and lemon juice (21). Also, an amperometric method, based on an electro-catalytic process and including a pre-concentration step, was reported for the accurate determination of propanil in effluent water drained out from a simulated rice field environment (22).

The goal of this paper is to present the development of a rapid and accurate photo-induced fluorescence (PIF) method in stationary solution for the determination of propanil in natural water samples collected in Senegal. This method consists to transform by UV irradiation the naturally non-fluorescent propanil into fluorescent photoproduct(s). Firstly, we optimized the PIF method by investigating the effect of solvents of different polarity (methanol, cyclohexane, water) and of the UV irradiation time on the PIF spectrum and intensity of propanil. Then, we compared the analytical performances of the method in these different media. Finally, the proposed, optimized PIF method was applied to the quantitative analysis of propanil in spiked natural water samples collected in Senegal, using a simple, liquid-liquid extraction technique.

Experimental

Instrumentation
Photo-induced fluorescence excitation and emission spectra were measured at room temperature on a Kontron SFM-25 (Zurich, Switzerland), interfaced with a PC with a K-Wind 25 software for the PIF signal acquisition. An Osram 200 W high-pressure mercury lamp with an Oriel 8500 power supply was used for the photolysis studies. The photochemical set-up included a light box consisting of a fan, the mercury lamp and a quartz lens. A standard Hellma (Mullheim, Germany) 1-cm path-length quartz fluorescence cell was placed on an optical bench at 50 cm from the mercury lamp.
Chemicals
Propanil was purchased from Riedel-de-Häen (Germany) and used as received. Methanol, cyclohexane and ethyl acetate (spectroscopic grade) were obtained from Prolabo, and chloroform from Fischer. De-ionized water used for the solution preparation was purified with a Milli-Q system (Millipore Milli RO6). 
Procedure
Solution preparation

Stock standard solutions of propanil (10-3 M) were prepared by dissolving the compound in methanol. Working solutions were obtained by appropriate dilutions with water, methanol or cyclohexane. All solutions were protected against light with aluminum foil and conserved in a refrigerator to avoid any degradation.
Photolysis reaction and PIF analytical measurements 

During the photolysis reaction, an aliquot of propanil working solution (3 mL) was placed in a quartz cell and irradiated with the mercury lamp at room temperature for increasing periods of time. Propanil did not exhibit any native fluorescence, but a photo-induced fluorescence emission spectrum appeared within the first seconds of irradiation, and its intensity increased with time. The PIF signal values were recorded at the analytical excitation ((ex) and emission ((em) wavelengths of the propanil photoproduct(s), and plots of the PIF intensity vs. the UV irradiation time were constructed, in the various organic or aqueous solutions, to evaluate the optimum irradiation time (topt), corresponding to the maximum PIF signal. In all cases, the PIF intensity measurements were corrected for the background signal using the appropriate blanks. PIF signals were carried out in triplicate and expressed as mean values to optimize the analytical results. Log-log calibration curves were obtained, using the photoproduct(s) maximum fluorescence intensity values measured at the optimum irradiation time. 
Preparation and extraction of the spiked natural water samples 
Natural water samples were filtered through a quartz filter, in order to eliminate any suspended organic matter. The filtered water samples were spiked with stock standard solutions of propanil, and 10-mL volumes of spiked sample solutions containing 5 x 10-5 M of propanil were prepared in precision flasks. 5 mL of each spiked aqueous solution sample was taken and introduced in a 10-mL volumetric flask, in which cyclohexane, ethyl acetate or chloroform was added to mark. These mixtures were then shaken during about 10 min., and the organic phases were separated from the aqueous ones with a separating funnel. Aqueous phases were used for a second and a third extraction. Then, the organic phases were gathered and, in the case of cyclohexane, they were gently evaporated until reaching a volume of 5 mL, the PIF signal being measured in cyclohexane solution after a 7-min irradiation time. For chloroform and ethyl acetate, the evaporation was performed until dryness and the dry residues were dissolved in 5 mL of methanol, and PIF analysis was performed with a 6-min irradiation time.
Results and discussion
Photochemical reactivity
To evaluate the kinetics of the formation of the propanil fluorescent photoproduct(s), the evolution of the PIF intensity vs. the UV irradiation time was investigated in cyclohexane, methanol and water. Indeed, propanil is naturally non-fluorescent whereas a strong PIF peak occurs upon UV irradiation, which indicates the appearance of fluorescent photoproduct(s). In all solvents, the photo-induced fluorescence signal initially increased with the irradiation time, reaching a maximum, and then, in the case of methanol, rapidly decreased, whereas, for cyclohexane and water, the rapid, initial increase was followed by a plateau region (Fig. 1). These two types of kinetic curves can be explained by the existence of two distinct mechanisms of photolysis. The former type of curve shows that the initial formation of fluorescent photoproduct(s) is followed by a photodegradation into non-fluorescent product(s). In contrast, the shape of the latter type of curve indicates that the progressively-formed fluorescent photoproduct(s) are stable. Both types of kinetic curves are analogous to those previously obtained for the photolysis of other pesticides (23-25). The optimal irradiation time (topt) values ranged between 6 and 15 min, according to the solvent, being longer in water than in organic solvents (Table 1). Moreover, the PIF signals measured at the topt values were significantly higher in organic solutions than in water. This demonstrates the advantage of utilizing organic media rather than water for improving the rapidity and sensitivity of the analysis of propanil by the PIF method.
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Figure 1. Effect of the UV irradiation time of propanil on the photo-induced fluorescence intensity in: a) cyclohexane (6 x 10-5 M); b) methanol (6 x 10-6 M); c) water (6 x 10-5 M).
PIF spectral properties   
As already mentioned, we investigated the PIF behavior of propanil in methanol, cyclohexane and water. The excitation and emission PIF spectra are well resolved and characterized by a single maximum wavelength. No significant shift of the excitation wavelength was noted, whereas blue-shifts of 11-35 nm of the PIF emission maximum in methanol and cyclohexane relative to water were observed. Upon increasing the UV irradiation time, propanil did not exhibit any important change in the shape of the PIF emission spectra in all solvents, but a significant increase of the PIF intensity (Fig.1). We present in Table 1 the maximum PIF excitation and emission wavelengths, optimal irradiation times values (corresponding to the photoproduct(s) maximum fluorescence intensity) and relative PIF intensities of propanil in the three different solvents under study. 

Table 1. Optimum conditions for the determination of propanila in different solvents.

	Solvent
	λ (nm)

Excitation     Emission 
	tirrb (min)
	PIF intensity

	Cyclohexane
	362             398
	7
	145

	Methanol
	360             422
	6
	137

	Water
	359             433
	15
	62


            a Propanil concentration = 6 x 10-5 M in cyclohexane and water, and
             6 x 10-6 M in methanol.  b Optimum irradiation time. 
Analytical figures of merit

In order to evaluate the analytical usefulness of our PIF method, the analytical figures of merit were determined in the optimum conditions listed in Table 1. As shown in Fig.2, linear log-log calibration curves were established over a concentration range of one or more order of magnitude in all solvents. The correlation coefficients were very close to unity, indicating a good precision of the analytical curves (Table 2). The reproducibility of the measurements was satisfactory, as shown by the relative standard deviation (RSD) ranging from 0.7 to 1.2%.The limits of detection (LOD) and quantification (LOQ) were relatively low in organic solutions (respectively, 1.5 and 5 ng mL-1 for methanol, and 29 and 124 ng mL-1 for cyclohexane), but higher in aqueous medium. 
Table 2. Analytical figures of merit for the PIF determination of propanil in organic solutions and in aqueous medium.

	Solvent
	LDR a
 (ng/ml)

	r b
	LOD c (ng/ml)
	LOQ d (ng/ml)
	RSD e (%)

	Cyclohexane
	1100 - 17500
	0.999
	29
	124
	1.2

	Methanol
	200 - 2200
	0.999
	1.5
	5
	0.7

	Water
	2200 - 19600
	0.999
	194
	594
	2.2


a LDR = Linear dynamic range.  b r = Correlation coefficient.  c LOD = Limit of detection. 

d LOQ = Limit of quantification.  e RSD = Relative standard deviation. 
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Figure 2. Log-log calibration curves for the determination of propanil by the PIF method in the three media under study. The propanil concentrations are expressed in ngl/mL
          methanol

          cyclohexane

          water.
Analytical applications
In order to confirm the analytical applicability of the proposed PIF method to the determination of propanil in real water samples, recovery experiments were performed on fortified distilled water, tap water, and natural water samples collected in the Senegal River Valley, an agricultural area of Senegal. A simple liquid-liquid extraction procedure performed with different extraction organic solvents (see Experimental part) of the spiked samples was carried out, and the aqueous and organic phases were separated and analyzed by our PIF method in optimized conditions. 
The recovery percentages of propanil were calculated in the organic phase for the various extraction solvents. As can be seen in Table 3, the recovery values ranged from about 75 to 92% for cyclohexane, 46 to 67% for chloroform and 48 to 57% for ethyl acetate. The recovery percentage values can be considered as satisfactory when using cyclohexane as extraction solvent, but they are too small in the case of chloroform and ethyl acetate. Therefore, the use of cyclohexane as extraction solvent is recommended.
Table 3. PIF determination of propanil and recovery percentages in fortified distilled and tap water, and natural well water and sea water samples.

	Type of water matrix
	Recovery percentage (%) a

	
	Cyclohexane
	Chloroform
	Ethyl acetate

	Distilled water
	92
	67
	48

	Tap water
	76
	48
	51

	Natural well water
	92
	48
	50

	Natural sea water
	75
	46
	57


a The recovery percentages were calculated by applying the PIF method in the optimum conditions, either in cyclohexane (extraction solvent: cyclohexane) or in methanol solution (extraction solvents: chloroform and ethyl acetate) – See Experimental Part for details.
Conclusion
We have shown in this work the analytical usefulness of the photo-induced fluorescence (PIF) method for the determination of the herbicide propanil in natural water samples. Indeed, the UV irradiation of propanil in cyclohexane, methanol or water during a few minutes leads to the formation of strongly fluorescent photoproduct(s). Using this photochemical approach, we have established a simple, rapid and reproducible PIF method, suitable for residue analysis of propanil in spiked tap and distilled water, and in natural water samples. Only a low-cost equipment is necessary, and no identification, neither isolation of the photoproduct(s) are requested for the analytical applications. However, to improve the recovery percentages, a purification and/or concentration step may be needed for samples containing very low propanil levels. 
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