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Introduction

Carboxylic organic acids represent about 5-8% of the dissolved organic matter identified in natural water [START_REF] Thurman | Organic Geochemistry of Natural Waters[END_REF][START_REF] Dore | Chimie des Oxydants -Traitement des Eaux[END_REF][START_REF] Legube | [END_REF]. These compounds essentially have natural origins (fatty acids) [START_REF] Martin | La Matie `re Organique Naturelle des eaux de Surface: Fractionnement, Caracte ´risation et Re ´activite ´[END_REF]. However, a small proportion of them (1%), are anthropogenic and can be toxic at trace level. Examples include phenoxyalkanoic acids, used as herbicides and chloroacetic acids, which are the main by-products of the drinking water chlorination process [START_REF] Dore | Chimie des Oxydants -Traitement des Eaux[END_REF][START_REF] Ben Amor | [END_REF]6]. The chemical properties of these compounds are very different and therefore they are generally analyzed separately by using specific methods [START_REF]Test Methods: Methods for Nonconventional Pesticides[END_REF][START_REF]Test Method for Evaluating Solid Waste Physical/Chemical Methods[END_REF][START_REF] Barth | [END_REF]. In this study, a different approach was envisaged. It consisted of a procedure able to simultaneously analyze chloroacetic and phenoxyalkanoic acids.

As these compounds need to be determined at trace level, the first step of the protocol consists of an extraction/concentration procedure (this step will not be studied here). Then, the extract is analyzed by chromatography. GC/MS and GC/ ECD were chosen in this study because, respectively, of the possibility of molecular identification of the extracted compounds, and because of the specific and sensitive detection.

GC analysis of organic acids is widely used, but a preliminary derivatization step is needed because of the thermal unstability and the low volatility of these compounds [10,11]. Several derivatization processes are possible and the most representative are esterification, alkylation, acylation or silylation [START_REF] Blau | Handbook of Derivatives for Chromatography[END_REF]. Esterification involves nucleophilic substitution generally catalyzed by a strong acid (HCl or H 2 SO 4 ) or by a Lewis acid (BF 3 ) [11]. The other derivatization methods also consist of nucleophilic substitution but a bimolecular mechanism is involved, without formation of a carbocation. This is the case of alkylation by pentafluorobenzyl bromide (PFBBr) or by diazomethane. All these methodologies differ according to the stability of the derivatives formed, the presence of interfering by-products and their rapidity. Thus, diazomethane derivatization is known to be dangerous, and the reagent presents impurities [11,[START_REF] Horner | [END_REF]. The same disadvantage is observed for pentafluorobenzylation which generally needs a supplementary purification step on a silica cartridge [10,14]. However, the derivatives are stable and can be detected at very low concentrations by electron capture [11,[START_REF] Chau | Analysis of Pesticides in Water[END_REF]. Mass spectrometry of PFBBr derivatives is also interesting, because of the detection of a specific ion m/z 181 [START_REF] Lee | [END_REF].

On the other hand, the derivatization methods involving esterification by BF 3 /alcool are also widely applied according to their ease of use, and because no further purification procedure is needed. Moreover, GC/MS identification of a wide range of organic acids is possible. Thus, methyl esters are generally available in mass spectra libraries, unlike PFBBr derivatives. However, no specific ion can be observed and the sensitive GC/ECD is not really suitable except for chlorinated acids.
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According to the literature, the detection limits determined for BF 3 /methanol derivatization followed by GC/MS analysis range from 5 to 50 mg l -1 for acidic herbicides and the average reproducibility is 9% [11]. Considering the PF-BBr alkylation, the detection limits in GC/ECD range from 1 to 13 mg l -1 for acidic herbicides [11,17], and is close to 10 mg l -1 for fatty acids with a reproducibility of 7 -11% according to the compounds [START_REF] Lee | [END_REF]. These results show that these two methods are suitable for trace GC analysis of organic acids. However, it can be noted that these data concern different families of acids studied separately. Consequently, these procedures (BF 3 /methanol esterification and PF-BBr alkylation) were tested in this study with a view to their application to organic acids in a wide range of chemical properties. To this aim, a two-level experimental design was applied to each procedure in order to check the most influential factors and interactions, and try to improve the sensitivity of the methods. Detection limits were determined for chloroacetic acids and phenoxyalkanoic herbicides in GC/ECD and GC/MS after PFBBr alkylation, and by GC/MS after BF 3 /methanol esterification. Considering pentafluorobenzylation, the elimination of the solid-phase purification step was envisaged by reducing the content of the different reagents.

Materials and methods

Reagents

Solvents were purchased from commercial sources. Methanol, hexane and acetone were RS pesticide grade (Carlo Erba Farmitalia, Milan, Italy), and toluene was 99.5%-grade (Riedel de Hae ¨n, Seelze, Germany): potassium carbonate was 99%-grade (UCB): pentafluorobenzyl bromide (PFBBr), 18-crown-6, BF 3 /methanol (12/88, m/m) and BF 3 /methanol (50/50, m/m) were 99%grade (excepted BF3/methanol; Aldrich, Milwaukee, WI). Standard of benzoic acid was Pestanal grade (Riedel de Hae ¨n, Seelze, Germany), dichloro-, trichloro-acetic acids and d 5 -benzoic acid were 99%-grade (Aldrich, Milwaukee, WI), 2-Cl-benzoic acid, 2,4-D, MCPA, 2,4-DP, MCPP, 2,4,5-T and decafluorobiphenyl were 99%-grade (Alltech, Deerfield, USA). Ultrapure water was prepared by purifying demineralized water using a Milli-Q filtration system (Millipore, Bedford, MA). 

Standard solutions

The following compounds were used: chloroacetic acids (dichloroacetic and trichloroacetic acids), aromatic acids (benzoic and 2-chlorobenzoic acids), and phenoxyalcanoic acids (2-(4chloro 2-methylphenoxy) propanoic acid (MCPP), 4-chloro 2-methyl phenoxyacetic acid (MCPA), 2-(2,4-dichlorophenoxy) propanoic acid (2,4-DP), 2,4-dichlorophenoxyacetic acid (2,4-D), 2,4,5trichlorophenoxyacetic acid (2,4,5-T). These compounds were dissolved in methanol and working solutions were prepared by diluting stock solutions in the derivatization medium. Two internal standards were used. Decafluorobiphenyl was added to the PFBBr reaction medium before GC injection. For BF 3 /methanol derivatization, d 5benzoic acid was used.

PFBBr deri6atization

The PFBBr derivatization was performed in 2 or 4 ml acetone containing the studied acids. The concentrations are 10 mg l -1 for phenoxyalcanoic and aromatic acids and 20 mg l -1 for chloroacetic acids. Potassium carbonate was added, together with the catalyst (18-crown-6) and the PFBBr. The concentrations of these different reagents will be studied and discussed in the following paragraphs. Then the glass reaction flask was connected to a micro-refrigerant (Wheaton-33). Several temperatures and reaction times were tested (Section 3.1). The sample was then evaporated in a gentle nitrogen stream and the derivatives were dissolved in 1 ml hexane before GC/ECD or GC/MS injection. The main disadvantage of this protocol is the presence of numerous impurities. Consequently, a purification step should be added to the procedure. It could consist in washing the derivatization medium, by adding 4 ml of ultrapure water with 1 ml of hexane. The mixture was shaken using a Vortex (Heidolf REAX 2000). The hexane extract can be also purified on a solid-phase silica cartridge (Bond Elut 100 mg; Merck, Darmstadt, Germany). The elution of the PFBBr derivatives was carried out by percolating a toluene/hexane solution (30/70, v/v) after rinsing with toluene/hexane (10/90). The elution yield of the derivatives was around 80%. The elimination of these time-consuming steps will be studied further.

BF 3 /methanol deri6atization

The reaction was performed in 2 ml of methanol by using different amounts of the BF 3 catalyst (Section 3.2). The concentrations of the studied acids were 800 mg l -1 for chloroacetic acids and 400 mg l -1 for the other compounds.

After derivatization (the temperature and the reaction time will be studied below), 2 ml of ultra-pure water were added and the esters formed were extracted by 1 ml hexane.

Chromatographic instrumentation

PFBBr derivatives were injected both in GC/ ECD and GC/MS, whereas methyl esters were only injected in GC/MS. GC/ECD: a Varian 3400 gas chromatograph was used, equipped with a 63 Ni electron-capture detector fixed at 300°C. One microliter of the extract containing the derivatives was injected in a split/splitless injector (splitless mode) fixed at 230°C. The GC column was a PTE-5 (Supelco, Bellefonte, PA), 30 m×0.32 mm I.D., thickness 0.25 mm. Nitrogen (U) was the carrier gas (flow rate 2.5 ml min -1 ). The GC oven was programmed from 80 to 220°C at 5°C min -1 .

GC/MS: a Varian 3400 chromatograph was used, equipped with a septum programmable in- jector Varian SPI 1093 and coupled with a thermostated transfer line with a mass spectrometric detector Varian saturn II [18]. The GC column was a DB-5 MS (J&W Scientific, Folsom, CA), 60 m × 0.25 mm I.D., thickness 0.25 mm. Helium (N60) was the carrier gas (flow rate 1.2 ml min -1 ). For PFBBr derivatives, the GC oven was fixed at 80°C for 2 min, then programmed from 80 to 250°C at 5°C min -1 , the final temperature being maintained for 19 min. For methyl ester analysis, the GC oven was fixed at 70°C for 10 min, then programmed from 70 to 250°C at 5°C min -1 , the final temperature being maintained for 2 min. The transfer line and ion source were maintained at 220 and 180°C, respectively. For PFBBr derivatives, the injector was programmed from 80 to 220°C at 200°C min -1 whereas for methyl esters, it was fixed at 80°C for 1 min and then programmed from 80 to 250°C at 100°C min -1 . The mass spectrometer was used in Electron Impact (EI) mode. EI mass spectra were obtained at an ionisation energy of 70 eV. Derivatives were qualified by specific ion mass spectrometry in full scan ionisation mode. The acquisition was performed from 40 to 349 amu at 1 scan per second. One microliter of extract was injected using a Varian 8200 CX autosampler.
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Experimental design

The influence of different parameters (or factors) and their interactions on the derivatization procedures were studied by using the experimental design methodology [START_REF] Sado | Les Plans d'Expe ´riences -De l'Expe ´rimentation a `l'Assurance Qualite ´[END_REF][START_REF] Pillet | Introduction aux Plans d'Expe ´riences par la Me ´thode Taguchi[END_REF].

For each derivatization procedure studied, a complete two-level factorial design 2 3 (three parameters) was applied. A complete factorial design consists in testing all the combinations of the levels of the different parameters and their interactions with the minimum of experimentation. Two levels, expressed as coded values (+1) and (-1), were defined for each parameter studied [START_REF] Sado | Les Plans d'Expe ´riences -De l'Expe ´rimentation a `l'Assurance Qualite ´[END_REF]. This leads to the determination of an experimental area involving eight (2 3 ) experimentations, which can be represented by an experimental matrix, where the coded values of the parameters are replaced by their real experimental values (Tables 1 and4). The parameters and their where n is the number of experiments (here, 8), and y k the response corresponding to the kth experiment.

To represent the response (y), a polynomial equation (Eq. ( 2)) can be proposed:

y= b 0 + % i b i X i + % ij b ij X i X j + … ( 2 
)
b 0 is the average effect, X i the coded variable which corresponds to the factor i, and b i the effect of the factor i on the response y.

Generally, the values of the coefficients b do not allow to directly estimate if the considered factor has a significant effect on the response y. Therefore, a variance analysis was used. The basis hypothesis corresponds to a non-influence of the factor i. In this case, it can be demonstrated that the ratio F cal = (V i )/(V r ), where V i is the variance of the factor i and V r the residual variance follows the Snedecor law [START_REF] Sado | Les Plans d'Expe ´riences -De l'Expe ´rimentation a `l'Assurance Qualite ´[END_REF]. The residual variance V r represents the variance of a non-controled factor (experimental error), or the variance of a factor which has been not considered in the study (noise factor).

If the influence of the factor is significative (for a given confidence interval), the ratio F cal is higher than the value F tab(h,i) given by the Fisher-Snedecor tables. F tab was considered here with a confidence interval of 95%, h and i being the degrees of liberty of the considered factor and of the residue, respectively.

Results and discussion

PFBBr deri6atization

Elimination of interferents

The reagents and the reaction medium (organic solvent) were chosen from the literature. Chau and Terry [10] have shown that the amount of esters formed increases with the polarity of the solvent. Therefore, acetone is the most used due to its polarity and volatility which allows an easy evaporation before solvent change and GC injection [10,17,[START_REF] Johnson | [END_REF]. Methanol and other protic solvents are not suitable because they would not levels (which delimit the experimental area) were chosen from the literature.

The effects of the parameters and their interactions were evaluated on the average area of the chromatographic peaks (response). The effect of a factor i is represented by the coefficient b i , obtained by comparing the response values when the factor goes from (-1) to ( +1) (Eq. ( 1)). The interaction between the two factors i and j is expressed as the coefficient b ij,m (m = factor number). It should be considered when the effect of the first factor depends on the level of the second factor.

B ij = 1 n % k 9y k (1)
favor bimolecular nucleophilic substitution. Only one reference mentioned the use of ethanol [22].

The solvent where esters are redissolved is less polar than the derivatization solvent: benzene, hexane and isooctane [10,14]. Hexane is the most used and was hence chosen in this study.

A base was added to the derivatization mixture, leading to acid dissociation and reaction on the electrophilic carbon of the pentafluorobenzyl bromide. Several basis were tested [23], and it was shown that potassium carbonate (K 2 CO 3 ) is most suitable because it permits an easier derivatization of carboxylic acids. A catalyst is also involved in the procedure in order to enhance the nucleophilic substitution. The catalyst, generally 18-crown-6 [23,24], would allow the amount of PFBBr to be limited and consequently, the contribution of interfering products.

The protocol defined by Chau and Terry [10] is the basis of numerous studies related to the PF-BBr derivatization. The derivatization was performed in 4 ml acetone containing the different model compounds (1 mg l -1 each), K 2 CO 3 (2 g l -1 ), 18-crown-6 (0.5 g l -1 ) and PFBBr (125 mg l -1 ). The reaction was carried out at the ambient temperature over 5 h. After solvent evaporation and redissolution in hexane, the derivatives were injected in GC/ECD. However, this procedure induced a lot of interferents. This result is not surprising and confirms the observations previously mentioned in the literature about the problem of impurities. In the case where the responses of the target compounds are higher than those of impurities, a dilution of the extract can simplify the chromatogram. A purification procedure was however envisaged. A water rinse was first performed (Section 2.3). An improvement in the elimination of interferent was observed, but the dilution of the extract (100 times) was still necessary. Moreover, this procedure was not reproducible (RSD= 130% for four experimentations) and the detection limit after dilution was not satisfactory for trace analysis (around 500 mg l -1 for 2,4-D). A solid-phase purification was therefore tested (Section 2.3), but the dilution step remains necessary to reduce the contribution of interfering peaks on the chromatogram.

Another possibility consisted in decreasing the amount of reagents. Indeed, Fogelqvist [25] noted an increasing of the baseline noise due to an excessive quantity of 18-crown-6. But the same derivatization yield can be observed by using smaller concentrations of catalyst [23,25]. The quantity of the derivatization reagents was therefore decreased in order to reduce impurities. This procedure was hence carried out until the areas of the target compounds started to diminish so as not to decrease sensitivity. In these conditions, the purity of the extract did not require any further purification or dilution before GC/ECD injection. The composition of the reaction mixture was as follows: 2 ml acetone containing the acidic compounds, K 2 CO 3 (50 mg l -1 ), 18-crown-6 (10 mg l -1 ) and PFBBr (125 mg l -1 ).

Experimental design

This study was performed by using the previously described derivatization procedure. The following parameters (factors) were tested: PFBBr concentration, temperature and reaction time. Earlier works mentioned very different experimental conditions: the temperature varies according to a wide scale (ambient or 70°C with controled reflux) and the reaction time ranged from 30 min and 5 h [10,24]. These values were hence retained as the levels (-1) and (+ 1) for the temperature and time factors. PFBBr was studied in a concentration range where the interferents did not create very much baseline noise. However, the reagent was introduced in excess compared to the total concentration of acids (100 times higher). The response measured is the average area of the chromatographic peaks obtained after injection of the derivatives in GC/ECD. These areas were corrected by using an internal standard (Section 2.2).

The experimental matrix of the complete factorial design studied is described in Table 1.

The response (y) only concerns the aromatic acids and chlorophenoxyalcanoic acids. Chloroacetic acids were not identified according to the experimental conditions applied here.

The values calculated for the effect of the factors and their interactions are described in Table 2.

The following polynomial equation can be therefore proposed (Eq. ( 3)):
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This model was therefore not acceptable because the predicted values did not match experimental results (difference around 250%).

The significations of the factors and their interactions after comparison of the F cal values with F tab are presented in Fig. 1.

The effects of the interactions X 1 X 3 and X 2 X 3 are smaller than those of the other interactions. Therefore, they were not considered in the variance calculation [START_REF] Sado | Les Plans d'Expe ´riences -De l'Expe ´rimentation a `l'Assurance Qualite ´[END_REF]. In this case, F tab1,2 = 18.51 and the residue is 4%. This latter shows that all the factors supposed to have an influence on the derivatization were considered.

The derivatization efficiency increases with the PFBBr concentration which is the most significant factor. However, this concentration could not be further increased because of the possibility of increasing interfering by-products. The 'temperature/time' interaction is quite significant and shows that good results are obtained by applying short reaction time at 70°C, or long reaction time at the ambient temperature. Indeed, it is possible that a long derivatization time at 70°C leads to the degradation of the pentafluorobenzyl esters.

The best result is obtained for a reaction with 250 mg l -1 of PFBBr at 70°C over 30 min. A good response is also observed for a derivatization at the ambient temperature during 5 h (Fig. 2). According to the increasing of interfering products when the reaction mixture is heated (Fig. 3), it would be preferable to perform the derivatization at the ambient temperature over 5 h.

Compared to the conditions generally used, which are based on the protocol performed by Agemian and Chau [14], the K 2 CO 3 concentra-tion was reduced ten times and the catalyst concentration was diminished from 0.5 g l -1 to 10 mg l -1 . This allows the derivatives to be analyzed without a further purification step. According to the results of the experimental design, the best conditions were achieved for a PFBBr concentration of 250 mg l -1 . This is twice as high than the concentration generally cited in the literature [10,14,17]. However, the temperature and derivatization time (5 h at ambient temperature) were found as previously defined by several authors [10,14,24].

The reproducibility calculated for five experiments corresponding to these conditions is 13%. Good sensitivity and detection limits were obtained in GC/ECD (1-4 mg l -1 ). These are of the same order as those obtained by Hajslova et al. [11], but in our case, no further purification was used. The detection limits are also considerably lower than those achieved by Gurka et al. (10 mg l -1 ) [17] and Agemian and Chau (100 mg l -1 ) [14]. However, chloroacetic acids were not detected. This could be explained by a co-elution of these compounds with the solvent or with interfering by-products because chloroacetic acids were unambiguously identified by GC/MS, using mass spectra available from the literature [10,26,27] (pentafluorobenzyl esters are not listed in mass spectra library). The specific ion m/z 181 also helps to make the identification easier. The sensitivity of GC/MS is not very satisfactory however (40 mg l -1 to 1 mg l -1 ), and is not appropriate for trace analysis in water. Therefore, another derivatization method was studied.

The detection limits in GC/ECD and GC/MS are given in Table 3, together with the characteristic m/z ions used for the ester derivative identification.

It can be noticed that only the average area of all the acids was determined. Thus the chosen conditions are optimized for most acids but not necessarily for some of the individual ones. This could explain the high detection limit for the PFBB derivative of trichloroacetic acid. In this case, the yield for the PFBBr and trichloroacetic acid reaction may be low under the conditions optimized for phenoxyalkanoic acids.

BF 3 /methanol deri6atization

The BF 3 /methanol derivatization does not need, a priori, any purification step before injection in GC [28 -30], but in order to increase the partition coefficient during hexane extraction of the esters, it is necessary to add water to the derivatization mixture [28].

A two-level experimental design similar to that described for PFBBr derivatization was carried out. Three factors likely to have an effect on the derivation efficiency were studied: catalyst amount (BF 3 ), temperature and reaction time. The response 'y' studied was the average area of the chromatographic peaks obtained by GC/MS (Total Ionic Current). The parameter levels were chosen from the literature [11,[START_REF] Horner | [END_REF]28,31].

The experimental matrix of the complete factorial design is described in Table 4.

The values calculated for the effect of the factors and their interactions are described in Table 5.

The following polynomial equation can be therefore proposed (Eq. ( 4)):

y=2704+ 772X 1 +161X 2 -339X 3 +6X 1 X 2 -169X 1 X 3 -43X 2 X 3 -9X 1 X 2 X 3 (4) 
This relationship was verified at the center of the experimental area (65 min reaction at 45°C and with 30% BF 3 in methanol). According to these operating conditions, the predicted value matched the experimental response well: the difference is 7.8%. This value is of the same order as the reproducibility (7%) calculated for five experiments carried out at the center of the experimental area. The linearity of the response was also verified with another point (60 min reaction at 40°C with 15% BF 3 ). The proposed linear model can therefore be validated and the response can be predicted without any further experimentation within the experimental area limits.

The significations of the factors and their interactions after comparison of the F cal values with F tab are presented in Fig. 4.

The interactions X 1 X 2 and X 1 X 2 X 3 were not considered in the variance calculation because the corresponding coefficients (b 12 and b 123 ) were negligible (Table 5). Therefore, according to the PF-BBr derivatization, F tab1,2 = 18.51 [START_REF] Sado | Les Plans d'Expe ´riences -De l'Expe ´rimentation a `l'Assurance Qualite ´[END_REF]. The residue value corresponding to the non-explained variance is 0.01%. This result is satisfactory and shows the correct choice of the influential parameters.

The three considered factors under consideration and two interactions concerning the catalyst content are significant. It appears that the influence of the catalyst content is negative, especially when the temperature and the reaction time are maxima. It can be therefore pointed out that the absence of catalyst leads to a decrease of the peak areas (30%). It is hence necessary to use BF 3 , but at low content.

The maximum average of peak areas was obtained for a 2-h derivatization at 70°C with 10% BF 3 in methanol. These conditions correspond to those stated in the literature [11,[START_REF] Horner | [END_REF], i.e. a small concentration of BF 3 (around 10%) and a derivatization temperature of 70°C. However, the factorial design indicated that better results were achieved with a 2-h reaction, whereas in the literature, shorter times were used (10-20 min) [11,[START_REF] Horner | [END_REF]. The detection limits obtained after injection in GC/MS are of the order of 1 mg l -1 , and vary between 1 and 10 mg l -1 , for chlorophenoxyalkanoic and chloroacetic acids, respectively. Considering herbicides, the detection limits are 5-50 times lower than those established by Hajslova et al. [11]. These limits are therefore very low and permit this procedure to be applied to trace analysis in water after a preconcentration step. A procedure has been developed in our laboratory and will be published elsewhere. It consists of a solidphase preconcentration using a non-specific extraction followed by a specific ion-exchange reconcentration of the acids. After methanolic elution, the compounds are directly methylated by adding BF 3 in the elution solvent. The detection limits thus obtained in GC/MS ranged from 20 ng l -1 for phenoxyalkanoic acids and 80 ng l -1 for chloroacetic acids. These values are in good agreement with European pesticide regulations for drinking water (100 ng l -1 ).

The detection limits in GC/MS are given in Table 6, together with the characteristic m/z ions used for the identification of the ester derivatives.

As examples, GC/MS chromatograms of dichloroacetic acid-and 2,4-D-methyl esters are presented in Fig. 5.

Conclusion

Two derivatization procedures were compared in order to find the best compromise for trace GC analysis of organic acids. Chloroacetic and phenoxyalcanoic acids were studied simultaneously, ensuring that procedures were applicable to the main acidic micropollutants found in drinking water.

A two-level factorial design enabled us to check the influence of derivatization parameters such as temperature, reaction time and reagent content, and contributed to an improval in reaction efficiency.

This work has shown that GC/ECD analysis of PFBBr derivatives is possible without any purification step. The sensitivity obtained is suitable for trace analysis. However, chloroacetic acids were not analyzed although they were detected in GC/ MS. Moreover, the application of this method to natural samples could be limited because of the presence of numerous interfering by-products. Pentafluorobenzyl bromide derivatization is also not really specific to organic acids. Indeed, phenolic compounds may be derivatized by this procedure, and their derivatives could be co-eluted with those of the acidic compounds. GC/MS analysis permits the identification of all the acids studied but it is not sensitive enough for trace analysis. BF 3 /methanol derivatization is easier to perform and does not induce interfering by-products. The derivatives are also easily identified by GC/ MS according to their mass spectra which are available in the software library, on the contrary of PFBBr derivatives. Moreover, this methodology does not require any evaporation step and hence, does not induce any compound losses.

In conclusion, BF 3 /methanol appears to be a suitable method for GC/MS analysis of carboxylic acids. The low detection limits (1 mg l -1 ) and the satisfactory reproducibility (7%) make this method suitable trace analysis in water after a preconcentration for step.
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 1 Fig. 1. PFBBr derivatization. Signification of the different factors studied and their interactions.

Fig. 2 .

 2 Fig. 2. GC/ECD chromatogram of PFBBr de ´rivatives (5 h at ambient temperature). 1. benzoic acid; 2. 2-chlorobenzoic acid; 3. MCPP; 4. MCPA; 5. 2,4-DP; 6. 2,4-D; 7. 2,4,5-T. (Detector: attenuation 2; sensitivity 10).

Fig. 3 .

 3 Fig. 3. GC/ECD chromatogram of PFBBr de ´rivatives (10 min at 70°C). 1. benzoic acid; 2. 2-chlorobenzoic acid; 3. MCPP; 4. MCPA; 5. 2,4-DP; 6. 2,4-D; 7. 2,4,5-T. (Detector: attenuation 2; sensitivity 10).
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 4 Fig. 4. BF 3 /methanol derivatization. Signification of the different factors studied and their interactions.

Fig. 5 .

 5 Fig. 5. GC/MS chromatograms of dichloroacetic acid methyl ester (500 mg l -1 ) and 2,4-D methyl ester (40 mg l -1 ) (as specific m/z ions).

Table 1

 1 PFBBr derivatization: experimental matrix and response (y)

	Reaction time (h)	y (A.U.) a

Table 2

 2 

	PFBBr derivatization: effect of the factors and interactions on
	the response (y)	
	Factor/interaction	Effect
		Designation	Value
	Average	b 0

Table 3

 3 Detection limits of PFBBr derivatives in GC/ECD and GC/MS m/z ions L.D. GC/ECD (mg l -1 ) tr (min) (GC/MS) L.D. GC/MS (mg l -1 ) Compounds

	22.0	48-83-181

a A.U.: Area Unit.

Table 5 BF 3

 53 

	/methanol derivatization: effect of factors and interactions
	on the response (y)		
	Factor/interaction	Effect	
		Designation	Value
	Average	b	2704

Table 6

 6 

	Detection limits of methyl ester derivatives in GC/MS
	Compounds	L.D. (mg l -1 )	tr (min)	m/z ions
	Dichloroacetic	6.8	9.2	59-83-85
	acid			
	Trichloroacetic	3.0	12.7	59-82-117
	acid			
	Benzoic acid	0.6	21.7	77-105-136
	2-Chloroben-	0.8	27.5	111-139-170
	zoic acid			
	MCPP	0.8	36.0	142-169-228
	MCPA	1.3	36.4	77-141-214
	2,4-DP	1.6	37.7	162-189-248
	2,4-D	1.8	38.0	111-199-234
	2,4,5-T	2.1	41.8	233-235-268