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Introduction


Many pollutants have been found in water up to now, and many other will be probably found. We have to cope with a complex problem, and the analyst faces a difficult task. At least three analytical aspects are important in this regard: the number of analysis, the development of more powerful methods and the characterization of unknown pollutants. We will consider below the last two problems, and the way different techniques can help. The particular aspect studied by us deals with pesticides. These are pollutants today commonly found in waters. Their concentration is regulated in drinking water in many countries. Most of the monitoring of pesticides has been done οn the parent compounds, even if several metabolites are analyzed in the US regulations and virtually all the metabolites should be measured in the European Union according the European Directive οn drinking water. However, scarse information is available οn the analytical procedures to analyze degradatiοn products of pesticides.

More studies are necessary to evaluate the degradation of pesticides οn accounts of the potential toxicity of the metabolites of pesticides. The major problems stem from the high number of pesticides used, each of them able to generate in principle several metabolites, that have to be chemically characterized, synthetized and studied as far as regards their analysis, environmental behaviour and toxicity.

For some compounds this has been done. Some pesticides presented a simple degradation profile, while other compounds generate a high number of degradation products, differing in the different conditions.

We studied the metabolism in water of alachlor, a herbicide highly used in Europe and in the USA. Ιn Italy, in particular, this herbicide partly replaced the use of atrazine.

Experimental part

Details οn the incubations have been previously reported ( 1 ). Βriefly, alachlor ( 1 mg) has been incubated in river water ( 1 1) for 30 days at 20°C. The experiment was repeated two other times. The water was extracted with a C 18 column followed by a second extτaction wίth Carbopack Β. Ethylacetate was used for the elution of the C 18 column, while for Carbopack Β the eluent was a mixture 4:1 dichloromethane: methanol for the neutral fraction and the same mixture acidified by trifluoroacetic acid (0.2%ο) for the acidic fraction. For the analysis mass spectrometry was used. Less polar compounds were studied by gas chromatography-mass spectrometry (GC-MS). Electron ionization was used in most of the analyses to obtain more informative mass spectra: The instruments used were a VG TS-250 and an ΗΡ MSD 571. The gas chromatographic columns from Analytical Technology (Italy) were: SE 52 (lenght 25 m; i.d. 0.25 mm; film thickness 0.25 μm) αηd Easy 1701 (lenght 25 m; i.d. 0.25 mm; film thickness 0.25 μ m). The oven temperature range was 80-300°C ( 10°C/min) for the first column and 60-275°C (6°C/min) for the second one. Ιn both cases He was the carrier gas and the head pressure was 70 kPa. Chemical ionization was also used to have more information οn the molecular weight. GC-MS was also used for polar compounds after derivatization with silylating agents or diazomethane.

Furthermore, LC-MS with αn High Flow Pneumatically Assisted Electrospray interface was used. The instrument was a VG-Platform. The analysis were conducted in the positive ionization mode at isοcratic condition (60:40 acetonitrile:water) for 35 min. οa a C18 column (2.1 mm i.d., 30 cm; packed with 10 μm particles) from Waters-Μillipore (USA). The operational ESP parameters were: flow 0.3 ml/min, source temperature 150°C, extraction voltage 20 V.

Results

Το understand the environmental degradation of a pesticide, and οf a pollutant in general, several variables should be considered, influencin the different processes. Degradation can be active in different matrices; such as water, soil, air. Biological processes take active part to the degradation, but chemico-physical processes are a1sο highly important in several cases. As a consequence, several degradation pathway can be active, also simultaneously.

Ιn the experimental researchs to evaluate degradation several conditions are often applied, and this introduces other variables.

Finally, the positive identification of the transformation products is often difficult since it requires the preparation of the authentic pure compounds.

The metabolism of alachlor has been studied in soil and animal, while few and contradictory data have been presented οn water metabolism {2-8). Ιn many cases identification was done οn the basis of mass spectra, without confirming the results by comparison with the authentic standards. Indeed, most of the metabolites of alachlor are not commercially available and this is a major problem.

According to the literature, considering the different studies, the degradation of alachlor probably involves both the chains linked to the nitrogen, the ethyl aromatic chains and the aromatic ring. Ιn 1989 Chester et α1. presented a list of metabolites obtained with different degradation pathways in various media (bacteria; fungi, soils, mammals), including compounds precedently unfound (2). Recently Barcelo reported the formation of 12 transformation products obtained by photodegradation. Four of these compounds were confirmed by synthesis (9).

Ιn this study we considered the degradation of alachor in water: using GC-MS 12 metabolites were found, five of them confirmed by synthesis of authentic standards. Figure 1 and 2 show the formulas and the mass spectra of alachlor and the identified metabolites. Ιn the C 18 column we recovered most of the alachlor, as expected, since the recovery is more than 90 %, at least when using lower concentrations, more common for polluted water. The Carbopack Β column, with its neutral and acidic fractions, was used to further extract more polar metabolites that could be have escaped from the C18 extraction. The confirmed metabolites were seen in both C 18 and, in lower abundance, Carbopack extracts. Ιn a11 the mass spectra the molecular weight appeared. Other metabolites had a probable molecular ion at m/z 205, 161, 219, 221, 223; 249, 285. The supposed metabolite with M.W. 221 was only seen in the acidic fraction obtained with Carbopack Β . The analysis of the derivatized extracts did not add more information about metabolism of alachlor.

Electrospray LC-MS indicated, considering only the Carbopack B extracts, other two degradation products (probable M.W. 233, 281 ) and two already seen and confirmed (M.W. 225, 235) or only supposed {Μ.W. 249) by GC-MS. The possible metabolite with M.W. 233 was only seen in the acidic fraction of Carbopack extract. Α metabolite with M.W. 233 was already found and confirmed as a photodegradation product by the group of Barcelo.

Ιn all the cases the degradation observed was quite low (less than 3%ο). Some of these compounds were already reported by Chester et α1. ( 2 ) . Others were not presented in the literature. Most of these compounds

were different from those reported by Barcelo et α1. (9) as a result of photodegradation. This indicates the complexity of the problem and the occurrence of biodegradation pathways that follow mechanisms different from those active in ρhotodegradation, which are probably mediated by radicals.

Preparation by chemical synthesis of metabolites was a long part of this study, and will be presented in a separate communication. Here we confirm that mass spectrometry alone can not positively identify metabolites, and indeed we have prepared some compounds that resulted different from chemicals supposed οn the basis of the mass spectra.

Once alachlor metabolites have been characterized, it seems probable that other similar herbicides can undergo similar degradative processes. Interestingly, for metolachlor, a similar herbicide, preliminary results suggest that metabolism in water does not replicate the complexity of the degradation pathways of alachlor. Ιn particular, we have not found the ethylmethylaniline, that should be a metabolite corresponding to the diethylaniline.

Α new approach, that we used, is with intelligent computer models. The program we used suggested several metabolites. Some of the proposed metabolites were indeed found. Besides the metabolites already discussed chloroacetic acid was suggested by the program and successively found; Ν-oxide has never been found, but should be investigated in future works. Since this can represent α further degradatίon pathway ωe found this tool valuable in proposing structures, some of them not reported by the literature.
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Legend for Figure 1 and 2 (next two pages): Formulae and spectra of Alachlor and its metabolites found during biodegradation studies and confirmed by GC-MS.
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