Adsorption of Tribenuron-methyl by Natural and Modified Clays
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Summary

This work deals with the purification of water containing residues of the herbicide tribenuron-methyl by means of a cleaning system based on a composite organo-clay mineral. Tribenuron-methyl suffers hydrolysis, for this reason it is important to clean the water not only from the mother molecule, but also from the products of its degradation. Experiments on adsorption/desorption of tribenuron-methyl and its metabolites by using natural and organo-micellar montmorillonite were performed. Desorption of the herbicide from the micelle clay-composite was done using acetonitrile.

___________________________________________________________________________

Introduction
Tribenuron-methyl is a highly active, wide spectrum sulphonylurea herbicide, largely used in crops of cereals, like wheat, barley and mostly rice, against broad-leaved weeds [1,3]. The intensive use of this herbicide, although its application is recommended at very low dose (10–20 g/ha) [3], results in the contamination of surface waters and eventually ground waters, through many processes [2]. As the water is not an infinite resource, it is important to experiment systems for the most effective cleaning of contaminated waters. Since tribenuron-methyl undergoes hydrolysis, it is important to design a cleaning system that can adsorb not only the original substance but also the products of degradation that can be equally present in the contaminated water [1,3].
Clay minerals are known for their adsorbent properties that can be used in different ways for water depuration also considering their low cost [4,5]. The limit shown by clay minerals is that can adsorb well impurities but can also easily desorbs them with the water flowing. To  increase adsorption of organic pollutants and avoid the release of adsorbed contaminants different types of composite clays have been prepared, generally by preliminary adsorption of surfactants, giving raise to organo-clays complexes and micelle clay complexes. The firsts are obtained by putting the surfactant in contact with the clay, in a concentration lower than the critical micellar concentration (CMC) of the surfactant [4,5]; the last are achieved by using a concentration higher than CMC, so that micelles of the surfactant can be produced and complexes with the clay can be created [6,7].

In this work, results about adsorption/desorption of tribenuron-methyl dissolved in pure water and its metabolite by using as purification support natural montmorillonite (MMT) and the montmorillonite modified adding octadecyltrimethylammonium bromide (ODTMA-MMT), are reported.

Materials/Methods
The micelle clay composite was prepared by a method similar to those described in literature [8, 9]. The cation exchange capacity (CEC), the specific surface area and the structure of the surface of natural and modified montmorillonite were determined.  All clays samples  were analysed by using X-ray diffraction. 
Two equal aliquots (30 mL) of the same solution containing tribenuron-methyl dissolved in pure water and its metabolite, obtained after photodegradation of solution by using a solar simulator, were put in contact with the natural clay or organo-clay under continue stirring for 40 hours (1° adsorption). The tribenuron-metyl and its metabolite was previously identified by LC-MS.  After the second adsorption process (carried out with the same procedure)  the clay minerals were firstly washed using ultrapure water (soft desorption) for two times and finally with acetonitrile (heard desorption) The supernatants were analysed by using HPLC-DAD and HPLC coupled with MASS detector
Results and Discussion
The results of the adsorptions/desorptions experiments show that the adsorption of tribenuron-methyl and its metabolite is more efficient on ODTMA-MMT than natural MMT, since the surfaces of the modified micelle clay are more hydrophobic than the natural montmorillonite. The adsorption was partially by using natural MMT et complete by using ODTMA-MMT. The soft desorption wasn’t able to remove the herbicide especially adsorbed on ODTMA-MMT and only acetonitrile arrived to get out tribenuron-methyl and its metabolite adsorbed in clay phase.

Conclusion
Montmorillonite modified with the surfactant ODTMA, forming an organo micellar clay can be used to create a new water cleaning system. The efficiency of adsorption is very good and tribenuron-methyl is desorbed only by using acetonitrile. After that it’s possible to re-use the support.
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