investigation OF nanosilica and yeast cells based COMPOSITE FOR soil and WATER waste treatment
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The problem of soil and water treatment from pollution by the waste of petroleum products becomes to be more actual. Nowadays bioremediation is the most popular technology which is used for soil and water treatment from waste petroleum impurities. It is based on the using of biosorbents, which combine both of sorption and biodestructive capabilities. Bioremediation is characterized by long term of petroleum hydrocarbon biodegradation process. Fixing of microorganisms on the sorbents surface could be perspective conception to improve the soil and water treatment from petroleum impurities. Natural (turf, silica gels, mineral sorbents) as well as synthetic materials (polymers) could be used as carriers.
That’s why the aim of the work was to study the possibility of hydrocarbon oxidation in a model system which consists of yeast cells Saccharomyces cerevisiae and equal amounts of hydrophobic (AM1-300) and hydrophilic (A-300) silica with the help of 1H NMR spectroscopy.

The viability of the yeast after their contact with nanosilica in the conditions of low and high hydration of the composite, wetting of the composite with water and waste oil of internal combustion engines and state of the water in the nanocomposite containing the fixed amount of water and hydrocarbon (n-decane) were considered as well.

It was established by the method of 1H NMR spectroscopy that the most amount of the water is incorporated into the intracellular liquid of Saccharomyce scerevisiae and only 80 mg/g of this amount of the water is weakly bound water. Microphotographs of composite system show that the mixture of nanosilica does not kill the yeast cells but provides an opportunity to their division in the absence of nutrient medium (monosaccharides). Adding a small amount of water into the composite system causes formation of thin film without stratification. It is noticed that the yeast cells have got almost the spherical shape and silica particles have attained the form of agglomerates with size > 10 μm (Fig. 1).
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	Fig. 1. Reflection mode microphotograph of the composite system containing 40 wt.% of the water and 15 wt.% of n-decane from the dry weight of yeast (Ч100 (а)), transmission mode microphotograph (Ч1000 (b)) of the thin layer of powder wetted with water.


The dependence of optical density of yeast cells suspension from their cultivation time at the presence of the waste petroleum is shown at Fig. 2. Three maximums were established on the curves of dependence of biomass growth from the time after finishing adaptation period of yeast cells to the environment conditions. The first maximum was fixed for samples 1-4 and 6-12 in the first day of cultivation. It corresponds to the period of the cell enzyme system reorganization and starting of hydrocarbons recycling process. At the beginning low-weight monosaccharides are the source of nutrients for Sac. cerevisiae cells. Nutrient conditions are changed over time. The mount of low-weight fractions of monosaccharides which are easier available fractions decreases. It causes deceleration of the cell duplication process and leads to decrease of their amount in the aqueous medium. During the second day of cultivation activation of another enzymes which promote oxidation of high-weight fractions of hydrocarbons occurs. It causes appearance of the second maximum of optical density for samples 5-6 during the second day and during the fifth day for the samples 1-4 and 7-12. This maximum is more intensive for those samples which contain the smaller amount of waste petroleum. Intensive duplication of yeasts leads to exhaustion of hydrocarbon reserves, accumulation of products of vital activity and death of old cells.
During the thirteenth day of waste petroleum destruction research the third peak of biomass growth was observed for all samples. This pick corresponds to the rapid duplication of bacteria (Fig. 2). Destruction of waste petroleum hydrocarbons is finished by their oxidation with the help of bacteria.
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	Fig. 2. Changes of optical density of yeast cells suspension in the composite (D=540 nm) from the time of their cultivation at the different amount of waste petroleum in the aqueous medium (in the range from 1 to 10 ml of waste petroleum per 100 ml H2O with interval of 1 ml for samples 1-10). Aqueous medium without silica and n-decane which contained yeast cells (sample 11) and Sac. cerevisiae with waste petroleum (sample 12) was used as the control.


Thus, the composite system which is based on the mixture of hydrophobic and hydrophilic silica (AM1-300 and A-300, accordingly), water, n-decane and yeast cells was created. This composite system provides an opportunity to destruct hydrocarbons in aqueous medium. It was proved that the selected mixture of silica activates the processes of cell division in aqueous medium and in the composite as well. Complete remediation of water polluted by hydrocarbons (waste petroleum of internal combustion engines) is carried out over 22 days if the amount of hydrocarbons does not exceed 14 ml/L.

