Nanoscale physics

The method for determining the chronological scheme of climate change based on the determination of the concentrations of chemical impurities in glaciers
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The Antarctic cryosphere remains in focus of scientific studies from different perspectives [1]. The ice shelves contain the vast majority of Earth’s fresh water, and reductions in their thickness due to global warming remain under continues surveillance [2]. Despite the absence of industrial enterprises and negligible impact from the existing human colonies, the ongoing global pollution of the planet progressively affects the pristine Antarctic environment [3]. Modern changes may affect the studies in Antarctic glacial history, considering biostratigraphical information and distribution of pollutants to reconstruct the climate changes occurring in the past [4]. The glaciers contain evenly distributed pollutants, preferentially brought by air masses from South America and the surrounding oceans, although, identification of the exact source and evolution of the Antarctic aerosol population remains a topic of ongoing research [5]. Their depth and concentration rely on how an annual layer of ice was formed. The layer thickness depends on accumulation, defined by the quantity of atmospheric precipitations, and by ablation, which correlates with oscillations in the temperature regime. The annual cycle of the Antarctic baseline aerosol has to be considered too [6].

There is a glacier in Galindez Island near to the Ukrainian Antarctic station "Academik Vernadsky". It is located in the area of cyclonic stabilization and belongs to so-called ‘warm glaciers’ where ice formation has been moderated by ablation [7]. Its thickness was probed by Vertical Electric-Resonance Sounding method [8]. Three equivalent samples of ice were collected from different horizons of the glacier. Their elemental composition was studied on an atomic emission Spectroflame Module spectrometer. Analysis of the spectra has shown the presence of Al and Si elements, which are typically present in nanoparticles of continental origin [9]. Their concentration in the 1190-year-old ice probe was higher than in two other samples aged 2850 and 3220 years. Such time difference corresponds to a change in the world’s average temperature by 2 °C. This observation is consistent with the main trends in global temperature changes over the past 10 000 years [10].

These studies allowed us to correlate the elemental content of glacier pollutants with local climate changes during formation of the glacier and to presume that elements are incorporated in form of nanoparticles. Further characterization will allow for identification of the sources of nanosized aerosols, trace their migration in nature, which will add essential details to the picture of the global cycles of changes in various parameters of the Earth's atmosphere.
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