DETERMINATION OF SORPTION CHARACTERISTICS OF ARTIFICIAL RADIONUCLIDES IN THE HYDROSPHERE
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INTRODUCTION
After the Fukushima nuclear accident in 2011, a great attention is focussed to the nuclear safety all over the world. It is not otherwise in the Czech Republic. Despite both Czech nuclear power plants are safe, as proved by stress tests (ENSRG, 2012), the nuclear safety concerns also a very improbable case of a severe accident, when radioactive material is released into surrounding environment.
Artificial radionuclides, which are born in reactor during nuclear reactions, do not occur naturally in the environment. They have been introduced into it by human activities, predominantly in the last century during atmospheric nuclear weapons tests and the Chernobyl accident. Nowadays, some of these radionuclides, namely caesium 137 and strontium 90, are still present in the water environment in low but measurable amounts (Hanslík et al., 2009). Experience with the old radioactive contamination indicate that sorption on sediments plays a significant role in migration of radionuclides in the hydrosphere.
In our study, we developed a method for determination of sorption characteristics of artificial radionuclides in the hydrosphere during nuclear accident, which concerns interaction of radioactivity with river bottom sediments and suspended solids. We optimized conditions for the determination of sorption characteristics, which includes specifying of time needed for reaching the sorption equilibrium, suitable amount of sediment and radionuclides concentrations in the experimental mixture and also a proper way of storing samples before their processing in the laboratory. All these factors can considerably influence results of sorption characteristics determination (Duursma, 1984; Garnier et al., 2006; Limousin et al., 2007; Vejsada et al., 2005).
METHODS
For assessment of the optimal conditions for sorption characteristics determination, series of batch experiments were used. To prepare the experimental batch, assortment of artificial radionuclides was added to surface water containing suspended solids or to a mixture of sediment and water. After that, prepared test series were blended for stated time. Then, the solid phase was separated from the water and analysed using gamma-ray spectrometry.
As it was indicated by Duursma (1984), problems can occur even before the experiment itself, when it is necessary to store sediments between sampling and experiment conducting. Drying sediments at higher temperatures can cause changes in their structure and influence the sorption properties. Results of our experiments showed that refrigerating sediments is the most suitable way of their conservation. If necessary, freezing them is also acceptable. Surface water should be preferably used fresh, immediately after sampling.
Determining time necessary for reaching the sorption equilibrium, experimental mixtures were stirred for periods varying from 15 minutes to 48 hours. In most cases, the equilibrium was reached in several hours, yet it can differ depending on chemical properties of radionuclides and on quality of solid phase. As a result, the contact time 24 hours was selected for further experiments.
After series of experiments with varying solid-liquid ratio, we decided to use 100 g of sediment in 1 l of water. At this ratio, the dependence of sorbed radionuclide fraction on the solid-liquid ratio appears to be insignificant compared to lower sediment amounts. On the contrary, in case of suspended solids, we recommend conducting experiments at natural solid-liquid ratio, which is usually several mg/l in surface water (Pitter, 1999).
Concerning the injected amounts of radionuclides, we suggest using activity concentrations that are close to the expected ones in the natural system. In our case, activity concentrations stemming from accidental conditions were assessed.
RESULTS AND DISCUSSION
The method, described above, was further optimized and verified during experiments with real sediment-surface water and suspended solids-surface water systems from the Vltava River.
The gained results show that most radionuclides are readily fixed on the solid phase, with exception of radioiodine, which shows a tendency to stay dissolved in solution in some cases. More than 70 % of all the assessed radionuclides were sorbed onto sediments in equilibrium, although moderate variations were observed among the radionuclides and the sediments. The evaluated sorption characteristics correspond to the values stated by International Atomic Energy Agency (IAEA, 2010).
[bookmark: _GoBack]Evaluating sorption on suspended solids, slight differences were found compared to sediments, as a consequence of markedly lower solid-liquid ratio of suspended solids in the experimental mixture. Generally, the fraction of radionuclides sorbed on suspended solids was lower than in case of sediments, yet it was still significant, especially for radionuclides present in lower concentrations. For radionuclides, which could be accidentally released in higher activity concentrations, the fraction fixed on suspended solids was only several percent. Indeed, in the case of nuclear accident, we can expect a strong contamination of bottom sediments caused not only by the direct sorption but also by the sedimentation of contaminated suspended solids. On the other hand, certain decrease of radioactivity dissolved in water can be estimated as a consequence of the sorption and the sedimentation.
CONCLUSION
In summary, sorption onto solid phase is an important factor influencing fate and behaviour of radioactive substances in hydrosphere. In the study, a method of determination of sorption characteristics was developed. This method was further optimized and tested by analysing samples from hydrosphere of the Vltava River under conditions of simulated nuclear accident.
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