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INTRODUCTION 

In 2010, an industrial accident near Ajka city, Hungary led to a large quantity of red 

mud flooding the surrounding settlements, causing significant human, material and 

environmental damage. The area was remediated circa six months later, however, in order to 

avoid similar accidents, changes were implemented in red mud deposition. Storage was changed 

from wet technology to a dry procedure, there is no longer an alkali process solution above the 

red mud, which can lead to dehydration and dusting of the red mud. The resulting risk of higher 

particulate matter concentration in air could have also carried over an increased quantity of 

naturally occuring radioactive materials (NORM), and also provides the ability for the long-

lived decay products of decomposing radon to adhere to aerosol. Monitoring is necessary for 

assessing airborne pollution to investigate the effect of technological change and to ensure the 

protection of the population and the environment. Biomonitoring by the tobacco plant seems to 

be suitable for this, tobacco is an annual plant, due to its nicotine content the tobacco plant is 

unlikely to be consumed by animals and it has large, hairy, sticky leaves that can accumulate 

falling aerosols. However, the uptake path of polonium and lead in the tobacco plant is not yet 

fully elucidated, as it is capable of uptake through its roots and leaves as well. 

 

AIM 

The aim of this work is to monitor the remediation, to monitor the migration of 

radionuclides, and to determine the applicability of the Po(Pb)-210 in tobacco plants for 

biomonitoring aerosol contaminant emitted from the red mud reservoir. To this end I 

investigated the natural radionuclide content in the soil around the reservoir at different 

distances at the same points and the temporal change of Po(Pb)-210 in the planted active 

biomonitor tobacco plants, their correlation with the Rn-222 content of the air, and the weather 

differences during the test period. 
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MATERIALS AND METHODS 

During my work, I measured the activity concentration of Po(Pb)-210 in tobacco plants 

and in soil samples at red mud-contaminated areas and non-contaminated areas in the years 

2011, 2012, and 2014. In 2012 and 2014, I determined the Rn-222 concentration in air using 

CR-39 detectors. Also in 2014, the concentration of Ra-226 in the soil samples was determined. 

During the radiological analysis of the samples I utilized gamma-spectrometry by HPGe 

detector and alpha spectrometry by PIPS detector. After etching, the CR-39 print detectors were 

evaluated using a scanner. 

 

RESULTS 

Based on the results, it can be said that no significant radionuclide migration occurred 

in the areas affected by red mud. However, due to the change from wet to dry mud storage / 

deposition technology on 28 February 2011 and dry weather in 2012, air pollution exceeded the 

health limit, and the tobacco plant can be used as a bio-indicator for this air pollution. In 

addition, In addition, I found that there is no close relationship between the concentration of 

Rn-222 in the air and the concentration of Po(Pb)-210 activity on the leaf surface, or the soil 

Ra-226 and soil Po(Pb)-210 and the tobacco leaf Po(Pb)-210 concentrations. There is no close 

correlation, from this I conclude that a large portion of the elevated Po(Pb)-210 concentration 

on the leaf surface of the tobacco plant is due to an external source, red mud dusting. Therefore 

the tobacco plant can be used to monitor atmospheric (dust) pollution. 
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THESE OF THE (PhD) DISSERTATION 

I. THESIS 

The quasi linear characteristics curve observed at low activity concentrations 

(26,0-53,6 mBq/g) by the colleagues from the Institute of Radiochemistry and 

Radioecology at the University of Pannonia, suggesting a good correlation between 

Po(Pb)-210 activity concentrations in soil and tobacco leaves with a suggested indication 

range of 20-100 mBq/g is not present in the observed area, and it does not explain the 

activity concentrations observed in my study. 

There is no good correlation between Ra-226 content in soil, Po(Pb)-210 content in soil 

or Rn-222 concentration in air and the activity concentration of Po(Pb)-210 in the tobacco 

leaves. The observed activity concentrations indicate that an aerosol with a different 

equilibrium state and a higher Po(Pb)-210 activity concentration than locally observable from 

an external source is increasing the Po(Pb)-210 activity concentration 

measured in tobacco leaves. This external source is probably the dust coming from the 

red mud depository containing excess Po(Pb)-210. 

 

II. THESIS 

I have proven the usability of tobacco plants for the biomonitoring of Po(Pb)-210 

aerosol based on the Po(Pb)-210 activity concentrations measured in tobacco plants grown 

in the vicinity of the red mud depository and settlements afflicted by the red mud. 

Sampling point 6 shows that tobacco plants take up Po(Pb)-210 through their roots, 

however the elevated Ra-226 and Po(Pb)-210 content of soil did not increase the Po(Pb)- 210 

concentration in the tobacco leaves to a similar extent as was observed in the areas afflicted by 

the resuspended red mud.  On the other hand the distance from the depository and the 

Po(Pb)-  210 activity concentration measurable in the plants are correlated according to the 
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Pearson correlation coefficient, the plants located nearer, with the higher aerosol load, have 

higher concentrations. Based on the obtained data areas afflicted with dust fallout have tobacco 

leaves with activity concentrations elevated unproportionally compared to concentrations in 

soil. 

 

III. THESIS 

Based on the results it can be said that there is no significant radionuclide 

migration in the observed area, however the effects of the dust from the red mud 

deposition can be easily observed. 

Comparing the weather data of the three years and the Po(Pb)-210 activity 

concentrations observed in the tobacco plants we can observe that dry and windy weather 

will result in a significant dust load, which we can find in both the dust load measured at 

a nearby weather station and the increase in the increase of Po(Pb)-210 activity 

concentrations observed in the tobacco leaves. 

2012 was the hottest, the dryest and the windiest in the vegetation period, during which 

the aerosol concentration exceeded public health regulations multiple times. In this year the 

average Po(Pb)-210 activity concentration of the tobacco leaves was significantly higher than 

in 2011 and 2014.  

On the other hand precipitation increases wet deposition, so the aerosol load from the 

red mud depository and the accompanying Po(Pb)-210 load was limited to the near vicinity of 

the depository. The year 2014 had the most precipitation and the lowest wind speed, increasing 

wet fallout and decreasing aerosol load. In 2014, the correlation between soil Po(Pb)-210 

activity concentrations and the distance was moderate, but in the close vicinity of the depository 

Po(Pb)- 210 activity concentrations further increased in both soil and tobacco leaves compared 

to 2012. 
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