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Current research interests are focussing into two major research problems with immense environmental 
importance and impact to society. These two areas of interest are (a) the radioactive pollution of an 
ecosystem and, particularly, the behavior of the radionuclides in soil and the pollution of plants which 
participate in human’s food and (b) the production of municipal solid wastes and the problem of 
uncontrolled disposal and its negative effects to the environment.  

1. INTRODUCTION 
Two major research problems with immense environmental importance and impact to society referred to (a) the 

radioactive pollution of an ecosystem and, particularly, the behavior of the radionuclides in soil and the pollution of plants which 
participate in human’s food and (b) the production of municipal solid wastes and the problem of uncontrolled disposal and its 
negative effects to the environment. These two major problems cause continuous frictions among the politicians of the Local 
Governments, the farmers, the civilians and, of course, the scientific community. 

1.1 THE RADIONUCLIDES PROBLEM 
A radioactive pollution of an ecosystem is a very important potential source of human exposure. The two points of 

importance that have to be examined, from the agricultural point of view, are the behavior of the radionuclides in soil and the 
pollution of the plants which participate in human’s food.  

As far as the deposition of radionuclides in soil is concerned, these elements are mainly fixed in the colloids of soil, or 
they are transferred to the deeper layers of soil. Their movement depends on the type of soil and on the nature of the 
radionuclide deposition. 

Plants can be exposed to radiopollution directly or indirectly. In direct pollution the radionuclides are attached by the 
surface of the plant (fruit or leaf) and enter to the inerside. In the indirect pollution, radionuclides enter to the plant mainly 
through the root system after being for a long period in soil. 

1.2 THE SOLID WASTE PROBLEM 
The objective of Directive 2000/76/EC of the European Parliament and of the Council of E.U. on the incineration of 

wastes is, ‘‘to prevent or to limit as far as practicable negative effects on the environment, in particular pollution by emissions 
into air, soil, surface water and groundwater, and the resulting risks to human health, from the incineration and co-incineration of 
waste’’. However, the standards set forth in the directive are intended to prevent risks, and no modelling of emissions or 
estimation of risk is specified[1]. 

2. THE EFFECTS OF RADIONUCLIDES IN SOIL AND PLANTS 

SOIL 
The contaminated soil irradiates the plants, the animals and of course human. Rain can remove the radionuclides which 

are not fixed in the clay components of soil, into deeper layers or into lakes and/or sea. 
In addition, the radionuclides which are not strongly fixed in the colloids of soil are moving slowly vertically. However, 

they are rarely found deeper than few centimeters of soil, even after a decade [2]. The velocity of transport to the deeper layers 
is slow and depends on the quantity of clay, the quantity of the soluble salts and humus in the ground, as well as by the velocity 
of water’s movement. Figure 1 presents the pathways of the transfer of radionuclides from the atmosphere to man. 
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Fig. 1. Pathways of radionuclides transfer in an agricultural ecosystem 

The uptake of a radioelement by various parts of plants, depend on their capacity to absorb and accumulate in its 
biomass the radionuclides and on the bioavailability on soil. The quantity of radionuclides in soil which is available for the plants, 
is gradually being reduced by the harvest of the cultivation and their drainage deeper. This quantity is also changing by the 
physical-chemical characteristics of the soil and the classical agricultural practices: mechanical treatments such as ploughing 
and mulching and the use of fertilizers [3]. 

The type of soil is another factor that affects the absorption of radionuclides by plants. Their binding is more effective at 
loam-sandy soils than at sandy soils, when the loam-sandy consist more organic substance. At the clayey soils the ions of 
radionuclides enter the internal structure of soil like wedges [2]. 

PLANTS 
Plants are exposed to radio pollution in two ways: 
 

• Direct pollution 
This mechanism defines the pollution that the plants accept during the first weeks after the radiopollution and the 

deposition is related with the recent radio-effect (as it has been mentioned) and depends on the depositing rate. 
Plants can also be radiopolluted by the resuspension in the air of deposited radioactive material. Resuspension is 

caused by natural phenomena like wind action. Man-made actions are also a major contributor to the resuspension of 
radionuclides, for example, by agricultural practices such as ploughing and harrowing, by traffic, especially on unpaved roads 
and by forest fires.  

Radionuclides reach leaves mainly with wet deposition, but a small percentage of them under dry conditions. The 
capture of pollutants depends on the type of the radionuclide, the leaf’s size and its anatomy (existence of pales and scars). The 
concentration of the radionuclides on the leaf surface can be reduced by several climatological factors such as rain, fog, 
humidity and dust. Moreover, the size of radionuclides (>40μ cannot be captured) and the chemicals forces have an important 
role [4]. The absorption of the radionuclides by the plant tissues depend on physiological factors and on physical and chemical 
interactions between the plant and the radionuclides [5]. 

 
• Indirect pollution 

This type of pollution depends on the total quantity of radioactivity that exists in the ground and is a function of the 
deposition [6]. The short live radionuclides have a minimum contribution in indirect pollution of the plants because of their short 
half-life time. 

3. THE EFFECTS OF UNCONTROLLED WASTE BURNING 
The most important problem is related to the pollution due to the migration of pollutants emitted to the atmosphere from 

open or uncontrolled landfills. 
There are two main types of emissions: 
Emissions of air pollutants and odours. Anaerobic waste digestion that is developed causes emissions of biogas 

(mixture of gases, mostly CH4 and CO2) with various negative impacts (greenhouse effect, local pollution and degradation, high 
explosion potential).  

Open waste combustion. It results from biogas self-ignition or in-purpose firing (for reducing the volume of solid waste to 
be landfilled and the self-ignition potential). It causes significant air pollution, including even very toxic substances like the 
polychlorinated dibenzo-p-dioxins (PCDDs) and dibenzofurans PCDFs [7, 8, 9] which formed by burning chlorine-based 
chemical compounds with hydrocarbons, hexachlorobenzene, benzo(a)pyrene, benzene, phenols, formaldehyde, HCL, HF, 
lead, cadmium, chromium, arsenic and many other substances depending on composition of wastes [10, 11]. 

In atmosphere the toxic substances, in our case the dioxins, are attached on the air particles and can be transferred 
several kilometres away, deposited on the soil where quickly and strongly adsorption is taking place and may stay there for 
many years. Also, they can migrate to the open water bodies or to the plants. That deposition depends on several climatological 
factors such as air dispersion and wind direction, rain, fog, humidity and dust. Then, by bioaccumulation at the food chain, they 
are coming to humans especially by the consumption of food [12]. The stability of dibenzodioxins and dibenzofurans has been 
estimated via QSAR method [13]. 

Several studies mention the negative impacts of dioxins on human health, that has already proven on experimental 
animals [14]. Congenital anomalies and the prevalence of stillbirths and very low birth weight, types of cancers and 
teratogenicity have been reported for populations leaving near landfills [12, 13, 9, 14].  
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The vertical migration and transformation of plutonium chemical forms artificially supplied to sandy loam 
columns after its exposure to natural conditions for about one year was investigated. An analysis of 
artificially contaminated samples after one year had shown that 81% of 239Pu4+and 44% of 239Pu3+ were 
accumulated in the 0-5 cm layer of sandy loam. The data of sequential analysis of the same type of soil 
at the adequate artificial contamination level after one month exposure under laboratory conditions are 
presented as well. 239Pu binding to soil geochemical fractions was rather uneven. The largest amount of 
239Pu (60%) was determined in the residual fraction. Consequently, it can be assumed that organic 
substances and some inorganic compounds, which usually are the main components of a residual 
fraction, affects the retention and migration of plutonium in the soil. 

Investigation of plutonium as most hazardous and radiotoxic element behavior in the environment from radioecological 
and geophysical point of view is of particular concern. The diversity of the chemical forms being released form different 
sources – from insoluble oxides to soluble inorganic salts and organic complex compounds – is characteristic for plutonium. 
Because of the high temperature during the nuclear explosion, insoluble plutonium oxides, mixtures of oxides or compounds 
with the constructive elements (PuOx⋅MOx; PuOx⋅U3O8) are predominant. The soluble forms of plutonium (PuOx⋅nH2O; Pu(NO3)x, 
Pu organic complex compounds) are basically released to the environment from the nuclear technological cycle (1, 2). The 
physico-chemical forms of released radionuclides determine their interactions with soils and, thus, the degree to which soils can 
act as a sink or a diffuse source of contaminants (3) 

Processes of migration and accumulation of plutonium in that environmental system are in tide connection with the 
stability and transformation of it chemical compounds because of a reciprocity between components of investigative soil and 
plutonium chemical species (4-7). 

The aim of the present study was to determine vertical migration of 239Pu in artificially contaminated sandy loam 
depending on the radionuclide initial chemical form and to evaluate 239Pu binding to soil geochemical fractions. 

 180

mailto:bena@ar.fi.lt



