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Introduction 
 

In spite of that Slovenia is a small country it contains a considerable variety of 
radioactive sources, which cause radioactive contamination of the environment. These sources 
mostly belong to nuclear fuel cycle, as the Krško Nuclear Power Plant, the Žirovski vrh 
Uranium Mine (in the decommissioning), the TRIGA Research Reactor and Central low and 
intermediate level radioactive waste storage. Some other technological enhanced natural 
radiation sources, for example, the Šoštanj Thermal Power Plant have also an impact to the 
environment. 

Discharges of radioactive materials to the environment from nuclear installations in 
Slovenia have been regularly controlled during all the periods of their operation and 
operational radiation monitoring has been performed as well. Monitoring started in early 
1980s with the extensive programmes: at the Krško Nuclear Power Plant in 1981, in the 
Uranium mining and milling facility at Žirovski vrh (1985), at the TRIGA Research Reactor 
and at the Central low and intermediate level radioactive waste storage (1986). According to 
the new Law on radiation protection and nuclear safety from 2002 a control of discharges 
from other facilities (hospitals using radionuclides in nuclear medicine, other facilities with 
releases of natural radionuclides, etc) should be performed. All relevant data have been 
documented at the operators and sent to regulatory authorities [1]. 

The legal basis for control of discharges is set by the regulations. Only the discharge 
limits of the NPP have been defined by the competent authority according to the dose 
constraints of population exposure. The annual data on gaseous and liquid radioactive releases  
are used as input data for a dispersion model and further for radiation exposure assessment to 
the members of critical groups. All measurements of released radioactivity are performed by 
the operators themselves and supervised by the approved technical support organisations. 
Measurements of radioactivity at reference points are required where specific radionuclides 
under investigation are already present in the environment, especially some natural 
radionuclides. In such cases only the net contribution of environmental contamination is taken 
into account in dose assessment. 
 
Regular radioactivity monitoring programmes 
 
a) Global contamination in the environment 
 
The basic scope of the radioactivity monitoring programmes was determined by the 
regulations. Radioactive contamination has been monitored in the following environmental 
media: in surface waters, air, soil (including external radaition), precipitation, as well as in 



drinking water, foodstuffs and feedingstuffs. On the basis of average specific activities of 
radionuclides the exposure to a member of the public can be estimated. The effective dose to 
an adult, caused by the global contamination of the environment in the year 2002, was 
estimated to be 10.8 microSv/year [2]. The main contributors to the exposure are external 
radiation from deposited Cs-137 and ingestion of Sr-90 with local foodstaffs. 
 
b) Nuclear Power Plant Krško 
 
The regular monitoring at the Krško Nuclear Power Plant includes steady control of liquid 
and gaseous effluents at the discharge points and an independent off-site surveillance 
programme of the nearby surroundings. The off-site monitoring programme covers of an area 
up to a radius of 12 km around the facility and comprises measurements of the radionuclide 
concentrations in the river water, sediments and fish, in air (particles and iodine), in 
precipitation, in soil samples, in underground and tap water, in food samples of vegetal and 
animal origin, and in feedingstuffs. External radiation is measured by TLDs and automatic 
gamma probes [3]. 
 
Conservatively estimated individual exposures for member of the public are based on the 
directly measured values in the environment and on model calculations. Main pathways 
which contribute to the dose are internal exposure through inhalation (H-3, C-14, I-131, 
particulates), ingestion (C-14) and external exposure through submersion and deposition (Xe-
135 and Co-58, Co-60, Cs-137, respectively. The estimated effective dose for the member of 
the public in the year 2002 is 1,5 microSv/year and is well below the regulatory limit which is 
50 microSv/year. 
 
c) Research reactor and radioactive waste storage 
 
The two nuclear installations operating at Brinje near Ljubljana are the TRIGA MARK II 
research reactor (250 kW) and the Central low and intermediate level radioactive waste 
storage.  
 
Emissions and environmental concentrations are monitored for both nuclear facilities. Two 
exposure pathways were considered in dose assessment due to the reactor operation: external 
exposure due to Ar-41 immersion and ingestion of contaminated river water. The external 
immersion dose in the 2002 due to releases of Ar-41 into the atmosphere was estimated to be 
0.29 microSv/year and a very conservative estimate of the ingestion dose due to release of 
radioactive effluents into the Sava river gives 0,05 microSv/year. A total annual effective 
dose of 0,34 microSv is received by a member of the public [4]. 
 
In the Central low and intermediate level radioactive waste storage at Brinje mainly disused 
sources from industry and medicine are stored. Radon releases and direct radiation from the 
storage are the main sources of public exposure and both were considered in radiological 
assessment. The annual dose received by a farmer occasionaly working in a field nearby 
would be around 0.3 microSv [5]. 
 
d) Žirovski Vrh Uranium mine 
 
At the former Uranium mine and mill at Žirovski Vrh are relatively low grade ore was 
excavated and treated, containing less than 0.1% U3O8, in the period 1985-1990. Radioactive 



wastes (0.6 million tonnes), such as chemical tailings and waste rock (1.5 million tonnes, 70 
mg/kg U3O8) are the main sources of the radioactive pollution to the environment. 
 
The regular monitoring programme of environmental radioactivity is not explicitly prescribed 
by the regulations and comprises measurements of long-lived natural radionuclides and radon 
in air, measurements of surface waters, sediments and water biota, food and grass and in the 
soil, as well as measurements of the external gamma radiation. Inhalation of short-lived radon 
progeny is the main contributor to the exposure with at least 75% additional exposure to the 
public [6]. Total annual effective dose for 2002 is estimated to be 240 microSv. Taking into 
account the total population exposure from natural radiation in this area (5.5 mSv), the former 
uranium mining at Žirovski Vrh contributed about 6% of this value. Due to a recent remedial 
works and reduction of radon exhalations in the last years the population exposure decreased 
considerably  
 
e) Thermal power plants 
 
Two coal-fired thermal power plants (Šoštanj, 750 MW and Trbovlje, 200 MW) produce fly 
ash with U-Ra contents of 350 and 180 Bq/kg, respectively. Measurements of stack emissions 
to the atmosphere in the Šoštanj TPP showed an enrichment of Pb-210 and Po-210 against 
Ra-226. Radioactive liquid discharges from fly ash disposal were reduced in 1994 by 
introducing a closed water cycle in the fly ash transport system. Currently contamination of 
environment (at nearby hilly sites) with Pb-210 due to stack emissions is under investigation. 
The environmental impact of fly ash disposal is mainly related to chemical water pollution. 
Some minor radiological impact could be observed (dose to population is of the order of 
magnitude of less than 5 microSv/year) [7].  
 
Comparison of public exposures from different sources of radioactive contamination in the 
year 2002 is shown in Figure 1. 
 
Figure 1: Annual exposures for members of the public from different sources of radioactive 
contamination. 
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Conclusions 
 
The comparison of the public exposure due to various sources of radioactive releases to the 
exposure of a members of the public in Slovenia shows that the critical group in the vicinity 
of the Žirovski Vrh uranium mine is the most exposed one in Slovenia. The global 
contamination due to the Chernobyl accident and the past nuclear tests was estimated to be 
around 10 microSv in Slovenia while the estimated annual dose for all other radioactive 
facilities are in the order of magnitude of one microSv. In this review the releases from the 
hospitals are not reported but some studies showed  that it is not negligible. 
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