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INTRODUCTION 

Former Slovenian uranium mine Ţirovski vrh lies in the subalpine 

environment with relative high rainfall and population density. As a legacy 

of uranium mining, Jazbec and Boršt waste piles were constructed in the 

vicinity of a former uranium mine. On the Jazbec waste pile, about 2.5 

millions of tons of spoil, and 0.05 millions of tons of red mud were 

deposited [1]. Average activity concentrations in spoil are 750 Bq/kg for 
238

U, 
226

Ra and 
230

Th, and in red mud 495 Bq/kg for 
238

U, 190 Bq/kg for 
226

Ra and 65100 Bq/kg for 
230

Th [2]. On the Boršt waste pile, about 

0.6 millions of tons of uranium mill tailings (UMT) were deposited [1]. 

Average activity concentrations in UMT are 995 Bq/kg for 
238

U, 

8630 Bq/kg for 
226

Ra and 3930 Bq/kg for 
230

Th [2]. Seepage waters with 

elevated radionuclide concentrations from both waste piles flow in the 

nearby streams Brebovščica and Todraščica as it is shown in Figure 1. 

Todraščica outfalls into the Brebovščica and Brebovščica into the Poljanska 

Sora River (Figure 1). 

Due to the different biogeochemical processes, natural radionuclides 

from both waste piles can be transferred to the sediments of the affected 

streams. These processes are mainly driven by the sorption onto the 

particles and particles settling or by the direct diffusion to sediments [3]. 

Therefore the aim of this work was to find out at which extent these 

processes occur in the specific case by comparing activity concentrations in 

sediments before and after inflow of seepage waters from both waste piles. 

In sediment samples, 
238

U, 
234

U, 
230

Th, 
226

Ra, 
210

Pb and 
210

Po activity 

concentrations were determined, using radiochemical separations followed 

by either alpha spectrometry or proportional counting. 
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Figure 1. Sediment sampling sites 

 

MATERIAL AND METHODS 

Samples were collected at the locations indicated by numbers in the 

Figure 1. Sampling locations 1, 3 and 5 are located before influential area of 

both waste piles and locations 2, 4 and 6 after. About 1 kg of sediment 

sample was collected with sediment traps or by hand, where collecting by 

sediment traps was not possible. After sampling, sediments were dried at 

60 °C, afterwards sieved through 1 mm screen sieve, homogenized and 

stored until analysis. 

Radiochemical separation procedure for 
238

U, 
234

U, 
230

Th and 
226

Ra is 

outlined below and detailed procedure can be found in [4]. Dried sample 

was firstly ashed at 650 °C in a muffle furnace to remove organic matter 

from the sample. After that, the sample was melted with Na2O2 and Na2CO3 

at 900 °C. Then 
232

U, 
229

Th and 
133

Ba tracers were added. This sample was 

then dissolved by the addition of conc. HNO3, and transferred into a Teflon 

beaker. Then the sample was further digested by the addition of conc. HCl, 
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conc. HNO3, conc. HF and H2O2. Finally, conc. H2SO4 was added and 

evaporated until incipient dryness. 

After final evaporation, radionuclides were co-precipitated as Fe(OH)3 

with the addition of ammonia and Fe
3+

 ions. After washing, precipitate was 

dissolved with 3 M HNO3 / 1 M Al(NO3)3 and thorium was separated from 

uranium and radium on the TEVA separation column. 

The uranium and radium-containing eluate, which was left from the 

separation on TEVA column, was transferred onto the UTEVA separation 

column, where uranium was separated from radium. 

Radium and barium were co-precipitated from the radium-containing 

eluate with PbSO4. Then the precipitate was dissolved with 0.1 M EDTA / 

0.5 M NaOH. Afterwards Ba(Ra)SO4 precipitate was formed by a 

consecutive addition of Ba carrier pH 0–5 indicator, 1:1 acetic acid, 

saturated solution of Na2SO4 and 0.125 mg/mL BaSO4 substrate. After 

30 min, the solution was filtered through the 0.1 µm filter. Finally, the filter 

was dried and mounted on a stainless steel disc and dried again. 

Thorium was microprecipitated from the thorium-containing eluate 

with NdF3. Uranium from the uranium-containing eluate was firstly reduced 

with 15 % TiCl3 and then microprecipitated with NdF3. Both thorium and 

uranium microprecipitates were placed for 30 min into an ice bath prior to 

filtration. Filtration was carried out through the 0.1 µm filter that was 

previously rinsed twice with 10 µm/mL NdF3 substrate solution. Finally, the 

filter was mounted on a stainless steel disc and dried. 

In a similar manner as for uranium, thorium and radium, 
210

Pb was 

also extracted using a radiochemical separation procedure adopted from [4] 

and is therefore only briefly summarised here. Firstly, Pb tracer was added 

to the sediment sample and then the sample was digested with conc. HNO3, 

conc. HCl and H2O2. After digestion, sample was evaporated and dissolved 

in 2 M HCl and Pb was separated out on the Sr Resin separation column. 

Then, the lead-containing eluate was evaporated to dryness, dissolved with 

deionised water and a PbSO4 precipitate was formed by the addition of 

conc. H2SO4. Subsequently, the precipitate was transferred to the counting 

planchette, dried and weighed to gravimetrically determine radiochemical 

recovery. 

For the radiochemical separation of 
210

Po, 
209

Po tracer was added to 

determine radiochemical recovery. Then the sample was digested overnight 

at room temperature with addition of 25 mL of conc. HNO3 and 5 mL of 

conc. HCl. The next day, the sample was digested for 30 min at 200 °C. 

After cooling down, 10 mL of H2O2 were added and heated for 10 min at 
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100 °C. When the sample was cooled to the room temperature, it was 

filtered through the black ribbon filter paper. The residue was again 

introduced into the Erlenmeyer flask and the whole digestion procedure was 

repeated. Both filtrates were combined and evaporated until dryness at 

100 °C. Then, 2 mL of conc. HCl was added and the sample was again 

evaporated until dryness. This step was repeated one more time. After that, 

2 mL of conc. HCl, 0.5 g of ascorbic acid and 0.5 g of hydroxylammonium 

chloride were added and the sample diluted up to 100 mL with deionised 

water. Po was spontaneously deposited onto silver disc at 80 °C for 4 h. 
238

U, 
234

U, 
230

Th, 
226

Ra and 
210

Po were measured in a Canberra Alpha 

Analyst alpha spectrometry system with PIPS (Passivated Implanted Planar 

Silicon) detectors. Radiochemical recovery for 
226

Ra was determined via 
133

Ba measurement on HPGe spectrometer. 
210

Pb was measured in a low-

background gas-flow proportional counter, which was previously calibrated 

to take into account self-absorption and 
210

Bi in-growth [5]. 

 

RESULTS 

The results for analyzed radionuclides are shown in Figures 2 – 4. 

Activity concentration for 
238

U was in the range from 28.7 – 72.6 Bq/kg, for 
234

U 25.0 – 69.2 Bq/kg, for 
230

Th 37.3 – 85.0 Bq/kg, for 
226

Ra 40.3 – 

135 Bq/kg, for 
210

Pb 16.5 – 56.0 Bq/kg and for 
210

Po 12.9 – 56.1 Bq/kg. 

It is evident from Figures 2 – 4 that activity concentrations of all 

radionuclides in locations 1 and 3, which are located before influential area 

of the both waste piles (Figure 1), are lower comparing to the locations 2 

and 4. This means that the sediment from Brebovščica and Todraščica 

streams is affected by the waste piles. However, this is not the case for 

Poljanska Sora river, where activity concentrations of 
238

U, 
234

U, 
230

Th and 
226

Ra after the inflow of Brebovščica stream (location 6) are either lower or 

equal to the sediment sample taken before inflow of Brebovščica stream 

(location 5). 

There are two possible reasons for that. First is that the influence of 

both waste piles on the activity concentrations in the Poljanska Sora is not 

so significant, because Poljanska Sora water flow is much higher than that 

of Brebovščica. This causes dilution of radionuclides in Poljanska Sora and 

consequently reduces activity concentrations. The other reason is that the 

location 6 is located after the outfalls of municipal wastewaters. This is 

evident also from the mass loss on the ignition, which was for the sediment 

sample from location 6 about 62 %, whereas for all other locations from 7 % 

to 9 %. Most probably, activity concentrations of 
238

U, 
234

U, 
230

Th and 
226

Ra 
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in the organic matter from the municipal wastewaters is lower comparing to 

that in sediments, which reduces activity concentrations in sediments. 

Interestingly, 
210

Pb and 
210

Po activity concentrations in Poljanska Sora were 

higher after the inflow of Brebovščica. This could be probably attributed to 

the atmospheric deposition of these two radionuclides on the foodstuffs and 

consequently higher activity concentrations in organic matter from 

municipal wastewaters comparing to 
238

U, 
234

U, 
230

Th and 
226

Ra. 

Nevertheless, more research is needed to prove this explanation. 

 

 
Figure 2. 

238
U and 

234
U activity concentrations in sediments 

 

 
Figure 3. 

230
Th and 

226
Ra activity concentrations in sediments 
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Figure 4. 

210
Pb and 

210
Po activity concentrations in sediments 

 

CONCLUSION 

Results of the content of natural radionuclides in sediments in the 

vicinity of a former uranium mine showed that activity concentrations of all 

analyzed radionuclides were higher in sediments after the inflow of seepage 

waters from waste piles in Brebovščica and Todraščica stream. This was not 

the case for Poljanska Sora River, where activity concentrations of 
238

U, 
234

U, 
230

Th and 
226

Ra in sediments were equal or lower because of the effect 

of municipal wastewaters and dilution of radionuclides. 
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