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ABSTRACT

The impact of a U-mill tailing on radionuclide accumulation by plants was assayed. In particular, a preliminary screening of 226Ra, 238U and 230Th in Marsh marigold (Caltha palustris L.), soft rush (Juncus effusus L.) and Tall Moor grass (Molinia arundinacea (L.) Moench) grown in a marsh habitat is presented. Activity concentrations for the studied radionuclides and their transfer factors for the particular plants are shown and discussed.
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1 INTRODUCTION

Uranium mines tailings are one of the important sources of natural radionuclides from U-decay chain in the environment. The uranium mine at Žirovski vrh in Slovenia has two tailings sites with U-mill tailings deposited on the Boršt and red mud on the Jazbec site. Tailings from the Boršt site contain 995 ± 80 Bq kg-1 d.w. of 238U, 8630 ± 340 Bq kg-1 of 226Ra and 3930 ± 580 Bq kg-1 d.w. of 230Th [1]. Transfer of the three radionuclides from that site to the surrounding environment is probable due to flow of seepage waters from the tailings pile. Radionuclides are first bound by the soil particles and subsequently taken up by organisms [2]. Several studies confirmed accumulation of U [3, 4] and Ra [5-7] in plants, while accumulation of Th is known to be less effective [8]. U is most often accumulated in roots and less in shoots [9]. The uptake of Ra is supposed to be similar to the uptake of Ca due to their similar chemical activity [10, 11]. The accumulation of radionuclides in plants may pose risk to humans and herbivore animals due to ingestion. Evaluation of radionuclide transfer through a soil - plant system is therefore important for better radiological risk assessment.

The aim of this study was preliminary screening of 238U, 226Ra and 230Th accumulation by Tall Moor grass (Molinia arundinacea (L.) Moench), Marsh marigold (Caltha palustris L.) and soft rush (Juncus effusus L.), grown on a small marsh area continuously flooded by tailings seepage waters.

2 MATERIALS AND METHODS

2.1 Study location

The uranium mine at Žirovski vrh operated from 1985 to 1990 and about 600,000 tons of U-ore were processed during that period. The U-mill tailings with high activity concentrations of 238U, 230Th and 226Ra were disposed at the Boršt site. The sampled plants (J. effusus, C. palustris, M. arundinacea) were grown on a small marsh (mark 2 on Figures 1 and 2) which was created downwards the disposal site (mark 1 on Figure 1). The marsh lies outside of the controlled area and is constantly flooded by tailings seepage waters.
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Figure 1. Air picture of Boršt tailings pile and contaminated marsh (latitude-46˚05’07.40’’, altitude-14˚10’52.15’’)
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Figure 2. Contaminated marsh 
2.2 Sampling and sample preparation

The plants (J. effusus, C. palustris, M. arundinacea) grown on contaminated marsh (Figure 2) were taken in July 2009 from the whole marsh area at places with sufficient vegetation cover. The contaminated marsh was located some tens of metres distant from a tailings pile. Grasses, soft rush and marsh marigolds were taken as composite samples (composed of about 200 plants) from one location. The grasses were in the vegetative stage, while some plants of soft rush and marsh marigolds were already in the flowering stage. The control plants, which also represented a composite sample (about 200 plants of each plant species) were taken from the marsh in the vicinity of Ljubljana, the capital of Slovenia. About 50 individual plants for each plant species were used for alpha spectrometric measurements. Soil samples were taken from two places of the rooting zone (20 cm). The two samples taken were approximately 5 meters apart from each other. One sample of seepage tailings water (20 L) was taken at the same site.
The plants of marsh marigold were separated on stems and leaves. In case of grasses and soft rush the whole aboveground parts were taken. The roots were not analysed due to low amount of samples. The plant samples were first air dried and than for two days in an oven dried at 80 oC. The dried samples were milled with a rotor speed mill and than ashed at 650 oC. Soil samples were dried at 60 oC, sieved through 2 mm sieve and than ashed at 650 oC.

2.3 Determination of radionuclides by alpha spectrometric measurements
2.3.1 Plant and soil samples

Determination of 226Ra, 238U and 230Th radionuclides in plants and soils comprised radiochemical separation followed by alpha spectrometric measurement. About 0.5 g of ashed samples, together with 2 g of Na2O2 and 2 g of Na2CO3, were melted at 900 oC to get the alkaline melt. The radiotracers 133Ba for 226Ra, 232U for 238U and 229Th for 230Th were added after melting for recovery determination. Then, the dedicated procedures for U, Th and Ra determination were followed, as described by Štrok et al. [12].
2.3.2 Water samples

Procedures for 226Ra, 238U and 230Th determination in seepage tailings waters were adopted from the literature [13, 14] and modified by Štrok et al [12].

2.3.3 Measurement of activity concentrations
The activity concentrations of 238U, 226Ra and 230Th were measured by an alpha spectrometer (Alpha-Analyst – Canberra) equipped with PIPS semiconductor detectors having efficiency of 28 %. The calibration was done with electroplated certified standard sources containing 239Pu, 238U, 234U and 241Am. The measurements were validated by participation in interlaboratory comparisons and proficiency tests organised by the International Atomic Energy Agency, Austria, the Institute for Reference Materials and Measurements, Belgium, and the National Physical Laboratory, UK. The results were in all cases satisfactory. The alpha spectrometric results were also crosschecked with gamma spectrometric measurements wherever possible. Detection limits for plants depended on the sample quantity and were in the range from 0.01 to 0.40 Bq kg-1 d.w. for 226Ra, from 0.01 to 0.17 Bq kg-1 d.w. for 238U and from 0.01 to 0.12 Bq kg-1 d.w. for 230Th.
2.4 Complementary determinations
Organic matter content, clay content, pH value, exchangeable cations, available phosphorus and potassium, and CEC of soils were assayed in the Centre for Pedology of the Agronomy Department, Biotechnical faculty, University of Ljubljana. For these determinations, the standard ISO recommended procedures were applied.
The macro elements K, Ca and Mg in plants were determined by neutron activation analysis [15].
2.5 Transfer factors

Transfer factor or transfer coefficient is the ratio between activity concentration in a plant (Bq kg-1 d.w. of a plant) and activity concentration in soil (Bq kg-1 d.w. of soil) and is used as a parameter for describing accumulation of radionuclides [10]. Transfer factors were calculated as ratio of activity concentration in pooled plant samples (about 50 plants) and average activity concentration in soil.

3 RESULTS AND DISCUSSION

3.1 Radionuclides in the contaminated marsh soil
Relatively higher activity concentrations in the contaminated marsh soil are attributed to permanent flooding of marsh by contaminated seepage tailings waters from the tailings pile. This hypothesis can reasonably be confirmed by relatively high activity concentrations, in particular 238U and 226Ra, as shown in Table 1. Activity concentrations of 238U, 230Th and 226Ra in the marsh soil taken at the two microlocations are quite different and were 320 ± 60 and 450 ± 90 Bq kg-1 d.w., respectively for 238U, 160 ± 30 and 1650 ± 350 Bq kg-1 d.w., respectively for 226Ra, and 120 ± 20 and 600 ± 120 Bq kg-1 d.w, respectively for 230Th. Soil characteristics were also different, especially pH value (4.2 and 6.5, respectively), organic matter content (24.1 and 8.0 %, respectively), clay content (25.2 and 12.0 %, respectively), CEC (45.2 and 26.9 mmol C+/100 g, respectively), available phosphorus (9.4 and 2.1 mg/100 g, respectively), available potassium (17.3 and 10.3 mg/100 g, respectively) and exchangeable calcium (8.2 and 19.0 mmol C+/100 g, respectively).
Table 1. Activity concentrations in the tailings seepage water (expanded uncertainties, k =2)
	Radionuclide
	a [Bq / m3]

	238U

230Th

226Ra
	8200 ± 758

1.1 ± 0.2

193 ± 14


Table 2. Activity concentrations (average and range) in two contaminated marsh soil samples
	Radionuclide
	Average

a [Bq kg-1 d.w.]
	Range
[Bq kg-1 d.w.]

	238U

226Ra

230Th
	385
900
360
	320 – 450
160 – 1650
120 – 600


3.2 Radionuclides in the plants 

Activity concentrations of 238U, 230Th and 226Ra in plants from the contaminated marsh were evidently higher compared to the control plants (Table 3).
Table 3. Activity concentrations in plants (pooled samples, about 50 plants) from the contaminated and control sites (expanded uncertainties, k =2)

	Contaminated site

	Bq kg-1 d.w.
	Caltha palustris-leaves
	Caltha palustris-stems
	Juncus effusus
	Molinia

arundinacea

	238U
	1.9 ± 0.3
	3.9 ± 0.8
	7.8 ± 0.6
	2.9 ± 0.4

	226Ra
	12.4 ± 1.1
	34 ± 3
	70 ± 7
	40 ± 3

	230Th
	6.6 ± 0.7
	7.9 ± 0.9
	3.8 ± 0.4
	1.1 ± 0.2

	Control site

	238U
	0.6 ± 0.2
	0.4 ± 0.1
	1.0 ± 0.2
	0.10 ± 0.04

	226Ra
	2.0 ± 0.3
	4.4 ± 0.6
	2.0 ± 0.2
	1.0 ± 0.1

	230Th
	2.2 ± 0.2
	1.5 ±0.3
	1.0 ± 0.1
	0.40 ± 0.04


3.2.1 226Ra in plants
The highest activity concentration of 226Ra (35 times higher compared to the control site) was found in Juncus effusus (Table 3) which resulted in the highest transfer factor calculated for this plant (Table 4). It should be mentioned, however, that the metal accumulation capacity for Juncus effusus was proved in several studies [16-18]. It is interesting that in Caltha palustris the 226Ra activity concentration was almost three times higher in stems than in leaves (Figure 3). This fact could be attributed to higher content of Ca in leaves and lower content of Ca in stems of the same plant (Figure 4), as reported in several studies [11, 19, 20]. 226Ra activity concentration in Molinia arundinacea was 40 times higher compared to the control site (Table 3) and could be affected by Ca content in shoots [10]. Transfer factor for this grass species (Table 4) is comparable to the literature data for grasses [21]. Soil-to-plant transfer factors increase in the following order: Caltha palustris< Molinia arundinacea < Juncus effusus (Table 4).
3.2.2 238U in plants

Relatively low content of U in soil resulted in low activity concentrations of 238U in all three plant species. Transfer factor was the highest for Juncus effusus which could be explained by its ability to accumulate toxic metals. Soil-to-plant transfer factors increase in the following order: Molinia arundinacea = Caltha palustris< Juncus effusus (Table 4).
3.2.3 230Th in plants

The lowest activity concentration of 230Th was found in Molinia arundinacea which is probably related to low thorium mobility in soil [8] and metal-excluding mechanism as known for several grass species growing on metalliferous or metal-contaminated soil [22, 23]. Transfer factor for Molinia arundinacea is in the same range as found in the literature for grasses [21]. Soil-to-plant transfer factors increase in the following order: Molinia arundinacea<Juncus effusus<Caltha palustris (Table 4).
Table 4. Transfer factors of plants (pooled samples, about 50 plants) from the contaminated site (Activity concentration in C. palustris, used for TF calculation is an average of activity concentration in stems and leaves)

	Contaminated site

	TF, 

kg kg-1
	Caltha palustris 
	Juncus effusus
	Molinia

arundinacea

	238U
	0.008
	0.020
	0.008

	226Ra
	0.026
	0.078
	0.044

	230Th
	0.020
	0.011
	0.003


One should also consider probability for the contamination of plants due to soil resuspension as result of wind blowing. However, in our specific case this was less probable due to the coverage of the tailings pile with a thick layer of non-contaminated soil and dense vegetation of trees around the marsh. So the root uptake of 238U, 230Th and 226Ra remains the only reliable explanation for the elevated activity concentrations observed in the studied area.

There is a need for further studies on transfer factors for the three radionuclides in the studied plants, as there is a general lack of relevant data. This is particularly needed for 226Ra and 238U in Caltha palustris, and 230Th in all studied plants.
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Figure 3. 226Ra activity concentrations (Bq kg-1 d.w.) in leaves and stems of Caltha palustris from contaminated and control sites
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Figure 4. Calcium content (mg kg-1 d.w.) in leaves and stems of Caltha palustris from contaminated and control sites
4 CONCLUSIONS

Seepage tailings waters contribute to increased activity concentrations of uranium, radium and thorium in plants (J. effusus, C. palustris, M. arundinacea) from contaminated marsh at the studied area, but this does not pose risk to the environment as the content of radionuclides in the tested plants is nevertheless relatively low. The obtained results show the highest 226Ra and the lowest 230Th activity concentrations in all three plant species. This is comparable to the literature data for other plants and is probably consequence of higher radium mobility in the soil and low thorium mobility due to strong binding capacity. Activity concentrations were different for each plant species. The influence of calcium content on radium activity concentration in plants was observed in Caltha palustris, but further investigation is required to appropriately evaluate this phenomenon. Further studies should also be carried out for Juncus effusus, which is already known to accumulate toxic metals, and for the less investigated Molinia arundinacea. It would be interesting to include Juncus effusus as a biomonitor of water contamination around the former uranium mine due to its potential accumulation ability. As the flow of mine waters through the Boršt tailings site is expected to be relatively constant also in the future, the dispersion of uranium and its decay products within the nearby waters could thus be bio-monitored. In the future, similar investigations should be focused on radium screening in other plants from the area around the former uranium mine at Žirovski vrh in Slovenia.
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