Natural radionuclides in sediments and rocks from Adriatic Sea
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Abstract

During the International Scientific Cruise to Adriatic and Ionian Seas organised by the International Atomic Energy Agency (IAEA), sediment and rock samples were collected. Sediments were sampled with grab corer at six locations in the Southeast Adriatic Sea. Rocks were collected on three islets in the Adriatic Sea. In the samples, natural radionuclides 238U, 234U, 232Th, 230Th, 226Ra and 210Pb were determined. After sampling and sample preparation, radiochemical separation procedures were applied. Then the samples were measured by alpha spectrometry system equipped with PIPS (Passivated implanted planar silicon) detectors or by low background gas-flow proportional counter. Activity concentrations of natural radionuclides in samples were from 6.2 – 27.0 Bq/kg for 238U, from 7.9 – 28.1 Bq/kg for 234U, from 1.6 – 31.9 Bq/kg for 232Th, from 9.7 – 42.0 Bq/kg for 230Th, from 8.3 – 45.7 Bq/kg for 226Ra and from 3.0 – 113.4 for 210Pb. The obtained values are discussed in detail and compared with results of similar investigations carried out elsewhere.
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Introduction

Natural radionuclides enter marine environment mainly through the global atmospheric deposition of aerosols and gases, through release from the earth crust material and through the riverine input. After that the radionuclides are subjected to the different biogeochemical reactions (dissolution, hydrolysis, complexation, sorption/desorption, coprecipitation, speciation) [1].

The most important factor for the radionuclide transport within the sea body is its distribution between the solid and liquid phase. 238U, 234U and 226Ra, which remain mostly in the liquid phase, are transported mainly by advection and dispersion. Because of very slow transport to the deeper layers, these radionuclides can remain in the water body for many years and are slowly removed into the sediments [1].

On the other hand, 232Th, 230Th and 210Pb are present in the marine environment mostly in the suspended matter. The most important process for their transport, beside advection and dispersion, is sedimentation. Radionuclides associated with larger particles are rapidly removed from the water column, but others, which are associated with colloids, can be present for longer time in the water column [1].

In the marine environment, radionuclide concentration in sediments can vary substantially, depending on the geological composition of the sediment, sedimentation rates, adsorption and desorption processes, etc. As far as it is known to the authors, natural radionuclide contents in sediments in the area of Southeast Adriatic Sea have not yet been determined. Therefore, the aim of this work was to provide basic information on natural radionuclide content in sediments in this area. In addition, natural radionuclides content in rocks from two small unpopulated volcanic islets Brusnik and Jabuka and one dolomite islet Palagruža, situated in the Southeast Adriatic Sea, were also determined.
Experimental

Sampling and sample preparation

Sampling was carried out during the International Scientific Cruise to Adriatic and Ionian Seas in the autumn in 2007, which was organised by the International Atomic Energy Agency (IAEA). Sediment was sampled with grab corer at six locations and rocks were randomly collected on the three islets (Palagruža, Brusnik and Jabuka). Sampling locations are shown in Fig. 1. Sediment sampling locations 1 and 2 are lying in the South Adriatic Pit, 3 is near to the islet Palagruža, 4 is in the gulf of city Vis, 5 near to the Albanian coast and 6 near the islet Brusnik. Rocks sampling location 7 is islet Palagruža, 8 islet Brusnik and 9 islet Jabuka. Islets Brusnik (area 0.049 km2, 23 m above sea level) and Jabuka (area 0.023 km2, 97 m above sea level) are small, unpopulated islets volcanic origin. On the other hand, islet Palagruža (area 0.286 km2, 92 m above sea level) consists of the dolomite rocks and is populated only with lighthouse keepers. Sampling coordinates and sampling depths for the sediment samples are presented in Table 1. Sediment sampling depth varied from 37 m for the sediment collected in the gulf of city Vis to 1041 m for the sediment collected in the South Adriatic Pit.
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Figure 1 Sediments (1 - 6) and rocks (7 - 9) sampling locations

Table 1 Sampling locations with sampling coordinates and sampling depth, where applicable

	Location
	Sample
	Depth (m)
	Latitude
	Longitude

	1
	sediment
	1041
	42°20'20.77"N
	17°47'18.21"E

	2
	sediment
	1030
	42°20'44.70"N
	17°44'49.09"E

	3
	sediment
	170
	42°28'34.86"N
	16°11'27.09"E

	4
	sediment
	37
	43°03'55.41"N
	16°11'56.59"E

	5
	sediment
	87
	41°17'21.40"N
	19°12'50.27"E

	6
	sediment
	71
	43°01'00.31"N
	15°48'05.59"E

	7
	rock
	/
	42°23'30.30"N
	16°15'49.88"E

	8
	rock
	/
	43°00'21.75"N
	15°48'03.54"E

	9
	rock
	/
	43°04'27.42"N
	15°27'21.05"E


After the sampling, sediment samples were sealed in plastic bags and frozen until end of the cruise. After that, the samples were prepared according to the ISO 11464 [2].
Radiochemical separation of uranium, thorium and radium

Radiochemical separation of U, Th and Ra was the same for sediment and rock samples. 226Ra was separated using principles described by Lozano et al. [3]. Uranium and thorium isotopes were separated on TEVA and UTEVA separation columns.
The sample was ashed for 5 h at 650 °C and afterwards digested using the principles described by Jia et al. [4] and Sill [5]. 0.5 g of ash was melted together with 2 g of Na2CO3 and 2 g of Na2O2 in furnace at 900 °C. Then 232U, 229Th and 133Ba tracers were added. This was then dissolved with addition of 4 mL of conc. HNO3, and transferred into a Teflon beaker. To the sample, 5 mL conc. HCl, 5 mL conc. HNO3, 5 mL conc. HF and 5 mL H2O2 were added and evaporated until incipient dryness. This procedure was repeated three times to remove silicates. Afterwards, 8 mL of conc. H2SO4 was added and evaporated until incipient dryness.
After final evaporation, ammonia solution was added until alkaline pH was achieved. Radionuclides were co-precipitated with Fe(OH)3 by addition of ten drops of 5 mg/mL Fe3+ solution. After 30 min, the sample was centrifuged for 10 min at 3000 rpm. Solution was decanted and precipitate washed and again centrifuged. This was repeated until neutral pH was achieved. After that, the precipitate was dissolved with 10 mL of 3 M HNO3 / 1 M Al(NO3)3 and solution was transferred onto a TEVA separation column, which was previously conditioned with 5 mL of 3 M HNO3. The eluates were collected in centrifuge tubes. The centrifuge tube was rinsed with 5 mL of 2.5 M HNO3 and again processed through the column. Finally, the column was washed with 30 mL of 2.5 M HNO3 and the eluates retained for further purification on the UTEVA separation column. Thorium was eluted from the TEVA column with consecutive additions of 20 mL 9 M HCl and 5 mL of 6 M HCl and the eluate collected in a centrifuge tube.

The uranium and radium-containing eluate, which was left from the separation on TEVA column, was transferred onto the UTEVA separation column that was previously conditioned with 5 mL of 3 M HNO3. The centrifuge tube in which was uranium and radium-containing eluate was rinsed with 5 mL of 3 M HNO3 and processed through the column. Then the column was rinsed with addition of 5 mL of 3 M HNO3. Radium-containing eluates were retained for further purification. UTEVA separation column was rinsed with consecutive additions of 5 mL of 9 M HCl and 20 mL of 5 M HCl / 0.05 M oxalic acid. These two eluates were discarded and uranium finally eluted with 15 mL of 1 M HCl.

Radium and barium were co-precipitated from the radium-containing eluate with PbSO4 with addition of 1 mL conc. H2SO4 and 1 mL of Pb(NO3)2 (50 mg/mL Pb2+). After 30 min, the sample was centrifuged for 10 min at 3000 rpm. Precipitate was washed to remove excess H2SO4 and again centrifuged. This was repeated until neutral pH was achieved. Then the precipitate was dissolved with addition of 4 mL 0.1 M EDTA / 0.5 M NaOH. Then Ba(Ra)SO4 precipitate was formed with consecutive addition of 0.3 mL of Ba carrier (0.3 mg/mL Ba2+), one drop of pH 0–5 indicator, 1 mL of 1:1 acetic acid, 4 mL of saturated Na2SO4 and 0.3 mL of 0.125 mg/mL BaSO4 substrate. After 30 min, the solution was filtered through the 0.1 µm filter, which was washed three times with water. The filter was then dried and mounted on a stainless steel disc and again dried.

Thorium was micro-precipitated from the thorium-containing eluate with addition of 0.1 mL of 0.5 mg/mL Nd3+ and 1 mL of concentrated HF. Uranium was micro-precipitated from the uranium-containing eluate with addition of 0.1 mL 0.5 mg/mL Nd3+, 10 drops of 15 % TiCl3 and 1 mL of concentrated HF. Both thorium and uranium microprecipitates were placed prior to filtration for 30 min into an ice bath. Filtration was carried out through the 0.1 µm filter that was previously rinsed twice with 5 mL of 10 µm/mL NdF3 substrate solution. The centrifuge tube was rinsed twice with 2 mL of 0.58 M HF and twice with water. Finally, the filter was mounted on a stainless steel disc and dried.
Radiochemical separation of 210Pb

Known amount of Pb2+ carrier was added to the 2 g of sediment or rock sample 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. This was followed with 1 h digestion at 200 °C. Then 10 mL of H2O2 were added and sample filtered through the black ribbon filter. Filter with the undissolved sample was again digested following the same procedure. The sample was again filtered through the black ribbon filter. Both filtrates were combined and evaporated at 100 °C until dryness. Then 4 mL of conc. HCl was added and the sample again evaporated. This was repeated one more time.

210Pb was separated from the other radionuclides using procedure described by Vreček et al. [6]. Eichrom Sr Resin column was conditioned with 100 mL of 2 M HCl. Sample was dissolved with 40 mL of 2 M HCl and poured through the column. Then the column was washed with consecutive additions of 90 mL of 2 M HCl and 60 mL of 6 M HNO3. Finally, 210Pb was eluted with 90 mL of 6 M HCl. Eluate was dried until dryness at 100 °C and dissolved in 15 mL of water. Then the sample was filtered through black ribbon filter and 2 mL of conc. H2SO4 was added to the filtrate to precipitate PbSO4. After 30 min, sample was centrifuged for 10 min at 3000 rpm. Supernatant was decanted and precipitate washed until neutral pH was achieved. Then the precipitate was transferred onto planchet and dried. Dried counting source was weighed to determine chemical recovery.
Measurements
238U, 234U, 232Th, 230Th and 226Ra were measured on an alpha spectrometry system equipped with PIPS detectors (Alpha Analyst, Canberra), which was calibrated with mixed alpha certified standard with activity traceable to SI units. Chemical recoveries for uranium and thorium were determined by the same system and Chemical recoveries for 226Ra were determined via measurements of 133Ba on a gamma-ray spectrometer consisting of HP Ge detector connected to a multichannel analyser (Spectrum Master 919, Ortec). 133Ba activity was determined relative to the 133Ba certified standard solution with activity traceable to SI units, which was evaporated on Al disc to get the same geometries. Detection limits for 238U, 234U, 232Th, 230Th and 226Ra were about 0.4 Bq/kg.

210Pb was measured onto low background gas-flow proportional counter which was calibrated to allow corrections due to in-growth of 210Bi and different self-absorptions for samples with different chemical recovery [7]. Detection limit for 210Pb was about 2 Bq/kg.

All tracers used were prepared from certified standard radioactive solutions with activities traceable to SI units; also blanks and reagent blanks were analysed. For the validation purposes the IAEA (International Atomic Energy Agency) 300 Baltic Sea sediment reference material was analysed.
Results and discussion

Results for 238U and 234U are presented in Fig. 2. Activity concentrations in sediments were from 6.2 – 27.0 Bq/kg for 238U and from 7.9 – 28.1 Bq/kg for 234U. From the Fig. 2 it is evident that differences between both radionuclides are within measurement uncertainties. The highest value for both radionuclides was found in the gulf of city Vis (loc. 4) and the lowest near to the islet Brusnik (loc. 6). 

Activity concentrations in rocks were from 11.7 – 18.2 Bq/kg for 238U and from 12.8 – 21.9 Bq/kg for 234U. The highest value was found in rocks from islet Palagruža and the lowest in rocks from islet Brusnik. Comparing these values with the values for sediment we can conclude that there are no significant differences between them. 
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Figure 2 238U and 234U in sediments (loc. 1-6) and rocks (loc. 7-9)
Similar as for uranium isotopes, Fig. 3 shows results for 232Th and 230Th. In sediments, activity concentrations vary from 6.1 – 31.9 Bq/kg for 232Th and from 9.7 – 42.0 Bq/kg for 230Th. 232Th and 230Th are not from the same decay chains, therefore differences in activity concentrations of both radionuclides can be expected. The most obvious case is loc. 4 (gulf of city Vis) with 232Th / 230Th ratio 0.31. In the other sediment samples this ratio is from 0.63 – 0.92. While the distribution pattern among different sediment samples for 230Th follows that of uranium (i.e. the highest value found in loc. 4 and the lowest in loc. 6), this is not true for 232Th with the highest values found in locs. 1 – 3 and the lowest in loc. 6. 

In the rock samples, 232Th / 230Th ratios vary even more and are in the range from 0.13 for rocks from the islet Palagruža up to 1.10 for rocks from the islet Jabuka. Activity concentrations in rocks for both radionuclides are in general lower than those in sediments and are in the range from 1.6 – 18.7 Bq/kg for 232Th and from 12.6 – 18.3 for 230Th. 
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Figure 3 232Th and 230Th in sediments (loc. 1-6) and rocks (loc. 7-9)
Activity concentrations of 226Ra in the sediments were in the range from 9.6 – 45.7 Bq/kg (Fig. 4). The highest value was found in the sediment collected near to the islet Palagruža (loc. 3) and the lowest near to the islet Brusnik (loc. 6).

In the rock samples, acitivity concentrations of 226Ra were from 8.3 – 20.9 Bq/kg with the highest value found on the islet Jabuka (loc. 9) and the lowest on the islet Palagruža (loc. 7)
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Figure 4 226Ra in sediments (loc. 1-6) and rocks (loc. 7-9)
In the sediments, activity concentration of 210Pb was in the range from 55.7 – 113.4 Bq/kg. The highest value was found near to the islet Palagruža (loc. 3) and the lowest in the gulf of city Vis.

Activity concentrations of 210Pb in the rocks are 6 to 37 times lower than those in sediments and are in the range from 3.0 – 9.2 Bq/kg. The lowest value was found on the islet Brusnik (loc. 8) and the highest on the islet Jabuka (loc. 9).
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Figure 5 210Pb in sediments (loc. 1-6) and rocks (loc. 7-9)
Comparison of all radionuclides shows that the highest values in the sediment samples were determined for 210Pb with about 1.5 to 8 times higher activity concentrations than those for the other radionuclides. Differences in activity concentrations among the radionuclides are much smaller. Reason for that is global atmospheric deposition of 210Pb due to atmospheric 222Rn decay and the fact that 210Pb is slowly sorbed on suspended matter in the seawater. Consequently, 210Pb is removed faster from the water column to the sediments. Situation in rock samples is opposite; 210Pb activity concentrations are, with one exception (232Th at loc. 7), lower than those for the other analysed radionuclides. The reason for that is 222Rn exhalation from the surface rocks and consequently reduced activity concentration of 210Pb.

In Table 2, results from this study are compared with other similar studies dealing with natural radionuclides in marine sediments. Except for 238U in Aegean Sea, which are higher, the activity concentrations are comparable with those found in our study. Similar as for 238U, it can be concluded also for 232Th. All presented results from other studies in Table 2 for 234U are comparable with those found in our study. For 230Th, about 30 times higher values were found in the Northwest Pacific Ocean and the West Caroline Basin and about 4 times lower in the Red Sea than those found in our study. Similar as for 230Th, also for 226Ra and 210Pb reported values from the Northwest Pacific Ocean and the West Caroline Basin are higher than those found in our study, but the results from other studies are in better agreement.

IAEA 300 Baltic Sea sediment reference material was also analysed and results are shown in Table 2. It is evident that for all radionuclides, except for 226Ra, results are in good agreement with 95 % confidence interval.

Results in rock samples are in general comparable with results determined by gamma spectrometry [13].
Table 2 Natural radionuclide activity concentrations in sediments in different studies and analysis of IAEA 300 sediment reference material (SE = Southeast, NE = Northeast, NW = Northwest, W = west)
	Location
	Activity concentration (Bq/kg)

	
	238U
	234U
	232Th
	230Th
	226Ra
	210Pb

	SE Adriatic Sea (this work)
	6.2 – 27.0
	7.9 – 28.1
	6.1 – 31.9
	9.7 – 42.0
	9.6 – 45.7
	55.7 – 113.4

	NE Adriatic Sea, gulf of Piran [8]
	18
	
	
	
	23
	71

	Aegean Sea, Milos Island [9]
	29 - 110
	
	19 – 88
	
	19 – 81
	

	Red Sea, Sudan [10]
	6.5 – 53.0
	7.1 – 62.0
	0.22 – 19.3
	1.5 – 14.2
	2.4 – 59.9
	

	Ghazaouet, Algerian west coasta [11]
	23.1
	22.6
	28.6 – 30.8
	19.6 – 22.4
	74 – 128
	60 – 131

	NW Pacific Ocean, W Caroline Basinb [12]
	11.6 – 24.9
	
	25.3 – 44.5
	297 – 1263
	155 – 825
	344 – 667

	
	
	
	
	
	
	

	IAEA 300 (95 % confidence interval)
	61.0 – 68.7
	64 – 74
	68.5 – 77.6
	75 – 99
	54.4 – 60.2
	339 – 395

	Our results
	68 ± 3
	67 ± 4
	64 ± 4
	100 ± 5
	84 ± 5
	384 ± 17


a results are reported as Bq/kg ash
b results are average values for the sediment cores for depth 0 – 10 cm
Conclusion

Determined natural radionuclide activity concentrations in sediments are comparable with other reported values from the Mediterranean Sea. The highest activity concentrations in sediments were determined for 210Pb (up to 113.4 Bq/kg). Other natural radionuclides have similar activity concentrations (6.1 – 45.7 Bq/kg). Higher 210Pb activity concentrations are associated with the global atmospheric deposition of 210Pb. Situation in the rock samples is opposite (low 210Pb activity concentration compared to other radionuclides). Reason for reduced 210Pb activity concentrations is attributed to 222Rn loss by emanation.
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