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                    Abstract
This work provides the first results on activity concentrations, inventories and activity ratios of the artificial and natural fallout (137Cs, 238Pu, 239+240Pu, 241Am, 210Pb) and lithogenic radionuclides (226Ra, 228Ra, 40K) in soils and lake sediments of the inland Spitsbergen. The depths of activity peaks of the artificial radionuclides point to accumulation of up to 10 cm thick deposits during last 50 years. The activity ratios of the radionuclides suggest global fallout as their source. Despite low annual precipitation the inventories of fallout radionuclides in sites not affected by the secondary deposition agree with those reported from the more humid areas of Spitsbergen.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1


Fig. 2


Fig. 3


Fig. 4



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Concentrations of Radionuclides (226Ra, 232Th, 40K, and 137Cs) in Chernozems of Volgograd Oblast Sampled in Different Years
                                        
                                    

                                    
                                        Article
                                        
                                         01 December 2017
                                    

                                

                                B. F. Aparin, E. V. Mingareeva, … E. Yu. Sukhacheva

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Terrestrial and fallout radionuclide fingerprints of sediments from highway stormwater retention ponds
                                        
                                    

                                    
                                        Article
                                        
                                         27 June 2017
                                    

                                

                                Ferat Shala, Merita Kaçeli Xhixha, … Manjola Shyti

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Sources and pathways of artificial radionuclides to soils at a High Arctic site
                                        
                                    

                                    
                                        Article
                                         Open access
                                         20 June 2014
                                    

                                

                                E. Łokas, P. Bartmiński, … J. Środoń

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Baskaran M (2005) Interaction of sea ice sediments and surface sea water in the Arctic Ocean: evidence from excess 210Pb. Geophys Res Lett 32(12):1–4
Article 
    
                    Google Scholar 
                

	Masque P, Cochran JK, Hirschberg DJ, Dethleff D, Hebbeln D, Winkler A, Pfirman S (2007) Radionuclides in Arctic sea ice: tracers of sources, fates and ice transit time scales. Deep-Sea Res I. 54:1289–1310
Article 
    
                    Google Scholar 
                

	Cámara-Mor P, Masqué P, Garcia-Orellana J, Cochran JK, Mas JL, Chamizo E, Hanfland C (2010) Arctic Ocean sea ice drift origin derived from artificial radionuclides. Sci Total Environ 408:3349–3358
Article 
    
                    Google Scholar 
                

	Karcher M, Harms I, Standring WJF, Dowdall M, Strand P (2010) On the potential for climate change impacts on marine anthropogenic radioactivity in the Arctic regions. Mar Pollut Bull 60(8):1151–1159
Article 
    CAS 
    
                    Google Scholar 
                

	Zaborska A, Mietelski JW, Carroll J, Papucci C, Pempkowiak J (2010) Sources and distributions of 137Cs, 238Pu, 239,240Pu radionuclides in the north-western Barents Sea. J Environ Radioact 101:323–331
Article 
    CAS 
    
                    Google Scholar 
                

	AMAP (2004) Assessment 2002: radioactivity in the Arctic. Arctic Monitoring and Assessment Programme (AMAP). Oslo

	Dowdall M, Gwynn JP, Moran C, Davids C, O’Dea J, Lind B (2005) Organic soil as a radionuclide sink in a high Arctic environment. J Radioanal Nucl Chem 266:217–223
Article 
    CAS 
    
                    Google Scholar 
                

	Łokas E, Mietelski JW, Ketterer ME, Kleszcz K, Wachniew P, Michalska S, Miecznik M (2013) Sources and vertical distribution of Cs-137, Pu-238, Pu239 + 240 and Am-241 in peat profiles from southwest Spitsbergen. Appl Geochem 28:100–108
Article 
    
                    Google Scholar 
                

	Łokas E, Bartmiński P, Wachniew P, Mietelski JW, Kawiak T, Środoń J (2014) Sources and pathways of artificial radionuclides to soils at a high Arctic site. Environ Sci Pollut Res 21:12479–12493
Article 
    
                    Google Scholar 
                

	Turetsky MR, Manning SW, Wieder RK (2004) Dating recent peat deposits. Wetlands. 24(2):324–356
Article 
    
                    Google Scholar 
                

	Parry LE, Charman DJ, Blake WH (2013) Comparative dating of recent peat deposits using natural and anthropogenic fallout radionuclides and spheroidal carbonaceous particles (SCPs) at a local and landscape scale. Quat Geochronol 15:11–19
Article 
    
                    Google Scholar 
                

	Rose NL, Morley D, Appleby PG, Battarbee RW, Alliksaar T, Guilizzoni P, Jeppesen E, Korhola A, Punning JM (2011) Sediment accumulation rates in European lakes since AD 1850: trends, reference conditions and exceedence. J Paleolimnol 45(4):447–468
Article 
    
                    Google Scholar 
                

	Zapata F (2003) The use of environmental radionuclides as tracers in soil erosion and sedimentation investigations: recent advances and future developments. Soil Tillage Res. 69(1–2):3–13
Article 
    
                    Google Scholar 
                

	Mabit L, Benmansour M, Walling DE (2008) Comparative advantages and limitations of the fallout radionuclides 137Cs, 210Pbex and 7Be for assessing soil erosion and sedimentation. J Environ Radioact 99:1799–1807
Article 
    CAS 
    
                    Google Scholar 
                

	Matisoff G (2014) 210Pb as a tracer of soil erosion, sediment source area identification and particle transport in the terrestrial environment. J Environ Radioact 138:343–354
Article 
    CAS 
    
                    Google Scholar 
                

	Zb Zwoliński, Mazurek M, Paluszkiewicz R, Rachlewicz G (2008) The matter fluxes in the geoecosystem of small tundra lakes, Petuniabukta coast, Billefjorden, Central Spitsbergen. W: sedimentary source-to-sink-fluxes and sediment budgets in changing cold environments. Zeit Geomorph NF 52(Suppl. 1):79–101

                    Google Scholar 
                

	Rachlewicz G, Zwoliński Z, Kostrzewski A (2013) Geographical environment in the vicinity of the Adam Mickiewicz University in Poznań Polar Station-Petuniabucta. In: Zwoliński Z, Kostrzewski A, Pulina M (eds) Ancient and modern geoecosystems of Spitsbergen Zb. Bogucki Wydawnictwo Naukowe, Poznań, pp 205–243

                    Google Scholar 
                

	Dallmann WK, Pipejohnm K and Blomeierm D (2004) Geological map of Billefjorden, Central Spitsbergen, Svalbard with geological excursion guide 1:50,000. Norsk Polarinstitutt Tematkart Nr 36

	Przybylak R, Araźny A, Nordli Ø, Finkelnburg R, Kejna M, Budzik T, Migała K, Sikora S, Puczko D, Rymer K, Rachlewicz G (2014) Spatial distribution of air temperature on Svalbard during 1 year with campaign measurements. Int J Climatol 34:3702–3719
Article 
    
                    Google Scholar 
                

	Małecki J (2013) Elevation and volume changes of seven Dickson Land glaciers, Svalbard, 1960–1990–2009. Polar Res 32:18400

                    Google Scholar 
                

	Zwolinski Z, Rachlewicz G, Mazurek M, Paluszkiewicz R (2007) The geoecological model for small tundra lakes, Spitsbergen. Landf Anal 5:113–118

                    Google Scholar 
                

	Long AJ, Strzelecki MC, Lloyd JM, Bryant C (2012) Dating high Arctic Holocene relative sea level changes using juvenile articulated marine shells in raised beaches. Quat Sci Rev. 48:61–66
Article 
    
                    Google Scholar 
                

	Salvigsen O (1984) Occurrence of pumice on raised beaches and Holocene shoreline displacement in the inner Isfjorden area, Svalbard. Polar Res 2:107–113
Article 
    
                    Google Scholar 
                

	Lityński T, Jurkowska H, Gorlach E (1976) Chemico-agricultural analyzes, soil and fertilizers. PWN, Warszawa (in Polish)
                        

                    Google Scholar 
                

	Łokas E, Mietelski JW, Kleszcz K, Tomankiewicz E (2010) A sequential procedure for determining Pu-238, Pu239 + 240, Am-241, Sr-90, U and Th activities in soils and peats from Spitsbergen. Nukleonika 55(2):195–199

                    Google Scholar 
                

	Von Gunten HR, Surbeck H, Rössler E (1996) Uranium series disequilibrium and high thorium and radium enrichments in karst formations. Environ Sci Technol 30(4):1268–1274
Article 
    
                    Google Scholar 
                

	Gwynn JP, Dowdall M, Davids C, Selnćs ŘG, Lind B (2004) The radiological environment of Svalbard. Polar Res 23:167–180
Article 
    
                    Google Scholar 
                

	Greeman DJ, Rose AW, Washington JW, Dobos RR, Ciolkosz EJ (1999) Geochemistry of radium in soils of the Eastern United States. Appl Geochem 14(3):365–385
Article 
    CAS 
    
                    Google Scholar 
                

	UNSCEAR (2000) Sources and effects of ionizing radiation, vol 1.United Nations Scientific Committee on the Effects of Atomic Radiation, New York

	Appleby PG (2004) Environmental change and atmospheric contamination on Svalbard: sediment chronology. J. Paleolimn. 31:433–443
Article 
    
                    Google Scholar 
                

	Hardy EP, Krey PW, Wolchok HL (1973) Global inventory and distribution of fallout plutonium. Nature 241:444–445
Article 
    CAS 
    
                    Google Scholar 
                

	Holm E, Persson BRR, Halstadius L, Aarkrog A, Dahlgaard H (1983) Radio-cesium and transuranium elements in the Greenland and Barenst Seas. Oceanol Acta 6:457–462
CAS 
    
                    Google Scholar 
                

	Mietelski JW, Olech MA, Sobiech-Matura K, Howard BJ, Gaca P, Zwolak M, Błażej S (2008) 137Cs, 40K, 238Pu, 239+240Pu and 90Sr in biological samples from King George Island (Southern Shetlands) in Antarctica. Polar Biol 31:1081–1089
Article 
    
                    Google Scholar 
                

	Baskaran M, Asbill S, Santschi P, Brooks J, Champ M, Adkinson D, Colmer MR, Makeyev V (1996) Pu, 137Cs and excess 210Pb in Russian Arctic sediments. Earth Planet Sci Lett. 140(1–4):243–257
Article 
    CAS 
    
                    Google Scholar 
                

	Baskaran M, Asbill S, Santschi PH, Davis T, Brooks JM, Champ M, Makeyev V, Khlebovich V (1995) Distribution of 239,240Pu and 238Pu concentrations in sediments from the Ob and Yenisey Rivers and the Kara Sea. Appl Radiat Isot 46:1109–1119
Article 
    CAS 
    
                    Google Scholar 
                

	Mietelski JW, Wąs B (1995) Plutonium from chernobyl in Poland. Appl Radiat Isot 46(11):1203–1211
Article 
    CAS 
    
                    Google Scholar 
                

	Łokas E, Zaborska A, Kolicka M, Różycki M, Zawierucha K (2016) Accumulation of atmospheric radionuclides and heavy metals in cryoconite holes on an Arctic glacier. Chemosphere 160:162–172
Article 
    
                    Google Scholar 
                

	Beck HL, Krey PW (1983) Radiation exposure in Utah from Nevada nuclear tests. Science 220:18–24
Article 
    CAS 
    
                    Google Scholar 
                

	Gwynn JP, Dowdall M, Lind B (2005) Plutonium-238, 239,240Pu and 241Am in terrestrial matrices from Svalbard. In: Environmental radioactivity in the Arctic & Antarctic. Proceedings from The 6th International Conference 161–164

	Pennigton W, Cambray RS, Fisher EM (1973) Observations of lake sediments using fallout 137Cs as a tracer. Nature 242:324–326
Article 
    
                    Google Scholar 
                

	Appleby PG, Richardson N, Nolan PJ (1991) 241Am dating of lake sediments. Hydrobiologia 214:35–42
Article 
    CAS 
    
                    Google Scholar 
                

	Matishov GG, Matishov DG, Namjatov AA, Carroll J, Dahle S (1999) Anthropogenic radionuclides in Kola and Motovsky Bays of the Barents Sea, Russia. J Environ Radioact 43:77–88
Article 
    CAS 
    
                    Google Scholar 
                

	Smith JN, Ellis KM, Polyak L, Ivanov G, Forman SL, Moran SB (2000) 239,240Pu transport into the Arctic Ocean from underwater nuclear tests in Chernaya Bay, Novaya Zemlya. Cont Shelf Res 20(3):255–279
Article 
    
                    Google Scholar 
                

	Heldal HE, Varskog P, Føyn L (2002) Distribution of selected anthropogenic radionuclides (137Cs, 238Pu, 239,240Pu and 241Am) in marine sediments with emphasis on the spitsbergen-bear Island area. Sci Total Environ 293:233–245
Article 
    CAS 
    
                    Google Scholar 
                


Download references




Acknowledgments
This study was supported by the Foundation for Polish Science PARENT-BRIDGE Programme co-financed by the EU European Regional Development Fund and by the Polish Ministry of Science and Higher Education from the budgetary funds in years 2009–2011 (N525 461936).


Author information
Authors and Affiliations
	Institute of Nuclear Physics Polish Academy of Sciences, Radzikowskiego 152, Kraków, Poland
Edyta Łokas

	Institute of Geoecology and Geoinformation, Adam Mickiewicz University in Poznań, Dzięgielowa 27, 61-680, Poznań, Poland
Zbigniew Zwoliński & Grzegorz Rachlewicz

	Department of Soil Science and Soil Protection, University of Agriculture, Mickiewicza 21, 31-120, Kraków, Poland
Michał Gąsiorek

	AGH University of Science and Technology, Mickiewicza 30, 30-059, Kraków, Poland
Grzegorz Wilkosz & Krzysztof Samolej


Authors	Edyta ŁokasView author publications
You can also search for this author in
                        PubMed Google Scholar



	Zbigniew ZwolińskiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Grzegorz RachlewiczView author publications
You can also search for this author in
                        PubMed Google Scholar



	Michał GąsiorekView author publications
You can also search for this author in
                        PubMed Google Scholar



	Grzegorz WilkoszView author publications
You can also search for this author in
                        PubMed Google Scholar



	Krzysztof SamolejView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Edyta Łokas.


Electronic supplementary material

10967_2016_5085_MOESM1_ESM.docx
Table S1 Activity concentrations (Bq kg-1), inventories (Bq m-2), radionuclide activity ratios for all soil/lake samples. Supplementary material 1 (DOCX 39 kb)





Rights and permissions
Reprints and permissions


About this article
       



Cite this article
Łokas, E., Zwoliński, Z., Rachlewicz, G. et al. Distribution of anthropogenic and naturally occurring radionuclides in soils and lakes of Central Spitsbergen (Arctic).
                    J Radioanal Nucl Chem 311, 707–717 (2017). https://doi.org/10.1007/s10967-016-5085-x
Download citation
	Received: 21 July 2016

	Published: 27 October 2016

	Issue Date: January 2017

	DOI: https://doi.org/10.1007/s10967-016-5085-x


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	Artificial and natural radionuclides
	Soils
	Lakes
	Tundra
	Arctic








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					54.226.22.27
				

				Not affiliated

			

		
	
	
		
			
		
	
	© 2024 Springer Nature




	






    