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            Abstract
MORE than twenty years ago, Patterson and co-workers1 showed that evidence of lead concentrations in Greenland ice and snow had increased about 200-fold since ancient times. From their results, they concluded that more than 99% of this highly toxic metal in the global troposphere of the Northern Hemisphere originated from human activities in the mid 1960s—mainly from the use of alkyl-leaded petrol. At least in part because of this evidence, the United States and other countries limited the use of lead additives in petrol from about 1970. Here we report that, as a result of these policy initiatives, lead concentrations in Greenland snow have decreased by a factor of 7.5 over the past twenty years. We also show that over the same time period, cadmium and zinc concentrations have decreased by a factor of 2.5.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Subscribe to this journal
Receive 51 print issues and online access
$199.00 per year
only $3.90 per issue

Learn more


Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more


Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    
                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Black carbon footprint of human presence in Antarctica
                                        
                                    

                                    
                                        Article
                                         Open access
                                         22 February 2022
                                    

                                

                                Raúl R. Cordero, Edgardo Sepúlveda, … Gino Casassa

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Contaminant emissions as indicators of chemical elements in the snow along a latitudinal gradient in southern Andes
                                        
                                    

                                    
                                        Article
                                         Open access
                                         15 July 2021
                                    

                                

                                Jaime Pizarro, Pablo M. Vergara, … Steven Neshyba

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Elemental and Mineralogical Composition of the Western Andean Snow (18°S–41°S)
                                        
                                    

                                    
                                        Article
                                         Open access
                                         31 May 2019
                                    

                                

                                Juan A. Alfonso, Raul R. Cordero, … Choong-Min Kang

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Murozumi, M., Chow, T. J. & Patterson, C. C. Geochim. cosmochim. Acta 33, 1247–1294 (1969).
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Peel, D. A. in The Environmental Record in Glaciers and Ice Sheets (eds Oeschger, H. & Langway, C. C. Jr) 207–223 (Wiley, Chichester, 1989).

                    Google Scholar 
                

	Boutron, C. F. & Görlach, U. in Metal Speciation in the Environment (eds Broekaert, J. A. C., Gücer, S. & Adams, F.) 137–151 (Springer, Berlin, 1990).
Book 
    
                    Google Scholar 
                

	Wolff, E. W. Antarct. Sci. 2, 189–205 (1990).
ADS 
    
                    Google Scholar 
                

	Boutron, C. F. in National Perspectives on Global Metal Cycling (eds Hutchinson, T. C., Gordon, C. A. & Meema, K. ) 241–258 (Wiley Eastern, New Delhi, 1991).

                    Google Scholar 
                

	Boutron, C. F. Fresenius Z. analyt. Chem. 337, 482–491 (1990).
Article 
    CAS 
    
                    Google Scholar 
                

	Paulsen, P. J., Beary, E. S., Bushee, D. S. & Moody, J. R. Analyt. Chem. 60, 971–975 (1988).
Article 
    CAS 
    
                    Google Scholar 
                

	Görlach, U. & Boutron, C. F. J. atmos. Chem. (in the press).

	Görlach, U. & Boutron, C. F. Analyt. chim. Acta 236, 391–398 (1990).
Article 
    
                    Google Scholar 
                

	Apatin, V. M. et al. Spectrochim. Acta B44, 253–262 (1989).
Article 
    ADS 
    
                    Google Scholar 
                

	Bolshov, M. A. et al. Analyt. chim. Acta (in the press).

	Ng, A. & Patterson, C. C. Geochim. cosmochim. Acta 45, 2109–2121 (1981).
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Herron, M. M., Langway, C. C., Weiss, H. V. & Cragin, J. H. Geochim. cosmochim. Acta 41, 915–920 (1977).
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Boutron, C. F. Geochim. cosmochim. Acta 43, 1253–1258 (1979).
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Wolff, E. W. & Peel, D. A. Ann. Glaciol. 10, 193–197 (1988).
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Görlach, U. & Boutron, C. F. in Heavy Metals in the Environment (ed. Vernet, J. P.) 24–27 (Page, Norwich, 1989).

                    Google Scholar 
                

	Taylor, S. R. Geochim. cosmochim. Acta 28, 1273–1285 (1964).
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Bowen, H. J. M. Environmental Chemistry of the Elements (Academic, New York, 1979).

                    Google Scholar 
                

	Duce, R. A., Arimoto, R., Ray, B. J., Unni, C. K. & Harder, P. J. J. geophys. Res. 88, 5321–5342 (1983).
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Weisel, C. P., Duce, R. A., Fasching, J. L. & Heaton, R. W. J. geophys. Res. 89, 11607–11618 (1984).
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Nriagu, J. O. Nature 338, 47–49 (1989).
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Trefry, J. H., Metz, S., Trocine, R. P. & Nelsen, T. A. Science 230, 439–441 (1985).
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Boyle, E. A., Chapnick, S. D. & Shen, G. T. J. geophys. Res. 91, 8573–8593 (1986).
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Dörr, H., Münnich, K. O., Mangini, A. & Schmitz, W. Naturwissenschaften 77, 428–430 (1990).
Article 
    ADS 
    
                    Google Scholar 
                

	Nriagu, J. O. & Pacyna, J. M. Nature 333, 134–139 (1988).
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Pacyna, J. M. in Control and Fate of Atmospheric Trace Metals (eds Pacyna, J. M. & Ottar, B.) 15–31 (Kluwer, Dordrecht, 1989).

                    Google Scholar 
                

	Pacyna, J. M. Emission Factors of Atmospheric Cd, Pb and Zn for Major Sources Categories in Europe in 1950 through 1985. Rep. OR 30–91 (Norwegian Institute for Air Research, Lillestrøm, 1991).


Download references




Author information
Authors and Affiliations
	Laboratoire de Glaciologie et Géophysique de I'Environnement du CNRS, Domaine Universitaire, 54 rue Molière, BP 96., 38402, St Martin d'Hères cedex, France
Claude F. Boutron, Ursula Görlach, Jean-Pierre Candelone & Robert J. Delmas

	Institute of Spectroscopy, USSR Academy of Sciences, Troitzk, 142092, Moscow Region, USSR
Michael A. Bolshov


Authors	Claude F. BoutronView author publications
You can also search for this author in
                        PubMed Google Scholar



	Ursula GörlachView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jean-Pierre CandeloneView author publications
You can also search for this author in
                        PubMed Google Scholar



	Michael A. BolshovView author publications
You can also search for this author in
                        PubMed Google Scholar



	Robert J. DelmasView author publications
You can also search for this author in
                        PubMed Google Scholar







Rights and permissions
Reprints and permissions


About this article
Cite this article
Boutron, C., Görlach, U., Candelone, JP. et al. Decrease in anthropogenic lead, cadmium and zinc in Greenland snows since the late 1960s.
                    Nature 353, 153–156 (1991). https://doi.org/10.1038/353153a0
Download citation
	Received: 19 June 1991

	Accepted: 22 August 1991

	Issue Date: 12 September 1991

	DOI: https://doi.org/10.1038/353153a0


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
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Reconstruction of ocean environment time series since the late nineteenth century using sclerosponge geochemistry in the northwestern subtropical Pacific
                                    
                                

                            
                                
                                    	Ryuji Asami
	Taketo Matsumori
	Takashi Sakamaki


                                
                                Progress in Earth and Planetary Science (2021)

                            
	
                            
                                
                                    
                                        Utility of multivariate statistical analysis to identify factors contributing river water quality in two different seasons in cold-arid high-altitude region of Leh-Ladakh, India
                                    
                                

                            
                                
                                    	Arup Giri
	Vijay K. Bharti
	O. P. Chaurasia


                                
                                Applied Water Science (2019)

                            
	
                            
                                
                                    
                                        Sediment evidence of industrial leakage-induced asynchronous changes in polycyclic aromatic hydrocarbons and trace metals from a sub-trophic lake, southwest China
                                    
                                

                            
                                
                                    	Lei Wang
	Guangjie Chen
	Li Chen


                                
                                Environmental Science and Pollution Research (2018)

                            
	
                            
                                
                                    
                                        Size-resolved Pb distribution in the Athabasca River shows snowmelt in the bituminous sands region an insignificant source of dissolved Pb
                                    
                                

                            
                                
                                    	Muhammad Babar Javed
	Chad W. Cuss
	William Shotyk


                                
                                Scientific Reports (2017)

                            
	
                            
                                
                                    
                                        Contaminant levels in Herring (Larus argentatus) and Great Black-backed Gull (Larus marinus) eggs from colonies in the New York harbor complex between 2012 and 2013
                                    
                                

                            
                                
                                    	Joanna Burger
	Susan Elbin


                                
                                Ecotoxicology (2015)

                            


                

            

        
    

            
                Comments
By submitting a comment you agree to abide by our Terms and Community Guidelines. If you find something abusive or that does not comply with our terms or guidelines please flag it as inappropriate.



                
                    
                    

                

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    News
                                
                            
	
                                
                                    Opinion
                                
                            
	
                                
                                    Research Analysis
                                
                            
	
                                
                                    Careers
                                
                            
	
                                
                                    Books & Culture
                                
                            
	
                                
                                    Podcasts
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Browse issues
                                
                            
	
                                
                                    Collections
                                
                            
	
                                
                                    Subjects
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Journal Staff
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Awards
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    History of Nature
                                
                            
	
                                
                                    Send a news tip
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For Referees
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature (Nature)
                
                
    
    
        ISSN 1476-4687 (online)
    
    


                
    
    
        ISSN 0028-0836 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	protocols.io
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing]
                    Sign up for the Nature Briefing newsletter — what matters in science, free to your inbox daily.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get the most important science stories of the day, free in your inbox.
            Sign up for Nature Briefing
            
        


    









    [image: ]







[image: ]
