
    
    
    

    

Skip to Main Content

    





    
        





    
    
    
    
    
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
    
        
    
        
    
        
    
        
    
        
            
            
                
            
            
                
                
                
            
        
    
        
    
        
    
        
    
        
    
        
    
        
            
            
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
    
    

    
    
        
        

        
            
            
                 


            


        

    

    



    
    
    
    
    
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
    
        
    
        
    
        
    
        
    
        
            
            
                
            
            
                
                
                
            
        
    
        
    
        
    
        
    
        
    
        
            
            
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
    
    

    
    
        
        

        
            
            
    
        


    
    
    
    
    
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
            
        
    
        
    
        
    
        
    
        
    
    
        
    
        
    
        
    
        
            
            
                
            
            
                
                
                
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
            
            
            
        
    
        
    
        
    
        
    
        
    
    
    

    
    
        
        

        
            
            
    
        
            
                
                    
                    
                        
                            


    
    
    
    
    
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
            
        
    
        
    
        
    
        
    
        
    
        
    
    
        
    
        
    
        
    
        
            
            
                
            
            
                
                
                
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
            
            
            
        
    
        
    
        
    
        
    
        
    
        
    
    
    

    
    
        
        

        
            
            



        

    

    

                        
                            


    
    
    
    
    
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
            
        
    
        
    
        
    
        
    
        
    
        
    
    
        
    
        
    
        
    
        
            
            
                
            
            
                
                
                
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
            
            
            
        
    
        
    
        
    
        
    
        
    
        
    
    
    

    
    
        
        

        
            
            



        

    

    

                        
                    
                

            

        
            
                
                    
                    
                        
                            


    
    
    
    
    
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
    
        
    
        
    
        
    
        
    
        
            
            
                
            
            
                
                
                
            
        
    
        
    
        
    
        
    
        
    
        
            
            
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
    
    

    
    
        
        

        
            
            
    


    
    
    
    
    
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
    
        
    
        
    
        
    
        
    
        
            
            
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
    
    

    
    
        
        

        
            
            
    


    
    
    
    
    
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
    
        
    
        
    
        
    
        
    
        
    
        
            
            
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
    
    

    
    
        
        

        
            
            
    



        

    

    



    
    
    
    
    
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
    
        
    
        
            
            
                
            
            
                
                
                
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
            
            
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
    
    

    
    
        
        

        
            
            
    
    
        Log in
    
     | 
    





    



    
    
        
            Register
        
    




        

    

    



        

    

    



    
    
    
    
    
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
    
        
    
        
    
        
    
        
    
        
    
        
            
            
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
    
    

    
    
        
        

        
            
            
            Cart
            
                
            
        

        

    

    



        

    

    

                        
                    
                

            

        
    




        

    

    



    
    
    
    
    
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
    
        
    
        
    
        
    
        
    
        
    
        
    
        
            
            
                
            
            
                
                
                
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
            
            
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
    
    

    
    
        
        

        
            
            
    
        
            
                
                    
                    
                        
                            


    
    
    
    
    
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
    
        
    
        
    
        
            
            
                
            
            
                
                
                
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
            
            
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
    
    

    
    
        
        

        
            
            


    





    
    
    
        
        
        
            
        
    



















    
        
        
            
            
                
            
        
    

    
    
        



    

    
    

    
        
            



    
        
            
            
            
                
            
        
    
    



            
            
        
        
    

    
    

    
    
        

            
            
                
                
                    
                
            

        
        
    
   










    	
                
                    
                    
                        
                            Home
                        
                    
                
            
	
                
                    
                    
                        
                            All Journals
                        
                    
                
            
	
                
                    
                    
                        
                            Critical Reviews in Clinical Laboratory Sciences
                        
                    
                
            
	
                
                    
                    
                        
                            List of Issues
                        
                    
                
            
	
                
                    
                    
                        
                            Volume 34, Issue 5
                        
                    
                
            
	
                
                    
                        
                            
                            Aluminum Exposure and Metabolism
                        
                    
                    
                
            




        

    

    

                        
                    
                

            

        
    




        

    

    
    



        

    

    












    
    
        
        


    
    
    
    
    
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
    
        
    
        
    
        
    
        
    
        
    
        
            
            
                
            
            
                
                
                
            
        
    
        
    
        
    
        
    
        
    
        
            
            
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
    
    

    
    
        
        

        
            
            

    
    









    
    
        
        


    
    
    
    
    
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
            
        
    
        
    
        
    
        
    
        
    
        
    
    
        
    
        
    
        
    
        
    
        
            
            
                
            
            
                
                
                
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
            
            
            
        
    
        
    
        
    
        
    
        
    
        
    
    
    

    
    
        
        

        
            
            
    
        
            
                
                    
                    
                        
                            


    
    
    
    
    
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
    
        
    
        
    
        
    
        
    
        
    
        
            
            
                
            
            
                
                
                
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
            
            
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
    
    

    
    
        
        

        
            
            
    
                            
                                
                    















    
        
            
        
        
        
    
    Search in:
    
    
                    This Journal
                

            
                
                
                    Anywhere
                
            
        




                    
                




    


    
    
    
    
    
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
    
        
    
        
    
        
    
        
    
        
            
            
                
            
            
                
                
                
            
        
    
        
    
        
    
        
    
        
    
        
            
            
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
    
    

    
    
        
        

        
            
            Advanced search

        

    

    



        

    

    

                        
                    
                

            

        
            
                
                    
                    
                        
                            


    
    
    
    
    
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
    
        
    
        
    
        
    
        
    
        
    
        
            
            
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
    
    

    
    
        
        

        
            
            
    
        
            
                
                    
                
                
            
        

    

    
    
        
            
            
            
                
                    
                    
                    
                        
                            
                                
                                    
                                        
                                        
                                            
                                                Critical Reviews in Clinical Laboratory Sciences
                                            
                                        
                                        
                                    
                                
                                
                            
                        
                    
                
            

            
                
                
            

            
                











    
        
            
            
                Volume 34, 1997 - Issue 5

            

            

            
        


        
            
                


    
    
    
    
    
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
    
        
    
        
    
        
    
        
    
        
            
            
                
            
            
                
                
                
            
        
    
        
    
        
    
        
    
        
    
        
            
            
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
    
    

    
    
        
        

        
            
            


Submit an article


Journal homepage



        

    

    

            
                


    
    
    
    
    
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
    
        
    
        
    
        
    
        
    
        
    
        
            
            
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
    
    

    
    
        
        

        
            
            
    
        
            
                
                    
                    
                

            

        
    




        

    

    

            
        


        
    




        

    

    

                        
                    
                

            

        
    




        

    

    

        
    




    
    
    
    
    
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
            
        
    
        
    
        
    
        
    
        
    
    
        
    
        
    
        
    
        
            
            
                
            
            
                
                
                
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
            
            
            
        
    
        
    
        
    
        
    
        
    
    
    

    
    
        
        

        
            
            
    
        
            
                
                    
                    
                        
                            


    
    
    
    
    
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
    
        
    
        
    
        
    
        
            
            
                
            
            
                
                
                
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
            
            
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
    
    

    
    
        
        

        
            
            
            
            
            
            
            
            
            
            
                
                    
                        

















    
        
        
            
                    302
            

            
                Views
            

        

    



    
        
        
            
                    98
            

            
                    CrossRef citations to date
            

        

    



    
        
            
                0
            

            
                Altmetric
            

        

    





                    
                    
                
            

        


        

    

    

                        
                    
                

            

        
            
                
                    
                    
                        
                            


    
    
    
    
    
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
            
        
    
        
    
        
    
        
    
        
    
        
    
    
        
    
        
    
        
    
        
            
            
                
            
            
                
                
                
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
            
            
            
        
    
        
    
        
    
        
    
        
    
        
    
    
    

    
    
        
        

        
            
            
    
        
            
                
                    
                    
                        
                            


    
    
    
    
    
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
    
        
    
        
    
        
    
        
    
        
    
        
    
        
            
            
                
            
            
                
                
                
            
        
    
        
    
        
    
        
    
        
    
        
    
        
            
            
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
    
    

    
    
        
        

        
            
            
    
                Pages 439-474
            |
        Published online: 27 Sep 2008


        

    

    

                        
                            


    
    
    
    
    
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
    
        
    
        
    
        
    
        
    
        
            
            
                
            
            
                
                
                
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
            
            
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
    
    

    
    
        
        

        
            
            Research Article
Aluminum Exposure and Metabolism
J. L. Greger Department of Nutritional Sciences, University of Wisconsin, Madison, WI, 53706; Environmental Toxicology Center, University of Wisconsin, Madison, WI, 53706
, Jessica E. Sutherland Environmental Toxicology Center, University of Wisconsin, Madison, WI, 53706
 & Dr. Robert Yokel Division of Pharmacology and Experimental Therapeutics, College of Pharmacy, University of Kentucky, Lexington, KY, 40536-0082





        

    

    

                        
                    
                

            

        
    




        

    

    

                        
                            


    
    
    
    
    
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
    
        
    
        
            
            
                
            
            
                
                
                
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
            
            
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
    
    

    
    
        
        

        
            
            
    
        
            
























	
                Cite this article
        
	
            https://doi.org/10.3109/10408369709006422
        



        
        
    



        

    

    

                        
                    
                

            

        
            
                
                    
                    
                        
                            


    
    
    
    
    
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
    
        
    
        
    
        
    
        
            
            
                
            
            
                
                
                
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
            
            
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
    
    

    
    
        
        

        
            
            
    
        
        
        
    



        

    

    

                        
                    
                

            

        
    




        

    

    



    
    
    
    
    
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
    
        
    
        
    
        
    
        
    
        
            
            
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
    
    

    
    
        
        

        
            
            
    
        
            
                
                    
                    
                        
                            


    
    
    
    
    
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
    
        
    
        
    
        
    
        
    
        
            
            
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
    
    

    
    
        
        

        
            
             

        

    

    

                        
                            


    
    
    
    
    
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
    
        
    
        
    
        
    
        
    
        
            
            
                
            
            
                
                
                
            
        
    
        
    
        
    
        
    
        
    
        
    
        
            
            
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
    
    

    
    
        
        

        
            
            
                  
            


        

    

    

                        
                            


                        
                    
                

            

        
            
                
                    
                    
                        
                            


    
    
    
    
    
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
            
            
                
            
            
                
                
                
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
            
            
            
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
        
    
    
    

    
    
        
        

        
            
            







    
    
        
    




        













    



    
        
            
                	
        
        
            
            References
        
    
	
                    
                        
                            Citations
                    
	
        
            
            Metrics
        
    
	
        
            Reprints & Permissions
        
	
        
            Read this article
            
                
                    
                    
                        /doi/epdf/10.3109/10408369709006422?needAccess=true
                    
                    
                    
                
            
        
    




            

        
        










        
            
            
                
                    
                    
                        
                        
                        
                            
                            Abstract
Aluminum (A1) is a nonessential, toxic metal to which humans are frequently exposed. oral exposure to aluminum occurs through ingestion of aluminum-containing pharmaceuticals and to a lesser extent foods and water. Parented exposure to aluminum can occur via contaminated total parented nutrition (TPN). intravenous (iv) solutions, or contaminated dialysates. Inhalation exposure may be important in some occupational settings.
The gut is the most effective organ in preventing tissue aluminum accumulation after oral exposure. Typically gastrointestinal absorption of aluminum from diets is <1%. Although the mechanisms of aluminum absorption have not been elucidated, both passive and active transcellular processes and paracellular transport are believed to occur. Aluminum and calcium may share some absorptive pathways. Aluminum absorption is also affected by the speciation of aluminum and a variety of other substances, including citrate. in the gut milieu.
Not all absorbed or parenterally delivered aluminum is excreted in urine. Low glomerular filtration of aluminum reflects that most aluminum in plasma is nonfiltrable because of complexation to proteins, predominantly transferrin. The importance of biliary secretion of aluminum is debatable and the mechanism(s) is poorly understood and appears to be saturable by fairly low oral doses of aluminum.

Key Words:: 
	Aluminum
	Exposure
	Diet
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	Metabolism
	Absorption
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