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                    Abstract
Soil and sediments adjacent to roadways often contain elevated concentrations of polycyclic aromatic hydrocarbons (PAHs). The sources of these PAH compounds include atmospheric deposition from automobile emissions and abraded bituminous asphalt particles from paved roads. Research was conducted to evaluate the relative contribution of each source on PAH concentrations in roadway-impacted soil and sediments by examining size fractionation and associated PAH content in roadway and stormwater system residuals. Analysis of five fractions (<75, 75–150, 150–212, 212–425 and >425 μm) of roadway and storm system residuals yielded varied results among the samples. The total PAH concentrations in the fractions ranged from 45 to 24,800 μg/kg with PAHs being most often encountered in the fine (<75 μm) and medium coarse (75–150 and 150–212 μm) fractions. The total PAH concentrations in the <75, 75–150, 150–212, 212–425 and >425 μm size fractions were 1070–21,100, 609–24,800, 185–22,500, 110–16,900, and 45–7730 μg/kg, respectively. The highest concentration of individual PAH detected in the size fractions was benzo(g,h,i)perylene (6050 μg/kg) in one catch basin sediment sample. Although abraded asphalt particles from roadways were likely a source of PAHs in the coarse fractions, the predominance of PAH in the fine or median coarse size fractions suggests that other pathways such as atmospheric deposition from vehicle emissions are the major contributor. Additionally, calculated ratios between selected PAH analogs with molecular masses 178, 202, 228 and 276 also support the inference that atmospheric deposition from combustion is a major source of PAHs.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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[image: ]


Fig. 2[image: ]


Fig. 3[image: ]


Fig. 4[image: ]


Fig. 5[image: ]


Fig. 6[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Contribution of Asphalt Products to Total and Bioaccessible Polycyclic Aromatic Hydrocarbons
                                        
                                    

                                    
                                        Article
                                        
                                         15 April 2019
                                    

                                

                                Jing Su, Peng Gao, … Timothy Glyndon Townsend

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The Influence of Surface Pavement on the Distribution of Polycyclic Aromatic Hydrocarbons (PAHs) in Urban Watershed
                                        
                                    

                                    
                                        Article
                                        
                                         09 August 2017
                                    

                                

                                Jin Zhang, Pei Hua & Peter Krebs

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Concentrations, source identification and eco-toxicological risk of polycyclic aromatic hydrocarbons in agricultural soils of Kenya, Eastern Africa
                                        
                                    

                                    
                                        Article
                                        
                                         22 September 2018
                                    

                                

                                T. M. Mungai, X. Yan, … J. Wang

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Ahrens MJ, Depree CV (2004) Inhomogeneous distribution of polycyclic aromatic hydrocarbons in different size and density fractions of contaminated sediment from Auckland Harbour, New Zealand: an opportunity for mitigation. Mar Pollut Bull 48:341–350
Article 
    
                    Google Scholar 
                

	Birgisdottir H, Gamst J, Christensen TH (2007) Leaching of PAHs from hot mix asphalt pavements. Environ Eng Sci 24:1409–1421
Article 
    
                    Google Scholar 
                

	Bojes HK, Pope PG (2007) Characterization of EPA’s 16 priority pollutant polycyclic aromatic hydrocarbons (PAHs) in tank bottom solids and associated contaminated soils at oil exploration and production sites in Texas. Regul Toxicol Pharm 47:288–295
Article 
    
                    Google Scholar 
                

	Brandt HCA, De Groot PC (2001) Aqueous leaching of polycyclic aromatic hydrocarbons from bitumen and asphalt. Water Res 35:4200–4207
Article 
    
                    Google Scholar 
                

	Budzinski H, Jones I, Bellocq J, Pierard C, Garrigues P (1997) Evaluation of sediment contamination by polycyclic aromatic hydrocarbons in the Gironde estuary. Mar Chem 58:85–97
Article 
    
                    Google Scholar 
                

	Cerniglia CE (1992) Biodegradation of polycyclic aromatic hydrocarbons. Biodegradation 3:351–368
Article 
    
                    Google Scholar 
                

	Dong TTT, Lee BK (2009) Characteristics, toxicity, and source apportionment of polycylic aromatic hydrocarbons (PAHs) in road dust of Ulsan, Korea. Chemosphere 74:1245–1253
Article 
    
                    Google Scholar 
                

	Florida Department of Environmental Protection (FDEP) (2005) Development of cleanup target level for chapter 62–777. FAC, Tallahassee

                    Google Scholar 
                

	Glaser B, Dreyer A, Bock M, Fiedler S, Mehring M, Heitmann T (2005) Source apportionment of organic pollutants of a highway-traffic-influenced urban area in Bayreuth (Germany) using biomarker and stable carbon isotope signatures. Environ Sci Technol 39:3911–3917
Article 
    
                    Google Scholar 
                

	Gschwend PM, Hites RA (1981) Fluxes of polycyclic aromatic-hydrocarbons to marine and lacustrine sediments in the Northeastern United-States. Geochim Cosmochim Acta 45:2359–2367
Article 
    
                    Google Scholar 
                

	Harvey RG (1991) Polycyclic aromatic hydrocarbons : chemistry and carcinogenicity. Cambridge University Press, Cambridge

                    Google Scholar 
                

	Hu NJ, Shi XF, Liu JH, Huang P, Liu YG, Liu Y (2010) Concentrations and possible sources of PAHs in sediments from Bohai Bay and adjacent shelf. Environ Earth Sci 60:1771–1782
Article 
    
                    Google Scholar 
                

	Jang YC, Jain P, Tolaymat T, Dubey B, Townsend T (2009) Characterization of pollutants in Florida street sweepings for management and reuse. J Environ Manage 91:320–327
Article 
    
                    Google Scholar 
                

	Jang YC, Jain P, Tolaymat T, Dubey B, Singh S, Townsend T (2010) Characterization of roadway stormwater system residuals for reuse and disposal options. Sci Total Environ 408:1878–1887
Article 
    
                    Google Scholar 
                

	Khan A, Ishaq M, Khan MA (2008) Effect of vehicle exhaust on the quantity of polycyclic aromatic hydrocarbons (PAHs) in soil. Environ Monit Assess 137:363–369
Article 
    
                    Google Scholar 
                

	Krein A, Schorer M (2000) Road runoff pollution by polycyclic aromatic hydrocarbons and its contribution to river sediments. Water Res 34:4110–4115
Article 
    
                    Google Scholar 
                

	Legret M, Odie L, Demare D, Jullien A (2005) Leaching of heavy metals and polycyclic aromatic hydrocarbons from reclaimed asphalt pavement. Water Res 39:3675–3685
Article 
    
                    Google Scholar 
                

	Lim LH, Harrison RM, Harrad S (1999) The contribution of traffic to atmospheric concentrations of polycyclic aromatic hydrocarbons. Environ Sci Technol 33:3538–3542
Article 
    
                    Google Scholar 
                

	Lipiatou E, Saliot A (1991) Fluxes and transport of anthropogenic and natural polycyclic aromatic-hydrocarbons in the Western Mediterranean-Sea. Mar Chem 32:51–71
Article 
    
                    Google Scholar 
                

	Mcveety BD, Hites RA (1988) Atmospheric deposition of polycyclic aromatic-hydrocarbons to water surfaces—a mass balance approach. Atmos Environ 22:511–536
Article 
    
                    Google Scholar 
                

	Ramesh A, Walker SA, Hood DB, Guillen MD, Schneider K, Weyand EH (2004) Bioavailability and risk assessment of orally ingested polycyclic aromatic hydrocarbons. Int J Toxicol 23:301–333
Article 
    
                    Google Scholar 
                

	Readman JW, Mantoura RFC, Rhead MM (1987) A Record of polycyclic aromatic hydrocarbon (Pah) pollution obtained from accreting sediments of the Tamar Estuary, UK—evidence for nonequilibrium behavior of Pah. Sci Total Environ 66:73–94
Article 
    
                    Google Scholar 
                

	Sicre MA, Marty JC, Saliot A, Aparicio X, Grimalt J, Albaiges J (1987) Aliphatic and aromatic-hydrocarbons in different sized aerosols over the Mediterranean-Sea—occurrence and origin. Atmos Environ 21:2247–2259
Article 
    
                    Google Scholar 
                

	Smith DJT, Edelhauser EC, Harrison RM (1995) Polynuclear aromatic hydrocarbon concentrations in road dust and soil samples collected in the United-Kingdom and Pakistan. Environ Technol 16:45–53
Article 
    
                    Google Scholar 
                

	Soclo HH, Garrigues P, Ewald M (2000) Origin of polycyclic aromatic hydrocarbons (PAHs) in coastal marine sediments: case studies in Cotonou (Benin) and Aquitaine (France) areas. Mar Pollut Bull 40:387–396
Article 
    
                    Google Scholar 
                

	Tay CK, Biney CA (2013) Levels and sources of polycyclic aromatic hydrocarbons (PAHs) in selected irrigated urban agricultural soils in Accra, Ghana. Environ Earth Sci 68:1773–1782
Article 
    
                    Google Scholar 
                

	Wang XC, Zhang YX, Chen RF (2001) Distribution and partitioning of polycyclic aromatic hydrocarbons (PAHs) in different size fractions in sediments from Boston Harbor, United States. Mar Pollut Bull 42:1139–1149
Article 
    
                    Google Scholar 
                

	Wild SR, Jones KC (1995) Polynuclear aromatic hydrocarbons in the United Kingdom environment: a preliminary source inventory and budget. Environ Pollut 88:91–108
Article 
    
                    Google Scholar 
                

	Yunker MB, Snowdon LR, MacDonald RW, Smith JN, Fowler MG, Skibo DN et al (1996) Polycyclic aromatic hydrocarbon composition and potential sources for sediment samples from the Beaufort and Barents Seas. Environ Sci Technol 30:1310–1320
Article 
    
                    Google Scholar 
                

	Yunker MB, Macdonald RW, Vingarzan R, Mitchell RH, Goyette D, Sylvestre S (2002a) PAHs in the Fraser River basin: a critical appraisal of PAH ratios as indicators of PAH source and composition. Org Geochem 33:489–515
Article 
    
                    Google Scholar 
                

	Yunker MB, Backus SM, Graf Pannatier E, Jeffries DS, Macdonald RW (2002b) Sources and significance of alkane and PAH hydrocarbons in Canadian arctic rivers. Estuar Coast Shelf Sci 55:1–31
Article 
    
                    Google Scholar 
                


Download references




Acknowledgments
This work was supported by the Hinkley Center for Solid and Hazardous Waste Management. The authors are thankful to the public works departments of the following cities in providing the necessary assistance during sampling: Boynton Beach, Daytona Beach, Gainesville, Miami Beach, Orlando, Pensacola, and Port St. Lucie.


Author information
Authors and Affiliations
	Department of Environmental Engineering and Sciences, University of Florida, P.O. Box 116450, Gainesville, FL, 32611-6450, USA
Edmund Azah, Hwidong Kim & Timothy Townsend

	Environmental Science and Engineering, Gannon University, 109 University Square, Erie, PA, 16541-0001, USA
Hwidong Kim


Authors	Edmund AzahView author publications
You can also search for this author in
                        PubMed Google Scholar



	Hwidong KimView author publications
You can also search for this author in
                        PubMed Google Scholar



	Timothy TownsendView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Timothy Townsend.


Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Azah, E., Kim, H. & Townsend, T. Source of polycyclic aromatic hydrocarbon in roadway and stormwater system maintenance residues.
                    Environ Earth Sci 74, 3029–3039 (2015). https://doi.org/10.1007/s12665-015-4336-4
Download citation
	Received: 03 July 2014

	Accepted: 22 March 2015

	Published: 09 April 2015

	Issue Date: August 2015

	DOI: https://doi.org/10.1007/s12665-015-4336-4


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
	Polycyclic aromatic hydrocarbons
	Soil
	Sediment
	Stormwater
	Roadway: asphalt particles








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					54.236.158.73
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    