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                    Abstract
Ambient particulates of Shanghai with 5-stage particle sizes were firstly determined in spring, 2017. The particles’ mass concentrations were mainly observed in fine particle matter (PM1.1) and coarse particles (diameter > 7.0 μm). Water-soluble ionic contents were also more distributed in PM1.1 with the great contents of secondary particles (NO3−, SO42−, and NH4+). Higher ratios of NO2/SO2 and NO3−/SO42− indicated that the vehicle emissions might be made more greater contribution rather than coal combustions to the fine particles. Crustal enrichment factors (EFcs) of trace elements (V, Cr, Ni, Zn, As, Se, Rb, Cd, Pb, and Bi) in PM1.1 in that called slight air pollution events were always higher than those in that called severe air pollution events and EFcs of Se were up to 2.5 × 104, while EFcs of Pb, Bi, and Cd were over 100. Based on kinds of elemental ratios in PM1.1 and PM1.1–2.0, atmospheric pollutants in Shanghai might be mainly from coal and oil combustions, diesel, and gasoline vehicles. Air masses backward trajectories also showed that the air masses from the northern part of China were one important air pollutant origins, but other ones might be the local sources, such as traffic and industries. Based on carcinogenic risk analysis of PM2.0, it was considerable that 12–60 children and 37–87 adults among millions of people living in Shanghai might be attacked by cancer during their lifetime. Moreover, the great carcinogenic risk was also observed according to the high concentrations of elemental Cr and As in PM1.1.
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	ATn:
	
                    An averaging time

                  
	CESS:
	
                    Center for Environmental Science in Saitama

                  
	EC:
	
                    Inhalation exposure concentration

                  
	ED:
	
                    Exposure duration

                  
	EFcs:
	
                    Crustal enrichment factors

                  
	ET:
	
                    Exposure time

                  
	GDAS:
	
                    Global Data Assimilation System

                  
	H2O2
:
	
                    Hydrogen peroxide

                  
	H2SO4
:
	
                    Sulfuric acid

                  
	HF:
	
                    Hydrofluoric acid

                  
	HI:
	
                    Hazard index

                  
	HNO3
:
	
                    Nitric acid

                  
	HQ:
	
                    Hazard quotient

                  
	HYSPLIT:
	
                    Hybrid Single Particle Lagrangian Integrated Trajectory

                  
	ICP-MS:
	
                    Inductively coupled plasma mass spectrometry

                  
	IUR:
	
                    Inhalation unit risk

                  
	(NH4)2SO4
:
	
                    Ammonium sulfate

                  
	NH4HSO4
:
	
                    Ammonium hydrogen nitrate

                  
	NH4NO3
:
	
                    Ammonium nitrate

                  
	NOAA:
	
                    National Oceanic and Atmospheric Administration

                  
	NSAAQS:
	
                    National Secondary Ambient Air Quality Standards

                  
	PM1.1
:
	
                    Fine particles with a diameter of 1.1 μm or less

                  
	PM1.1–2.0
:
	
                    Fine particles with the particle sizes from 1.1 to 2.0 μm

                  
	PM2.0–3.3
:
	
                    Fine particles with the particle sizes from 2.0 to 3.3 μm

                  
	PM2.5
:
	
                    Fine particles with the particle sizes equal and below 2.5 μm

                  
	PM3.3–7.0
:
	
                    Fine particles with the particle sizes from 3.3 to 7.0 μm, coarse particles with the particle sizes larger than 7.0 μm

                  
	Rfc:
	
                    Inhalation reference concentration

                  
	SEMC:
	
                    Shanghai Environmental Monitoring Center

                  
	TCR:
	
                    Carcinogenic risk

                  
	TEF:
	
                    Exposure frequency

                  
	UCL:
	
                    Confidence interval

                  
	USEPA:
	
                    US Environmental Protection Agency

                  



References
	Agudelo-Castañeda DM, Teixeira EC, Schneider IL, Rolim SBA, Balzaretti N, Silva GS (2015) Comparison of emissivity, transmittance, and reflectance infrared spectra of polycyclic aromatic hydrocarbons with those of atmospheric particulates (PM1). Aerosol Air Qual Res 15(4):1627–1639. https://doi.org/10.4209/aaqr.2014.12.0329

Article 
    CAS 
    
                    Google Scholar 
                

	Arditsoglou A, Samara C (2005) Levels of total suspended particulate matter and major trace elements in Kosovo: a source identification and apportionment study. Chemosphere 59(5):669–678. https://doi.org/10.1016/j.chemosphere.2004.10.056

Article 
    CAS 
    
                    Google Scholar 
                

	Arimoto R, Duce RA, Savoie DL, Prospero JM, Talbot R, Cullen JD, Ray BJ (1996) Relationships among aerosol constituents from Asia and the North Pacific during PEM-West A. J Geophys Res-Atmos 101(D1):2011–2023. https://doi.org/10.1029/95JD01071

Article 
    CAS 
    
                    Google Scholar 
                

	Bilos C, Colombo JC, Skorupka CN, Rodriguez Presa MJ (2001) Sources, distribution and variability of airborne trace metals in La Plata City area, Argentina. Environ Pollut 111(1):149–158. https://doi.org/10.1016/S0269-7491(99)00328-0

Article 
    CAS 
    
                    Google Scholar 
                

	Cheng ZL, Lam KS, Chan LY, Wang T, Cheng KK (2000) Chemical characteristics of aerosols at coastal station in Hong Kong. I. Seasonal variation of major ions, halogens and mineral dusts between 1995 and 1996. Atmos Environ 34(17):2771–2783
Article 
    CAS 
    
                    Google Scholar 
                

	Curtis L, Rea W, Smith-willis P, Fenyves E, Pan Y (2006) Adverse health effects of outdoor air pollutants. Environ Int 32:815–830. https://doi.org/10.1016/j.envint.2006.03.012

Article 
    CAS 
    
                    Google Scholar 
                

	Gao J, Tian H, Cheng K, Lu L, Zheng M, Wang S, Wang Y (2015) The variation of chemical characteristics of PM2.5and PM10and formation causes during two haze pollution events in urban Beijing, China. Atmos Environ 107:1–8. https://doi.org/10.1016/j.atmosenv.2015.02.022

Article 
    CAS 
    
                    Google Scholar 
                

	Gao Y, Nelson ED, Field MP, Ding Q, Li H, Sherrell RM et al (2002) Characterization of atmospheric trace elements on PM2.5particulate matter over the New York-New Jersey harbor estuary. Atmos Environ 36(6):1077–1086. https://doi.org/10.1016/S1352-2310(01)00381-8

Article 
    CAS 
    
                    Google Scholar 
                

	Guo Z, Jiang W, Chen S, Sun D, Shi L, Zeng G, Rui M (2016) Stable isotopic compositions of elemental carbon in PM 1.1 in north suburb of Nanjing Region, China. Atmos Res 168:105–111. https://doi.org/10.1016/j.atmosres.2015.09.006


	IARC. (2013). Air Pollution and Cancer 161. pdf. https://publications.iarc.fr/Book-And-Report-Series/Iarc-Scientific-Publications/Air-Pollution-And-Cancer-2013


	Kim K, Kabir E, Kabir S (2015) A review on the human health impact of airborne particulate matter. Environ Int 74:136–143. https://doi.org/10.1016/j.envint.2014.10.005

Article 
    CAS 
    
                    Google Scholar 
                

	Koch, M. (2000). Airborne fine particulates in the environment: a review of health effect studies, monitoring data and emission inventories. International Institute for Applied Systems Analysis, (January), 47

	Li H, Wu H, Wang Q, Yang M, Li F, Sun Y, Wang C (2017) Chemical partitioning of fine particle-bound metals on haze–fog and non-haze–fog days in Nanjing, China and its contribution to human health risks. Atmos Res 183:142–150. https://doi.org/10.1016/j.atmosres.2016.07.016

Article 
    CAS 
    
                    Google Scholar 
                

	Li Y, Zhang Z, Liu H, Zhou H, Fan Z, Lin M, Xia B (2016) Characteristics, sources and health risk assessment of toxic heavy metals in PM2.5 at a megacity of southwest China. Environ Geochem Health 38(2):353–362. https://doi.org/10.1007/s10653-015-9722-z

Article 
    CAS 
    
                    Google Scholar 
                

	Jiang N, Guo Y, Wang Q, Kang P, Zhang R (2017) Chemical composition characteristics of PM2.5 in three cities in Henan, Central China. Aerosol Air Qual Res 17:2367–2380. https://doi.org/10.4209/aaqr.2016.10.0463

Article 
    CAS 
    
                    Google Scholar 
                

	Nolting RF, Ramkema A, Everaarts JM (1999) The geochemistry of Cu, Cd, Zn, Ni and Pb in sediment cores from the continental slope of the Banc d’Arguin (Mauritania). Cont Shelf Res 19(5):665–691. https://doi.org/10.1016/S0278-4343(98)00109-5

Article 
    
                    Google Scholar 
                

	Pongpiachan S, Liu S, Huang R, Zhao Z (2017) Variation in day-of-week and seasonal concentrations of atmospheric PM2.5-bound metals and associated health risks in Bangkok, Thailand. Arch Environ Contam Toxicol 72(3):364–379. https://doi.org/10.1007/s00244-017-0382-0

Article 
    CAS 
    
                    Google Scholar 
                

	Prati P, Zucchiatti A, Lucarelli F, Mandò PA (2000) Source apportionment near a steel plant in Genoa (Italy) by continuous aerosol sampling and PIXE analysis. Atmos Environ 34(19):3149–3157. https://doi.org/10.1016/S1352-2310(99)00421-5

Article 
    CAS 
    
                    Google Scholar 
                

	Wang Q, Wang W (2019) Survey of inorganic components in atmospheric particles of three urban areas caused by winter energy consumption in China and Japan. WIT Trans Ecol Environ 217:469–479. https://doi.org/10.2495/SDP180421

Article 
    
                    Google Scholar 
                

	Shanghai Environmental Bulletin. (2018). Shanghai Environmental Bulletin,2018. Shanghai. Retrieved from https://www.sepb.gov.cn/hb/fa/cms/shhj/YWB/forum_login.jsp?channelId=2227


	Shen Z, Cao J, Arimoto R, Han Z, Zhang R, Han Y, Tanaka S (2009) Ionic composition of TSP and PM 2.5 during dust storms and air pollution episodes at Xi’an, China. Atmos Environ 43(18):2911–2918. https://doi.org/10.1016/j.atmosenv.2009.03.005

Article 
    CAS 
    
                    Google Scholar 
                

	Squizzato S, Masiol M, Brunelli A, Pistollato S, Tarabotti E, Rampazzo G, Pavoni B (2013) Factors determining the formation of secondary inorganic aerosol: a case study in the Po Valley (Italy). Atmos Chem Phys 13(4):1927–1939. https://doi.org/10.5194/acp-13-1927-2013

Article 
    CAS 
    
                    Google Scholar 
                

	Sternbeck J, Sjödin Å, Andréasson K (2002) Metal emissions from road traffic and the influence of resuspension - results from two tunnel studies. Atmos Environ 36(30):4735–4744. https://doi.org/10.1016/S1352-2310(02)00561-7

Article 
    CAS 
    
                    Google Scholar 
                

	Stockwell WR, Kuhns H, Etyemezian V, Green MC, Chow JC, Watson JG (2003) The Treasure Valley secondary aerosol study II: modeling of the formation of inorganic secondary aerosols and precursors for southwestern Idaho. Atmos Environ 37(4):525–534. https://doi.org/10.1016/S1352-2310(02)00895-6

Article 
    CAS 
    
                    Google Scholar 
                

	Tao Y, Yin Z, Ye X, Ma Z, Chen J (2014) Size distribution of water-soluble inorganic ions in urban aerosols in Shanghai. Atmos Pollution Res 5(4):639–647. https://doi.org/10.5094/APR.2014.073

Article 
    CAS 
    
                    Google Scholar 
                

	WHO, department of pubilc health, environmental and social determinants of health. (2014). Public health, environmental and social determinants of health


	USEPA. (2004). Risk Assessment Guidance for Superfund Volume I Human Health Evaluation Manual (Part E) Interim Final Risk Assessment Guidance for Superfund Human Health Evaluation Manual ( Part A ) Interim Final. UNITED STATES ENVIRONMENTAL AGENCY WASHINGTON, D.C. EPA/540/r/99/005


	USEPA. (2009). Risk Assessment Guidance for Superfund Volume I : Human Health Evaluation Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment) (Vol. I)

	Wang Q, Kobayashi K, Lu S, Nakajima D, Wang W, Zhang W, Sekiguchi K, Terasaki M (2016) Studies on size distribution and health risk of 37 species of polycyclic aromatic hydrocarbons associated with fine particulate matter collected in the atmosphere of a suburban area of Shanghai city, China. Environ Pollut 214:149–160. https://doi.org/10.1016/j.envpol.2016.04.002

Article 
    CAS 
    
                    Google Scholar 
                

	Wang Y, Zhuang G, Sun Y, An Z (2006a) The variation of characteristics and formation mechanisms of aerosols in dust, haze, and clear days in Beijing. Atmos Environ 40(34):6579–6591. https://doi.org/10.1016/j.atmosenv.2006.05.066

Article 
    CAS 
    
                    Google Scholar 
                

	Wang Y, Zhuang G, Tang A, Yuan H, Sun Y, Chen S, Zheng A (2005) The ion chemistry and the source of PM2.5 aerosol in Beijing. Atmos Environ 39(21):3771–3784. https://doi.org/10.1016/j.atmosenv.2005.03.013

Article 
    CAS 
    
                    Google Scholar 
                

	Wang Y, Zhuang G, Zhang X, Huang K, Xu C, Tang A, An Z (2006b) The ion chemistry, seasonal cycle, and sources of PM2.5 and TSP aerosol in Shanghai. Atmos Environ 40(16):2935–2952. https://doi.org/10.1016/j.atmosenv.2005.12.051


	Weckwerth G (2001) Verification of traffic emitted aerosol components in the ambient air of Cologne (Germany). Atmos Environ 35(32):5525–5536. https://doi.org/10.1016/S1352-2310(01)00234-5

Article 
    CAS 
    
                    Google Scholar 
                

	Wu M, Sun R, Wang M, Liang H, Ma S, Han T, Xu G (2017) Analysis of perfluorinated compounds in human serum from the general population in Shanghai by liquid chromatography-tandem mass spectrometry (LC-MS/MS). Chemosphere 168:100–105. https://doi.org/10.1016/j.chemosphere.2016.09.161

Article 
    CAS 
    
                    Google Scholar 
                

	Xing Y, Xu Y, Shi M, Lian Y (2016) The impact of PM2.5 on the human respiratory system. J Thorac Dis 8(I):69–74. https://doi.org/10.3978/j.issn.2072-1439.2016.01.19


	Yang Y, Fang W, Xue M (2016) TSP, PM 10 and health risk assessment for heavy metals (Cr, Ni, Cu, Zn, Cd, Pb ) in the ambience of the production line for waste cathode ray tube recycling. J Mat Cycles Waste Manage 18:296–302. https://doi.org/10.1007/s10163-014-0331-1

Article 
    CAS 
    
                    Google Scholar 
                

	Yao X, Chan CK, Fang M, Cadle S, Chan T, Mulawa P et al (2002) The water-soluble ionic composition of PM2.5 in Shanghai and Beijing, China. Atmos Environ 36(26):4223–4234. https://doi.org/10.1016/S1352-2310(02)00342-4

Article 
    CAS 
    
                    Google Scholar 
                

	Zhang Y, Wang X, Chen H, Yang X, Chen J, Allen JO (2009) Source apportionment of lead-containing aerosol particles in Shanghai using single particle mass spectrometry. Chemosphere 74(4):501–507. https://doi.org/10.1016/j.chemosphere.2008.10.004

Article 
    CAS 
    
                    Google Scholar 
                

	Zhang Y, Wei J, Tang A, Zheng A, Shao Z, Liu X (2018a) Chemical characteristics of PM2.5 during 2015 spring festival in Beijing, China. Aerosol Air Qual Res 17:1169–1180. https://doi.org/10.4209/aaqr.2016.08.0338

Article 
    CAS 
    
                    Google Scholar 
                

	Zhao M, Huang Z, Qiao T, Zhang Y, Xiu G, Yu J (2015) Chemical characterization, the transport pathways and potential sources of PM2.5in Shanghai: seasonal variations. Atmos Res 158–159:66–78. https://doi.org/10.1016/j.atmosres.2015.02.003

Article 
    CAS 
    
                    Google Scholar 
                

	Zhang J et al (2018b) Associations between absenteeism caused by respiratory symptoms and air pollutants among primary and middle school students in Shanghai. J Environ Occup Med 35(1):29–32

                    Google Scholar 
                

	Zhang LJ, Guo CY, Xu HH, Xu D, Shen XB, du XY, Zhang MH, Tan JG, Zhang JH, Dong CY, Qian HL, Shi YW, Pan MZ, Zhou XD (2017) Acute effect of ambient air pollution on small airway lung functions among school children in Shanghai. Zhonghua liuxingbingxue zazhi 38(2):147–153 (in Chinese)
CAS 
    
                    Google Scholar 
                

	China Statistical Yearbook 2013, http://www.stats.gov.cn/tjsj/ndsj/2013/indexeh.html

	Shanghai Municipal People’s Government. 2013 http://www.shanghai.gov.cn/shanghai/node27118/index.html


Download references





                Acknowledgments
              
We would like to show special thanks to Prof. Lu Senlin, Dr. Zhang Wei, and Dr. Zhou Shumin from Shanghai University, China, and Dr. Shinichi Yonemachi from Center for Environmental Science in Saitama, Japan, for their technical support.


Funding
Some works of this study were supported by the Special Funds for Innovative Area Research (No. 20120015, FY 2008-FY2012) and Basic Research (B) (No. 24310005, FY2012-FY2014; No.18H03384, FY2017~FY2020) of Grant-in-Aid for Scientific Research of Japanese Ministry of Education, Culture, Sports, Science and Technology(MEXT) and the Steel Foundation for Environmental Protection Technology of Japan (No. C-33, FY 2015-FY 2017).


Author information
Authors and Affiliations
	Graduate School of Science and Engineering, Saitama University, 255 Shimo-Okubo, Sakura-ku, Saitama City, Saitama, 338-8570, Japan
Qingyue Wang & Weiqian Wang


Authors	Qingyue WangView author publications
You can also search for this author in
                        PubMed Google Scholar



	Weiqian WangView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Qingyue Wang.


Additional information
Responsible editor: Philippe Garrigues
Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


Electronic supplementary material

ESM 1
(DOCX 143 kb)


ESM 2
(DOCX 171 kb)





Rights and permissions
Reprints and permissions


About this article
       



Cite this article
Wang, Q., Wang, W. Size characteristics and health risks of inorganic species in PM1.1 and PM2.0 of Shanghai, China, in spring, 2017.
                    Environ Sci Pollut Res 27, 14690–14701 (2020). https://doi.org/10.1007/s11356-020-07932-z
Download citation
	Received: 22 April 2019

	Accepted: 29 January 2020

	Published: 12 February 2020

	Issue Date: May 2020

	DOI: https://doi.org/10.1007/s11356-020-07932-z


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
	Fine particles
	Water-soluble ions
	Metal elements
	Air pollutant sources
	Health risk
	Shanghai








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					54.198.126.36
				

				Not affiliated

			

		
	
	
		
			
		
	
	© 2024 Springer Nature




	






    