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                    Abstract
The rapid urbanization, industrialization, modernization, and the frequent Middle Eastern dust storms have negatively impacted the ambient air quality in Bahrain. The objective of this study is to identify the most critical atmospheric air pollutants with emphasis on their potential risk to health based on calculated AQI (air quality index) values using EPA approach. The air quality datasets of particulate matters (PM10 and PM2.5), ozone (O3), sulfur dioxide (SO2), nitrogen dioxide (NO2), and carbon monoxide (CO) were measured in January 2012 and August 2012 using five mobile air quality monitoring stations located at different governorates. The results of this study demonstrated that PM10 and PM2.5 are the most critical air pollutants in Bahrain with PM2.5 prevailing during January 2012 and PM10 prevailing during August 2012. The corresponding AQI categories were utilized to evaluate spatial variability of particulate matters in five governorates. The impact of meteorological factors such as ambient air temperature, wind speed, relative humidity, and total precipitation on ambient air quality were discussed. The analysis demonstrated that the highest PM10 concentrations were observed in the Northern Governorate while the highest PM2.5 concentrations were observed in the Capital, Central, and Northern Governorates during August 2012. It was observed that the levels of PM2.5 pollution were higher within proximity of the industrial zone. The results suggested that the average PM2.5/PM10 ratio in August 2012 was lower than in January 2012 due to the Aeolian processes. This study concludes that higher wind speed, total precipitation, relative humidity rates, and lower ambient air temperature in January 2012 assisted with the dissipation of particulate matter thus lowering the pollution levels of both PM10 and PM2.5 in comparison to August 2012.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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: ]


Fig. 7[image: ]


Fig. 8[image: ]


Fig. 9[image: ]


Fig. 10[image: ]


Fig. 11[image: ]


Fig. 12[image: ]


Fig. 13[image: ]


Fig. 14[image: ]


Fig. 15[image: ]


Fig. 16[image: ]


Fig. 17[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Analysis of daily and seasonal variation of fine particulate matter (PM2.5) for five cities of China
                                        
                                    

                                    
                                        Article
                                        
                                         03 January 2021
                                    

                                

                                Maryum Javed, Muzaffar Bashir & Safeera Zaineb

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Spatial and Temporal Variation of Atmospheric Particulate Matter in Bangalore: A Technology-Intensive Region in India
                                        
                                    

                                    
                                        Article
                                        
                                         05 June 2019
                                    

                                

                                Soumya Devaraj, S. Tiwari, … G. P. Shivashankara

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Atmospheric Particulate Matter and Associated Trace Elements Pollution in Bangladesh: A Comparative Study with Global Megacities
                                        
                                    

                                    
                                        Article
                                         Open access
                                         20 March 2024
                                    

                                

                                Sazal Kumar, Narottam Saha, … Geoff R. MacFarlane

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Al Ghobain MO, Al-Hajjaj MS, Al Moamary MS (2012) Asthma prevalence among 16- to 18-year-old adolescents in Saudi Arabia using the ISAAC questionnaire. BMC Public Health 12(1):239
Article 
    
                    Google Scholar 
                

	Bahrain Census (2010) Central Informatics Organization Kingdom of Bahrain, downloaded February 2015, http://www.census2010.gov.bh/_index_en.php
                        

	Bah-Stand, Environmental Standards (Air and Water), Directive #10 (1999) Ministry of Housing Municipalities and Environment, downloaded February 2015, http://sce.boxondemo.com/downloads/legislations/wildlife/res_10_1999.pdf (In Arabic)

	Brewer E, Li Y, Finken B, Quartucy G, Muzio L, Baez A, Garibay M, Jung HS (2016) PM2.5 and ultrafine particulate matter emissions from natural gas-fired turbine for power generation. Atmos Environ 131:141–149
Article 
    
                    Google Scholar 
                

	Chen R, Wang X, Meng X, Hua J, Zhou Z, Chen B, Kan H (2013) Communicating air pollution-related health risks to the public: an application of the air quality health index in Shanghai, China. Environ Int 51:168–173
Article 
    
                    Google Scholar 
                

	Cheng WL, Chen YS, Zhang J, Lyons TJ, Pai JL, Chang SH (2007) Comparison of the revised air quality index with the PSI and AQI indices. Sci Total Environ 382(2):191–198
Article 
    
                    Google Scholar 
                

	Curtis L, Rea W, Smith-Willis P, Fenyves E, Pan Y (2006) Adverse health effects of outdoor air pollutants. Environ Int 32(6):815–830
Article 
    
                    Google Scholar 
                

	Dominick D, Latif MT, Juahir H, Aris AZ, Zain SM (2012) An assessment of influence of meteorological factors on PM10 and NO2 at selected stations in Malaysia. Sustainable Environment Research 22(5):305–315

                    Google Scholar 
                

	EDB (2013) Economic Development Board, Kingdom of Bahrain Economic Yearbook. http://www.bahrainedb.com/en/EDBDocuments/Bahrain-Economic-Yearbook.pdf
                        

	Ehrlich C, Noll G, Kalkoff WD, Baumbach G, Dreiseidler A (2007) PM10, PM2.5 and PM1.0—emissions from industrial plants—results from measurement programmes in Germany. Atmos Environ 41(29):6236–6254
Article 
    
                    Google Scholar 
                

	EPA (United States Environmental Protection Agency) (1999) Guidelines for the reporting of daily air quality—the air quality index (AQI), EPA-454/B-06-001. U.S. Environmental Protection Agency, Washington, DC

                    Google Scholar 
                

	EPA (United States Environmental Protection Agency) (2009) Technical assistance document for reporting of daily air quality—the air quality index (AQI). EPA-454/B-09-001. U.S. Environmental Protection Agency, North Carolina

                    Google Scholar 
                

	EU (European Union) (1999) Council Directive 1999/30/EC relating to limit values for sulfur dioxide, nitrogen dioxide and lead in ambient air. of J Eur Communities 2961999; L 163:14–30 http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:31999L0030&from=EN
                        

                    Google Scholar 
                

	Farahat A, El-Askary H, Al-Shaibani A (2015) Study of aerosols' characteristics and dynamics over the Kingdom of Saudi Arabia using a multisensor approach combined with ground observations. Adv Meteorol . doi:10.1155/2015/247531Article ID 247531

                    Google Scholar 
                

	General Directorate of Traffic - Ministry of Interior (2013) Traffic Statistics 2012. Kingdom of Bahrain

	Giannadaki D, Pozzer A, Lelieveld J (2014) Modeled global effects of airborne desert dust on air quality and premature mortality. Atmos Chem Phys 14(2):957–968
Article 
    
                    Google Scholar 
                

	Goudie A, Middleton NJ (2006) Desert dust in the global system. Springer Science & Business Media

	Hamidi M, Kavianpour MR, Shao Y (2014) Numerical simulation of dust events in the Middle East. Aeolian Res 13:59–70
Article 
    
                    Google Scholar 
                

	Jayamurugan R, Kumaravel B, Palanivelraja S, Chockalingam MP (2013) Influence of temperature, relative humidity and seasonal variability on ambient air quality in a coastal urban area. International Journal of Atmospheric Sciences 2013:1–7
Article 
    
                    Google Scholar 
                

	Khamdan SAA, Al Madany IM, Buhussain E (2009) Temporal and spatial variations of the quality of ambient air in the Kingdom of Bahrain during 2007. Environ Monit Assess 154(1–4):241–252
Article 
    
                    Google Scholar 
                

	Kumar A, Goyal P (2011) Forecasting of daily air quality index in Delhi. Sci Total Environ 409(24):5517–5523
Article 
    
                    Google Scholar 
                

	Maghrabi A, Alharbi B, Tapper N (2011) Impact of the March 2009 dust event in Saudi Arabia on aerosol optical properties, meteorological parameters, sky temperature and emissivity. Atmos Environ 45(13):2164–2173
Article 
    
                    Google Scholar 
                

	Murena F (2004) Measuring air quality over large urban areas: development and application of an air pollution index at the urban area of Naples. Atmos Environ 38(36):6195–6202
Article 
    
                    Google Scholar 
                

	NASA Earth Observatory (2012) USA, accessed 11 November 2016, http://earthobservatory.nasa.gov/NaturalHazards/view.php?id = 77070

	Plaia A, Ruggieri M (2011) Air quality indices: a review. Rev Environ Sci Biotechnol 10(2):165–179
Article 
    
                    Google Scholar 
                

	PME (Presidency of Meteorology and Environment) (2012) Kingdom of Saudi Arabia National Environmental Standard Ambient Air Quality

	Rashki A, Kaskaoutis DG, Eriksson PG, Qiang M, Gupta P (2012) Dust storms and their horizontal dust loading in the Sistan region, Iran. Aeolian Res 5:51–62
Article 
    
                    Google Scholar 
                

	Shahsavani A et al (2012) The evaluation of PM10, PM2.5, and PM1 concentrations during the middle eastern dust (MED) events in Ahvaz, Iran, from April through September 2010. J Arid Environ 77:72–83
Article 
    
                    Google Scholar 
                

	Shao Y (2008) Physics and modelling of wind erosion. Springer, Berlin

                    Google Scholar 
                

	Sugimoto N, Shimizu A, Matsui I, Nishikawa M (2016) A method for estimating the fraction of mineral dust in particulate matter using PM2.5-to-PM10 ratios. Particuology 28:114–120

	Thalib L, Al-Taiar A (2012) Dust storms and the risk of asthma admissions to hospitals in Kuwait. Sci Total Environ 433:347–351
Article 
    
                    Google Scholar 
                

	Tsiouri V, Kakosimos KE, Kumar P (2014) Concentrations, sources and exposure risks associated with particulate matter in the Middle East Area—a review. Air Quality, Atmosphere & Health, 1–14

	USEPA (U.S. Environmental Protection Agency), 2015. National Ambient Air Quality Standards (NAAQS). https://www.epa.gov/criteria-air-pollutants/naaqs-table
                        

	Van den Elshout S, Léger K, Heich H (2014) CAQI common air quality index—update with PM2.5 and sensitivity analysis. Sci Total Environ 488:461–468
Article 
    
                    Google Scholar 
                

	WHO (World Health Organization) (2005) WHO air quality guidelines for air quality for particulate matter ozone, nitrogen dioxide, and sulfur dioxide. Switzerland, Geneva http://www.who.int/phe/health_topics/outdoorair/outdoorair_aqg/en/
                        

                    Google Scholar 
                

	Zainal K, Al-Madany I, Al-Sayed H, Khamis A, Al Shuhaby S, Al Hisaby A, Elhoussiny W, Khalaf E (2012) The cumulative impacts of reclamation and dredging on the marine ecology and land-use in the Kingdom of Bahrain. Mar Pollut Bull 64(7):1452–1458
Article 
    
                    Google Scholar 
                


Download references




Acknowledgements
Any opinion, findings, conclusions, or recommendations expressed herein are those of the authors. They are grateful to Mr. Ebrahim BuHussain from the Supreme Council for Environment (SCE) for kindly providing ambient air quality data. They are grateful to Climate and Observation Section in the Metrological Directorate for kindly providing meteorological data. The authors acknowledge the assistance of undergraduate students: Lina Al Zuhair, Noura Ahmadi and Noora Al Otaibi (University of Bahrain). We further appreciate valuable comments from anonymous reviewers.


Author information
Authors and Affiliations
	Department of Chemical Engineering, College of Engineering, University of Bahrain, P.O. Box 32038, Isa Town, Kingdom of Bahrain
Majeed S. Jassim

	Department of Environmental Engineering, Bülent Ecevit University, 67100, Zonguldak, Turkey
Gulnur Coskuner


Authors	Majeed S. JassimView author publications
You can also search for this author in
                        PubMed Google Scholar



	Gulnur CoskunerView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Majeed S. Jassim.


Rights and permissions
Reprints and permissions


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



Cite this article
Jassim, M.S., Coskuner, G. Assessment of spatial variations of particulate matter (PM10 and PM2.5) in Bahrain identified by air quality index (AQI).
                    Arab J Geosci 10, 19 (2017). https://doi.org/10.1007/s12517-016-2808-9
Download citation
	Received: 19 July 2016

	Accepted: 20 December 2016

	Published: 03 January 2017

	DOI: https://doi.org/10.1007/s12517-016-2808-9


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
	Air quality index
	AQI
	Air quality monitoring
	Bahrain
	Arabian Peninsula
	Particulate matter
	Temporal variation








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					44.223.80.149
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    