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                    Abstract
The river Narmada is a major source of fresh water for the highly populated areas, predominantly the rural populations in Madhya Pradesh (Central India) and Gujarat (Western India). Modernization and industrialization in these areas have become a matter of concern due to changing environment and increasing social activities that influence the quality of water directly or indirectly. This investigation was undertaken to evaluate the quality of water along the banks of the river Narmada at different sampling sites using physico-chemical and bacteriological methods. The samples collected were analyzed per standard method parameters and were measured in situ. The correlation matrix indicated strong mutual dependency between the measured parameters (P < 0.05). Principal components analysis of the data indicates that two components (PC1 and PC2) influence the water quality to the extent of 57.4, 64.5 and 61.0% during rainy, winter and summer seasons, respectively. The mean values of the physico-chemical parameters of the river water samples were consistently higher than the levels certified by the World Health Organization and other regulatory bodies as polluted water. The presence of coliform bacteria in the water samples warrants for proper measures to reduce the pollution at point sources and requires proper remediation strategies to combat contamination in the river water.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
We’re sorry, something doesn't seem to be working properly.
 Please try refreshing the page. If that doesn't work, please contact support so we can address the problem.



                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Figure 1[image: ]


Figure 2[image: ][image: ]


Figure 3[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

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

                                    
                                        Article
                                         Open access
                                         09 February 2019
                                    

                                

                                Arup Giri, Vijay K. Bharti, … O. P. Chaurasia

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        An Assessment of Physico-Chemical Parameters of Ganga Water Using Multivariate Analysis
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2014
                                    

                                

                                
                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Assessment of Water Quality Using Multivariate Statistical Analysis in the Gharaso River, Northern Iran
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2018
                                    

                                

                                
                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Abraham, W. R. (2011). Megacities as sources for pathogenic bacteria in rivers and their fate downstream. International Journal of Microbiology,
                  2011, 1–13.
Article 
    
                    Google Scholar 
                

	American Public Health Association (APHA). (1998). Standard methods for the examination of water and wastewater (16th ed.). Washington, DC: American Public Health Association.

                    Google Scholar 
                

	Bricker, O. P., & Jones, B. F. (1995). Main factors affecting the composition of natural waters (pp. 1–5). Boca Raton, FL: CRC Press.

                    Google Scholar 
                

	Chitanand, M. P., Kadam, T. A., Gyananath, G., Totewad, N. D., & Balhal, D. K. (2010). Multiple antibiotic resistance indexing of coliforms to identify high risk contamination sites in aquatic environment. Indian Journal of Microbiology,
                  50(2), 216–220.
Article 
    
                    Google Scholar 
                

	Dagne, D., William, E. O., Paul, B., & Techounwou, B. (2006). The impact of rainfall on coliform bacteria in Bayou Dorcheat (North Louisiana). International Journal of Environmental Research and Public Health,
                  3(1), 114–117.
Article 
    
                    Google Scholar 
                

	Gazzaz, M. N., Yusoff, K. M., Ramli, M. F., Aris, A. Z., & Juahir, H. A. (2012). Characterization of special patterns in river water quality using chemo metric pattern recognition techniques. Marine Pollution Protection,
                  64, 688–698.
Article 
    
                    Google Scholar 
                

	Geldreich, E. E. (1991). Microbial water quality concerns for water supply use. Environmental Toxicology,
                  6, 209–223.

                    Google Scholar 
                

	Gholami, S., & Srikantaswamy, S. (2009). Statistical multivariate analysis in the assessment of river water quality in the vicinity of KRS Dam, Karnataka, India. Natural Resources Research,
                  3(18), 235–247.
Article 
    
                    Google Scholar 
                

	Gupta, D. P., Sunita, & Saharan, J. P. (2009). Physiochemical analysis of ground water of selected area of Kaithal City (Haryana) India. Researcher,
                  1(2), 1–5.

                    Google Scholar 
                

	Hacioglu, N., & Dulger, B. (2009). Monthly variation of some physico-chemical and microbiological parameters in Biga Stream (Biga, Canakkale, Turkey). African Journal of Biotechnology,
                  8(9), 1929–1937.

                    Google Scholar 
                

	Kannel, R. P., Lee, S., Kannel, S. R., & Kahn, S. P. (2007). Chemometric application in classification and assessment of monitoring location of an urban river system. Analytical Chemistry Acta,
                  582, 390–399.
Article 
    
                    Google Scholar 
                

	Karnath, K. R. (1987). Quality of ground water in ground water assessment, development and management. Pollution Research,
                  8, 217–269.

                    Google Scholar 
                

	Khadse, G. K., Patni, P. M., Kelkar, P. S., & Devotta, S. (2008). Qualitative evaluation of Kanhan river and its tributaries flowing over central Indian plateau. Environmental Monitoring and Assessment,
                  147, 83–92.
Article 
    
                    Google Scholar 
                

	Khaiwal, R., Ameena, Meenakshi, Monica, Rani & Kaushik, A. (2003). Seasonal variations in physico-chemical characteristics of River Yamuna in Haryana and its ecological best-designated use. Journal of Environmental Monitoring, 5, 419-426.

	Kunte, D. P., Yeole, T. Y., Chiplonkar, S. A., & Ranade, D. R. (1998). Inactivation of Salmonella typhi by high levels of volatile fatty acids during anaerobic digestion. Journal of Applied Microbiology,
                  84, 138–142.
Article 
    
                    Google Scholar 
                

	Lee, J. Y., Cheon, J. Y., Lee, S. Y., & Lee, M. H. (2001). Statistical evaluation of geochemical parameter distribution in a ground water system contaminated with petroleum hydrocarbons. Journal of Environmental Quality,
                  30, 1548–1563.
Article 
    
                    Google Scholar 
                

	Miller, T. G. (1994). Living in the environment, principals, connections and solutions (8th ed.). Belmont, CA: Wadsworth Publications Co.

                    Google Scholar 
                

	Narmada Valley Development Authority, Narmada Basin, Government of Madhya Pradesh. 2002.

	Olobaniyi, S. B., & Owoyemi, F. B. (2006). Characterization by factor analysis of the chemical facies of groundwater in the deltaic plain sands aquifer of Warri, Western Niger Delta, Nigeria. African Journal of Science & Technology,
                  7(1), 73–81.

                    Google Scholar 
                

	Pandey, S. K., & Tiwari, S. (2009). Physicochemical analysis of ground water of selected area of Ghazipur city—a case study. Nature and Science,
                  7(1), 17–20.

                    Google Scholar 
                

	Parus, P. (2005). Water quality assessment using SVD-based principal component analysis of hydrological data. Water South Africa,
                  31(4), 417–422.

                    Google Scholar 
                

	Pradhan, U. K., Sirodkar, P. V., & Sahu, B. K. (2009). Physico-chemical characteristics of the coastal water off Devi estuary, Orissa and evaluation of its seasonal changes using chemometric techniques. Current Science,
                  96(9), 1203–1209.

                    Google Scholar 
                

	Raghunath, R., Murthy, T. R. S., & Raghavan, B. R. (2002). The utility of multivariate statistical techniques in hydrochemical studies an example from Karnataka, India. Water Research,
                  36, 2437–2442.
Article 
    
                    Google Scholar 
                

	Saadia, R., Tariq, M. I., Shah, N., Shaheen, A., Khalique, S., Manzoor, S., et al. (2005). Multivariate analysis of trace metals levels in tannery effluents in relation to soil and water: A case study Peshawar, Pakistan. Journal of Environmental Management,
                  40, 44–48.

                    Google Scholar 
                

	Sharma, A., & Chaturvedi, A. N. (2007). Population dynamics of Vibrio species in the river Narmada at Jabalpur. Journal of Environmental Biology,
                  28(4), 747–751.

                    Google Scholar 
                

	Sharma, A., & Khokale, D. (2005). Biotyping and antibiograms analysis of Aeromonas isolated from river Narmada at Jabalpur (M.P.) India. Indian Journal of Microbiology,
                  45(4), 265–268.

                    Google Scholar 
                

	Sharma, A., & Khokale, D. (2006). Distribution and survival of aeromonas in fresh water system at Jabalpur, in relation to faecal pollution bacteria. Asian Journal of Experimental Science,
                  20(2), 363–368.

                    Google Scholar 
                

	Sharma, A., & Rajput, S. (1996a). Microbial quality and persistence of enteropathogens in fresh water environments. Ecology and Environmental Conservation,
                  2, 29–36.

                    Google Scholar 
                

	Sharma, A., & Rajput, S. (1996b). Salmonella as an index of pollution of fresh water environments. Environmental Monitoring and Assessment,
                  41, 67–76.
Article 
    
                    Google Scholar 
                

	Sharma, S., Savita, D., Jain, P., Shah, K. W., & Vishwakarma, R. (2008). Statistical evaluation of hydrobiological parameters of Narmada river water at Hoshangabad city, India. Environmental Monitoring Assessment,
                  143, 195–202.
Article 
    
                    Google Scholar 
                

	Sharma, A., Bora, C. R., Chaurasia, R. K., & Sahu, V. (2009). Antibiotic susceptibility and genetic analysis of Vibrio species isolated from riverine environment. Current Research in Bacteriology,
                  2(2), 36–49.
Article 
    
                    Google Scholar 
                

	Sharma, A., Bhattacharya, A., Bora, C. R., Shukla, V., & Parihar, P. (2012). Diversity of enteropathogens in river Narmada and their environmental and health implications. In T. Sathyanarayana et al. (Eds.), Microorganism in environmental management: Microbes and environment. Chap. 2, (pp. 35–60). Dordrecht: Springer Science + Business Media B.V.

	Shmueli, D. F. (1999). Water quality in international river basins. Political Geography,
                  18, 437–476.
Article 
    
                    Google Scholar 
                

	Singh, K. P., Malik, A., & Singh, V. K. (2005). Chemometric analysis of hydro-chemical data of an alluvial river—a case study. Water, Air, and Soil Pollution,
                  170, 383–404.
Article 
    
                    Google Scholar 
                

	Sojka, M., Siepak, M., Ziola, A., Frankowski, M., Murat, B. S., & Siepak, J. (2008). Application of multivariate statistical techniques to evaluation of water quality in the Mala Welna River (Western Poland). Environmental Monitoring and Assessment,
                  147, 159–170.
Article 
    
                    Google Scholar 
                

	Sood, A., Singh, K. D., Pandey, P., & Sharma, S. (2008). Assessment of bacterial indicators and physico-chemical parameters to investigate pollution status of Gangetic river system of Uttarakhand (India). Ecological Indicators,
                  8, 709–717.
Article 
    
                    Google Scholar 
                

	Suthar, S., Sharma, J., Chabukdhara, M., & Nema, A. K. (2010). Water quality assessment of river Hinton at Ghaziabad, India: Impact of industrial & urban waste water. Environment Monitoring & Assessment,
                  165(1–4), 103–112.
Article 
    
                    Google Scholar 
                

	Vega, M., Pardo, R., Barrado, E., & Deban, L. (1998). Assessment of seasonal and polluting effects on quality of river water by exploratory data analysis. Water Research,
                  32, 3281–3282.
Article 
    
                    Google Scholar 
                

	WHO. (2006). Guidelines for drinking-water quality (electronic resource). Incorporating first addendum, 3rd edn., Vol. 1. Recommendations. World Health Organization: Geneva.


Download references




Acknowledgments
We are grateful to the University Grants Commission and Ministry of Environment and Forest, Government of India, New Delhi for financial assistance. The lab facilities provided by the Head, Department of P.G. Studies and Research in Biological Science, Rani Durgavati University, Jabalpur (Madhya Pradesh) are hereby acknowledged.


Author information
Authors and Affiliations
	Bacteriology Laboratory, Department of P.G. Studies and Research in Biological Science, Rani Durgavati University, Jabalpur, 482001, MP, India
Anjana Sharma, Chandan R. Bora & Varsha Shukla


Authors	Anjana SharmaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Chandan R. BoraView author publications
You can also search for this author in
                        PubMed Google Scholar



	Varsha ShuklaView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Anjana Sharma.


Rights and permissions
Reprints and permissions


About this article
Cite this article
Sharma, A., Bora, C.R. & Shukla, V. Evaluation of Seasonal Changes in Physico-chemical and Bacteriological Characteristics of Water from the Narmada River (India) Using Multivariate Analysis.
                    Nat Resour Res 22, 283–296 (2013). https://doi.org/10.1007/s11053-013-9204-x
Download citation
	Received: 10 June 2012

	Accepted: 07 March 2013

	Published: 05 April 2013

	Issue Date: December 2013

	DOI: https://doi.org/10.1007/s11053-013-9204-x


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
	river Narmada
	physico-chemical and bacteriological parameters
	seasonal variation
	correlation matrix
	principal component analysis








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
We’re sorry, something doesn't seem to be working properly.
 Please try refreshing the page. If that doesn't work, please contact support so we can address the problem.



                                        

                                        
                                            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
						
						
					


		
	
	
		
			
				
					
					54.205.78.186
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    