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                    Abstract
This work attempts to make an appraisal of soil regime pollution by heavy metals in the hilly tracts of Nalagarh valley, Himachal Pradesh, India, using geochemical indexing approaches and chemometric techniques. Nalagarh valley houses various industries and is a centre of economic activities in Himachal Pradesh. Fifteen soil samples were collected and analysed for arsenic, cadmium, chromium, copper, iron, manganese, nickel, lead and zinc. Concentrations of these heavy metals lie within the prescribed limits of most developed countries including those of India with their average concentrations too lying within the crustal average shale values except that of cadmium, but assessment by geochemical indexing approaches such as geoaccumulation index, enrichment factor, contamination factor, pollution load index and ecological risk indicates that cadmium, lead and copper are slowly contaminating the valley soil with potential ecological risk index varying between 48.07 and 157.00, which implies low-to-moderate risk intensity of metals on ecosystem. Principal component analysis extracts three principal components: Principal Component 1 loading on the metals (arsenic, cadmium, chromium, iron, manganese and lead) is regulated by mixed factor, Principal Component 2 (copper, lead and zinc) is influenced by anthropogenic inputs and Principal Component 3 (chromium and manganese) is influenced by weathering of parent materials. Cluster analysis has been integrated with potential ecological risk index to appraise its relations and validate the pollution factors affecting the potential ecotoxicity in the soil regime. Geochemical indexing approaches coupled with chemometric analysis, therefore, offer a robust method in detecting pollution and identifying mitigation measures.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Pollution indices as useful tools for the comprehensive evaluation of the degree of soil contamination–A review
                                        
                                    

                                    
                                        Article
                                         Open access
                                         05 April 2018
                                    

                                

                                Joanna Beata Kowalska, Ryszard Mazurek, … Tomasz Zaleski

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Natural and Human Factors Affect the Distribution of Soil Heavy Metal Pollution: a Review
                                        
                                    

                                    
                                        Article
                                        
                                         02 July 2020
                                    

                                

                                Qiaochu Zhang & Chengchen Wang

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Sources of Soil Pollution by Heavy Metals and Their Accumulation in Vegetables: a Review
                                        
                                    

                                    
                                        Article
                                         Open access
                                         06 July 2019
                                    

                                

                                Aneta Zwolak, Magdalena Sarzyńska, … Kinga Stawarczyk

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Ahmad JU, Goni MA (2010) Heavy metal contamination in water, soil, and vegetables of the industrial areas in Dhaka, Bangladesh. Environ Monit Assess 166(1–4):347–357
Article 
    CAS 
    
                    Google Scholar 
                

	Amin B, Ismail A, Arshad A, Yap CK, Kamarudin MS (2009) Anthropogenic impacts on heavy metal concentrations in the coastal sediments of Dumai, Indonesia. Environ Monit Assess 148:291–305. https://doi.org/10.1007/s10661-008-0159-z
                        
Article 
    CAS 
    
                    Google Scholar 
                

	Anonymous (2014) Report of people’s public hearing on industrial pollution in Baddi, Barotiwala, Nalagarh industrial area, Him Parivesh Environment Protection Organisation and Himdhara Environment Research and Action Collective, pp 1–48

	Australian Department of Environment and Conservation (2010) Contaminated sites management series: assessment levels for soil, sediment and water. Department of Environment and Conservation, Bentley

                    Google Scholar 
                

	Awasthi SK (2000) Prevention of Food Adulteration Act no 37 of 1954, central and state rules as amended for 1999. Ashoka Law House, New Delhi

                    Google Scholar 
                

	Bai J, Xiao R, Cui B, Zhang K, Wang Q, Liu X, Gao H, Huang L (2011) Assessment of heavy metal pollution in wetland soils from the young and old reclaimed regions in the Pearl River Estuary, South China. Environ Pollut 159(3):817–824
Article 
    CAS 
    
                    Google Scholar 
                

	Baut-Menard R, Chesselet R (1979) Variable influence of flux on trace metal chemistry of ocean suspended matter. Earth Planet Sci Lett 42:398–411

                    Google Scholar 
                

	Bempah CF, Ewusi A (2016) Heavy metals contamination and human health risk assessment around Obuasi gold mine in Ghana. Environ Monit Assess 188:261. https://doi.org/10.1007/s10661-016-5241-3
                        
Article 
    CAS 
    
                    Google Scholar 
                

	Blake L, Goulding KWT (2002) Effects of atmospheric deposition, soil pH and acidification on heavy metal contents in soils and vegetation of semi-natural ecosystems at Rothamsted Experimental Station, UK. Plant Soil 240:235–251
Article 
    CAS 
    
                    Google Scholar 
                

	Canadian Council of Ministers of the Environment (2009) CCME soil quality index 1.0: technical report. In: Canadian environmental quality guidelines, 1999, Canadian Council of Ministers of the Environment, Winnipeg

	Cengiz MF, Kilic S, Yalcin F, Kilic M, Yalcin MG (2017) Evaluation of heavy metal risk potential in Bogacayi River water (Antalya, Turkey). Environ Monit Assess 189:248. https://doi.org/10.1007/s10661-017-5925-3
                        
Article 
    CAS 
    
                    Google Scholar 
                

	CGWB (1975) Report on the groundwater exploration in the parts of intermontane Sirsa valley, Nalagarh Teshil, Solan District, Himachal Pradesh, Unpublished report, pp 1–42

	CGWB (2007) Groundwater information booklet. Central Groundwater Board, Solan District, Himachal Pradesh, pp 1–24

                    Google Scholar 
                

	CGWB (2008) Report on groundwater management study Solan District, Himachal Pradesh, Central Ground Water Board, Northern Himalayan Region, Dharamshala, Unpublished report, pp 1–72

	Chabukdhara M, Nema AK (2012) Assessment of heavy metal contamination in Hindon River sediments: a chemometric and geochemical approach. Chemosp 87(8):945–953
Article 
    CAS 
    
                    Google Scholar 
                

	Charzyński P, Plak A, Hanaka A (2016) Influence of the soil sealing on the geoaccumulation index of heavy metals and various pollution factors. Environ Sci Pollut Res 24(5):4801–4811. https://doi.org/10.1007/s11356-016-8209-5
                        
Article 
    CAS 
    
                    Google Scholar 
                

	Cheng H, Hu Y (2010) Lead (Pb) isotopic fingerprinting and its applications in lead pollution studies in China: a review. Environ Pollut 158(5):1134–1146
Article 
    CAS 
    
                    Google Scholar 
                

	Dash P, Aggarwal SP, Verma N (2013) Correlation based morphometric analysis to understand drainage basin evolution: a case study of Sirsa river basin, Western Himalaya, India, Scientific Annals Of “AlexandruIoanCuza” University of Iasi, Vol Lix, No. 1, S. Ii C, Geography series (Online Version) 2284–6379 Eissn

	Deepulal PM, Sujatha CH, George R (2012) Chemometric study on the trace metal accumulation in the sediments of the Cochin Estuary-Southwest coast of India. Environ Monit Assess 184(10):6261–6279
Article 
    CAS 
    
                    Google Scholar 
                

	Devi NL, Yadav IC (2018) Chemometric evaluation of heavy metal pollutions in Patna region of the Ganges alluvial plain, India: implication for source apportionment and health risk assessment. Environ Geochem Health. https://doi.org/10.1007/s10653-018-0101-4
                        
Article 
    
                    Google Scholar 
                

	DoA (Department of Agriculture) (2009) District agriculture plan Solan. Himachal Pradesh 11:1–148

                    Google Scholar 
                

	Enuneku A, Biosea E, Ezemonye L (2017) Levels, distribution, characterization and ecological risk assessment of heavy metals in road side soils and earthworms from urban high traffic areas in Benin metropolis, Southern Nigeria. J Environ Chem Eng 5:2773–2781
Article 
    CAS 
    
                    Google Scholar 
                

	European Union (EU) (2006) Commission regulation (EC) No. 1881/2006 of 19 December 2006 setting maximum levels for certain contaminants in foodstuffs. Off J Eur Union L 364:5–24

                    Google Scholar 
                

	Facchinelli A, Sacchi E, Mallen L (2001) Multivariate statistical and GIS based approach to identify heavy metal sources in soils. Environ Pollut 114:313–324
Article 
    CAS 
    
                    Google Scholar 
                

	Fang GC, Wu YS, Chang SY, Huang SH, Rau JY (2006) Size distributions of ambient air particles and enrichment factor analyses of metallic elements at Taichung Harbor near the Taiwan Strait. Atmos Res 81:320–333
Article 
    CAS 
    
                    Google Scholar 
                

	Fernández-Caliani JC, Barba-Brioso C, González I, Galán E (2009) Heavy metal pollution in soils around the abandoned mine sites of the Iberian pyrite belt (Southwest Spain). Water Air Soil Pollut 200:211–226. https://doi.org/10.1007/s11270-008-9905-7
                        
Article 
    CAS 
    
                    Google Scholar 
                

	Franco-Uria A, Lopez-Mateo C, Roca E, Fernandez-Marcos ML (2009) Source identification of heavy metals in pastureland by multivariate analysis in NW Spain. J Hazard Mater 165:1008–1015
Article 
    CAS 
    
                    Google Scholar 
                

	Gjoka F, Felix-Henningsen P, Wagener Hans R, Salillari I, Beqiraj A (2010) Heavy metals in soils from Tirana (Albania). Environ Monit Assess 172(1):517–527. https://doi.org/10.1007/s10661-010-1351-5
                        
Article 
    CAS 
    
                    Google Scholar 
                

	GoHP (Government of Himachal Pradesh) (2011) Himachal industrial directory. Department of Industries, Shimla, pp 50–130

                    Google Scholar 
                

	GoI (Government of India) (2012) Himachal Pradesh development report, state plan division, Planning Commission, Government of India, pp 1–450

	Goni MA, Ahmad JU, Halim MA, Mottalib MA, Chowdhury DA (2014) Uptake and translocation of metals in different parts of crop plants irrigated with contaminated water from DEPZ area of Bangladesh. Bull Environ Contam Toxicol 92(6):726–732
Article 
    CAS 
    
                    Google Scholar 
                

	Gowd SS, Reddy MR, Govil PK (2010) Assessment of heavy metal contamination in soils at Jajmau (Kanpur) and Unnao industrial areas of the Ganga Plain, Uttar Pradesh, India. J Hazard Mater 174:113–121. https://doi.org/10.1016/j.jhazmat.2009.09.024
                        
Article 
    CAS 
    
                    Google Scholar 
                

	Hakanson L (1980) An ecological risk index for aquatic pollution control. A sedimentological approach. Water Res 14(8):975–1001
Article 
    
                    Google Scholar 
                

	Halim MA, Majumder RK, Zaman MN (2015) Paddy soil heavy metal contamination and uptake in rice plants from the adjacent area of Barapukuria coal mine, northwest Bangladesh. Arab J Geosci 8(6):3391–3401
Article 
    CAS 
    
                    Google Scholar 
                

	Herojeet RK, Rishi SM, Sidhu N (2013) Hydrochemical characterization, classification and evaluation of groundwater regime in Sirsa watershed, Nalagarh Valley, Himachal Pradesh, India. Civil Environ Res 3(7):47–57

                    Google Scholar 
                

	Herojeet RK, Rishi MS, Kishore N (2015) Integrated approach of heavy metal pollution indices and complexity quantification using chemometric models in the Sirsa Basin, Nalagarh valley, Himachal Pradesh, India. Chin J Geochem 34(4):620–633. https://doi.org/10.1007/s11631-015-0075-1
                        
Article 
    CAS 
    
                    Google Scholar 
                

	Herojeet RK, Madhuri SR, Renu L, Ranjna G (2016) Application of environmetrics statistical models and water quality index for groundwater quality characterization of alluvial aquifer of Nalagarh Valley, Himachal Pradesh, India. Sustain Water Resour Manag 2:39–53. https://doi.org/10.1007/s40899-015-0039-y
                        
Article 
    
                    Google Scholar 
                

	Herojeet RK, Rishi MS, Lata R, Dolma K (2017) Quality characterization and pollution source identification of surface water using multivariate statistical techniques, Nalagarh Valley, Himachal Pradesh, India. Appl Water Sci 7:2137–2156. https://doi.org/10.1007/s13201-017-0600-y
                        
Article 
    CAS 
    
                    Google Scholar 
                

	Hu Y, Liu X, Bai J, Shih K, Zeng EY, Cheng H (2013) Assessing heavy metal pollution in the surface soil of a region that had undergone three decades of intense industrialization and urbanization. Environ Sci Pollut Res 20:6150–6159. https://doi.org/10.1007/s11356-013-1668-z
                        
Article 
    CAS 
    
                    Google Scholar 
                

	Huang KM, Lin S (2003) Consequences and implication of heavy metal spatial variations in sediments of the Keelung River drainage basin, Taiwan. Chemosphere 53:1113–1121
Article 
    CAS 
    
                    Google Scholar 
                

	Hudson-Edwards K, Schell C, Macklin MG (1999) Mineralogy and geochemistry of alluvium contaminated by metal mining in the Río Tinto area, southwest Spain. Appl Geochem 14:1015–1030. https://doi.org/10.1016/S0883-2927(99)00008-6
                        
Article 
    CAS 
    
                    Google Scholar 
                

	Ihedioha JN, Ukoha PO, Ekere NR (2017) Ecological and human health risk assessment of heavy metal contamination in soil of a municipal solid waste dump in Uyo, Nigeria. Environ Geochem Health 39:497–515. https://doi.org/10.1007/s10653-016-9830-4
                        
Article 
    CAS 
    
                    Google Scholar 
                

	Islam MA, Romić D, Akber MA, Romić M (2018) Trace metals accumulation in soil irrigated with polluted water and assessment of human health risk from vegetable consumption in Bangladesh. Environ Geochem Health 40:59–85. https://doi.org/10.1007/s10653-017-9907-8
                        
Article 
    CAS 
    
                    Google Scholar 
                

	Kaiser HF (1960) The application of electronic computers to factor analysis. Educ Psychol Meas 20:141–151
Article 
    
                    Google Scholar 
                

	Kanmani K, Gandhimathi R (2013) Assessment of heavy metal contamination in soil due to leachate migration from an open dumping site. Appl Water Sci 3:193–205. https://doi.org/10.1007/s13201-012-0072-z
                        
Article 
    CAS 
    
                    Google Scholar 
                

	Kartal S, Aydin Z, Tokalioglu S (2006) Fractionation of metals in street sediment samples by using the BCR sequential extraction procedure and multivariate statistical elucidation of the data. J Hazard Mater 132:80–89
Article 
    CAS 
    
                    Google Scholar 
                

	Khan E (1970) The geology of the area between Chandigarh and Subathu. J Paleontol Soc India 14:47–65

                    Google Scholar 
                

	Khan SA (1988) Progress report on systematic hydrogeological surveys in parts of Nalagarh valley area, Solan district, Himachal Pradesh, Central Ground Water Board, Northwestern region, Chandigarh, unpublished report, pp 1–38

	Kowalska JB, Mazurek R, Gąsiorek M, Gąsiorek T (2018) Pollution indices as useful tools for the comprehensive evaluation of the degree of soil contamination–a review. Environ Geochem Health. https://doi.org/10.1007/s10653-018-0106-z
                        
Article 
    
                    Google Scholar 
                

	Krishnakumar P, Lakshumanan C, Jonathan MP, Sundararajan M, Navarrete-Lopez M (2013) Trace metal in beach sediments of Velanganni Coast, South India: application of autoclave leach method. Arab J Geosci 7:2655–2665
Article 
    CAS 
    
                    Google Scholar 
                

	Kumar A, Ramanathan AL, Prasad MBK, Datta D, Kumar M, Sappal SM (2016) Distribution, enrichment, and potential toxicity of trace metals in the surface sediments of Sundarban mangrove ecosystem, Bangladesh: a baseline study before Sundarban oil spill of December, 2014. Environ Sci Pollut Res 23:8985–8999
Article 
    CAS 
    
                    Google Scholar 
                

	Liu CW, Lin KH, Kuo YM (2003) Application of factor analysis in the assessment of groundwater quality in a balckfoot diseases area in Taiwan. Sci Total Environ 313:77–89
Article 
    CAS 
    
                    Google Scholar 
                

	Lu AX, Wang JH, Qin XY, Wang KY, Han P, Zhang SZ (2012) Multivariate and geostatistical analyses of the spatial distribution and origin of heavy metals in the agricultural soils in Shunyi, Beijing, China. Sci Total Environ 425:66–74
Article 
    CAS 
    
                    Google Scholar 
                

	Lv J, Liu Y, Zhang Z, Dai J, Dai B, Zhu Y (2015) Identifying the origins and spatial distributions of heavy metals in soils of Ju country (Eastern China) using multivariate and geostatistical approach. J Soils Sediments 15:163–178. https://doi.org/10.1007/s11368-014-0937-x
                        
Article 
    CAS 
    
                    Google Scholar 
                

	Mehrabi B, Mehrabani S, Radiei B, Yaghoubi B (2015) Assessment of metal contamination in groundwater and soils in the Ahangaran mining district, west of Iran. Environ Monit Assess 187:727. https://doi.org/10.1007/s10661-015-4864-0
                        
Article 
    CAS 
    
                    Google Scholar 
                

	Mico C, Recatala L, Peris A, Sanchez J (2006) Assessing heavy metal sources in agricultural soils of an European Mediterranean area by multivariate analysis. Chemosp 65:863–872
Article 
    CAS 
    
                    Google Scholar 
                

	Morillo J, Usero J, Gracia I (2004) Heavy metal distribution in marine sediments from the southwest coast of Spain. Chemosphere 55:431–442
Article 
    CAS 
    
                    Google Scholar 
                

	Muller GU (1979) Schwermetalle in den sediments des Rheins: Veranderungenseit 1971. UmschWiss Tech 79:778–783

                    Google Scholar 
                

	Müller GU (1981) Die Schwermetallbelastung der sedimenten des Neckars und seiner Nebenflüsse: eineBestandsaufnahme. Chem Ztg 105:157–164

                    Google Scholar 
                

	Nanos N, Rodríguez Martín JA (2012) Multiscale analysis of heavy metal contents in soils: spatial variability in the Duero river basin (Spain). Geoderma 189:554–562
Article 
    CAS 
    
                    Google Scholar 
                

	OECD (1994) Risk reduction monograph no. 5: cadmium, OECD environment monograph series no. 104, OECD Environment Directorate, Paris

	Otto M (1998) Multivariate methods. In: Kellner R, Mermet JM, Otto M, Widmer HM (eds) Analytical chemistry. Wiley-VCH, Weinheim, p 916

                    Google Scholar 
                

	Pandey B, Agrawal M, Singh S (2016) Ecological risk assessment of soil contamination by trace elements around coal mining area. J Soils Sediments 16(159):168. https://doi.org/10.1007/s11368-015-1173-8
                        
Article 
    CAS 
    
                    Google Scholar 
                

	Papazova P, Simeonova P (2013) Environmetric data interpretation to assess the water quality of Maritsa River catchment. J Environ Sci Health, Part A 48(8):963–972
Article 
    CAS 
    
                    Google Scholar 
                

	Parveen R, Saini R, Taneja A (2016) Chemical characterization and health risk assessment of soil and airborne particulates metals and metalloids in populated semiarid region, Agra, India. Environ Geochem Health. https://doi.org/10.1007/s10653-016-9822-4
                        
Article 
    
                    Google Scholar 
                

	Patel P, Raju NJ, Reddy BCSR, Suresh U, Sankar BD, Reddy TVK (2018) Heavy metal contamination in river water and sediments of the Swarnamukhi River Basin, India: risk assessment and environmental implications. Environ Geochem Health 40:609–623. https://doi.org/10.1007/s10653-017-0006-7
                        
Article 
    CAS 
    
                    Google Scholar 
                

	Pradhan JK, Kumar S (2014) Informal e-waste recycling: environmental risk assessment of heavy metal contamination in Mandoli industrial area, Delhi, India. Environ Sci Pollut Res 21(13):7913–7928
Article 
    CAS 
    
                    Google Scholar 
                

	Qishlaqi A, Moore F, Forghani G (2009) Characterization of metal pollution in soils under two land use patterns in the Angouran region, NW Iran; a study based on multivariate data analysis. J Hazard Mater 172:374–384
Article 
    CAS 
    
                    Google Scholar 
                

	Rafiei B, Khodaei AS, Khodobakhsh S, Hashemi M, BaktiariNejab M (2010) Contamination assessment of lead, zinc, copper, cadmium, arsenic and antimony in Ahangaran mine soils, Malayer, West of Iran. Soil Sediment Contam 19:573–586
Article 
    CAS 
    
                    Google Scholar 
                

	Rahman SH, Khanam D, Adyel TM, Islam MS, Ahsan MA, Akbor MA (2012) Assessment of heavy metal contamination of agricultural soil around Dhaka Export Processing Zone (DEPZ), Bangladesh: implication of seasonal variation and indices. Appl Sci 2(4):584–601
Article 
    CAS 
    
                    Google Scholar 
                

	Raju NJ, Patel P, Gurung D, Ram P, Gossel W, Wycisk P (2016) Geochemical assessment of groundwater quality in the Dun valley of central Nepal using chemometric method and geochemical modeling. Groundwater Sustain Dev 1:135–145
Article 
    
                    Google Scholar 
                

	Rao RVS, Mahapatra SK, Verma TP, Sidhu GS, Rana KPC (1997) Characterization and classification of some soils of Shiwalik Hills in Himachal Pradesh. Agropedology 7:14–21

                    Google Scholar 
                

	Rivera MB, Giráldez MI, Fernández-Caliani JC (2016) Assessing the environmental availability of heavy metals in geogenically contaminated soils of the Sierra de Aracena Natural Park (SW Spain). Is there a health risk? Sci Total Environ 560–561:254–265
Article 
    CAS 
    
                    Google Scholar 
                

	Rodríguez Martín JA, Arias ML, Corbi JMG (2006) Heavy metals contents in agricultural topsoils in the Ebro basin (Spain). Application of the multivariate geostatistical methods to study spatial variations. Environ Pollut 144:1001–1012
Article 
    CAS 
    
                    Google Scholar 
                

	Saddique U, Muhammad S, Tariq M, Zhang H, Arif M, Jadoon IAK, Khattak NU (2018) Potentially toxic elements in soil of the Khyber Pakhtunkhwa province and Tribal areas, Pakistan: evaluation for human and ecological risk assessment. Environ Geochem Health. https://doi.org/10.1007/s10653-018-0091-2
                        
Article 
    
                    Google Scholar 
                

	Saha N, Rahman MS, Jolly YN, Rahman A, Sattar MA, Hai MA (2016) Spatial distribution and contamination assessment of six heavy metals in soils and their transfer into mature tobacco plants in Kushtia District, Bangladesh. Environ Sci Pollut Res 23:3414–3426
Article 
    CAS 
    
                    Google Scholar 
                

	Satapathy S, Panda CR (2018) Source identification, environmental risk assessment and human health risks associated with toxic elements present in a coastal industrial environment. Environ Geochem Health, India. https://doi.org/10.1007/s10653-018-0095-y
                        
Book 
    
                    Google Scholar 
                

	Shi G, Chen Z, Bi C, Li Y, Teng J, Wang L et al (2010) Comprehensive assessment of toxic metals in urban and suburban street deposited sediments (SDSs) in the biggest metropolitan area of China. Environ Pollut 158:694–703
Article 
    CAS 
    
                    Google Scholar 
                

	Sidhu GS, Surya GS (2014) Soils of North-Western Himalayan eco-system and their land use constraints, productivity potentials and future strategies. Agropedology 24(01):1–19

                    Google Scholar 
                

	Simeonov V, Simeonova P, Tsitouridou R (2004) Chemometric quality assessment of surface waters: two case studies. Chem Eng Ecol 11(6):449–469
CAS 
    
                    Google Scholar 
                

	Singh K, Singh JP, Bhandari AR (1996) Numerical classification of some soils from upper transect of Satluj river catchment in Himachal Pradesh. J Indian Soc Soil Sci 44:122–130

                    Google Scholar 
                

	Singh KP, Mallik A, Mohan D, Sinha S (2004) Multivariate statistical techniques for the evaluation of spatial and temporal variations in water quality of Gomti river (India): a case study. Water Res 38(18):3980–3992
Article 
    CAS 
    
                    Google Scholar 
                

	Singovszka E, Balintova M (2012) Application factor analysis for the evaluation surface water and sediment quality. Chem Eng Trans 26:183–188

                    Google Scholar 
                

	Sun YB, Zhou QX, Xie XK, Liu R (2010) Spatial, sources and risk assessment of heavy metal contamination of urban soils in typical regions of Shenyang, China. J Hazard Mater 174:455–462
Article 
    CAS 
    
                    Google Scholar 
                

	Sungur A, Özcan H (2015) Chemometric and geochemical study of the heavy metal accumulation in the soils of a salt marsh area (Kavak Delta, NW Turkey). J Soils Sediments 15:323–331. https://doi.org/10.1007/s11368-014-1013-2
                        
Article 
    CAS 
    
                    Google Scholar 
                

	Sutherland RA (2000) Bed sediment-associated trace metals in an urban stream, Oahu, Hawaii. Environ Geol 39:611–627
Article 
    CAS 
    
                    Google Scholar 
                

	Tomlinson DC, Wilson JG, Harris CR, Jeffrey DW (1980) Problems in assessment of heavy metal levels in estuaries and the formation of a pollution index. Helgol Meeresun 33:566–575
Article 
    
                    Google Scholar 
                

	UK Environment Agency (2008) Assessment of metal mining-contaminated river sediments in England and Wales. Science report: SC030136/SR4, Environment Agency, Bristol

	Valdés J, Vargas G, Sifeddine A, Ortlieb L, Guinez M (2005) Distribution and enrichment evaluation of heavy metals in Mejillones Bay (23°S), Northern Chile: geochemical and statistical approach. Mar Pollut Bull 50:1558–1568
Article 
    CAS 
    
                    Google Scholar 
                

	Wai WW, Alkarkhi AFM, Easa AM (2010) Comparing biosorbent ability of modified citrus and durian rind pectin. CarbohydrPolym 79(3):584–589
CAS 
    
                    Google Scholar 
                

	Wang X, He M, Xie J, Xi J, Lu X (2010) Heavy metal pollution of the world largest antimony mine-affected agricultural soils in Human province (China). J Soils Sediments 10:827–837
Article 
    CAS 
    
                    Google Scholar 
                

	Wedepohl KH (1995) The composition of the continental crust. Geochim Cosmochim Acta 59(7):1217–1232
Article 
    CAS 
    
                    Google Scholar 
                

	Yousaf B, Amina Liu G, Wang R, Imtiaz M, Rizwan MS, Rehman MZ, Qadir A, Si Y (2016) The importance of evaluating metal exposure and predicting human health risks in urban-periurban environments influenced by emerging industry. Chemosphere 150:79–89
Article 
    CAS 
    
                    Google Scholar 
                

	Yuan X, Zhang L, Li J, Wang C, Ji J (2014) Sediment properties and heavy metal pollution assessment in the river, estuary and lake environments of a fluvial plain, China. CATENA 119:52–60
Article 
    CAS 
    
                    Google Scholar 
                

	Zhang W, Feng H, Chang J, Qu J, Xie H, Yu L (2009) Heavy metal contamination in surface sediments of Yangtze River intertidal zone: an assessment from different indexes. Environ Pollut 157(5):1533–1543
Article 
    CAS 
    
                    Google Scholar 
                


Download references




Acknowledgements
The authors would like to express their sincere gratitude to Dr. Harminder Pal Singh, Chairperson, Department of Environment Studies, and Prof. Naval Kishore, Centre of Advanced study in Geology, Panjab University, India, for valuable suggestions and allowing access to various instrumental and infrastructure facilities. Special thanks are due to Prof. Veena Dadhwal, In-charge of Geochemical Laboratory, Centre of Advanced Study in Geology, Panjab University, for her kind help and cooperation during the chemical analysis.


Author information
Authors and Affiliations
	Department of Environment Studies, Post Graduate Government College-11, Chandigarh, India
H. Rajkumar

	Rajiv Gandhi National Ground Water Training and Research Institute, Raipur, India
P. K. Naik

	Department of Environmental Studies, Panjab University, Chandigarh, India
M. S. Rishi


Authors	H. RajkumarView author publications
You can also search for this author in
                        PubMed Google Scholar



	P. K. NaikView author publications
You can also search for this author in
                        PubMed Google Scholar



	M. S. RishiView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                H. Rajkumar.


Ethics declarations

              
              
                Conflict of interest

                The authors declare that there is no conflict of interest in any manner concerning the research that gave rise to the data herein discussed and published.

              
            

Additional information
Editorial responsibility: Josef Trögl.


Rights and permissions
Reprints and permissions


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



Cite this article
Rajkumar, H., Naik, P.K. & Rishi, M.S. Evaluation of heavy metal contamination in soil using geochemical indexing approaches and chemometric techniques.
                    Int. J. Environ. Sci. Technol. 16, 7467–7486 (2019). https://doi.org/10.1007/s13762-018-2081-4
Download citation
	Received: 09 May 2017

	Revised: 10 October 2018

	Accepted: 17 October 2018

	Published: 27 October 2018

	Issue Date: November 2019

	DOI: https://doi.org/10.1007/s13762-018-2081-4


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
	Industrial pollution
	Pollution indices
	Trace metals
	Sediment
	Principal component analysis
	Cluster analysis
	Source apportionment








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					54.226.229.159
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    