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                    Abstract
Water is an indispensable resource for human health and social well-being. However, the quality of this critical resource is being threatened by both natural and anthropogenic sources. Surface and groundwater resources in the Upper East Region of Ghana are poorly managed and monitored. The water resources in this part of Ghana are contaminated with coliforms, toxic trace metals, and agrochemicals. Most of the parameters for drinking water quality are seriously being violated in various parts of the region. The major sources of surface water and groundwater pollution in the region are the dissolution of minerals, the widespread application of agrochemicals on farms, biological contamination resulting from human and animal fecal matter due to open defecation and mining activities. These have resulted in diverse health-related problems in the region since the contaminated water sources are the only drinking water supplies for rural folks. Fluoride contamination of the groundwater resources is also a major problem in the region, especially in the Bongo District and the Bolgatanga Municipality, which has resulted in cases of dental fluorosis in these parts of the region. There exists no comprehensive review on the water quality in the Upper East Region of Ghana. Therefore, this review is aimed at discussing the quality of the water resources in the region from previously published works in various parts of the region. The review highlights the major pollutants, pollution sources, and the associated health problems. Recommendations have been offered based on the findings to serve as a framework for policy-making in regard to the water resources in the region.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Water quality assessment of lake water: a review
                                        
                                    

                                    
                                        Article
                                        
                                         24 March 2016
                                    

                                

                                Rachna Bhateria & Disha Jain

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Drinking water contamination and treatment techniques
                                        
                                    

                                    
                                        Article
                                         Open access
                                         16 August 2016
                                    

                                

                                S. Sharma & A. Bhattacharya

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Water Pollutants: Sources and Impact on the Environment and Human Health
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2020
                                    

                                

                                
                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Abanyie SK, Boateng A, Ampofo S (2016) Investigating the potability of water from dug wells: a case study of the Bolgatanga Township, Ghana. Afr J Environ Sci Technol 10(10):307–315

                    Google Scholar 
                

	Abanyie SK, Ampofo S, Douti NB, Boateng T (2018) Geospatial assessment of groundwater quality in the Savelugu-Nanton municipality, Northern Ghana. Afr J Appl Res (AJAR) 4(1):93–105

                    Google Scholar 
                

	Adams S, Issaka RN, Quansah GW, Amfo-otu R, Bagna S (2014) Assessment of irrigation water quality of Tono Dam in Navrongo, Ghana. J Biodivers Environ Sci (JBES) 4(3):187–195

                    Google Scholar 
                

	Adetunde LA, Glover RLK (2010) Bacteriological quality of borehole water used by students’ of university for development studies, Navrongo campus in upper-east region of Ghana. Curr Res J Biol Sci 2(6):361–364

                    Google Scholar 
                

	Agyekum WA, Dapaah-Siakwan S (2008) The occurrence of groundwater in northeastern Ghana. Applied groundwater studies in Africa, IAH selected papers on hydrogeology 13

	Alfredo KA, Lawler DF, Katz LE (2014) Fluoride contamination in the Bongo District of Ghana, West Africa: geogenic contamination and cultural complexities. Water Int 39(4):486–503

                    Google Scholar 
                

	Alloway BJ, Ayres DC (1997) Chemical principles of environmental pollution, 2nd edn. Blackwell Academic & Professional, London

                    Google Scholar 
                

	Anayah F, Kaluarachchi JJ (2009) Groundwater resources of northern Ghana: Initial assessment of data availability. Utah State University. http://gw-africa.iwmi.org/Data/Sites/24/media/pdf/fieldreport-usu.pdf. Accessed 9 Jan 2014

	Anim-Gyampo M, Zango MS, Ampadu B (2014) Assessment of drinking water quality of groundwaters in Bunpkurugu-Yunyo District of Ghana. Environ Pollut 3(3):1. https://doi.org/10.5539/ep.v3n3p1
Article 
    
                    Google Scholar 
                

	Anim-Gyampo M, Anornu GK, Appiah-Adjei EK, Agodzo SK (2018) Hydrogeochemical evolution and quality assessment of groundwater within the Atankwidi basin: the case of northeastern Ghana. Arab J Geosci 11(16):439

                    Google Scholar 
                

	Anku YS, Banoeng-Yakubo B, Asiedu DK, Yidana SM (2009) Water quality analysis of groundwater in crystalline basement rocks, Northern Ghana. Environ Geol 58(5):989–997

                    Google Scholar 
                

	Anornu G, Gibrilla A, Adomako D (2017) Tracking nitrate sources in groundwater and associated health risk for rural communities in the White Volta River basin of Ghana using isotopic approach (δ15 N, δ18ONO3 and 3H). Sci Total Environ 603:687–698

                    Google Scholar 
                

	Apambire WB, Boyle DR, Michel FA (1997) Geochemistry, genesis, and health implications of fluoriferous ground waters in the upper regions of Ghana. Environ Geol 33:13–24. https://doi.org/10.1007/s002540050221
Article 
    
                    Google Scholar 
                

	Armah N, Armah A (2017) Comparative analysis of the hydrochemical characteristics of ground water sources found within the Kassena Nankana East District of the Upper East Region of Ghana. Am J Min Metall 4(1):45–50. https://doi.org/10.12691/ajmm-4-1-4
Article 
    
                    Google Scholar 
                

	Atipoka FA (2009) Water supply challenges in rural Ghana. Desalination 248(1–3):212–217

                    Google Scholar 
                

	Azizullah A, Khattak MNK, Richter P, Häder DP (2011) Water pollution in Pakistan and its impact on public health—a review. Environ Int 37(2):479–497

                    Google Scholar 
                

	Bacher M, Sztanke M, Sztanke K, Pasternak K (2010) Plasma calcium and magnesium concentrations in patients with fractures of long bones treated surgically. J Elementol 15:5–17

                    Google Scholar 
                

	Bakobie N, Adoah B, Cobbina SJ, Asare W, Duwiejuah AB (2017) Perception, quality and consumption health risk of water in Manyoro-Gworie, Ghana. Int J Sci Technol Res 6(9):41–49

                    Google Scholar 
                

	Barbier O, Jacquillet G, Tauc M, Cougnon M, Poujeol P (2005) Effect of heavy metals on, and handling by, the kidney. Nephron Physiol 99(4):105–110

                    Google Scholar 
                

	Barnie S, Anornu GK, Kortatsi BK (2014) Assessment of the quality of shallow groundwater for irrigation in the Atankwidi Sub-Basin of the White Volta Basin, Ghana. J Nat Sci Res 4(15):1–11

                    Google Scholar 
                

	Bello AA, Makinde V (2007) Delineation of the aquifer in the South-Western part of the Nupe Basin, Kwara State, Nigeria. J Am Sci 3:36–44

                    Google Scholar 
                

	Bretzler A, Lalanne F, Nikiema J, Podgorski J, Pfenninger N, Berg M, Schirmer M (2017) Groundwater arsenic contamination in Burkina Faso, West Africa: predicting and verifying regions at risk. Sci Total Environ 584:958–970

                    Google Scholar 
                

	Carrier MA (2008) Hydrogeological synthesis of Northern Ghana. Unpublished master’s thesis. Avant-Garde University, Canada

	Cobbina SJ, Myilla M, Michael K (2013) Small scale gold mining and heavy metal pollution: assessment of drinking water sources in Datuku in the Talensi-Nabdam District. Int J Sci Technol Res 2(1):96–100

                    Google Scholar 
                

	Cobbina SJ, Duwiejuah AB, Quansah R, Obiri S, Bakobie N (2015) Comparative assessment of heavy metals in drinking water sources in two small-scale mining communities in northern Ghana. Int J Environ Res Public Health 12(9):10620–10634. https://doi.org/10.3390/ijerph120910620
Article 
    
                    Google Scholar 
                

	Craig L, Lutz A, Berry KA, Yang W (2015) Recommendations for fluoride limits in drinking water based on estimated daily fluoride intake in the Upper East Region, Ghana. Sci Total Environ 532:127–137

                    Google Scholar 
                

	Craig L, Thomas JM, Lutz A, Decker DL (2018) Determining the optimum locations for pumping low-fluoride groundwater to distribute to communities in a fluoridic area in the Upper East Region, Ghana. Chem Geol 476:481–492

                    Google Scholar 
                

	Crossgrove J, Zheng W (2004) Manganese toxicity upon overexposure. NMR Biomed Int J Devoted Dev Appl Magn Reson In Vivo 17(8):544–553

                    Google Scholar 
                

	de Andrade EM, Palácio HAQ, Souza IH, de Oliveira Leão RA, Guerreiro MJ (2008) Land use effects in groundwater composition of an alluvial aquifer (Trussu River, Brazil) by multivariate techniques. Environ Res 106(2):170–177

                    Google Scholar 
                

	Devic G, Djordjevic D, Sakan S (2014) Natural and anthropogenic factors affecting the groundwater quality in Serbia. Sci Total Environ 468:933–942

                    Google Scholar 
                

	Dittoh S, Awuni JA, Akuriba MA (2013) Small pumps and the poor: a field survey in the Upper East Region of Ghana. Water Int 38(4):449–464

                    Google Scholar 
                

	Dotaniya ML, Panwar NR, Meena VD, Dotaniya CK, Regar KL, Lata M, Saha JK (2018) Bioremediation of metal contaminated soil for sustainable crop production. In: Meena VS (ed) Role of rhizospheric microbes in soil. Springer, Singapore, pp 143–173

                    Google Scholar 
                

	Edmunds WM, Smedley PL (2013) Fluoride in natural waters. In: Selinus O (ed) Essentials of medical geology. Springer, Dordrecht, pp 311–336

                    Google Scholar 
                

	FAO (Food and Agriculture Organization of the United Nations) (2005) Fertilizer use by crop in Ghana. FAO Corporate Document Repository, Rome

                    Google Scholar 
                

	Farooq S, Hashmi I, Qazi IA, Qaiser S, Rasheed S (2008) Monitoring of coliforms and chlorine residual in water distribution network of Rawalpindi, Pakistan. Environ Monit Assess 140(1–3):339–347

                    Google Scholar 
                

	Fianko JR, Donkor A, Lowor ST, Yeboah PO (2011) Agrochemicals and the Ghanaian environment, a review. J Environ Prot 2(3):221–230. https://doi.org/10.4236/jep.2011.23026
Article 
    
                    Google Scholar 
                

	Firempong CK, Nsiah K, Awunyo-Vitor D, Dongsogo J (2013) Soluble fluoride levels in drinking water-a major risk factor of dental fluorosis among children in Bongo community of Ghana. Ghana Med J 47(1):16–23

                    Google Scholar 
                

	Ghana Health Service (2004) Annual report of the Upper East Region. http://www.ghanahealthservice.org/downloads/UE_Annual%20Report%202004.pdf. Accessed Mar 2005

	Ghana Standards Authority (2013) Ghana Standard 175-1:2013. Water Quality: Specification for Drinking Water

	Glover CR (1996) Irrigation water classification systems Cooperative Extension Service College of Agriculture and Home Economics. New Mexico State University Guide A, p 116

	Green N (2011) Effects of lead in drinking water. Health and Disability. http://www.disabled-world.com/health/lead-water.php. Accessed January 10, 2011

	Heaney RP, Gallagher JC, Johnston CC, Neer R, Parfitt AM, Whedon GD (1982) Calcium nutrition and bone health in the elderly. Am J Clin Nutr 36(5):986–1013

                    Google Scholar 
                

	Hinrichsen D, Tacio H (2002) The coming freshwater crisis is already here. The linkages between population and water. Woodrow Wilson International Center for Scholars, Washington, DC, pp. 1-26.  http://www.wilsoncenter.org/topics/pubs/popwawa2.pdf. Accessed 9 May 2002

	Huang Z, Pan Y, Gong H, Yeh PJF, Li X, Zhou D, Zhao W (2015) Subregional-scale groundwater depletion detected by GRACE for both shallow and deep aquifers in North China Plain. Geophys Res Lett 42(6):1791–1799

                    Google Scholar 
                

	Inoue N, Makita Y (1996) Neurological aspects in human exposures to manganese. In: Chang LW (ed) Toxicology of metals. CRC Press, Boca Raton, pp 415–421

                    Google Scholar 
                

	Issahaku A, Ampadu B, Braimah MM (2017) The causes, effects, and disease burden attributable to water quality and sanitation conditions in the Kassena Nankana Municipality, Ghana. Environ Qual Manag 26(4):17–29

                    Google Scholar 
                

	Jiang Y, Wu Y, Groves C, Yuan D, Kambesis P (2009) Natural and anthropogenic factors affecting the groundwater quality in the Nandong karst underground river system in Yunan, China. J Contam Hydrol 109(1–4):49–61

                    Google Scholar 
                

	Khan DA, Bhatti MM, Khan FA, Naqvi ST, Karam A (2008) Adverse effects of pesticides residues on biochemical markers in Pakistani tobacco farmers. Int J Clin Exp Med 1(3):274

                    Google Scholar 
                

	Koffi KV, Obuobie E, Banning A, Wohnlich S (2017) Hydrochemical characteristics of groundwater and surface water for domestic and irrigation purposes in Vea catchment, Northern Ghana. Environ Earth Sci 76(4):185

                    Google Scholar 
                

	Kouras A, Katsoyiannis I, Voutsa D (2007) Distribution of arsenic in groundwater in the area of Chalkidiki, Northern Greece. J Hazardo Mater 147(3):890–899

                    Google Scholar 
                

	Lapworth DJ, Nkhuwa DCW, Okotto-Okotto J, Pedley S, Stuart ME, Tijani MN, Wright J (2017) Urban groundwater quality in sub-Saharan Africa: current status and implications for water security and public health. Hydrogeol gy J 25(4):1093–1116

                    Google Scholar 
                

	Lawson AJ (2011) Helicobacter. In: Versalovic J, Carroll KC, Funke G, Jorgensen JH, Landry ML, Warnock DW (eds) Manual of clinical microbiology, 10th edn. American Society of Microbiology, Washington DC, pp 900–915

                    Google Scholar 
                

	Liebe J, Van De Giesen N, Andreini M (2005) Estimation of small reservoir storage capacities in a semi-arid environment: a case study in the Upper East Region of Ghana. Phys Chem Earth Parts A/B/C 30(6–7):448–454

                    Google Scholar 
                

	Lutz A, Thomas JM, Pohll G, McKay WA (2007) Groundwater resource sustainability in the Nabogo Basin of Ghana. J Afr Earth Sci 49(3):61–70

                    Google Scholar 
                

	Lutz A, Diarra S, Apambire WB, Thomas JM, Ayamsegna J (2013) Drinking Water from Hand-Pumps in Mali, Niger, and Ghana, West Africa: review of health effects. J Water Resour Prot 5(08):13

                    Google Scholar 
                

	Martin N, Van De Giesen N (2005) Spatial distribution of groundwater production and development potential in the Volta River basin of Ghana and Burkina Faso. Water Int 30(2):239–249

                    Google Scholar 
                

	Mdemu MV, Rodgers C, Vlek PLG, Borgadi JJ (2009) Water productivity (WP) in reservoir irrigated schemes in the upper east region (UER) of Ghana. Phys Chem Earth Parts A/B/C 34(4–5):324–328

                    Google Scholar 
                

	Ministry of Food and Agriculture (MOFA) (1998) National Soil fertility management action plan. Directorate of Crop Services, Accra

                    Google Scholar 
                

	Ministry of Food and Agriculture (MOFA) (2003) Agriculture in Ghana: facts and figures. Produced by the Statistics, Research and Information Directorate, Accra

                    Google Scholar 
                

	Naabil E, Dordah G, Asaana J, Ojeh VN (2014) Assessment of Sachet Water Quality Parameters in the Bolgatanga Municipality of Ghana. Int J Environ Eng Nat Resour 1(1):44–52

                    Google Scholar 
                

	Nakuja T, Sarpong DB, Kuwornu JK, Felix AA (2012) Water storage for dry season vegetable farming as an adaptation to climate change in the upper east region of Ghana. Afr J Agric Res 7(2):298–306

                    Google Scholar 
                

	Namara RE, Awuni JA, Barry B, Giordano M, Hope L, Owusu ES, Forkuor G (2011) Smallholder shallow groundwater irrigation development in the upper east region of Ghana, vol 143. IWMI

	Ninkuu MV, Adetunde LA, Nsoh AC, Guri M, Asare AB (2015) Assessment of bacteriological quality of Tono and Vea dams water in the Upper East Region, Ghana. Br Microbiol Res J 7(1):10–11

                    Google Scholar 
                

	Nordberg GF (2004) Cadmium and health in the 21st century–historical remarks and trends for the future. Biometals 17(5):485–489

                    Google Scholar 
                

	Ntow WJ (2001) Organochlorine pesticides in water, sediment, crops, and human fluids in a farming community in Ghana. Arch Environ Contam Toxicol 40(4):557–563

                    Google Scholar 
                

	Ntow WJ, Gijzen HJ, Kelderman P, Drechsel P (2006) Farmer perceptions and pesticide use practices in vegetable production in Ghana. Pest Manag Sci Former Pestic Sci 62(4):356–365

                    Google Scholar 
                

	Ntow WJ, Drechsel P, Botwe BO, Kelderman P, Gijzen HJ (2008) The impact of agricultural runoff on the quality of two streams in vegetable farm areas in Ghana. J Environ Qual 37(2):696–703

                    Google Scholar 
                

	Oyelude EO, Densu AE, Yankey E, Olajide E (2013) Quality of groundwater in Kassena-Nankana district, Ghana and its health implications. Adv Appl Sci Res 4(4):442–448

                    Google Scholar 
                

	Papaioannou A, Dovriki E, Rigas N, Plageras P, Rigas I, Kokkora M, Papastergiou P (2010) Assessment and modelling of groundwater quality data by environmetric methods in the context of public health. Water Resour Manag 24(12):3257–3278

                    Google Scholar 
                

	Pelig-Ba KB (1998) Trace elements in groundwater from some crystalline rocks in the Upper Regions of Ghana. Water Air Soil Pollut 103(1–4):71–89

                    Google Scholar 
                

	Pelig-Ba KB (2011) Levels of agricultural pesticides in sediments and irrigation water from Tono and Vea in the Upper East of Ghana. J Environ Prot 2(6):761–768. https://doi.org/10.4236/jep.2011.26088
Article 
    
                    Google Scholar 
                

	Pelig-Ba KB, Biney CA, Antwi LA (1991) Trace metal concentrations in borehole waters from the Upper Regions and the Accra Plains of Ghana. Water Air Soil Pollut 59(3–4):333–345

                    Google Scholar 
                

	Saana SBBM, Fosu SA, Sebiawu GE, Jackson N, Karikari T (2016) Assessment of the quality of groundwater for drinking purposes in the Upper West and Northern regions of Ghana. SpringerPlus 5(1):2001

                    Google Scholar 
                

	Singh RP, Kumar S, Nada R, Prasad R (2006) Evaluation of copper toxicity in isolated human peripheral blood mononuclear cells and it’s attenuation by zinc: ex vivo. Mol Cell Biochem 282(1–2):13

                    Google Scholar 
                

	Sunkari ED, Abu M (2019) Hydrochemistry with special reference to fluoride contamination in groundwater of Bongo District, Upper East Region, Ghana. Sustain Water Resour Manag 5(4):1803–1814. https://doi.org/10.1007/s40899-019-00335-0
Article 
    
                    Google Scholar 
                

	Sunkari ED, Danladi IB (2016) Assessment of trace elements in selected bottled drinking water in Ghana: a case study of Accra metropolis. Int J Water Resour Environ Eng 8(10):137–142

                    Google Scholar 
                

	Sunkari ED, Zango MS, Korboe HM (2018) Comparative analysis of fluoride concentrations in groundwaters in Northern and Southern Ghana: implications for the contaminant sources. Earth Syst Environ 2(1):103–117

                    Google Scholar 
                

	Sunkari ED, Abu M, Bayowobie PS, Dokuz UE (2019) Hydrogeochemical appraisal of groundwater quality in the Ga west municipality, Ghana: implication for domestic and irrigation purposes. Groundw for Sustain Dev 8:501–511

                    Google Scholar 
                

	Sunkari ED, Abu M, Zango MS, Wani AML (2020) Hydrogeochemical characterization and assessment of groundwater quality in the Kwahu-Bombouaka Group of the Voltaian Supergroup, Ghana. J Afr Earth Sci 169:103899. https://doi.org/10.1016/j.jafrearsci.2020.103899
Article 
    
                    Google Scholar 
                

	Tahir MA, Rasheed H (2008) Distribution of nitrate in the water resources of Pakistan. Afr J Environ Sci Technol 2(11):397–403

                    Google Scholar 
                

	Tekle-Haimanot R, Melaku Z, Kloos H, Reimann C, Fantaye W, Zerihun L, Bjorvatn K (2006) The geographic distribution of fluoride in surface and groundwater in Ethiopia with an emphasis on the Rift Valley. Sci Total Environ 367(1):182–190

                    Google Scholar 
                

	UN (United Nations) (2002) Water for development. World Day for Water. New York. http://www.un.org/ga/president/56/speech/020322.htm. Accessed 24 Nov 2014

	UN (United Nations) (2005) UN millennium project. Investing in development: a practical plan to achieve the millennium development goals. United Nations, New York

	Waalkes MP, Rehm S, Riggs CW, Bare RM, Devor DE, Poirier LA, Wenk ML, Henneman JR, Balaschak MS (1988) Cadmium carcinogenesis in male Wistar [Crl:(WI) BR] rats: dose-response analysis of tumor induction in the prostate and testes and at the injection site. Cancer Res 48(16):4656–4663

                    Google Scholar 
                

	Ward MH, Mark SD, Cantor KP, Weisenburger DD, Correa-Villasenor A, Zahm SH (1996) Drinking water nitrate and the risk of non-Hodgkin’s lymphoma. Epidemiology 7:465–471

                    Google Scholar 
                

	Weyer PJ, Cerhan JR, Kross BC, Hallberg GR, Kantamneni J, Breuer G, Jones MP, Zheng W, Lynch CF (2001) Municipal drinking water nitrate level and cancer risk in older women: the Iowa Women’s Health Study. Epidemiology 11:327–338

                    Google Scholar 
                

	WHO (World Health Organization) (2008) Guidelines to drinking water quality, vol 1, 3rd edn. World Health Organization, Geneva, pp 1–666

                    Google Scholar 
                

	WHO (World Health Organization) (2017) Guidelines for drinking-water quality. Incorporating the first addendum, 4th edn. WHO, Geneva

                    Google Scholar 
                

	Yeleliere E, Cobbina SJ, Duwiejuah AB (2018) Review of Ghana’s water resources: the quality and management with particular focus on freshwater resources. Appl Water Sci 8(3):93

                    Google Scholar 
                

	Yidana SM, Yidana A (2010) Assessing water quality using water quality index and multivariate analysis. Environ Earth Sci 59(7):1461–1473

                    Google Scholar 
                

	Yidana SM, Ophori D, Banoeng-Yakubo B (2008) Groundwater quality evaluation for productive uses-the Afram Plains area, Ghana. J Irrig Drain Eng 134(2):222–227

                    Google Scholar 
                

	Zango MS, Anim-Gyampo M, Ampadu B (2014) Assessment of groundwater sustainability in the Bawku East Municipality of Ghana. J Sustain Dev 7(3):59

                    Google Scholar 
                

	Zango MS, Sunkari ED, Abu M, Lermi A (2019) Hydrogeochemical controls and human health risk assessment of groundwater fluoride and boron in the semi-arid North East region of Ghana. J Geochem Explor 207:106363. https://doi.org/10.1016/j.gexplo.2019.106363
Article 
    
                    Google Scholar 
                


Download references




Acknowledgements
The second author acknowledges the continuous support from the Scientific and Technological Research Council of Turkey (TÜBİTAK) as a Ph.D. research fellow of BIDEB 2215 Graduate Scholarship Program for International Students during the time of this research. The Editor-in-Chief (Dr. Jim LaMoreaux) and the anonymous Reviewers are greatly acknowledged for the invaluable reviews that improved the quality of the paper.


Author information
Authors and Affiliations
	Department of Environmental Science, Faculty of Earth and Environmental Sciences, University for Development Studies, P.O. Box 24, Navrongo, Ghana
Samuel Kojo Abanyie

	Department of Geological Engineering, Faculty of Engineering, Niğde Ömer Halisdemir University, 51240, Niğde, Turkey
Emmanuel Daanoba Sunkari

	Department of Applied Chemistry and Biochemistry, Faculty of Applied Sciences, University for Development Studies, P.O. Box 24, Navrongo, Ghana
Ohene Boansi Apea & Samson Abagale

	Department of Agricultural Genetic Engineering, Faculty of Agricultural Sciences and Technologies, Niğde Ömer Halisdemir University, 51240, Niğde, Turkey
Harriet Mateko Korboe


Authors	Samuel Kojo AbanyieView author publications
You can also search for this author in
                        PubMed Google Scholar



	Emmanuel Daanoba SunkariView author publications
You can also search for this author in
                        PubMed Google Scholar



	Ohene Boansi ApeaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Samson AbagaleView author publications
You can also search for this author in
                        PubMed Google Scholar



	Harriet Mateko KorboeView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Emmanuel Daanoba Sunkari.


Additional information
Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


Rights and permissions
Reprints and permissions


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



Cite this article
Abanyie, S.K., Sunkari, E.D., Apea, O.B. et al. Assessment of the quality of water resources in the Upper East Region, Ghana: a review.
                    Sustain. Water Resour. Manag. 6, 52 (2020). https://doi.org/10.1007/s40899-020-00409-4
Download citation
	Received: 22 November 2018

	Accepted: 26 May 2020

	Published: 07 June 2020

	DOI: https://doi.org/10.1007/s40899-020-00409-4


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
	Water quality
	Major pollutants
	Fluoride contamination
	Pollution sources
	Health problems
	Ghana








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					34.205.172.146
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    