
 
 
 
 
 
 
 

References 
 

 



 

 

 

REFERENCES 

 
 

178 

 

Abdalla, Fathy A., and Ibrahim H. Khalifa. "Effects of phosphate mining activity on 

groundwater quality at Wadi Queh, Red Sea, Egypt." Arabian Journal of 

Geosciences 6, no. 4 (2013): 1273-1282. 

Adamu, C. I., T. N. Nganje, and Aniekan Edet. "Heavy metal contamination and health 

risk assessment associated with abandoned barite mines in Cross River State, 

southeastern Nigeria." Environmental Nanotechnology, Monitoring & 

Management 3 (2015): 10-21. 

Adhikary, Partha Pratim, Ch Jyotiprava Dash, H. Chandrasekharan, T. B. S. Rajput, and 

S. K. Dubey. "Evaluation of groundwater quality for irrigation and drinking using 

GIS and geostatistics in a peri-urban area of Delhi, India." Arabian Journal of 

Geosciences 5, no. 6 (2012): 1423-1434. 

Agarwal, E., Agarwal R., Garg, P.K. and Garg, R.D. “Groundwater status of Unnao 

district, Uttar Pradesh using Remote Sensing and GIS”. Journal of Current Science, 

Vol. 15, No. 2, pp. (2010): 335-344. 

Agarwal, Etishree, Rajat Agarwal, R. D. Garg, and P. K. Garg. "Delineation of 

groundwater potential zone: an AHP/ANP approach." Journal of earth system 

science 122, no. 3 (2013): 887-898. 

Agarwal, Rajat, Etishree Agarwal, R. D. Garg, and P. K. Garg. "A GIS Based Study Of 

Water Pollutants, Characteristics And Their Affects In Hilauli Block, India." i-

Manager's Journal on Civil Engineering 2, no. 2 (2012): 11. 

Agrawal, Prashant, Anugya Mittal, Rajiv Prakash, Manoj Kumar, T. B. Singh, and S. K. 

Tripathi. "Assessment of contamination of soil due to heavy metals around coal 

fired thermal power plants at Singrauli region of India." Bulletin of Environmental 

Contamination and Toxicology 85, no. 2 (2010): 219-223. 



 

 

 

REFERENCES 

 
 

179 

 

Ahirwal, Jitendra, and Subodh Kumar Maiti. "Development of Technosol properties and 

recovery of carbon stock after 16 years of revegetation on coal mine degraded lands, 

India." Catena 166 (2018): 114-123. 

Ahmed, Shah Izhar, Ashwani Kumar Sonkar, Nawal Kishore, and Dalchand Jhariya. 

"Evaluation of groundwater quality in Jampali coal mine, Raigarh, Chhattisgarh, 

India." Environmental Quality Management (2021). 

Anand, B., D. Karunanidhi, T. Subramani, K. Srinivasamoorthy, and M. Suresh. "Long-

term trend detection and spatiotemporal analysis of groundwater levels using GIS 

techniques in Lower Bhavani River basin, Tamil Nadu, India." Environment, 

Development and Sustainability 22, no. 4 (2020): 2779-2800. 

Anbarasu, Subramaniyan, Karthikeyan Brindha, and Lakshmanan Elango. "Multi-

influencing factor method for delineation of groundwater potential zones using 

remote sensing and GIS techniques in the western part of Perambalur district, 

southern India." Earth Science Informatics (2019): 1-16. 

APHA (1995) Standard methods for the examination of water and wastewater. American 

public Health Association, 19th edn. Washington, DC 

Appelo, C. Anthony J., and Dieke Postma. Geochemistry, groundwater and pollution. 

CRC press, 2004. 

Areendran, G., Prakash Rao, Krishna Raj, Sraboni Mazumdar, and Kanchan Puri. "Land 

use/land cover change dynamics analysis in mining areas of Singrauli district in 

Madhya Pradesh, India." Tropical Ecology 54, no. 2 (2013). 



 

 

 

REFERENCES 

 
 

180 

 

Arkoc, Orhan, S. Ucar, and C. Ozcan. "Assessment of impact of coal mining on ground 

and surface waters in Tozaklı coal field, Kırklareli, northeast of Thrace, 

Turkey." Environmental Earth Sciences 75, no. 6 (2016): 514. 

Arvind Kumar, “Water contamination due to opencast coal mining in Singrauli area and 

its control with special reference to suspended solids removal” Ph.D. Thesis, IIT 

(BHU),  Varanasi, 1998. 

B.K. Panigrahy, “Assessment of groundwater level fluctuations with respect to recharge 

in Jharia coal mining region, Jharkhand” Ph.D. Thesis, IIT (ISM),  Dhanbad, 2016. 

Baldauf, Richard W., Dennis D. Lane, and Glen A. Marote. "Ambient air quality 

monitoring network design for assessing human health impacts from exposures to 

airborne contaminants." Environmental Monitoring and Assessment 66, no. 1 

(2001): 63-76. 

Bhattacharya, Jayanta, Sang Woo Ji, Hyeon Seok Lee, Young Wook Cheong, Gil Jae 

Yim, Jeong Sik Min, and Yong Suk Choi. "Treatment of acidic coal mine drainage: 

design and operational challenges of successive alkalinity producing 

systems." Mine Water and the Environment 27, no. 1 (2008): 12-19. 

Bhuiyan, Chandrashekhar. "Hydrogeological factors: their association and relationship 

with seasonal water-table fluctuation in the composite hardrock Aravalli terrain, 

India." Environmental Earth Sciences 60, no. 4 (2010): 733-748. 

BIS (1991) (Bureau of Indian Standards) IS: 10500 guidelines for Evaluation of quality 

of irrigation water, New Delhi, India. 

BIS (2012) (Bureau of Indian Standards) IS: 10500 Indian Standard for Drinking Water 

-Specification, Second Revision, New Delhi, India. 



 

 

 

REFERENCES 

 
 

181 

 

Cassardo, Claudio, and J. Anthony A. Jones. "Managing water in a changing world." 

(2011): 618-628. 

Central Mining Research Institute (CMRI): 1998, Determination of Emission Factor for 

Various Openpit Mining Activities, GAP/9/EMG/MOEF/97, Environmental 

Management Group, Dhanbad, India. 

Charou, E., M. Stefouli, D. Dimitrakopoulos, E. Vasiliou, and O. D. Mavrantza. "Using 

remote sensing to assess impact of mining activities on land and water 

resources." Mine Water and the Environment 29, no. 1 (2010): 45-52. 

Chaudhary, P. R., and D. G. Gajghate. "Assessment of air pollution effect on plants: A 

review." Indian Journal of Environmental Protection 20, no. 12 (2000): 925-933. 

Chaulya, Swades-Kumar. "Air quality status of an open pit mining area in 

India." Environmental Monitoring and Assessment 105, no. 1-3 (2005): 369-389. 

Chen, Zhuoheng, Stephen E. Grasby, and Kirk G. Osadetz. "Relation between climate 

variability and groundwater levels in the upper carbonate aquifer, southern 

Manitoba, Canada." Journal of Hydrology 290, no. 1-2 (2004): 43-62. 

Collins, M. Joshua, Phillip L. Williams, and David L. McIntosh. "Ambient air quality at 

the site of a former manufactured gas plant." Environmental monitoring and 

assessment 68, no. 2 (2001): 137-152. 

CPCB (2008) Guidelines for water quality management. Central Pollution Control Board, 

Parivesh  Bhawan, East Arjun Nagar, Delhi 



 

 

 

REFERENCES 

 
 

182 

 

Crabbe, H., R. Beaumont, and D. Norton. "Assessment of air quality, emissions and 

management in a local urban environment." Environmental Monitoring and 

Assessment 65, no. 1-2 (2000): 435-442. 

Das, Sumit, Amitesh Gupta, and Sasanka Ghosh. "Exploring groundwater potential zones 

using MIF technique in semi-arid region: a case study of Hingoli district, 

Maharashtra." Spatial Information Research 25, no. 6 (2017): 749-756. 

Dewan, Ashraf M., and Yasushi Yamaguchi. "Land use and land cover change in Greater 

Dhaka, Bangladesh: Using remote sensing to promote sustainable 

urbanization." Applied geography 29, no. 3 (2009): 390-401. 

Dezso, Zsuzsanna, Judit Bartholy, Rita Pongracz, and Zoltan Barcza. "Analysis of land-

use/land-cover change in the Carpathian region based on remote sensing 

techniques." Physics and Chemistry of the Earth, Parts A/B/C 30, no. 1-3 (2005): 

109-115. 

Dhar, Anirban, Satiprasad Sahoo, and Madhumita Sahoo. "Identification of groundwater 

potential zones considering water quality aspect." Environmental Earth 

Sciences 74, no. 7 (2015): 5663-5675. 

Dhar, B. B., S. Ratan, and A. Jamal. "Impact of opencast coal mining on water 

environment-a case study." Journal of Mines, Metals and Fuels 34, no. 12 (1986): 

596-601. 

El Gammal, Elsayed A., Salem M. Salem, and Alaa Eldin A. El Gammal. "Change 

detection studies on the world’s biggest artificial lake (Lake Nasser, Egypt)." The 

Egyptian Journal of Remote Sensing and Space Science 13, no. 2 (2010): 89-99. 



 

 

 

REFERENCES 

 
 

183 

 

Elango, L. "Impact of recharge from a check dam on groundwater quality and assessment 

of suitability for drinking and irrigation purposes." Arabian Journal of 

Geosciences 7, no. 8 (2014): 3119-3129. 

Elbeih, Salwa F., and Ahmed M. El-Zeiny. "Qualitative assessment of groundwater 

quality based on land use spectral retrieved indices: Case study Sohag Governorate, 

Egypt." Remote Sensing Applications: Society and Environment 10 (2018): 82-92. 

Exner, H. E. "Physical and chemical nature of cemented carbides." International metals 

reviews 24, no. 1 (1979): 149-173. 

Feng, Yu, Jinman Wang, Zhongke Bai, and Lucy Reading. "Effects of surface coal 

mining and land reclamation on soil properties: A review." Earth-Science 

Reviews 191 (2019): 12-25. 

Fung, Tung, and Ellsworth LeDrew. "Application of principal components analysis to 

change detection." Photogrammetric engineering and remote sensing 53, no. 12 

(1987): 1649-1658. 

Garai, Debashri, and A. C. Narayana. "Land use/land cover changes in the mining area 

of Godavari coal fields of southern India." The Egyptian Journal of Remote Sensing 

and Space Science 21, no. 3 (2018): 375-381. 

Gaur, Shishir, Bhagu Ram Chahar, and Didier Graillot. "Combined use of groundwater 

modeling and potential zone analysis for management of 

groundwater." International Journal of Applied Earth Observation and 

Geoinformation 13, no. 1 (2011): 127-139. 



 

 

 

REFERENCES 

 
 

184 

 

Ghose, M. K. "Air Pollution Due to Opencast Coal Mining and the Characteristics of Air-

Borne Dust--An Indian Scenario." International journal of environmental 

studies 59, no. 2 (2002): 211-228. 

Gibbs RJ (1970) Mechanisms controlling world water chemistry. Science 17:1088–1090. 

Gleick, Peter H. "Water and conflict: Fresh water resources and international 

security." International security 18, no. 1 (1993): 79-112. 

Gleick, Peter H. "Water in crisis." Pacific Institute for Studies in Dev., Environment & 

Security. Stockholm Env. Institute, Oxford Univ. Press. 473p 9 (1993). 

Gül, Murat, Kemal Zorlu, and Muratcan Gül. "Assessment of mining impacts on 

environment in Muğla-Aydın (SW Turkey) using Landsat and Google Earth 

imagery." Environmental monitoring and assessment 191, no. 11 (2019): 1-18. 

Han, Yong, Guangcai Wang, Charles A. Cravotta III, Weiyue Hu, Yueyue Bian, 

Zongwen Zhang, and Yuanyuan Liu. "Hydrogeochemical evolution of Ordovician 

limestone groundwater in Yanzhou, North China." Hydrological Processes 27, no. 

16 (2013): 2247-2257. 

Haridas, V. R., S. Aravindan, and G. Girish. "Remote sensing and its applications for 

groundwater favourable area identification." Quarterly Journal of GARC 6, no. 6 

(1998): 18-22. 

Haritash, A. K., Chandra Prakash Kaushik, A. Kaushik, Ankur Kansal, and Asheesh 

Kumar Yadav. "Suitability assessment of groundwater for drinking, irrigation and 

industrial use in some North Indian villages." Environmental monitoring and 

assessment 145, no. 1-3 (2008): 397-406. 



 

 

 

REFERENCES 

 
 

185 

 

Hem, John David. Study and interpretation of the chemical characteristics of natural 

water. Vol. 2254. Department of the Interior, US Geological Survey, 1985. 

Hota, Rabindra Nath, Pallavi Chatterjee Adhikari, Anketika Mohanty, and Wataru 

Maejima. "Cyclic sedimentation of the Barakar Formation, Singrauli Coalfield, 

India: Statistical assessment from borehole logs." (2012). 

Ibrahim-Bathis, K., and S. A. Ahmed. "Geospatial technology for delineating 

groundwater potential zones in Doddahalla watershed of Chitradurga district, 

India." The Egyptian Journal of Remote Sensing and Space Science 19, no. 2 

(2016): 223-234. 

Jamal, A., B. B. Dhar, and S. Ratan. "Acid mine drainage control in an opencast coal 

mine." Mine Water and the Environment 10, no. 1 (1991): 1-16. 

Jan, Chyan-Deng, Tsung-Hsien Chen, and Wei-Cheng Lo. "Effect of rainfall intensity 

and distribution on groundwater level fluctuations." Journal of hydrology 332, no. 

3-4 (2007): 348-360. 

Jeong, Chan Ho. "Effect of land use and urbanization on hydrochemistry and 

contamination of groundwater from Taejon area, Korea." Journal of 

Hydrology 253, no. 1-4 (2001): 194-210. 

Kaliraj, S., N. Chandrasekar, and N. S. Magesh. "Identification of potential groundwater 

recharge zones in Vaigai upper basin, Tamil Nadu, using GIS-based analytical 

hierarchical process (AHP) technique." Arabian Journal of Geosciences 7, no. 4 

(2014): 1385-1401. 

Kayet, Narayan, Abhisek Chakrabarty, Khanindra Pathak, Satiprasad Sahoo, Subhra 

Prakash Mandal, Samrin Fatema, Sandip Tripathy, Ujjwal Garai, and Tarun Das. 



 

 

 

REFERENCES 

 
 

186 

 

"Spatiotemporal LULC change impacts on groundwater table in Jhargram, West 

Bengal, India." Sustainable Water Resources Management 5, no. 3 (2019): 1189-

1200. 

Khan, Imran, Akram Javed, and Shadab Khurshid. "Physico-chemical analysis of surface 

and groundwater around Singrauli coal field, District Singrauli, Madhya Pradesh, 

India." Environmental earth sciences 68, no. 7 (2013): 1849-1861. 

Khan, Imran, and Akram Javed. "Spatio-temporal land cover dynamics in open cast coal 

mine area of Singrauli, MP, India." (2012). 

Kibona, Deogratias, Gloria Kidulile, and Fredrick Rwabukambara. "Environment, 

climate warming and water management." Transition Studies Review 16, no. 2 

(2009): 484-500. 

Konkey, Suresh, U. B. Chitranshi, and Rahul Dev Garg. "Ground Water Quality Analysis 

and Mapping Using GIS Techniques." International Journal of Engineering 

Science and Technology 6, no. 8 (2014): 474. 

Kumar, Akshay, and Akhouri Pramod Krishna. "Assessment of groundwater potential 

zones in coal mining impacted hard-rock terrain of India by integrating geospatial 

and analytic hierarchy process (AHP) approach." Geocarto International 33, no. 2 

(2018): 105-129. 

Kumar, PJ Sajil. "Influence of water level fluctuation on groundwater solute content in a 

tropical south Indian region: a geochemical modelling approach." Modeling Earth 

Systems and Environment 2, no. 4 (2016): 1-9. 



 

 

 

REFERENCES 

 
 

187 

 

Kumar, S. Krishna, N. Chandrasekar, P. Seralathan, Prince S. Godson, and N. S. Magesh. 

"Hydrogeochemical study of shallow carbonate aquifers, Rameswaram Island, 

India." Environmental monitoring and assessment 184, no. 7 (2012): 4127-4138. 

Lanyon, J. A., I. G. Eliot, and D. J. Clarke. "Groundwater-level variation during 

semidiurnal spring tidal cycles on a sandy beach." Marine and Freshwater 

Research 33, no. 3 (1982): 377-400. 

Lehmann, Andreas. "Technosols and other proposals on urban soils for the WRB [World 

Reference Base for Soil Resources]." International agrophysics 20, no. 2 (2006). 

Li, Hailong, and Jiu Jimmy Jiao. "Tidal groundwater level fluctuations in L-shaped leaky 

coastal aquifer system." Journal of Hydrology 268, no. 1-4 (2002): 234-243. 

Lines, Gregory C. The ground-water system and possible effects of underground coal 

mining in the Trail Mountain area, Central Utah. Vol. 2259. Department of the 

Interior, US Geological Survey, 1985. 

Liu, Jie, Amarbayasgalan Dorjderem, Jinhua Fu, Xiaohui Lei, and Darryl Macer. "Water 

Ethics and Water Resource Management." (2011). 

Liu, Ruiqiang, and Rattan Lal. "A laboratory study on amending mine soil 

quality." Water, Air, & Soil Pollution 224, no. 9 (2013): 1679. 

Lumb, Ashok, Doug Halliwell, and Tribeni Sharma. "Application of CCME Water 

Quality Index to monitor water quality: A case study of the Mackenzie River basin, 

Canada." Environmental Monitoring and assessment 113, no. 1-3 (2006): 411-429. 



 

 

 

REFERENCES 

 
 

188 

 

Luo, A. K., Y. Hou, and X. Y. Hu. "Mining influence on underground water resources in 

arid and semiarid regions." In IOP conference series: earth and environmental 

science, vol. 113, no. 1, p. 012131. IOP Publishing, 2018. 

Mackie, C. D. "Hydrogeological characterisation of coal measures and overview of 

impacts of coal mining on groundwater systems in the Upper Hunter Valley of 

NSW." PhD diss., 2009. 

Magesh, N. S., and N. Chandrasekar. "Evaluation of spatial variations in groundwater 

quality by WQI and GIS technique: a case study of Virudunagar District, Tamil 

Nadu, India." Arabian journal of Geosciences 6, no. 6 (2013): 1883-1898. 

Magesh, Nochyil S., Nainarpandian Chandrasekar, and D. Vetha Roy. "Spatial analysis 

of trace element contamination in sediments of Tamiraparani estuary, southeast 

coast of India." Estuarine, Coastal and Shelf Science 92, no. 4 (2011): 618-628. 

Magesh, Nochyil S., Nainarpandian Chandrasekar, and John Prince Soundranayagam. 

"Delineation of groundwater potential zones in Theni district, Tamil Nadu, using 

remote sensing, GIS and MIF techniques." Geoscience frontiers 3, no. 2 (2012): 

189-196. 

Magesh, Nochyil S., Nainarpandian Chandrasekar, and John Prince Soundranayagam. 

"Morphometric evaluation of Papanasam and Manimuthar watersheds, parts of 

Western Ghats, Tirunelveli district, Tamil Nadu, India: a GIS 

approach." Environmental Earth Sciences 64, no. 2 (2011): 373-381. 

Mahato, Mukesh Kumar, Prasoon Kumar Singh, Abhay Kumar Singh, and Ashwani 

Kumar Tiwari. "Assessment of hydrogeochemical processes and mine water 



 

 

 

REFERENCES 

 
 

189 

 

suitability for domestic, irrigation, and industrial purposes in East Bokaro 

Coalfield, India." Mine Water and the Environment 37, no. 3 (2018): 493-504. 

Mahato, Mukesh Kumar, Prasoon Kumar Singh, and Ashwani Kumar Tiwari. 

"Hydrogeochemical evaluation of groundwater quality and seasonal variation in 

East Bokaro coalfield region, Jharkhand." Journal of the Geological Society of 

India 88, no. 2 (2016): 173-184. 

Masindi, Vhahangwele, and Khathutshelo L. Muedi. "Environmental contamination by 

heavy metals." Heavy metals 10 (2018): 115-132. 

Mason CF (2002) Biology of freshwater pollution. Pearson Education, New York City 

Meshesha, Tesfa Worku, S. K. Tripathi, and Deepak Khare. "Analyses of land use and 

land cover change dynamics using GIS and remote sensing during 1984 and 2015 

in the Beressa Watershed Northern Central Highland of Ethiopia." Modeling Earth 

Systems and Environment 2, no. 4 (2016): 1-12. 

Mondal, Md Surabuddin, A. C. Pandey, and R. D. Garg. "Groundwater prospects 

evaluation based on hydro-geomorphological mapping using high resolution 

satellite images: a case study in Uttarakhand." Journal of the Indian Society of 

Remote Sensing 36, no. 1 (2008): 69. 

Munawer, Muhammad Ehsan. "Human health and environmental impacts of coal 

combustion and post-combustion wastes." Journal of Sustainable Mining 17, no. 2 

(2018): 87-96. 



 

 

 

REFERENCES 

 
 

190 

 

Munsi, Madhushree, Sumedha Malaviya, Gracy Oinam, and P. K. Joshi. "A landscape 

approach for quantifying land-use and land-cover change (1976–2006) in middle 

Himalaya." Regional Environmental Change 10, no. 2 (2010): 145-155. 

Murmu, Preetilata, Mukesh Kumar, Deepak Lal, Irjesh Sonker, and Sudhir Kumar Singh. 

"Delineation of groundwater potential zones using geospatial techniques and 

analytical hierarchy process in Dumka district, Jharkhand, India." Groundwater for 

Sustainable Development 9 (2019): 100239. 

Murthy, K. S. R., E. Amminedu, and V. Venkateswara Rao. "Integration of thematic maps 

through GIS for identification of groundwater potential zones." Journal of the 

Indian Society of Remote Sensing 31, no. 3 (2003): 197-210. 

Nanda, S. N., and T. N. Tiwari. "Concentration of SPM in the Burla-Hirakud-Sambalpur 

region (Orissa)." Indian Journal of Environmental Protection 21, no. 3 (2001): 193-

202. 

National Research Council. Surface Coal Mining Effects on Ground Water Recharge. 

National Academies Press, 1990. 

Neogi, Babita, Ashwani Kumar Tiwari, Abhay Kumar Singh, and D. D. Pathak. 

"Evaluation of metal contamination and risk assessment to human health in a coal 

mine region of India: A case study of the North Karanpura coalfield." Human and 

Ecological Risk Assessment: An International Journal 24, no. 8 (2018): 2011-2023. 

Nevulis, Richard H., Donald R. Davis, and Soroosh Sorooshian. "Analysis of natural 

groundwater level variations for hydrogeologic conceptualization, Hanford Site, 

Washington." Water Resources Research 25, no. 7 (1989): 1519-1529. 



 

 

 

REFERENCES 

 
 

191 

 

Ojaghi, Saeed, Farshid Farnood Ahmadi, Hamid Ebadi, and Raechel Bianchetti. 

"Wetland cover change detection using multi-temporal remotely sensed 

data." Arabian Journal of Geosciences 10, no. 21 (2017): 470. 

Pandey, Bhanu, Madhoolika Agrawal, and Siddharth Singh. "Assessment of air pollution 

around coal mining area: emphasizing on spatial distributions, seasonal variations 

and heavy metals, using cluster and principal component analysis." Atmospheric 

pollution research 5, no. 1 (2014): 79-86. 

Panigrahi, B., A. K. Nayak, and S. D. Sharma. "Application of remote sensing technology 

for groundwater potential evaluation." Water resources management 9, no. 3 

(1995): 161-173. 

Pareek, H. S. "Petrological study of coals from Singrauli coalfield, MP." Rec. Geol. Sur. 

India 97 (1969): 87-90. 

Piper, Arthur M. "A graphic procedure in the geochemical interpretation of water‐

analyses." Eos, Transactions American Geophysical Union 25, no. 6 (1944): 914-

928. 

Pothiraj, Prabu, and Baskaran Rajagopalan. "A GIS and remote sensing based evaluation 

of groundwater potential zones in a hard rock terrain of Vaigai sub-basin, 

India." Arabian Journal of Geosciences 6, no. 7 (2013): 2391-2407. 

Prasad, R. K., N. C. Mondal, Pallavi Banerjee, M. V. Nandakumar, and V. S. Singh. 

"Deciphering potential groundwater zone in hard rock through the application of 

GIS." Environmental geology 55, no. 3 (2008): 467-475. 



 

 

 

REFERENCES 

 
 

192 

 

Prasad, Y. Siva, and B. Venkateswara Rao. "Groundwater depletion and groundwater 

balance studies of Kandivalasa river sub basin, Vizianagaram district, Andhra 

Pradesh, India." Groundwater for Sustainable Development 6 (2018): 71-78. 

Prathap, Amudala, and Sukalyan Chakraborty. "Hydro chemical characterization and 

suitability analysis of groundwater for domestic and irrigation uses in open cast coal 

mining areas of Charhi and Kuju, Jharkhand, India." Groundwater for sustainable 

development 9 (2019): 100244. 

Qiao, Wei, Wenping Li, Shengcai Zhang, and Yunfei Niu. "Effects of coal mining on the 

evolution of groundwater hydrogeochemistry." Hydrogeology Journal 27, no. 6 

(2019): 2245-2262. 

Radajevic, M., and V. N. Bashkin. "Practical environmental analysis. Royal school of 

chemistry, Thomas Graham house." Science Park Cambridge, UK (1999): 4. 

Raja Rao, C.S. 1983. Coalfields of India Vol. III; Coal resources of Madhya Pradesh, 

Jammu and Kashmir. Bulletins of Geological Survey of India, Series A, 45: 130-

153. 

Raju, N. Janardhana, Prahlad Ram, and Sangita Dey. "Groundwater quality in the lower 

Varuna river basin, Varanasi district, Uttar Pradesh." Journal of the Geological 

Society of India 73, no. 2 (2009): 178. 

Rakotondrabe, Felaniaina, Jules Remy Ndam Ngoupayou, Zakari Mfonka, Eddy Harilala 

Rasolomanana, Alexis Jacob Nyangono Abolo, and Andrew Ako Ako. "Water 

quality assessment in the Bétaré-Oya gold mining area (East-Cameroon): 

multivariate statistical analysis approach." Science of the total environment 610 

(2018): 831-844. 



 

 

 

REFERENCES 

 
 

193 

 

Ramachandramoorthy, T., V. Sivasankar, and V. Subramanian. "A seasonal quality 

assessment on potability of fresh shallow aquifers along the Rameswaram–

Dhanushkodi coastal tract, India." Environmental monitoring and assessment 159, 

no. 1-4 (2009): 511. 

Ravikumar, P., R. K. Somashekar, and Mhasizonuo Angami. "Hydrochemistry and 

evaluation of groundwater suitability for irrigation and drinking purposes in the 

Markandeya River basin, Belgaum District, Karnataka State, India." Environmental 

monitoring and assessment 173, no. 1-4 (2011): 459-487. 

Renganayaki, S. Parimala, and L. Elango. "A review on managed aquifer recharge by 

check dams: a case study near Chennai, India." International Journal of Research 

in Engineering and Technology 2, no. 04 (2013): 416-423. 

Rösner, Ulrike. "Effects of historical mining activities on surface water and groundwater-

an example from northwest Arizona." Environmental Geology 33, no. 4 (1998): 

224-230. 

Routroy, S., R. Harichandan, J. K. Mohanty, and C. R. Panda. "A statistical appraisal to 

hydrogeochemistry of fluoride contaminated ground water in Nayagarh District, 

Odisha." Journal of the Geological Society of India 81, no. 3 (2013): 350-360. 

Roy, Arup, and Jayanta Bhattacharya. Nanotechnology in industrial wastewater 

treatment. IWA Publishing, 2015. 

Sar, Nityananda, Ansar Khan, Soumendu Chatterjee, and Arosikha Das. "Hydrologic 

delineation of ground water potential zones using geospatial technique for Keleghai 

river basin, India." Modeling Earth Systems and Environment 1, no. 3 (2015): 25. 



 

 

 

REFERENCES 

 
 

194 

 

Sawyer CN, Mc Carty PL (1978) Chemistry for environmental engineering. Mc-Graw 

Hill, New York, p 532 

Schubert, J. P., and P. F. Prodan. "Groundwater pollution resulting from disposal of 

pyritic coal wastes." In Studies in Environmental Science, vol. 17, pp. 319-327. 

Elsevier, 1981. 

Senanayake, I. P., D. M. D. O. K. Dissanayake, B. B. Mayadunna, and W. L. 

Weerasekera. "An approach to delineate groundwater recharge potential sites in 

Ambalantota, Sri Lanka using GIS techniques." Geoscience Frontiers 7, no. 1 

(2016): 115-124. 

Sgambat, J. P., E. A. LaBella, and S. Roebuck. Effects of underground coal mining on 

ground water in the eastern United States. Final report, September 1976-September 

1979. No. PB-80-216757. Geraghty and Miller, Inc., Annapolis, MD (USA), 1980. 

Shaban, Amin, Mohamad Khawlie, and Chadi Abdallah. "Use of remote sensing and GIS 

to determine recharge potential zones: the case of Occidental 

Lebanon." Hydrogeology Journal 14, no. 4 (2006): 433-443. 

Shahid, S., SKa Nath, and J. Roy. "Groundwater potential modelling in a soft rock area 

using a GIS." International Journal of Remote Sensing 21, no. 9 (2000): 1919-1924. 

Shamsudduha, M., R. E. Chandler, R. G. Taylor, and K. M. Ahmed. "Recent trends in 

groundwater levels in a highly seasonal hydrological system: the Ganges-

Brahmaputra-Meghna Delta." Hydrol Earth Syst Sc 13, no. 12 (2009): 2373-2385. 



 

 

 

REFERENCES 

 
 

195 

 

Shrestha, Sangam, and F1 Kazama. "Assessment of surface water quality using 

multivariate statistical techniques: A case study of the Fuji river basin, 

Japan." Environmental Modelling & Software 22, no. 4 (2007): 464-475. 

Shukla, Anoop Kumar, Chandra Shekhar Prasad Ojha, Ana Mijic, Wouter Buytaert, 

Shray Pathak, Rahul Dev Garg, and Satyavati Shukla. "Population growth, land use 

and land cover transformations, and water quality nexus in the Upper Ganga River 

basin." Hydrology & Earth System Sciences 22, no. 9 (2018). 

Siddharth, S., A. Jamal, B. B. Dhar, and Rakesh Shukla. "Acid-base accounting: a 

geochemical tool for management of acid drainage in coal mines." Mine Water and 

the Environment 21, no. 3 (2002): 106-110. 

Singh, Abhay Kumar, M. K. Mahato, B. Neogi, B. K. Tewary, and A. Sinha. 

"Environmental geochemistry and quality assessment of mine water of Jharia 

coalfield, India." Environmental Earth Sciences 65, no. 1 (2012): 49-65. 

Singh, Abhay Kumar, Mukesh K. Mahato, Babita Neogi, G. C. Mondal, and T. B. Singh. 

"Hydrogeochemistry, elemental flux, and quality assessment of mine water in the 

Pootkee-Balihari mining area, Jharia coalfield, India." Mine water and the 

environment 30, no. 3 (2011): 197. 

Singh, Abhay Kumar, Nitin P. Varma, and Guatum Chandra Mondal. 

"Hydrogeochemical investigation and quality assessment of mine water resources 

in the Korba coalfield, India." Arabian Journal of Geosciences 9, no. 4 (2016): 278. 

Singh, Anil Kumar, Jagdish Chander Dagar, Ayyanadar Arunachalam, R. Gopichandran, 

and Kirit Nanubhai Shelat, eds. Climate change modelling, planning and policy for 

agriculture. Springer India, 2015. 



 

 

 

REFERENCES 

 
 

196 

 

Singh, Arvind. "Vascular flora on coal mine spoils of Singrauli coalfields, India." Journal 

of Ecology and the Natural Environment 3, no. 9 (2011): 309-318. 

Singh, Kamal Jeet, Srikanta Murthy, Anju Saxena, and Husain Shabbar. "Permian macro-

and miofloral diversity, palynodating and palaeoclimate implications deduced from 

the coal-bearing sequences of Singrauli coalfield, Son–Mahanadi Basin, central 

India." Journal of Earth System Science 126, no. 2 (2017): 25. 

Singh, Kunwar P., Amrita Malik, and Sarita Sinha. "Water quality assessment and 

apportionment of pollution sources of Gomti river (India) using multivariate 

statistical techniques—a case study." Analytica Chimica Acta 538, no. 1-2 (2005): 

355-374. 

Singh, Prasoon Kumar, Poornima Verma, and Ashwnai Kumar Tiwari. 

"Hydrogeochemical investigation and qualitative assessment of groundwater 

resources in Bokaro district, Jharkhand, India." Arabian Journal of Geosciences 11, 

no. 17 (2018): 483. 

Singh, Rambabu, Tajdarul H. Syed, Suresh Kumar, Manoj Kumar, and A. S. Venkatesh. 

"Hydrogeochemical assessment of surface and groundwater resources of Korba 

coalfield, Central India: environmental implications." Arabian Journal of 

Geosciences 10, no. 14 (2017): 318. 

Singh, Umesh Kumar, A. L. Ramanathan, and V. Subramanian. "Groundwater chemistry 

and human health risk assessment in the mining region of East Singhbhum, 

Jharkhand, India." Chemosphere 204 (2018): 501-513. 

Singh, Vinod K., Devendra Singh Bikundia, Ankur Sarswat, and Dinesh Mohan. 

"Groundwater quality assessment in the village of Lutfullapur Nawada, Loni, 



 

 

 

REFERENCES 

 
 

197 

 

District Ghaziabad, Uttar Pradesh, India." Environmental monitoring and 

assessment 184, no. 7 (2012): 4473-4488. 

Sondhi, S. K., N. H. Rao, and P. B. S. Sarma. "Assessment of groundwater potential for 

conjunctive water use in a large irrigation project in India." Journal of 

Hydrology 107, no. 1-4 (1989): 283-295. 

Sonkar, A. K., and A. Jamal. "QUALITATIVE ASSESSMENT OF GROUNDWATER 

IN SINGRAULI COALFIELD REGION, MADHYA PRADESH." (2018). 

Šourková, Monika, Jan Frouz, and Hana Šantrùčková. "Accumulation of carbon, nitrogen 

and phosphorus during soil formation on alder spoil heaps after brown-coal mining, 

near Sokolov (Czech Republic)." Geoderma 124, no. 1-2 (2005): 203-214. 

Stadler, S., A. S. Talma, G. Tredoux, and J. Wrabel. "Identification of sources and 

infiltration regimes of nitrate in the semi-arid Kalahari: Regional differences and 

implications for groundwater management." Water Sa 38, no. 2 (2012): 213-224. 

Stamatis, Georgios, Kostas Voudouris, and Fanis Karefilakis. "Groundwater pollution by 

heavy metals in historical mining area of Lavrio, Attica, Greece." Water, air, and 

soil pollution 128, no. 1-2 (2001): 61-83. 

Suhag, Roopal. Overview of ground water in India. PRS, 2019. 

Thapa, Raju, Srimanta Gupta, Shirshendu Guin, and Harjeet Kaur. "Assessment of 

groundwater potential zones using multi-influencing factor (MIF) and GIS: a case 

study from Birbhum district, West Bengal." Applied Water Science 7, no. 7 (2017): 

4117-4131. 



 

 

 

REFERENCES 

 
 

198 

 

Thomas, K. A., J. C. Sencindiver, J. G. Skousen, and J. M. Gorman. "Soil horizon 

development on a mountaintop surface mine in southern West Virginia." Green 

Lands 30, no. 3 (2000): 41-52. 

Tijani, M'N. "Hydrogeochemical assessment of groundwater in Moro area, Kwara State, 

Nigeria." Environmental geology 24, no. 3 (1994): 194-202. 

Tin‐Seong, K. A. M. "Integrating GIS and remote sensing techniques for urban land‐

cover and land‐use analysis." Geocarto International 10, no. 1 (1995): 39-49. 

Tiwari, Ashwani Kumar, Marina De Maio, Prasoon Kumar Singh, and Abhay Kumar 

Singh. "Hydrogeochemical characterization and groundwater quality assessment in 

a coal mining area, India." Arabian Journal of Geosciences 9, no. 3 (2016): 177. 

Tiwari, Ashwani Kumar, Nicole Nota, Federico Marchionatti, and Marina De Maio. 

"Groundwater-level risk assessment by using statistical and geographic information 

system (GIS) techniques: a case study in the Aosta Valley region, Italy." Geomatics, 

Natural Hazards and Risk 8, no. 2 (2017): 1396-1406. 

Tiwari, Ashwani Kumar, Prasoon Kumar Singh, Subhash Chandra, and Amit Ghosh. 

"Assessment of groundwater level fluctuation by using remote sensing and GIS in 

West Bokaro coalfield, Jharkhand, India." ISH Journal of Hydraulic 

Engineering 22, no. 1 (2016): 59-67. 

Tiwary, R. K., B. B. Dhar, and A. Jamal. "Acid mine drainage occurrences and its control 

in Indian coal mines." In Proceedings of the 27th International Conference of Safety 

in Mines Research Institute, New Delhi, India, pp. 1253-1259. 1997. 

Todd DK (1980) Groundwater hydrology, 2nd edn. Wiley, New York. 



 

 

 

REFERENCES 

 
 

199 

 

Todd, David Keith, and Larry W. Mays. Groundwater hydrology. John Wiley & Sons, 

2004. 

Tripathi, Archana, A. Roy, and Saibal Mitra. "Palynostratigraphy and age correlation of 

subsurface strata within the sub-basins in Singrauli Gondwana Basin, 

India." Journal of earth system science 121, no. 4 (2012): 1071-1092. 

Tripathy, D. P., and T. R. Dash. "Assessment of Particulate and Trace Element Pollution 

in Airborne Dust around a Highly Mechanized Opencast Coal Mine in Talcher, 

Odisha." Journal of Mining Science 54, no. 4 (2018): 697-708. 

USEPA (US Environmental Protection Agency), 1999. A Risk Assessment–Multiway 

Exposure Spreadsheet Calculation Tool. United States Environmental Protection 

Agency, Washington, D.C. 

USEPA (US Environmental Protection Agency), 2009. National Primary/secondary and 

Drinking Water Regulations. (Washington, D.C). 

USSL (1954) (United States salinity laboratory), diagnosis and improvements of saline 

and alkali soils, US Department of agricultural soils,US Department of 

agricultural hand book 60, Washington, DC. 

Van den Berg, G. A., J. P. G. Loch, and H. J. Winkels. "Effect of fluctuating hydrological 

conditions on the mobility of heavy metals in soils of a freshwater estuary in the 

Netherlands." Water, Air, and Soil Pollution 102, no. 3-4 (1998): 377-388. 

Van der Kamp, G., and H. Maathuis. "Annual fluctuations of groundwater levels as a 

result of loading by surface moisture." Journal of Hydrology 127, no. 1-4 (1991): 

137-152. 



 

 

 

REFERENCES 

 
 

200 

 

Verma, Poornima, Prasoon Kumar Singh, Ritu Ranjan Sinha, and Ashwani Kumar 

Tiwari. "Assessment of groundwater quality status by using water quality index 

(WQI) and geographic information system (GIS) approaches: a case study of the 

Bokaro district, India." Applied Water Science 10, no. 1 (2020): 27. 

Vishwakarma, Ashish Kumar, Tusarkanta Behera, Rajesh Rai, Ashwani Kumar Sonkar, 

Anand Prakash Singh, and Bal Krishna Shrivastva. "Impact assessment of coal 

mining induced subsidence on native soil of South Eastern Coal Fields: 

India." Geomechanics and Geophysics for Geo-Energy and Geo-Resources 6, no. 

1 (2020): 1-21. 

Viswanathan, M. N. "Mineral sand mining and its effect on groundwater quality." Water 

science and technology 22, no. 6 (1990): 95-100. 

Vittala, S. Srinivasa, S. Govindaiah, and H. Honne Gowda. "Evaluation of groundwater 

potential zones in the sub-watersheds of North Pennar river basin around Pavagada, 

Karnataka, India using remote sensing and GIS techniques." Journal of the Indian 

Society of Remote Sensing 33, no. 4 (2005): 483. 

Wheeler, A. J., I. Williams, R. A. Beaumont, and R. S. Hamilton. "Characterisation of 

particulate matter sampled during a study of children's personal exposure to 

airborne particulate matter in a UK urban environment." Environmental Monitoring 

and Assessment 65, no. 1-2 (2000): 69-77. 

Wilcox, LV Classification and use of irrigation waters. No. 969. US Department of 

Agriculture, 1955. 

World Health Organization (2004) Guidelines for drinking water quality, 3rd edn. WHO, 

Geneva 



 

 

 

REFERENCES 

 
 

201 

 

World Health Organization (2011) Guidelines for drinking-water quality, 4th edn. 

Publication date: 2011 

Yeh, Hsin-Fu, Cheng-Haw Lee, Kuo-Chin Hsu, and Po-Hsun Chang. "GIS for the 

assessment of the groundwater recharge potential zone." Environmental 

geology 58, no. 1 (2009): 185-195. 

Yeh, Hsin-Fu, Youg-Sin Cheng, Hung-I. Lin, and Cheng-Haw Lee. "Mapping 

groundwater recharge potential zone using a GIS approach in Hualian River, 

Taiwan." Sustainable Environment Research 26, no. 1 (2016): 33-43. 

Zhang, Hui, Dongsheng Ma, and Xiongxi Hu. "Arsenic pollution in groundwater from 

Hetao Area, China." Environmental Geology 41, no. 6 (2002): 638-643. 

Zhao, Liang, Ting Ren, and Ningbo Wang. "Groundwater impact of open cut coal mine 

and an assessment methodology: A case study in NSW." International Journal of 

Mining Science and Technology 27, no. 5 (2017): 861-866. 

Zipper, Carl E., James A. Burger, Christopher D. Barton, and Jeffrey G. Skousen. 

"Rebuilding soils on mined land for native forests in Appalachia." Soil Science 

Society of America Journal 77, no. 2 (2013): 337-349. 



Appendix A.1 

202 
 

Observation dug well station -wise groundwater level data in the study area (2016) 

 

Sample  

Code 

 

Latitude 

(North) 

 

Longitude 

(East) 

 

Elevation 

(m) 

Pre- 

monsoon 

DTW 

(mbgl) 

Post- 

monsoon 

DTW 

(mbgl) 

 

WLF 

DW-1 24o10'14.3'' 82o36'21.4'' 473.9 5.79 2.65 3.14 

DW-2 24o06'15.2'' 82o35'02.0'' 308.9 10.36 7.51 2.85 

DW-3 24o06'27.6'' 82o35'14.1'' 309.9 5.79 3.69 2.1 

DW-4 24o06'54.2'' 82o35'39.5' 311.7 8.66 7.50 1.16 

DW-5 24o06'57.9'' 82o34'41.3'' 314.1 9.62 7.78 1.84 

DW-6 24o05'46.6'' 82o33'34.2'' 296.0 7.09 3.10 3.99 

DW-7 24o07'25.7'' 82o46'05.2'' 270.4 5.02 3.23 1.79 

DW-8 24o07'50.5'' 82o46'23.1'' 275.6 7.95 7.17 0.78 

DW-9 24o08'05.3'' 82o46'44.6'' 278.0 5.82 8.95 -3.13 

DW 10 24o10'06.7'' 82o46'03.7'' 272.8 7.34 6.18 1.16 

DW-11 24o08'17.9'' 82o41'24.0'' 362.3 5.91 4.49 1.42 

DW-12 24o12'00.7'' 82o46'38.0'' 289.0 7.16 6.42 0.74 

DW 13 24o10'52.3'' 82o40'55.9'' 411.6 14.63 13.71 0.92 

DW-14 24o09'59.4'' 82o41'27.3'' 389.8 10.92 10.30 0.62 

DW-15 24o11'56.2'' 82o41'19.9'' 364.0 7.92 7.25 0.67 

DW-16 24o05'41.7'' 82o39'08.4'' 286.6 6.48 5.07 1.41 

DW-17 24o06'16.3'' 82o39'27.1'' 292.6 4.97 2.90 2.07 

DW-18 24o06'46.7'' 82o39'58.5'' 295.1 6.43 4.12 2.31 

DW-19 24o11'29.4'' 82o39'01.6'' 389.7 9.81 8.47 1.34 

DW-20 24o11'27.9'' 82o39'03.6'' 387.5 7.64 6.27 1.37 

DW-21 24o11'26.9'' 82o39'23.5'' 378.3 10.99 9.04 1.95 

DW-22 24o07'16.7'' 82o38'47.6'' 307.7 4.16 2.55 1.61 

DW-23 24o11'55.4'' 82o41'53.0'' 392.0 17.62 16.40 1.22 

DW-24 24o13'42.7'' 82o41'49.3'' 391.0 7.03 4.95 2.08 

DW-25 24o11'52.6'' 82o40'48.0'' 369.4 5.11 3.86 1.25 

DW-26 24o13'29.0'' 82o42'37.2'' 422.7 5.78 2.97 2.81 

DW-27 24o14'46.2'' 82o42'17.7'' 345.7 20.85 21.55 -0.7 

DW-28 24o14'43.7'' 82o40'57.0'' 338.8 12.54 10.25 2.29 

DW-29 24o13'27.0'' 82o40'13.8'' 354.2 16.80 15.10 1.70 

DW-30 24o12'51.1'' 82o41'16.2'' 361.8 5.69 3.17 2.52 

DW-31 24o13'05.6'' 82o42'10.6'' 386.5 5.31 3.81 1.50 

DW-32 24o12'38.4'' 82o40'18.1'' 394.9 3.05 2.64 0.41 

DW-33 24o12'24.7'' 82o39'58.9'' 383.4 13.67 13.79 -0.12 

DW-34 24o12'14.7'' 82o40'54.6'' 368.2 7.32 5.84 1.48 

DW-35 24o12'45.9'' 82o39'45.5'' 383.6 10.05 8.63 1.42 

DW-36 24o12'39.7'' 82o41'21.6'' 367.8 6.11 4.27 1.84 

DW-37 24o13'28.2'' 82o43'45.0'' 365.2 8.88 5.39 3.49 

DW-38 24o12'19.2'' 82o45'23.4'' 295.2 2.87 1.65 1.22 

DW-39 24o10'51.7'' 82o46'15.1'' 280.1 10.98 7.84 3.14 

DW-40 24o11'14.2'' 82o46'18.1'' 285.0 11.48 12.27 -0.79 

DW-41 24o10'21.7'' 82o46'0.10'' 275.3 9.43 8.05 1.38 

DW-42 24o10'52.6'' 82o46'10.6'' 280.0 13.04 11.01 2.03 

DW-43 24o12'09.8'' 82o46'00.0''  298.5 10.74 9.59 1.15 
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DW-44 24o07'01.9'' 82o45'46.0'' 267.7 4.90 4.14 0.76 

DW-45 24'06'43.0'' 82'38'28.0'' 306.5 4.12 2.48 1.64 

DW-46 24o07'05.0'' 82o45'09.6'' 279.4 2.38 1.90 0.48 

DW-47 24o06'42.8'' 82o43'17.8'' 332.1 5.65 4.65 1.00 

DW-48 24o06'41.1'' 82o43'38.6'' 324.5 1.37 1.35 0.02 

DW-49 24o06'57.1'' 82o42'22.8'' 298.3 4.11 3.03 1.08 

DW-50 24o12'49.4'' 82o38'30.9'' 360.3 7.53 4.85 2.68 

DW-51 24o12'27.5'' 82o36'57.9'' 385.6 3.64 2.17 1.47 

DW-52 24o12'44.1'' 82o34'58.3'' 395.4 5.30 4.25 1.05 

DW-53 24o12'57.1'' 82o33'52.2'' 388.3 4.07 3.04 1.03 

DW-54 24o12'11.4'' 82o34'50.0'' 400.3 14.20 13.38 0.82 

DW-55 24o12'35.4'' 82o34'06.0'' 384.9 6.86 5.65 1.21 

DW-56 24o12'29.0'' 82o33'33.2'' 381.4 9.13 7.76 1.37 

DW-57 24o12'24.6'' 82o33'33.2'' 381.0 7.68 6.70 0.98 

DW-58 24o13'29.6'' 82o32'36.8'' 389.8 10.63 10.28 0.35 

DW-59 24o12'35.4'' 82o37'33.0'' 389.7 0.82 1.40 -0.58 

DW-60 24o12'41.7'' 82o35'36.4'' 410.9 4.37 3.35 1.02 

DW-61 24o11'59.7'' 82o34'18.0'' 393.4 11.98 10.76 1.22 

DW-62 24o09'33.1'' 82o35'22.5'' 489.7 17.19 17.32 -0.13 

DW-63 24o09'59.8'' 82o35'13.0'' 475.1 24.75 24.62 0.13 

DW-64 24o10'14.8'' 82o35'35.4'' 475.0 22.74 21.70 1.04 

DW-65 24o04'32.3'' 82o36'33.3'' 280.9 7.25 5.15 2.1 

DW-66 24o04'49.0'' 82o38'22.3'' 288.7 5.77 4.45 1.32 

DW-67 24o05'45.1'' 82o37'13.7'' 291.3 3.63 1.80 1.83 

DW-68 24o11'04.6'' 82o38'47.0'' 398.5 10.34 7.92 2.42 

DW-69 24o04'59.5'' 82o36'07.3'' 286.9 6.43 4.10 2.33 

DW-70 24o05'23.0'' 82o35'22.2'' 295.1 11.04 11.95 -0.91 

DW-71 24o06'10.8'' 82o35'15.1'' 306.8 6.97 8.35 -1.38 

DW-72 24o10'23.3'' 82o38'06.5'' 422.2 10.48 13.35 -2.57 

DW-73 24o05'59.0'' 82o38'00.0'' 295.3 3.35 2.10 1.25 

DW-74 24o06'18.0'' 82o38'00.7'' 301.5 3.34 1.76 1.58 

DW-75 24o10'42.6'' 82o38'06.7'' 416.5 16.32 15.52 0.80 

DW-76 24o05'10.0'' 82o33'30.0'' 294.4 6.67 4.40 2.27 

DW-77 24o06'02.0'' 82o37'31.7'' 299.2 10.77 4.64 6.13 

DW-78 24o06'54.3'' 82o31'21.1'' 314.6 9.10 8.80 0.30 

DW-79 24o06'55.6'' 82o31'44.0'' 307.9 11.33 8.21 3.12 

DW-80 24o03'49.5'' 82o35'08.1'' 282.7 8.48 6.14 2.34 

DW-81 24o04'46.6'' 82o34'48.9'' 286.7 10.39 10.40 -0.01 

DW-82 24o03'57.7'' 82o32'51.4'' 303.0 6.64 5.62 1.02 

DW-83 24o04'25.7'' 82o31'57.2'' 304.0 3.78 1.90 1.88 

DW-84 24o04'23.7'' 82o31'15.7'' 320.6 3.92 3.77 0.15 

DW-85 24o03'44.6'' 82o31'20.7'' 323.0 4.95 4.45 0.50 

DW-86 24o05'10.5'' 82o33'30.4'' 294.5 6.65 6.75 -0.10 

Minimum 

Maximum 
Average 

267.7 0.8 1.4 -3.1 

489.7 24.8 24.6 6.1 

340.6 8.3 7.1 1.3 
* DW-Dug well, DTW-Depth to water level, WLF-Water level Fluctuation,                             
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Physicochemical and heavy metals analysis of groundwater samples in Singrauli coalfield area 

Sample 

Code 

Physico-chemical Parameters Heavy Metals 

pH EC TDS Ca+2 Mg+2 Na+ K+ F- Cl- NO3
- SO4

2- HCO3
- TH Fe Cu Pb Cd Cr Ni Zn 

GW-1 7.08 436 218 17.48 51.18 63.35 5.20 0.33 75.64 5.84 35.67 32.12 253.52 1.21 1.13 0.33 0.17 0.00 0.15 3.14 

GW-2 6.75 50 25 5.00 1.66 4.00 0.63 0.27 2.18 0.00 0.60 16.57 19.31 1.19 1.18 0.18 0.10 0.01 0.12 3.43 

GW-3 7.88 245 122 15.84 9.34 23.16 1.70 0.47 23.52 6.39 9.54 47.54 77.88 1.31 1.39 0.28 0.11 0.06 0.27 5.17 

GW-4 7.46 195 97 14.04 9.27 14.04 1.78 0.31 12.85 44.09 3.89 35.31 73.09 1.48 1.53 0.25 0.18 0.06 0.29 3.72 

GW-5 7.71 474 237 49.26 8.90 21.45 1.27 0.57 10.97 2.10 18.06 116.58 159.62 0.97 1.35 0.12 0.07 0.01 0.12 3.04 

GW-6 7.92 265 141 29.78 7.11 23.54 0.45 1.63 10.36 0.00 0.00 76.41 103.59 0.91 1.63 0.13 0.10 0.01 0.13 3.19 

GW-7 7.65 380 190 59.96 4.48 18.70 0.32 1.74 10.42 6.18 24.94 68.67 168.27 0.85 1.13 0.12 0.06 0.00 0.28 1.78 

GW-8 6.73 60 30 4.61 1.17 5.03 19.39 0.31 5.26 1.50 0.72 19.06 16.31 0.87 1.15 0.11 0.05 0.01 0.14 1.83 

GW-9 7.69 470 235 51.26 18.52 29.43 17.61 0.52 7.66 0.00 3.01 109.25 204.08 1.43 1.26 0.13 0.06 0.04 0.09 2.39 

GW-10 7.58 670 335 88.51 13.65 44.27 3.05 0.79 58.73 0.00 42.10 73.91 277.22 0.95 1.55 0.12 0.18 0.02 0.12 5.26 

GW-11 7.67 584 290 92.77 13.54 31.84 1.05 0.64 50.60 3.88 52.63 58.74 287.45 0.92 1.36 0.13 0.18 0.00 0.15 5.13 

GW-12 7.49 956 478 87.55 22.42 71.90 4.62 0.61 146.82 24.11 128.79 121.35 310.81 0.87 1.37 0.14 0.03 0.01 0.17 3.89 

GW-13 7.62 603 302 44.33 56.73 54.90 0.69 1.79 22.42 7.60 37.15 89.62 343.43 0.81 1.26 0.12 0.07 0.00 0.11 3.75 

GW-14 7.55 319 160 29.72 16.69 17.11 4.18 0.54 26.30 38.58 5.25 35.42 142.71 0.91 1.40 0.14 0.01 0.01 0.13 3.91 

GW-15 7.8 839 419 27.03 10.86 175.15 17.29 0.57 59.74 0.00 74.61 63.82 112.11 0.86 1.43 0.17 0.05 0.00 0.28 5.01 

GW-16 7.58 842 422 22.63 25.56 192.09 18.88 0.43 51.77 1.59 44.15 73.51 161.36 1.12 1.35 0.13 0.07 0.02 0.27 2.75 

GW-17 7.42 613 307 71.31 18.50 18.36 2.10 0.63 28.89 24.71 0.00 132.04 254.11 1.09 1.26 0.18 0.02 0.01 0.17 2.85 

GW-18 7.6 531 266 48.14 17.88 46.63 20.76 0.40 49.39 11.56 65.04 38.84 193.64 1.17 1.16 0.26 0.07 0.00 0.16 3.17 

GW-19 7.67 467 234 60.25 18.39 19.86 4.26 0.56 22.56 0.49 23.79 82.63 226.02 0.92 1.27 0.19 0.12 0.01 0.16 2.74 

GW-20 7.66 517 259 53.37 61.50 19.01 2.37 0.74 29.59 0.00 11.42 75.06 385.60 0.98 1.25 0.12 0.18 0.01 0.18 2.49 
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GW-21 7.69 521 260 16.86 34.01 20.70 3.70 0.55 10.21 0.00 1.93 152.36 181.58 0.91 1.33 0.14 0.02 0.01 0.14 2.24 

GW-22 7.75 325 162 45.73 9.87 15.50 1.59 1.58 15.83 1.32 24.19 42.26 154.76 0.92 1.13 0.13 0.04 0.01 0.12 1.76 

GW-23 7.69 558 279 40.98 53.21 34.41 7.16 0.51 5.68 0.00 4.73 113.42 320.62 0.86 1.25 0.12 0.02 0.00 0.16 1.83 

GW-24 7.73 632 316 42.17 31.85 28.26 5.75 0.57 34.25 5.42 32.41 128.74 236.02 0.93 1.36 0.15 0.02 0.01 0.13 1.94 

GW-25 6.78 432 216 14.61 18.17 16.74 16.39 0.33 7.26 3.50 19.26 109.58 111.01 0.91 1.11 0.11 0.01 0.00 0.13 1.85 

GW-26 7.56 476 238 18.78 22.64 24.79 2.85 0.45 16.25 7.36 34.15 107.94 139.77 0.84 1.13 0.15 0.04 0.01 0.15 1.92 

GW-27 7.62 512 266 23.30 13.30 19.55 5.25 0.52 26.59 5.29 26.14 132.87 112.76 0.75 1.43 0.14 0.16 0.01 0.29 2.15 

GW-28 7.69 548 294 26.47 7.84 34.58 1.27 0.46 32.71 11.37 36.48 138.43 98.31 0.82 1.36 0.13 0.13 0.01 0.17 1.74 

GW-29 7.59 606 303 48.55 21.24 44.71 0.79 0.71 24.72 9.59 42.63 103.12 208.45 0.95 1.26 0.11 0.03 0.00 0.12 4.16 

GW-30 7.49 546 273 48.29 26.14 46.22 4.30 0.66 17.25 3.46 54.25 63.35 227.91 0.87 1.33 0.12 0.07 0.01 0.29 5.32 

GW-31 7.71 584 292 52.12 19.59 29.51 3.53 0.58 42.13 4.72 32.85 101.05 210.62 0.93 1.28 0.16 0.06 0.00 0.27 3.97 

GW-32 7.13 482 241 26.74 23.76 42.95 3.53 0.39 62.37 4.30 31.75 58.13 164.27 1.28 1.32 0.25 0.09 0.01 0.19 3.51 

GW-33 7.67 434 217 35.75 19.65 38.80 4.53 0.38 72.12 7.15 28.75 57.10 169.95 1.34 1.29 0.19 0.14 0.01 0.18 3.29 

GW-34 7.54 496 248 29.52 9.52 18.35 2.59 0.53 54.94 13.14 14.85 87.24 112.84 1.21 1.26 0.16 0.07 0.01 0.16 3.43 

GW-35 6.69 876 438 58.46 21.35 52.18 3.46 0.59 178.24 34.26 112.95 136.90 233.69 1.36 1.37 0.14 0.05 0.02 0.17 3.72 

GW-36 7.12 934 467 44.52 19.57 44.86 3.87 0.45 134.97 29.73 109.75 62.34 191.54 1.24 1.29 0.13 0.07 0.01 0.16 3.51 

GW-37 7.42 572 286 36.48 9.53 29.97 2.43 0.58 27.60 13.85 36.65 82.53 130.27 0.82 1.26 0.12 0.03 0.01 0.17 1.58 

GW-38 7.58 484 242 29.74 11.85 17.58 1.83 0.43 35.95 7.37 29.85 102.10 122.92 0.73 1.26 0.13 0.06 0.01 0.27 1.39 

GW-39 7.53 568 284 79.73 8.56 32.74 1.36 1.53 62.81 4.52 46.16 68.12 234.44 1.17 1.34 0.13 0.10 0.01 0.17 3.73 

GW-40 7.26 862 431 53.75 21.35 36.15 1.99 0.55 79.36 34.85 112.37 92.10 221.91 1.23 1.55 0.24 0.04 0.02 0.18 3.82 

GW-41 6.89 846 423 57.59 13.42 42.16 0.75 0.33 53.86 11.59 92.64 144.75 198.99 1.34 1.67 0.30 0.15 0.02 0.19 3.91 

GW-42 7.19 912 456 49.36 8.71 53.15 0.26 0.48 59.98 9.38 78.52 181.10 159.13 1.29 1.43 0.18 0.20 0.01 0.20 5.06 

GW-43 7.37 734 368 64.83 19.86 66.45 0.60 0.75 71.32 48.71 103.49 102.46 243.52 0.85 1.25 0.14 0.16 0.01 0.17 3.94 

GW-44 7.36 1181 592 118.09 59.77 105.02 0.96 0.62 224.85 144.85 212.81 241.20 540.29 0.78 1.12 0.14 0.07 0.00 0.29 3.87 

GW-45 7.62 933 467 90.86 18.85 116.45 1.85 0.50 191.43 13.43 95.15 82.43 304.42 0.71 1.14 0.12 0.07 0.01 0.25 2.62 

GW-46 7.29 1331 667 114.88 24.02 82.41 2.99 0.52 444.92 66.82 170.48 192.50 385.66 0.83 1.30 0.14 0.14 0.02 0.17 2.51 

*All the water quality parameters are in mg/L except pH, EC (µS/cm). 
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