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ABSTRACT: The impact of sewage irrigation and groundwater contamination were investigated near Roorkee in 

north India using the Direct Current Resistivity (DCR) method and the Radiomagnetotelluric (RMT) method. Intensive 

field measurements were carried out in the vicinity of a waste disposal site, which was extensively irrigated with 

sewage water. For comparison a profile was investigated on a reference site, where no contamination was expected. In 

addition to conventional 1D and 2D inversion, the measured data were interpreted using a 2D joint inversion 

algorithm.The inversion results from the data obtained from the sewage irrigated site indicate a decrease of resistivity 

up to 75% in comparison with the reference site. The depth range from 5 to 15 m is identified as a shallow unconfined 

aquifer and the decreased resistivities are ascribed as the influence of contamination. Furthermore, a systematic 

increase in the resistivities of the shallow unconfined aquifer is detected as we move away from the waste disposal 

site.The advantages of both, the DCR and RMT methods, are quantitatively integrated by the 2D joint inversion of both 

data sets and lead to a joint model, which explains both data sets. 
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I. INTRODUCTION 

Surface water is often used for the recharge of aquifers used in drinking‐water production. Surface water is often 

contaminated with pathogenic micro‐organisms and viruses. These pathogens have to be removed to produce safe 

drinking water. [33]Often chlorination is used as the most effective way for disinfection of drinking water. However, 

the use of chlorination is not permitted in the Netherlands. One effective way is the passage of surface water through 

soil, as is the case in bank filtration, dune recharge, and deep‐well injection. Dune recharge is widely applied , where 

surface water, after some pretreatment, is fed into canals in protected dune sands. Then, water is abstracted after 50 to 

60m of passage through the soil.  [1,2]   

To assure production of safe drinking water from surface water, adequate travel times and travel distances are needed. 

In this regard, it is important to determine various factors that affect the rate of removal of pathogenic viruses during 

soil passage.[31,32] These factors include hydraulic conditions (such as flow velocity and saturation) and geochemical 

conditions (pH, ionic strength, concentration of calcium, etc.).[3,4] In some parts of the world, use of grey water (e.g. 

kitchen/shower wastewater or treated wastewater) for agricultural purpose is practiced or is being considered. In such 

cases, it is essential to determine whether the infiltrating water will be laden with pathogenic microorganisms when it 

reaches groundwater. Even when water is produced from groundwater wells, it is important to have protection zones 

around drinking water wells in order to ensure that no pollution will reach the well. This will have achieved by 

enforcing a zone of protection around groundwater well. The proper determination of such a protection zone is 

essential. It should not be unnecessarily large as it will be costly; at the same time, it should be large enough to provide 

adequate protection.[5,6] 

II. METHODOLOGY 

Present study was carried out on the Assessment of the ground water quality of Salempur (site-1), Paniyala (site-2) and 

Ramnagar area (site-3)  of Roorkee city. Sampling and analysis has done as per the standard methods prescribed in BIS, 

CPCB, APHA (2012) and Trivedy and Goel (1986). The water samples were collected from Tubewells which were 

located at above mentioned three sites at Roorkee in clean plastic bottles. Bottles were rinsed thoroughly 5 to 6 times 
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with the distilled water before filling the water sample through grab sampling method. For the collection of Dissolved 

oxygen and Biological oxygen demand determination BOD bottles were used.       [7,8] 

Following physico-chemical parameters were analyzed as per the standard methods prescribed by APHA (1995) and 

Trivedy and Goel (1986). 

 Physico-chemical parameters: Temperature, Total Dissolve Solid, Electric Conductivity, pH, DO (Dissolved Oxygen), 

BOD (Biochemical Oxygen Demand), Hardness, Calcium, Magnesium, Chloride, Alkalinity, Free CO2.[9,10] 

Temperature is one of the most important factors in aquatic environment since it regulates the various Physico-

chemical as well as biological activity. In present study the temperature of groundwater was found to be 19.5 ºC. It was 

observed the value of Temperature 18.3-25.5 ºC in Vuyyuru, Part of East Coast of India.[29,30] The higher TDS causes 

gastro-intestinal irritation to the human beings, but the prolonged intake of water with higher TDS can cause kidney 

stone and heart disease. The presence of high value of TDS may be due to the influence of anthropogenic sources such 

as domestic sewage, solid waste dumping. In the present study the maximum TDS was observed at site-2 (567.8 mg/l) 

and the minimum was observed at site-1 (562.5 mg/l).[34] Scholars observed the TDS value varied from 356-654 

(mg/l) for groundwater . The salt concentration is generally measured by determining the Electrical Conductivity of 

water. Excess salt increase the osmotic pressure of the soil solutions that can result in physiological drought 

conditions.[35] In the present study the maximum Electrical Conductivity was observed at site-2 (847.6 µS/cm) and the 

minimum was observed at site 1 (841 µS/cm). Researchers observed the pH value varied from 7.55-8.78 for 

groundwater . Dissolved oxygen is an important parameter in water quality assessment and reflects the physical and 

biological process prevailing in the water, the D.O. value indicate the degree of pollution in water bodies. In the present 

study the D.O of ground water was found to be 3.4-3.7 (mg/l). Scientists  observed the value of D.O 4.27-5.16 (mg/l) 

.[11,12] 

III. DISCUSSION 

Biochemical oxygen demand is the amount of oxygen utilized by micro-organism in stabilizing the organic matter. 

BOD in general gives a qualitative index of organic substance which is degraded quickly in a short time period. In the 

present study the BOD of groundwater was found to be 0.61-0.62 (mg/l). Researchers  observed the value of BOD 

1.58-1.98 (mg/l) . The hardness is caused primarily by the presence of cations such as Calcium and Magnesium and 

Anions such as Carbonates, Bicarbonates, and Chloride in water.[13,14] Water Hardness has no known adverse effects. 

However, some evidence indicates its role in heart diseases and hardness of 150-300 mg/l and above may cause kidney 

problems and stone formation. In the present study the maximum Hardness was observed at site3 (224.1 mg/l) and the 

minimum was observed at site 1 (221.8 mg/l).[27,28] Researchers observed the value of Total Hardness 221-474 (mg/l) 

. Chloride is a widely distributed element in all types of rocks in 1 or other form. Chloride imparts a salty taste and 

sometime higher consumption cause for the development of essential hypertension, risk for stroke, renal stones and 

asthma in human beings. Although, the Chloride plays an important role in balancing level of electrolyte in blood 

plasma, but higher concentration can produce some physical disorder. In the present study the maximum Chloride was 

observed at site 2 (288.1s mg/l) and the minimum was observed at site-1 (286.3 mg/l). [15,16] 

IV. RESULTS 

Researchers  observed the value of Chloride 278-347.94 (mg/l). Calcium is an important element to develop proper 

bone growth. Calcium content is very common in groundwater, because they are available in most of the rocks 

abundantly and also due to its higher solubility. The permissible limit of Calcium in groundwater is 75 mg/l. In the 

present study the maximum Calcium was observed at site-2 (87.1 mg/l) and the minimum was observed at site-1 (86.3 

mg/l). Researchers observed the value of calcium 49.48- 81.76 (mg/l) .Magnesium usually occurs in lesser 

concentration than Calcium due to the fact that the dissolution of Magnesium rich mineral is slow process and that of 

calcium is more abundant in earth’s crust. If the concentration of Magnesium in ground water is more than the 

permissible limit, it causes unpleasant taste to the water.[25,26] Magnesium is an essential ion for functioning of cells 

in enzyme activation, but at higher concentration, it is considered as laxative agent, whose deficiency may cause 
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structural and functional changes in human beings. The permissible limit is 30 mg/l as per BIS standards. In the present 

study the maximum Magnesium was observed at site-2 (49.8 mg/l) and the minimum was observed at site 3 (48.3 

mg/l).  Researchers observed the value of Magnesium 30-100 (mg/l) . Total alkalinity values in the study area within 

the permissible limit and are ranging from 299.3, 299.2, 299.5 mg/l at site 1, site 2, site 3, respectively. The high 

alkalinity of groundwater may be due to the presence of bicarbonate and some salts. In the present study the maximum 

alkalinity was observed at site 2 (300.5 mg/l) and the minimum alkalinity was observed at site 3 (298.2 mg/l). Scientists  

observed the value of Alkalinity 308-488 (mg/l) .[17,18] 

V. CONCLUSIONS 

The study concluded that all parameters were within the prescribed limit of IS: 10500-12 and WHO (2004). Thus, 

present study reveals that all parameters of site 1, site 2 and site 3 of Roorkee region are within the permissible limit. 

So, the groundwater of Roorkee region satisfies the water quality for drinking purpose and other uses. Groundwater is 

the major source of water for drinking purpose. [23,24]The groundwater is believed to be comparatively much clean 

and free from pollution than surface water. But pro-longed discharge of industrial effluent, domestic sewage and solid 

waste dump causes the groundwater to become polluted and create health problems. The problems of groundwater 

quality are much more acute in the areas which are densely populated, thickly industrialized and have shallow 

groundwater tables. The rapid growth of urban areas has further affected groundwater quality due to overexploitation of 

resources and improper waste disposal practices. Thus, keeping in view the above facts the present study was 

undertaken to analyze the physico-chemical parameters of different groundwater samples of Roorkee city. Sampling 

and analysis has done as per the standard method prescribed in BIS. [19,20] Water sample was collected from tube 

wells their location coordinates are mentioned. Analysis was carried out for various water quality parameters such as 

Total Dissolve Solids (TDS), Conductivity, pH, Alkalinity, Total Hardness (TH), Free CO2, Dissolved Oxygen (DO), 

and Biochemical Oxygen Demand (BOD), using standard method.[21,22] 

REFERENCES 

1) Adekunle, A.S. (2009). Effects of Industrial Effluent on quality of well water with in (Asa Dam Industrial Estate, 

Ilorin, Nigeria. Nature and Science. 7(1): pp.53-58.  

2) Agarwal, R. (2007). Study of Physico-chemical parameter of ground water quality Alwar town in Rajasthan. 

Rasayan J.Chem. 2(4): pp.969-971.  

3) Alley, W.M. (2007). The importance of monitoring of groundwater management. In: Holiday L, et al. (Ed) 

strengthening science based decision making in developing countries. The National Academies Press. Washington 

D: pp 76-85. 

4) Altman, S.J. and Perizek, R.R. (1995). Dilution of non-point source Nitrate in groundwater. Journal of 

Environmental Quality 24(4): pp.707-718.  

5) American Public Health Association (APHA), (2012): Standard method for the examination of water and waste 

water (22 editions) Washington D.C. 

6) Anita, J. and Gita, S. (2008). Physico- chemical characteristics of groundwater of sambar lake city and its 

adjoining area Jaipur district, Rajasthan, India. Int. J. Chem.Sci., 6: pp.1793- 1799.  

7) Ashu and Kumar, Mukesh (2010). Monitoring of Ganga water at Shukratal of Muzaffaranagar district (U.P), India, 

1. (2): pp.49-52.  

8) Bajpayee, S.K. and Verma, (2001). water quality of groundwater of Kerala, South Western, India.In: Subramanian, 

U. and Ramanathan, A.L., (Edso), Proceedings of the International workshop on Eco hydrology capital publishing 

company, New Delhi, India: pp. 307-308. 

9) Desai, H., Anandwala, T. and Desai, H. (2008). Evaluation of underground water quality of Surat City (INDIA). 

Journal of Environmental Research and Development. 3(1): pp.169- 183.  

10) Godghate, G.A., Sawant, S.R. and Jadhav, D.S. (2013). An evaluation of physico-chemical parameters to assess 

ground water quality from Madyal and Vadgaon Villages of Kagal Tahsil, MS, India. International Research of 

Environmental Science. 2(5): pp.95-97. 

11) Gopal Krishna, H. (2011). Assessment of physico-chemical status of ground water samples in Akot City. Research 

Journal of Chemical Science. 1(4): pp.117-124. 

http://www.ijirset.com/


[  

                    

                   ISSN(Online): 2319-8753 

                   ISSN (Print):  2347-6710 

International Journal of Innovative Research in Science, 

Engineering and Technology 

(A High Impact Factor, Monthly, Peer Reviewed Journal) 

Visit: www.ijirset.com 

Vol. 8, Issue 12, December 2019 

Copyright to IJIRSET                                                              DOI:10.15680/IJIRSET.2019.0812078                                         11891 

12) Janardhana Rao D., Hari Babu B., Swami AVVS., and Sumithra S., (2013).PhysicoChemical Characteristics of 

Ground Water of Vuyyuru, Part of East Coast of India. Journal of Engineering Research and Application. 3(2): 

225-232. 

13) Jinwal, A. and Dixit, S. (2008). Pre and post monsoon variation in physico-chemical characteristic in ground water 

quality in Bhopal, India. Asian J.Exp.Sci.(3): pp.53-58. 

14) Kesavan, K.G. and Parameswari, R. (2005). Evaluation of groundwater quality in Kancheepuram. IJEP, 25(3): pp. 

235-239.  

15) Kumar, G.A., Pitchaiah, P.S., Sudhakar, G. and Swarnalatha. G. (2015). Physico-chemical parameters of 

groundwater of Agra city. Int. Journal of Engineering Research and ApplicationISSN: 2248-9622,5(4), pp.65-70 

16) Mahananda, M.R., Mohanty, B.P. and Behera Mahananda, N.R. (2010). Physico-chemical analysis of surface and 

ground water of Bargarh district, Orissa, India. IJRRAS, 2: pp.26-30. 

17) Maniyar, M.A. (1990). Evaluation of ground water quality of borewell of Gulbarga city maintained by KUWS and 

D Board. M.E Diseertation submitted to Gulbarga University Gulbarga. pp.16-29.  

18) Oyekul and Eludoyin, A.O. (2010). The physico-chemical characteristics of ground water among the various 

Mansa Taluka in North Gujarat, India. Journal of Environmental Science Technology, vol. 4: pp. 201-214.  

19) Pandey, K.S. and Tiwari, S. (2009). Physico-chemical analysis of ground water quality in Ghazipur City- A case 

study. Nature and Science. 7 (1): pp.17-20.  

20) Pandey, R. and Pandey, K.S. (2012). Investigation of physico-chemical status of ground water of Singrauli District, 

Madhya Pradesh, India. IGPSR 3(10): pp.3823-2828.  

21) Parihar, S.S., Kumar, A., Gupta, R.N., Pathak, M., Shrivastav, A. and Pandey, A.C. (2012). Physico-chemical 

analysis of underground water in Gwalior City, MP, India. Research Journal of Recent Science. 1(6): pp.62-65.  

22) Patil, V.T. and P.R. (2010). Physico-chemical analysis of selected ground water samples of Amalner Town in 

Jalgaon District, Maharashtra, India. E-Research Journal. 7(1): pp.111-116.  

23) Ramachandraiah, C. (2004). Right to drinking water in India, Indian Journal Human Rights. 8(1 and 2): pp. 115-

130. 

24) Ramesh, R. (2001). Point and non-point source of ground water pollution: Case studies along the East court of 

India. In: Subramanian, U. and Ramanathan, A.L., (Edso), Proceedings of the International workshop on Eco 

hydrology capital publishing company, New Delhi, India:107p. 

25) Rao and Hussain, J. (2003). Evaluation of groundwater quality of the villages situated near Banas, Rajasthan. 

Indian J. Env. Prot., 23(6): pp.640-645.  

26) Rao, Sudhkar, M., Mamatha, P. (2004). Water quality in sustainable water management, Current science. 87(7): 

pp.234-239.  

27) Reza, R. and Singh, G. (2009). Physico-chemical analysis of Groundwaterin Angul-Talcher Region of Orissa, 

India. Journal of American Science. 5(5): pp.53-58.  

28) Shyamala, R., Shanthi, M. and Lalitha, P. (2008). Physico-chemical analysis of bore well water samples in 

Telungupalayam area in Coimbatore district, Tamilnadu, India. Journal of Chemistry. 5(4): pp.924-929.  

29) Sivagurunathan, P. and Dhinakaran, B. (2005). Seasonal variation in Groundwater quality of Sethiyathope area in 

Cuddalore district, IJEP. 25(10): pp.905-911. 

30) Somashekar, K.R. and Prakash, L.K. (2006). Groundwater quality assessment on Anekal Taluk, Banglore Urban 

district, India. Journal of Environmental Biology. 27(4): pp.633- 637. 

31) Trivedy, P., Bajpai, A. and Thareja, S. (2010). Comparative study of seasonal variation in physico-chemical 

characteristic in ground water quality of Kanpur, India. Nature and Science. 8(4): pp.11-17.  

32) Uhegbu, A., Chukwneyoke, L. and Uzoma, M. (2012). Characterization and quality assessment of ground water in 

parts of Aba Metropolis Southern Nigeria. Artch. Appl. Sci. Res., 4(5): pp.1949-1957.  

33) WHO (1997). Guidelines for Groundwater quality.V. L, Geneva.  

34) WHO (2004). Guidelines for Groundwater quality.V. L, Geneva.  

35) Yadav, K.K., Gupta, N., Kumar, V., Arya, S. and Deepak, S. (2012). physico-chemical analysis of selected ground 

water samples of Rajasthan, India. Recent Research in Science and Technology. 4: pp. 51-54. 

http://www.ijirset.com/

