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Abstract 

Water sources available for drinking and other domestic purposes must 

possess high degree of purity, free from chemical contamination and micro 

organisms. But the rapid increase in population and industrialization together 

with the lack of wisdom to live in harmony with nature had led to the 

deterioration of good quality of water thus resulting in water pollution. 

Therefore, pollution of water resources needs a serious and immediate 

attention through periodical monitoring of water quality.  

In present study Physicochemical characteristics of ground water samples of in 

and around Tekanpur in Gwalior city of M.P. India were studied to assess its 

suitability for public consumption. Water samples were collected from five 

different collecting points of selected area. Physicochemical parameters were 

analysed and values obtained were compared with standard values 

recommended by WHO and ISI. The corresponding water quality index were 

also worked out and reported. 

 Parameters measured were Colour, Odour, Temperature, pH, Electrical 

Conductivity, Total Dissolved Solid, Total Alkalinity, Total Hardness, 

Calcium, Magnesium, Chloride, and Dissolved Oxygen. Almost all these 

parameters satisfy the guidelines of drinking water at many places except a 

few. The water quality index of these samples ranges from 58.66 to 93.75. The 
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analysis reveals that the ground water of the area needs some degree of 

treatment before consumption. 

 

Keywords: Water Pollution, Ground Water, physicochemical characteristics, 

Water quality index 

 

1. INTRODUCTION 

Water is the most important, abundant and useful natural resources on the earth 

because no life is possible without water. It is essential for the survival of all living 

beings and plays an important role in our life (AB Adebo, 2009). Water quality of any 

specific area or specific source can be assessed using physical, chemical and 

biological parameters. The values of these parameters are harmful for human health if 

they occurred more than defined limits (WHO,(2012),BIS IS:10500 (2012), USEPA 

(2009). The safe potable water is absolutely essential for healthy living. Ground water 

is ultimate and most suitable fresh water resource for human consumption in both 

urban as well as in rural areas (Rizwan et al., 2009). In developing and under 

developed countries “protected water for all” is still a far cry from reality (Indirabai et 
al., 2002). In India more than 80% of the population is dependent on the ground water 

as the only source of drinking water supply (Baligar et al., 2004). Over burden of the 

population pressure, unplanned urbanization, unrestricted exploration and dumping of 

solid as well as liquid waste at inappropriate place enhance the infiltration of harmful 

compounds to the ground water (Pandey and Tiwari, 2009). 

The quality of water is of upper most important as compared to quantity in any water 

supply planning and especially for drinking purposes purity is equally important 

(Tatawat et al., 2007). The quality of ground water is the resultant of all the processes 

and reactions that act on the water from the moment it condensed in the atmosphere to 

the time it is discharged to the depth of water table (Shyamala et al., 2008).  

According to WHO organisation, about 80% of all the diseases in human beings are 

caused by water. Once the ground water is contaminated, its quality cannot be 

restored by stopping the pollution from the source. It therefore becomes imperative to 

regularly monitor the quality of ground water and to device ways and means to protect 

it. Water quality index is one of the most effective tools (Mishra P C et al., 2001, 

Naik S et al., 2001) to communicate information on the quality of water to concerned 

citizens and policy makers. It thus becomes an important parameter for the assessment 

and management of ground water. The Water quality index (WQI) which was first 

developed by Horton in the early 1970s is basically a mathematical means of 

calculating a single value from multiple test results (Miller et al., 1986). WQI is 

defined as a rating reflecting the composite influence of different water quality 



Evaluation of Water Quality Index for Drinking Purpose in and Around Tekanpur area M.P. India. 361 

parameters. It is one of the most widely used of all existing water quality procedures. 

WQI is calculated from the point of view of the suitability of ground water for human 

consumption (Ramakrishnaiah et al., 2009). The provision of good quality water can 

help in eradicating water borne diseases and in improving the general sanitation of the 

location. 

The objective of the present work is to discuss the levels of ground water quality 

parameters in and around the Tekanpur area, to compare the determined levels with 

the World Health Organization (WHO) drinking water standards and to calculate the 

WQI based on the data from ground water sampling locations of Tekanpur of Gwalior 

city, which is situated on Gwalior-Jhansi road about 20km from the main city. 

 

2. MATERIAL AND METHOD 

2.1 Study Area 

The Tekanpur area is located at 25.98°N 78.27°E geographical coordinates. It has an 

average elevation of 190meters. The people are using open well water and tube or 

bore well water for their daily need. The literature survey reveals that no water quality 

management studies are made in this region so far. Hence the present study was 

planned and undertaken. 

 

2.2 Sampling and sampling sites 

The physicochemical parameters of ground water of five stations in and around 

Tekanpur viz. Makoda, Billoua, Samudan, Akbai and Beru villages were studied. 

These all stations were located in the radius of 20 km. The ground water was collected 

from the bore wells located in these stations during the months of  March  2016  to 

August 2016. The depth of the bore wells ranged from 90-130 feet in all these 

stations. The sampling locations source and corresponding habitats are shown in 

Table 1.  

Table 1: Site Specifications of Ground Water Samples 

S. No. Sample Name Sampling Location Habitat Source 

1 GW1 Makoda Residential/Agricultural area Bore well 

2 GW2 Billoua Residential/Industrial area Bore well 

3 GW3 Samudan Residential/Agricultural area Bore well 

4 GW4 Akbai Residential/Agricultural area Bore well 

5 GW 5 Beru Residential Agricultural// area Bore well 
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The samples were collected in clean polythene bottles without any air bubbles. The 

bottles were rinsed before sampling and tightly sealed after collection.  Temperature 

of the samples was measured in the site itself at the time of collection. The samples 

were kept in refrigerator maintained at 4C for as short time as possible before 

analysis to minimize physicochemical changes (Anonymous, 1996). 

 

2.3 Methodology  

Analysis was carried out for various water quality parameters such as Colour, Odour, 

Temperature, pH, Electrical Conductivity (EC), Total Dissolved Solids (TDS), Total 

Alkalinity (TA), Total Hardness (TH), Calcium, Magnesium, Chloride and Dissolved 

Oxygen (DO) as per standard procedures (APHA, 2003). All values obtained were 

compared with standard limit recommended by WHO and ISI (Table 2).  

 

Table: 2 Drinking water standards and unit weights (all values are in mg/l except EC 

& pH), recommended by WHO & ISI 

Parameter WHO Indian Standard Unit Weight 

(Wn) 

pH 7.0-8.0 6.5-8.5 0.317 

TDS 1000 500 0.0054 

TA 120 200 0.0135 

TH 500 300 0.009 

Ca 100 75 0.036 

Mg 30 30 0.09 

Cl- 250 250 0.0108 

EC 1000µS/cm - 0.001 

DO 4-6 - 0.54 

 

The reagents used for the analysis were AR Grade and double distilled water was used 

for preparations of solutions. 
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2.3.1 Estimation of Water Quality Index (WQI) 

Water quality index (WQI) is a very useful and efficient method for assessing the 

quality of water (Abassi S A, 1999). To determine the suitability of the groundwater 

for drinking purposes, WQI is computed adopting the following formula (Asadi S S et 
al., 2007). 

WQI=Antilog Σ(Wn log qn) 

Where, 

Wn (Weight of pollutant in the sample) = K/Sn 

K (Constant) = 1/(1/S1+1/S2+1/S3+..............1/Sn) 

Sn = Standard values for different water quality parameters 

Qn (Water quality rating) = 100 (V actual – V ideal)/ (V standard – V ideal) 

Vi = Ideal values, 7.0 for pH and 14.6 for DO. 

 

Based on the above WQI values, the ground water quality is rated as excellent, good, 

poor, very poor and unfit for human consumption (Table 3).         

Table: 3 Water Quality Index Scale 

WQI 0-25 26-50 51-75 76-100 Above 100 

Water quality excellent Good poor very poor Unfit for drinking 

 

2.4 Statistical Analysis 

The simple linear correlation analysis has been carried out to find out correlation 

between tested parameters, using SPSS version 15. 

 

3. RESULTS & DISCUSSION  

The Result of the physicochemical analysis of the ground water samples GW 1 to GW 

5 collected from five places in and around Tekanpur are shown in Table 4. The 

analysis reveals that the samples from all station were colourless and odourless and 

taste is palatable. 
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Table 4: Average results of  Physico-chemical parameters and Water Quality Index of 

ground water of in and around Tekanpur   (All units except temp, pH, EC and Water 

Quality Index are in mg/l) 

Sample  Temp pH EC TDS TA TH Ca Mg Cl- DO WQI WQI   

GW1 26.4 7.70 1230 718 135 418 27.25 41.91 187.4 2.6 93.75 Very 

Poor 

GW2 26.9 7.56 1108 679 114 320 96.16 39.00 158.3 2.2 89.74 Very 

poor 

GW3 28.0 7.25 968 630 90 311 73.70 23.39 198.8 3.2 63.09 Poor 

GW4 26.8 7.20 1089 790 105 370 36.87 51.68 123.9 4.3 58.66 Poor 

GW5 29.0 7.68 800 610 140 310 29.66 20.95 106 3.6 81.84 Poor 

 

Temperature 

The temperature is one of the most important factors in the aquatic environment 

(Dwivedi B K et al., 2002), as many of the physical, biological and chemical 

characteristics are directly affected by temperature. The temperature was found to be 

in the range between  26.4C to 29.0C during study. The higher value of water 

temperature observed in the present study could be attributed to the peak summer 

months prevailed during the period of investigation. 

 

pH 

The pH level is a measure of the acid content of the water. Water containing a great 

load of organic pollution will normally tend to be somewhat acidic. Water with a pH 

of 7 is considered neutral. If the pH is below 7, it is classified as acidic, while pH 

greater than 7 is said to be alkaline. The pH has no direct adverse effect on health but 

it alter taste of water as well as, all the biochemical reactions are sensitive to variation 

of pH. All regulatory mechanism (including breathing, circulation, digestion, 

hormonal production) serves the purpose of balancing the pH. Lower pH value causes 

problem in assimilation of vitamins or minerals, deactivation of digestion enzymes, 

emotional stress whereas higher pH value cause eye irritation and exacerbation of skin 

disorder etc. Limit of pH value for drinking water is specified between 6.5 to 8.5. The 

pH value of all samples varies between 7.2 to 7.7 (Table 3). Higher value of pH may 

be due to use of fertilizers and other organic components from the agricultural runoff, 

solid waste and weathering process in the study area. 
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Electrical Conductivity (EC) 

Electrical Conductivity is a numerical expression of the ability of an aqueous solution 

to carry an electric current and serves as tool to assess the purity of water (Murugesan 

A et al., 2006). The ability depends on the presence of ions and their total 

concentration, mobility, relative concentration and temperature of measurement. The 

maximum limit of EC in drinking water is prescribed as 1000 S/cm. EC of the 

ground water is varying from 800 to 1230 S/cm. The source of EC may be an 

abundance of dissolved salts due to poor irrigation management, minerals from rain 

water runoff, or other discharges. Water with higher conductivity may be harmful to 

the soil structure. The primary effect of high EC water on crop productivity is the 

inability of the plant to compete with ions in the soil solution for water. The higher 

the EC, the less water is available to plants. However it can   be used with suitable 

amendments and precautions.  

 

Total Dissolved Solid (TDS) 

Total dissolved solids (TDS) denote mainly the various kinds of minerals present in 

water.TDS is sum of the cations and anions concentration. A high content of 

dissolved solids elevates the density of water, influence osmoregulation of fresh water 

organism, reduces solubility of gases like oxygen and reduces utility of water for 

drinking, irrigation and industrial purposes (Maiti S K, 2004). WHO has specified the 

permissible limit of TDS is 1000 mg/l. TDS values observed in GW1, GW2, GW3, 

GW4 and GW5 were within desirable limit. In all samples values are towards the 

higher range and exceeding the limit given by ISI, drawing attention for water quality 

in future. High concentration of TDS in GW4 may be due to the improper practices  

of solid waste management or agricultural activities etc. 

 

Total Alkalinity (TA) 

The alkalinity of surface water is primarily a function of carbonate, bicarbonate, 

hydroxide content and also includes the contributions from borates, phosphates, 

silicates and other bases. Alkalinity is an important parameter because it measures the 

water’s ability to resist acidification. The major portion of alkalinity in natural water 

is caused by hydroxide, carbonate and bicarbonate. Alkalinity in itself is not harmful 

to human beings (Surve P R et al., 2005).  These compounds result from dissolution 

of mineral substances in the soil and atmosphere (Nagrajan S et al., 1993; Patel M K 

et al., 1994). The standard desirable limit of alkalinity in potable water is 120 mg/l. 

Water sample from all station ranges from 90 mg/l to 140 mg/l. All values are well 

within the acceptable range except sample no. GW1and GW5, which may be due to 

decay of organic matter, weathering of rocks and minerals. 
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Total Hardness (TH) 

The total hardness of water is not a specific constituent but is a variable and complex 

mixture of cations and anions. Hardness is the property of water which prevents the 

lather formation with soap and increases the boiling points of water. Hardness is one 

of the very important properties of ground water from utility point of view for 

different purposes. WHO has specified the total hardness to be within 500 mg/l of 

CaCO3. Values of all five sample fluctuating between 310 mg/l to 418 mg/l that is 

within limit. But according to ISI, maximum permissible limit is 300 mg/l. Values 

obtained from all ground water samples are exceeding the value prescribed by ISI. 

High concentration of TH may be because of these sampling locations are converted 

into solid waste dumping sites or due to dense residential human activities. 

 

Calcium 

Calcium is the most abundant ions in fresh water and is important in shell 

construction, bone building and plant precipitation of lime. Calcium concentrations 

were found to vary from 27.25 mg/l to 96.16 mg/l. According to WHO upper limit of 

calcium concentration for drinking water is 100 mg/l. The calcium hardness found in 

GW2 and GW3 are approaching towards upper limit. This can be due to lime stone 

weathering in the catchments and underground water beds. 

 

Magnesium 

Magnesium is often associated with calcium in all kinds of waters, but its 

concentration remains generally lower than the calcium. Magnesium is essential for 

the Chlorophyll growth and acts as a limiting factor for the growth of Phytoplankton 

(Solanki H A, 2012). Magnesium concentration varies from 20.95 to 51.68 mg/l, 

except GW3 and GW5. 

 

Chloride 

The chloride concentration serves as an indicator of pollution by sewage. People 

accustomed to higher chloride in water are subjected to laxative effects (Dahiya S et 
al., 1999).Chloride is one of the major inorganic anions in water and wastewater. The 

permissible limit of chloride in drinking water is 250 mg/l. The values observed in all 

five samples are within the permissible limit. Chloride salts in excess of 100 mg/l give 

salty taste to water. When combine with calcium and magnesium, may increase the 

corrosive activity of water.  
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Dissolved Oxygen (DO) 

The presence of dissolved oxygen is essential to maintain the higher forms of 

biological life and to keep proper balance of various pollutions thus making the water 

bodies healthy (Sajitha V, et al., 2016). Dissolved oxygen is one of the important 

pollution parameter which indicates the extent of domestic and industrial pollution to 

a water body. Dissolved oxygen measurement is vital for maintaining aerobic 

treatment processes intended to purify domestic and industrial wastewaters.  Value of 

dissolved oxygen is varying from 2.2 to 4.3 mg/l. The sampling location GW1 and 

GW2 showed low DO values indicating heavy contamination of organic matter. It is 

suggested that level of oxygen 4 to 6 mg/l is indicative of healthy state of aquatic 

systems and values below 3 mg/l are hazardous and may lead to lethal consequences. 

Very low concentration of DO supports the growth of anaerobic microorganism and 

limits the purification capacity of water. 

 

Water Quality Index 

The water quality index value of water samples of all regions of Tekanpur ranged 

from 58.66 to 93.75. It indicates that the quality of water is poor for drinking purpose. 

Poor water quality at these stations has been found to be mainly from the higher 

values of TA, TDS, TH, and Magnesium in the groundwater. 

 

Test of significance of the observed correlation coefficients 

The degree of a linear association between any two of the water quality parameters 

was measured by the simple correlation coefficient (r) is presented in Table 5.Out  of 

the nine parameter, pH was positively correlated with total alkalinity. Similarly total 

dissolved solid was found be positively correlated with Magnesium.  

 

Table 5. Correlation matrixes for the water quality parameters 

Parameters pH EC TDS TA TH Ca Mg Cl- DO 

pH 1         

EC .013 

.983 

1        

TDS -.364 

.547 

.702 

.186 

1       

TA .903 

.036 

-.070 

.911 

-.148 

.813 

1      
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TH .175 

.778 

.787 

.114 

.709 

.180 

.305 

.618 

1     

Ca -.244 

.692 

.068 

.913 

-.248 

.688 

-.586 

.300 

-.560 

.327 

1    

Mg -.240 

.697 

-.240 

.697 

.974 

.005 

-.090 

.886 

.695 

.193 

-.117 

.851 

1   

Cl- -.100 

.873 

.519 

.370 

-.083 

.895 

-.411 

.492 

.230 

.710 

.381 

.527 

-.049 

.938 

1  

DO -.561 

.326 

-.417 

.485 

.301 

.622 

-.172 

.782 

-.033 

.957 

-.541 

.346 

.108 

.863 

-.582 

.303 

1 

 Correlation is significant at the 0.05 level (2-tailed) 

 

CONCLUSION 

The present study was under taken to define the quality of water samples with the 

help of its WQI. Present study shows that the water quality of bore wells of in and 

around Tekanpur is poor for drinking purpose as per water quality index. The high 

value of WQI at some stations has been found to be mainly from the higher values of 

TDS and EC. Ground water of this area requires some prior treatment before human 

consumption. It is recommended that ground water analysis should be carried out 

from time to time to monitor the major changes in physicochemical parameters. 

The ground water which were taken from the various places of  Tekanpur  were  

analyzed and the analysis reports that the water quality parameters like pH, EC, TDS, 

TA, Calcium, Magnesium lies within  the maximum permissible  limit prescribed by 

WHO and ISI.   Two samples showed lower DO than the permissible level. Similarly 

magnesium concentration was found to be higher in three sampling station. Few 

sampling station showed higher value of alkalinity, calcium and total hardness. The 

reason behind this may be due to some anthropogenic activities, improper practices, 

increased human interventions in the ground water quality. 

The water quality index of the sampling station showed that water quality of GW1 

and GW2 are very poor and rest of the sampling station showed poor water quality. 

Further research in this region of Tekanpur for drinking water analysis is required as 

levels of contaminants may vary due to different soil types, water chemistry and 

different human activities. Although except few all parameters falls within 

permissible but poor water quality index indicate that  villagers should be informed 

and educated  about better management of disposal of animal waste, industrial waste, 

agricultural runoff, sewage contamination and household products containing 

hazardous substances. It is also recommended to be organized some awareness 

programs to make them aware about the possible ill effects of ground water pollution. 
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