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ABSTRACT 
 
Ground water is one of the major resources of the drinking water in Sagar city (M.P.). In the present study 
groundwater quality of the selected 02 Villages nearby Sagar city were taken for under investigations by forty 
groundwater samples collected from entire villages and assessed for their suitability for human consumption. 
Physico-chemical parameters were carried out during different months of the pre monsoon, monsoon and post 
monsoon seasons in june2007– July 2010. The statistical analysis of the collected samples yielded the range of the 
variation, mean, standard deviation and co-efficient of variation. The multiple regression analysis and regression 
equation indicated that the degraded water quality of Gambhira and Baheria is caused by anthropogenic activities 
and inappropriate rural water management action plan. 
 
Keywords: Groundwater, physico-chemical quality, Multiple regression analysis. 
_________________________________________________________________________________________ 

 
INTRODUCTION 

 
Ground water is the major source of water for drinking, agricultural, and industrial desires. The availability of water 
determines the location and activities of humans in an area and our growing population is placing great demands 
upon natural fresh water resources [1].  
 
The physico-chemical contaminants that adversely affected the quality of groundwater is likely to arise from a 
variety of sources, including land application of agricultural chemicals and organic wastes, infiltration of irrigation 
water, septic tanks, and infiltration of effluent from sewage treatment plants, pits, lagoons and ponds used for 
storage [2]. B. Rajappa etal.[3], Patil Shilpa G. etal. [4], Pramod N. Kamble etal. [5], Zamxaka m. etal. [7], is the 
groups of prominent chemist importantly contributed to assessed the quality of ground water. 
 
In this study, physico-chemical assessment of ground water samples was determined by using standard analytical 
methods. The objective of the study is to analyze the 14 parameters of water along 15 locations of 02 villages nearby 
Sagar city for 3 season’s pre monsoon, monsoon and post monsoon (during 2007 - 2010). The aim of this study was 
to determine the physico-chemical analysis of groundwater sources of Baheria and Gambhiria village area and to 
compare with levels obtained with the WHO [9] and IS:10500 [11] drinking water directive.  
 
Study area and collection of water samples  
Ground water samples were collected from in and around Baheria and Gambhiria village of Sagar city. Each water 
sample was taken every month during June 2007 to July 2010. The samples were collected in prewashed (with 
detergent, diluted HNO3 and doubly de-ionized distilled water, respectively) clean polythene bottles without any air 
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bubbles and tightly sealed after collection and labeled in the field. The temperatures of the samples were measured 
in the field on the spot at the time of sample collection. The samples were immediately analysed in the chemistry lab 
to minimize physicochemical changes. The error due to time has been omitted for the present study [4].   
 

MATERIALS AND METHODS 
 

Table 1- List of Chemical parameters and their test methods 
 

S.N. Parameters Unit Test Methods 
1 pH - pH meter 
2 Dissolved Oxygen (DO) mg/L Winkler method 
3 Biochemical Oxygen Demand (BOD) mg/L 5 days incubation at 20° C and titration of initial and final DO. 
4 Chemical Oxygen Demand mg/L Open Reflux Method 
5 Conductivity ms/cm Conductivity meter 
6 Alkalinity mg/L Titration 
7 Total dissolved Solids mg/L Digital conductivity meter (LT-51) 
8 Chloride mg/L Argentometric titration 
9 Orthophosphate (P04

3- — P) mg/L Ammonium molybdate ascorbic acid reduction method 
10 Nitrate -Nitrogen (NO3 — N) mg/L Spectrophotometric  method 
11 Ammonia-Nitrogen (NH3 — N) mg/L Spectrophotometric (Phenate method) 
12 Total Hardness as CaCO3 mg/L EDTA titration 
13 Fluoride mg/L Colorimetric Method 
14 Iron mg/L Colorimetric Method 

 
Table 2 - Multiple Regression Analysis for different Parameters in the ground water Samples of in and 
around Baheria village of Sagar city  
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Analysis of Variance to Test Regression Relation 
 

    
 
Note: - A low p-value suggests that the dependent variable DO may be linearly related to independent variable(s). 

 
Table 3 - Multiple Regression Analysis for different Parameters in the ground water Samples of in and 
around Gambhiria village of Sagar city  

    
 
All the chemicals used were of AR grade. Analysis was carried out for various water quality parameters were 
measured by using Standard APHA methods [10].  
 
Baheria and Gambhiria, village area nearby Sagar city was chosen as study area. 15 locations of 2 villages were 
selected based on domestic, agricultural and industrial activities.  Water samples were collected from 15 stations by 
using standard methods (APHA) [10]. Various water samples were collected in clean and dry polyethylene bottles 
from bore wells after running them for 5 minutes. All the collection of samples are immediately preserved in dark 
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boxes and processed for the different analysis within 6 hours after collection. All water samples were collected in 
sterile bottles (5 liter). 
 
Analysis of Variance to Test Regression Relation 
 

 
Note:-A low p-value suggests that the dependent variable DO may be linearly related to independent variable(s). 

 
Table 4: Statistical evaluation for different Parameters in the Ground water Samples of Baheria village in 

Sagar City 
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Table 5: Statistical evaluation for different Parameters in the Ground water Samples of Gambhiria village in 

Sagar City 

 
 

Table 6. Regression Analysis of chemical Parameters in Ground water Samples of in and around Sagar city 
(Monsoon 2007 to Pre Monsoon 2010) 

 

 Dependent 
Variable 

Independent 
Variable Regression equation Slope R2 

• DO mean BOD mean DO = 0.213 + 0.665 * BOD 0.665 0.410 
• DO mean COD mean DO = 0.858 * COD + 4.309 0.858 0.327 

• DO mean 
BODmean, 

COD mean 
DO = 2.72493 + .3759247 * BOD +  .2181811 * COD  0.387 

• DO mean pHmean DO mean = 0.272 * pH + 6.036 0.272 0.437 
• DO mean Alkalinity  mean DO = - 61.45 + 38.54 * alkalinity 38.54 0.483 
• DO mean TDS mean DO =267.3 - 5.936 * TDS - 5.94 0.038 
• DO mean Chloride mean DO = 62.79 - 2.446 * Chloride -2.446 0.015 
• DO mean Residual Chlorine mean DO = 0.103 + 0.005 * Residual Chlorine 0.005 0.008 
• DO mean o-Phosphate mean DO = 0.868 + 0.066 * o-Phosphate 0.066 0.100 
• DO mean Nitrate mean DO=  2.249 - 0.075 * Nitrate -0.075 0.011 
• DO mean Ammonia mean DO = 0.243 - 0.008 * Ammonia -0.008 0.054 

• DO mean 
Chloride mean, Residual 

Chlorine mean 
DO = 5.9765169 + .0047626 * Chloride +  3.590613 *  Residual Chlorine  0.053t 

• DO mean 
Chloride mean, Residual 

Chlorine mean 

o-Phosphate mean 

DO = 2.2624403 - .0008274  *  Chloride+ 6.6164193 * Residual Chlorine+ 
2.7109191 * o-Phosphate  0.347 

• DO mean 

Chloride mean, Residual 
Chlorine mean 

o-Phosphate mean 
Nitrate mean 

DO =  1.6943142 - .0070552 * Chloride + 6.5763704 * Residual Chlorine + 
2.6775632 * o- Phosphate + .519642 * Nitrate  0.555 

• DO mean 

Chloride mean, Residual 
Chlorine mean 

o-Phosphate mean 
Nitrate mean 

DO =  2.9387562 -.0077354 * Chloride+ 6.6220172 * Residual Chlorine + 
2.8740215 * o-Phosphate +  .7809133 * Nitrate-10.17392  * Ammonia  0.562 
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Ammonia mean 

• DO mean Temporary hardness mean DO = 6.1845483 - .0033188 * Temporary hardness 
- .003 

 
.0042 

• DO mean Permanent hardness mean DO =  7.5829673 -.0188653 * Permanent hardness - .018 .1346 

• DO mean Calcium hardness mean DO = 256.3 - 15.56 * Calcium hardness - 
15.56 0.530 

• DO mean 
Magnesium hardness 

mean 
DO = 72.29 - 3.844 * Magnesium hardness -3.844 0.111 

• DO mean 
Temporary hardness mean 

Permanent hardness mean 
DO = 7.1144908 + .0030887 * Temporary hardness - .0188273 * Permanent 

hardness  .1382 

• DO mean 
Calcium hardness mean 
Magnesium hardness 

mean 

DO = 7.8835417 +.0045428 * Calcium hardness - .0405569 * Magnesium 
hardness  .1978 

• DO mean Fluoride mean DO = - 1.155 + 0.299 * Fluoride 0.299 0.217 
• DO mean Iron mean DO = 0.010 + 0.048 *  Iron 0.048 0.233 
• DO mean Fluoride mean Iron mean DO = 4.4334597 +  .666462 * Fluoride +  5.0073845 *  Iron  .6086 

 
Table 7. Regression Analysis of chemical Parameters in Municipal water Samples of in and around Sagar city 

(Monsoon 2007 to Pre Monsoon 2010) 
 
Dependent 
Variable 

Independent 
Variable 

Regression equation  Slope R2 

DO mean BOD mean DO = - 23.17 + 4.320 * BOD 4.320 0.871 
DO mean COD mean DO =  0.175 * COD + 8.356 0.327 0.013 
DO mean BODmean,  

COD mean 
DO =  10.310156 +  .253079 * BOD -.5406958 * COD   0.995 

DO mean Alkalinity  mean DO =  29.46 + 21.34 * alkalinity 21.34 0.993 
DO mean pHmean DO = 0.174 * pH + 6.629 0.174 0.022 
DO mean TDS mean DO = - 351.6 + 93.55 * TDS 93.55 0.828 
DO mean Chloride mean DO= - 165.5 + 33.61 * Chloride 33.61 0.689 
DO mean Residual Chlorine mean DO = - 0.519 + 0.1 * Residual Chlorine 0.1 0.343 
DO mean o-Phosphate mean DO =  - 0.659 + 0.311 * o-Phosphate 0.311 0.882 
DO mean Nitrate mean DO= 2.327 - 0.153 * Nitrate -.153 0.253 
DO mean Ammonia mean DO = 0.649 - 0.070 * Ammonia -.070 0.598 
DO mean Chloride mean, Residual 

Chlorine mean 
DO = 5.2898461 +  .0014619 * Chloride + 7.3416583 *  Residual Chlorine  0.995 

DO mean Chloride mean, Residual 
Chlorine mean  

o-Phosphate mean  

DO =  4.9030929  -.0002217 *  Chloride + 7.3140616 * Residual Chlorine+ 
.3584516  * o-Phosphate 

  0.0 

DO mean Chloride mean, Residual 
Chlorine mean  

o-Phosphate mean  
 Nitrate mean 

DO = 11.367188 +  .0188141  * Chloride  - 2.865234 * Residual Chlorine  - 
1.897461* o- Phosphate + 1.9199219 * Nitrate 

 0.0 

DO mean Chloride mean, Residual 
Chlorine mean  

o-Phosphate mean  
 Nitrate mean 

Ammonia mean 

DO = 3.9335938 - .0105438 * Chloride -2.738281 * Residual Chlorine + 
2.193573* o-Phosphate + 3.0136719  * Nitrate - 11.80859 * Ammonia 

 0.592 

DO mean Temporary hardness mean DO = 7.349073 - 0.005019988 * Temporary hardness - .005 0.009 
DO mean Permanent hardness mean DO = 7.6280614 - .0218256 * Permanent hardness - .022 0.180 
DO mean Calcium hardness mean DO = 428.2 - 41.19 * Calcium hardness - 

41.19 
0.949 

DO mean Magnesium hardness mean DO = 72.49 - 4.656 * Magnesium hardness - 
4.656 

0.177 

DO mean Temporary hardness mean 

Permanent hardness mean 
DO = 10.037029  - .0161477 * Temporary hardness - .0253295 * Permanent 
hardness 

 0.187 

DO mean  Calcium hardness mean 
Magnesium hardness mean 

DO =  11.803454 - .01078 * Calcium hardness - .0887259 * Magnesium hardness  0.11 
 

DO mean Fluoride mean DO = - 1.539 + 0.35 * Fluoride 0.35 0.217 
DO mean Iron mean DO = 0.535  - 0.030 *  Iron -0.030 0.018 
DO mean Fluoride mean  

Iron mean 

DO = 5.120312 + 2.2574179 * Fluoride  - 1.356825 *  Iron  0.564 

 
Taking DO as dependent variable for all the 26 water sampling points of  water sources at critical and logical 
analysis of given regression equations reveal important facts regarding correlation studies (see annexure F) among 
various physicochemical parameters. 
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To study the correlation between various water quality parameters, the regression analysis was Carried out using 
computer software SPSS, version–11. Regression coefficient measures the degree of association exists between two 
variables, DO taken as dependent variable. The greater the value of regression coefficient, the better is the fit and 
more useful the regression variables.  
 
The following regression models have been obtained from the results of analysis of water samples. Considering a 
mean DO (dependent variables) and important chemical parameters taken as independent variables, regression 
equations can be obtained for the entire study area for all season. 
 

RESULTS 
 
Table 4 and table 5 represented statistical evaluation for different parameters in the ground water samples of Baheria 
village and Gambhiria villages of Sagar city. It can be concluded from ground water quality of Baheria and 
Gambhiria village of Sagar city, variables viz. TDS, TH are slightly higher and Alkalinity, Cl are lower in the post 
monsoon period than in the PreMonsoon. On the other hand parameters – BOD, COD, Ammonia and Nitrate are 
clearly higher in all the season showed a clear cut temporal effect.  BOD is out of the highest desirable limit or 
maximum permissible limit set by WHO except TH, Alkalinity and conductivity which recorded high values. . It 
was reported that groundwater was contaminated from nitrate fertilizers and manures used in agriculture. 
Furthermore, nitrate is used by microorganisms as food resources. In addition, high nitrate levels are often 
accompanied by bacterial and pesticide contamination. Hence, these sample water can be absolutely fit for drinking 
after disinfectants treatment. A total of 30 samples had slightly more pH levels as per Indian standards. Possible 
sources of this contamination may be intensive agriculture and urbanization in Gambhiria and Baheria village. In 
rural areas, drinking water generally supplied groundwater through individual or community wells.  
 

CONCLUSION 
 
30 groundwater samples collected for physico-chemical analysis of water samples of Gambhiria and Baheria 
villages of sagar city. Physico-chemical parameters are out of the highest desirable limit or maximum permissible 
limit set by IS: 10500 [14]. Hence, these sample water cannot be absolutely fit for directly drinking. Some essential 
treatment needed to convert in drinkable water. In conclusion, from the results of the present study it may be said 
that the people in these rural areas are therefore at higher potential risk of contacting water-borne and/or sanitation-
related diseases. Both villages water is not absolutely fit for directly drinking purpose need treatments to minimize 
the contamination. It is recommended that water analysis should be carried out from time to time to monitor the rate 
and kind of contamination. 
 
It is need of human to expand awareness among the people to maintain the cleanness of water at their highest quality 
and purity levels to achieve a healthy life. 
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