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 In this paper, we discuss about the recently collected sample of groundwater at different 
locations of distillery affected area at Nandganj, Ghazipur in Uttar Pradesh State of 
India and its experimental analysis in laboratory for the measurement of temperature. 
Also, we represent the data graphically and interpreted the data using the method called 
two way analysis of variance. After analysis we establish the result that the temperature 
of ground water at different locations of distillery affected area depends on locations as 
well as months also. 
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INTRODUCTION 

 
 Contamination of groundwater due to industrial effluent is one of the most important concerns that have 
received attention at regional, local and global levels because of their toxicological importance in ecosystems 
and impact on public health.Groundwater is recharged from, and eventually flows to, the surface naturally; 
natural discharge often occurs at springs and seeps, and can form oases or wetlands. Groundwater is also often 
withdrawn for agricultural, municipal and industrial use by constructing and operating extraction wells. 
 Ground water is polluted due to discharge of untreated or partially treated sewage, industrial waste storage, 
improper urban garbage disposal, leachate from landfills etc. About 2.3 billion people are suffering from 
diseases linked to dirty water worldwide (Okpara et al. 2011). There are various ways as ground water is 
contaminated such as use of fertilizer in farming (Altman and Parizek, 1995) and pesticides in agriculture 
(Joarder et al 2008), seepage from effluent bearing water body (Adekunle, 2009). Most of the industries 
discharge their effluent without proper treatment into nearby open pits or pass them through unlined channels, 
resulting in the contamination of groundwater (Jinwal and Dixit, 2008). The leaching of distillery waste through 
soil not only affects the soil but also affects groundwater through leachate and spoils the groundwater quality 
(Ansari et.al 2012). The parameters change widely due to the various types of pollution, seasonal fluctuation, 
groundwater extraction, etc. Domestic and industrial waste also defiles groundwater (Aoto et al 2007).  
 The high specific heat capacity of water and the insulating effect of soil and rock can mitigate the effects of 
climate and maintain groundwater at a relatively steady temperature. In some places where groundwater 
temperatures are maintained by this effect at about 10°C (50°F), groundwater can be used for controlling the 
temperature inside structures at the surface. For example, during hot weather relatively cool groundwater can be 
pumped through radiators in a home and then returned to the ground in another well. During cold seasons, 
because it is relatively warm, the water can be used in the same way as a source of heat for heat pumps that is 
much more efficient than using air. 
 
ANOVA: 
 ANOVA is a statistical tool used in several ways to develop and confirm an explanation for the observed 
data. The calculations of ANOVA can be characterized as computing a number of means and variances, 
dividing two variances and comparing the ratio to a handbook value to determine statistical significance. 
 The F-test is used for comparisons of the components of the total deviation. For example, in one-way or 
single factor ANOVA, statistical significance is tested for by comparing the F test statistic. F=Variance between 
samples/ Variance within samples. The textbook method of concluding the hypothesis test is to compare the 
observed value of F with the critical value of F determined from tables. The critical value of F is a function of 
the numerator degrees of freedom, the denominator degrees of freedom and the significance level (α). If F ≥ 
FCritical (Numerator DF, Denominator DF, α) then reject the null hypothesis. 
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AREA SURVEY: 
 Selected site is situated  between the parallels of 250 19' and 250 54' north latitude and 830 4' and 830 58' 
east longitude and 20 km from the centre of Ghazipur district, U.P. India, i.e. Nandganj where Lord’s distillery 
plant is situated which continuously releases treated or partially treated effluent in canal which is passes through 
villages and agricultural field. 

MATERIALS AND METHODS 
 
 Total Samples are collected from hand pumps and tube wells which are meant for drinking purposes.  The 
samples from the tube well are collected after running the well for about 5 minutes and the hand pumps are 
continuously pumped prior to the sampling, to ensure the ground water to be sampled is a representative of 
ground water aquifer. The samples are collected from all the stations at 11.00 am to 12.00 noon in different 
months. The temperature of the samples is measured in the field itself at the time of sample collection. All the 
samples are analysed for selected relevant physico-chemical parameters according to internationally accepted 
procedures and standard methods (APHA, 1995).  All the experiments are carried out in triplicate and 
statistically analysed.  

RESULT AND DISCUSSION 
 
 The study reveals that the temperature variation in groundwater due to industrial discharge. The seasonal 
and spatial variations of these parameters have been observed during the study. The water temperature is 
analysed and compared with Indian Drinking Water Standards (BIS-IS 10500: 1991 and WHO Guideline, 
1996). 
 The minimum temperature is 17.1 0C observed in Rampur Bantara in month of January. However the 
maximum temperature 30.80C is observed at Attarsua village in June (Table 1). The result shows that the 
temperature is minimum in all samples in January and maximum in June at all sampling sites. The temperature 
shows a gradual increase from the month of March till the onset of monsoon season in July and gradual decrease 
from the rainy season to the post monsoon months. The rise in temperature could be due to the fact that in 
winter, photoperiod is shorter and less intense than summer (Salam et. al. 2000). The increase in temperature 
decreases the portability of water because of elevated temperature carbon dioxide and other volatile gases which 
impart taste are expelled (Karunakaran et. al., 2009). There is no effect of distillery effluent in temperature of 
groundwater (Fig.1). 
 
Table 1: Monthly variation in Temperature (0C) of ground water at different sampling sites. 

CODE JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
 GWS1   18.2   22.4   22.6   26.4   29.2   30.1   28.2   28.5   25.0  25.2   22.6   20.6 
 GWS2   18.6   18.4   20.0   25.4   28.0   29.8   26.2   26.5   24.0   22.6   20.4   20.2 
 GWS3   17.1   17.8   22.1   24.3   25.6   28.0   28.6   26.2   24.6   22.0   20.8   18.4 
 GWS4   17.6   18.5   18.6   24.0   28.8   27.6   27.8   25.2   24.6   22.8   20.4   19.6 
 GWS5   17.4   18.2   18.8   22.6   28.6   30.8   29.8   28.5   26.2   24.2   20.5   20.0 
GWS6 18.2 18.8 20.6 24.5 28.9 31.4 30.2 28.4 26.8 24.2 20.8 20.0 
GWS7 19.0 20.4 21.8 24.6 26.8 32.6 29.2 27.4 26.0 24.3 22.4 20.8 
GWS8 17.5 18.0 20.4 24.6 28.4 30.8 28.0 26.8 24.2 22.8 20.4 18.8 
GWS9 16.8 17.0 20.0 22.6 26.8 28.4 28.0 26.0 24.8 23.4 20.3 18.2 

GWS10 19.2 18.0 20.8 24.3 28.0 32.6 28.2 24.0 22.6 20.1 18.0 18.0 
GWS1= Distillery campus,     GWS2 = Bio-composting Yard,  
GWS3= Rampur Bantara village,  GWS4 = Nandganj Railway Station,    
GWS5= Attarsua Village     GWS6 = Reonsa village  
GWS7= Dhamupur,      GWS8 = Saheri village     
GWS9= Kusmhikala village,    GWS10 = Husainpur village 
 
 Now we have analysis the data by using statistical tool ANOVA that is analysis of variance. We have 
analysis two way ANOVA to conclude that if there is any significant difference between the samples or not. 
 
Table 2:  Analysis of the Data using two way ANOVAs. 

Sources of value Sum of squares Degrees of freedom Mean square(variance) 
Between month 1880.826 11 170.9842 
Between Area 69.61533 9 7.735037 

Residual 113.6627 99 1.148108 
Total 2064.104 119  

 
 Let us take the Hypothesis that there is no significance difference of ground temperature between the areas 
and months.  First we compare the variance of months with the variance of residual. 
F1= 148.9269. 
The table value of F for υ1=11 and υ2=99 at 5% level of significance is 1.8868. 



541                                                                Farid Ansari and Salahuddin, 2013 
Australian Journal of Basic and Applied Sciences, 7(14) December 2013, Pages: 539-542 

 
 The calculated value is less than table value and we conclude that the ground temperatures of different 
months are different. That is ground temperature changes according to months. Now, let us compare the 
variance according to months with the variance of residual. 
F2 = 6.737205. 
 The table value of F for υ3=9 and υ2=99 at 5% level of significance is 1.975806. 
 The calculated value is greater than table value. So the ground temperatures of different areas are different. 
  

 
 
Fig. 1: Stacked Area graph representation of ground water temperature. 
 
Conclusion: 
 The temperature shows a gradual increase from the month of March till the onset of monsoon season in July 
and gradual decrease from the rainy season to the post monsoon months. It is concluded that the groundwater 
temperature of distillery area of Ghazipur depends on months as well as areas and there are no major impact of 
distillery effluent on groundwater temperature. 
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