
Journal of Environmental Research And Development Vol. 4 No. 3, January-March 2010 
 

 
 

758

ASSESSMENT OF GROUNDWATER QUALITY OF 
NARAYANPUR, ANDHRA PRADESH, (INDIA) BY 

CORRELATION TECHNIQUE 
 

K. Niranjan Kumar*, S. Srinivas Reddy, K. Srinivas Varma, R. Mallikarjuna Reddy1 
and   A.G.S. Reddy2 

 
   1. Department of Geology, Kakatiya University, Warangal, A.P. – 506009 (INDIA) 

       2. Central Ground Water Board, Southern Region, Hyderabad, A.P. – 506009 (INDIA) 
 
 
 

Received November 14, 2009  Accepted March 03, 2010 
 

ABSTRACT 
 

Correlation co-efficient of various physico-chemical parameters of ground water for 
Narayanpur is employed to interpret the relationship with specific processes that control the 
quality of ground water samples collected from the Narayanpur area, Nalgonda district, 
Andhra Pradesh (India). The samples were analysed for major ions and evaluation for 
quality was carried out by using hydrochemical approach with graphical and multivariate 
statistical methods with the objective of identifying the hydrochemical environment of the 
area.  Results indicate that the concentration of fluoride is very alarming with respect to use 
of water for drinking purpose.  Various graphical plots and statistical techniques/tools have 
been applied to chemical data based on the ionic concentration water type is identified.  The 
statistical analyses among different water parameters were determined and their correlation 
coefficients indicate that there is a good correlation between EC and TDS, EC and Na etc. 
The quality fluctuations of different ionic parameters have been studied and correlated for 
different indices. 

       Key Words : Ground water, Correlation coefficient, Physico chemical parameters,  
                       Narayanpur, Hydrochemical approach 

 
INTRODUCTION 

Ground water resources play a 
fundamental role in the security and 
sustainability of livelihood and regional 
economics through out the world.  It is the 
primary buffer against drought and plays a 
central role in food at local, national and as 
well as global levels of equal importance.  

Increasing access to ground water plays a 
key role in elevating poverty, stabilizing 
populations and reducing the need for rural 
folk to migrate when drought threatens 
livelihood. Apart from quantity, quality plays 
an important role in the use of ground water 
for utilitarian aspects. With depleting ground 
water levels and deterioration of water 
quality on account of geogenic as well as 
anthropogenic pollution, there is an urgent * Author for correspondence 
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need for quality evaluation necessitating 
greater surveillance and monitoring of its 
quality In addition to human influence on 
ground water quality, it also gets the 
chemical constituents because of its long 
residence time in the aquifers. Change in 
chemical quality of groundwater from place 
to place reflect variation in aquifers and the 
medium through which it moves, degree of 
weathering, ion exchange activities, and 
process of withdrawal etc. In the present 
paper an attempt has been made to dis -
criminate the qualitative aspects of ground 
water and to undertake statistical analysis to 
know the correlation between different water 
quality parameters.  

The study area lies between 17º 03' – 17º 
13' North and 78º 46' – 79º 00' East and fall 
in topo sheet No. 56 K/16 of survey of India 
(Fig.1).The area falls in the Nalgonda district 
of Andhra  Pradesh  and  is  well  known  for  

very high concentration of fluoride in ground 
water.  Ground water is the only source for 
drinking, irrigation and other utilitarian 
purposes as the area is devoid of any major 
surface water resources. The area is und-
erlain by archean group of rocks and forms 
the part of peninsular gneissic complex 
comprising of granites and gneisses with 
quartz, epidote and dolerite intrusives. A 
small patch of alluvium is confined to 
Wailpalli vagu (stream) and other minor 
streams draining the area. The drainage 
pattern is of subdendritic to dendrite type.  
The area experiences semi arid climatic 
condition with an annual rainfall of 615 mm. 
The area under investigation can be broadly 
divided into three major geomorphologic 
divisions denudation hills, dissected pedi -
ment and pediplain (Fig. 2).   Ground water 
occurs both under phreatic and semi-
confined conditions in the weathered and 
fractured horizons (Fig. 3). 

 

Fig. 1 : Key map Narayanapur water shed Nalgonda District Andhra Pradesh (India) 
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Fig. 2 : Physiography and drainage Narayanapur water shed Nalgonda District, Andhra Pradesh (India) 

 

Fig. 3 : Hydrogelogy Narayanapur water shed Nalgonda District,  Andhra Pradesh (India) 
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METHODOLOGY 
Ground water samples were collected for 

chemical analysis from 27 bore wells spread 
over different geological horizons.  The tec -
hniques and methods for collection and 
analysis of water samples followed in this 
study were those after Rain Water and7-8 
major chemical constituents were determined 
by following standard method9.The 
analytical precision for measurements of 
cations and anions is within the stipulated 
limit of + or –5%. The chemical data is 
subjected to multivariate analysis10-13 and the 
results are tabulated. Analysis of correlation 
coefficient was performed by SPSS 16.0 
version, Mini tab, and MS Windows and XP 

Excel statistical software packages. The 
present study attempts to quantitatively 
analyze the relationship between various 
parameters.  The chemical analysis data has 
been correlated with different graphical 
procedures and water quality standards are 
used to evaluate the suitability of ground-
water for different purposes.  

RESULTS AND DISCUSSION 
The summarized results of chemical 

analysis of various chemical constituents, 
their minimum, maximum, mean and stan-
dard deviation values of ground water collec-
ted from the area under investigation are 
given in the Table 1 and Fig. 4  

Table 1 : Statistical parameters of groundwater samples of Narayanpur area 
 

Parameters Minimum Maximum Mean Std.Error CV SD 

pH 6.83 8.48 7.42 0.06 0.81 0.31 

EC 351 2190 1109.44 86.67 7.81 450.34 

TH 80 645 325.74 21.07 6.47 109.49 

Ca 28 96 65.11 3.03 4.65 15.73 

Mg 2 114 39.56 4.44 11.23 23.09 

Na 39 231 110.63 11.97 10.82 62.21 

K 0 3.9 0.79 0.17 22.13 0.91 

CO3 0 60 2.22 2.22 100 11.54 

HCO3 159 744 473.3 27.75 5.862 144.2 

Cl 14 259 85.41 12.13 14.20 63.02 

SO4 7 58 21.63 2.72 12.60 14.16 

NO3 4 118 32.81 5.66 17.24 29.39 

F 1 5.07 3.01 0.21 6.80 1.07 

TDS 190 1159 596.93 46.70 7.82 242.65 
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Fig. 4 : Graph showing mean values different parameters 

 

From the chemical analysis data it is found 
that in the ground water, bicarbonate is the 
dominant anion whereas among the cations, 
sodium is the most dominant.  The higher 
amount of chemical constituents in the 
ground water could be due to higher 
residence time of ground water in shallow 
aquifers because of their low hydraulic 
conductivity. The ground water is slightly 
alkaline in nature and varies from 6.83 to 
8.48 and shows very little fluctuation.  The 
electrical conductivity widely ranges from 
351 to 2190 S/cm. With an average value of 
1109 S/cm. According to Handa4 classi -

fication, majority of ground water samples 
i.e.  23 are of high salinity and 4 are of medi 
-um salinity.   

The hardness in the water varies very 
widely from 80 to 645 mg/l with an average 
of 326mg/l and fall in the category of hard to 
very hard type on the basis of Sawyer et al.14 
classification. The concentration of chlorides 
and sulphates is  in permissible limits.  The 
fluoride   concentration in  ground  water is 
wide and uneven and ranges from 1.00 to 
5.07 mg/l. The presence of high concen-
tration of fluoride in majority of the samples 
in the study area is of major concern.  Nearly 
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88.8% of ground water samples analyzed 
have fluoride concentration above the 
maximum permissible limit of 1.5 mg/l15 and 
found to be unsuitable for drinking purpose. 
Bicarbonate is the predominant anion in the 
chemical quality of the ground water.  The 
bicarbonate concentration ranges between 
159-744 mg/l. The main source of the 
bicarbonate appears to be calcrete occurring 
in the soil.  Calcrete being readily soluble in 
weakly acidic rainwater gets washed down in 
solution and concentrates in ground water.  
The excess of bicarbonate over magnesium 
and calcium in the ground water accounts for 
temporary hardness of ground water.  

The ground water pollution due to 
nitrates is increasing in our country, the 
water quality assessment studies carried out 
in 17 states by NEERI showed that out of 
4696 water samples, 1290 samples (27%) 
have nitrate exceeding the drinking water 
standard. Various researchers16-18, have 
observed higher concentration of nitrate 
reaching up to 450 mg/l in Vamsadhara and 
Godavari river basins. It is well known that 
the nitrogenous fertilizers are one of the 
important sources for high nitrate content in 
ground water for the past two decades. Many 
investigators19-26 have reported that the 
contribution of nitrate from the fertilizer (non 
point source) to the ground water can vary 
from as little as 3 mg/l to as much as 1800 
mg/l.  Further, nitrogenous materials are rare 
in geologic system27. The other source of 
nitrate concentration is also attributed to the 
animal wastes, cattle shed and leakages from 
septic tanks which act as point sources.  The 
nitrate concentration is commonly less than 
10 mg/l in natural waters. However in some 
of the ground water samples analyzed from 
the study area show very high nitrate content, 
the maximum being 118 mg/l. nearly 26% 
the samples analyzed are found to be above 

the recommend limit for drinking water by 
WHO15 and BIS28 As agriculture is the main 
occupation for the people of the study area, 
the chief source of nitrate could be legu-
minous plants, artificial / chemical fert-
ilezers (NPK) and animal excrement. The 
later two appears to be the main source of 
nitrate in the ground water of the area. 

The chemistry of ground water of the 
area is highly variable as would be expected 
from the local variation in the relative 
proportion of the mafic and felsic minerals in 
the peninsular terrain and from the local 
permeability of the rocks. In order to know 
the hydrogeochemical regime of the area the 
analyzed groundwater samples were plotted 
on Piper Trilinear Diagram29 (Fig. 5). 
According to the Piper classification the 
ground waters of the area are classified as 
carbonate hardness i.e. secondary alkalinity 
and alkaline earths and weak acids dominate 
the chemical properties of the ground water. 
Very few samples analyzed show that no 
anion pair exceeds 50 percent.  

Correlations between different parame -
ters were carried out using Pearson’s formula 
for correlation coefficient. Correlation analy 
-sis deals with the association or co-variation 
between two or more hydro chemical para-
meters and helps determine the degree of 
relationship (linear or non-linear). In case of 
perfect positive correlation the result will be 
+1, in case of perfect negative correlation the 
result will be -1 and in case of no correlation 
the result is 0.More precisely, it can be said 
that the parameters showing r = >0.75 are 
considered to be fairly high degree of 
correlation, whereas r = 0.50 to 0.75 shows 
moderate degree of correlation and low 
degree of correlation where r = < 0.50.



Journal of Environmental Research And Development Vol. 4 No. 3, January-March 2010 
 

 
 

764

 

Fig. 5 : Piper digram for chemical classification of water for Narayanpur 

 

These correlation coefficients quantify the 
linear relationships existing between the 
pairs of variables X and Y and are presented 
in Table-2 in a matrix form referred as the 
correlation coefficient (symmetric matrix) 
and their range of r values are presented in 
Table-3. From the correlation coefficient 
values it was found that TDS on EC (r = 
0.99) are more significantly and positively 
correlated which reflects the direct 

proportionality between conductance and TDS, 
and the dependence of EC on TDS. Similarly 
different pairs of Chemical parameters with 
different coefficient of correlations such as 
TH-Mg (0.94), TDS-HCO3 (0.93), Na-EC 
(0.92), TDS-TH (0.89), CL-SO4 (0.89), TDS-
Mg (0.89), Na-HCO3 (0.88), TDS-SO4 (0.87), 
HCO3-Cl (0.74), pH-K (0.71), K-CO3 (0.69), 
pH-CO3 (0.68), NO3-TDS (0.68) explains the 
degree  of  relationship  between  two  variable 
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Table 2 : Correlation coefficients among water quality parameters

 
From the correlation coefficient values it was 
found that TDS and EC (0.99) are positively 
correlated and indicates the measure of 
dissolved solids in the ground water. The 
high electrical conductivity values are due to 
natural concentration of ionized substances 
present in water and due to higher total 
dissolved salts. The matrix shows fairly high  

correlation of TH with Mg (0.94). The total 
hardness of water is mainly due to the 
presence of divalent cations i.e. Mg which is 
more abundant in study area. When more 
than two variables are considered 
simultaneously multiple linear regression 
analysis was used to evaluate their 
interdependency. The coefficient of 

 
pH EC TH Ca Mg Na K CO3 HC

O3 CI SO4 NO
3 F TD

S 

Ph 1.00               

EC 0.46 
1.0
0              

TH 0.39 
0.9
0 

1.0
0             

Ca -0.09 
0.3
3 

0.5
3 1.00            

Mg 0.49 
0.9
0 

0.9
4 0.20 

1.0
0           

Na 0.44 
0.9
2 

0.6
7 0.10 

0.7
3 

1.0
0          

K 0.71 
0.3
2 

0.1
9 -0.07 

0.2
5 

0.3
9 

1.0
0         

CO3 0.68 
0.1
8 

0.0
4 -0.09 

0.0
8 

0.2
3 

0.6
9 1.00        

HCO
3 0.46 

0.9
2 

0.8
3 0.35 

0.8
2 

0.8
8 

0.2
9 0.12 

1.0
0       

CL 0.28 
0.9
1 

0.8
3 0.31 

0.8
3 

0.8
3 

0.2
5 0.01 

0.7
4 

1.0
0      

SO4 0.40 
0.8
8 

0.7
5 0.25 

0.7
6 

0.8
2 

0.3
9 0.20 

0.6
9 

0.8
9 

1.0
0     

NO3 0.31 
0.6
4 

0.7
1 0.20 

0.7
4 

0.5
2 

0.0
2 -0.07 

0.5
7 

0.5
5 

0.5
4 

1.0
0    

F 0.40 
0.3
6 

0.3
0 -0.04 

0.3
7 

0.2
4 

0.0
6 0.33 

0.3
1 

0.1
5 

0.3
5 

0.3
7 

1.0
0   

TDS 0.45 
0.9
9 

0.8
9 0.34 

0.8
9 

0.9
3 

0.3
2 0.13 

0.9
3 

0.9
1 

0.8
7 

0.6
8 

0.3
1 

1.0
0 
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determination (r² values) is more readily 
interpretable then r as a measure of the degree 
of association because r² is equal to the 
proportion of the total variability in dependent 
variables. The higher r² values indicate better 

performance of the relationship. The signif-
icant difference of correlation coefficient was 
also computed by ‘t’ and 'f ' test, which reveals 
that nine pairs of parameters are significant 
since P < 0.01 Table-4. 

Table 3 : Water quality parameters and range of r values 

 

S.NO PAIRS OF PARAMETERS RANGE OF r 

1 EC-Na-TDS 0.92-0.99 

2 TDS-TH-Mg 0.89-0.94 

3 
Cl-SO4-TDS 0.89-0.91 

4 
Na-HCO3-TDS 0.88-0.93 

5 Mg-Cl-TDS 0.83-0.89 

6 
Cl-HCO3-TDS 0.74-0.93 

7 pH-CO3-K 0.68-0.71 

8 
F-SO4-TDS 0.54-0.87 

9 
SO4-CO3 -K 0.39-0.69 

10 
NO3-F-TDS 0.37-0.68 

11 TDS-Ca-HCO3 0.34-0.35 

12 
SO4-CO3 -F 0.20-0.33 
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Table 4 : Correlations among various parameters 

CONCLUSION 
The groundwater is slightly alkaline in 

nature, and the area under investigation has a 
primary problem of fluoride followed to the 
some extent by nitrate contamination, which 
needs special attention.  The concentrations 
of different ions are highly variable owing to 
the variation in the relative proportion of 
different minerals in the host rock.  About 
88.8 % of ground water samples have above 
permissible limit of fluoride content indi-
cating potential health hazard30. Hence 
necessary alternative arrangements have to 
be made to supply defluoride water. The un-
even distribution of fluoride in space is 
primarily due to variation in mineral asse-
mblage of rocks, heterogeneous anisotropic 
nature of hard rock aquifers, differential frac-
ture system and associated hydrochemical 
processes.  High fluoride concentration in 
ground water is attributed to structural 
disturbance,  intense  weathering  processes 

and high evapotransportion together with 
leaching of fluoride occurring in high 
concentrations in the country rocks and soils 
of the area.  The quality of ground water is 
controlled by lithology apart from other 
factors like land use patterns, rock water 
interaction and the host rock mineralogy and 
para environmental conditions. From the 
correlation studies of different chemical 
parameters it is observed that fairly high 
degree of linear correlation coefficient exists 
between different chemical parameters, 
hence the correlation is significant. 
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