Evaluation Of Groundwater Quality Inin Northeastern Region Ofof Karnataka, India Using Correlation Andand Regression Analysis 
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An attempt has been made in this work to understand the relationship between groundwater quality parameters. Groundwater samples from sixty-five bore wells of the study area were collected during pre and post monsoon season. The physico-chemical parameters like pHpH, electrical conductivity, total dissolved solids, total alkalinity, total hardness, calcium, magnesium, chloride, sulphate, fluoride, nitrate and phosphate were determined and recorded their concentrations as per the standard methods. It was observed that groundwater quality was varied between pre and post monsoon seasons. The concentrations of the most of the parameters were higher in pre monsoon season due to high atmospheric temperature and evaporation. Statistical analysis was carried out to understand the linear relation between strongly correlated water quality parameters. The relationship for different water quality parameters of the study area was analyzed for two seasons i.e., pre and post‐monsoon, as the quality of water varies seasonally. The correlation matrix shows that electrical conductivity and total dissolved solids were highly significantly correlated  and have a strong correlation with alkalinity, total hardness, calcium, magnesium, chloride, sulphate and sodium and this indicates that these ions significantly contribute to conductivity and dissolved solids. The study showed that total hardness was strongly correlated with calcium and magnesium and these ions were might be major contributors to hardness. Similarly, alkalinity was observed to be positively correlated with calcium, magnesium, chloride, sulphate and sodium during pre and post-monsoon season. The regression analysis reveals that the eight pairs of ground water parameters were having highest cause and effect relationship. The study could help to predict the changes of groundwater quality in future and management of water resources.	Comment by hosseinmira06@gmail.com: At what extent?	Comment by hosseinmira06@gmail.com: At what extent?	Comment by hosseinmira06@gmail.com: extent
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1. INTRODUCTION
Ground water has become a vital natural resource due to raise in its usage for domestic, agriculture and industrial uses which results in overexploitation (Wakode et al., 2014; Priya and Arulraj, 2010; Pati et al., 2025). However, the suitability of water for various uses depends on its physico-chemical and biological characteristics of groundwater. The concentration of these characteristics varies with depth of water, season, leached dissolved salts and type of geology of the area (Gebrehiwot et al. 2011; Basavaraja Dasappa et al., 2023; Barad et al., 2025). In addition to geogenic sources, human activities like an excessive fertilizer and pesticide application, improper sewage disposal and an excessive groundwater withdrawal leading to degradation of groundwater quality (Chakraborty et al., 2022). Further, an alteration of groundwater quality can reduce quality of drinking water, high costs for alternative water supplies, and potential health risks (Nas and Berktay, 2010). According to the World Health Organization (WHO, 2017), about 80% of all the diseases in human beings are either water or food borne. Therefore, an assessment of water quality is one of the universal issues in underground water studies (Basavaraja Dasappa et al., 2018; Parisa Dargahi, et al., 2022, Samal et al., 2025). Now a days, an increasing demands good quality of water (Barad et al., 2021) have drawn attention to achieve targets of the Sustainable Development Goals before 2030, especially related to water security (SDG 6), health (SDG 3), and food production (SDG 2) (Sophie Machona et al., 2025). These targets can be achieved by implementing sustainable groundwater management practices, such as controlled extraction, artificial recharge techniques, and pollution prevention measures (J O Alao et al., 2024). Therefore, an evaluation and monitoring of groundwater quality are vital for the sustainable use of these resources (Taheri et al., 2016, Hemalatha et al., 2025). The correlation coefficient and regression analysis were found to be a highly useful statistical tools for correlating different water quality parameters. Analyzing correlations can help understand the sources of pollution and the interconnected effects of different pollutants. Regression equations can be used to forecast trends in water quality over time, aiding in long-term management strategies. The study emphasizes the relationship between groundwater quality parameters using correlation coefficient and regression analysis in the areas of north-eastern region of Karnataka. 

2. MATERIALS AND METHODS

2.1 Study area
Shahapur is the one of the taluks of Yadgir district of north-eastern region of Karnataka. The study area falls under the survey of India (SOI) toposheets number 56D/10, 56D/13, 56D/14, 56D/15, and 56H/7 lies between 16°22.30' N to 16°53.15 N and longitudes of 77°15.25 E to 77° 37.30 E and covers an area of approximately 1706 km2. The study area experiences a temperature ranging from 12°C to 42°C and 640 mm average annual rainfall. 

Fig. 1 Geology and sampling locations of the study area

2.3 Collection of water samples for analysis
A total of 65 groundwater samples were collected from bore wells in pre-monsoon and post-monsoon season during November and April respectively. The geographical coordinates of the sampling locations were recorded using GPS (Garmin). The groundwater samples of monitoring locations were analysed systematically analysed for various parameters such as the pH, electrical conductivity (EC), total dissolved solids (TDS), total alkalinity, total hardness, calcium(Ca2+), magnesium(Mg2+), sulphate (SO42-), chloride (Cl-), fluoride (F-), nitrate (NO3-), phosphate (PO42-), sodium (Na+) and potassium (K+) as per the standard methods of APHA (2012) and BIS (1991).

2.4 Statistical methods
Descriptive statistics also called as summary statistic viz., Minimum, Maximum, Average, Standard Deviation and Coefficient of variation was calculated.
Correlation analysis: Simple correlation analysis was carried to analyse the linear association between different water quality parameters of different ground water samples at various locations of the study area as mentioned by Dutta and Sarma, (2018); Menon et al., (2023). The correlation analysis was carried out in R studio software. The correlation coefficients were represented in the diagrammatic form also called as correlation plot. The correlation coefficient ( r) was calculated by using the formula given below;

		Where,
			r = Correlation Coefficient (-1≤ r ≤ 1)
			n = Number of samples
			x and y = two variables (ground water quality parameters)
			v(x) and v(y) = variance of x and y respectively

Regression analysis: Simple linear regression analysis was carried out to find increase or decrease in one independent (x) variable will affect the other dependent variable (y). Analysis was carried out in R studio software and regression equation is given as follows;

		Where, 
			y = Dependent variable
			x = Independent variable
			a = Intercept, 
			b = Regression coefficient, 
			e = Error term
The significance of Correlation coefficient ( r ), Intercept(a) and Regression coefficient ( b ) was tested by Student t test. 
3. RESULT AND DISCUSSION 
3.1 Descriptive statistics for different parameters of ground water samples
Descriptive Statistics (Minimum, Maximum, Average, Standard Deviation and Coefficient of variation (CV)) for different parameters such as pH, EC, TDS, Alkalinity, Total Hardness, Ca2+, Mg2+, Cl-, SO₄²⁻, F-, NO3-, PO42-, Na+ and K+ of ground water samples at different locations of Shahapur taluk for both Pre and Post monsoon season was calculated and the results were tabulated in Table 1a and Table 1b for Pre and Post monsoon season respectively. From Table 1a, it was found that the parameter PO4-- (232. 69) had the highest CV followed by Cl- (176.75), F- (134.42), EC (113.48), and TDS (110.94) for Pre monsoon season. Similarly for Post monsoon season period K+ (223.26) has the highest CV followed by PO42- (174.26), Cl- (142.55), Na+ (136.69) and Ca2+ (117.10). Hence, it can be interpreted that PO42- has high variability compared to other parameters but in post monsoon season K+ parameter was highly variable.  
Table 1a: Descriptive statistics of different quantitative variables of ground water samples of different locations of Shahapur taluk for pre-monsoon season	Comment by hosseinmira06@gmail.com: use graph
	
	Minimum
	Maximum
	Average
	Standard deviation
	Coefficient of variation

	pH
	6.08
	7.94
	7.20
	0.34
	4.69

	EC
	654.00
	22600.00
	2881.45
	3269.88
	113.48

	TDS
	352.00
	11500.00
	1530.08
	1697.48
	110.94

	Alk
	136.00
	848.00
	420.62
	146.38
	34.80

	TH
	70.00
	2150.00
	539.09
	434.57
	80.61

	Ca2+
	9.61
	448.45
	105.47
	87.60
	83.06

	Mg2+
	5.78
	267.06
	60.77
	61.45
	101.13

	Cl-
	37.73
	4446.31
	416.41
	736.00
	176.75

	SO₄²⁻,
	45.70
	1906.56
	334.17
	316.32
	94.66

	F-
	0.00
	2.93
	0.38
	0.52
	134.42

	NO3-
	0.242
	7.422
	4.943
	1.893
	38.30

	PO42-
	0.001
	0.197
	0.011
	0.025
	232.29

	Na+
	4.40
	106.45
	42.89
	28.48
	66.40

	K+
	0.31
	170.30
	41.79
	45.59
	109.09


Note: All parameters are in mg/L except pH and electrical conductivity (EC) is in µS/cm
Table 1b: Descriptive statistics of different quantitative variables of ground water samples of different locations of Shahapur taluk for post-monsoon Season
	
	Minimum
	Maximum
	Average
	Standard deviation
	Coefficient of Variation

	pH
	6.83
	8.09
	7.35
	0.29
	3.88

	EC
	562.00
	14200.00
	2591.54
	2741.09
	105.77

	TDS
	297.00
	7450.00
	1351.40
	1424.78
	105.43

	Alk
	356.00
	1656.00
	858.86
	277.99
	32.37

	TH
	104.00
	3220.00
	613.48
	647.08
	105.48

	Ca2+
	16.02
	903.30
	125.20
	146.61
	117.10

	Mg2+
	13.08
	444.28
	69.58
	78.79
	113.24

	Cl-
	56.73
	3191.13
	441.85
	629.85
	142.55

	SO₄²⁻,
	61.44
	1829.76
	356.45
	363.63
	102.01

	F-
	0.15
	5.32
	1.24
	0.87
	69.85

	NO3-
	0.30
	6.79
	4.53
	2.02
	44.67

	PO42-
	0.00
	0.05
	0.00
	0.01
	174.26

	Na+
	3.95
	2804.50
	260.74
	356.41
	136.69

	K+
	0.01
	748.50
	67.95
	151.69
	223.26


Note: All parameters are in mg/L except pH and electrical conductivity (EC) is in µS/cm


3.2 Correlation analysis
Correlation analysis was carried out between fourteen parameters of ground water samples for pre and post monsoon season, which explains the nature of linear association between two variables and the results were represented as correlation matrix depicted in table 2a and 2b for pre and post monsoon season respectively. 
	From table 2a, it was observed that pH was significantly negatively correlated with most parameters viz., total hardness (-0.81), Ca²⁺ (-0.79), SO₄²⁻ (-0.81), NO₃⁻ (-0.87), suggests that as pH increases, these concentrations decrease. Significantly positively correlated with F⁻ (0.64). EC and TDS (1.00) were significantly positively correlated and EC had strong positive correlation with alkalinity, total hardness, Ca²⁺, Mg²⁺, Cl⁻, SO₄²⁻, Na⁺ indicates that these ions contribute significantly to conductivity and dissolved solids. Similar observation was reported by Mehta (2010) in groundwater of Vadgam taluka in Banaskantha district of Gujarat state. Total Hardness was strongly correlated with Ca²⁺ (0.89) and Mg²⁺ (0.95) these were might be primary contributors to hardness, whereas it was significantly perfectly positively correlated with SO₄²⁻ (1.00). Alkalinity was observed to be positively correlated with Ca²⁺, Mg²⁺, Cl⁻, SO₄²⁻, Na⁺ These ions may buffer pH and contribute to alkalinity. F⁻ was significantly negatively correlated with most ions except pH (0.64) and K⁺ (0.57). While, Nitrate (NO₃⁻) and Phosphate (PO42-) showed weak or non-significant correlation.
	Similarly, correlation analysis was employed for post monsoon season and the results were represented in table 2b, from this it can be concluded that pH had strong negative correlation with most parameters viz., EC, TDS, Total Hardness, Ca²⁺, Mg²⁺, Cl⁻, SO₄²⁻ and positive correlation with F⁻. There was a significant perfect positive correlation between EC and TDS and strong positive correlations with Total Hardness, Ca²⁺, Mg²⁺, Cl⁻, SO₄2⁻, Na⁺, and K⁺.  There was significant moderate positive correlation between alkalinity and total hardness, Ca²⁺, Mg²⁺, Cl⁻, SO₄²⁻ and there exists a weak or no correlation with nutrients like NO₃⁻ and PO₄⁻. Further for the parameters Total Hardness, Ca²⁺, Mg²⁺ there was strong inter-correlations among them and also strongly correlated with Cl⁻ and SO₄²⁻. Whereas, F⁻ negative correlation with most parameters. There was weak or no significant correlations between NO₃⁻, PO₄⁻ and other parameters. Finally moderate positive correlation was observed between Na+ and K+ with EC, TDS, and other cations.









Table 2a: Correlation analysis between different parameters of ground water samples at different locations of Shahapur taluk for pre-monsoon season
	
	pH
	EC
	TDS
	Alk
	TH
	Ca2+
	Mg2+
	Cl-
	SO4
	F-
	NO-3
	PO4--
	Na+
	K+

	PH
	1
	-0.59*
	-0.60*
	-0.66*
	-0.81**
	-0.79**
	-0.72**
	-0.59**
	-0.81**
	0.64*
	-0.87**
	-0.03 NS
	-0.36
	-0.69**

	EC
	
	1
	1.00**
	0.85**
	0.84**
	0.83**
	0.78**
	0.98**
	0.81**
	-0.40NS
	0.36 NS
	0.39 NS
	0.84**
	0.18 NS

	TDS
	
	
	1
	0.85**
	0.84**
	0.84**
	0.78**
	0.98**
	0.81**
	-0.40 NS
	0.36 NS
	-0.39 NS
	0.84**
	0.36 NS

	Alk
	
	
	
	1
	0.77**
	0.79**
	0.70**
	0.81**
	0.75**
	-0.36 NS
	0.44 NS
	-0.3 NS
	0.89**
	0.38 NS

	TH
	
	
	
	
	1
	0.89**
	0.95**
	0.83**
	1.00**
	-0.65*
	0.62*
	-0.23 NS
	0.57**
	0.48 NS

	Ca2+
	
	
	
	
	
	1
	0.72**
	0.86**
	0.86**
	-0.66**
	0.55*
	-0.22 NS
	0.64*
	0.26 NS

	Mg2+
	
	
	
	
	
	
	1
	0.75**
	0.96**
	-0.56*
	0.58 NS
	-0.23 NS
	0.50 NS
	0.17 NS

	Cl-
	
	
	
	
	
	
	
	1
	0.79**
	-0.45 NS
	0.38 NS
	-0.39 NS
	0.80**
	0.38 NS

	SO4
	
	
	
	
	
	
	
	
	1
	-0.64*
	0.62*
	-0.21 NS
	0.54*
	-0.51 NS

	F-
	
	
	
	
	
	
	
	
	
	1
	-0.63*
	-0.31 NS
	-0.05 NS
	0.57*

	NO-3
	
	
	
	
	
	
	
	
	
	
	1
	0.02 NS
	0.11 NS
	0.14 NS

	PO4--
	
	
	
	
	
	
	
	
	
	
	
	1
	-0.46 NS
	0.10 NS

	Na+
	
	
	
	
	
	
	
	
	
	
	
	
	1
	0.20NS

	K+
	
	
	
	
	
	
	
	
	
	
	
	
	
	1


*** = Significant at 0.001 level,	** = Significant at 0.01 level, * = Significant at 0.5 level, 	NS = Non-significant

Table 2b: Correlation analysis between different parameters of ground water samples at different locations of Shahapur taluk for post-monsoon season
	
	PH
	EC
	TDS
	Alk
	TH
	Ca2+
	Mg2+
	Cl-
	SO4
	F-
	NO-3
	PO4--
	Na+
	K+

	PH
	1
	-0.91**
	-0.91**
	-0.58*
	-0.95**
	-0.94**
	-0.92**
	-0.91**
	-0.95**
	0.84**
	-0.37 NS
	-0.69**
	-0.63*
	-0.73**

	EC
	
	1
	1.00**
	0.58*
	0.98**
	0.95**
	0.97**
	1.00**
	0.98**
	-0.72**
	0.23 NS
	0.51NS
	0.82**
	0.65*

	TDS
	
	
	1
	0.59*
	0.98**
	0.95**
	0.97**
	1.00**
	0.98**
	-0.72**
	0.23 NS
	0.51NS
	0.82**
	0.65*

	Alk
	
	
	
	1
	0.51*
	0.44*
	0.58*
	0.54*
	0.51**
	-0.28 NS
	0.01 NS
	0.26NS
	0.53*
	0.54*

	TH
	
	
	
	
	1
	0.98**
	0.98**
	0.98**
	1.00**
	-0.81**
	0.28 NS
	0.65*
	0.73**
	0.63*

	Ca2+
	
	
	
	
	
	1
	0.92**
	0.96**
	0.98**
	-0.84**
	0.29 NS
	0.66*
	0.62*
	0.67**

	Mg2+
	
	
	
	
	
	
	1
	0.97**
	0.97**
	-0.74**
	0.25 NS
	0.61*
	0.83**
	0.54*

	Cl-
	
	
	
	
	
	
	
	1
	0.98**
	-0.74**
	0.21 NS
	0.55*
	0.81**
	0.63*

	SO4
	
	
	
	
	
	
	
	
	1
	-0.81**
	0.28 NS
	0.65*
	0.72**
	0.63*

	F-
	
	
	
	
	
	
	
	
	
	1
	-0.52*
	-0.70**
	-0.34NS
	-0.68**

	NO-3
	
	
	
	
	
	
	
	
	
	
	1
	0.01NS
	0.10NS
	0.18NS

	PO4--
	
	
	
	
	
	
	
	
	
	
	
	1
	0.19NS
	0.37NS

	Na+
	
	
	
	
	
	
	
	
	
	
	
	
	1
	0.30NS

	K+
	
	
	
	
	
	
	
	
	
	
	
	
	
	1


*** = Significant at 0.001 level,	 ** = Significant at 0.01 level, * = Significant at 0.5 level, 	NS = Non-significant
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Fig. 2a & 2b: Correlation plot between different parameters of ground water samples at different locations of Shahapur taluk for pre and post monsoon seasons respectively.
3.3 Regression analysis
Regression analysis was employed as mathematical tool to estimate various dependent water quality characteristics by substituting values of the corresponding independent parameters. The regression analysis identified specific water quality parameters that exhibited stronger and more statistically significant correlations (Dutta and Sarma. 2018). The results of regression analysis for eight pairs of ground water parameters such as EC-Cl-, Mg2+-Cl-, Mg2+- TDS, EC-TDS, total hardness-Ca2+, total hardness - Mg2+, EC-Na+ and alkalinity-total hardness for pre- monsoon and post-monsoon season were presented in Table 3a and 3b respectively.  In Table 3a, TDS was found to be the most powerful predictor of EC as R2+ value is 0.997 indicates nearly all the variability in the model was explained and both coefficients were significant. In addition to that, TDS was significantly influenced by Ca2+ and Mg2+ compared to Ca2+, Mg2+ had stronger impact on TDS. Further, the regression equations with R2 value less than 0.5 shows the weaker regression fit though the coefficients were statistically significant. In table 3b, TDS and Cl- are the most influential predictors of EC with R² values of 0.990 and 0.896 respectively. Mg2+ was well predicted by both Cl- and TDS, though the intercept for TDS is not statistically significant. Total Hardness was strongly influenced by both Ca2+ and Mg2+ with slightly higher predictive power from Ca2+. Alkalinity shows minimal dependence on total hardness indicating other factors may be more relevant.
Table 3a: Regression analysis between different parameters of ground water samples at different locations of Shahapur taluk for pre monsoon season  
	Dependent variable (y)
	Independent variable (x)
	Intercept
	Regression coefficient
	R2

	EC
	Cl-
	1297.24***
	3.804***
	0.733

	Mg2+
	Cl-
	43.121***
	0.042***
	0.257

	Mg2+
	TDS
	26.586**
	0.022***
	0.381

	EC
	TDS
	-62.26*
	1.923***
	0.997

	TH
	Ca2+
	160.271**
	3.592***
	0.524

	TH
	Mg2+
	166.87***
	6.125***
	0.750

	EC
	Na+
	-545.15NS
	79.89***
	0.484

	Alk
	TH
	316.49***
	0.193**
	0.328


*** = Significant at 0.001 level, ** = Significant at 0.01 level, * = Significant at 0.5 level, 	
NS = Non-significant


Table 3b: Regression analysis between different parameters of ground water samples at different locations of Shahapur taluk for Post monsoon season   
	Dependent variable (y)
	Independent variable (x)
	Intercept
	Regression coefficient
	R2

	EC
	Cl-
	770.6538***
	4.1211***
	0.896

	Mg2+
	Cl-
	22.433***
	0.106***
	0.727

	Mg2+
	TDS
	4.65NS
	0.048***
	0.754

	EC
	TDS
	3.671NS
	1.919***
	0.990

	TH
	Ca2+
	100.110*
	4.100***
	0.863

	TH
	Mg2+
	100.460*
	7.372***
	0.806

	EC
	Na+
	1207.090***
	5.310***
	0.477

	Alk
	TH
	757.763***
	0.164***
	0.147


*** = Significant at 0.001 level,  ** = Significant at 0.01 level, * = Significant at 0.5 level, 	
NS = Non-significant

4. CONCLUSION
	
	The statistical correlation and regression analysis were found to be a extremely useful technique. Studying linear correlation between various physico-chemical parameters groundwater quality could be considered as a distinctive step towards management of  the drinking water quality. It can be concluded that the electrical conductivity, total dissolved solids, alkalinity, total hardness, calcium, magnesium, chloride, sodium are important physico-chemical parameters of drinking water quality, because they are strong correlated with most of the water quality parameters in Shahapur taluk. Thus the study could be more useful for predicting groundwater quality changes in future and sustainable management of water resources.
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