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Abstract 
Clean water is essential for life, health, and the environment. It plays a critical role in human survival, 

economic development, and ecological balance. In this study, multiple linear regressions are used for 

water quality index. The Water Quality Index (WQI) serves as a comprehensive measure to evaluate 

the overall quality of water based on various physicochemical parameters. This study employs multiple 

regression analysis to model the relationship between WQI and key water quality indicators such as pH, 

EC, TH, Ca, Na and other paramenters. The objective is to develop a predictive model that quantifies 

the impact of these independent variables on WQI and identifies the most significant contributors to 

water quality degradation. The Multiple Linear Regression Water Quality Index (MLRWQI) is fastest 

tool used for detection of water quality using mathematical expression so accuracy of this model is 

increased. In this model 12 parameters are considered for water quality index calculation. Determined 

regression value is considered with correlation values of each and every variable. The result of 

MLRWQI, residual standard error is 6.333, Multiple R2 is 1, adjusted R2 is 1 and p-value is 2.2e-16 

received. 

 
Keywords: Water Quality Index (WQI), Multiple Linear Regression (MLR), Physicochemical 
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Introduction 

Groundwater is frequently utilized for industrial, agricultural, and drinking purposes [1]. 

Complete knowledge of the geochemical processes governing the biological structure of 

groundwater is needed. Many regions of the world have hydro-chemical schemes that are 

useful to comprehend [2]. This information can aid in the organization and consumption of 

groundwater supplies by highlighting the relationships between groundwater excellences, 

aquatic, and renew type [3]. Water resource management techniques often treat surface and 

ground water as separate entities. Both systems exhibit a qualitative and quantitative 

influence on each other in the most recent advancements in this field [4]. However, 

groundwater contamination caused by humanoids or the natural geological layout of aquifers 

limits the capacity of groundwater supplies or their use [5]. Since groundwater quality is one 

of the physical and chemical properties impacted by geological and human activity, the use 

of pesticides and fertilizers in agriculture may also have an impact on it [6]. This is true even 

though the quality of groundwater may be impacted by a variety of biological and human 

activities [7]. The traditional method of assessing groundwater quality usually heavily relies 

on mathematical modeling approaches such as probability statistics, time series analysis, etc. 

These methods assume a linear relationship between the dependent and independent 

variables, which often results in models of poor overall quality [8]. Because groundwater 

quality simulations continue to be challenging, new computer approaches are required to 

address this problem [9]. A healthy river must have high-quality water since it impacts the 

people, animals, and plants that depend on it. However, the wide range of potential water 

quality measures used to characterize the condition of river water quality makes it 

challenging to quantify. However, because monitoring all of a river's water quality 

characteristics is costly and time-consuming, a lack of financing is often the biggest obstacle, 

especially in poor nations. The creation of artificial intelligence models in the environmental 

and hydrological domains has garnered significant interest in the last ten years [10].
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Because of this, a number of studies have focused on 

creating computer-based techniques for groundwater quality 

simulation. According to the experimental investigation, the 

MLRWQI modeling technique, which is based on statistical 

analysis, can be used to estimate the water content of soils in 

a range of weather circumstances. Since water quality is the 

most important environmental issue in the world, it has been 

a major worry in recent years. In order to ensure public 

health and safety, water quality evaluation has taken 

precedence. Numerous nations have started measuring water 

quality and keeping an eye out for impending water 

shortages. The creation of a water quality index is necessary 

to assess the quality of the water body because the vast 

volume of data obtained makes interpretation extremely 

difficult. 

 

Material and Methods 

Water Quality Indicator 
The water quality index offers a straightforward way to 

assess the quality of the water and compare the conditions of 

various bodies of water in various places and at various 

times. It enables the measurement of "good" and "bad" 

water quality, the accumulation of parameter impacts, and 

the identification of river sections whose quality has 

changed dramatically and which may, if needed, be further 

examined. One useful technique for anticipating potentially 

hazardous conditions is the water quality index. Numerous 

studies have attempted to tackle the rigidity issues and 

increase the accuracy of the index value ever since the water 

quality index concept was first developed. The range of 

scenarios in which each technique or function can be used is 

restricted, and each has advantages and disadvantages of its 

own. The best approach is one that is devoid of subjectivity, 

uncertainty, and overestimation (eclipsing) as well as 

underestimating (ambiguity). In water quality index, 

Physical Indicator, Chemical Indicator and Biological 

Indicator are used. In physical indicator, Color, odor, 

temperature, taste, turbidity, TDS, electrical Conductivity 

parameters are used. In Chemical Indicator, Phosphates, 

Total Hardness, Biochemical Oxygen Demand (BOD), pH, 

Chemical Oxygen Demand (COD), Pesticides, Heavy 

metals, Nitrates, Dissolved Oxygen (DO), Surfactants 

parameters are used. In Biological Indicators, Viruses - 

Fungi protozoa - Parasitic worms - Pimephales promelas, 

Bacteria (fecal coliform, Escherichia coli, Cryptosporidium, 

Giardia lamblia), Trichoptera or caddisfly - Sea Urchin - 

Mollusca areused [11]. Expert evaluations of the quality of 

drinking source water are used to validate the quality scores 

that are produced using the core set of characteristics. Using 

historical monitoring data and a different index computation 

method that lessens the effect of parameter unevenness, the 

index is pilot tested. Lastly, a sensitivity analysis is 

conducted and the difficulties in implementing the index 

widely are highlighted. In contrast to water quantity, which 

can be precisely stated, water quality is a multi-parameter 

characteristic. A WQI's usefulness depends on the 

compilation of data on water-quality metrics at several 

points in time and location, then converting this data into a 

single score that reflects the time frame and the spatial unit 

in question. In this approach, a WQI turns into a simple tool 

for communicating scientific knowledge from specialists to 

the general public. 

 

Study Area 

Located in Maharashtra's western Pune Division is Baramati 

Tehsil. It is 100 kilometers (km) from Pune, the district 

administrative center, and 240 kilometers (km) from 

Mumbai, the state capital [12]. The latitudes of the tehsil are 

74°26 and 74°69 in the east and 18°04 and 18°32 in the 

north. Its elevation is 550 meters above mean sea level. 

Baramati tehsil has 1382 square kilometers in size. These 

sub-villages are among the 116 significant villages in the 

tehsil region. In all, 3,75,185 individuals live in the study 

region, with 1,93,451 men and 1,81,734 women. 94.84% of 

the population, or 3,55,841, reside in the rural sections of 

the tehsil [13]. Adjacent to Baramati Tehsil are Phaltan Tehsil 

to the south, Daund Tehsil to the north, Malshiras Tehsil to 

the east, Indapur Tehsil to the east, and Purandar Tehsil to 

the west [14]. The water quality index is assessed in this 

study using 30 distinct groundwater samples from several 

tehsil districts surrounding Baramati. The samples are 

collected during the 2023 monsoon season (June-July) and 

the pre-monsoon season (April-May). Every sample was 

taken in a premium one-liter plastic bottle. 

 

Multiple Linear Regression Water Quality Index 

(MLRWQI) 

A strong statistical method for simulating the link between 

several independent variables and a dependent variable 

(such as the Water Quality Index, or WQI) is multiple 

regression. Finding the optimal linear equation that can 

forecast the value of the dependent variable based on the 

values of the independent variables is the aim of multiple 

linear regression. It is possible to make predictions about the 

dependent variable by expressing the connection in terms of 

weights assigned to the independent variables. Both making 

predictions and comprehending the connections between the 

dependent and independent variables are possible with the 

multiple linear regression model. Additionally, the model 

can be utilized for model selection and hypothesis testing. 

Several input parameters pertaining to the physicochemical 

properties of the water are analyzed when using multiple 

linear regression (MLR) for WQI modeling. The result is a 

single index score that represents the overall quality of the 

water. Using selected features (variables) from data sets of 

various sizes, we built and executed a number of MLR 

models during the model building process. Before deciding 

on the model's ultimate usefulness, we divided the data into 

training and testing subsets to confirm model performance. 

A typical multiple regression equation for WQI can be 

expressed as:  

 

0 1 1 2 2 .....
n n

MLRWQI X X X         
 (1) 

 

Where, 

MLRWQI= Multiple Linear Regression Water Quality 

Index dependent variable, β0 is Intercept, βn is Regression 

coefficients, Xn= Water Quality Parameter independent 

variables, ε is error term. 
 

Steps 

1. Gather water quality parameter data from multiple 

sources (e.g., environmental agencies, research studies).  

2. Check for missing values and handle them using 

imputation techniques or by removing incomplete rows.  

3. Perform data normalization or standardization if 

required. 
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4. Check for correlation between independent variables 

using a correlation matrix. 

5. Identify multicollinearity using the Variance Inflation 

Factor (VIF). 

6. Visualize data distributions and relationships using 

scatter plots and box plots. 

7. Evaluate the model using metrics like Mean Squared 

Error (MSE) and Adjusted R². 

8. Perform residual analysis to check for normality and 

heteroscedasticity. 

9. Once validated, the model can predict WQI for new 

water quality data. 

 
Table 1: MLRWQI Model Result Types 

 

Water Quality Range Status Decision 

0 - 25 Excellent Highly suitable 

26 - 50 Good Safe for drinking 

51 - 75 Moderate Acceptable with caution 

76 - 100 Poor Requires treatment 

101+ Very Poor Unsuitable for drinking 

 
Table 2: MLRWQI Mathematical Relationship 

 

Parameter Estimate Std. Error t value 

pH 1.501e+00 3.157e-15 4.755e+14 

EC 6.969e-03 3.584e-18 1.944e+15 

TDS 4.878e-03 4.582e-18 1.065e+15 

TH 2.439e-02 3.558e-17 6.855e+14 

Ca 9.756e-02 3.242e-17 3.010e+15 

Mg 2.439e-01 4.573e-16 5.333e+14 

Na 3.484e-02 3.587e-16 9.713e+13 

K 4.878e-01 7.681e-16 6.351e+14 

HCO3 9.996e-03 3.265e-17 3.061e+14 

CL 4.878e-02 1.390e-17 3.509e+15 

SO4 6.098e-02 5.097e-17 1.196e+15 

NO3 2.710e-01 4.050e-17 6.691e+15 

 

Experimental Analysis 

Software Requirement 

“R Studio” is a powerful tool for statistical computing and 
visualization, making it ideal for performing multiple linear 

regression on Water Quality Index (WQI) data. R 2023 

software is used for this calculations. 

Result Analysis 

Thirty water samples were collected for this study from 

different places around Baramati taluka [17]. The water 

quality index is calculated using MLRWQI model and the 

12 physico-chemical parameters.  

 
Table 3: Multiple Linear Regression Water Quality Index (MLRWQI) Model Result 

 

Sample Id MLRWQI Result Status 

1 72.32662 Acceptable with caution 

2 71.79665 Acceptable with caution 

3 65.45161 Acceptable with caution 

4 78.19810 Requires treatment 

5 71.31420 Acceptable with caution 

6 76.06922 Requires treatment 

7 73.18838 Acceptable with caution 

8 87.42254 Requires treatment 

9 73.54070 Acceptable with caution 

10 81.28886 Requires treatment 

11 57.13784 Acceptable with caution 

12 63.30500 Acceptable with caution 

13 70.23089 Acceptable with caution 

14 70.79344 Acceptable with caution 

15 69.71905 Acceptable with caution 

16 53.27026 Acceptable with caution 

17 90.34690 Requires treatment 

18 73.90533 Acceptable with caution 

19 101.30088 Unsuitable for drinking 

20 60.31038 Acceptable with caution 

21 74.54708 Acceptable with caution 

22 58.78836 Acceptable with caution 

23 54.92815 Acceptable with caution 

24 42.85709 Safe for drinking 

25 63.00931 Acceptable with caution 

26 49.58550 Safe for drinking 

27 45.93504 Safe for drinking 
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28 50.07841 Acceptable with caution 

29 53.10386 Acceptable with caution 

30 84.70177 Requires treatment 

 

From above table, sample id 19 is unsuitable for drinking 

purposes. Sample id 4,6,10,17 and 30 requires the water 

treatment to convert sample for drinking purposes. No one 

sample is excellent in this 30 sample test. 

 
Table 4: Multiple Linear Regression Water Quality Index (MLRWQI) Model Residual Error Value 

 

Min 1Q Median 3Q Max 

-9.371e-15 -3.782e-15 4.707e-16 3.623e-15 1.099e-14 

 

 
 

Fig 1: Residual Error Box Plot 

 

Above figure is Box Plot of Residuals. The box represents 

the interquartile range (IQR) (from the 1st quartile to the 3rd 

quartile). The whiskers extend to the minimum and 

maximum residual values. The median (central line) shows 

the middle residual value. Since the residuals are small and 

centered around zero, the model appears to have minimal 

error. 

 

Conclusion 

In this research work, the MLRWQI model gives more 

accurate analysis of groundwater. It takes very less time 

period as compared to WQI. In MLRWQI, the chemical 

parameters are considered for assessment. The 12 

parameters are used for analysis purposes with BIS and 

WHO standard. In said study area, 20 samples are belonging 

to “Acceptable with caution” water quality indexing and 3 is 
having good water quality indexing. The MLRWQI method 

is used mathematical approach so accuracy is more as 

compared to WQI with minimum error value. It is very easy 

model to predict the assessment value of water. MLRWQI 

WQI is also a quality index for water control quality, 

according to analysis of the implicit statistical exploration. 

Major benefit of MLRWQI can be applied for many water 

quality parameter and reduces the calculation time. 
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