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Abstract: 

Water is crucial for sustaining ecosystems and various economic sectors, yet its 

availability and quality are increasingly threatened by anthropogenic activities. This study 

evaluates the water quality at Prakasha Barrage in Nandurbar District, Maharashtra, India, using 

the Water Quality Index (WQI) method to assess its suitability for human consumption and other 

uses. The research investigates seasonal variations in water quality parameters by systematically 

collecting water samples across different seasons, followed by analytical testing of key physico-

chemical attributes such as pH, hardness, sulfates, nitrates, total alkalinity, total dissolved solids 

(TDS), chlorides, and iron. Utilizing the Weighted Arithmetic Water Quality Index Method, the 

study calculates WQI values and classifies water quality from "Excellent" to "Unsuitable for 

Drinking." Results indicate that the WQI fluctuates with seasonal changes, with values of 64.83, 

57.24, and 64.83 for Winter, Monsoon, and Summer, respectively, reflecting a range between 

"Slightly Polluted" and "Moderately Polluted." Moreover, a correlation analysis among the 

physico-chemical parameters reveals critical interdependencies, suggesting that fluctuations in 

one parameter can significantly influence others. The findings emphasize the need for consistent 

monitoring and management of water quality to ensure its safety and fitness for use, particularly 

in agricultural and drinking applications. This study contributes to the broader discourse on water 

resource management and offers a framework for evaluating quality standards through the WQI, 

highlighting its implications for environmental policy and public health in the region. 

Keywords: Water Quality Index (WQI), Seasonal Variation, Prakasha Barrage, Physico-chemical 

parameters. 

 

Introduction: 

Water is a vital natural resource and a valuable national asset, serving as a key 

component of ecosystems. It is found in various sources, including rivers, lakes, glaciers, 

rainwater, and groundwater. In addition to being essential for drinking, water resources play a 

crucial role in numerous sectors of the economy, such as agriculture, livestock farming, forestry, 

industrial activities, hydropower generation, fisheries, and other productive ventures. However, 

both the availability and quality of water—whether from surface or groundwater—have been 

compromised due to factors like population growth, industrialization, and urbanization. The 

water quality of a specific area or source can be evaluated based on physical, chemical, and 
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biological parameters. If the levels of these parameters exceed certain limits, they can pose 

serious health risks to humans [1,2,3,4].  

As a result, the suitability of water sources for human consumption is often evaluated 

using the Water Quality Index (WQI), which is one of the most effective methods for assessing 

water quality. WQI uses water quality data to inform and improve policies created by various 

environmental monitoring agencies. It has been recognized that relying on individual water 

quality variables to describe water quality is not easily understandable for the general public 

[5,6]. That's why, WQI has the capability to reduce the bulk of the information into a single 

value to express the data in a simplified and logical form [7]. 

The Water Quality Index (WQI) was initially developed by Horton in 1965 [8] in the 

United States, using 10 commonly measured water quality variables, such as dissolved oxygen 

(DO), pH, coliforms, specific conductance, alkalinity, and chloride. This index has since been 

widely adopted and applied in countries across Europe, Africa, and Asia. The weight assigned to 

each parameter reflects its significance for a particular use and has a substantial impact on the 

overall index. Additionally, in 1970, Brown and his team developed a new version of the WQI, 

similar to Horton's, but with individual weights for each parameter [9]. Over the years, various 

modifications to the WQI concept have been proposed by scientists and experts [10,11]. 

A general approach to WQI is based on common factors [12] and is typically divided into three 

steps: 

1. Parameter Selection: Experts, agencies, or government bodies in the relevant legislative 

area determine the parameters to be used. These are chosen from five key categories: oxygen 

levels, eutrophication, health concerns, physical characteristics, and dissolved substances, all 

of which significantly affect water quality [13]. 

2. Determination of Quality Function (Curve) for Each Parameter: Each parameter, or sub-

index, is converted into non-dimensional values on a scale, using units like ppm, saturation 

percentage, or counts per volume. 

3. Sub-Indices Aggregation with Mathematical Expression: This step involves aggregating 

the sub-indices, often using arithmetic or geometric averages. 

In addition to the original WQI, numerous other water quality indices have been developed by 

various national and international organizations, including the Weight Arithmetic Water Quality 

Index (WAWQI), the National Sanitation Foundation Water Quality Index (NSFWQI), the 

Canadian Council of Ministers of the Environment Water Quality Index (CCMEWQI), and the 

Oregon Water Quality Index (OWQI). These indices are used to evaluate water quality in 

specific areas [14,15]. They often differ in the number and types of parameters used, which are 

compared to the standards of the respective region. 

Water quality indices are particularly useful for tracking annual cycles, spatial and temporal 

variations, and trends in water quality, even at low concentrations, in an efficient and timely 

manner. However, the numerous variations and limitations of the existing indices—due to 
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differences in the number of parameters considered—have hindered their global acceptance. 

There is a need for an index that can be universally accepted, with a flexible number of water 

quality parameters. The methods for determining WQI have been detailed in various studies [16]. 

 

Study Area: 

The present study has been conducted at the Prakasha Barrage, which is located on the 

Tapi River basin in Nandurbar District, Maharashtra, India. The geographic coordinates of the 

barrage are approximately 21°30'43" N latitude and 74°20'44" E longitude [22]. This 

infrastructure plays a vital role in the management of water resources for the surrounding area, 

particularly in terms of irrigation. By regulating water flow, the Prakasha Barrage ensures a 

consistent supply of water to farmlands in the region, which is essential for supporting 

agriculture and sustaining the local economy. Additionally, it contributes to broader water 

management strategies in the region, helping to mitigate the effects of seasonal fluctuations in 

water availability. 

      
 

Aims and Objective: 

1. To Check whether the water is fit for use. 

2. To Calculate Water Quality Index (WQI). 

3. To Find Correlation amongst the Physico-chemical parameters. 
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Data and Methodology: 

In this study, water samples are collected directly from the Prakasha barrage for each 

season, ensuring that the samples represent the water quality throughout the year. The collection 

process involves physically visiting the location to obtain fresh samples during different seasonal 

periods, allowing for a comprehensive analysis of seasonal variations in water quality. Once the 

samples are collected, they are sent to the laboratory, where various water quality parameters are 

tested and measured. After the laboratory tests are completed, the data obtained is used to 

calculate the Water Quality Index (WQI), by Weighted Arithmetic Water Quality Index Method, 

which provides an overall assessment of the water's quality for each specific season. This 

approach helps to track changes in water quality over time, ensuring a detailed understanding of 

how seasonal factors may impact the water's suitability for use. 

Weighted Arithmetic Water Quality Index Method: 

Weighted arithmetic water quality index method classified the water quality according to 

the degree of purity by using the most commonly measured water quality variables. The method 

has been widely used by the various scientists [17,18,19,20] and the calculation of WQI was 

made [21] by using the following equation:  

𝑊𝑄𝐼 =
∑𝑄𝑖 ∗ 𝑊𝑖 

∑𝑊𝑖
 

The quality rating scale (Qi) for each parameter is calculated by using this expression: 

Qi=100[(Vi-Vo/Si-Vo)] 

Where,  

Vi is estimated concentration of its parameter in the analysed water  

Vo is the ideal value of this parameter in pure water  

Vo = 0 (except pH =7.0 and DO = 14.6 mg/l) Si is recommended standard value of its parameter  

The unit weight (Wi) for each water quality parameter is calculated by using the following 

formula: 

Wi=K/Si 

Where, K = proportionality constant and can also be calculated by using the following equation: 

𝐾 =
1

∑(1/𝑆𝑖)
 

The rating of water quality according to this WQI is given in following table. 

Table 1: Water Quality Rating as per Weight Arithmetic Water Quality Index Method [23] 

WQI Value Rating Of Water Quality Grading 

0-25 Excellent water quality A 

26-50 Good water quality B 

51-75 Poor water quality C 
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76-100 Very Poor water quality D 

Above 100 Unsuitable for drinking purpose E 

Analysis and Discussion: 

Calculation of Water Quality Index: There are two parts of water quality index.  

1. Q- value: It is the indication of water quality relative to 100 of one parameter. The Q 

Value is an indication of how good (or bad) the water quality is relative to one parameter. 

100 = Very Good, and 1 = Very Bad  

 

 

 

2. Weighting Factor: It sets the relative importance of the parameter to overall water quality. 

Table 2: Weighing factors of water quality parameters: 

Parameters Weight Unit weight (Wi) 

pH 4 0.16 

Hardness 2 0.08 

Sulphate 2 0.08 

Nitrate 3 0.12 

T-Alkalinity 3 0.12 

Total Dissolved Solids 4 0.16 

Chlorides 2 0.08 

Iron 3 0.12 

∑Wi - 0.92 

 

Table 3: Scale ratings for water quality parameters (Qi) 

Parameters Standards Permissible Slight Moderate Severe 

pH 7.0-8.5 
7.0-8.5 8.6-8.8 and 6.8-7.0 8.9-9.2 and 6.5-6.7 >9.2 

[100] [80] [60] [0] 

Hardness 100-500 
<100 101-300 310-500 >500 

[100] [80] [60] [0] 

Sulfates 200-400 
<200 201-300 301-400 >400 

[100] [80] [60] [0] 

Nitrates >45 
<20 21-32.5 33-45 >45 

[100] [80] [60] [0] 

T-

Alkalinity 
<120 

<50 51-85 86-120 >120 

[100] [80] [60] [0] 

TDS 500-1500 
<500 500-1000 1001-1500 >1500 

[100] [80] [60] [0] 
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Chlorides 200-500 
<200 201-400 401-500 >500 

[100] [80] [60] [0] 

Iron 0.1-1.0 
<0.1 0.1-0.5 0.6-1.0 >1.0 

[100] [80] [60] [0] 

 

 

 

 

 

 

 

 

 

Formula for WQI:  

WQI= ∑QiWi /∑Wi 

Table 4: Calculations of WQI 

 
Winter Monsoon Summer 

pH 6.9 7.3 8.6 

Qi 80 100 80 

Si 12.8 16 12.8 

Hardness 250 140 210 

Qi 80 80 80 

Si 6.4 6.4 6.4 

T-Alkalinity 240 164 150 

Qi 0 0 0 

Si 0 0 0 

TDS 317 182 276 

Qi 100 100 100 

Si 16 16 16 

SO4
-2 6 9 4 

Qi 100 100 100 

Si 8 8 8 

NO3- 2 0.01 0.01 

Qi 100 100 100 

Si 12 12 12 

Cl- 140 40 200 

Qi 100 100 100 
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Si 8 8 8 

Iron 0.01 1.2 0.01 

Qi 100 0 100 

Si 12 0 12 

Total Qi 600 580 660 

Total Si 75.2 66.4 75.2 

Final WQI [∑Wi Qi ∕ ∑Wi] 64.83 57.24 64.83 

 

 

 

 

 

 

 

 

 

Table 5: Physico-chemical parameters 

Entry pH EC Chlorid

e 

Sulfate HARDNES

S 

TN TDS Alkalinity 

1 7 495 140 6 250 2 217 240 

2 7.3 285 40 9 140 0.01 182 164 

3 8.5 431 200 4 210 0.01 276 150 

 

Table 6: Correlation amongst the Physico-chemical parameters 

Entry pH EC Chloride Sulfate Hardness TN TDS Alkalinity 

1 1 1 1 1 1 1 1 1 

2 0.0316 0.7762 -0.9996 -0.7137 0.7777 -0.1458 -0.2873 -- 

3 0.6547 -0.7580 0.7333 -0.1147 0.5085 0.9895 -- -- 

4 -0.6758 0.9979 0.1429 -0.9661 0.6787 -- -- -- 

5 -0.0339 0.7349 0.9583 0.0301 -- -- -- -- 

6 -0.6547 0.5638 -0.0017 -- -- -- -- -- 

7 0.8433 0.6291 -- -- -- -- -- -- 

8 -0.7570 -- -- -- -- -- -- -- 

 

Conclusion: 

The study focuses on calculating the Water Quality Index (WQI) using a range of water 

quality parameters to evaluate overall water quality. The WQI combines multiple indicators to 
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offer a comprehensive assessment of water conditions, facilitating a better understanding of 

water suitability for consumption, agriculture, or industrial use. The calculation of the WQI relies 

on two key components: the Q-value and the Weighting Factor (Wi). The Q-value reflects the 

water quality in relation to each individual parameter, where a value of 100 represents excellent 

quality, and a value of 1 indicates poor quality for that parameter. The Q-values of different 

parameters indicate the water quality across seasons. The Q-value for pH is excellent during the 

Monsoon season. The Q-value for hardness remains consistent throughout all seasons. The Q-

value for total alkalinity is very poor in each season. The Q-value for total dissolved solids 

(TDS) is excellent in Summer, Winter, and Monsoon. The Q-value for iron is very good in 

Summer and Winter but very poor during the Monsoon season. Lastly, the Q-value for soluble 

salts is excellent in all three seasons.  

Weighting Factor (Wi) reflects the relative importance of each parameter to the overall 

water quality, with the assigned weight indicating the parameter's impact on the final assessment. 

The study emphasizes the significance of Weighting Factors (Wi) for each parameter, as detailed 

in Table 2. The total sum of these weights is 0.92, highlighting the cumulative influence of all 

water quality parameters on the WQI. The parameters included in this calculation are pH, 

hardness, sulfate, nitrate, total alkalinity, total dissolved solids (TDS), chlorides, and iron, each 

contributing differently to the overall quality of water. The importance of these parameters is 

evident in their weighting, with some playing a more pivotal role in determining the final WQI 

value. 

In addition to the weights, Table 3 provides scale ratings for each parameter, which range 

from "Very Good" to "Very Bad" or "Severe." These ratings are determined by specific ranges 

for each water quality parameter, and the corresponding Qi values help assess the water's quality. 

For instance, pH values between 7.0 and 8.5 receive a Qi score of 100, indicating acceptable 

water quality. Similarly, hardness levels between 100 and 500 mg/L, sulfate levels between 200 

and 400 mg/L, and nitrate concentrations above 45 mg/L all correspond to a score of 100, 

signifying very good quality. Other parameters, such as total alkalinity, TDS, chlorides, and iron, 

also have acceptable ranges associated with a score of 100, demonstrating the thresholds for 

optimal water quality. 

Table 4 illustrates how the WQI is calculated across different season’s winter, Monsoon, 

and summer. The calculated WQI values for these seasons are 64.83, 57.24, and 64.83, 

respectively. These values indicate that the water quality fluctuates between "Slightly Polluted" 

and "Moderately Polluted" during these periods, reflecting variations in water quality across 

seasons. 

Table 5 presents the actual values of various physico-chemical parameters for different 

water samples, which serve as inputs for the WQI calculation. For instance, the first sample has a 

pH of 7, hardness of 250, and chloride concentration of 140 mg/L, while the second sample has a 

pH of 7.3, hardness of 140, and a chloride concentration of 40 mg/L. The third sample has a pH 
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of 8.5, hardness of 210, and a chloride concentration of 200 mg/L. These values are crucial for 

determining the WQI and understanding the water quality. 

Finally, Table 6 explores the correlation between various physico-chemical parameters. 

The correlation values provide insight into the relationships among parameters, helping to 

identify trends and interdependencies. For example, the pH shows strong positive correlations 

with electrical conductivity (EC), chloride, hardness, and TDS, suggesting that changes in pH 

might affect these other parameters. Sulfates and chlorides, on the other hand, exhibit negative 

correlations with parameters such as hardness and TDS. Additionally, total nitrogen (TN) 

demonstrates a strong correlation with TDS, indicating that higher levels of TDS may be 

associated with increased nitrogen concentrations in the water. These correlations are essential 

for understanding how different water quality parameters interact and influence the overall water 

quality. 
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