


Assessment of Drinking Water Quality of Punad Dam, Satana City (Maharashtra) Using Water Quality Index (WQI) Method
Abstract:
Water is essential for the proper functioning of humans, animals and plants. The existence of humans and animals is not possible without water. Water is used for various purposes such as agriculture, industry, power generation, entertainment, domestic use and drinking. Due to the industrialization and urbanization water pollution occurred on a large scale. Polluted water is not useful for drinking purposes. Recently water is getting polluted everywhere, the incidence of water-borne diseases has increased, so there is a need to assess the quality of water and check the proportion of pollution in the reservoirs. "Water quality is the proper physical, chemical and biological properties of water." The present research has been conducted on the assessment of drinking water quality using water quality index (WQI) method, applied to a local dam serving Satana city in Maharashtra. This research is high relevance due to growing concerns over water pollution and its impact on public health. By assessing physical, chemical, and biological parameters the study attempts to highlight the usability of dam water for human consumption and other uses. For this study Water sample taken from Punad Dam and tested various parameter in laboratory. The water quality parameters included are the concentration of pH, Total Dissolved Solids (TDS), Calcium, Magnesium and Turbidity. Water quality index (WQI) is a mathematical tool used to assess water quality on various parameters, this method helps assessing the overall water quality basis on the parameters. The water quality index of Punad dam is 12.49 is excellent for human consumption and other uses.   
Keywords: Water Quality Assessment, Parameters of Water Quality, Total Dissolved Solids (TDS), Turbidity, Water Quality Index (WQI).   
Introduction:
The Industrial Revolution began in England in the latter half of the 18th century. Its consequences were felt all over the world. Industrialization provided employment to the people, so people settled in industrial sector and cites were formed. Due to industrialization and urbanization water pollution started to occur on a large scale, polluted sewage Contaminants mixed in water, and their chemical, physical, and biological quality started to deteriorate. The quality of water is deteriorating day by day in the world, and there is also a shortage of water. Poor condition of water bodies is not only the indictor of environmental degradation, it is also a threat to the ecosystem hence necessary to maintain the quality of the available water and use it carefully. Water is used for various purposes, the quality of water changes according to the purpose for which the water is being used. Such as agriculture, industry, recreation, fisheries, power generation, domestic use and human consumptions. The standards of water are determined according to the purpose for which it is used. For example, the standards for drinking water are stringent, while the standards for water used in agriculture and industry are less strict than those for drinking water. Water Quality can be defined as the chemical, physical and biological characteristics of water, usually in respect to its suitability for a designated use1.
Review of Literature
The research has been conducted on An Introduction to Water Quality Analysis by Ritabrata Roy, study shows the assessment of water quality is essential to check the suitability of a water source for the designated use. Several water quality parameters are assessed and compared with their standard values to determine the acceptability of the water to be used. After prolonged research, the procedures for the assessment of the water have been standardized, in this research guidelines are discussed concisely in one place for the convenience of the researchers and analysts. This study evaluates the methodology and limitations of several studies by doing a thorough examination of regional and global WQ indices and synthesizing the results. Water Quality Indices (WQIs) have been used to measure WQ since the 1960s, offering a mechanism for changes in WQ at specific needs and environmental challenges. This review study assesses overall water quality using global and regional WQ indexes based on several studies and aims to provide a detailed analysis of various WQIs utilized across the globe2.
The study carried out on the assessment of Yamuna River water by the Runit Isaac, nearly 14 parameters collected from Yamuna River in Agra region and assess the water quality index. Study shows the most of the water of Yamuna has range of physicochemical parameters above the permissibility level which makes water toxic as well as unfit for use. WQI values in summer, winter and spring are 630.90, 279.61, 279.91, showing that the river water is not suitable for drinking purposes. According to the report of WHO it was found that most of the rivers of India have a deteriorated water quality. The toxicity of water directly or indirectly enters the food chain, which is the major cause of many health problems3.
According to the WHO Guidelines for drinking water quality, fourth edition has published providing frame work for safe drinking water quality, the WHO guidelines provide range of supporting information including microbial, chemical, radiological and acceptability aspects. 

Provides an overview of the interrelationship among the individual chapter of the guidelines ensuring drinking water quality. Securing the microbial safety of drinking-water supplies is based on the use of multiple barriers, from catchment to consumer, to prevent the contamination of drinking water or to reduce contamination to levels not injurious to health. The health concerns associated with chemical constituents of drinking-water differ from those associated with microbial contamination and arise primarily from the ability of chemical constituents to cause adverse health effects after prolonged periods of exposure4.
The study carried out by Farzana Akter (2024), The groundwater from ten cities in Bangladesh (Gazipur, Kishoreganj, Rajshahi, Bhola, Khulna, Patuakhali, Lakshmipur, Bagerhat, Chattogram, and Mymensingh) was evaluated for this study. Six groundwater parameters (pH, Turbidity, Chloride, Hardness, Iron, and Arsenic) were assessed to determine the Water Quality Index (WQI) using the Weighted Arithmetic Method. Using this method, it is revealed that the following parameters differ as follows: pH ranges from 6.8 to 8, turbidity from 0.9 to 5.5 NTU, chloride from 59 to 244 mg/L, hardness from 20.3 to 116 mg/L, iron from 0.12 to 9 mg/L, and arsenic from 0.002 to 0.024 mg/L. According to the WQI value, the water quality at the hydro-stations in Bhola, Khulna, Patuakhali, and Mymensingh was rated as "Excellent," with WQI values of 11.79, 11.19, 8.14, and 15.95, respectively. Kishoreganj is the only hydro- station to achieve "Very Poor" water quality, with a WQI of 80.24. The assessment of groundwater test findings will aid in identifying groundwater pollution, which is required to evaluate the risk to public health and provide strategies for protecting groundwater5.
Significance of Research: 
The assessment of drinking water quality using the Water Quality Index (WQI) method, applied to a local dam serving Satana city in Maharashtra. This topic is of high relevance due to growing concerns over water pollution and its impact on public health. By assessing physical, chemical, and biological parameters, the study attempts to highlight the usability of dam water for human consumption and other uses. 
Location of the study area:
The present research work on Punad Dam is a major irrigation project located near Satana in Nashik district, Maharashtra. It's situated on the Punad river, a tributary of the Girna river, and is intended to provide irrigation to surrounding areas and providing water to Satana city of Maharashtra. It is located on 20.61531240 N latitudes and 73.9470220 E longitudes6.


Objectives: The present study has been undertaken with the following specific objectives.
1) To assess the drinking water quality of Punad Dam Its providing water to Satana City.    
2)  To calculate water quality using with water quality index (WQI). 
Data and Research Methodology: The present study is basis on the primary and secondary data, for assess the drinking water sample collected from Punad dam and measure the various parameters of water in laboratory. Water quality indices are tool to determine status of water quality. It integrates all the parameters while comparing with the standards are recommended by the Governments authorities to safeguard human health hence calculate weighted arithmetic water quality index method is adopted by the R.M. Brown (1972). This index reflects the importance of each parameter in the assessment and management of water quality7.
Results and Discussion: 
Analysis of Punad dam water: 
Water Quality Index (WQI) 
Water Quality Index is an important tool widely used to determine water quality at the global level. To protect human health, governments have made recommendations for clean water, taking into account all the parameters of drinking water. The World Health Organization (WHO) and the Indian Standards Institution (BIS) have standardized the Water Quality Index (WQI). Water Quality Index (WQI) is a mathematical model that combines several water quality parameters to provide a numerical value or classification that describes the overall quality of water.8
The following steps are water quality analysis.
Selection of Parameters 
Water quality parameters are essential parameters used to assess the suitability and safety of water for various purposes. These parameters include water pH, TDS, Calcium, Magnesium and Turbidity. Water quality parameters refer to the physical, chemical and biological properties of water that determine its suitability for various uses such as drinking, agriculture, 

industry, recreation and ecological balance. These parameters help in assessing the health of aquatic ecosystems and the safety of water for humans. 
Table No. 1: Measurement Parameters and BIS Standards    
	Measured Parameters 
	Measurement of Sample 1 
	BIS Standards (Sn)

	pH
	7.5
	8.5

	TDS
	74
	500

	Calcium (Ca)
	20
	75

	Magnesium (Mg)
	0.70
	30

	Turbidity 
	0.5
	5


 Source: Soil & Water Testing Laboratory, Satana, (Potable Water Analysis Report) 
Parameters of water quality:  
pH 
pH is one of the most important parameters of water quality. It is defined as the negative logarithm of the hydrogen ion concentration. It is a dimensionless number indicating the strength of an acidic or a basic solution Actually, pH of water is a measure of how acidic or basic. Water is Acidic water contains extra hydrogen ions (H+) and basic water contains extra hydroxyl (OH−) ions. pH ranges from 0 to 14, with 7 being neutral. pH of less than 7 indicates acidity, whereas a pH of greater than 7 indicates a base solution alkaline. Safe ranges of pH for drinking water are from 6.5 to 8.5 for domestic use and living organisms need. In table no.1 shows the pH of Punad dam water is 7.5 which is useable water for consumption and other uses9.   
Total Dissolved Solids (TDS) 
Solids occur in water either in solution or in suspension These two types of solids can be identified by using a glass fibber filter that the water sample passes through by definition, the suspended solids are retained on the top of the filter and the dissolved solids pass through the filter with the water If the filtered portion of the water sample is placed in a small dish and then evaporated, the solids as a residue. This material is usually called total dissolved solids or TDS. Above table No.1 shows the total dissolved solid in the Punad dam water sample, which is 74 mg/L that water is clear for drinking purposes. 
[bookmark: _GoBack][image: ]
Fig 1: Assessment of Total Dissolved Solids
Calcium
The Bureau of Indian Standards (BIS) sets the acceptable and permissible limits for calcium in drinking water. According to IS 10500, the acceptable limit for calcium (as Ca) in drinking water is 75 mg/l, while the permissible limit in the absence of an alternative source is 200 mg/l. Exceeding the permissible limit can lead to encrustation in water supply structures and adverse effects on domestic use. The Calcium content in the water of Punad dam is 20.0 mg/l the water is fit for drinking10. 
Magnesium
The Bureau of Indian Standards (BIS) specifies permissible limits for magnesium in drinking water under IS 10500. The acceptable limit is 30 mg/L, and the permissible limit, in the absence of an alternative source, is 100 mg/L. The Magnesium content in the water of Punad dam is 0.70 mg/l the water is fit for drinking. 
Turbidity 
Turbidity is the cloudiness of water It is a measure of the ability of light to pass through water. It is caused by suspended material such as clay, silt, organic material, plankton, and other particulate materials in water. The BIS (Bureau of Indian Standards) sets the permissible turbidity limit for drinking water at 1 NTU (Nephelometric Turbidity Unit), with a relaxation to 5 NTU in the absence of an alternative source, according to the BIS standard IS 10500:2012. 


Table no.1 shows the turbidity of Punad dam water is 0.5 NTU. which is useful for drinking and other uses.  
Weighted Arithmetic Water Quality Index method
The Weighted Arithmetic Index (WQI) is a very simple method for calculating the Water Quality Index (WQI). This method was developed by R. M. Brown and his colleagues in 1972. This method is often used to assess the quality and pollution levels of groundwater. It also provides information on the assessment of the physical quality of water. This method uses the five most commonly measured water quality parameters. Such as pH, Total Dissolved Solids (TDS), Calcium (Ca) Magnesium (Mg). and Turbidity.  Advantages This index incorporates the values ​​of various physical and chemical parameters of water quality into a mathematical equation, which indicates the ecological status of the water. This index reflects the importance of each parameter in the assessment and management of water quality. It can be used to describe the suitability of both surface and groundwater resources for human use. This method is easy to calculate and understand11.
Table No. 2 - The Categories of WQI, the associated water quality status and their potential use summarized. 
	Sr.No.
	Water Quality Index (WQI)
	Water quality rating 
	Grade 
	Possible Use 

	1
	0-25 
	Excellent 
	A
	For Drinking, Irrigation & Industrial Purposes 

	2
	25-50
	Good 
	B
	Domestic, Irrigation & Industrial Purposes

	3
	51-75
	Correct 
	C
	Irrigation & Industrial Purposes 

	4
	76-100
	Bad 
	D
	Irrigation 

	5
	101-150
	The quiver Bad 
	E
	Limited use for Irrigation 

	6
	Above 150 
	Unfit to drink 
	F
	Proper processing is required before use 




Drinking water quality analysis of Punad Dam   
The weighted arithmetic WQI method mainly consists of the following steps:
1. Collecting water samples from the study area.
2. Measuring these parameters from the laboratory.
3. Calculating the quality rating (qn) for each parameter.
4. Measuring unit weight (Wn).
5. Calculate the total WQI by summing the sub index value.
Formulas used for WQI calculation:
Calculation of WQI was carried out in this work by Horton’s
method12.
1.The WQI is calculated by using the expression given in Equation 2.1
WQI =          (2.1)  
Where, qn = Quality rating of n th water quality parameter.
Wn= Unit weight of n th water quality parameter.
2.Quality rating (qn)	
The quality rating (qn) is calculated using the expression given in
Equation (2.2)
            (2.2) 
Where,
Vn = Estimated value of nth water quality parameter at a given sample location.
Vid = Ideal value for n th parameter in pure water (Standard value)
(Vid for pH = 7 and 0 for all other parameters)
Sn = Standard permissible value of n th water quality parameter.
3. Unit weight (Wn)
The unit weight (Wn) is calculated using the expression given in Equation (2.3)
           (2.3)
Where,
Sn = Standard permissible value of n th water quality parameter.
k = Constant of proportionality
4. proportionality Constant (k)
Constant of proportionality and it is calculated by using the
expression given in Equation (2.4)
    (2.4)   
Calculation of WQI, water sample has been collected from Punad Dam, their measurement parameters and BIS standards are given in the following table, we have measured these parameters in the laboratory.       
                                                Table No.3: Water Quality Index
	Measured Parameters 
	BIS Standards (Sn)
	
	
	Wn= 
	Ideal value (Vid) 
	Measured value (Vn)
	Quality rating (qn)
	Wn
	WQI=
∑Wnqn/∑Wn 

	pH
	8.5
	0.1176
	








0.3662

	0.0430
	7.0
	7.5
	33.33 
	1.433
	





     12.49

	TDS
	500
	0.002
	
	0.0007
	0
	74
	14.8
	0.010
	

	Calcium (Ca)
	75
	0.0133
	
	0.0048
	0
	20
	26.66
	0.127
	

	Magnesium (Mg)
	30
	0.0333
	
	0.0122
	0
	0.70
	2.33
	0.028
	

	Turbidity 
	5
	0.2
	
	0.073
	0
	0.5
	10
	0.073
	

	
	
	∑1/Sn = 0.3662
	
	∑ Wn= 
0.1337 
	
	
	
	∑Wnqn
1.671

	


Source: Soil & Water Testing Laboratory, Satana.


Assessment of water quality index for sample 1
[bookmark: _Hlk203164927]To determine water quality index, we need to know the value of the unit weight and the quality rating, but to calculate the unit weight, we need the value of the quantity constant, so first calculate the quantity constant.
1. Scale Constant (k) to calculate the scale constant first take the correlation of the standard value of each parameter.  
Example 1 for pH 1/Sn = 1/8.5= 0.1176
Example 2 for TDS  1/Sn = 1/500 = 0.002
If all the parameters are added together, the value of the K will be obtained, it will be 0.3662 
2. Unit weight (Wn) the unit weight for pH parameter is calculated 
as Wn= k/Sn 
Wn = 0.3662/8.5= 0.0430
Unit weight (Wn) the unit weight for TDS parameter is calculated 
as Wn= k/Sn 
Wn = 0.3662/500 = 0.0007 
3. Calculate of quality rating for pH, for pH parameters vid = 7 
qn = [ (Vn – Vid) / (Sn- Vid)] x 100   
qn = [ (7.5– 7) / (8.5- 7)] x 100
0.5x 100/ 1.5 = 33.33
Calculate of quality rating for TDS parameters vid = 0 
qn = [ (Vn – Vid) / (Sn- Vid)] x 100   
qn = [(74– 0) / (500- 0)] x 100
74 x 100/ 500 = 14.8 
4. Wn x qn for pH 
0.0430 x 33.33 = 1.433 
Wn x qn for TDS 
0.0007x 14.8 = 0.0103
      5. ∑Wnqn= 1.671 
      6. WQI= ∑Wnqn/∑Wn  
         WQI= 1.671/ 0.1337 = 12.49 
Thus, the WQI measured for sample 1 value is 12.49 water from the Punad Dam is excellent. It can be used for drinking, domestic, irrigation and industrial purposes. Thus, we can determine the water use and water conservation by measuring the water quality Index for another sample. 

Conclusion:  
Water Quality Index (WQI) is a mathematical model that combines several water quality parameters to provide a numerical value or classification that describes the overall quality of water. Water Quality Index (WQI) is a mathematical model that combines several water quality parameters into a single value, providing a comprehensive representation of water quality. the pH of Punad dam water is 7.5 which is useable water for consumption and other uses, the total dissolved solid in the Punad dam water sample, which is 74 mg/L that water is clear for drinking purposes. The Calcium content in the water of Punad dam is 20.0 mg/l the water is fit for drinking. WQI measured for sample1 value is 12.49 water from the Punad Dam is excellent. It can be used for drinking, domestic, irrigation and industrial purposes. Thus, we can determine the water use and water conservation by measuring the water quality Index for another sample.

Disclaimer (Artificial intelligence)
Option 1: 
Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript. 
Option 2: 
Author(s) hereby declare that generative AI technologies such as Large Language Models, etc. have been used during the writing or editing of manuscripts. This explanation will include the name, version, model, and source of the generative AI technology and as well as all input prompts provided to the generative AI technology
Details of the AI usage are given below:
1.
2.
3.


References: 
1. Ritabrata Roy (2019) An Introduction to Water Quality Analysis, International Journal for Environmental Rehabilitation and Conservation. Hydro-Informatics Engineering, under Department of Civil Engineering, National Institute of Technology Agartala, Barjala, Jirania, Tripura (W) Volume No.6 Issue 1. pp 2.  
1. Dheeraj Kumar & Rakesh Kumar (2024) Global water quality indices: Development, Implications, and Limitations, Total Environment Advances, Elsevier, ScienceDirect. Pp.3
3. Runit Isaac & Shaziya Siddiqui (2022), Application of water quality index and multivariate statistical techniques for assessment of water quality around Yamuna River in Agra Region, Uttar Pradesh, India, water supply IWA Publishing, Water Supply Vol 22 No 3, 3399 doi: 10.2166/ws.2021.395 pp. 2. 
4. Guidelines for drinking-water quality Fourth edition incorporating the first and second addenda, World Health Organization 2022 pp. 4.
5. Farzana Akter Eti & Eimtiaz Ibne Easin (2024), Assessment of Water Quality Index (Wqi) In Different Locations of Bangladesh Using Groundwater Quality Parameters,7thInternational Conference on Civil Engineering for Sustainable Development (ICCESD 2024), Bangladesh, pp.1.   
6. Punad D03013" Archived from the original on April 12, 2013. Retrieved March 22, 2013.
7. Rathod N. (2025), Introduction to Water analysis, Book, Nirali Prakashan, Pune.pp.2.2 
8. https://www.researchgate.net/profile/Arvind-Singh-21/post/How_water_quality_index_calculation/attachment/5b35ee56b53d2f8928980c50/AS%3A642775703904256%401530261078633/download/3.pdf.
9. Nayla Hassan (2019) Water Quality Parameters, Water Quality- Science Assessment & Policy, Book. Pp. 5. 
10. Bureau of Indian Standards (BIS) New Delhi. 
11. Divya D. Patel & Darshan J. Mehta (2023), Application of the Weighted Arithmetic Water Quality Index in Assessing Groundwater Quality: A Case Study of the south Gujrat region Div, water MDPI, Water 2023, 15, 3512. https://doi.org/10.3390/w15193512.pp. 4. 
12. Cem Tokatli (2020), Application of Water Quality Index for Drinking Purposes in Dam Lakes: A Case Study of Thrace Region, Sigma Journal of Engineering and Natural Sciences Sigma Mühendislik ve Fen Bilimleri Dergisi, pp.396. 









image1.jpeg




