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ABSTRACT
Water quality indices (WQIs) are essential tools for evaluating and monitoring surface and groundwater quality. This review summarizes the scientific literature related to the development and application of various WQIs worldwide. The WQI converts large multipara meter water analysis data into a single value, facilitating the comparison of water quality from different sources over time. The development of a WQI involves four steps: parameter selection, transformation of parameters into a common scale, weight assignment, and aggregation of sub-indices to generate a final index score. The study discusses the history, categories, and basic procedures of WQI development, as well as the justification for their use. The review also examines different types of WQIs, including the National Sanitation Foundation Water Quality Index (NSFWQI), Oregon Water Quality Index (OWQI), Canadian Council of Ministers of the Environment Water Quality Index (CCME WQI), and others. Each WQI has its advantages and limitations, and the selection of parameters and specific indices depends on the intended use of the water quality assessment. The review concludes by discussing the future scope and recommendations for improving WQIs, such as incorporating additional parameters, using remote sensing strategies, developing site-specific indices, adopting citizen science, and applying AI and machine learning techniques. Collaboration and standardization among various organizations and nations are also encouraged to develop a common strategy for assessing and standardizing WQIs. Regular evaluation and updating of WQIs are necessary to maintain their effectiveness and keep up with recent environmental issues and scientific discoveries.
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INTRODUCTION
Water is an essential natural resource that holds both social and economic significance for people [1]. Human survival is at risk without access to water [2]. Surface water and groundwater are the primary sources of drinking water globally [3]. Owing to agricultural runoff, climate change, industrialization, and rapid urbanization in developing countries, a decrease in the quality and quantity of freshwater is a serious concern. [4] [5]. Surface water pollution is a major problem worldwide and is associated with extensive biological and chemical pollution [6]. The main pressures on aquatic ecosystems are defined as (i) hydro morphological pressures and water extraction, (ii) diffuse sources of pollution, among which the most important are agriculture and atmospheric precipitation, and (iii) point sources of pollution, especially industry and energy production [7]. The amount and type of impurities present in water are responsible for the suitability of water for any use, and these impurities affect the desired use. The various impurities in water are classified as physical, chemical, and biological and are expressed through pollution parameters [8]. To determine the degree and state of contamination in water, water quality must be continuously monitored [9]. As water pollution increases, the availability of freshwater is compromised by various anthropogenic factors [10]. 
The primary aim of this review is to present comprehensive insights into the various Water Quality Indices (WQIs) utilized globally. Specifically, it seeks to (a) outline the evolution of different WQIs, (b) evaluate the elements that influence their parameter criteria, (c) investigate their limitations, (d) examine the extensive use of each WQI, and (e) compare the benefits of WQIs for international applications. In conclusion, this review offers a thorough exploration of future prospects and suggestions for enhancing and expanding the use of WQIs.
The main goal of the WQI is to simplify water quality assessment by transforming data on the components and their concentrations in a sample into a single numerical value. This index value makes it straightforward to compare the quality of different samples. WQIs function by consolidating selected variables into one unit with a lower score, facilitating the monitoring of water changes over time or comparisons between various water bodies [11].
There are two methods to establish a WOI. One involves indices with an ascending scale, where the index values rise as pollution levels increase (water pollution indices). The other involves indices with a descending scale, where the index values fall as pollution levels rise (water quality indices) [12] [13].
Water quality (WQ) is a broad term that refers to unfavourable or undesirable conditions of water quality. Typically, WOIs systems are structured to show a maximum value of 100, which represents pristine water, and a minimum value of zero, indicating water that is heavily contaminated or unfit for any use. This index serves as a tool for comparing different sites and monitoring changes at a single location over time [14]. All indexing systems necessitate measurements to determine the water quality variables. From these measurements, a sub-index rating is derived for each variable. These sub-index values are then combined to produce the final index score [12].
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Figure. 1: Pollutants originate from various sources, including environmental elements, agricultural activities, urban water systems, and industrial operations 
Sources of pollutants include different environmental components, agriculture (fertilizers, pesticides, herbicides, and animal wastes), urban water (storm water runoff, sewage, and wastewater), and industries (chemical discharges and thermal pollution, i.e., heated water, oil spills, petrochemicals, and hydrocarbons) (Figure 1). These sources are usually interconnected, and high pollution levels can have cascading effects on downstream terrestrial and aquatic ecosystems.
DEVELOPMENT OF WATER QUALITY INDEX (WQI) 
Various steps are required for the development of the WQI. From group discussions to one-on-one interviews and mathematical expressions for artificial intelligence (AI) algorithms, a new WQI was designed using these methods [15]. Several studies have tested a new WQI [16] [17]. The steps involved in the development of the WQI are presented in Figure 2. The development of the WQI involves four steps and several sub-steps, as discussed below. 
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Figure. 2: Developing the water quality index entails selecting and identifying parameters to define water quality standards 
The water quality index ensures accurate and reliable results by regressive data collection as representative of water ecosystems and their characteristics and sample analysis, followed by the normalization and weighting of parameters for the calculation of sub-indices to interpret and validate the index.
 WATER QUALITY PARAMETERS SELECTION
The most crucial elements of any WQI are the water quality parameters, as the creation of the index relies on them. Sutadian [18] notes that these three systems can be used for selecting parameters.
These systems are defined as follows:
2.1.1. Fixed system
Within this system, the parameters established by the WQI designer are deemed the most fitting for computing the final index score, and the WQI is restricted to these specific parameters. This constraint leads to a lack of adaptability, which is a common challenge for many users. The system's rigidity means that it cannot accommodate new parameters, even if they become vital and indispensable.
2.1.2. Open system
The system enables users to integrate their selections with necessary parameters. This approach offers greater flexibility and removes the inflexibility found in the initial system. However, an open system faces challenges when comparing WQI outcomes from various monitoring locations. Using a similar parameter imposed by the user makes an open system unsuitable as a comparison tool, especially when creating matrices based on water quality classification and pollution conditions.
2.1.3. Mixed system
This system integrates both fixed and adaptable components. It includes essential fixed parameters necessary for computing the final index, along with new parameters that users can introduce based on their choices.
2.2. Common steps for development of any WQI 
The development of the WQI involved four key steps: selecting parameters, converting these parameters into a standardized scale with different units and dimensions, assigning weights to each parameter, and combining the sub-indices to generate an overall index score [19] [20].
2.3. Justification for use of WQI 
Water Quality Indices (WQIs) were initially employed to interpret water quality monitoring data, offering a meaningful analysis of water results, particularly when pollutant levels were below established water quality standards. Typically, the WQI can completely disregard the significance of the sampling frequency used in water quality monitoring [21]. WQIs assist experts in placing monitoring data within a broader context and enable administrative decision-makers to evaluate the effectiveness of regulatory programs and communicate water quality information clearly and accessibly to the public [22]. Indices fulfil nearly all objectives of monitoring programs, including water quality assessment, treatment, utilization, public information, Research and Development initiatives, and environmental planning [23].
HISTORY OF WATER QUALITY INDEX CONCEPT
The classification of water quality was initiated by Horton in 1965 [24]. Subsequently, in 1970, Brown et al. introduced a general water quality index (WQI) [25]. In 1982, Steinhart et al. implemented a new environmental quality index to consolidate technical data on the condition and trends of the Great Lakes ecosystem [26]. The Water Quality Guidelines Task Group of the Canadian Council of Ministers of the Environment launched the WQI in Canada during the mid-1990s [27] [28] [29]. Commonly used WQIs in public domains include the US National Sanitation Foundation Water Quality Index, NSFWQI, Florida Stream Water Quality Index, FWQI, British Columbia Water Quality Index, BCWQI, Oregon Water Quality Index, OWQI, and the Canadian Water Quality Index (Canadian Council of Ministers of the Environment (CCME). The original BCWQI was adapted into the CCME WQI, which received certification from the Canadian Council of Ministers of the Environment [30]. In India, Bhargava conducted pioneering work on WQI, where water quality was quantified as a number (ranging from 0 for highly/extremely polluted to 100 for completely unpolluted water) reflecting the combined effect of parameters increasing the pollution load [31]. In developing nations, the primary challenge is to devise cost-effective pollution control strategies, with analytical costs being a limiting factor due to limited funding. Consequently, Ongley (1998) recommended that in such scenarios, only a few essential parameters should be used to assess the WQI [32] [33]. Numerous researchers have utilized a water quality index to depict the quality status following monitoring and analysis. Some of the data are presented in Table 1.
Table 1: List of selected studies carried out worldwide using water quality indices 
	Sl No.
	Workers
	Year of publication
	Type of Work
	Index used

	1. 
	Tiwari and Mishra [34] 
	1985
	Water quality index of major Indian rivers
	Water Quality index

	2. 
	Singh [35]

	1992 
	Water quality index of some major rivers of Pune, Maharashtra
	WQI

	3. 
	Wills and Irvine [36]
	1996 
	Water quality assessment in Cazenovia creek New York in watershed management project 
	NSFWQI

	4. 
	Subba Rao [37]

	1997 
	Water quality index in hard rock terrain of Guntur district, Andhra Pradesh, India 
	WQI

	5. 
	Zanderbergen et al. [38]
	1998 
	Water quality of two small water shed in Greater Vancouver area 
	BCWQI

	6. 
	Pesce and Wunderlin [39]
	2000 
	Water quality of the Suquia River (Argentina) 
	WQI

	7. 
	Mishra and Patel [40]

	2001 
	Pollution load in the drinking water of Rairangpur, A small tribal dominated town of North Orissa 
	WQI

	8. 
	Naik and Purohit [41]
	2001 
	Water quality of river Brahmani in Sundargarh district, Orissa 
	WQI

	9. 
	Rudolf et al. [42]
 
	2002 
	Effect of industrial and municipal effluents on the waters of San Vicente Bay (Chile) by using DO content as an index of water quality 
	WQI

	10. 
	Sargaonkar et al. [43]
	2003 
	Water pollution load of Yamuna river 
	Overall index of pollution

	11. 
	Said et al. [44]

	2004 
	Big Lost River Watershed in Idaho Innovative 
	WQI using DO

	12. 
	Khan et al. [45]

	2005 
	On water quality for five pristine watersheds in Newfoundland and Labrador 
	Modified site specific WQI

	13. 
	Sanchez et al.
[46]

	2006 
	DO deficit was used as the environmental indicator to assess the WQI in the watersheds of Las Rozas, Madrid (Spain) 
	Modified WQI

	14. 
	Lumb et al. [47]
	2006 
	Water quality of Mackenzie River basin, Canada 
	CCMEWQI

	15. 
	Kannel et al.
[48]

	2007 
	Spatial and temporal changes of the water quality in the Bagmati River Basin (Nepal) 
	Modified WQI

	16. 
	Hop et al. [49]

	2007 
	Water quality of Huong, Thach Han and KienGiang rivers 
	Bhargava WQI

	17. 
	Sedeño-Díaz and López-López [50]

	2007 
	Spatial and long temporal variations in water quality over the last 25 years in the Río Lerma basin, Mexico 
	WQI

	18. 
	Avvannavar and Shrihari [51]
	2008 
	Water quality index for drinking purposes for river Netravathi, Mangalore, South India 
	WQI

	19. 
	Sahu and Sikdar [52]

	2008 
	Hydrochemical framework of the aquifer in and around East Kolkata wetlands, West Bengal 
	WQI

	20. 
	Samantray et al. [53]

	2009 
	Assessment of Water Quality Index in Mahanadi and Atharabanki Rivers and Taldanda Canal in Paradip Area, India 
	NSFWQI

	21. 
	Parmar et al.
[54]

	2010 
	Evaluation of water quality index for drinking purposes of river Subernarekha
	Bhargava WQI

	22. 
	Cristina Roşu et al. [55]

	2011 
	Assessment of ground water quality in Tureni Village, Cluj County 
	WQI

	23. 
	Sharma et al.
[56]
 
	2011 
	Water quality analysis of River Yamuna in the national capital territory (2000-2009), India 
	CCMEWQI

	24. 
	Shokuhi et al.
[57]
	2012 
	Evaluation of Aydughmush Dam ReservoirWater Quality 
	NSFWQI

	25. 
	Bhattacharya et al. [58]
	2012 
	Groundwater quality of Anand district, Gujarat, India 
	Modified  WQI

	26. 
	Mangukya et al. [59]
	2012 
	Ground water quality of Surat city, Gujarat, India 
	Modified WQI

	27. 
	Fataei et al.
[60]
	2013 
	Water Quality Assessment in Balikhlou River, Iran 
	WQI and CWQI

	28. 
	Jena et al.
[61]
	2013 
	Assessment Of Water Quality Of Industrial Area(Bhilai Steel Plant industrial area, India) Surface Water Samples 
	BSI-WQI
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Figure 3. Various water quality indices are employed worldwide to evaluate overall water quality.
Different water quality indices are used globally to assess the overall water quality (Figure 3). These water quality indices use multiple quality parameters and condense into a single value for an overall assessment of water quality and are used for communication with the public and policymakers. The selection of parameters and specific indices depends on the interest in and intended use of water quality assessment.
The timeline development of various globally recognized WQIs accounts for the progress of indices in response to the need for comprehensive water quality assessment and growing environmental awareness (Figure 4). The timeline development of globally recognized Water Quality Indices (WQIs) reflects a progressive evolution in response to the increasing complexity of water quality assessment and heightened environmental consciousness. Early indices, developed in the mid-20th century, primarily focused on a limited set of parameters to evaluate water quality for specific uses, such as drinking water or aquatic life support. As environmental concerns grew and scientific understanding advanced, these indices expanded to incorporate a broader range of physical, chemical, and biological indicators.
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Figure 4. The timeline development of various globally recognized WQIs accounts for the progress of indices in response to the need for comprehensive water quality assessment and growing environmental awareness.
The latter half of the 20th century and early 21st century saw a significant shift towards more comprehensive and sophisticated WQIs. These newer indices began to account for regional variations, ecosystem-specific requirements, and emerging contaminants. Additionally, the development of WQIs became increasingly data-driven, utilizing advanced statistical methods and incorporating weightings based on the relative importance of different parameters. This evolution has led to the creation of more nuanced and adaptable indices capable of providing a more accurate representation of overall water quality across diverse aquatic environments and addressing complex environmental challenges.
WQI CATEGORIES
Water quality indices are generally categorized into four distinct groups [62]. The first group, known as public indices, includes the National Sanitation Foundation Water Quality Index (NSFWQI) and evaluates overall water quality without considering specific water uses [63]. The second group, specific consumption indices, categorizes water based on its intended application, such as for drinking, industrial use, or ecosystem conservation, with notable examples being the Oregon and British Columbia indices [64]. The third group consists of designing or planning indices, which are utilized for decision-making and planning in water quality management projects. The fourth group uses statistical methods to analyze data, excluding personal opinions. This approach involves statistically validating certain assumptions about water quality observations. The first three indices are also referred to as the expert opinion (EO) approach, which is subjective due to the different weights assigned by various expert panels to the same variables [65]. This subjectivity can diminish the objectivity and comparability of expert evaluations. As a result, several alternative indices have been developed. However, the subjective assumptions in these indices can be reduced by using statistical methods. Statistical approaches can also aid in identifying key parameters for assessing water quality and determining their significance [66].
WQI DEVELOPMENT PROCEDURE
In the expert opinion method, the initial step in creating a water quality index involves selecting the variables. To facilitate this monitoring, water samples are necessary to produce the initial data. After obtaining the raw data, the variables undergo transformation, which can be achieved through various statistical methods. Each parameter has its own units and ranges, so the transformation process standardizes them onto a common scale, resulting in the creation of sub-indices. Each parameter is then assigned a weight based on its significance and potential effect on water quality, with expert input needed for this weighting. Some indices, like those developed by Sargaonker and Prati, as well as the aquatic toxicity index, do not incorporate weight assignments. The subsequent step involves combining the sub-indices to produce an overall index value. Ultimately, the water quality is assessed and categorized [67]. Working with large datasets presents difficulties in deriving significant insights into water quality parameters. To analyse the structure and interconnections within multivariate data during the transformation and aggregation stages of index development, statistical methods like cluster analysis (CA), discriminant analysis (DA), factor analysis (FA), and principal component analysis (PCA) are widely utilized. Additionally, artificial intelligence techniques, such as fuzzy logic, can be employed in this scenario [68]. These statistical approaches help reduce subjective assumptions and improve the accuracy of the index.
DIFFERENT TYPES OF THE WATER QUALITY INDEX 
i. National Sanitation Foundation Water Quality Index (NSFWQI)
Brown et al. developed a water quality index using the Delphi method, which entailed the careful selection of parameters, the creation of a standardized scale, and the assignment of weights to these parameters. This index, endorsed by the National Sanitation Foundation (NSF) and referred to as the NSFWQI, is widely referenced in numerous studies due to its thoroughness [69] [70]. Experts crafted rating curves to allocate values that represent variations in water quality levels based on the different extents of each chosen parameter. By formulating these rating curves and their associated weights, such as the additive index, it becomes possible to compute a water quality index.
WQI = ∑n 𝑖=1   W𝑖Q𝑖
I= ∑n𝑖=1   I𝑖W𝑖
Where, ∑ =1, I𝑖= Sub-index of each parameter, W𝑖= Weighting factor, Q𝑖 = is the rating value of parameter 𝑖 and n= Number of sub-indices.
ii. Oregon Water Quality Index (OWQI) 
The Oregon Water Quality Index (OWQI), developed by the Oregon Department of Environmental Quality (ODEQ) in the late 1970s and subsequently revised several times, is another widely used WQI accessible to the public [71]. Although it was initially discontinued in 1983 due to the significant resources required for its calculation and reporting, the OWQI was updated in 1995. This update was made possible by advancements in computer technology, better data visualization tools, and an improved understanding of water quality. The revision involved refining the original sub-indices, adding temperature and total phosphorus sub-indices, and improving aggregation calculations. The OWQI is calculated by integrating the values of eight water quality variables. While it has been used to evaluate the ambient water quality of Oregon streams, caution is advised when applying it to other regions or water bodies. Originating in the 1970s, the OWQI has greatly contributed to the advancement of water quality science [72]. The original OWQI was based on the NSFWQI, and the Delphi method was used to select variables [73] [74]. This method was also employed to create a recreational water quality index. It is a technique that organizes information from a group of experts to reach a consensus based on the best available knowledge, especially for complex issues [75] [76]. Both indices used logarithmic transformations to convert water quality variable results into sub-index values. These transformations highlight that a change in magnitude at lower impairment levels has a more significant impact than an equivalent change at higher impairment levels.
1. A weighted arithmetic mean function was used in the original OWQI.
WQI = ∑n 𝑖=1   SI𝑖W𝑖
2. The NSF WQI utilized the weighted geometric mean function, as described by McClelland in 1974.
WQI = Πn 𝑖=1   SIW𝑖
Where, SI𝑖= Sub-index of each parameters, W𝑖= Weighting factor, n= Number of sub-indices. 
The formula for the weighted arithmetic mean can be improved by using the unweighted harmonic square mean formula to combine the sub-index results [77]. This WQI is useful because it allows the most affected variable to have the biggest impact on the WQI. This shows how important different variables are for overall water quality at different times and places. The formula is expressed as
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iii. Bhargava method
Bhargava divided parameters into four separate categories, each containing a distinct type of parameter. The first category, which included coliform organisms, served as an indicator of the bacterial quality of drinking water. The second category comprised heavy metals and toxicants. Parameters influencing physical traits, such as odor, color, and turbidity, were included in the third category. The fourth category was made up of organic and inorganic substances, such as sulfate and chloride. The simplified model for the WQI is presented.by
WQI = Πn 𝑖=1   𝘧𝑖 (𝙋𝑖) 1/n
In this context, n represents the count of pertinent variables, and fi (Pi) denotes a function that accounts for the sensitivity of the ith variable, factoring in the influence of its weighting. This Water Quality Index (WQI) was utilized on the unprocessed data from the Yamuna River segment in Delhi, India [78] [79].
iv. Smith’s index
Smith's index is a combination of two prevalent indices, drawing on expert opinions and water quality standards for both contact and non-contact water uses. The Delphi method was employed to determine the parameters for each water category, create sub-indices, and allocate weights. The final index score was derived using the minimum operator technique.
Imin = ∑min (Isub1, Isub2 …. Isubn)
Where Imin is the lowest sub index value [80] [81].
v. British Columbia Water quality Index (BCWQI)
In 1995, the Canadian Ministry of the Environment introduced the BCWQI as a novel method for assessing water quality. This index functions similarly to the Canadian Council of Ministers of the Environment Water Quality Index (CCMEWQI), where water quality parameters are evaluated, and any breaches are identified by comparing them to a set threshold. The BCWQI allows for classification based on all available measurement parameters. The final index was calculated using the following equation:
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The number 1.453 is used to make sure the scale index number is between 0 and 100. The reliability of the British Columbia Index depends on repeated sampling and the number of stations. Because of the use of the maximum percentage of deviation, the water quality trend is different from the standard limit. This makes it hard to know how many withdrawals go over the maximum limit, which is a big limitation of the BCWQI [82].
vi. Canadian Council of Ministers of the Environment (CCME) Water Quality Index (WQI) 
To make the intricate and technical data on water quality more accessible, the Canadian Council of Ministers of the Environment (CCME) [83] created a water quality index. This index, known as the CCME WQI, serves as a science-based tool for communicating by evaluating multivariable water quality data against user-defined benchmarks. It combines three variance measures—scope, frequency, and magnitude—into a single, unitless number that reflects the overall water quality at a site in relation to the chosen benchmark, such as the protection of aquatic life. This result is expressed as a number between 0 and 100, where 100 signifies that the variables are either similar to or below the selected benchmarks. To aid in this process, CCME developed a calculator, a preprogrammed spreadsheet with mathematical formulas, to help users assess the condition or health of a water body. The CCME WQI, based on Canadian Water Quality Guidelines [84] [85], was employed to evaluate spatial and temporal changes in water quality. In summary, the Canadian Water Quality Index (CWQI) was determined using the following three factors:
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Where: 
F1 denotes Scope: The proportion of variables exceeding the guideline 
F1= [Number of variables not achieving their objectives /total number of variables] × 100
 F2 signifies Frequency: The rate at which objectives are unmet
 F2= [Number of tests failing to meet objectives /total number of tests] × 100
 F3 indicates Amplitude: The extent to which the unsuccessful tests surpass the guideline
(a) Range/Excursion i = [Failed test value/Objective j]-1 
(b) nse =  ∑n 𝑖=1  Excursion/No of tests 
(c) F3= [nse /0.01nse+0.01]
The constant 1.732 is a scaling factor (square root of three) to ensure that the index varies between 0 and 100.
The CCME WQI offers the benefit of summarizing various variable measurements into a single figure and integrating different measurements into one metric. However, its drawbacks include the potential loss of detailed information when multiple variables are condensed into a single index value, the absence of variable interactions, limited applicability across different ecosystem types, and the results' sensitivity to how the index is formulated [86]. The CCME WQI is not intended to replace comprehensive variable analysis but serves as a tool for water managers to consistently and continuously convey the overall water quality.
vii. Overall Index of Pollution (OIP)
The National Environmental Engineering Research Institute (NEERI) in Nagpur, India, devised a technique by Sargaonker et al. to assess the state of surface waters, with a focus on India. This approach is grounded in classification systems developed by the CPCB and another proposed by Prati et al., forming a detailed classification framework [87]. The OIP, designed by Sargaonker and Deshpande for Indian rivers, evaluates and categorizes elements such as hardness, total dissolved solids, pH, dissolved oxygen, BOD, turbidity, arsenic, fluoride, and total coliforms [88]. Based on standards from the BIS, WHO, and European Community, water quality is classified into six categories: heavily polluted, polluted, slightly polluted, acceptable, and excellent. The OIP is calculated by averaging the pollution indices assigned to each observation.
OIP= ∑𝑖 𝙋𝑖 /𝑛
Where Pi is the pollution index for the ith parameter and n is the number of parameters.
viii. The River Ganga Index 
The purpose of this development, as suggested by its name, is to assess the water quality of the Ganga River. It is derived from the NSFWQI, utilizing a weighted multiplication approach established by the Central Water Pollution Board in India, with minor adjustments to the weights. Through the Delphi method, four key water quality indicators were chosen: dissolved oxygen (DO), biochemical oxygen demand (BOD), pH, and fecal coliforms. To determine the overall water quality index, a weighted sum aggregation function is employed.
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In this context, Ii represents the sub index for the ith water quality parameter, wi denotes the weight assigned to the ith water quality parameter, and P stands for the water quality parameter itself. This index was employed to evaluate the water quality of the Ganga and to identify the most polluted sections of the river that urgently need pollution control interventions [89].
ix. Recreational water quality index (RWQI)
In an optimal situation, indicators of recreational water quality are either microorganisms or chemical substances that can be quantitatively associated with swimming and linked to health risks. Adding more variables can result in rigidity, so it is essential to select parameters for the RWQI calculation with care. Nevertheless, the water quality index does not truly represent actual water quality due to an imperfect aggregation function. As the number of water quality variables grows, the magnitude of the aggregated index decreases, causing uncertainty [90]. Numerical scales were devised for each variable to assess changes in water quality and to effectively convey the results to others. These rating curves are crucial to the creation of this index. They can mimic the relationship between swimming-related illnesses and water quality indicators. The effectiveness of the developed quality index largely depends on these rating curves. Once these curves are established, various methods for calculating the water quality index become feasible. The calculation of the proposed RWQI is (1):
RWQI- Πn 𝑖=1 Q𝑖W𝑖               (1)

Where Qi is the rating value of parameter i and Wi is the weighting factor (ΣWi=1). Thus, each analytical measurement is converted into a dimensionless value or quality level (Qi) using a mathematical formula or its graphical equivalent. The overall index value Wi reflects the influence of each parameter. To determine each parameter, their specific weights must be taken into account. Wi was determined as (2):
Wi = 1/a𝑖   / ∑ 1/a𝑖                             (2)

The ai coefficient values range from 1, representing a highly significant parameter, to 4, indicating a less crucial parameter, based on the importance assigned to each parameter in the index. As a result, the RWQI is calculated by multiplying the products of the parameter weights and sub-index values (Qi Wi) (Eq. 1). The RWQI is a number between 0 and 100, with values close to 100 indicating excellent quality. This method removes ambiguity and reduces the number of water quality variables that need to be combined into a single index. If a sub-index value is zero, the RWQI automatically becomes zero. Furthermore, the parameter's weight factor allows for significant to minor variations for each specific parameter. Additionally, this formulation is highly sensitive to small parameter changes, thereby providing enhanced protection.
x. Water quality index (WQI)
According to Couillard and Lefebre, a WQI is a formula used to measure water quality. This measurement can be obtained through either a deductive or inductive method [91]. The result can be displayed as a symbol or a simple combination of numeric and alphanumeric elements.

Assigning weight to parameters-w𝑖       (i)
W𝑖= w𝑖/ ∑n 𝑖=n w𝑖                                             (ii)

Where, W𝑖= relative weight
	   𝑛= number of parameters
q𝑖 = C𝑖 / S𝑖 𝘹 100                             (iii)

Where, q𝑖 =the quality rating (i) (ii) (iii)
C𝑖 = the concentration of each chemical parameter in each water sample in milligrams per litre
S𝑖 =the standard for each chemical parameter in in milligrams per litre
Sl𝑖 =W𝑖 𝘹 q𝑖             (iv)
Where, Sl𝑖 = the sub-index of ith parameter
WQI = ∑Sl𝑖              (v)
The water quality index has five levels: excellent (index range >80-100), good (index range >60-80), moderate (index range >40-60), bad (index range >20-60), and very bad (index range >0-20) [92] [93]. The overall water condition score is calculated using the WQI method by Bascaran from 1979. This score includes weighted values of physical, chemical, and biological factors checked in the field or lab. You can use standard water analysis data like major ions, pH, temperature, and electrical conductivity for this. The accuracy improves with more data. Weights and percentage values are assigned based on the concentrations or values, following a specific relationship [94].
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Where
 Ci =percent value function assigned to the parameters 
Pi =weight assigned to each parameter 
Ki= constant (1.0 for clear waters without visible contamination, 0.75 for waters with slight discoloration, scum, or noticeable unnatural turbidity, 0.50 for water that appears polluted and has a strong odor, 0.25 for black waters exhibiting fermentation and odors.
For each sample tested, we calculated the total of the weighted factors. Then, we multiplied this by a constant related to the sample's sensitivity, like how it looks and smells. Common factors used include major ions, biochemical oxygen demand (BOD), solids in water, nitrogen, phosphorus, sulfur, pH, hardness, cloudiness, electrical conductivity, and harmful elements. Major ions were used to check the water quality in the Mexico Basin. The ICA scores ranged from 0 to 100. The quality levels are 90-100 (Excellent), 80-90 (Acceptable), 70-80 (Slightly polluted), 50-70 (Polluted), 40-50 (Strongly polluted), and 0-40 (Excessively polluted).
xi. Contamination index (CI) 
The CI represents the sum of individual components that exceed the limits established by the EPA. This method aids in assessing and visualizing the levels of groundwater contamination. It takes into account ion elements and species that go beyond the safety thresholds for human health according to the Environmental Protection Agency's guidelines. The CI was assessed in the following way:
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C𝘧𝑖 is the contamination factor for the Nth component,
N =total number of parameters 
CA𝑖 is the analytical value of the Nth component
 CN𝑖 is the permissible superior concentration of the Nth component 
This method uses ions and elements in groundwater, identified through lab tests that exceed safe drinking limits. The CI calculation comes from adding up factors of components that go over the limits set by the Official Mexican Standard NOM-127-SSA1-1994. This standard outline safe water quality and treatment for drinking. However, NOM-127-SSA1-1994 does not cover many physical and chemical parameters for a full CI estimate. Therefore, to use most well test results (DGCOH 1998), the study included guidelines from the Ecological Water Quality Criteria (Mexico), World Health Organization (WHO), and European Economic Community (CEE). This helps in better mapping of contamination. Negative values, linked to primary recharge zones with no clear contamination, were left out of the CI map. Only values above zero were used [95].


xii. Aquatic Toxicity Index (ATI)
Wepener and others created a way to check the health of water environments. They used data on how toxic different water qualities are to fish to see how healthy the water is [96]. They looked at physical water qualities like pH, dissolved oxygen, and turbidity. They also checked chemical parts like ammonium, total dissolved salts, fluoride, potassium, and orthophosphates. Metals that could be harmful included Zn, Mn, Cr, Cu, Pb, and Ni. They used an ATI scale, similar to the WQI scale by Smith for salmon spawning. At first, they used the Solway modified unweighted additive aggregation function to combine the values from the rating curves [97].
[image: ]
In this scenario, I stand for the ultimate index score, qi represents the quality of the ith parameter (with values between 0 and 100), and n indicates the total number of factors in the indexing system. Wepener et al. chose not to employ a weighted sum method because there was a lack of adequate information regarding the relative importance of each factor under different local conditions and the overall system chemistry.
xiii. Dinius Water Quality Index (DWQI)
Dinius developed a water quality index specifically designed for six types of water usage: public water supply, recreation, fish, shellfish, agriculture, and industry. He heavily relied on the Delphi method for making decisions. The index included 12 parameters: dissolved oxygen, 5-day BOD, coliform count, E. coli count, pH, alkalinity, hardness, chloride, specific conductivity, temperature, color, and nitrate. The significance of each parameter was determined by the Delphi panel members, who assigned weights to them [98]. The individual sub-index functions were combined using a multiplicative aggregation function as described.
[image: ]
The Dinius water quality index (IWQ) goes from 0 to 100. Ii is the sub-index for a pollutant, and Wi is the weight of the pollutant, ranging from 0 to 1. The variable n is the total number of pollutants.



FUTURE SCOPE AND RECOMMENDATIONS
The Water Quality Index (WQI) serves as a crucial instrument for assessing and tracking the quality of both surface and groundwater. Nonetheless, it can be enhanced to address contemporary environmental challenges more thoroughly and innovatively. Here are several ways to make the WQI more effective:
a) Incorporating additional parameters: To stay aligned with the latest environmental issues, the WQI could be expanded to include factors like microplastics, antibiotic resistance, and endocrine-disrupting chemicals.
b) Utilizing remote sensing techniques: By integrating satellite and remote sensing data, it becomes feasible to assess the status of large water bodies in real-time, especially in isolated areas.
c) Creating site-specific indices: By considering local environmental factors, pollutants, and biological conditions, site-specific indices can offer more accurate evaluations of water quality in various regions.
d) Developing predictive models: Predictive models assist in managing strategies to preserve water quality and prevent pollution by predicting current water quality conditions and the impacts of potential pollution sources.
e) Embracing Citizen Science: Citizen Science can contribute valuable data for WQI assessments and provide a broader perspective on the state of water quality.
f) Incorporating stakeholder feedback: To better understand stakeholders' views on water quality and the effects of different pollution sources, the WQI should include feedback from groups such as residents, farmers, and industry representatives.
g) Applying AI and machine learning: AI and machine learning can be employed to analyze large datasets, identify patterns, and detect trends in water quality data. This can lead to more accurate water quality assessments and assist in future predictions based on factors like land use, weather, and pollution sources.
h) Promoting cooperation and standardization: Developing a unified approach for evaluating and standardizing the WQI can be achieved through collaboration among various organizations and countries. Sharing data and information can enhance the understanding of global water quality issues.
i) Ensuring continuous improvement: The WQI should be regularly reviewed and updated to maintain its effectiveness and stay current with new environmental challenges and scientific advancements.
By adopting these suggestions, the WQI can evolve into a comprehensive and valuable tool for managing and accessing water quality. This can help preserve and enhance the quality of groundwater and surface resources, ensuring their sustainable use for current and future generations.
CONCLUSION 
Water quality is influenced by its intended use, with acceptable criteria varying based on current conditions and differing across regions and times. To simplify the complex data from multipara meter water analyses into a single score, water quality indices are essential. These indices are crucial for evaluating the water quality of a source over time and under various influencing factors. The timing of sampling also greatly affects the water quality parameters and, consequently, the index value. Creating a universally accepted water quality index is challenging, but researchers can develop indices tailored to specific regions and sources. Most existing indices focus on surface water, leaving room for the development of a groundwater quality index. Commonly used indices for water quality assessment include NSF, CCME, WQI, and WQI, with CCME and BCWQI being particularly effective for low parameter values. The general WQI is a useful method, but the parameters must be carefully chosen based on the source and timing. Smith’s index offers better data aggregation, while the main limitation of the NSFQI is its eclipsing effect, where one or more parameters exceeding permissible limits are obscured if others are within limits. Notably, organic pollutants are often excluded from these indices due to the high cost of analysis, although other critical water quality parameters are considered. Regular monitoring is necessary to track changes in physicochemical parameter concentrations and communicate them to the public. Therefore, these indices serve as valuable tools for presenting water quality in a straightforward and comprehensible way.
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