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Abstract

This study provides a detailed analysis of Water Quality Indexes (WQIs), tracing their
historical development and evolution from simple aggregative models to sophisticated
approaches using multivariate analysis and machine learning. It explores data collection,
normalization, weighing, and aggregation methods, highlighting their advantages and
disadvantages. The research also explores the influence of technology and environmental
challenges on WQI creation. The review seeks to clarify WQIs' intricacies and provide future

directions for improving environmental monitoring and public health.
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1. INTRODUCTION

One essential natural resource for human survival is water, supporting various activities and
well-being. Surface and groundwater sources are crucial, but access remains a major obstacle,
with over 1.1 billion people lacking clean water [1]. By 2025, over two-thirds of nations will

face water-related issues [2].
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Figure 1: Water Quality Indexes [3]

Water quality can deteriorate due to factors like social and economic growth, human activities,
climate changes, and hydrological variations [4]. The accumulation of pollutants in surface
water might result from these conditions, lowering the quality of the water. Maintaining water

resources requires effective management [5].

Water quality is evaluated by tracking changes in its synthetic, organic, and physical
components, which can be manipulated by natural and artificial cycles [6]. Water Quality
Indexes (WQIs) are an effective method for representing water quality, reducing complex

indices to a single value between 0 and 100 [7].

This study aims to explore various models, systems, histories, and perspectives related to water
quality indexes (WQIs) [8]. It will examine various water quality lists used globally for
assessment and discuss their advantages and disadvantages [9]. The study will also explore the
intricacies of water quality evaluation, their historical roots, mechanical mechanisms, and
various perspectives. The review will also propose future directions for working on WQIs in

water resources management [10].
2. WATER QUALITY INDEX

The Water Quality Index (WQI) is a device used to evaluate water quality, making it easier to
reveal information and crucial for natural observation, policymaking, and public

communication due to its straightforward and effective estimation [11].
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e Historical Perspective of WQIs
In the 1960s, the World Quality Index (WQI) was created to evaluate water quality by
integrating various criteria into a single score [12]. Over time, it has evolved with advanced

statistical and computational techniques for improved reliability and accuracy [13].
e Models Used in WQIs

WQIs are calculated using various models with unique methodologies and applications, with

the most common models being [14]:

1. Arithmetic Mean Method: WQIs are calculated using various models with unique

methodologies and applications, with the most common models being.

2. Geometric Mean Method: This method emphasizes lower values, making it more
sensitive to poor water quality, and is particularly useful in identifying potential health

risks in water bodies.

3. Weighted Sum Method: The approach assigns weights to various water quality

parameters, resulting in a more complex and representative WQI index.
e Historical Evolution and Key Milestones

The World Quality Index (WQI) was made during the 1960s to assess water quality by
coordinating different rules into a solitary score [15]. Over time, it has evolved with advanced

statistical and computational techniques for improved reliability and accuracy [16].
> Phases of WQI development

The World Quality Index (WQI) was made during the 1960s to assess water quality by
coordinating different measures into a solitary score [17]. Over time, it has evolved with

advanced statistical and computational techniques for improved reliability and accuracy [18].
e Early Conceptualization

The mid-20th century saw the development of Water Quality Indexes (WQI), initially focusing
on basic factors like pH, dissolved oxygen, and turbidity. These early indexes provided a basic
overview of water quality but lacked depth to capture complex biological and chemical

interactions.
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e Refinement and Expansion

The second phase of environmental science saw the refinement and expansion of WQIs, with
advanced statistical methods and a wider range of parameters introduced. This led to the
invention of weighted arithmetic indexes like WAWQI, allowing for fairer evaluations of water
quality. Advancements in processing power enabled multivariate statistical methods for

complex datasets.
e Standardization and Policy Integration

The third stage of development aimed to incorporate WQI into environmental policy
frameworks and standardize them, adopting standardized WQIs by organizations like WHO
and EPA. Area-specific indices were created to address unique regulatory requirements and

environmental conditions.
e Modern Innovations

The World Quality Index (WQI) is a 21st-century tool that uses advanced technology and
techniques to monitor water quality in real-time. It incorporates sensor technology and remote
sensing, allowing WQIs to react to environmental changes. Machine learning and artificial
intelligence are used to analyse large datasets, identify patterns, and forecast potential changes.
As technology advances, WQIs become more important in environmental monitoring, policy-
making, and public awareness, making them a crucial component of global efforts to conserve

and manage water resources.
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Figure 2: Phases of WQI development [19]
3. EVOLUTION OF WQI RESEARCH

The Water Quality File (WQI) study, developed in the 1960s, has significantly improved water
quality management. It aims to create a uniform framework for assessing water quality by
consolidating various variables into a single mathematical score, making complex information

more accessible [20].

During the 1970s and 1980s, WQI research expanded to include physical, chemical, and
biological indexes. Researchers adjusted WQIs for individual water bodies and intended uses,
including drinking water, recreational water, and aquatic ecosystems [21]. Region-specific
health quality indexes were developed to consider local environmental conditions and pollution

sources [22].

The 1990s and 2000s saw significant advancements in computational technology and
geographic information systems (GIS), influencing the development of Water Quality Index
(WQI) research [23]. The integration of remote sensing data and spatial analysis methodologies
was necessary for evaluating water quality on larger spatial scales and in dynamic
environments. Multi-rules choice analysis (MCDA) was introduced to guide comprehensive

assessments of water quality [24]. The focus has shifted to contemporary water quality issues,
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such as toxins, environmental change impacts, and sustainable water management.

Participatory methodologies and Al are being used to develop more adaptable WQIs. The

development of WQI research reflects the growing complexity of water quality problems and

the need for more comprehensive and adaptive tools [25].

2500
2000
1500
1000

500

2016 2017 2018 2019 2020 2021 2022 2023

Figure 3: Water Quality Index (WQI) Research Over the Years [26]
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Figure 4: Water Quality Index (WQI) Research by Country/Region [27]

4. DIFERENT METHODS FOR WQI DETERMINATION

The Water Quality Index (WQI) is resolved utilizing different techniques, including the
Weighted Arithmetic Index, NSFWQI, CCMEWQI, and OWQI [28]. The Weighted Arithmetic

Index method is a simple and flexible approach that involves weighing water quality

characteristics like nutrients, heavy metals, pH, turbidity, and dissolved oxygen. This method
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allows for the inclusion of a wide range of criteria and weightings based on the specific water

body and research goals [29].
4.1.National sanitation foundation (NSFWQI)

The National Sanitation Foundation's Water Quality Index (NSFWQI) is a broadly involved
device for evaluating and dispersing data about water quality. Made during the 1970s, it
comprises of nine key elements, including Broke up Oxygen (DO), pH, Biochemical Oxygen
Interest (Body), temperature change, complete phosphate and nitrate levels, turbidity, and all
out solids. Higher DO values indicate higher quality water, while high pH levels negatively
impact contaminant solubility and aquatic life. High BOD indicates low DO and high organic
pollution. Temperature change affects metabolic rates and species diversity, while high
phosphate and nitrate levels can lead to eutrophication and health problems [30]. The ultimate
score on the index can range from O to 100, with qualitative descriptions used to make

understanding easier.

Table 1: Water Quality Index (WQI) score into different qualitative descriptors [31].

WQI Score Range | Qualitative Descriptor
90-100 Excellent

80-90 Good

60-80 Medium

30-60 Bad

0-30 Very Bad

4.2.Canadian council of ministers of the environment water quality index

(CCMEWQI)

The Canadian Council of Ministers of the Environment Water Quality Index (CCME WQI) is
a device utilized in Canada to survey and impart surface water quality information. It offers a
solitary benefit that gathers various water quality models into a straightforward index score,
working with understanding and evaluation of water quality across different settings and time
spans. The CCME WQI thinks about physical, compound, and organic qualities of water,
including pH, broke up oxygen, biochemical oxygen interest, all out suspended solids, and

foreign substances like supplements and weighty metals. Sub-records are appointed to each
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water quality measurement, featuring regions where water quality might be debased. The last

score is resolved utilizing a weighted arithmetic mean or other suitable strategy [32].
e Interpretation of CCME WQI Scores:

Table 2: Water Quality Based on The CCMEWQI [33]

Class | WQI Value Water Quality Description
Range
I 76-100 Great water quality is protected by near absolute absence of danger.

The environment is about exactly as it would be in nature.

I 66-75 A minor danger is warded off by good water quality. Situations

rarely diverge from average values.

il 51-65 Alright Although occasionally threatened, the quality of the water is
normally safe. Situations can occasionally diverge from average

values.

v 41-50 Not good (marginal) Water quality is frequently at risk. The

conditions often diverge from average levels

v 0-40 Extremely Negative (Deficient) Water quality is almost never safe

Typically, the conditions differ from average levels

4.3.0regon water quality index (OWQI)

The Oregon Water Quality Index (OWQI) is a US technique for evaluating water quality in
Oregon, taking into account factors like temperature, broke down oxygen levels, pH balance,
conductivity, turbidity, complete nitrogen, all out phosphorus, and waste coliform

microorganisms, deciding water reasonableness for drinking and oceanic territory support [34].
e Calculation and Interpretation

The OWQI measures water quality by determining the significance of each parameter and
applying weights. Data from monitoring stations is normalized for fair comparisons across
water bodies and periods. The weighted scores are aggregated, resulting in a score ranging from

0 to 100, with higher scores indicating better water quality [35].

Table 3: As Per the OWQI Index, Water Index [36]

Numerical Value Range | Condition | Colour
90-100 Excellent | Blue
85-90 Good Green
80-85 Medium Yellow
30-75 Bad Orange
1040 Very Bad | Red
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The Original Water Quality Index (OWQI) categorizes water quality into levels like excellent,

good, fair, bad, and extremely poor, aiding public, environmental agencies, and policymakers
in understanding water health. However, it has limitations such as weighting methodologies
and omission of certain contaminants. Despite its usefulness, OWQI is often used in
conjunction with other assessments for comprehensive water management and conservation

activities [37].

4.4.Weighted arithmetic water quality index (WAWQI)

The Weighted Arithmetic Water Quality Index (WAWQI) is a mathematical marker that
consolidates numerous water quality boundaries into a solitary measure. It works on
information examination by allocating loads to factors in light of their significance in surveying
water quality [38]. The WAWAQI standardizes each parameter to a common range of 0 to 100,
ensuring accurate integration. The process involves selecting key water quality metrics, sizing
data, assigning weights, and calculating the weighted average. A higher score indicates better
water quality, while a lower score indicates worse. The WAWQI is useful for stakeholders,
including environmental regulators, policymakers, and researchers, to assess and compare
water quality across locations or over time. However, it may be subject to subjectivity and lacks
consideration for factors' interactions. Regular updates and adjustments to the WAWQI are

necessary to ensure its relevance and accuracy in sustainable water management practices [39].
WAWQI = ¥in (W x Q;)
where:

e Wi = Weight assigned to parameter i
e Qi = Normalized score of parameters i

e n = Total number of parameters
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Table 4: Numerous studies pertaining to Water Quality Indexes (WQIs) [40]

Authors Construct Service Context Key Findings
Methods
Rosca WAWQI Glacial lakes, Good quality water with a small amount
(2020) [41] Rodnei mountains, | of anthropogenic change. WQI stands
Romania for outstanding and superior quality. No
pollution is shown by the heavy metal
pollution index.
Nair et al. WAWQI River basins of the | The majority of the water is graded as
(2020) [42] Ithikkara and "excellent” during the monsoon and pre
Kallada in Kerala, | monsoon. lon-parameter connections
India are investigated.
Teodorof L, | WAWQI & | Hilly terrain of Most spring samples are acceptable for
et al. (2021) | IWQI Jammu Himalaya | household use and irrigation. Hazards
[43] associated with sodium and salinity in
groundwater.
Udeshani et | WAWQI Monaragala, Sri High levels of hardness, EC, TDS, Cl,
al. (2020) Lanka and fluoride are caused by lithology,
[44] which affects groundwater quality. Very
low groundwater quality is indicated by
a WQl.
Betisetal. | CCMEWQI | Quebec, Canada Disparities between streams and water
(2020) [45] from harvested peatlands were observed.
pH recommendations frequently
disregarded in peatlands.
Cristable et | NSFWQI Saluran Tarum Medium water quality impacted by
al. (2020) Barat, West Java industrial, infrastructure, and
[46] agricultural activity.
En-nkhili et | WWQI Boudaroua Lake, | Good water quality impacted by
al. (2020) Morocco agriculturally produced nitrogen
[47] compounds
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Nong X | WWQI Boudaroua Lake in | Good water quality overall, but tainted
et.al (2020) the Moroccan Pre- | by  agricultural activities' organic
[48] Rif nitrogen  compounds,  particularly
following the first fall rains.

This table categorizes studies based on authors, the constructed methods (such as WAWGQI,
CCMEWRQI, NSFWQI, etc.), the service context (geographical locations), and key findings

related to water quality assessments.
5. CONCLUSION

Water quality indices (WQIs) are a diverse collection of models, methodologies, histories, and
perspectives that help understand and control water quality [49]. The Weighted Arithmetic
Water Quality Index (WAWQI) is a great representation, consolidating different logical
disciplines to assess sea-going environments and drinking water wellbeing [50]. WQIs have
evolved from simple aggregation methods to complex systems, considering intricate
interactions between parameters. Despite challenges like weighting subjectivity and adaptation
to environmental issues, WQIs remain vital tools for water resource protection and sustainable

development.
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