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ABSTRACT

These days, the globe is very concerned about diminishing water quality (WQ) due to factors including
increased industrial and agricultural activities, fast population expansion, global warming, and climate change that
affect hydrological cycles. For biological purposes, freshwater availability must be sufficient, and it is also a crucial
component of integrated sustainable environmental development. Among the most used instruments for characterizing
WQ is the Water Quality Index (WQI). It is calculated as a single number between 0 and 100 by combining physical,
chemical, and biological components. Additionally, WQI was projected as a single number that condensed the
enormous number of WQ characteristics and succinctly summarized the data. Decision-making for scientists,
environmental engineers, and water resource managers was facilitated by the long-term data produced by the ongoing
use of WQI technology.

The primary objective of this article is to outline the top five widely used approaches for determining the
drinking WQI, along with the benefits and drawbacks of each. The methods include the Weighted Arithmetic WQI
(WAWQI), the National Sanitation Foundation WQI (NSF WQI), the Canadian Council of Ministers of the
Environment WQI (CCME WQI), the Oregon WQI (OWQI), and the Bhargava WQI (BWQI). The study's goal and the
water's characteristics should be considered when selecting one of the five approaches.
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1. INTRODUCTION

The main component of an ecosystem is water, a valuable national resource and top natural resource. The survival of
humans would be at jeopardy without water [1]. The welfare of humans depends on the availability of fresh water.
Among all the resources that people want in cities and rural areas, water is one of the most in demand because of
human activity. The most popular sources of surface water have historically been rivers, streams, and lakes because of
their accessibility and availability [2]. Most human advancement has occurred quickly along riverbanks as a result of
this situation [3,4]. Beyond the need for drinking water (DW), water resources are critical for many other economic
sectors, such as forestry, agriculture, fishery, manufacturing, hydropower generation, and cattle rearing. Numerous
important causes, including as urbanization, industry, and population increase, have contributed to the deterioration in
surface and groundwater availability and quality. By 2025, it is expected that about two-thirds of all nations would
experience water stress, with over 1.1 billion people now without access to clean DW [5]. Due to human influences,
climate change, and hydrology, there is a possibility that the vast social and economic growth may cause contaminants
to accumulate in surface water, which could eventually alter the quality of the water supply [6]. As was already noted,
having an adequate supply of water in both an ideal quantity and quality is vital for survival; However, the water
resources management sector has challenges in maintaining an adequate level of WQ [7].

https://ijasre.net/ Page 86




International Journal of Advances in Scientific Research and Engineering (ijasre), Vol 10 (7), July - 2024

It is imperative to conduct routine water quality monitoring of the available water resources in order to evaluate the
water quality for industrial, agricultural, residential, and ecological health and hygiene purposes [8]. Any location or
source's WQ can be assessed using physical, chemical, and biological variables. When these factors' values above
specific thresholds, there is a potential risk to human health [9,10].

One of the most effective ways to describe the quality of water is to use the WQI, which reduces a lot of data to a
single value between 0 and 100. In light of this, WQI has been used to characterize the acceptability of various water
sources for human consumption. [11]. Therefore, the study's goal is to evaluate the WQI idea by enumerating some of
the significant WQI that are used globally for WQ evaluation, outlining the benefits and drawbacks of the indices that
were chosen.

2. WATER QUALITY INDEX

To assess the ecological state of a water body, a numerical expression known as the WQI is used [12-14].
Originally created in the United States by Horton in 1965 [15], WQI was extensively recognized and used in Asian,
African, and European countries. It was created using 10 of the most commonly used WQ variables, such as dissolved
oxygen (DO), pH, coliforms, specific conductance, alkalinity, and chloride. In 1970, Brown and colleagues developed
the NFS-WQI index. This is a better Horton's index version [16,17]. Various worldwide and national organizations
representing various states have created a variety of WQI in response to their requirement to assess the quality of the
water in a particular area of interest. As of yet, experts have not proposed a reliable technique for evaluating the
quality of water that could be applied globally. Furthermore, no technique for assessing the quality of water provides
100% objectivity and accuracy [18].
A variety of WQI have been developed globally, some examples of which are the Oregon WQI (OWQI), the Bhargava
WQI (BWQI), the US National Sanitation Foundation WQI (NSF WQI), and the Canadian Council of Ministers of the
Environment WQI (CCME WQI) [19 -22]. The Weighted Arithmetic WQI Method (WAWRQI), which incorporates
several quality parameters into a single basic mathematical equation, is a more suitable approach than other
approaches for calculating the WQI [23]. These indices compare various parameters in accordance with standards to
provide a single number for water quality.
This paper's primary objective is to outline the five most common techniques for determining the drinking water
guality index (WQI) and to assess how beneficial these techniques are for research assessing water quality.

2.1. Weighted Arithmetic Water Quality Index (WAWQI)
The weighted arithmetic index is used to calculate the treated WQI; to put it another way, this method uses the most
frequently measured WQ variables (pH, Electrical Conductivity (EC), Total Dissolved Solids (TDS), potassium (K),
sodium (Na), magnesium (Mg), calcium (Ca), Total Hardness (TH), chloride (CI), turbidity, alkalinity, and sulfate
(SO,) to classify the water quality based on the level of purity [24,25]. Scientists have utilized this process extensively
[26-30] and using the subsequent equation, the WQI was calculated [31]:
WAWQI =YW, Q,/X W, 1)
Where: WAWQI, which evaluates the water quality, has a value between 0 and 100; n is the number of parameters
considered; For every parameter, the quality rating scale (Q,) is computed using the following expression [32,33]:
Qn= [(vn - vO)/(sn - 170)] *100 (2)
Where,
v, is the water's analyzed ith parameter's estimated concentration.
Vg is this parameter's optimal value in pure water (vo = 0 except pH =7.0 and DO = 14.6 mg/l).
S, IS the standard acceptable value for the nth parameter.
W, is a factor that indicates how important a parameter is in determining the WQI (relative weight); W, is calculated
by using the following formula [32,33]:

W, =k/s, 3)
Where, Kk is the proportionality constant, which is also computed with the use of the subsequent formula [25,34]:
k=1/%(1/s,) (4)

The water ecological status can be ascertained using the value derived from the Weighted Arithmetic WQI approach,
as shown in Table 1.
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Table 1: Rating of Water Quality Using Water Quality Index Techniques

WAWQI NSF WQl CCME WQI OowWaQl BWQI )
Class [2,11,25(,?33] [18,44,4%] [2,21,31,5(3?] [11,56,(2?),61] [51,56(,?57] Water Quality
I 0-25 91-100 95-100 90 - 100 95 -100 Excellent water
I 26 -50 71-90 80-94 85-89 75-94 Good water
" 51-75 51-70 60 - 79 80 - 84 50-74 Fair water
v 76 - 100 26 -50 45 -59 60-79 25-49 Poor water
\Y > 100 0-25 0-44 0-59 0-24 Very poor water

Of benefits of this method, according to earlier research, is that it incorporates the data from various physico-chemical
water quality criteria into a mathematical formula that illustrates the water's ecological condition; it also reflects the
significance of each parameter in the evaluation and management of WQ and requires fewer parameters overall for a
given use [2,11]. useful for informing concerned individuals and decision-makers on the general state of the water
quality and outlining which surface and groundwater sources are suitable for human use.

Among this method's drawbacks, this indicator might not offer sufficient details regarding the actual state of the WQ
[2,11]. Many consumers of water quality data have needs that an index cannot meet. one figure cannot adequately
convey the tale of the state of the water due to the exaggeration or overstretching of a single wrong parameter value,
numerous additional WQ factors are not included in the index [34,35].

2.2. National Sanitation Foundation Water Quality Index (NSF WQI)

Brown first presented the NSF WQI model in 1965 [36,37]. The National Sanitation Foundation (NSF) of the United
States created the NSFWQI in 1970 [38,39]. It is a modified version of Horton's WQI. This WQI has undergone
substantial field testing and is used to calculate and evaluate the WQI of various water bodies [36,38]. Currently,
several researchers are using this approach to assess the quality of water that is fit for human consumption [36,40,41].
Based on the study of nine variables or parameters, including temperature, pH, turbidity, fecal coliform, dissolved
oxygen, biochemical oxygen demand, total phosphates, nitrates, and total solids [42,43], Asia, Africa and Europe have
all adopted and widely utilized the NSF WQI [30]. The following is the mathematical expression for NSF WQI:

NSFWQI = ¥i_1W,Qy (5)

where Q, is the sub-index of the quality parameter n, derived from the conversion curve (which converts parameters
based on values in the interval 0-100); W, is the weighting factor for each parameter (DO = 0.17, coliforms = 0.16, pH
= 0.11, BOD = 0.11, Temperature = 0.1, Nitrates = 0.1, Total phosphate = 0.1, Turbidity = 0.08, TDS = 0.07)
[18,44,45], i = number of water quality parameters.

Using Table 1, the WQ ratings for this NSFWQI approach have been determined. Among the advantages of this
approach, prior studies have found that it summarizes the data pertaining to the parameters under analysis inside a
single number quickly, objectively, and reproducibly; The assessment of water quality varies across different regions;
the water use potential is indicated by the index value [46,47]. The lack of use of a sophisticated scale of water quality
metrics is one of this method's shortcomings [2,11].

2.3. The Canadian Council of Ministers of the Environment Index (CCME WQI)

CCME has established a WQI to alleviate the complexity and technicality of WQ data [48,49]. Complex and technical
facts are made simpler using the CCME WQI approach [50]. The CCME model was used by most researchers to
assess the quality of surface water. Because of its simplicity of use and flexibility in choosing WQ, the CCME maodel
was nevertheless embraced by several studies for the assessment of drink water quality [51,52]. When choosing WQ
parameters to determine the acceptability of drinking water, the model mostly took expert opinion on account. The
review noted that 13 physicochemical items were employed by the model to set DWQ [52]. The final result is shown
as a single unit-less number between 0 and 100, indicating whether the variables were equal or below the chosen
benchmarks and formula 6 is typically used to calculate them [11,21,53].

CCME WQI = 100 — < F? + F2 + F%/1. 732> (6)
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Where,
F1 (scope) is the % of variables (failed variables) that, in relation to the total number of variables, failed to satisfy the
aim (above or below the permissible range of the selected parameter) at least once and they are usually calculated by:
F{ = (No.of failed variables/Total No.of variables) x 100 (7
F, (frequency) is represented the percentage of individual tests that completely fail to achieve the objectives, or failed
tests. F, can be expressed as:
Fy = (No.of failed test/Total No.of tests) * 100 (8)
Fs (amplitude) is the shows how much the values of failed tests fell short of the desired results (beyond or inside the
permitted range of the chosen parameter). It takes three steps to compute.
a. The excursion is defined as the number of an individual parameter that is greater than or less than the objective
when the aim is a minimum, as determined by two equations (9,10) that apply to two different scenarios. If the test
value is required to stay below the goal:

excursion; = (failed test value/objective) — 1 9
For the situations when the test value cannot be less than the goal:
excursion; = (objective/failed test value) — 1 (10)

The computation of the normalized sum of excursions (nse) involves adding up the deviations of each test from its
objectives and dividing the result by the entire number of tests (including those that do not satisfy the objectives):

nse = Y- excursion/No.of tests (11)
b. Next, a function called F3 is computed, which scales the normalized sum of the deviations from targets (nse).
F3 = (nse/0.01 nse + 0.01) (12)

When the collected values are normalized to lie between 0 and 100, where O represents the lowest water quality and
100 represents the highest, using 1.732 as a scaling factor. Table 1 shows the ranking of WQ after the CCME WQI
value has been determined.

The benefit of using the CCME WQI is that it can integrate several measures combining multiple measurements into
one metric, in addition to conveying measurements of several variables as a single number. adaptability in the
objectives and choice of input parameters. flexibility to accommodate various water applications and legal constraints.
The CCME WQI's objective is to support water managers in communicating the overall quality of their water in a
more consistent and continuous way, rather than to take the role of detailed variable analysis [54,55]. The method's
drawbacks include that all factors are given equal weight when determining the index, and F1 performs incorrectly
when a few numbers of variables are taken into account [2,11].

2.4. Oregon Water Quality Index (OWQI)
The OWQI, which was developed by the Oregon Department of Environmental Quality (ODEQ) in the late 1970s and
has subsequently undergone numerous updates, is another extensively utilized WQI that is in the public domain.
[30,38,56]. But since it took so much time and money to calculate and report the results, the original OWQI was
abandoned in 1983. Following its demise in 1983, the OWQI was modified once more in 1995 with improved data
visualization techniques that demonstrated a solid grasp of WQ [56]. The NSFWQI was the model for the original
OWQI, using the Delphi method for variable selection [57]. The recreational WQI was developed using the Delphi
technique. This method can be used to organize information based on a group of experts in order to solve a complex
problem and obtain good consensus based on the best knowledge currently accessible [58]. In terms of the aggregate
formulation and sub-indices computation, it was an improved version of the earlier one. Initially, eight WQPs
(temperature, DO, BOD, pH, TDS, ammonia, nitrate nitrogen, total phosphorous and bacteria) were combined to
determine the WQ of streams located in Oregon using OWQI [59]. However, with certain modifications and warnings,
it was also applied to other geographical areas. The OWQI was combined to create Eq. (13) [11,60].

owQlI = /n/Y" , 1/SIi? (13)
Where, n is the numbers of parameters (n=8), and Sl is the subindex ith parameter [11,50,60]. Additionally, The
OWQI scores, as indicated in Table 1, range from 10 for the worst-case situation to 100 for the ideal WQ [56,61].
One of the advantages of this approach is that it recognizes that various metrics of WQ will have differing effects on
the overall quality of the water at different times and places. The most impacted parameter might have the biggest
impact on the WQI according to the unweighted harmonic square mean formula that is used to integrate sub-indices.
The formula has a strong influence on WQ and is sensitive to changes in the environment. [56,62].
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The limitations of this method include its inability to assess all potential health risks (toxics, bacteria, metals, etc.)
[2,11] and its incapacity to establish the WQ for specific purposes or to offer definitive data regarding the WQ without
taking into account all relevant physical, chemical, and biological data [56,62].

2.5. Bhargava Water Quality Index (BWQI)
One of the earliest Asian-based water quality indices, created specifically to categorize water fit for human
consumption [16,55]. Bhargava (1985) developed sensitivity functions that included the effects of different parameter
concentrations as well as their weighting in relation to their level of importance in the overall index calculation
process. This is in contrast to most indices, which consider sub-indices and weighting factors separately. Bhargava
therefore proposed a logical and straightforward model for determining the water quality index value, which is
represented by Equation (14). This model is based on an approach where the relevance of each water quality
parameter is contained inside the sensitivity function [16,55].

BWQI = [T, fi(POIV" (14)
Where, Fi (Pi) is the sensitivity function that takes into account the weights of the ith variable and the number of
factors deemed more relevant is n.
Bhargava distinguished four parameter categories. There were sets of the same kind of parameters in each category.
The first group of organisms comprised coliforms, which are representative of the bacterial quality of drinking water.
The second category includes toxicants and heavy metals. The third group contained turbidity, color, and odor—
parameters that have a physical impact. The fourth group had both organic and inorganic materials, such as sulfate and
chloride, among others. Based on the BWQI score, Bhargava categorized WQ into five groups, as seen in Table 1.

3. CONCLUSION

Many techniques for calculating the WQI have been proposed in order to determine the overall quality of the
water. WQI are used to evaluate various water bodies, sources, and DWQ. Every index is applied in accordance with
the evaluation's goal. In order to describe water quality in a clear and accessible manner, WQI is a simple technique
that gives a single value to WQ while taking into consideration a specific number of variables, or physical, chemical,
and biological characteristics.

The study looked at the most important drinking water quality indices and their mathematical formulations,
components, advantages, and disadvantages. These indexes are produced by experts and foreign government agencies,
and they are based on parameters. This helps to explain why WQIs have been applied so successfully in recent years:
they employ a straightforward, dimensionless score to help represent the state of water quality to the public and
decision-makers while also assisting in the deduction of a large quantity of scientific data. The distribution of the
water quality evaluation scores among the "poor,"” "fair," "medium,” "good," and "excellent" groups makes them
understandable even to non-technical stakeholders. Nothing has become a widely acknowledged index, even with all
the efforts and discussed indexes being used globally. As a result, efforts are ongoing to find a more useful and
universal WQI that can be adopted and used with minimal modifications by water agencies, users, and managers
worldwide.
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