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ABSTRACT: Water, as vital natural resource, is indispensable for human activities, both directly and indirectly. It significantly 
contributes to a country’s economic development, encompassing above-ground and underground water resources. However, 
ongoing pollution from surface contaminants is causing concerning degradation in both confined and unconfined aquifers, 
warranting the need for addressing this issue. Water quality indices (WQIs) serve this purpose by simplifying complex water quality 
data, providing a single value for easier interpretation. Surface water quality indices have achieved global recognition, while the 
development of groundwater quality indices is an evolving field. WQIs are established based on specific water quality criteria set 
by national and international organizations, which consider various parameters based on the intended use of water bodies. 
Consequently, numerous WQI models exist, including National Sanitation Foundation (NSFWQI), Oregon (OWQI), British 
Columbia (BCWQI), Canadian Council of Ministers of the Environments (CCMEWQI), and country-specific variants tailored to 
the unique requirements of individual regions such as Vietnam, India, Indonesia, Spain, Canada, Malaysia, and others, all in 
accordance with the specific characteristics of the water system under assessment. 

Keywords: Water quality index; Water quality parameters; Physicochemical parameters; Microbiological parameters; Sub-index; 
Aggregation function 

© 2025 The authors. This is an open access article under the Creative Commons Attribution 4.0 International 
License (https://creativecommons.org/licenses/by/4.0/). 

 

1. Introduction 

Water is an essential resource for human and industrial progress, holding a prominent and exceedingly responsive 
role in the environment [1]. After the growing utilization of water resources, there has been a progressively rising 
demand and the identification of alterations in water quality conditions over time [2–5]. Due to rapid urban expansion 
driven by continuous economic and population growth, urban hydrological systems are constantly undergoing changes, 
leading to significant concerns regarding water quality (microbiological contamination and chemical pollution) [6–9]. 

Because of the insufficiency of surface water resources, the population predominately depends on groundwater 
resources, including a significant number of private wells such as drinking water, domestic use, industrial activities and 
irrigation [10–13]. 

The adverse effects of urbanization impact on water sources and natural flow patterns, along with potential 
modifications, create a range of environmental hazards that may ultimately impact human well-being. Additionally, 
these factors include disruptions in water balances, landscape transformations, and changes in rainfall patterns, 
contributing to the phenomenon known as “urban disease” [9,14,15]. Deterioration of surface water quality resulting from 
both natural processes and human activities makes it inappropriate for various purposes including drinking, industrial, 
agricultural, and recreational uses purposes. To deal with these changes and fluctuations in water chemistry, monitoring 
programs are essential for a reliable evaluation of surface water quality [16–19]. Evaluating water quality is a complex 
procedure including numerous parameters capable of exerting a significant impact on the overall water quality [20–24]. 

Several WQIs, such as NSF, CCME, BCWQI, ODEQ, and SRDD (Scottish Research Development Department), 
differ in their structure, parameters, weights, and sub-indexing methods [17,21,25–31]. Various WQIs have been 
tailored, yet they can often be applied elsewhere with or without adjustments. However, they may still carry some 
degree of inherent uncertainty [27,31–33]. 
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Prioritizing the global monitoring of water quality is a key aspect of resource conservation policy, with developing 
countries making an increased commitment to evaluating the quality of their rivers and lakes [22,31,34–36]. WQI, based 
on standardized parameters, is a universally accepted and dependable criterion for categorizing surface waters [37–43]. 
This review article summarizes various WQIs used to evaluate water quality, considering different parameters on 
specific water systems. The main goal is to compare these WQIs and engage in a critical discussion. 

1.1. Historical Approach 

The concept of evaluating water quality and classifying it based on cleanliness or pollution levels historically dates 
to 1848 in Germany [44]. In 1854, Snow made an innovative connection between poor water quality and the spread of 
cholera [45]. Much later, in 1965, Horton introduced the WQI to evaluate the quality of surface water [46]. Figure 1 
and Table 1 present a historical overview of WQI development following Horton’s model. 

 

Figure 1. Historical/Geographic approach development of WQI. 

Table 1. Historical approach development of WQI. 

Development 
Year 

WQI 
Developing 

Country 
WQI Use 

Use in Other 
Countries 

References 

1970 NSF USA 
Popular/widely used  

for surface water 
 [47,48] 

1971 SRDD Scotland 
river basins in different countries 

worldwide 

Iran, Portugal, 
Romania, Spain, 

Thailand 
[35,42,49–52] 

1972 Dinious USA 
NSF 

modified version 
 [53] 

1974 MWQI Malaysia surface water  [54,55] 
1977 Ross UK only 4 parameters  [56] 

1979 Bascaron Spain 26 parameters 
Argentina, Chile, 

Brazil, India, Turkey 
[5,31,57] 

1980 ODEQ USA surface water 
improved Cude index 

(1970) 
[43] 

1983 Bhargava India river pollution   [58] 
1986 House UK refined version of NSF  [59] 

1989 
Ganga 

by Ved Prakash et al. 
India River water  [60] 

1990 Smith New Zealand protection of aquatic life  [61] 
1992 ATI South Africa aquatic ecosystems  [62–64] 
1993 Dojildo Poland river water  [65] 
1995 BCWQI Canada aquatic life protection  [66] 

1998 CI 
Finland, 
Slovakia 

Groundwater 
contamination 

 [67] 

1999 Dalmatian Croatia drinking water  [68] 
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use 
2001 CCMEWQI Canada simplified BCWQI    [69] 
2002 OIP India surface water status  [70] 

2004 Liou Taiwan 
river water quality (agricultural 

discharge, industrial/urban 
pollutants  

 [41] 

2004 Said USA 
Simple/fast small number of 

parameters 
 [71] 

2010 Hanh Vietnam 
spatial and temporal variations in 

surface water quality/pollution 
evaluation 

 [72] 

2012 Almeida Argentina recreational water  [73] 
2017 West Java Indonesia river water  [74] 

1.2. WQI Development Process 

The spread and evolution of WQIs were rapid, as they simplify water quality data for public understanding, 
providing information about overall quality and potential uses like irrigation, recreation, and consumption. Essentially, 
WQIs are straightforward tools for assessing water quality [75,76]. 

WQI development usually involves four steps: parameter selection, subindex calculation (transforming parameters 
to a common scale), assigning weighting coefficients to parameters, and aggregating subindices for a final score [60]. 
Parameter selection for WQI is guided by prior study results and potential harm to human health and the environment. 
Harmful parameters to human health are given higher weighting coefficients in the index calculation [41,71,77,78]. 

WQIs can be categorized into four main groups. The first consists of general-purpose indices applicable to various 
water types, with NSFWQI being a widely used example. The second contains more specific indices customized to 
different water uses like water networks or irrigation, such as OWQI and BCWQI. The third focuses on the development 
and design of quality indices, particularly relevant for water quality management and monitoring programs. The final group 
includes statistical indices analyzed using various statistical methods, excluding subjective approaches [27,79,80]. 

2. Water Quality Indices 

Over the years a variety of WQIs were developed, using different water quality parameters, as each WQI was 
developed either for a specific water resource type or to simplify water quality assessment. This section includes a short 
presentation of each WQI. 

2.1. Horton 

The Horton WQI was the first one developed, which included as parameters dissolved oxygen (DO), pH, fecal 
coliforms (FC), Escherichia coli (E. coli), electroconductivity (EC), total dissolved solids (TDS), alkalinity, Cl-, 
chloroform extract (CCE), temperature, and apparent pollution (color, odor, oil, foam) [27]. Horton utilized a linear 
scaling function, assigning sub-index values on a 0–100 scale to represent concentration or contamination levels, with 
0 as the lowest quality and 100 indicating excellence [81]: 

WQI =  
𝑊ଵ  𝑆ଵ + 𝑊ଶ 𝑆ଶ + 𝑊ଷ  𝑆ଷ + ⋯ + 𝑊  𝑆

𝑊ଵ  + 𝑊ଶ + 𝑊ଷ  + ⋯ + 𝑊  
൨ 𝑚ଵ 𝑚ଶ  (1)

The WQI rating scale includes five categories: Very good (91–100), good (71–90), poor (51–70), bad (31–50), and 
very bad (0–30). Temperature contributes to determining the coefficients m1 and m2, with m1 taking the value 0.5 when 
the temperature is above 34 °C and 1.0 when it’s below 34 °C [46,82]. 

2.2. NSF 

NSFWQI, based on the Delphi technique, assesses surface water quality utilizing nine parameters: BOD, DO, NO3-, 
total phosphate (TP), Temp., turbidity (TU), total solids (TS), pH, and FC [82]. As time progresses, some parameters 
were substituted due to environmental issues, such as TS replaced by TDS or total suspended solids (TSS), TP by PO4-
P, and FC by E. coli [83]. 

NSFWQI value is calculated using weighting factors, rating curves, and water quality factors through the following 
equations (Equations (2)–(4)) [84,85]: 
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NSFWQI =  𝑊𝑄



ୀଵ
 (2)

𝐼 =  𝐼𝑊



ୀଵ
 (3)

 𝑊 



ୀଵ
= 1 (4)

where, Ii = each parameter indicator, Wi = weighting factor, Qi = parameter evaluation value, i and n = number of 
individual indicators 

NSFWQI classifies water quality into five categories: excellent (90–100), good (70–89), medium (50–69), bad 
(25–49), very bad quality (0–24) [85,86]. 

2.3. SRDD 

The extensive utilization of the SRDD index in temperate and tropical-subtropical regions is attributed to its 
flexibility and regional applicability. It depends on eleven water quality parameters, chosen using the Delphi technique, 
grouped into four categories: physical (Temperature, conductivity, SS), chemical (DO, pH, NH3-N and sal NH3), 
organic (total oxide, N, P), and microbiological (BOD, EC) [49,51,52]. The SRDD equation is used for its calculation: 

RDD − WQI =
1

100
 ൬ 𝑆𝑊



ୀଵ
൰

ଶ

 (5)

where SiWi = sum of the products of the water quality ratings and Wi = weighting of each individual parameter. SRDD 
classification: clean (90–100), good (80–89), good with treatment (70–79), tolerable (40–69), polluted (30–39), several 
polluted (20–29), piggery waste (0–19) [27,49–52,87]. 

2.4. Dinius 

The multiplicative WQI, progressed through the Delphi technique, can be used in six water use categories (public 
supply, recreational, fish and shellfish, agriculture, and industry). It includes twelve parameters, including DO, BOD, 
E. coli and coliform concentration, pH, alkalinity, hardness, chlorides (Cl−), specific conductivity (S.Cond), 
Temperature, color, and NOx- [53,88,89]. Dinius WQI index value is determined using this equation: 

WQI =    𝐼
ௐ



ୀଵ
 (6)

where Ii = pollutant parameter subindex function, Wi = unit weight pollutant parameter (ranging from 0 to 1), and n = 
number of pollutant parameters [53,88,89]. 

2.5. Malaysian 

The index is calculated based on six standard physicochemical parameters: pH, DO, BOD, COD, NH3-N, and SS. 
These parameters are chosen by experts, and for each parameter, a quality function (sub-index) can be determined 
[55,90,91]. The sub-indices are then combined to calculate the WQI using a specific equation:  

WQI = 0.22∗𝑆𝐼ை +  0.19∗𝑆𝐼ை  + 0.16∗𝑆𝐼ை +  0.15∗𝑆𝐼ே + 0.16∗𝑆𝐼ௌௌ +  0.12∗𝑆𝐼ு (7)

where SIDO = DO (% saturation), SIBOD = BOD, SICOD = COD, SIAN = NH3-N, SISS = SS and SIpH = pH. 
MWQI (2020) classifies surface water quality into three groups: Clean (81–100), slightly polluted (60–80), and 

polluted (0–59) [54,90,91]. 
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2.6. Ross  

The WQI is determined using four parameters: BOD5, NH3-N, SS and DO. These parameters were selected based 
on prior research and using the Delphi technique. The equation used for calculating this index is as follows: 

WQI =
∑ 𝑃

∑ 𝑊
 (8)

where Pi = degree of each parameter and Wi = weight of each parameter. 
Ross WQI categorizes river water quality into eleven levels, with higher values indicating better quality and lower values 

indicating poorer quality, including light pollution, moderate pollution, severe pollution, and poor quality [17,56,92]. 

2.7. Bascaron 

BWQI includes 26 parameters for its calculation, including pH, BOD5, Temp., TC, color, Turb., permanganate 
reduction, detergents, hardness, DO, pesticides, oil and grease, SO4-, NO3-, CN-, Na, free CO2, NH3-N, Cl, Cond., Mg, 
P, NO2-, Ca, and apparent aspect [49]. This modified index has found application in various countries, such as Argentina, 
Chile, Brazil, India, Spain, and Turkey [5,31,57]. The Ross WQI, initially encompassing 26 parameters, provides 
flexibility by permitting the removal or replacement of specific parameters to suit the specific attributes of the water 
system under assessment [49,92,93]. The comprehensive index is determined subjectively using the following equation: 

BWQI =  (𝐶𝑝)ଶ/
ୀ

ୀଵ
100 (9)

In the equation, n represents the total number of parameters, Ci is the value assigned to parameter i after 
normalization, and pi indicates the relative weight assigned to every parameter. The relative weight ranges from 1 to 4, 
with 4 signifying the highest impact and 1 suggesting the least impact on water quality [31,94–96]. 

2.8. Oregon 

OWQI is a broadly recognized, easy to use index designed for assessing water quality in recreational activities like 
fishing and swimming. It incorporates eight parameters selected using the Delphi method: Temp., DO, BOD, pH, NH4, 
NO3, TP, TS, and FC. Cube later improved the index for surface water quality classification in the region. Particularly, 
OWQI doesn’t use weighting factors, making it a straightforward tool for water quality assessment [43,82,97].  

In its initial form, the OWQI uses a weighted mean numerical function, as follows: 

WQI =  𝑆𝐼 𝑊



ୀଵ
 (10)

The improved version of OWQI adapts to variable changes into account by assigning the greatest weight to the 
parameter that has undergone the most significant change, ensuring its prominent effect on the index. This updated 
equation recognizes that different water quality variables may contribute differently to overall water quality in various 
locations and at different times. The equation for the improved OWQI is as follows: 

WQI =
ඩ

𝑛

∑
1

𝑆𝐼
ଶ


ୀଵ

 
(11)

where n = number of subindices and SIi = sub index i. Based on the calculated index values, the classification of water 
quality is as follows: excellent (90–100), good (85–89), fair (80–84), bad (60–79), very bad (below 60) [43,82]. 

2.9. Bhargava 

Simplification methods, such as the Bhargava method, strive to make water quality assessment user-friendly. This 
method categorized parameters into four sets based on raw water data from the Yamuna River in Delhi, India [58]. Each 
group evaluates specific types of parameters. The simplified WQI is represented by the following equation: 

WQI =  𝑓(𝑃)


ୀଵ
൨

ଵ/

∗ 1 (12)
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where fi (Pi) = sensitivity function for each parameter including the effect of the variable weight concentration associated 
with a specific activity and ranges from 0 to 1, n = number of parameters. The Bhargava index’s categorization for 
various water uses is as follows: I (90 and above), II (65–89), III (35–64), IV (11–34), V (10 or lower). Permissible 
categories for water use include only Class I and Class II [58,62,98]. 

2.10. House 

HWQI represents an improved version of the NSFWQI, assessing nine water quality parameters (DO, NH4-N, 
BOD, SS, NOx

−, Temp., Cl, and TC). The Delphi technique is used to determine the weights assigned to these 
parameters. The equation is calculated as follows: 

WQI =
1

100
൬ 𝑞



ୀଵ
𝑤൰

ଶ

 (13)

where n = number of sub-indicators, qi = i value of the sub-indicator and wi = i-weight value and w1+ w2 + w3+ …+ wn = 1.  
House index classifies river water quality into categories based on index values: high (71–100), reasonable (51–

70), polluted (31–50), badly polluted (10–30) [27,59,99–101]. 

2.11. Ganga 

This WQI was created to evaluate the Ganga River’s water quality in India. It uses a modified version of the 
NSFWQI standard and considers four crucial parameters: DO, BOD, pH, and FC. This index helps identify areas in 
need of anti-pollution measures and provides a comprehensive evaluation of water quality along the river (CPCB, 2000). 
The equation for determining the overall index is outlined below:  

WQI =  𝑊 𝐼



ୀଵ
 (14)

where, P = number of quality parameters, Ii = sub-index for the i-water quality parameter, 𝑊 = weight associated with 
the i-parameter [60,102]. Based on the final values of the Ganga index, water quality is classified into the following 
categories: excellent (90 and above), permissible (65–89), marginally suitable (35–64), inadequate for use (11–34), 
totally unsuitable (10 or lower) [60,103]. 

2.12. Smith  

SWQI evaluates the suitability of water for multiple uses, including swimming, water supply, fish spawning, and 
aquatic life protection. It emphasizes the protection of aquatic ecosystems by selecting the parameter with the lowest 
score for establishing the final index. The Delphi method was used to select parameters for various, ensuring a 
systematic and well-informed approach to water quality assessment and management [61,62,104,105].  

Smith proposed an alternative method to overcome the potential limitation of a multiplicative WQI. This method 
employs the minimum operator for index aggregation, avoiding a single parameter with a low value from 
disproportionately reducing the overall index score [61]. The Smith index is expressed by the following equation: 

WQI = 𝑀𝑖𝑛൫𝐼ଵ,𝐼ଶ,𝐼ଷ, … ൯ (15)

where I = sub-index of the ith parameter. 
The simplicity of the Smith index’s application, which relies on the addition or subtraction of determinants, makes 

it easy to use. However, this simplicity comes with a potential drawback, as a single low-value indicator can 
disproportionately impact the overall score [62,104,105]. 

2.13. ATI (Aquatic Toxicity)  

ATI, developed for the evaluation of aquatic ecosystems, incorporates diverse indicators related to fish toxicity 
and toxic effects. These indicators encompass a wide range of water quality parameters, including physical factors such 
as pH, DO, and Turb., alongside chemical parameters such as NH3-N, TDS, F, K, orthophosphates (PO4), and hazardous 
metals like Zn, Mn, Cr, Cu, Pb, and Ni [63,106,107]. The index’s formula is used to provide a comprehensive evaluation 
of the overall condition of the aquatic ecosystem: 
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𝐼 =
1

100
∙ ൬

1

𝑛
 𝑞



ୀଵ
൰

ଶ

 (16)

where, I = final index score, qi = quality of the i-parameter (a value between 0–100), n = number of determinants. Not 
used for the calculation of this index is the classical weighted sum system, as there is not enough valid information 
about the importance of one determining factor in relation to the other in different conditions prevailing in different 
regions and the inherent chemistry of the system [62,64]. 

2.14. Dojildo 

This index distinguishes between basic parameters, consistently used, and additional parameters, applied only in 
specific circumstances. The primary parameters, identified as frequently evaluated and significantly impactful in 
assessing water quality, include BOD5, SS, P, NH4, DS, COD, and DO. Supplementary parameters are introduced into 
the index calculation when their unit indicators indicate poorer water quality compared to the basic parameters. These 
parameters include Fe, phenols, organic nitrogen, hardness, Mn, pH, SO₄2−, Cl, COD, NO3

−, Pb, Hg, Cu, Cr, Zn, Cd, 
Ni, and free CN−. The quantity of parameters considered significantly impacts the resulting index value [27,65,82]. The 
aggregation formula for the Dojildo Index is expressed as:  

WQI =
ඩ

𝑛

∑
1

𝑆
ଶ


ୀଵ

 
(17)

where n = number of indices considered and Si = unit index of parameter i. This calculation method was selected because the 
average assigns a high statistical value to the parameter exhibiting the least favorable value, considering all parameters. 
Additionally, averaging provides the advantage of eliminating the weight of the various parameters [27,65,82]. 

2.15. British Columbia 

BCWQI includes three essential components: range (quantity of variables not achieving water quality goals), 
frequency (how often those goals are not reached), and amplitude (the extent of deviation from the goals). It provides a 
numerical value ranging from 0 (indicating poor water quality) to 100 (representing excellent water quality) to evaluate 
the overall water quality [17,108]. The equation used to calculate the final value of CCME is as follows: 

WQI = ඨ(Fଵ)ଶ + (Fଶ)ଶ +   ൬
Fଷ

3
൰

ଶ

/1.453 (18)

where F1 (Scope) = percentage of variables that do not meet their targets at least once during the time under 
consideration (“failed variables”). F2 (Frequency) = percentage of individual tests that do not meet the targets (“failed 
tests”). F3 (Amplitude) = amount by which the failed test values do not meet their targets. The 1.732 divisor normalizes 
the resulting values to a range between 0 and 100, where 0 represents the “worst” water quality and 100 the “best” water 
quality [17,71,108,109]. 

2.16. CI (Groundwater Contamination) 

CI was formulated for groundwater quality, following European Environment Agency guidelines and EPA 
permissible limits, summing factors that exceed these standards. The CI designation is derived from the Mexican 
standard NOM-127-SSA1-1994 [62,67] and evaluates and maps groundwater contamination by examining ion 
concentrations and chemical species that surpass maximum levels established for water quality suitable for human 
consumption. It is calculated as the sum of individual components that exceed the values set in this standard [62,67]. 

While WQIs for surface water quality use the most commonly used quality indicators (e.g., BOD, SS, nitrogen and 
FC), CI includes a greater number of parameters, which also include trace metals, due to the significance they have in 
groundwater quality and contamination. Finland has developed two groundwater contamination indicators, one focusing 
on evaluating health risks and including the parameters: F−, NO3

−, UO2
2−, As, B, Ba, Cd, Cr, Ni, Pb, Rn, and Se, the 

other indicator assessing technical and aesthetic considerations: pH, KMnO4 consumption, SO4
2−, Cl−, Ag, Al, Cu, Fe, 

Mn, Na, and Zn. 
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In contrast, Slovakia employs a singular groundwater contamination index, determined by the parameters: TDS, 
SO4

2−, Cl−, F−, NO3
−, NH4

+, Al, As, Ba, Cd, Cr, Cu, Fe, Hg, Mn, Pb, Sb, Se, and Zn. The value of the index is calculated 
using the following equation: 

Cd =  𝐶



ୀଵ
 (19)

where 

𝐶 =
𝐶

𝐶ே
  −  1 (20)

Cfi represents the contamination factor for the ith component, CAi stands for the analytical value of the ith 
component, and CNi represents the permissible upper concentration of the ith component (with “N” indicating the normal 
value). Groundwater contamination severity is categorized on a three-point scale: low (<1), medium (1–3), and high 
(>3) [62,67]. 

2.17. Dalmatian 

To calculate the DWQI, the evaluation of water quality for a particular water body is divided by the assessment 
meeting Croatia’s national standards for first-class water. DWQI is calculated based on nine parameters: Temp., 
mineralization, corrosion coefficient K, DO, BOD, TN, protein nitrogen, TP and total coliform (TC) bacteria (MPN 
coli/100 mL). The final index is calculated by aggregating all these parameters to evaluate water quality in the examined 
water system [68]. The DWQI is calculated with the following equation: 

WQI =
WQE

WQEେ
 (21)

The water quality evaluation (WQE) is determined by summing individual quality evaluations (qi) and assigning 
weights to these parameters to derive the overall quality evaluation (wi). This method is an adapted form of the SRDD 
index and is expressed by the following equation: 

WQE =  𝑞𝑤



ୀଵ
 (22)

 𝑞𝑤



ୀଵ
  =  𝑤𝑒𝑖𝑔ℎ𝑒𝑑 𝑠𝑢𝑚 (23)

where qi = water quality score of parameters i, wi = weighting factor of parameter i and n = number of parameters 
[68,110]. 

2.18. CCME 

It’s a widely recognized surface water quality index for its flexibility in parameter selection. It uses four parameters, 
selected according to water system characteristics and expert evaluation. Significantly, it doesn’t involve calculating 
parameter indicator as seen in other models [60,111,112].  

CCMEWQI evaluates factors like sampling frequency, frequency of not meeting target values, and parameter 
deviations to assess water quality. It aids in organizing data across all parameters, functioning as evaluating multi-
dimensional water quality data. This simplified WQI uses a pre-programmed equation to evaluate the present condition 
of a water system, making it user-friendly for authorities to monitor changes in water quality [69,111,113]. 

The index is calculated by applying the following equation and considering 3 factors F1 (range), F2 (frequency) 
and F3 (amplitude): 

WQI = 100 − 
ඥFଵ

ଶ + Fଶ
ଶ + Fଷ

ଶ

1.732
൩ (24)

The divisor 1.732 normalizes the WQI to a range from 0 to 100, with 0 indicating poor water quality and 100 
indicating excellent quality. This factor is based on the maximum possible values of the three index factors (F1, F2, and 
F3), each having a maximum of 100. Consequently, the maximum numerator value is 1.732. [46]. 

The three factors, F1, F2 and F3 are defined as: 
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F1: “range”, is the percentage of total parameters that do not meet the specified targets. It is expressed as: 

Fଵ  =   
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑎𝑖𝑙𝑒𝑑 𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑟𝑒𝑠

𝑡𝑜𝑡𝑎𝑙 𝑜𝑓 𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑟𝑒𝑠
൨   ×  100 (25)

F2: “frequency”, is the percentage of individual test values that do not meet the target values (failed tests). It is 
expressed as: 

Fଶ  =   
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑎𝑖𝑙𝑒𝑑 𝑡𝑒𝑠𝑡𝑠

𝑡𝑜𝑡𝑎𝑙 𝑜𝑓 𝑡𝑒𝑠𝑡𝑠
൨   ×  100 (26)

F3, or “amplitude,” measures the deviation of test values from their targets. It is calculated using an asymptotic 
function that scales the normalized sum of the paths (nse) of the test values from the targets, resulting in a value between 
0 and 100:  

Fଷ  =   
𝑛𝑠𝑒

0.01(𝑛𝑠𝑒) + 0.01
൨ (27)

If a test value falls below the objective value, the deviation for that test value is determined as: 

𝑒𝑥𝑐𝑢𝑟𝑠𝑖𝑜𝑛 
=   ቈ

𝑓𝑎𝑖𝑙𝑒𝑑 𝑡𝑒𝑠𝑡 𝑣𝑎𝑙𝑢𝑒

𝑂𝑏𝑗𝑒𝑐𝑡𝑖𝑣𝑒
   −  1 (28)

Conversely, if the test value surpasses the objective value, the excursion value is calculated as: 

𝑒𝑥𝑐𝑢𝑟𝑠𝑖𝑜𝑛 
=   ቈ

𝑂𝑏𝑗𝑒𝑐𝑡𝑖𝑣𝑒

𝑓𝑎𝑖𝑙𝑒𝑑 𝑡𝑒𝑠𝑡 𝑣𝑎𝑙𝑢𝑒
   −  1 (29)

νse is the collective deviation of individual test values from their targets, calculated as the sum of deviations from 
targets, divided by the total number of tests, including those that meet and don’t meet their respective targets: 

𝑛𝑠𝑒 = ቈ
∑ 𝑒𝑥𝑐𝑢𝑟𝑠𝑖𝑜𝑛


ୀଵ

𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑒𝑠𝑡
 − 1 (30)

Based on CCMEWQI values, water quality is classified as excellent (95–100), good (80–94), fair (65–79), 
borderline (45–64), and poor (0–44) [27,113,114]. 

2.19. OIP (Overall Index of Pollution) 

OIP was developed by India’s National Environmental Research Institute (NEERI) for the assessment of surface 
water quality. It includes the parameters: pH, Turb., DO, BOD, hardness, TDS, TC, As, and F- using data from Indian 
river measurements [115,116]. OIP is calculated as the average of all pollution indices (Pi) for an individual parameter 
and is shown in the equation: 

OIP =
Σ𝑃

𝑛
 OIP =

Σ𝑃

𝑛
 (31)

where Pi = pollution index for ith parameter i = 1, 2, . . ., n and n = number of parameters. 
Water quality was graded as: excellent (0–1, Class C1), acceptable (1–2, Class C2), slightly polluted (2–4, Class 

C3), polluted (4–8, Class C4), heavily polluted (8–16, Class C5) according to Indian standards and/or other accepted 
guidelines (World Health Organization and European Community Standards) [70,115,117]. 

2.20. Liou 

LWQI was developed to evaluate the quality of river water in Taiwan, considering agricultural, industrial, and 
urban pollutants. It provides a proficient grading system. The calculation involves measurements from environmental 
monitoring and rating curves. Major parameters such as organics, particles, and microorganisms are analyzed and 
correlated. The final index considers three parameters: pH, Temp., and toxic substances. Classifying parameters aids in 
avoiding overlap and ambiguity concerns [41,49]. The aggregation function was derived through mathematical 
processing of the data, shown below: 
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RSI = 𝐶௧𝐶ு𝐶௧௫ ቈ൬ 𝐼𝑊

ଷ

ୀଵ
൰ × ቆ 𝐼𝑊

ଶ

ୀଵ
ቇ × ൬ 𝐼

ଵ

ୀଵ
൰

ଵ/ଷ

 (32)

Sub-index values are assigned based on the parameters they represent. For ‘organics’ (DO, BOD5, and NH3-N), 
sub-indices I1, I2, and I3 are used. ‘Particulates’ (SS and Turb.) is represented by sub-indices Ij. Fecal coliform under 
‘microorganisms’ is denoted as Ik. The geometric mean is utilized for the extracted components. Scaling factors (Ctem, 
CpH, and Ctox) are also included in the calculation [49]. 

2.21. Said 

SWQI consists of only five parameters and doesn’t require standardization or sub-indices. Its development 
consisted of two stages: evaluating the significance of parameters such as DO, TP, FC, Turb., and S.Cond.; and weight 
ranking tests, which gave DO the highest weight, followed by fecal coliform and total phosphorus, while turbidity and 
specific conductivity had the lowest influence on the index calculation [17,26,27,71] The aggregation function was 
obtained after mathematically processing the data, as shown below: 

WQI = log ቈ
(𝐷𝑂)ଵ.ହ

(3.8)்(𝑇𝑢𝑟𝑏).ଵହ(15)ி/ଵ + 0.14(𝑆𝐶).ହ
 (33)

where DO is DO (% oxygen saturation); Turb is Turbidity (Nephelometric turbidity units [NTU]); TP is total phosphate 
(mg/L); FCol is fecal coliform (counts/100 mL); SC is specific conductivity in (S/cm at 25 °C). 

SWQI ranges from 0 to 3, with 3 representing ideal water quality. Scores between 3 and 2 indicate acceptable 
quality, while values below 2 suggest marginal quality, requiring additional treatment. If one or two parameters decline, 
the index falls below 2, and when the majority of parameters deteriorate, it decreases to values below 1, signifying poor 
water quality [27,71]. 

2.22. Universal  

UWQI is a simplified indicator that evaluates the overall suitability of surface water for human use. It selects 
parameters according to expert opinions and international water quality standards. Important parameters include Cd, 
CN-, Hg, Se, As, F-, NO3

−, DO, BOD, P, pH, and TC. Microbiological parameters carry greater weight in the 
calculations due to their significant impact on public health when present in drinking water [92,118,119]. The 
aggregation function is expressed as follows:  

UWQI =  𝑊 𝐼



ୀଵ
 (34)

where Wi = weight for parameter I, Ii = subscript for parameter i. 
The classification of surface water for human consumption based on UWQI values is excellent (95–100), good 

(75–94), fair (50–74), marginal (25–49) and poor (0–24) [92,118]. 

2.23. Hanh 

Two indicators in Vietnam: WQIB and WQIO. WQIB evaluates spatial and temporal water quality, considering the 
parameters SS and DO. WQIO focuses on toxic substances such as CN- and heavy metals [27,72,82]. Following the 
above, the concentration function suggested for the basic WQI (WQIB) is as follows: 

WQI = ቈ
1

5
 𝑞 ×

ହ

ୀଵ

1

2
 𝑞×ೖ

ଶ

ୀଵ


ଵ/ଷ

 (35)

where qi is the index value of organic and nutrient components, qj, the index value of the particle group and qk, the index 
value of bacteria. 

Both the basic and additional groups of parameters are subsequently utilized to calculate the overall WQI (WQIO). 
Therefore, the following WQIO aggregation formula is as follows: 

WQI୭ = ൬ෑ 𝐶



ଵ
൰

ଵ/

ቈ
1

5
 𝑞 ×

ହ

ୀଵ

1

2
 𝑞×ೖ

ଶ

ୀଵ


ଵ/ଷ

 (36)
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where Ci are the coefficients concerning the sub-indicators Tw (water temperature), pH and toxic substances, and n, the 
number of coefficients. Therefore, based on the WQIB or WQIO score water quality can be classified as follows: 91–100, 
excellent water quality; 76–90, good water quality; 51–75, fair; 26–50, marginal; and 1–25 is poor water quality [72]. 

2.24. Almeida 

For AWQI, select parameters associated with swimming and health hazards. Careful selection mitigates issues from 
additional variables and addresses ambiguity. Use score curves to establish connections between swimming-related illnesses 
and the index [17,27,73,120]. The calculation of RWQI can be determined using the following equation: 

RWQI = ෑ 𝑄
ௐ



ୀଵ
 (37)

where, Qi is the rating value of parameter i, Wi, the weighting coefficients (ΣWi = 1) and Wi the effect of each parameter 
on the total value of the index.  

To calculate each of them, their individual weight must be considered, which is calculated using the following 
formula: 

𝑊 =

1
𝑎

∑
1
𝑎

 (38)

where, Wi, the weighting coefficient (ΣWi = 1) and Wi is the effect of each parameter on the total value of the index. 
RWQI values fluctuate with parameter weights (𝑎 coefficients 1 to 4). Multiply parameter values with sub-indices (QI 
Wi) to obtain value ranges from 0 to 100. Higher values indicate superior quality [27,62,73]. 

2.25. West Java 

WJWQI evaluates river water quality in West Java using the non-equal geometric method chosen for its simplicity 
and accuracy. Parameters are selected based on expert opinions and assigned weights using the Analytic Hierarchy 
Process (AHP). Six categories encompass a total of thirteen parameters: physical, oxygen depletion, nutrients, organic, 
minerals, and microbiological. The WJWQI aids in precisely evaluating the overall river water quality in West Java 
[74,121,122]. The final index value is calculated using the following equation: 

𝐴𝐼 = ෑ 𝑆
ఠ



ୀଵ
 (39)

where AI is the aggregate index, n, the number of sub-indices, wi, the weight and Si the sub-indicator i. The weights (wi) 
reflect the importance of each water quality parameter in the index. The WJWQI score classifies water quality into 
categories: excellent (90–100), good (75–90), fair (50–75), marginal (25–50), and bad (5–25). 

WJWQI serves as an effective water quality index for West Java’s rivers and is widely used to evaluate the overall 
river water quality [74]. 

3. Discussion 

All WQIs developed over the years tried to provide an easy and quick methodology for water quality assessment, 
nevertheless, WQIs have certain advantages and limitations. Specifically, the most commonly used WQIs, such as 
Horton NSF, Dinius, Malaysian, Ross Bascaron and Oregon use common water quality parameters (e.g., DO, pH, BOD, 
TDS, alkalinity and the major ions) to assess water quality status, therefore, they exclude major pollutant (e.g., heavy 
metals) from their assessment. Thus, in many cases, they can’t safely estimate water quality. Other WQIs (e.g., 
Bhargana, House, ATI, Dojido, BCWQI, UWQI, WJ) tried to overcome these limitations by adding more water quality 
parameters (e.g., heavy metals and specific pollutants) in their analysis or by using a set of parameters in order also to 
increase the water quality parameters used. Their main limitation was the lack of data availability for all the water 
quality parameters. More details about the use of WQI are provided in the following discussion. 

While various WQIs have been developed over the years, only a few are used more frequently either due to their 
simplicity or to data availability. Specifically, from 2013 until now, the most frequently employed water quality 
assessment indices in the literature include CCMEWQI and NSFWQ [26,82,123,124] (Table 2). 
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There are no distinct guidelines for the selection of water quality parameters in the development of a WQI. Criteria 
like oxygen, eutrophication, health, physical and chemical factors, and dissolved constituents influence parameter 
selection. Common WQI models are listed in Table 2 over the last 59 years [27,82,92,98,125].  

Study results provide data for water quality assessment and underscore variations among assessment methods 
[7,21,125]. The calculation of a WQI in a water system involves determining the sampling points, timeframe, variables, 
and objectives. It can be utilized at various stations such as those spread across a lake, with data collected for a minimum 
of one year [17,27,126]. Combined data from different years is possible, but it may result in a loss of variability. Water 
quality objectives set numerical concentrations to support and protect designated water uses (e.g., drinking water). 
Parameter selection should consider their significance, relevance to WQI objectives, and data availability 
[17,26,27,82,127], while the sampling points and frequency are also important [128]. 

WQIs such as CCMEWQIWQI and BCWQI are widely used for effective water quality assessment, as indicated 
in Table 2, due to their validity, even when parameter values are low [79,129,130]. The NSFWQI index is used for river 
waters and provides a more representative representation of river water quality [129,131,132]. In recent research in 
different countries, the NSFWQI index has been utilized to classify water quality [39,86,126]. Chemical analyses of 
water samples have resulted in the development of water quality indicators tailored to specific regions, enabling regular 
monitoring to safeguard public health by ensuring the delivery of safe and healthy water to residents [38,133,134]. 

The quantity of selected parameters on WQIs can differ. For instance, Ross, Ganga, Smith, and CCMEWQI 
incorporate only four parameters in their calculations, as shown in Table 2 [48,56,60,61,104,112]. Numerous indices 
involve the incorporation of ten or more parameters in their development, such as Horton, NSFWQI, SRDD, Dinius, 
Aquatic Toxicity, BCWQI, Liou, UWQI, Hanh, and West Java [41,49,52,53,62,72,74,112,118,135]. Certain indices 
encompass an even greater number of parameters, such as the Bascaron WQI with 26 parameters, the Dojildo WQI with 
19 parameters, and CI Slovakia with 19 parameters [49,62,65,67]. 

The availability of data related to the examined water body, plays a crucial role in parameter selection for WQI 
development, with the Delphi technique often used for this particular objective [112,136]. Certain indices select 
parameters by considering the availability of monitoring data and comparison standards (e.g., CI, Hanh, West Java) 
[62,72,74,112]. Specific indicates select parameters based on their environmental significance (e.g., Said) and public 
health (e.g., Liou) (Table 2) [41,71].  

Indicators featuring a limited number of parameters, e.g., [56,61] prioritize physical parameters such as SS, DO, 
and BOD, along with turbidity, temperature, and pH. Microbiological parameters, particularly FC, are frequently 
included as well. In contrast, the CCMEWQI index doesn’t define fixed parameters and their selection depends on the 
characteristics of the examined water body [56,60,61,103]. The Bascaron index involves 26 parameters, such as pH, 
BOD5, DO, temperature, TC, color, turbidity, permanganate reduction, detergents, hardness, DO, pesticides, oil and 
grease, SO4, NO3, cyanides, sodium, free CO2, ammonia-N, Cl, conductivity, Mg, P, NO2, and apparent aspect (Table 
2) [5,31,49,57]. 
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Table 2. WQI summary. 

WQI 
Num. of 
Param. 

Param. 
Selection 
Process 

Sub-Indexing Weights Aggregation Method Classification 

Horton 
(1965) 

10 
DO, pH, FC, E. coli, EC, TDS alkalinity, Cl-, 
CCE, Temp., apparent pollution 

Data availability 
of significant 
parameters 

    

NSF 
(1970) 

9 BOD, DO, NO3
−, TP, Temp., TU, TS, pH, FC Delphi  

Parameters directly used as 
sub-indicates 

Unequal weights 

Addictive formula 
(first version) 
Multicave formula 
(second version) 

1. Excellent (90–100) 
2. Good (70–89) 
3. Medium (50–69) 
4. Bad (25–49) 
5. Very bad (0–24) 

SRDD 
(1971) 

10 
DO, BOD5, NH3-N, sal NH3, pH, TO, TN, TP, 
SS, Temp., Cond., EC 

Delphi  
Parameters directly used as 
sub-indicates 

Unequal weights  
Sum of weights: 1 

Addictive 
mathematical function 
 
Multiplicative NSF 
formula 

1. Clean (90–100) 
2. Good (80–89) 
3. Good with treatment (70–

79) 
4. Tolerable (40–69) 
5. Polluted (30–39) 
6. Several polluted (20–29) 
7. Piggery waste (0–19) 

Dinius 
(1972) 

12 
DO, BOD, E. coli, coliform concentration, pH, 
alkalinity, hardness, Cl−, S. Cond., Temp., color, 
NOx

− 
Delphi  

Parameters directly used as 
sub-indicates 

Unequal weights Sum 
of weights: 10 

Multiplicative function 

1. Purification not required 
(90–100) 

2. Minor purification 
required (80–90) 

3. Treatment required (50–
80) 

4. Doubtful (40–50) 
Malaysian 
(1974) 

6 pH, DO, BOD, COD, NH3-N, SS  
Parameters directly used as 
sub-indicates 

Unequal weights Sum 
of weights: 1 

Simple addictive 
function  

 

Ross 
(1977) 

4 BOD5, NH3-N, SS, DO Delphi  

Parameters directly used as 
sub-indicates -rating curves 
developed by expert’s 
opinions 

Unequal weights 
Expert based 
Sum of weights: 10 

Additive Not specified 

Bascaron 
(1979) 

26 

pH, BOD5, Temp., TC, color, Turb., 
permanganate reduction, detergents, hardness, 
DO, pesticides, oil, grease, SO4

−, NO3
−, CN−, Na, 

free CO2, NH3-N, Cl, Cond., Mg, P, NO2
−, Ca, 

apparent aspect  

 
Parameters directly used as 
sub-indicates (linear 
transformation function) 

Unequal and fixed 
technique (Sum: 54) 

Modified additive 

1. Excellent (90–100) 
2. Good (70–90) 
3. Medium (50–70) 
4. Bad (25–50) 
5. Very bad (0–25) 

OWQI 
(1980) 

8 Temp., DO, BOD, pH, NH4NO3, TP, TS, FC Delphi  
Parameters directly used as 
sub-indicates 

Unequal weights with 
sum of weights equal 
to 1 (first version) 
Equal weights (second 
version) 

Addictive (first 
version) 
Unweighted—
harmonic mean of 
squares of sub-indices 
(second version) 

1. Excellent (90–100) 
2. Good (85–89) 
3. Fair (80–84) 
4. Poor (60–79) 
5. Very poor (<60) 

Bhargava 
(1983) 

 
4 sets of parameters: coliform organisms, heavy 
metals, physical, organic-inorganic 

 
Parameters in the same group 
are aggregated to obtain 4 
different group sub-indices 

Unequal weights  
Sum of weights is 1 

Modified 
multiplicative 

1. Permissible (90>)  
2. Permissible (65–89) 
3. Not permissible (35–64) 
4. Not permissible (11–34) 
5. Not permissible (10<) 

House 
(1986) 

9 DO, NH4-N, BOD, SS, NOx
−, Temp., Cl, TC Delphi  

Parameters directly used as 
sub-indicates 

Unequal weights  
Sum of weights is 1 

Additive (SRDD 
aggregation technique) 

1. Hight quality (71–100) 
2. Reasonable quality (51–

70) 
3. Moderate quality (31–50) 
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4. Polluted (10–30) 

Ganga Index 
(Ved Prakash et 
al.) (1989) 

4 DO, BOD, pH, FC  
Parameters directly used as 
sub-indicates 

Unequal weights  
Sum of weights: 1 

Additive 

1. Excellent (90>)  
2. Permissible (65–89)  
3. Marginaly suitable (35–

64)  
4. Inadequate for use (11–34) 
5. Totally unsuitable (10<) 

Smith 
(1990) 

4 SS, Turb., Temp., BOD5, FC (fish spawning) 
Delphi  

Parameters directly used as 
sub-indicates -rating curves 
developed by expert’s 
opinions 

Unequal weights  
Sum of weights: 1 

Minimum operator 
function 

Not specified 
7 

DO, SS, Turb., Temp., BOD5, NH3-N, FC (water 
supply) 

ATI 
(1992) 

14 NH3-N, TDS, F, K, PO4, Zn, Mn, Cr, Cu, Pb, Ni      

Dojildo 
(1993) 

7 
asic parametres BOD5, SS, P, NH4, DS, COD,  
DO 

 
Parameters directly used as 
sub-indicates 

Equal weights 
Square root of the 
harmonic mean 

1. Very clean (75–100)  
2. Clean (50–75) 
3. Polluted (25–50)  
4. Very polluted (0–25) 19 

Additional parameters Fe, phenols, organic 
nitrogen, hardness, Mn, pH, SO₄²−, Cl, COD, 
NO3

−, Pb, Hg, Cu, Cr, Zn, Cd, Ni, CN- 

BCWQI 
(1995) 

10 
(at least) 

Common parameters (at least) 
Open choice 
system 

Sub-index assign based on 
expert opinion 

Unequal weights  
Expert based 

Simple specific 
mathematical formula 

1. Excellent (0–3) 
2. Good (4–17) 
3. Fair (18–43) 
4. Borderline (44–59) 
5. Poor (60–100) 

CI 
Filand 
(1998) 

12 
F−, NO3

−, UO2
2−, As, B, Ba, Cd, Cr, Ni, Pb, Rn, 

Se (health-risk) 
Monitoring data 
availability and 
comparison 
standards 

Parameters directly used as 
sub-indicates 

No used  
1. Low (<1) 
2. Medium (1–3) 
3. High (>3) 11 

pH, KMnO4 cons., SO4 2−, Cl−, Ag, Al, Cu, Fe, 
Mn, Na, Zn. (Technical-aesthetic) 

CI 
Slovakia 
(1998) 

19 
TDS, SO4

2−, Cl−, F−, NO3
−, NH4

+, Al, As, Ba, Cd, 
Cr, Cu, Fe, Hg, Mn, Pb, Sb, Se, Zn 

Monitoring data 
availability and 
comparison 
standards 

Parameters directly used as 
sub-indicates 

No used  
1. Low (<1) 
2. Medium (1–3) 
3. High (>3) 

Dalmatian 
(1999) 

9 
Temp., mineralization, corrosion coefficient, K, 
DO, BOD, TN, protein nitrogen, TP, TC 

Delphi  
Parameters directly used as 
sub-indicates 

Unequal weights Sum 
of weights: 
100 

Automatic index 
formulas (additives or 
multiplicative) 

Not  
specified 

CCME 
(2001) 

4 without specifying  Delphi  No used No used 
Fixed mathematical 
functions 

1. Excellent (95–100) 
2. Good (84–94) 
3. Fair (65–79) 
4. Marginal (45–65) 
5. Poor (0–44) 

OIP 
(2002) 

9 pH, Turb., DO, BOD, hardness, TDS, TC, As, F−     

1. Excellent (0–1)  
2. Acceptable (1–2)  
3. Slightly polluted (2–4) 
4. Polluted (4–8)  
5. Heavily polluted (8–16) 

Liou 
(2004) 

13 
main parameters: pH, DO, BOD5, NH3-N, SS, 
Turb., FC, Temp., toxic parameters,pH 

Environmental 
and health 
significance 

Parameters value used as sub-
indicates 

Equal weights  Not specified 

Said 
(2004) 

5 DO, TP, FC, Turb., S.Cond. 
Environmental 
significance 

Parameters value used as sub-
indicates 

Equal weights 
Simple mathematical 
function 

1. Highest purity (3) 
2. Marginal quality (<2) 
3. Poor quality (<1) 

UWQI 
(2009) 

12 
Cd, CN−, Hg, Se, As, F−, NO3−, DO, BOD, P, pH, 
TC  

Delphi  
Rating curve based sub-
indexing system 

Unequal weights Multiplicative function 

1. Excellent (95–100) 
2. Good (75–94) 
3. Fair (50–74) 
4. Marginal (25–49) 
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5. Poor (0–24) 

Hanh 
(2010) 

10 
(at least) 

SS, Turb,, DO, COD, BOD5, PO4, NH3-N, TC, 
Temp., toxicity, pH 

Monitoring data 
availability 

Rating curve based sub-
indexing system and 
developed on Vietnamese WQ 
standards 

Equal weights 

Combination of 
additive and 
multiplicative means 
(basic WQ-overall 
WQ) 

1. Excellent (91–100) 
2. Good (76–90) 
3. Fair (51–75) 
4. Marginal (26–50) 
5. Poor (<25) 

Almeida 
(2012) 

9 
pH, COD, NO3, PO4, detergents, enterococci, TC, 
FC, E. coli 

Delphi  
Rating curve based sub-
indexing system and 
recommended by experts 

Unequal weights Sum 
of weights: 1 

Multiplicative 
mathematical function 

1. Excellent (91–100) 
2. Good (81–90) 
3. Medium (71–80) 
4. Poor (<70) 

WJ 
(2017) 

13 
Temp., SS, COD, DO, NO2

−, TP, detergents, 
phenols, Cl−, Zn, Pb, Hg, FC 

Monitoring data 
availability and 
comparison 
standards 

Straight forward mathematical 
function with guideline value 
for generating sub-indexing 

AHP 
Fixed/unequal weight 
values 
Experts’ opinion  
Sum of weights:1 

Non equal geometric 
technique 

1. Excellent (90–100)  
2. Good (90–75)  
3. Fair (75–50)  
4. Marginal (50–25)  
5. Poor (25–5) 
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Most indices use rating curves to directly convert parameters into sub-indices, often with unequal weights. 
However, certain indices, such as Dojildo, Liou, Said, and Hanh assign equal parameter weights, while others like CI 
and CCMEWQI do not consider parameter weights during their development (Table 2) [41,48,62,65,67,71,72]. 

WQIs have been used in several studies, depending on their characteristics and data availability. For example, WQI 
which includes NO3 and other major anions and cations, as parameters, has been used for groundwater quality 
assessment, as they can depict nitrogen pollution [137–141]. WQIs including major cations and anions are also mainly 
used to assess surface water as water resource for potable use [142,143]. 

4. Conclusions 

WQIs are widely applied globally to evaluate and monitor water quality, particularly in areas facing issues related 
to water scarcity. These indices are mathematical models developed by studying and analyzing specific parameters selected 
for their relevance to the water source, sampling time, and geographical location. They function as potent instruments for 
evaluating the quality of the investigated water system, identifying pollution sources, and safeguarding surface waters. 

Various indices are used depending on the parameters relevant to each water system and the suitability of their 
results. The WQI, NSFWQI, CCMEWQI, and BCWQI are among the main indices used in the evaluation of water 
quality, as they use as quality parameters the most commonly measured ones. The WQI is commonly used to evaluate 
the quality of river and lake water. The CCMEWQI and BCWQI exhibit greater efficiency and validity when dealing 
with low parameter values. The NSFWQI provides a more comprehensive perspective of river water quality worldwide. 
Furthermore, NSFWQI, CCMEWQI, and BCWQI can also be used with weights, which is extremely important, as they 
can take into consideration the different significance of the used parameters. Moreover, CCMEWQI and NSFWQ have 
been reported as the most frequently employed water quality assessment indices in the literature [26,82,123,124]. 

Over time, several additional WQIs have emerged, including fuzzy waters, heavy metals, land use-related water, 
tropical pollution level indices, and specifically tailored to post-mining activities. Developing a universally accepted 
WQI has proven to be challenging due to the diverse parameters found in different aquatic ecosystems. 

However, distinct adaptations of the UWQI have been formulated to cater to the specific needs of drinking water, 
agricultural and industrial water (DWQI), river and lake water (OIP), recreational water, groundwater (CI), and water 
intended for fishing (ATI). Research into water quality indices is crucial in regions facing water scarcity, pollution 
issues, and areas implementing proactive measures to prevent water contamination. WQIs developed can be adapted 
and applied in other water ecosystems within the same area or globally, customized to particular data and conditions. 

Author Contributions 

Conceptualization, C.S.A. and P.A.; Methodology, C.S.A. and P.A.; Investigation, P.A.; Data Curation, P.A.; 
Writing—Original Draft Preparation, P.A.; Writing—Review & Editing, C.S.A.; Supervision, C.S.A. 

Ethics Statement 

Not applicable. 

Informed Consent Statement 

Not applicable. 

Data Availability Statement 

Not applicable. 

Funding 

This research received no external funding. 

Declaration of Competing Interest 

The authors declare that they have no known competing financial interests or personal relationships that could have 
appeared to influence the work reported in this paper 
  



Hydroecology and Engineering 2025, 2, 10003 17 of 22 

 

References 

1. Das J, Acharya B. Hydrology and assessment of lotic water quality in Cuttack City, India. Water Air Soil Pollut. 2003, 150, 
163–175. 

2. EEA, European Enviroment Agency. 2023. Available online: https://www.eea.europa.eu/themes/water/european-
waters/water-use and-environmental-pressures (accessed on 30 November 2024). 

3. Kilic E, Yucel N. Determination of spatial and temporal changes in water quality at Asi River using multivariate statistical 
techniques. Turk. J. Fish. Aquat. Sci. 2019, 19, 727–737. 

4. Wong TH, Rogers BC, Brown RR. Transforming cities through water-sensitive principles and practices. One Earth 2020, 3, 
436–447. 

5. Sánchez E, Colmenarejo MF, Vicente J, Rubio A, García MG, Travieso L, et al. Use of the water quality index and dissolved 
oxygen deficit as simple indicators of watersheds pollution. Ecol. Indic. 2007, 7, 315–328. 

6. Heidari H, Arabi M, Warziniack T, Sharvelle S. Effects of urban development patterns on municipal water shortage. Front. 
Water 2021, 3, 694817.  

7. Zhang W, Li Y, Li Z, Wei X, Ren T, Liu J, et al. Impacts of climate change, population growth, and urbanization on future 
population exposure to long-term temperature change during the warm season in China. Environ. Sci. Pollut. Res. 2020, 27, 
8481–8491.  

8. Boretti A, Rosa L. Reassessing the projections of the world water development report. NPJ Clean Water 2019, 2, 15. 
9. McGrane SJ. Impacts of urbanisation on hydrological and water quality dynamics, and urban water management: a review. 

Hydrol. Sci. J. 2016, 61, 2295–2311. 
10. Grönwall J, Danert K. Regarding groundwater and drinking water access through a human rights lens: Self-supply as a norm. 

Water 2020, 12, 419.  
11. Carrard N, Foster T, Willetts J. Groundwater as a source of drinking water in southeast Asia and the Pacific: A multi-country 

review of current reliance and resource concerns. Water 2019, 11, 1605. 
12. Kar S, Ghosh I, Ghosh A, Aitch P, Bhandari G. Determination of water quality index (WQI) during mass bathing in different 

ghats of river Ganga in Howrah and North 24 Parganas district, West Bengal, India. Int. J. Res. Appl. Sci. Eng. Technol. 
(IJRASET) 2017, 5, 1097–1104. 

13. Simeonov V, Einax J, Stanimirova I, Kraft J. Environmetric modeling and interpreta-tion of river water monitoring data. Anal. 
Bioanal. Chem. 2002, 374, 898–905.  

14. Niyogi D, Osuri KK, Busireddy N, Nadimpalli R. Timing of rainfall occurrence altered by urban sprawl. Urban Clim. 2020, 
33, 100643.  

15. Liu J, Niyogi D. Meta-analysis of urbanization impact on rainfall modification. Sci. Rep. 2019, 9, 7301. 
16. Ji L, Li Y, Zhang G, Bi Y. Anthropogenic Disturbances Have Contributed to Degradation of River Water Quality in Arid 

Areas. Water 2021, 13, 3305. 
17. Akhtar N, Ishak MIS, Ahmad MI, Umar K, Md Yusuff MS, Anees MT, et al. Modification of the water quality index (WQI) 

process for simple calculation using the multi-criteria decision-making (MCDM) method: A review. Water 2021, 13, 905. 
18. Zeinalzadeh K, Rezaei E. Determining spatial and temporal changes of surface water quality using principal component 

analysis. J. Hydrol. Reg. Stud. 2017, 13, 1–10. 
19. Mirzaei R, Abbasi N, Sakizadeh M. Water quality assessment of rivers in Bushehr province by using water quality index 

during 2011–2013 years. ISMJ 2017, 20, 470–480. 
20. Yang X, Li J, Liu X, Gao J, Dong F, Huang A, et al. Research on Water Quality Assessment Using the Water Quality Index 

for the Eastern Route of the South-to-North Water Diversion Project. Water 2023, 15, 842. 
21. Azhari HE, Cherif EK, Sarti O, Azzirgue EM, Dakak H, Yachou H, et al. Assessment of Surface Water Quality Using the 

Water Quality Index (IWQ), Multivariate Statistical Analysis (MSA) and Geographic Information System (GIS) in Oued Laou 
Mediterranean Watershed, Morocco. Water 2022, 15, 130. 

22. Kirschke S, Avellán T, Bärlund I, Bogardi JJ, Carvalho L, Chapman D, et al. Capacity challenges in water quality monitoring: 
Understanding the role of human development. Environ. Monit. Assess. 2020, 192, 1–16.  

23. Shil S, Singh UK, Mehta P. Water quality assessment of a tropical river using water quality index (WQI), multivariate 
statistical techniques and GIS. Appl. Water Sci. 2019, 9, 168. 

24. Bharti N, Katyal D. Water quality indices used for surface water vulnerability assessment. Int. J. Environ. Sci. 2011, 2, 154–
173. 

25. Lukhabi DK, Mensah PK, Asare NK, Pulumuka-Kamanga T, Ouma KO. Adapted water quality indices: Limitations and 
potential for water quality monitoring in Africa. Water 2023, 15, 1736.  

26. Aljanabi ZZ, Al-Obaidy A-HMJ, Hassan FM. A brief review of water quality indices and their applications. In Proceedings 
of the Fifth International Scientific Conference on Environment and Sustainable Development, Baghdad, Iraq & Istanbul, 
Turkey, 1–2 June 2021. 



Hydroecology and Engineering 2025, 2, 10003 18 of 22 

 

27. Uddin MG, Nash S, Olbert AI. A review of water quality index models and their use for assessing surface water quality. Ecol. 
Indic. 2021, 122, 107218.  

28. Jha DK, Devi MP, Vidyalakshmi R, Brindha B, Vinithkumar NV, Kirubagaran R. Water quality assessment using water 
quality index and geographical information system methods in the coastal waters of Andaman Sea, India. Mar. Pollut. Bull. 
2015, 100, 555–561.  

29. Jha MK, Shekhar A, Jenifer MA. Assessing groundwater quality for drinking water supply using hybrid fuzzy-GIS-based 
water quality index. Water Res. 2020, 179, 115867.  

30. Sun W, Xia C, Xu M, Guo J, Sun G. Application of modified water quality indices as indicators to assess the spatial and 
temporal trends of water quality in the Dongjiang River. Ecol. Indic. 2016, 66, 306–312.  

31. Kannel PR, Lee S, Lee Y-S, Kanel SR, Khan SP. Application of water quality indices and dissolved oxygen as indicators for 
river water classification and urban impact assessment. Environ. Monit. Assess. 2007, 132, 93–110.  

32. Márquez CO, García VJ, Ríos AC. Water Quality Indicator for Adaptability to Global Climate Change in Andean Highland 
Ecosystems. Water 2023, 15, 857.  

33. Grizzetti B, Vigiak O, Udias A, Aloe A, Zanni M, Bouraoui F, et al. How EU policies could reduce nutrient pollution in 
European inland and coastal waters. Glob. Environ. Chang. 2021, 69, 102281.  

34. Zait R, Sluser B, Fighir D, Plavan O, Teodosiu C. Priority pollutants monitoring and water quality assessment in the Siret 
River Basin, Romania. Water 2022, 14, 129.  

35. Carvalho L, Mackay EB, Cardoso AC, Baattrup-Pedersen A, Birk S, Blackstock KL, et al. Protecting and restoring Europe’s 
waters: An analysis of the future development needs of the Water Framework Directive. Sci. Total Environ. 2019, 658, 1228–
1238. 

36. Behmel S, Damour M, Ludwig R, Rodriguez M. Water quality monitoring strategies—A review and future perspectives. Sci. 
Total Environ. 2016, 571, 1312–1329. 

37. Diop M, Mall I, Diop T, Badji L, Mbow C. Development and Application of Water Quality Index (WQI) for the Evaluation 
of the Physico-Chemical Quality of Groundwater in Gold Mining Areas of Southeastern Senegal. J. Water Resour. Prot. 2023, 
15, 33–50.  

38. Zhou Y, Wang X, Li W, Zhou S, Jiang L. Water Quality Evaluation and Pollution Source Apportionment of Surface Water in 
a Major City in Southeast China Using Multi-Statistical Analyses and Machine Learning Models. Int. J. Environ. Res. Public 
Health 2023, 20, 881.  

39. Mammeri A, Tiri A, Belkhiri L, Salhi H, Brella D, Lakouas E, et al. Assessment of Surface Water Quality Using Water Quality 
Index and Discriminant Analysis Method. Water 2023, 15, 680.  

40. Hernández-Romero AH, Tovilla-Hernández C, Malo EA, Bello-Mendoza R. Water quality and presence of pesticides in a 
tropical coastal wetland in southern Mexico. Mar. Pollut. Bull. 2004, 48, 1130–1141.  

41. Liou S-M, Lo S-L, Wang S-H. A generalized water quality index for Taiwan. Environ. Monit. Assess. 2004, 96, 35–52.  
42. Bordalo A, Nilsumranchit W, Chalermwat K. Water quality and uses of the Bangpakong River (Eastern Thailand). Water Res. 

2001, 35, 3635–3642. 
43. Cude CG. Oregon water quality index a tool for evaluating water quality management effectiveness. J. Am. Water Resour. 

Assoc. 2001, 37, 125–137. 
44. Dojlido JR, Best GA. Inorganic Substances in Surface Waters. In Chemistry of Water and Water Pollution, Ellis Horwood 

Series in Water and Wastewater Technology; Elis Horwood Limited: Chichester, NH, USA, 1993; pp. 59–205. 
45. Snow J. On the mode of communication of cholera. Edinb. Med. J. 1856, 1, 668.  
46. Kachroud M, Trolard F, Kefi M, Jebari S, Bourrié G. Water quality indices: Challenges and application limits in the literature. 

Water 2019, 11, 361.  
47. Fathi E, Zamani-Ahmadmahmoodi R, Zare-Bidaki R. Water quality evaluation using water quality index and multivariate 

methods, Beheshtabad River, Iran. Appl. Water Sci. 2018, 8, 210. 
48. Lumb A, Sharma T, Bibeault J-F, Klawunn P. A comparative study of USA and Canadian water quality index models. Water 

Qual. Expo. Health 2011, 3, 203–216.  
49. Sutadian AD, Muttil N, Yilmaz AG, Perera B. Development of river water quality indices—A review. Environ. Monit. Assess. 

2016, 188, 58.  
50. Dadolahi-Sohrab A, Arjomand F, Fadaei-Nasab M. Water quality index as a simple indicator of watersheds pollution in 

southwestern part of Iran. Water Environ. J. 2012, 26, 445–454. 
51. Ionuş O. Water Quality Index-Assessment Method of the Motru River water quality (Oltenia, Romania). Geogr. Univ. DIN 

CRAIOVA Ser. Geogr. 2010, 13, 74–83. 
52. Bordalo AA, Teixeira R, Wiebe WJ. A water quality index applied to an international shared river basin: the case of the Douro 

River. Environ. Manag. 2006, 38, 910–920. 
53. Dinius S. Design of an index of water quality. J. Am. Water Resour. Assoc. 1987, 23, 833–843. 
54. Gazzaz NM, Yusoff MK, Aris AZ, Juahir H, Ramli MF. Artificial neural network modeling of the water quality index for 

Kinta River (Malaysia) using water quality variables as predictors. Mar. Pollut. Bull. 2012, 64, 2409–2420.  



Hydroecology and Engineering 2025, 2, 10003 19 of 22 

 

55. Khuan LY, Hamzah N, Jailani R. Prediction of water quality index (WQI) based on artificial neural network (ANN). In 
Proceedings of the 2nd Student Conference on Research and Development, Universiti Teknologi Mara (UiTM), Malaysia 
Student Branch, Selangor, Malaysia, 7 November 2002. 

56. Ross SL. An index system for classifying river water quality. Water Pollut. Control. 1977, 76, 113–122. 
57. Kocer MAT, Sevgili H. Parameters selection for water quality index in the assessment of the environmental impacts of land-

based trout farms. Ecol. Indic. 2014, 36, 672–681.  
58. Bhargava DS. Water quality variations and control technology of Yamuna River. Environ. Pollut. Ser. A Ecol. Biol. 1985, 37, 

355–376. 
59. House M. A water quality index for use in the operational management of river water quality in Europe. Watershed 1989, 89, 

159–168. 
60. Abbasi T, Abbasi SA. Water quality indices. Environ. Earth Sci. 2012, 71, 4625–4628. 
61. Smith DG. A better water quality indexing system for rivers and streams. Water Res. 1990, 24, 1237–1244.  
62. Poonam T, Tanushree B, Sukalyan C. Water quality indices-important tools for water quality assessment: A review. Int. J. 

Adv. Chem. 2013, 1, 15–28.  
63. Wepener V, Euler N, Van Vuren J, Du Preez H, Kohler A. The development of an aquatic toxicity index as a tool in the 

operational management of water quality in the Olifants River (Knsger National Park). Koedoe 1992, 35, 1–9. 
64. House M, Ellis J. Water quality indices (UK): an additional management tool? Prog. Water Technol. 1980, 13, 413–423.  
65. Dojlido J, Raniszewski J, Woyciechowska J. Water quality index applied to rivers in the Vistula River basin in Poland. Environ. 

Monit. Assess. 1994, 33, 33–42. 
66. Khan F, Husain T, Lumb A. Water quality evaluation and trend analysis in selected watersheds of the Atlantic region of 

Canada. Environ. Monit. Assess. 2003, 88, 221–248.  
67. Backman B, Bodiš D, Lahermo P, Rapant S, Tarvainen T. Application of a groundwater contamination index in Finland and 

Slovakia. Environ. Geol. 1998, 36, 55–64. 
68. Štambuk-Giljanović N. Water quality evaluation by index in Dalmatia. Water Res. 1999, 33, 3423–3440.  
69. Glozier NE, Prairie CEC, Division NRES. Water Quality Characteristics and Trends for Banff and Jasper National Parks: 

1973–2002, 1st ed.; Environment Canada, Environmental Conservation Branch, Ecological Science Division: Saskatoon, 
Saskatchewan, 2004; p. 86. 

70. Sargaonkar A, Deshpande V. Development of an overall index of pollution for surface water based on a general classification 
scheme in Indian context. Environ. Monit. Assess. 2003, 89, 43–67.  

71. Said A, Stevens DK, Sehlke G. An innovative index for evaluating water quality in streams. Environ. Manag. 2004, 34, 406–
414. 

72. Hanh PTM, Sthiannopkao S, Ba DT, Kim KW. Development of Water Quality Indexes to identify pollutants in Vietnam’s 
surface water. J. Environ. Eng. 2011, 137, 273–283. 

73. Almeida C, González SO, Mallea M, González P. A recreational water quality index using chemical, physical and 
microbiological parameters. Environ. Sci. Pollut. Res. 2012, 19, 3400–3411. 

74. Sutadian AD, Muttil N, Yilmaz AG, Perera B. Development of a water quality index for rivers in West Java Province, 
Indonesia. Ecol. Indic. 2018, 85, 966–982. 

75. Barakat A, El Baghdadi M, Rais J, Aghezzaf B, Slassi M. Assessment of spatial and seasonal water quality variation of Oum 
Er Rbia River (Morocco) using multivariate statistical techniques. Int. Soil Water Conserv. Res. 2016, 4, 284–292. 

76. Hoseinzadeh E, Khorsandi H, Wei C, Alipour M. Evaluation of Aydughmush river water quality using the national sanitation 
foundation water quality index (NSFWQI), river pollution index (RPI), and forestry water quality index (FWQI). Desalination 
Water Treat. 2015, 54, 2994–3002.  

77. Sapkal R, Valunjkar S. Development and sensitivity analysis of water quality index for evaluation of surface water for drinking 
purpose. Int. J. Civ. Eng. Technol. (IJCIET) 2013, 4, 119–134.  

78. Alobaidy AHMJ, Al-Sameraiy MA, Kadhem AJ, Majeed AA. Evaluation of treated municipal wastewater quality for irrigation. 
J. Environ. Prot. 2010, 1, 216. 

79. Marselina M, Wibowo F, Mushfiroh A. Water quality index assessment methods for surface water: A case study of the Citarum 
River in Indonesia. Heliyon 2022, 8, e09848. 

80. DEQ. Oregon Water Quality Index Data Summary. Available online: 
https://www.oregon.gov/deq/wq/Documents/WQ2022datasummary.pdf (accessed on 30 November 2024). 

81. Komathy K. Prediction of Marine Water Quality Index Using a Stacked Classifier Under Machine Learning Architecture. Nat. 
Environ. Pollut. Technol. 2022, 21, 2211–2218. 

82. Chidiac S, El Najjar P, Ouaini N, El Rayess Y, El Azzi D. A comprehensive review of water quality indices (WQIs): History, 
models, attempts and perspectives. Rev. Environ. Sci. Bio/Technol. 2023, 22, 349–395. 

83. De Oliveira MD, de Rezende OLT, de Fonseca JFR, Libanio M. Evaluating the surface Water quality index fuzzy and its 
influence on water treatment. J. Water Process Eng. 2019, 32, 100890. 



Hydroecology and Engineering 2025, 2, 10003 20 of 22 

 

84. Prabagar S, Thuraisingam S, Prabagar J. Sediment analysis and assessment of water quality in spacial variation using water 
quality index (NSFWQI) in Moragoda canal in Galle, Sri Lanka. Waste Manag. Bull. 2023, 1, 15–20. 

85. Brown RM, McClelland NI, Deininger RA, O’Connor MF. A water quality index—Crashing the psychological barrier. In 
Proceedings of the Symposium AAAS Meeting, Philadelphia, PA, 26–31 December 1971. 

86. Matta G, Nayak A, Kumar A, Kumar P. Water quality assessment using NSFWQI, OIP and multivariate techniques of Ganga 
River system, Uttarakhand, India. Appl. Water Sci. 2020, 10, 206.  

87. Carvalho L, Cortes R, Bordalo AA. Evaluation of the ecological status of an impaired watershed by using a multi-index 
approach. Environ. Monit. Assess. 2011, 174, 493–508. 

88. Alarcón APG, Elizondo MdSG, Vergara I, Lagos MD, Herrera MTA. Water quality indices in México and Colombia. 
evolution, criteria and challenges. Ingeniería Investigación y Desarrollo 2021, 21, 1–18. 

89. Torres P, Cruz CH, Patiño P, Escobar JC, Pérez A. Applying water quality indexes (WQI) to the use of water sources for 
human consumption. Ingeniería e Investigación 2010, 30, 86–95. 

90. Huang YF, Ang SY, Lee KM, Lee TS. Quality of water resources in Malaysia. Res. Pract. Water Qual. 2015, 3, 65–94.  
91. Ibrahim H, Kutty AA. Recreational stream assessment using Malaysia water quality index. AIP Conf. Proc. 2013, 1571, 620–

624. 
92. Banda TD, Kumarasamy M. Development of a universal water quality index (UWQI) for South African river catchments. 

Water 2020, 12, 1534. 
93. Abrahão R, Carvalho M, Da Silva W, Jr., Machado T, Gadelha C, Hernandez M. Use of index analysis to evaluate the water 

quality of a stream receiving industrial effluents. Water SA 2007, 33. doi:10.4314/wsa.v33i4.52940. 
94. Menberu Z, Mogesse B, Reddythota D. Evaluation of water quality and eutrophication status of Hawassa Lake based on 

different water quality indices. Appl. Water Sci. 2021, 11, 61. 
95. Fraga MdS, Reis GB, da Silva DD, Guedes HAS, Elesbon AAA. Use of multivariate statistical methods to analyze the 

monitoring of surface water quality in the Doce River basin, Minas Gerais, Brazil. Environ. Sci. Pollut. Res. 2020, 27, 35303–
35318.  

96. Ismail AH, Robescu D. Assessment of water quality of the danube river using water quality indices technique. Environ. Eng. 
Manag. J. 2019, 18, 1727–1737. 

97. Zotou I, Tsihrintzis VA, Gikas GD. Comparative assessment of various water quality indices (WQIs) in Polyphytos Reservoir-
Aliakmon River, Greece. Proceedings 2018, 2, 611. 

98. Noori R, Berndtsson R, Hosseinzadeh M, Adamowski JF, Abyaneh MR. A critical review on the application of the National 
Sanitation Foundation Water Quality Index. Environ. Pollut. 2019, 244, 575–587. 

99. Gorai A, Hasni S, Iqbal J. Prediction of ground water quality index to assess suitability for drinking purposes using fuzzy rule-
based approach. Appl. Water Sci. 2016, 6, 393–405.  

100. House M, Ellis J. The development of water quality indices for operational management. Water Sci. Technol. 1987, 19, 145–
154. 

101. House M, Newsome D. Water quality indices for the management of surface water quality Urban discharges and receiving 
water quality impacts. Water Sci. Technol. 1989, 21, 159–173. 

102. Bhutiani R, Ram K, Ahamad F. Assessment of suitability of ground water quality in and around Laksar, Haridwar, Uttarakhand 
on the basis Water Quality Index (WQI). Environ. Conserv. J. 2019, 20, 41–46. 

103. Sarkar C, Abbasi SA. QUALIDEX–a new software for generating water quality indice. Environ. Monit. Assess. 2006, 119, 
201–231. 

104. García-Chicote J, Armengol X, Rojo C. Zooplankton abundance: a neglected key element in the evaluation of reservoir water 
quality. Limnologica 2018, 69, 46–54.  

105. Gopaul PR, Nowbuth MD, Baguant-Moonshiram Y. Water quality indexing for predicting variation of water quality over time. 
Univ. Maurit. Res. J. 2009, 15, 186–199. 

106. EPA. Basic Information on Water Quality Criteria. Available online: https://www.epa.gov/wqc/basic-information-water-
quality-criteria (accessed on 30 November 2024). 

107. Vindimian É, Garric J, Flammarion P, Thybaud É, Babut M. An index of effluent aquatic toxicity designed by partial least 
squares regression, using acute and chronic tests and expert judgements. Environ. Toxicol. Chem. Int. J. 1999, 18, 2386–2391.  

108. Zandbergen PA, Hall KJ. Analysis of the British Columbia water quality index for watershed managers: A case study of two 
small watersheds. Water Qual. Res. J. 1998, 33, 519–550.  

109. CCME. Water Quality Assessment in Terms of Water Quality Index. Available online: https://ccme.ca/en/current-
activities/canadian-environmental-quality-guidelines (accessed on 30 November 2024). 

110. Stambuk-Giljanović N, Stambuk D. Sodium levels in the Dalmatian water resources in 2003. Lijecnicki Vjesnik 2006, 128, 
105–113.  

111. Bilgin A. Evaluation of surface water quality by using Canadian Council of Ministers of the Environment Water Quality Index 
(CCME WQI) method and discriminant analysis method: a case study Coruh River Basin. Environ. Monit. Assess. 2018, 190, 
554. 



Hydroecology and Engineering 2025, 2, 10003 21 of 22 

 

112. Uddin MG, Moniruzzaman M, Khan M. Evaluation of groundwater quality using CCME water quality index in the Rooppur 
Nuclear Power Plant Area, Ishwardi, Pabna, Bangladesh. Am. J. Environ. Prot. 2017, 5, 33–43.  

113. Hurley T, Sadiq R, Mazumder A. Adaptation and evaluation of the Canadian Council of Ministers of the Environment Water 
Quality Index (CCME WQI) for use as an effective tool to characterize drinking source water quality. Water Res. 2012, 46, 
3544–3552.  

114. CWQGPAL. Canadian Water Quality Guidelines for the Protection of Aquatic Life. Available online: 
https://www.canada.ca/content/dam/eccc/documents/pdf/pded/zinc/Risk-management-scope-zinc-soluble-zinc-
compound.pdf (accessed on 30 November 2024). 

115. Kamboj V, Kamboj N, Bisht A. An overview of water quality indices as promising tools for assessing the quality of water 
resources. Adv. Environ. Pollut.Manag. Wastewater Impacts Treat. Technol. 2020, 1, 188–214.  

116. Shukla AK, Ojha C, Garg R. Application of overall index of pollution (OIP) for the assessment of the surface water quality in 
the upper Ganga River basin, India. In Development of Water Resources in India, 1st ed.; Garg V, Singh VP, Raj V, Eds.; 
Water Science and Technology Library (WSTL): ResearchGate Berlin, Germany, 2017; Volume 75, p. 135. 

117. Pandit DN, Kumari R, Shitanshu SK. A comparative assessment of the status of Surajkund and Rani Pond, Aurangabad, Bihar, 
India using overall Index of Pollution and Water Quality Index. Acta Ecol. Sin. 2022, 42, 149–155.  

118. Boyacioglu H. Development of a water quality index based on a European classification scheme. Water Sa 2007, 33. 
doi:10.4314/wsa.v33i1.47882. 

119. Peng L. A universal index formula suitable to multiparameter water quality evaluation. Numer. Methods Partial. Differ. Equ. 
Int. J. 2004, 20, 368–373.  

120. Swamee PK, Tyagi A. Improved method for aggregation of water quality subindices. J. Environ. Eng. 2007, 133, 220–225. 
121. Juwana I, Muttil N, Perera B. Uncertainty and sensitivity analysis of West Java Water Sustainability Index–A case study on 

Citarum catchment in Indonesia. Ecol. Indic. 2016, 61, 170–178.  
122. Juwana I, Rahardyan NA, Permadi DA, Sutadian AD. Uncertainty and Sensitivity Analysis of the Effective Implementation 

of Water Quality Improvement Programs for Citarum River, West Java, Indonesia. Water 2022, 14, 4077.  
123. Panagopoulos Y, Alexakis DE, Skoulikidis NT, Laschou S, Papadopoulos A, Dimitriou E. Implementing the CCME water 

quality index for the evaluation of the physicochemical quality of Greek rivers. Water 2022, 14, 2738.  
124. Dao V, Urban W, Hazra SB. Introducing the modification of Canadian water quality index. Groundw. Sustain. Dev. 2020, 11, 

100457. 
125. Nguyen Van H, Nguyen Viet H, Truong Trung K, Nguyen Hai P, Nguyen Dang Giang C. A comprehensive procedure to 

develop water quality index: A case study to the Huong River in Thua Thien Hue province, Central Vietnam. PLoS ONE 2022, 
17, e0274673.  

126. Gaur N, Sarkar A, Dutta D, Gogoi B, Dubey R, Dwivedi SK. Evaluation of water quality index and geochemical characteristics 
of surfacewater from Tawang India. Sci. Rep. 2022, 12, 11698.  

127. Rajkumar H, Naik PK, Rishi MS. A comprehensive water quality index based on analytical hierarchy process. Ecol. Indic. 
2022, 145, 109582. 

128. Sambito M, Di Cristo C, Freni G, Leopardi A. Optimal water quality sensor positioning in urban drainage systems for illicit 
intrusion identification. J. Hydroinform. 2020, 22, 46–60. 

129. Gikas GD, Lergios D, Tsihrintzis VA. Comparative Assessment of the Application of Four Water Quality Indices (WQIs) in 
Three Ephemeral Rivers in Greece. Water 2023, 15, 1443.  

130. Al Yousif MA, Chabuk A. Assessment Water Quality Indices of Surface Water for Drinking and Irrigation Applications–A 
Comparison Review. J. Ecol. Eng. 2023, 24, 40–55. 

131. Briciu A-E, Graur A, Oprea DI. Water quality index of suceava river in Suceava city metropolitan area. Water 2020, 12, 2111. 
132. Darvishi G, Kootenaei FG, Ramezani M, Lotfi E, Asgharnia H. Comparative investigation of river water quality by OWQI, 

NSFWQI and Wilcox indexes (case study: the Talar River–Iran). Arch. Environ. Prot. 2016, 42, 41–48. 
133. Gad M, Gaagai A, Eid MH, Szűcs P, Hussein H, Elsherbiny O, et al. Groundwater Quality and Health Risk Assessment Using 

Indexing Approaches, Multivariate Statis-tical Analysis, Artificial Neural Networks, and GIS Techniques in El Kharga Oasis, 
Egypt. Water 2023, 15, 1216.  

134. Kamaraj J, Sekar S, Roy PD, Senapathi V, Chung SY, Perumal M, et al. Groundwater pollution index (GPI) and GIS-based 
appraisal of groundwater quality for drinking and irrigation in coastal aquifers of Tiruchendur, South India. Environ. Sci. 
Pollut. Res. 2021, 28, 29056–29074. 

135. Jafari SB, Nabi BGR, Salemi A, Taherioun M, Ardestani M. Water quality assessment of Gheshlagh River using water quality 
indices. J. Ecol. Eng. 2023, 24, 157–174.  

136. Li R, Zou Z, An Y. Water quality assessment in Qu River based on fuzzy water pollution index method. J. Environ. Sci. 2016, 
50, 87–92. 

137. Brella D, Belkhiri L, Tiri A, Salhi H, Lakouas FE, Nouibet R, et al. Identification of the Groundwater Quality and Potential 
Noncarcinogenic Health Risk Assessment of Nitrate in the Groundwater of El Milia Plain, Kebir Rhumel Basin, Algeria. 
Hydrology 2023, 10, 171. 



Hydroecology and Engineering 2025, 2, 10003 22 of 22 

 

138. Belkhiri L, Tiri A, Mouni L. Spatial distribution of the groundwater quality using kriging and Co-kriging interpolations. 
Groundw. Sustain. Dev. 2020, 11, 100473. 

139. Belkhiri L, Mouni L, Tiri A, Narany TS, Nouibet R. Spatial analysis of groundwater quality using self-organizing maps. 
Groundw. Sustain. Dev. 2018, 7, 121–132. 

140. Belkhiri L, Narany TS. Using Multivariate Statistical Analysis, Geostatistical Techniques and Structural Equation Modeling 
to Identify Spatial Variability of Groundwater Quality. Water Resour. Manag. 2015, 29, 2073–2089. 

141. Belkhiri L, Mouni L. Geochemical Characterization of Surface Water and Groundwater in Soummam Basin, Algeria. Nat. 
Resour. Res. 2014, 23, 393–407. 

142. Lakouas FE, Tiri A, Belkhiri L, Amrane A, Salh H, Rai A, et al. Water quality assessment of hydrochemical parameters and 
its spatial–temporal distribution: A case study of water resources in the Kebir Rhumel Basin, Algeria. Euro-Mediterr. J. 
Environ. Integr. 2024, doi:10.1007/s41207–024–00626–9. 

143. Tiri A, Belkhiri L, Mouni L. Evaluation of surface water quality for drinking purposes using fuzzy inference system. Groundw. 
Sustain. Dev. 2018, 6, 235–244. 

 


