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Abstract Water quality index (WQI) is one of the
most used tools to describe water quality. It is based
on physical, chemical, and biological factors that are
combined into a single value that ranges from 0 to
100 and involves 4 processes: (1) parameter selection,
(2) transformation of the raw data into common scale,
(3) providing weights and (4) aggregation of sub-
index values. The background of WQI is presented
in this review study. the stages of development, the
progression of the field of study, the various WQIs,
the benefits and drawbacks of each approach, and the
most recent attempts at WQI studies. In order to grow
and elaborate the index in several ways, WQIs should
be linked to scientific breakthroughs (example: eco-
logically). Consequently, a sophisticated WQI that
takes into account statistical methods, interactions
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between parameters, and scientific and technological
improvement should be created in order to be used in
future investigations.

Keywords Water quality index (WQI) - Water
quality parameters - Surface water - Ground water

1 Introduction

Water is the vital natural resource with social and
economic values for human beings (Kumar 2018).
Without water, existence of man would be threatened
(Zhang 2017). The most important drinking sources
in the world are surface water and groundwater (Paun
et al. 2016).

Currently, more than 1.1 billion people do not have
access to clean drinking water and it is estimated that
nearly two-thirds of all nations will experience water
stress by the year 2025 (Kumar 2018).

With the extensive social and economic growth,
such as human factors, climate and hydrology may
lead to accumulation of pollutants in the surface
water that may result in gradual change of the water
source quality (Shan 2011).

The optimal quantity and acceptable quality of
water is one of the essential needs to survive as men-
tioned earlier, but the maintenance of an acceptable
quality of water is a challenge in the sector of water
resources management (Mukate et al. 2019). Accord-
ingly, the water quality of water bodies can be tested
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through changes in physical, chemical and biologi-
cal characteristics related to anthropogenic or natural
phenomena (Britto et al. 2018).

Therefore, water quality of any specific water body
can be tested using physical, chemical and biological
parameters also called variables, by collecting sam-
ples and obtaining data at specific locations (Britto
et al. 2018; Tyagi et al. 2013).

To that end, the suitability of water sources for
human consumption has been described in terms of
Water Quality Index (WQI), which is one of the most
effective ways to describe the quality of water, by
reducing the bulk of information into a single value
ranging between 0 and 100 (Tyagi et al. 2013).

Hence, the objective of the study is to review the
WQI concept by listing some of the important water
quality indices used worldwide for water quality
assessment, listing the advantages and disadvantages
of the selected indices and finally reviewing some
water quality studies worldwide.

2 Water quality index
2.1 History of water quality concept

In the last decade of the twentieth century, many
organizations involved in water control, used the
water quality indices for water quality assessment
(Paun et al. 2016). In the 1960’s, the water quality
indices was introduced to assess the water quality in
rivers (Hamlat et al. 2017).

Horton (1965), initially developed a system for
rating water quality through index numbers, offering
a tool for water pollution abatement, since the terms
“water quality” and “pollution” are related. The first
step to develop an index is to select a list of 10 vari-
ables for the index’s construction, which are: sewage
treatment, dissolved oxygen (DO), pH, coliforms,
electroconductivity (EC), carbon chloroform extract
(CCE), alkalinity, chloride, temperature and obvi-
ous pollution. The next step is to assign a scale value
between zero and 100 for each variable depending on
the quality or concentration. The last step, is to des-
ignate to each variable is a relative weighting factor
to show their importance and influence on the qual-
ity index (the higher the assigned weight, the more
impact it has on the water quality index, consequently
it is more important) (Horton 1965).

@ Springer

Later on, Brown et al. (1970) established a new
water quality index (WQI) with nine variables: DO,
coliforms, pH, temperature, biochemical oxygen
demand (BOD), total phosphate, nitrate concentra-
tions, turbidity and solid content based on a basic
arithmetic weighting using arithmetic mean to calcu-
late the rating of each variable. These rates are then
converted not temporary weights. Finally, each tem-
porary weight is divided by the sum of all the tem-
porary weights in order to get the final weight of
each variable (Kachroud et al. 2019a; Shah and Joshi
2017). In 1973, Brown et al., considered that a geo-
metric aggregation (a way to aggregate variables,
and being more sensitive when a variable exceeds the
norm) is better than an arithmetic one. The National
Sanitation Foundation (NSF) supported this effort
(Kachroud et al. 2019a; Shah and Joshi 2017).

Steinhart et al. (1982) developed a novel envi-
ronmental quality index (EQI) for the Great Lakes
ecosystem in North America. Nine variables were
selected for this index: biological, physical, chemi-
cal and toxic. These variables were: specific conduct-
ance or electroconductivity, chloride, total phospho-
rus, fecal Coliforms, chlorophyll a, suspended solids,
obvious pollution (aesthetic state), toxic inorganic
contaminants, and toxic organic contaminants. Raw
data were converted to subindex and each subindex
was multiplied by a weighting factor (a value of 0.1
for chemical, physical and biological factors but 0.15
for toxic substances). The final score ranged between
0 (poor quality) and 100 (best quality) (Lumb et al.
2011a; Tirkey et al. 2015).

Dinius (1987), developed a WQI based on multi-
plicative aggregation having a scale expressed with
values as percentage, where 100% expressed a perfect
water quality (Shah and Joshi 2017).

In the mid 90’s, a new WQI was introduced to
Canada by the province of British Columbia, and
used as an increasing index to evaluate water quality
(Lumb et al. 2011b; Shah and Joshi 2017). A while
after, the Water Quality Guidelines Task Group of
the Canadian Council of Ministers of the Environ-
ment (CCME) modified the original British Columbia
Water Quality Index (BCWQI) and endorsed it as the
CCME WQI in 2001(Bharti and Katyal 2011; Lumb
et al. 2011b).

In 1996, the Watershed Enhancement Program
(WEPWQI) was established in Dayton Ohio, includ-
ing water quality variables, flow measurements and
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water clarity or turbidity. Taking into considera-
tion pesticide and Polycyclic Aromatic Hydrocarbon
(PAH) contamination, is what distinguished this
index from the NSFWQI (Kachroud et al. 20194, b).

Liou et al. (2003) established a WQI in Taiwan on
the Keya River. The index employed thirteen vari-
ables: Fecal coliforms, DO, ammonia nitrogen, BOD,
suspended solids, turbidity, temperature, pH, toxic-
ity, cadmium (Cd), lead (Pb), copper (Cu) and zinc
(Zn). These variables were downsized to nine based
on environmental and health significance: Fecal coli-
forms, DO, ammonia nitrogen, BOD, suspended sol-
ids, turbidity, temperature, pH and toxicity. Each vari-
able was converted into an actual value ranging on
a scale from O to 100 (worst to highest). This index
is based on the geometric means (an aggregation
function that could eliminate the ambiguous caused
from smaller weightings) of the standardized values
(Akhtar et al. 2021; Liou et al. 2004; Uddin et al.
2021).

Said et al. (2004) implemented a new WQI using
the logarithmic aggregation applied in streams water-
bodies in Florida (USA), based on only 5 variables:
DO, total phosphate, turbidity, fecal coliforms and
specific conductance. The main idea was to decrease
the number of variables and change the aggregation
method using the logarithmic aggregation (this func-
tion does not require any sub-indices and any stand-
ardization of the variables). This index ranged from
0 to 3, the latter being the ideal value (Akhtar et al.
2021; Kachroud et al. 2019a, b; Said et al. 2004;
Uddin et al. 2021).

The Malaysian WQI (MWQI) was carried out in
2007, including six variables: DO, BOD, Chemical
Oxygen Demand (COD), Ammonia Nitrogen, sus-
pended solids and pH. For each variable, a curve was
established to transform the actual value of the vari-
able into a non-dimensional sub-index value.

The next step is to determine the weighting of
the variables by considering the experts panel opin-
ions. The final score is determined using the additive
aggregation formula (where sub-indices values and
their weightings are summed), extending from O (pol-
luted) to 100 (clean) (Uddin et al. 2021).

The Hanh and Almeida indices were established
respectively in 2010 on surface water in Vietnam
and 2012 on the Potrero de los Funes in Argentina,
based on 8 (color, suspended solids, DO, BOD, COD,
chloride, total coliforms and orthophosphate) and 10

(color, pH, COD, fecal coliforms, total coliforms,
total phosphate, nitrates, detergent, enterococci and
Escherichia coli.) water quality variables. Both indi-
ces were based on rating curve- based sum-indexing
system (Uddin et al. 2021).

The most recent developed WQI model in the lit-
erature was carried out in 2017. This index tried to
reduce uncertainty present in other water quality indi-
ces. The West Java Water Quality Index (WIWQI)
applied in the Java Sea in Indonesia was based on
thirteen crucial water quality variables: temperature,
suspended solids, COD, DO, nitrite, total phosphate,
detergent, phenol, chloride, Zn, Pb, mercury (Hg) and
fecal coliforms. Using two screening steps (based on
statistical assessment), parameter (variable) redun-
dancy was determined to only 9: temperature, sus-
pended solids, COD, DO, nitrite, total phosphate,
detergent, phenol and chloride. Sub-indices were
obtained for those nine variables and weights were
allocated based on expert opinions, using the same
multiplicative aggregation as the NSFWQI. The
WIWQI suggested 5 quality classes ranging from
poor (5-25) to excellent (90-100) (Uddin et al. 2021).

2.2 Phases of WQI development

Mainly, WQI concept is based on many factors as dis-
played in Fig. 1 and described in the following steps:

1. Parameter selection for measurement of water
quality (Shah and Joshi 2017):
The selection is carried out based on the manage-
ment objectives and the environmental character-
istics of the research area (Yan et al. 2015). Many
variables are recommended, since they have a
considerable impact on water quality and derive
from 5 classes namely, oxygen level, eutrophica-
tion, health aspects, physical characteristics and
dissolved substances (Tyagi et al. 2013).

2. Transformation of the raw data parameter into a
common scale (Paun et al. 2016):
Different statistical approach can be used for
transformation, all parameters are transformed
from raw data that have different dimensions and
units (ppm, saturation, percentage etc.) into a
common scale, a non-dimensional scale and sub-
indices are generated (Poonam et al. 2013; Tirkey
et al. 2015).
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PHASES OF WQI DEVELOPMENT

TRANSORMATION OF THE RAW AGGREGATION OF SUB-INDEX
PARAMETER SELECTION DATA INTO COMMON SCALE PROVIDING WEIGHTS VALUES
i-| DERIVED FROM FIVE CLASSES ‘ ‘ USING STATISTICAL APPROACHES ‘ i_| ACCORDING TO THEIR ( TO OBTAIN THE FINAL WQI
: : IMPORTANCE :
t | SELECTION BASED ON THE ‘ NON-DIMENSIONAL SCALE ‘ | ACCORDING TO THEIR IMPACT i.| SUM OF RATING & WEIGHTAGE OF
i.J MANAGEMENT OBJECTIVES & - ALL THE PARAMETERS

ENVIRONMENTAL CHARACTERISTICS

‘ GENERATING SUB-INDICES

Fig. 1 Phases of WQI development

3. Providing weights to the parameters (Tripathi and
Singal 2019):
Weights are assigned to each parameter accord-
ing to their importance and their impact on
water quality, expert opinion is needed to assign
weights (Tirkey et al. 2015). Weightage depends
on the permissible limits assigned by Interna-
tional and National agencies in water drinking
(Shah and Joshi 2017).

4. Aggregation of sub-index values to obtain the
final WQI:
WQI is the sum of rating and weightage of all the
parameters (Tripathi and Singal 2019).

It is important to note that in some indices, statis-
tical approaches are commonly used such as factor
analysis (FA), principal component analysis (PCA),
discriminant analysis (DA) and cluster analysis (CA).
Using these statistical approaches improves accuracy
of the index and reduce subjective assumptions (Tir-
key et al. 2015).

2.3 Evolution of WQI research
2.3.1 Per year
According to Scopus (2022), the yearly evolution of

WQUI’s research is illustrated in Fig. 2 (from 1978 till
2022).
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Overall, it is clear that the number of research has
grown over time, especially in the most recent years.
The number of studies remained shy between 1975
and 1988 (ranging from 1 to 13 research). In 1998,
the number improved to 46 studies and increased
gradually to 466 publications in 2011.The WQI’s
studies have grown significantly over the past decade,
demonstrating that the WQI has become a significant
research topic with the goal of reaching its maximum
in 2022 (1316 studies) (Scopus, 2022).

2.3.2 Per country

In Fig. 3, the development of WQI research is
depicted visually per country from 1975 to 2022.
According to Scopus (2022), the top three coun-
tries were China, India and the United States, with
2356, 1678 and 1241 studies, respectively. Iran, Bra-
zil, and Italy occupy the fourth, fifth, and sixth spots,
respectively (409, 375 and 336 study). Malaysia and
Spain have approximately the same number of stud-
ies, respectively 321 and 320 study. The studies in
the remaining countries decrease gradually from
303 document in Spain to 210 documents in Turkey.
This demonstrates that developing nations, like India,
place a high value on the development of water qual-
ity protection even though they lack strong economic
power, cutting-edge technology, and a top-notch sci-
entific research team. This is because water quality is



Rev Environ Sci Biotechnol (2023) 22:349-395

353
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crucial to the long-term social and economic develop-
ment of those nations (Zhang 2019).

2.4 Different methods for WQI determination

Water quality indices are tools to determine water
quality. Those indices demand basic concepts and
knowledge about water issues (Singh et al. 2013).
There are many water quality indices such as the:
National Sanitation Foundation Water Quality Index
(NSFWQI), Canadian Council of Ministers of Envi-
ronment Water Quality Index (CCMEWQI), Oregon

Water Quality Index (OWQI), and Weight Arithmetic
Water Quality Index (WAWQI) (Paun et al. 2016).

These water quality indices are applied in particu-
lar areas, based on many parameters compared to
specific regional standards. Moreover, they are used
to illustrate annual cycles, spatio-temporal variations
and trends in water quality (Paun et al. 2016). That
is to say that, these indices reflect the rank of water
quality in lakes, streams, rivers, and reservoirs (Kizar
2018).

Accordingly, in this section a general review of
available worldwide used indices is presented.

@ Springer
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2.4.1 National sanitation foundation (NSFWQI)

The NSFWQI was developed in 1970 by the National
Sanitation Foundation (NSF) of the United States
(Hamlat et al. 2017; Samadi et al. 2015). This WQI
has been widely field tested and is used to calculate
and evaluate the WQI of many water bodies (Hamlat
et al. 2017). However, this index belongs to the pub-
lic indices group. It represents a general water quality
and does not take into account the water’s use capaci-
ties, furthermore, it ignores all types of water con-
sumption in the evaluation process (Bharti and Katyal
2011; Ewaid 2017).

The NSFWQI has been widely applied and
accepted in Asian, African and European countries
(Singh et al. 2013), and is based on the analysis of
nine variables or parameters, such as, BOD, DO,
Nitrate (NO;), Total Phosphate (PO,), Temperature,
Turbidity, Total Solids(TS), pH, and Fecal Coliforms
(FO).

Some of the index parameters have different
importance, therefore, a weighted mean for each
parameter is assigned, based on expert opinion which
have grounded their opinions on the environmental
significance, the recommended principles and uses of
water body and the sum of these weights is equal to 1
(Table 1) (Ewaid 2017; Uddin et al. 2021).

Due to environmental issues, the NSFWQI has
changed overtime. The TS parameter was substi-
tuted by the Total Dissolved Solids (TDS) or Total
Suspended Solids (TSS), the Total Phosphate by
orthophosphate, and the FC by E. coli (Oliveira et al.
2019).

The mathematical expression of the NSFWQI is
given by the following Eq. (1) (Tyagi et al. 2013):

Table 1 Weight scores of the nine NSF-WQI parameters

Parameters Weighted mean
DO 0.17

FC 0.16

pH 0.11

BOD 0.11
Temperature 0.1

Nitrate 0.1

Total Phosphate 0.1

Turbidity 0.08

Total Solids 0.07

NSFWQI = )’ QiWi O]

i=1

where, Qi is the sub-index for ith water quality
parameter. Wi is the weight associated with ith water
quality parameter.n is the number of water quality
parameters.

This method ranges from 0 to 100, where 100 rep-
resents perfect water quality conditions, while zero
indicates water that is not suitable for the use and
needs further treatment (Samadi et al. 2015).

The ratings are defined in the following Table 2.

In 1972, the Dinius index (DWQI) happened to
be the second modified version of the NSF (USA).
Expended in 1987 using the Delphi method, the
DWQI included twelve parameters (with their
assigned weights): Temperature (0.077), color
(0.063), pH (0.077), DO (0.109), BOD (0.097), EC
(0.079), alkalinity (0.063), chloride (0.074), coliform
count (0.090), E. coli (0.116). total hardness (0.065)
and nitrate (0.090). Without any conversion process,
the DWQI used the measured variable concentra-
tions directly as the sub-index values (Kachroud et al.
2019b; Uddin et al. 2021).

Sukmawati and Rusni assessed in 2018 the water
quality in Beratan lake (Bali), choosing five repre-
sentative stations for water sampling representing
each side of the lake, using the NSFWQI. NSFWQTI’s
nine parameters mentioned above were measured in
each station. The findings indicated that the NSFWQI
for the Beratan lake was seventy-eight suggesting
a good water quality. Despite this, both pH and FC
were below the required score (Sukmawati and Rusni
2019).

The NSFWQI indicated a good water quality
while having an inadequate value for fecal coliforms
and pH. For that reason, WQIs must be adapted and
developed so that any minor change in the value of

Table 2 Colors and definition used in the classification of pol-
lution using NSFWQI (Roozbahani and Boldaji 2013)

Color The numerical value index Definition
Red 0-25 Very bad
Orange 26-50 Bad
Yellow 51-70 Moderate
Green 71-90 Good
Blue 91-100 Excellent
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any parameter affects the total value of the water
quality index.

A study conducted by Zhan et al. (2021), concern-
ing the monitoring of water quality and examining
WQI trends of raw water in Macao (China) was estab-
lished from 2002 to 2019 adopting the NSFWQI.
NSFWQTI’s initial model included nine parameters
(DO, FC, pH, BOD, temperature, total phosphates,
and nitrates), each parameter was given a weight
and the parameters used had a significant impact on
the WQI calculation outcomes. Two sets of possible
parameters were investigated in this study in order to
determine the impact of various parameters. The first
option was to keep the original 9-parameter model,
however, in the second scenario, up to twenty-one
parameters were chosen, selected by Principal Com-
ponent Analysis (PCA).

The latter statistical method was used to learn
more about the primary elements that contributed to
water quality variations, and to calculate the impact
of each attribute on the quality of raw water. Based
on the PCA results, the 21-parameter model was cho-
sen. The results showed that the quality of raw water
in Macao has been relatively stable in the period of
interest and appeared an upward trend overall. Fur-
thermore, the outcome of environmental elements,
such as natural events, the region’s hydrology and
meteorology, can have a significant impact on water
quality. On the other hand, Macao’s raw water qual-
ity met China’s Class III water quality requirements
and the raw water pollution was relatively low. Con-
sequently, human activities didn’t have a significant
impact on water quality due to effective treatment and
protection measures (Zhan et al. 2021).

Tampo et al. (2022) undertook a recent study in
Adjougba (Togo), in the valley of Zio River. Water
samples were collected from the surface water (SW),
ground water (GW) and treated wastewater (TWW),
intending to compare the water quality of these
resources for irrigation and domestic use.

Hence, WQIs, water suitability indicators for irri-
gation purposes (WSI-IPs) and raw water quality
parameters were compared using statistical analysis
(factor analysis and Spearman’s correlation).

Moreover, the results proposed that he water
resources are suitable for irrigation and domestic use:
TWW suitable for irrigation use, GW suitable for
domestic use and SW suitable for irrigation use.

The NSFWQI and overall index of pollution (OPI)
parameters were tested, and the results demonstrated
that the sodium absorption ratio, EC, residual sodium
carbonate, Chloride and FC are the most effective
parameters for determining if water is suitable for
irrigation.

On the other hand, EC, DO, pH, turbidity, COD,
hardness, FC, nitrates, national sanitation founda-
tion’s water quality index (NSFWQI), and overall
index of pollution (OPI) are the most reliable in the
detection of water suitability for domestic use (Tampo
et al. 2022).

Following these studies, it is worth examining the
NSFWQI. This index can be used with other WQI
models in studies on rivers, lakes etc., since one index
can show different results than another index, in view
of the fact that some indices might be affected by
other variations such as seasonal variation.

Additionally, the NSFWQI should be developed
and adapted to each river, so that any change in any
value will affect the entire water quality. It is unhelp-
ful to have a good water quality yet a low score of a
parameter that can affect human health (case of FC).

2.4.2 Canadian council of ministers
of the environment water quality index
(CCMEWQI)

The Canadian Water Quality Index adopted the con-
ceptual model of the British Colombia Water Quality
Index (BCWQI), based on relative sub-indices (Kizar
2018).

The CCMEWQI provides a water quality assess-
ment for the suitability of water bodies, to support
aquatic life in specific monitoring sites in Canada
(Paun et al. 2016). In addition, this index gives infor-
mation about the water quality for both management
and the public. It can furthermore be applied in many
water agencies in various countries with slight modi-
fication (Tyagi et al. 2013).

The CCMEWQI method simplifies the complex
and technical data. It tests the multi-variable water
quality data and compares the data to benchmarks
determined by the user (Tirkey et al. 2015). The sam-
pling protocol requires at least four parameters sam-
pled at least four times but does not indicate which
ones should be used; the user must decide ( Uddin
et al. 2021). Yet, the parameters may vary from one
station to another (Tyagi et al. 2013).
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After the water body, the objective and the period
of time have been defined the three factors of the
CWQI are calculated (Baghapour et al. 2013; Cana-
dian Council of Ministers of the Environment 1999):

(1) The scope (F1) represents the percentage of vari-
ables that failed to meet the objective (above or
below the acceptable range of the selected param-
eter) at least once (failed variables), relative to
the total number of variables.

_ (Number of failed variables

= x 100
Total number of variables ) @)

(2) The frequency (F2) represents the percentage
of tests which do not meet the objectives (above
or below the acceptable range of the selected
parameter) (failed tests).

P = (Number of failed tests

1
Total number of tests ) x 100 3

(3) The amplitude represents the amount by which
failed tests values did not meet their objectives
(above or below the acceptable range of the
selected parameter). It is calculated in three steps.

a.  The excursion is termed each time the num-
ber of an individual parameter is further
than (when the objective is a minimum, less
than) the objective and is calculated by two
Egs. (4,5) referring to two cases. In case the
test value must not exceed the objective:

i Failed test value; !
excursion; = -
XCUrsIon; Objective, “)
For the cases in which the test value must not fall
below the objective:

Objective; 1
Failed test value; )

excursion; = <

b. The normalized sum of excursions, or nse,
is calculated by summing the excursions of
individual tests from their objectives and
diving by the total number of tests (both
meetings and not meeting their objectives):

Yo, excursion;
nse = ———— (6)
number of tests
c.  F3is then calculated an asymptotic function
that scales the normalized sum of the excur-
sions from objectives (nse) to yield a range
between 0 and 100:

nse

F3=__0%¢
0.01nse + 0.01 )

Finally, the CMEWQI can be obtained from the
following equation, where the index changes in direct
proportion to changes in all three factors.

V/F12 + F22 + F32

CCMEWQI = 100 —
Q 1732 ®

where 1.732 is a scaling factor and normalizes the
resultant values to a range between 0 and 100, where
0 refers to the worst quality and one hundred repre-
sents the best water quality.

Once the CCME WQI value has been determined,
water quality in ranked as shown in Table 3

Ramirez-Morales et al. (2021) investigated in their
study the measuring of pesticides and water quality
indices in three agriculturally impacted micro catch-
ments in Costa Rica between 2012 and 2014. Surface

Table 3 Water quality categorizations according to CCMEWQI (Kizar 2018; Canadian Council of Ministers of the Environment

1999)

Class WQI Value Water Quality Description

I 95-100 Excellent
natural levels
I 80-94 Good
natural levels
I 65-79 Fair
depart from natural levels
v 45-64 Poor (Marginal)
v 0-44

Water quality is protected with a virtual absence of threat. The conditions are very close to
Water quality is protected with a minor degree of threat. The conditions rarely depart from
Water quality is usually protected but occasionally threatened. The conditions sometimes

Water quality is frequently threatened. The conditions often depart from natural levels
Very Poor (Poor) Water quality is almost always threatened. The conditions usually depart from natural levels

@ Springer
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water and sediment samples were obtained during the
monitoring experiment.

The specifications of the water included: Pesti-
cides, temperature, DO, oxygen saturation, BOD, TP,
NO3, sulfate, ammonium, COD, conductivity, pH and
TSS.

Sediment parameters included forty-two pesticides
with different families including carbamate, triazine,
organophosphate, phthalimide, pyrethroid, uracil,
benzimidazole, substituted urea, organochlorine,
imidazole, oxadiazole, diphenyl ether and bridged
diphenyl.

WQIs are effective tools since they combine infor-
mation from several variables into a broad picture of
the water body’s state. Two WQIs were calculated
using the physicochemical parameters: The Canadian
Council of Ministers of the Environment (CCME)
WQI and the National Sanitation Foundation (NSF)
WQIL

These were chosen since they are both extensively
used and use different criteria to determine water
quality: The NSF WQI has fixed parameters, weights,
and threshold values, whereas the CCME has param-
eters and threshold values that are customizable.

The assessment of water quality using physico-
chemical characteristics and the WQI revealed that
the CCME WQI and the NSF WQI have distinct
criteria. CCME WQI categorized sampling point as
marginal/bad quality, while most sampling locations
were categorized as good quality in the NSF WQIL
Seemingly, the water quality classifications appeared
to be affected by seasonal variations: during the wet
season, the majority of the CCME WQI values dete-
riorated, implying that precipitation and runoff intro-
duced debris into the riverbed. Thus, it’s crucial to
compare WQIs because they use various factors, cri-
teria, and threshold values, which might lead to dif-
ferent outcomes (Ramirez-Morales et al. 2021).

Yotova et al. (2021) directed an analysis on the
Mesta River located between Greece and Bulgaria.
The Bulgarian section of the Mesta River basin,
which is under the supervision of the West-Aegean
Region Basin Directorate, was being researched. The
goal was to evaluate the surface water quality of ten
points of the river using a novel approach that com-
bines composite WQI developed by the CCME and
Self organizing map (SOM) on the required moni-
toring data that include: DO, pH, EC, ammonium,
nitrite, nitrate, total phosphate, BOD and TSS.

The use of WQI factors in SOM calculations
allows for the identification of specific WQI profiles
for various object groups and identifying groupings of
river basin which have similar sampling conditions.
The use of both could reveal and estimate the origin
and magnitude of anthropogenic pressure. In addi-
tion, it might be determined that untreated residential
wastewaters are to blame for deviations from high
quality requirements in the Mesta River catchment.

Interestingly, this study reveals that WQI appear
more accurate and specific when combined with a
statistical test such as the SOM (Yotova et al. 2021).

2.4.3 Oregon water quality index (OWQI)

The Oregon Water Quality Index is a single num-
ber that creates a score to evaluate the water quality
of Oregon’s stream and apply this method in other
geographical region (Hamlat et al. 2017; Singh et al.
2013). The OWQI was widely accepted and applied
in Oregon (USA) and Idaho (USA) (Sutadian et al.
2016).

Additionally, the OWQI is a variant of the
NSFWQI, and is used to assess water quality for
swimming and fishing, it is also used to manage major
streams (Lumb et al. 2011b). Since the introduction
of the OWQI in 1970, the science of water quality has
improved noticeably, and since 1978, index develop-
ers have benefited from increasing understanding of
stream functionality (Bharti and Katyal 2011). The
Oregon index belongs to the specific consumption
indices group. It is a water classification based on the
kind of consumption and application such as drink-
ing, industrial, etc. (Shah and Joshi 2017).

The original OWQI dropped off in 1983, due
to excessive resources required for calculating and
reporting results. However, improvement in software
and computer hardware availability, in addition to the
desire for an accessible water quality information,
renewed interest in the index (Cude 2001).

Simplicity, availability of required quality param-
eters, and the determination of sub-indexes by curve
or analytical relations are some advantages of this
approach (Darvishi et al. 2016a). The process com-
bines eight variables including temperature, dissolved
oxygen (percent saturation and concentration), bio-
chemical oxygen demand (BOD), pH, total solids,
ammonia and nitrate nitrogen, total phosphorous and
bacteria (Brown 2019). Equal weight parameters were
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used for this index and has the same effect on the final
factor (Darvishi et al. 2016a; Sutadian et al. 2016).

The Oregon index is calculated by the following
Eq. 9 (Darvishi et al. 2016a):

OWQI = —=

n 1
S ©)
where,n is the number of parameters (n=38) SI; is the
value of parameter i.

Furthermore, the OWQI scores range from 10 for
the worse case to 100 as the ideal water quality illus-
trated in the following Table 4 (Brown 2019).

Kareem et al. (2021) using three water quality indi-
ces, attempted to analyze the Euphrates River (Iraq)
water quality for irrigation purposes in three different
stations: WAWQI, CCMEWQI AND OWQL.

For fifteen parameters, the annual average value
was calculated, which included: pH, BOD, Turbidity,
orthophosphate, Total Hardness, Sulphate, Nitrate,
Alkalinity, Potassium Sodium, Magnesium, Chloride,
DO, Calcium and TDS.

The OWQI showed that the river is “very poor”,
and since the sub-index of the OWQI does not rely
on standard-parameter compliance, there are no dif-
ferences between the two inclusion and exclusion
scenarios, which is not the case in both WAWQI and
CCMEWQI (Kareem et al. 2021).

Similarly, the OWQI showed a very bad quality
category, and it is unfit for human consumption, com-
pared to the NSFWQI and Wilcox indices who both
showed a better quality of water in Darvishi et al.,
study conducted on the Talar River (Iran) (Darvishi
et al. 2016Db).

Table 4 Average values of river water index according to
OWQI index (Darvishi et al. 2016a)

Numerical value Condition Color
90-100 Excellent Blue
85-89 Good Green
80-84 Medium Yellow
60-79 Bad Orange
10-59 Very Bad Red

@ Springer

2.4.4 Weighted arithmetic water quality index
(WAWQI)

The weighted arithmetic index is used to calculate
the treated water quality index, in other terms, this
method classifies the water quality according to the
degree of purity by using the most commonly meas-
ured water quality variables (Kizar 2018; Paun et al.
2016).This procedure has been widely used by sci-
entists (Singh et al. 2013).

Three steps are essential in order to calculate the
WAWQI:

(1) Further quality rating or sub-index was calculated
using the following equation (Jena et al. 2013):

[Vn — Vo]
=100 X ——
Qo [Sn — Vol (10
where,
Qn is the quality rating for the nth water quality
parameter.

Vn is the observed value of the nth parameter at a
given sampling station.

Vo is the ideal value of the nth parameter in a pure
water.

Sn is the standard permissible value of the nth param-
eter.

The quality rating or sub index corresponding to
nth parameter is a number reflecting the rela-
tive value of this parameter in polluted water
with respect to its permissible standard value
(Yogendra & Puttaiah 2008).

(2) The unit weight was calculated by a value
inversely proportional to the recommended stand-
ard values (Sn) of the corresponding parameters
(Jena et al. 2013):

K

Wn=—
Sn

1D

where,

Whn is the unit weight for the nth parameter.

K is the constant of proportionality.

Sn is the standard value of the nth parameter.

(3) The overall WQI is the aggregation of the qual-
ity rating (Qn) and the unit weight (Wn) linearly
(Jena et al. 2013):
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After calculating the WQI, the measurement scale
classifies the water quality from ‘“unsuitable water”
to “excellent water quality” as given in the following
Table 5.

Sarwar et al. (2020) carried out a study in Chau-
gachcha and Manirampur Upazila of Jashore District
(Bangladesh). The goal of this study was to determine
the quality of groundwater and its appropriateness for
drinking, using the WAWQI including nine param-
eters: turbidity, EC, pH, TDS, nitrate, ammonium,
sodium, potassium and iron. Many samplings point
was taken from Chaugachcha and Manirampur, and
WQI differences were indicated (ranging from very
poor to excellent). These variations in WQI were very
certainly attributable to variances in geographical
location. Another possibility could be variations in
the parent materials from which the soil was created,
which should be confirmed using experimental data.
It is worth mentioning that every selected parameter
was taken into consideration during calculation. Sim-
ilarly, the water quality differed in Manirampur due to
the elements contained in the water samples that had
a big impact on the water quality (Sarwar et al. 2020).

In 2021, Garcia-Avila et al. undertook a compara-
tive study between the CCMEWQI and WAWQI for
the purpose of determining the water quality in the
city of Azogues (Ecuador). Twelve parameters were
analyzed: pH, turbidity, color, total dissolved sol-
ids, electrical conductivity, total hardness, alkalinity,
nitrates, phosphates, sulfates, chlorides and residual
chlorine over 6 months. The average WAWQI value
was calculated suggesting that 16.67% of the distribu-
tion system was of ’excellent’ quality and 83.33% was

Table 5 WAWQI and status of water quality (Yogendra and
Puttaiah 2008)

Water quality index level Water quality status

0-25 Excellent water quality
26-50 Good water quality
51-75 Poor water quality
76-100 Very poor water quality

>100 Unsuitable for drinking

of ’good’ quality, while the CCMEWQI indicated
that 100% of the system was of ‘excellent’ quality.

This difference designated that the parameters hav-
ing a low maximum allowable concentration have an
impact on WAWQI and that WAWQI is a valuable
tool to determine the quality of drinking water and
have a better understanding of it (Garcia-Avila et al.
2022a, b).

2.4.5 Additional water quality indices

The earliest WQI was based on a mathematical
function that sums up all sub-indices, as detailed in
the 2.1. History of water quality concept section
(Aljanabi et al. 2021). The Dinius index (1972), the
OWQI (1980), and the West Java index (2017) were
later modified from the Horton index, which served
as a paradigm for later WQI development (Banda and
Kumarasamy 2020).

Based on eleven physical, chemical, organic, and
microbiological factors, the Scottish Research Devel-
opment Department (SRDDWQI) created in 1976
was based on the NSFWQI and Delphi methods used
in Iran, Romania, and Portugal. Modified into the
Bascaron index (1979) in Spain, which was based
on 26 parameters that were unevenly weighted with
a subjective representation that allowed an overesti-
mation of the contamination level. The House index
(1989) in the UK valued the parameters directly as
sub-indices. The altered version was adopted as Croa-
tia’s Dalmatian index in 1999.

The Ross WQI (1977) was created in the USA
using only 4 parameters and did not develop into any
further indices.

In 1982, the Dalmatian and House WQI were used
to create the Environmental Quality Index, which is
detailed in Sect. 2.1. This index continues to be dif-
ficult to understand and less powerful than other indi-
ces (Lumb et al. 2011a; Uddin et al. 2021).

The Smith index (1990), is based on 7 factors and
the Delphi technique in New Zealand, attempts to
eliminate eclipsing difficulties and does not apply any
weighting, raising concerns about the index’s accu-
racy (Aljanabi et al. 2021; Banda and Kumarasamy
2020; Uddin et al. 2021).

The Dojildo index (1994) was based on 26 flex-
ible, unweighted parameters and does not represent
the water’s total quality.
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With the absence of essential parameters, the
eclipse problem is a type of fixed-parameter selection.
The Liou index (2004) was established in Taiwan to
evaluate the Keya River based on 6 water character-
istics that were immediately used into sub-index val-
ues. Additionally, because of the aggregation func-
tion, uncertainty is unrelated to the lowest sub-index
ranking (Banda and Kumarasamy 2020; Uddin et al.
2021).

Said index (2004) assessed water quality using
only 4 parameters, which is thought to be a deficient
number for accuracy and a comprehensive picture of
the water quality. Furthermore, a fixed parameter sys-
tem prevents the addition of any new parameters.

Later, the Hanh index (2010), which used hybrid
aggregation methods and gave an ambiguous final
result, was developed from the Said index.

In addition to eliminating hazardous and biologi-
cal indicators, the Malaysia River WQI (MRWQI
developed in the 2.1 section) (2007) was an unfair
and closed system that was relied on an expert’s judg-
ment, which is seen as being subjective and may pro-
duce ambiguous findings (Banda and Kumarasamy
2020; Uddin et al. 2021).

Table illustrated the main data of the studies pub-
lished during 2020-2022 on water quality assess-
ments and their major findings:

2.5 Advantages and disadvantages of the selected
water quality indices

A comparison of the selected indices is done by list-
ing the advantages and disadvantages of every index
listed in the Table 7 below.

2.6 New attempts of WQI studies

Many studies were conducted to test the water qual-
ity of rivers, dams, groundwater, etc. using multiple
water quality indices throughout the years. Various
studies have been portrayed here in.

Massoud (2012) observed during a 5-year moni-
toring period, in order to classify the spatial and
temporal variability and classify the water qual-
ity along a recreational section of the Damour river
using a weighted WQI from nine physicochemical
parameters measured during dry season. The WWQI
scale ranged between “very bad” if the WQI falls in
the range 0-25, to “excellent” if it falls in the range

@ Springer

91-100. The results revealed that the water quality of
the Damour river if generally affected by the activi-
ties taking place along the watershed. The best qual-
ity was found in the upper sites and the worst at the
estuary, due to recreational activities. If the Damour
river is to be utilized it will require treatment prior
any utilization (Massoud 2012).

Rubio-Arias et al. (2012) conducted a study in the
Luis L. Leon dam located in Mexico. Monthly sam-
ples were collected at 10 random points of the dam at
different depths, a total of 220 samples were collected
and analyzed. Eleven parameters were considered for
the WQI calculation, and WQI was calculated using
the Weighted WQI equation and could be classified
according to the following ranges: <2.3 poor; from
2.3 to 2.8 good; and>2.8 excellent. Rubio-Arias
et al., remarked that the water could be categorized as
good during the entire year. Nonetheless, some water
points could be classified as poor due to some anthro-
pogenic activities such as intensive farming, agricul-
tural practices, dynamic urban growth, etc. This study
confirms that water quality declined after the rainy
season (Rubio-Arias et al. 2012).

In the same way, Haydar et al. (2014) evaluated the
physical, chemical and microbiological characteris-
tics of water in the upper and lower Litani basin, as
well as in the lake of Qaraaoun. The samples were
collected during the seasons of 2011-2012 from the
determined sites and analyzed by PCA and the sta-
tistical computations of the physico-chemical param-
eters to extract correlation between variables. Thus,
the statistical computations of the physico-chemi-
cal parameters showed a correlation between some
parameters such as TDS, EC, Ammonium, Nitrate,
Potassium and Phosphate. Different seasons revealed
the presence of either mineral or anthropogenic or
both sources of pollution caused by human interfer-
ence from municipal wastewater and agricultural
purposes discharged into the river. In addition, tem-
poral effects were associated with seasonal variations
of river flow, which caused the dilution if pollutants
and, hence, variations in water quality (Haydar et al.
2014).

Another study conducted by Chaurasia et al.,
(2018), proposed a groundwater quality assessment
in India using the WAWQI. Twenty-two parameters
were taken into consideration for this assessment,
however, only eight important parameters were cho-
sen to calculate the WQI. The rating of water quality
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shows that the ground water in 20% of the study area
is not suitable for drinking purpose and pollution
load is comparatively high during rainy and summer
seasons. Additionally, the study suggests that prior-
ity should be given to water quality monitoring and
its management to protect the groundwater resource
from contamination as well as provide technology to
make the groundwater fit for domestic and drinking
(Chaurasia et al. 2018).

Daou et al. (2018) evaluated the water quality of
four major Lebanese rivers located in the four corners
of Lebanon: Damour, Ibrahim, Kadisha and Orontes
during the four seasons of the year 2010-2011. The
assessment was done through the monitoring of a
wide range of physical, chemical and microbiologi-
cal parameters, these parameters were screened using
PCA. PCA was able to discriminate each of the four
rivers according to a different trophic state. The Ibra-
him River polluted by mineral discharge from mar-
ble industries in its surroundings, as well as anthro-
pogenic pollutants, and the Kadisha river polluted
by anthropogenic wastes seemed to have the worst
water quality. This large-scale evaluation of these four
Lebanese rivers can serve as a water mass reference
model (Daou et al. 2018).

Moreover, some studies compared many WQI
methods. Kizar (2018), carried out a study on Shatt
Al-Kufa in Iraq, nine locations and twelve parameters
were selected. The water quality was calculated using
two methods, the WAWQI and CWQI. The results
revealed the same ranking of the river for both meth-
ods, in both methods the index decreased in winter
and improved in other seasons (Kizar 2018).

On the other hand, Zotou et al. (2018), undertook a
research on the Polyphytos Reservoir in Greece, taking
into consideration thirteen water parameters and apply-
ing 5 WQIs: Prati’s Index of Pollution (developed in
1971, based on thirteen parameter and mathematical
functions to convert the pollution concentration into
new units. The results of PI classified water quality into
medium classes (Gupta and Gupta 2021). Bhargava’s
WQI (established in 1983, the BWQI categorize the
parameters according to their type: bacterial indica-
tors, heavy metals and toxins, physical parameters and
organic and inorganic substances. The BWQI tends to
classify the water quality into higher quality classes,
which is the case in the mentioned study (Gupta and
Gupta 2021). Oregon WQI, Dinius second index,
Weighted Arithmetic WQI, in addition to the NSF and

CCMEWQI. The results showed that Bhargava and
NSF indices tend to classify the reservoir into superior
quality classes, Prati’s and Dinius indices fall mainly
into the middle classes of the quality ranking, while
CCME and Oregon could be considered as “stricter”
since they give results which range steadily between the
lower quality classes (Zotou et al. 2018).

In their study, Ugochukwu et al. (2019) inves-
tigated the effects of acid mine drainage, waste dis-
charge into the Ekulu River in Nigeria and other
anthropogenic activities on the water quality of the
river. The study was performed between two seasons,
the rainy and dry season. Samples were collected
in both seasons, furthermore, the physic-chemistry
parameters and the heavy metals were analyzed.
WQI procedure was estimated by assigning weights
and relative weights to the parameters, ranking from
“excellent water” (<50) to “unsuitable for drinking”
(>300). The results showed the presence of heavy
metals such as lead and cadmium deriving from acid
mine drainage. In addition, the water quality index for
all the locations in both seasons showed that the water
ranked from “very poor” to “unsuitable for drinking”,
therefore the water should be treated before any con-
sumption, and that enough information to guide new
implementations for river protection and public health
was provided (Ugochukwu et al. 2019).

The latest study in Lebanon related to WQI was
carried out by El Najjar et al. (2019), the purpose
of the study was to evaluate the water quality of the
Ibrahim River, one of the main Lebanese rivers. The
samples were collected during fifteen months, and a
total of twenty-eight physico-chemical and microbio-
logical parameters were tested. The parameters were
reduced to nine using the Principal Component Anal-
ysis (PCA) and Pearson Correlation. The Ibrahim
WQI IWQI) was finally calculated using these nine
parameters and ranged between 0 and 25 referring to
a “very bad” water quality, and between 91 and 100
referring to an “excellent” water quality. The IWQI
showed a seasonal variation, with a medium qual-
ity during low -water periods and a good one during
high-water periods (El Najjar et al. 2019).

3 Conclusion

WQI is a simple tool that gives a single value to water
quality taking into consideration a specific number
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Table 6 (continued)

Reference

Major Findings

Parameters

Location

Date

Index

Cong Thuan (2022)

The surface water quality was contami-

Hau Giang Province, Vietnam Temperature, pH, DO, color,

August 2022

VWQI

nated with organic and micro-organisms
The WQI indicated that the water quality

ranged from poor to excellent

BOD, COD, TSS, N-NH,*,

N-NO,", N-NO,™, P-PO,*",

Cl7, Fe, CN™, and coliforms

The spatial distribution revealed that the

majority of the pollution components

were concentrated in urban, rural, and

suburban areas, landfills, harbor areas,

and at the confluence of rivers or neigh-

boring provinces

The water quality is influenced the most
by industrial, domestic, transportation
and agricultural activities, salinity,

hydrological

conditions and stormwater runoff

of physical, chemical, and biological parameters
also called variables in order to represent water qual-
ity in an easy and understandable way. Water quality
indices are used to assess water quality of different
water bodies, and different sources. Each index is
used according to the purpose of the assessment. The
study reviewed the most important indices used in
water quality, their mathematical forms and compo-
sition along with their advantages and disadvantages.
These indices utilize parameters and are carried out
by experts and government agencies globally. Nev-
ertheless, there is no index so far that can be univer-
sally applied by water agencies, users and adminis-
trators from different countries, despite the efforts of
researchers around the world (Paun et al. 2016). The
study also reviewed some attempts on different water
bodies utilizing different water quality indices, and
the main studies performed in Lebanon on Lebanese
rivers in order to determine the quality of the rivers
(Table 6).

As mentioned in the article (Table 7); WQIs
may undergo some limitations. Some indices could
be biased, others are not specific, and they may not
get affected by the value of an important param-
eter. Therefore, there is no interaction between the
parameters.

Moreover, many studies exhibited a combination
between WQIs and statistical techniques and analysis
(such as the PCA, Pearson’s correlation etc.). with a
view to obtain the relation between the parameters
and which parameter might affect the water quality.

In other research, authors compared many WQIs
to check the difference of water quality according to
each index. Each index can provide different values
depending on the sensitivity of the parameter. For
that reason, WQIs should be connected to scientific
advancements to develop and elaborate the index in
many ways (example: ecologically). Therefore, an
advanced WQI should be developed including first
statistical techniques, such as Pearson correlation
and multivariate statistical approach mainly Princi-
pal Component Analysis (PCA) and Cluster Analysis
(CA), in order to determine secondly the interactions
and correlations between the parameters such as TDS
and EC, TDS and total alkalinity, total alkalinity and
chloride, temperature and bacteriological parameters,
consequently, a single parameter could be selected
as representative of others. Finally, scientific and
technological advancement for future studies such

@ Springer
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as GIS techniques, fuzzy logic technology to assess
and enhance the water quality indices and cellphone-
based sensors for water quality monitoring should be
used.

Declarations

Conflict of interest All authors declare that they have no con-
flict of interest.

References

Akhtar N, Ishak MIS, Ahmad MI, Umar K, Md Yusuff MS,
Anees MT, Qadir A, Ali Almanasir YK (2021) Modifica-
tion of the Water Quality Index (WQI) process for simple
calculation using the Multi-Criteria Decision-Making
(MCDM) Method: a review. Water 13:905. https://doi.
org/10.3390/w13070905

Alexakis DE (2020) Meta-evaluation of water quality indices
application into groundwater resources. Water 12:1890.
https://doi.org/10.3390/w12071890

Aljanabi ZZ, Jawad Al-Obaidy AHM, Hassan FM (2021) A
brief review of water quality indices and their applica-
tions. IOP Conf Ser: Earth Environ Sci 779:012088.
https://doi.org/10.1088/1755-1315/779/1/012088

Al-Kareem SA, ALKzwini RS (2022) Statistical analysis for
water quality index for Shatt-Al-Hilla river in Babel city.
Water Pract Technol 17:567-586. https://doi.org/10.
2166/wpt.2022.004

Baghapour MA, Nasseri S, Djahed B (2013) Evaluation of
Shiraz wastewater treatment plant effluent quality for
agricultural irrigation by Canadian Water Quality Index
(CWQI). Iran J Environ Health Sci Eng 10:27. https://
doi.org/10.1186/1735-2746-10-27

Banda T, Kumarasamy M (2020) Development of a universal
water quality index (UWQI) for South African River
Catchments. Water 12:1534. https://doi.org/10.3390/
w12061534

Betis H, St-Hilaire A, Fortin C, Duchesne S (2020) Develop-
ment of a water quality index for watercourses down-
stream of harvested peatlands. Water Qual Res J 55:119—
131. https://doi.org/10.2166/wqrj.2020.007

Bharti N, Katyal D (2011) Water quality indices used for sur-
face water vulnerability assessment. Int J Environ Sci
2:154-173

Britto FB, do Vasco AN, Aguiar Netto ADO, Garcia CAB,
Moraes GFO, Silva MGD (2018) Surface water quality
assessment of the main tributaries in the lower Sdo Fran-
cisco River, Sergipe. RBRH 23:6-23. https://doi.org/10.
1590/2318-0331.231820170061

Brown D (2019) Oregon Water Quality Index: background,
analysis and usage. State of Oregon Department of
Environmental Quality, Laboratory and Environmental
Assessment Program

Brown RM, McClelland NI, Deininger RA, Tozer RG (1970)
A water quality index-do we dare. Water Sew Work
117:339-343

References

The number given by water quality index may not be give Phadatare et al. (2016), Tyagi et al. (2013)

real situation of quality of water
The eclipsing or over-emphasizing of a single bad param-

A single bad parameter value changes the whole story of
eter value

Water Quality Index
There are many other water quality parameters that are

not considered in index
WQI based on some very important parameters can

provide a simple indicator of water quality

Disadvantages

equation that give rating and grading to the water bodies

For the policy makers and citizens this number is very
tion that is important for assessment and management

useful for communication of overall water quality
of water quality

information
Assurance about suitability of water for human consump-

number of parameters required
It uses number of quality parameters into mathematical

tion in case of freshwater bodies
Different parameters that can be used with their composi-

Use of water simplifies with less comparison as a smaller

Table 7 (continued)

Advantages

@ Springer


https://doi.org/10.3390/w13070905
https://doi.org/10.3390/w13070905
https://doi.org/10.3390/w12071890
https://doi.org/10.1088/1755-1315/779/1/012088
https://doi.org/10.2166/wpt.2022.004
https://doi.org/10.2166/wpt.2022.004
https://doi.org/10.1186/1735-2746-10-27
https://doi.org/10.1186/1735-2746-10-27
https://doi.org/10.3390/w12061534
https://doi.org/10.3390/w12061534
https://doi.org/10.2166/wqrj.2020.007
https://doi.org/10.1590/2318-0331.231820170061
https://doi.org/10.1590/2318-0331.231820170061

390

Rev Environ Sci Biotechnol (2023) 22:349-395

Calmuc M, Calmuc V, Arseni M, Topa C, Timofti M, Geor-
gescu LP, Iticescu C (2020) A comparative approach
to a series of physico-chemical quality indices used
in assessing water quality in the lower Danube. Water
12:3239. https://doi.org/10.3390/w12113239

Canadian Council of Ministers of the Environment 2001
(1999) Canadian water quality guidelines for the pro-
tection of aquatic life: CCME Water Quality Index 1.0,
Technical Report. Canadian environmental quality guide-
lines, Canadian Council of Ministers of the Environment,
Winnipeg

Chaurasia AK, Pandey HK, Tiwari SK, Prakash R, Pandey P,
Ram A (2018) Groundwater quality assessment using
Water Quality Index (WQI) in parts of Varanasi Dis-
trict, Uttar Pradesh, India. J Geol Soc India 92:76-82.
https://doi.org/10.1007/s12594-018-0955-1

Chen L, Tian Z, Zou K (2020) Water quality evaluation
based on the water quality index method in Honghu
Lake: one of the largest shallow lakes in the Yangtze
River Economic Zone. Water Supp 20:2145-2155.
https://doi.org/10.2166/ws.2020.111

Choi B, Choi SS (2021) Integrated hydraulic modelling,
water quality modelling and habitat assessment for
sustainable water management: a case study of the
Anyang-Cheon stream. Korea Sustain 13:4330. https://
doi.org/10.3390/su13084330

Choque-Quispe D, Froehner S, Palomino-Rinc6én H, Peralta-
Guevara DE, Barboza-Palomino GI, Kari-Ferro A,
Zamalloa-Puma LM, Mojo-Quisani A, Barboza-Palo-
mino EE, Zamalloa-Puma MM, Martinez-Huaman EL,
Calla-Florez M, Aronés-Medina EG, Solano-Reynoso
AM, Choque-Quispe Y (2022) Proposal of a water-
quality index for high Andean Basins: application to
the Chumbao River, Andahuaylas. Peru Water 14:654.
https://doi.org/10.3390/w 14040654

Cong Thuan N (2022) Assessment of surface water qual-
ity in the Hau Giang province using geographical
information system and statistical Aaproaches. J Ecol
Eng 23:265-276. https://doi.org/10.12911/22998993/
151927

Cristable RM, Nurdin E, Wardhana W (2020) Water qual-
ity analysis of Saluran Tarum Barat, West Java, based
on National Sanitation Foundation-Water Quality
Index (NSF-WQI). IOP Conf Ser: Earth Environ Sci
481:012068. https://doi.org/10.1088/1755-1315/481/1/
012068

Cude CG (2001) Oregon Water Quality Index a tool for eval-
uating water quality management effectiveness. J Am
Water Resour as 37:125-137. https://doi.org/10.1111/.
1752-1688.2001.tb05480.x

Da Silveira VR, Kunst Valentini MH, dos Santos GB, Nadaleti
WC, Vieira BM (2021) Assessment of the water qual-
ity of the Mirim Lagoon and the Sdo Gongalo chan-
nel through qualitative indices and statistical methods.
Water Air Soil Poll 232:217. https://doi.org/10.1007/
s11270-021-05160-w

Daou C, Salloum M, Legube B, Kassouf A, Ouaini N (2018)
Characterization of spatial and temporal patterns in sur-
face water quality: a case study of four major Lebanese
rivers. Environ Monit Assess 190:485. https://doi.org/10.
1007/s10661-018-6843-8

@ Springer

Darvishi G, Kootenaei FG, Ramezani M, Lotfi E, Asgharnia H
(2016a) Comparative investigation of river water quality
by OWQI, NSFWQI and Wilcox indexes (Case study:
The Talar River — IRAN). Arch Environ Prot 42:41-48.
https://doi.org/10.1515/aep-2016-0005

Darvishi G, Kootenaei FG, Ramezani M, Lotfi E, Asgharnia H
(2016b) Comparative investigation of river water quality
by OWQI, NSFWQI and Wilcox indexes (Case study:
The Talar River — IRAN). Arch Environ Prot. https://doi.
org/10.1515/aep-2016-0005

De Oliveira MD, de Rezende OLT, de Fonseca JFR, Libanio M
(2019) Evaluating the surface water quality index fuzzy
and its influence on water treatment. J Water Process Eng
32:100890. https://doi.org/10.1016/j.jwpe.2019.100890

Deep A, Gupta V, Bisht L, Kumar R (2020) Application
of WQI for water quality assessment of high-altitude
snow-fed sacred Lake Hemkund. Garhwal Himal Sus-
tain Water Resour Manag 6:89. https://doi.org/10.1007/
$40899-020-00449-w

Deng L, Shahab A, Xiao H, Li J, Rad S, Jiang J, GuoYu Jiang
P, Huang H, Li X, Ahmad B, Siddique J (2021) Spatial
and temporal variation of dissolved heavy metals in the
Lijiang River, China: implication of rainstorm on drink-
ing water quality. Environ Sci Pollut R 28:68475-68486.
https://doi.org/10.1007/s11356-021-15383-3

Dinius SH (1987) Design of an index of water quality. Water
Resour Bull 23:833-843

Doderovic M, Mijanovic I, Buric D, Milenkovic M (2020)
Assessment of the water quality in the Moraca River
basin (Montenegro) using water quality index. Glas Srp
Geogr Drus 100:67-81. https://doi.org/10.2298/GSGD2
002067D

El Najjar P, Kassouf A, Probst A, Probst JL., Ouaini N, Daou C,
El Azzi D (2019) High-frequency monitoring of surface
water quality at the outlet of the Ibrahim River (Leba-
non): a multivariate assessment. Ecol Indic 104:13-23.
https://doi.org/10.1016/j.ecolind.2019.04.061

En-nkhili H, Najy M, Etebaai I, Talbi FZ, El Kharrim K, Bel-
ghyti D (2020) Application of water quality index for the
assessment of Boudaroua lake in the Moroccan pre-rif.
Conference GEOIT4W-2020: 1-5. https://doi.org/10.
1145/3399205.3399248

Ewaid SH (2017) Water quality evaluation of Al-Gharraf river
by two water quality indices. Appl Water Sci 7:3759-
3765. https://doi.org/10.1007/s13201-016-0523-z

Fadel A, Kanj M, Slim K (2021) Water quality index varia-
tions in a Mediterranean reservoir: a multivariate sta-
tistical analysis relating it to different variables over 8
years. Environ Earth Sci 80:65. https://doi.org/10.1007/
$12665-020-09364-x

Fraga MDS, da Silva DD, Reis GB, Guedes HAS, Elesbon
AAA (2021) Temporal and spatial trend analysis of sur-
face water quality in the Doce River basin, Minas Gerais,
Brazil. Environ Dev Sustain 23:12124-12150. https:/
doi.org/10.1007/s10668-020-01160-8

Frincu RM (2021) Long-term trends in water quality indices
in the lower Danube and tributaries in Romania (1996—
2017). Int J Environ Res Pub He 18:1665. https://doi.org/
10.3390/ijerph18041665

Fu D, Chen S, Chen Y, Yi Z (2022) Development of modi-
fied integrated water quality index to assess the surface


https://doi.org/10.3390/w12113239
https://doi.org/10.1007/s12594-018-0955-1
https://doi.org/10.2166/ws.2020.111
https://doi.org/10.3390/su13084330
https://doi.org/10.3390/su13084330
https://doi.org/10.3390/w14040654
https://doi.org/10.12911/22998993/151927
https://doi.org/10.12911/22998993/151927
https://doi.org/10.1088/1755-1315/481/1/012068
https://doi.org/10.1088/1755-1315/481/1/012068
https://doi.org/10.1111/j.1752-1688.2001.tb05480.x
https://doi.org/10.1111/j.1752-1688.2001.tb05480.x
https://doi.org/10.1007/s11270-021-05160-w
https://doi.org/10.1007/s11270-021-05160-w
https://doi.org/10.1007/s10661-018-6843-8
https://doi.org/10.1007/s10661-018-6843-8
https://doi.org/10.1515/aep-2016-0005
https://doi.org/10.1515/aep-2016-0005
https://doi.org/10.1515/aep-2016-0005
https://doi.org/10.1016/j.jwpe.2019.100890
https://doi.org/10.1007/s40899-020-00449-w
https://doi.org/10.1007/s40899-020-00449-w
https://doi.org/10.1007/s11356-021-15383-3
https://doi.org/10.2298/GSGD2002067D
https://doi.org/10.2298/GSGD2002067D
https://doi.org/10.1016/j.ecolind.2019.04.061
https://doi.org/10.1145/3399205.3399248
https://doi.org/10.1145/3399205.3399248
https://doi.org/10.1007/s13201-016-0523-z
https://doi.org/10.1007/s12665-020-09364-x
https://doi.org/10.1007/s12665-020-09364-x
https://doi.org/10.1007/s10668-020-01160-8
https://doi.org/10.1007/s10668-020-01160-8
https://doi.org/10.3390/ijerph18041665
https://doi.org/10.3390/ijerph18041665

Rev Environ Sci Biotechnol (2023) 22:349-395

391

water quality: a case study of Tuo River. China Envi-
ron Monit Assess 194:333. https://doi.org/10.1007/
$10661-022-09998-3

Galarza E, Cabrera M, Espinosa R, Espitia E, Moulatlet GM,
Capparelli MV (2021) Assessing the quality of Amazon
aquatic ecosystems with multiple lines of evidence: the
case of the Northeast Andean foothills of Ecuador. B
Environ Contam Tox 107:52-61. https://doi.org/10.1007/
s00128-020-03089-0

Gamvroula DE, Alexakis DE (2022) Evaluating the perfor-
mance of water quality indices: application in surface
water of lake union, Washington State-USA. Hydrol-
ogy 9:116. https://doi.org/10.3390/hydrology9070116

Garcia-Avila F, Jiménez-Ord6énez M, Torres-Sanchez J,
Iglesias-Abad S, Cabello Torres R, Zhind6n-Arévalo
C (2022a) Evaluation of the impact of anthropogenic
activities on surface water quality using a water qual-
ity index and environmental assessment. J] Water Land
Dev 53:58-67. https://doi.org/10.24425/JWLD.2022.
140780

Garcia-Avila F, Zhindon-Arévalo C, Valdiviezo-Gonzales L,
Cadme-Galabay M, Gutiérrez-Ortega H, del Pino LF
(2022b) A comparative study of water quality using
two quality indices and a risk index in a drinking water
distribution network. Environ Technol Rev 11:49-61.
https://doi.org/10.1080/21622515.2021.2013955

Ghani J, Ullah Z, Nawab J, Igbal J, Waqas M, Ali A, Almutairi
MH, Peluso I, Mohamed HRH, Shah M (2022) Hydro-
geochemical characterization, and suitability assessment
of drinking groundwater: application of geostatisti-
cal approach and geographic information system. Front
Environ Sci 10:874464. https://doi.org/10.3389/fenvs.
2022.874464

Giao NT, Nhien HTH, Anh PK, Van Ni D (2021) Classification
of water quality in low-lying area in Vietnamese Mekong
delta using set pair analysis method and Vietnamese
water quality index. Environ Monit Assess 193:319.
https://doi.org/10.1007/s10661-021-09102-1

Gomes FDG (2020) Climatic seasonality and water quality in
watersheds: a study case in Limoeiro River watershed in
the western region of Sdo Paulo State, Brazil. Environ
Sci Pollut Res 27:30034-30049. https://doi.org/10.1007/
s11356-020-09180-7

Gruss L, Wiatkowski M, Pulikowski K, Ktos A (2021) Deter-
mination of changes in the quality of surface water in the
river reservoir system. Sustainability 13:3457. https:/
doi.org/10.3390/su13063457

Gupta S, Gupta SK (2021) A critical review on water quality
index tool: genesis, evolution and future directions. Ecol
Inform 63:101299. https://doi.org/10.1016/j.ecoinf.2021.
101299

Hachi T, Hachi M, Essabiri H, Boumalkha O, Doubi M, Khaf-
fou M, Abba EH (2022) Statistical assessment of the
water quality using water quality index and organic pol-
lution index—Case study, Oued Tighza, Morocco. Mor
J Chem 10:500-508. https://doi.org/10.48317/IMIST.
PRSM/MORJCHEM-V1013.33139

Hamlat A, Guidoum A, Koulala I (2017) Status and trends
of water quality in the Tafna catchment: a comparative
study using water quality indices. J] Water Reuse Desal
7:228-245. https://doi.org/10.2166/wrd.2016.155

Haydar CM, Nehme N, Awad S, Koubaissy B, Fakih M,
Yaacoub A, Toufaily J, Villeras F, Hamieh T (2014)
Water quality of the upper Litani river Basin, Lebanon.
Physcs Proc 55:279-284. https://doi.org/10.1016/j.phpro.
2014.07.040

Horton RK (1965) An index-number system for rating water
quality. J] Water Pollut Con F 37:292-315

Hu L, Chen L, Li Q, Zou K, Li J, Ye H (2022) Water qual-
ity analysis using the CCME-WQI method with time
series analysis in a water supply reservoir. Water Supply
22:6281-6295. https://doi.org/10.2166/ws.2022.245

Jena V, Dixit S, Gupta S (2013) Assessment of water qual-
ity index of industrial area surface water samples. Int J
Chemtech Res 5:278-283

Kachroud M, Trolard F, Kefi M, Jebari S, Bourrié G (2019a)
Water quality indices: challenges and application limits
in the literature. Water 11:361. https://doi.org/10.3390/
w11020361

Kachroud M, Trolard F, Kefi M, Jebari S, Bourrié G (2019b)
Water quality indices: challenges and application limits
in the literature. Water. https://doi.org/10.3390/w1102
0361

Kareem SL, Jaber WS, Al-Maliki LA, Al-husseiny RA, Al-
Mamoori SK, Alansari N (2021) Water quality assess-
ment and phosphorus effect using water quality indices:
Euphrates river- Iraq as a case study. Groundw Sustain
Dev  14:100630.  https://doi.org/10.1016/j.gsd.2021.
100630

Khan I (2022) Hydrogeochemical and health risk assessment
in and around a Ramsar-designated wetland, the Ganges
River Basin, India: implications for natural and human
interactions. Environ Monit and Asses 194:1-24. https://
doi.org/10.1007/s10661-022-10154-0

Khan R, Saxena A, Shukla S, Sekar S, Goel P (2021) Effect of
COVID-19 lockdown on the water quality index of river
Gomti, India, with potential hazard of faecal-oral trans-
mission. Environ Sci Pollut R 28:33021-33029. https://
doi.org/10.1007/s11356-021-13096-1

Kizar FM (2018) A comparison between weighted arithme-
tic and Canadian methods for a drinking water quality
index at selected locations in shatt al-kufa. IOP Conf
Ser: Mater Sci Eng 433:012026. https://doi.org/10.1088/
1757-899X/433/1/012026

Kothari V, Vij S, Sharma S, Gupta N (2021) Correlation of var-
ious water quality parameters and water quality index of
districts of Uttarakhand. Environ Sustain Indic 9:100093.
https://doi.org/10.1016/j.indic.2020.100093

Kulisz M, Kujawska J (2021) Application of artificial neu-
ral network (ANN) for water quality index (WQI) pre-
diction for the river Warta. Poland. J Phys Conf Ser
2130:012028. https://doi.org/10.1088/1742-6596/2130/1/
012028

Kumar A, Bojjagani S, Maurya A, Kisku GC (2022) Spatial
distribution of physicochemical-bacteriological paramet-
ric quality and water quality index of Gomti river, India.
Environ Monit Assess 194:159. https://doi.org/10.1007/
s10661-022-09814-y

Kumar P (2018) Simulation of Gomti River (Lucknow City,
India) future water quality under different mitigation
strategies. Heliyon 4:¢01074. https://doi.org/10.1016/;.
heliyon.2018.e01074

@ Springer


https://doi.org/10.1007/s10661-022-09998-3
https://doi.org/10.1007/s10661-022-09998-3
https://doi.org/10.1007/s00128-020-03089-0
https://doi.org/10.1007/s00128-020-03089-0
https://doi.org/10.3390/hydrology9070116
https://doi.org/10.24425/JWLD.2022.140780
https://doi.org/10.24425/JWLD.2022.140780
https://doi.org/10.1080/21622515.2021.2013955
https://doi.org/10.3389/fenvs.2022.874464
https://doi.org/10.3389/fenvs.2022.874464
https://doi.org/10.1007/s10661-021-09102-1
https://doi.org/10.1007/s11356-020-09180-7
https://doi.org/10.1007/s11356-020-09180-7
https://doi.org/10.3390/su13063457
https://doi.org/10.3390/su13063457
https://doi.org/10.1016/j.ecoinf.2021.101299
https://doi.org/10.1016/j.ecoinf.2021.101299
https://doi.org/10.48317/IMIST.PRSM/MORJCHEM-V10I3.33139
https://doi.org/10.48317/IMIST.PRSM/MORJCHEM-V10I3.33139
https://doi.org/10.2166/wrd.2016.155
https://doi.org/10.1016/j.phpro.2014.07.040
https://doi.org/10.1016/j.phpro.2014.07.040
https://doi.org/10.2166/ws.2022.245
https://doi.org/10.3390/w11020361
https://doi.org/10.3390/w11020361
https://doi.org/10.3390/w11020361
https://doi.org/10.3390/w11020361
https://doi.org/10.1016/j.gsd.2021.100630
https://doi.org/10.1016/j.gsd.2021.100630
https://doi.org/10.1007/s10661-022-10154-0
https://doi.org/10.1007/s10661-022-10154-0
https://doi.org/10.1007/s11356-021-13096-1
https://doi.org/10.1007/s11356-021-13096-1
https://doi.org/10.1088/1757-899X/433/1/012026
https://doi.org/10.1088/1757-899X/433/1/012026
https://doi.org/10.1016/j.indic.2020.100093
https://doi.org/10.1088/1742-6596/2130/1/012028
https://doi.org/10.1088/1742-6596/2130/1/012028
https://doi.org/10.1007/s10661-022-09814-y
https://doi.org/10.1007/s10661-022-09814-y
https://doi.org/10.1016/j.heliyon.2018.e01074
https://doi.org/10.1016/j.heliyon.2018.e01074

392

Rev Environ Sci Biotechnol (2023) 22:349-395

Kunst Valentini MH, dos Santos GB, Duarte VH, Franz HS,
Guedes HAS, Romani RF, Vieira BM (2021) Analy-
sis of the influence of water quality parameters in the
final WQI result through statistical correlation methods:
Mirim lagoon, RS, Brazil, case study. Water Air Soil Pol-
lut 232:363. https://doi.org/10.1007/s11270-021-05321-x

Lencha SM, Trianckner J, Dananto M (2021) Assessing the
water quality of lake Hawassa Ethiopia—trophic state
and suitability for anthropogenic uses—applying com-
mon water quality indices. Int J Environ Res Pub He
18:8904. https://doi.org/10.3390/ijerph18178904

Liou SM, Lo SL, Wang SH (2004) A generalized water qual-
ity index for Taiwan. Environ Monit Assess 96:35-52.
https://doi.org/10.1023/B:EMAS.0000031715.83752.al

Losa MS, Gonzalez ARM, Hurtado DC (2022) Assessment of
water quality with emphasis on trophic status in bathing
areas from the central-southern coast of Cuba. Ocean
Coast Res 70:¢22019. https://doi.org/10.1590/2675-
2824070.21096msl

Lumb A, Sharma TC, Bibeault JF (2011) A review of genesis
and evolution of Water Quality Index (WQI) and some
future directions. Water Qual Expos Hea. https://doi.org/
10.1007/s12403-011-0040-0

Lumb LA, Sharma TC, Bibeault JF (2011) A review of gen-
esis and evolution of Water Quality Index (WQI) and
some future directions. Water Qual Expos Hea 3:11-24.
https://doi.org/10.1007/s12403-011-0040-0

Luo P, Xu C, Kang S, Huo A, Lyu J, Zhou M, Nover D (2021)
Heavy metals in water and surface sediments of the
Fenghe river basin, China: assessment and source analy-
sis. Water Sci Technol 84:3072-3090. https://doi.org/10.
2166/wst.2021.335

Maity S, Maiti R, Senapati T (2022) Evaluation of spatio-
temporal variation of water quality and source identifica-
tion of conducive parameters in Damodar River, India.
Environ Monit Assess 194:1-23. https://doi.org/10.1007/
$10661-022-09955-0

Makubura R, Meddage DPP, Azamathulla H, Pandey M, Rath-
nayake U (2022) A simplified mathematical formulation
for water quality index (WQI): a case study in the Kelani
River Basin. Sri Lanka Fluids 7:147. https://doi.org/10.
3390/fluids7050147

Massoud MA (2012) Assessment of water quality along a rec-
reational section of the Damour River in Lebanon using
the water quality index. Environ Monit Assess 184:4151—
4160. https://doi.org/10.1007/s10661-011-2251-z

Hamdi KM, Lihan S, Hamdan N, Tay MG (2022) Water qual-
ity assessment and the prevalence of antibiotic- resistant
bacteria from a recreational river in Kuching, Sarawak,
Malaysia. J Sustain Sci Manag 17:37-59. https://doi.org/
10.46754/jssm.2022.05.004

Moskovchenko DV, Babushkin AG, Yurtaev AA (2020) The
impact of the Russian oil industry on surface water qual-
ity (a case study of the Agan River catchment, West
Siberia). Environ Earth Sci 79:1-21. https://doi.org/10.
1007/s12665-020-09097-x

Mukate S, Wagh V, Panaskar D, Jacobs JA, Sawant A (2019)
Development of new integrated water quality index
(IWQI) model to evaluate the drinking suitability of
water. Ecol Indic 101:348-354. https://doi.org/10.1016/j.
ecolind.2019.01.034

@ Springer

Muniz DHF, Malaquias JV, Lima JE, Oliveira-Filho EC (2020)
Proposal of an irrigation water quality index (IWQI)
for regional use in the Federal District, Brazil. Envi-
ron Monit Assess 192:1-15. https://doi.org/10.1007/
$10661-020-08573-y

Murillo-Delgado JO, Jimenez-Torres HD, Alvarez-Bobadilla
JI, Gutierrez-Ortega JA, Camacho JB, Valle PFZ, Bar-
celo-Quintal ID, Delgado ER, Gomez-Salazar S (2021)
Chemical speciation of selected toxic metals and multi-
variate statistical techniques used to assess water quality
of tropical Mexican Lake Chapala. Environ Monit Assess
193:1-25. https://doi.org/10.1007/s10661-021-09185-w

Muvundja FA, Walumona JR, Dusabe MC, Alunga GL,
Kankonda AB, Albrecht C, Eisenberg J, Wiiest A (2022)
The land-water—energy nexus of Ruzizi River Dams
(Lake Kivu outflow, African Great Lakes Region): sta-
tus, challenges, and perspectives. Front Environ Sci
10:892591. https://doi.org/10.3389/fenvs.2022.892591

Nair HC, Joseph A, Padmakumari Gopinathan V (2020)
Hydrochemistry of tropical springs using multivariate
statistical analysis in Ithikkara and Kallada river basins,
Kerala, India. Sustain Water Resour Manag 6:1-21.
https://doi.org/10.1007/s40899-020-00363-1

Najah A, Teo FY, Chow MF, Huang YF, Latif SD, Abdullah
S, Ismail M, El-Shafie A (2021) Surface water quality
status and prediction during movement control operation
order under COVID-19 pandemic: case studies in Malay-
sia. Int J Environ Sci Te 18:1009-1018. https://doi.org/
10.1007/s13762-021-03139-y

Nong X, Shao D, Zhong H, Liang J (2020) Evaluation of water
quality in the South-to-North Water diversion project
of China using the water quality index (WQI) method.
Water Res 178:115781. https://doi.org/10.1016/j.watres.
2020.115781

Ortega-Samaniego QM, Romero I, Paches M, Dominici A,
Fraiz A (2021) Assessment of physicochemical and bac-
teriological parameters in the surface water of the Juan
Diaz River, Panama. WIT Trans Ecol Environ 251:95—
104. https://doi.org/10.2495/WS210101

Othman F, Alaaeldin ME, Seyam M, Ahmed AN, Teo FY,
Fai CM, Afan HA, Sherif M, Sefelnasr A, El-Shafie A
(2020) Efficient River water quality index prediction con-
sidering minimal number of inputs variables. Eng Appl
Comp Fluid Mech 14:751-763. https://doi.org/10.1080/
19942060.2020.1760942

Panneerselvam B, Muniraj K, Duraisamy K, Pande C, Karup-
pannan S, Thomas M (2022) An integrated approach to
explore the suitability of nitrate-contaminated groundwa-
ter for drinking purposes in a semiarid region of India.
Environ Geochem HIth 10:1-7. https://doi.org/10.1007/
$10653-022-01237-5

Parween S, Siddique NA, Mahammad Diganta MT, Olbert
Al, Uddin MG (2022) Assessment of urban river water
quality using modified NSF water quality index model at
Siliguri city, West Bengal, India. Environ Sustain Indic
16:100202. https://doi.org/10.1016/j.indic.2022.100202

Paun I, Cruceru L, Chiriac FL, Niculescu M, Vasile GG, Marin
NM (2016) Water quality indices—methods for evaluat-
ing the quality of drinking water. In: Proceedings of the
19th INCD ECOIND International Symposium—SIMI
2016, “The Environment and the Industry”, Bucharest,


https://doi.org/10.1007/s11270-021-05321-x
https://doi.org/10.3390/ijerph18178904
https://doi.org/10.1023/B:EMAS.0000031715.83752.a1
https://doi.org/10.1590/2675-2824070.21096msl
https://doi.org/10.1590/2675-2824070.21096msl
https://doi.org/10.1007/s12403-011-0040-0
https://doi.org/10.1007/s12403-011-0040-0
https://doi.org/10.1007/s12403-011-0040-0
https://doi.org/10.2166/wst.2021.335
https://doi.org/10.2166/wst.2021.335
https://doi.org/10.1007/s10661-022-09955-0
https://doi.org/10.1007/s10661-022-09955-0
https://doi.org/10.3390/fluids7050147
https://doi.org/10.3390/fluids7050147
https://doi.org/10.1007/s10661-011-2251-z
https://doi.org/10.46754/jssm.2022.05.004
https://doi.org/10.46754/jssm.2022.05.004
https://doi.org/10.1007/s12665-020-09097-x
https://doi.org/10.1007/s12665-020-09097-x
https://doi.org/10.1016/j.ecolind.2019.01.034
https://doi.org/10.1016/j.ecolind.2019.01.034
https://doi.org/10.1007/s10661-020-08573-y
https://doi.org/10.1007/s10661-020-08573-y
https://doi.org/10.1007/s10661-021-09185-w
https://doi.org/10.3389/fenvs.2022.892591
https://doi.org/10.1007/s40899-020-00363-1
https://doi.org/10.1007/s13762-021-03139-y
https://doi.org/10.1007/s13762-021-03139-y
https://doi.org/10.1016/j.watres.2020.115781
https://doi.org/10.1016/j.watres.2020.115781
https://doi.org/10.2495/WS210101
https://doi.org/10.1080/19942060.2020.1760942
https://doi.org/10.1080/19942060.2020.1760942
https://doi.org/10.1007/s10653-022-01237-5
https://doi.org/10.1007/s10653-022-01237-5
https://doi.org/10.1016/j.indic.2022.100202

Rev Environ Sci Biotechnol (2023) 22:349-395

393

Romania, 13-14 October 2016: 395-402. https://doi.org/
10.21698/simi.2016.0055

Peluso J (2021) Comprehensive assessment of water quality
through different approaches: physicochemical and eco-
toxicological parameters. Sci Total Environ 800:149510.
https://doi.org/10.1016/j.scitotenv.2021.149510

Peng H (2022) Hydrochemical characteristics and health risk
assessment of groundwater in karst areas of southwest
China: a case study of Bama, Guangxi. J Clean Prod
341:130872. https://doi.org/10.1016/j.jclepro.2022.
130872

Phadatare SS, Gawande S (2016) Review paper on develop-
ment of water quality index. Int Res J Eng Technol
5:765-767. https://doi.org/10.17577/IJERTV51S050993

Poonam T, Tanushree B, Sukalyan C (2013) Water quality
indices- important tools for water quality assessment: a
review. Int J Adv Chem 1:15-28. https://doi.org/10.5121/
ijac.2015.1102

Qu X, Chen Y, Liu H, Xia W, Lu Y, Gang DD, Lin LS (2020)
A holistic assessment of water quality condition and
spatiotemporal patterns in impounded lakes along the
eastern route of China’s South-to-North water diversion
project. Water Res 185:116275. https://doi.org/10.1016/j.
watres.2020.116275

Radeva K, Seymenov K (2021) Surface water pollution with
nutrient components, trace metals and metalloidsin agri-
cultural and mining-affected river catchments: a case
study for three tributaries of the Maritsa River, Southern
Bulgaria. Geogr Pannonica 25:214-225. https://doi.org/
10.5937/gp25-30811

Ramirez-Morales D, Pérez-Villanueva ME, Chin-Pampillo JS,
Aguilar-Mora P, Arias-Mora V, Masis-Mora M (2021)
Pesticide occurrence and water quality assessment from
an agriculturally influenced Latin-American tropical
region. Chemosphere 262:127851. https://doi.org/10.
1016/j.chemosphere.2020.127851

Ristanto D, Ambariyanto A, Yulianto B (2021) Water qual-
ity assessment based on national sanitations foundation
water quality index during rainy season in Sibelis and
Kemiri estuaries Tegal City. IOP Conf Ser: Earth and
Environ Sci 750:012013. https://doi.org/10.1088/1755-
1315/750/1/012013

Rizani S, Feka F, Fetoshi O, Durmishi B, Shala S, Cadraku H,
Bytyci P (2022) Application of water quality index for
the assessment the water quality in River Lepenci. Ecol
Eng Environ Tech 23:189-201. https://doi.org/10.12912/
27197050/150297

Roozbahani MM, Boldaji MN (2013) Water quality assess-
ment of Karoun river using WQI. Int Res J Appl Basic
Sci 5:628-632

Rosca OM (2020) Impact of anthropogenic activities on water
quality parameters of glacial lakes from Rodnei moun-
tains, Romania. Environ Res 182:109136. https://doi.org/
10.1016/j.envres.2020.109136

Rubio-Arias H, Contreras-Caraveo M, Quintana RM, Saucedo-
Teran RA, Pinales-Munguia A (2012) An overall water
quality index (WQI) for a man-made aquatic reservoir in
Mexico. Int J Env Res Pub He 9:1687-1698. https://doi.
org/10.3390/ijerph9051687

Said A, Stevens DK, Sehlke G (2004) An innovative index for
evaluating water quality in streams. Environ Manage
34:406-414. https://doi.org/10.1007/s00267-004-0210-y

Samadi MT, Sadeghi S, Rahmani A, Saghi MH (2015) Survey
of water quality in Moradbeik river basis on WQI index
by GIS. Environ Eng Manag J 2:7-11

Sarwar S, Ahmmed I, Mustari S, Shaibur MR (2020) Use of
Weighted Arithmetic Water Quality Index (WAWQI) to
determine the suitability of groundwater of Chaugach-
cha and Manirampur Upazila, Jashore, Bangladesh.
Environ Biolog Res 2:22-30

Scopus (2022) Analyze search results Retrieved February 22,
2023, from https://www.scopus.com/term/analyzer.uri?
sid=8eeff2944308f3417393fe6b0de5b7el &origin=resul
tslist&src=s&s=TITLE-ABS-KEY %28water+quality+
index%29&sort=cp-f&sdt=b&sot=b&sl=34&count=
38419&analyzeResults=Analyze+results&txGid=68cf7
5652b70f07¢51075648639736f3

Shah KA, Joshi GS (2017) Evaluation of water qual-
ity index for River Sabarmati, Gujarat. India Appl
Water Sci  7:1349-1358.  https://doi.org/10.1007/
s13201-015-0318-7

Shan W (2011) Discussion on parameter choice for manag-
ing water quality of the drinking water source. Procedia
Environ Sci 11:1465-1468. https://doi.org/10.1016/j.
proenv.2011.12.220

Singh PK, Tiwari AK, Panigary BP, Mahato K (2013) Water
quality indices used for water resources vulnerability
assessment using GIS technique: a review. Int J Earth Sci
Eng 6:1594-1600

Sofi MS, Hamid A, Bhat SU, Rashid I, Kuniyal JC (2022)
Impact evaluation of the run-of-river hydropower pro-
jects on the water quality dynamics of the Sindh River
in the Northwestern Himalayas. Environ Monit Assess
194:626. https://doi.org/10.1007/s10661-022-10303-5

Steinhart CE, Shcierow LJ, Sonzogni WC (1982) Environmen-
tal quality index for the great lakes. Water Resour Bull
18:1025-1031

Stricevi¢ L, Pavlovi¢ M, Filipovi¢ I, Radivojevi¢ A, Marti¢
Bursa¢ N, Goci¢ M (2021) Statistical analysis of water
quality parameters in the basin of the NiSava River (Ser-
bia) in the period 2009-2018. Geografie 126:55-73.
https://doi.org/10.37040/geografie2021126010055

Sudhakaran S, Mahadevan H, Arun V, Krishnakumar AP,
Krishnan KA (2020) A multivariate statistical approach
in assessing the quality of potable and irrigation water
environs of the Netravati River basin (India). Groundw
Sustain Dev 11:100462. https://doi.org/10.1016/j.gsd.
2020.100462

Sukmawati NMH, Rusni NW (2019) Assessment of Water
Quality Index of Beratan lake using NSF WQI indicator.
Warmadewa Med J 4:39-43

Sutadian AD, Muttil N, Yilmaz AG, Perera BJC (2016)
Development of river water quality indice- A review.
Environ Monit Assess 188:58. https://doi.org/10.1007/
$10661-015-5050-0

Taloor AK, Pir RA, Adimalla N, Ali S, Manhas DS, Roy S,
Singh AK (2020) Spring water quality and discharge
assessment in the Basantar watershed of Jammu Hima-
laya using geographic information system (GIS) and

@ Springer


https://doi.org/10.21698/simi.2016.0055
https://doi.org/10.21698/simi.2016.0055
https://doi.org/10.1016/j.scitotenv.2021.149510
https://doi.org/10.1016/j.jclepro.2022.130872
https://doi.org/10.1016/j.jclepro.2022.130872
https://doi.org/10.17577/IJERTV5IS050993
https://doi.org/10.5121/ijac.2015.1102
https://doi.org/10.5121/ijac.2015.1102
https://doi.org/10.1016/j.watres.2020.116275
https://doi.org/10.1016/j.watres.2020.116275
https://doi.org/10.5937/gp25-30811
https://doi.org/10.5937/gp25-30811
https://doi.org/10.1016/j.chemosphere.2020.127851
https://doi.org/10.1016/j.chemosphere.2020.127851
https://doi.org/10.1088/1755-1315/750/1/012013
https://doi.org/10.1088/1755-1315/750/1/012013
https://doi.org/10.12912/27197050/150297
https://doi.org/10.12912/27197050/150297
https://doi.org/10.1016/j.envres.2020.109136
https://doi.org/10.1016/j.envres.2020.109136
https://doi.org/10.3390/ijerph9051687
https://doi.org/10.3390/ijerph9051687
https://doi.org/10.1007/s00267-004-0210-y
https://www.scopus.com/term/analyzer.uri?sid=8eeff2944308f3417393fe6b0de5b7e1&origin=resultslist&src=s&s=TITLE-ABS-KEY%28water+quality+index%29&sort=cp-f&sdt=b&sot=b&sl=34&count=38419&analyzeResults=Analyze+results&txGid=68cf75652b70f07c51075648639736f3
https://www.scopus.com/term/analyzer.uri?sid=8eeff2944308f3417393fe6b0de5b7e1&origin=resultslist&src=s&s=TITLE-ABS-KEY%28water+quality+index%29&sort=cp-f&sdt=b&sot=b&sl=34&count=38419&analyzeResults=Analyze+results&txGid=68cf75652b70f07c51075648639736f3
https://www.scopus.com/term/analyzer.uri?sid=8eeff2944308f3417393fe6b0de5b7e1&origin=resultslist&src=s&s=TITLE-ABS-KEY%28water+quality+index%29&sort=cp-f&sdt=b&sot=b&sl=34&count=38419&analyzeResults=Analyze+results&txGid=68cf75652b70f07c51075648639736f3
https://www.scopus.com/term/analyzer.uri?sid=8eeff2944308f3417393fe6b0de5b7e1&origin=resultslist&src=s&s=TITLE-ABS-KEY%28water+quality+index%29&sort=cp-f&sdt=b&sot=b&sl=34&count=38419&analyzeResults=Analyze+results&txGid=68cf75652b70f07c51075648639736f3
https://www.scopus.com/term/analyzer.uri?sid=8eeff2944308f3417393fe6b0de5b7e1&origin=resultslist&src=s&s=TITLE-ABS-KEY%28water+quality+index%29&sort=cp-f&sdt=b&sot=b&sl=34&count=38419&analyzeResults=Analyze+results&txGid=68cf75652b70f07c51075648639736f3
https://www.scopus.com/term/analyzer.uri?sid=8eeff2944308f3417393fe6b0de5b7e1&origin=resultslist&src=s&s=TITLE-ABS-KEY%28water+quality+index%29&sort=cp-f&sdt=b&sot=b&sl=34&count=38419&analyzeResults=Analyze+results&txGid=68cf75652b70f07c51075648639736f3
https://doi.org/10.1007/s13201-015-0318-7
https://doi.org/10.1007/s13201-015-0318-7
https://doi.org/10.1016/j.proenv.2011.12.220
https://doi.org/10.1016/j.proenv.2011.12.220
https://doi.org/10.1007/s10661-022-10303-5
https://doi.org/10.37040/geografie2021126010055
https://doi.org/10.1016/j.gsd.2020.100462
https://doi.org/10.1016/j.gsd.2020.100462
https://doi.org/10.1007/s10661-015-5050-0
https://doi.org/10.1007/s10661-015-5050-0

394

Rev Environ Sci Biotechnol (2023) 22:349-395

water quality Index (WQI). G Groundw Sustain Dev
10:100364. https://doi.org/10.1016/j.gsd.2020.100364

Tampo L, Alfa-Sika Mande SL, Adekanmbi AO, Boguido G,
Akpataku KV, Ayah M, Tchakala I, Gnazou MDT, Bawa
LM, Djaneye-Boundjou G, Alhassan EH (2022) Treated
wastewater suitability for reuse in comparison to ground-
water and surface water in a peri-urban area: Implica-
tions for water quality management. Sci Total Environ
815:152780. https://doi.org/10.1016/j.scitotenv.2021.
152780

Teodorof L, Ene A, Burada A, Despina C, Seceleanu-Odor D,
Trifanov C, Ibram O, Bratfanof E, Tudor MI, Tudor M,
Cernisencu I, Georgescu LP, Iticescu C (2021) Integrated
assessment of surface water quality in Danube River
Chilia branch. Appl Sci 11:9172. https://doi.org/10.3390/
appl11199172

Tirkey P, Bhattacharya T, Chakraborty S (2015) Water quality
indices-important tools for water quality assessment: a
review. Int J Adv Chem 1:15-28

Tripathi M, Singal SK (2019) Allocation of weights using fac-
tor analysis for development of a novel water quality
index. Ecotox Environ Safe 183:109510. https://doi.org/
10.1016/j.ecoenv.2019.109510

Tyagi S, Sharma B, Singh P, Dobhal R (2013) Water quality
assessment in terms of water quality index. Am J Water
Resour 1:34-38. https://doi.org/10.12691/ajwr-1-3-3

Uddin MG, Nash S, Rahman A, Olbert Al (2022) A compre-
hensive method for improvement of water quality index
(WQI) models for coastal water quality assessment.
Water Res 219:118532. https://doi.org/10.1016/j.watres.
2022.118532

Uddin MG, Nash S, Olbert AI (2021) A review of water qual-
ity index models and their use for assessing surface water
quality. Ecol Indic 122:107218. https://doi.org/10.1016/].
ecolind.2020.107218

Udeshani WAC, Dissanayake HMKP, Gunatilake SK, Chandra-
jith R (2020) Assessment of groundwater quality using
water quality index (WQI): a case study of a hard rock
terrain in Sri Lanka. Groundw Sustain Dev 11:100421.
https://doi.org/10.1016/j.gsd.2020.100421

Ugochukwu U, Onuora O, Onuarah A (2019) Water qual-
ity evaluation of Ekulu river using water quality index
(WQID). J Environ Stud 4:4. https://doi.org/10.13188/
2471-4879.1000027

Uning R, Suratman S, Bedurus EA, Nasir FAM, Hock Seng T,
Latif MT, Mostapa R (2021) The water quality and nutri-
ents status in the Dungun River Basin, Terengganu. Am
Soc Microbiol Sci J 16:1-14. https://doi.org/10.32802/
asmscj.2021.837

Vaiphei SP, Kurakalva RM (2021) Hydrochemical character-
istics and nitrate health risk assessment of groundwater
through seasonal variations from an intensive agricul-
tural region of upper Krishna River basin, Telangana.
India. Ecotox Environ Safe 213:112073. https://doi.org/
10.1016/j.ecoenv.2021.112073

Valentini M, dos Santos GB, Muller Vieira B (2021) Multi-
ple linear regression analysis (MLR) applied for mod-
eling a new WQI equation for monitoring the water
quality of Mirim Lagoon, in the state of Rio Grande do
Sul—Brazil. SN Appl Sci 3:70. https://doi.org/10.1007/
$42452-020-04005-1

@ Springer

Varol S, Davraz A, Sener S, Sener E, Aksever F, Kirkan B,
Tokgozlii A (2021) Assessment of groundwater qual-
ity and usability of Salda Lake Basin (Burdur/Turkey)
and health risk related to arsenic pollution. J Envi-
ron Health Sci 19:681-706. https://doi.org/10.1007/
s40201-021-00638-5

Vasistha P (2020) Assessment of spatio-temporal variations in
lake water body using indexing method. Environ Sci Pol-
Iut R 27:41856-41875

Wang Q, LiZ, Xu Y, Li R, Zhang M (2022) Analysis of spatio-
temporal variations of river water quality and construc-
tion of a novel cost-effective assessment model: a case
study in Hong Kong. Environ Sci Pollut R 29:28241-
28255. https://doi.org/10.1007/s11356-021-17885-6

Wong YJ, Shimizu Y, He K, Nik Sulaiman NM (2020) Com-
parison among different ASEAN water quality indices
for the assessment of the spatial variation of surface
water quality in the Selangor River basin. Malaysia
Environ Monit Assess 192:644. https://doi.org/10.1007/
s10661-020-08543-4

Xiao L, Zhang Q, Niu C, Wang H (2020) Spatiotemporal pat-
terns in river water quality and pollution source appor-
tionment in the Arid Beichuan River Basin of Northwest-
ern China using positive matrix factorization receptor
modeling techniques. Int J Env Res Pub He 17:5015.
https://doi.org/10.3390/ijerph17145015

Xiong F, Chen Y, Zhang S, Xu Y, Lu Y, Qu X, Gao W, Wu X,
Xin W, Gang DD, Lin LS (2022) Land use, hydrology,
and climate influence water quality of China’s largest
river. J Environ Manage 318:115581. https://doi.org/10.
1016/j.jenvman.2022.115581

Yan F, Liu L, You Z, Zhang Y, Chen M, Xing X (2015) A
dynamic water quality index model based on functional
data analysis. Ecol Indic 57:249-258. https://doi.org/10.
1016/j.ecolind.2015.05.005

Yang Z, Bai J, Zhang W (2021) Mapping and assessment of
wetland conditions by using remote sensing images and
POI data. Ecol Indic 127:107485. https://doi.org/10.
1016/j.ecolind.2021.107485

Yilmaz E, Ko¢ C, Gerasimov I (2020) A study on the evalua-
tion of the water quality status for the Biiyiik Menderes
River, Turkey. Sustain Water Resour Manag 6:100.
https://doi.org/10.1007/s40899-020-00456-x

Yogendra K, Puttaiah ET (2008) Determination of water qual-
ity index and suitability of an urban waterbody in Shi-
moga Town, Karnataka. Proceedings of Taal 2007: The
12th world lake conference 342: 346

Yotova G, Varbanov M, Tcherkezova E, Tsakovski S (2021)
Water quality assessment of a river catchment by the
composite water quality index and self-organizing maps.
Ecol Indic 120:106872. https://doi.org/10.1016/j.ecolind.
2020.106872

Yuan H, Yang S, Wang B (2022) Hydrochemistry character-
istics of groundwater with the influence of spatial vari-
ability and water flow in Hetao Irrigation District, China.
Environ Sci Pollut R 20:1-5. https://doi.org/10.1007/
s11356-022-20685-1

Zakir HM, Sharmin S, Akter A, Rahman MS (2020) Assess-
ment of health risk of heavy metals and water quality
indices for irrigation and drinking suitability of waters: a
case study of Jamalpur Sadar area, Bangladesh. Environ


https://doi.org/10.1016/j.gsd.2020.100364
https://doi.org/10.1016/j.scitotenv.2021.152780
https://doi.org/10.1016/j.scitotenv.2021.152780
https://doi.org/10.3390/app11199172
https://doi.org/10.3390/app11199172
https://doi.org/10.1016/j.ecoenv.2019.109510
https://doi.org/10.1016/j.ecoenv.2019.109510
https://doi.org/10.12691/ajwr-1-3-3
https://doi.org/10.1016/j.watres.2022.118532
https://doi.org/10.1016/j.watres.2022.118532
https://doi.org/10.1016/j.ecolind.2020.107218
https://doi.org/10.1016/j.ecolind.2020.107218
https://doi.org/10.1016/j.gsd.2020.100421
https://doi.org/10.13188/2471-4879.1000027
https://doi.org/10.13188/2471-4879.1000027
https://doi.org/10.32802/asmscj.2021.837
https://doi.org/10.32802/asmscj.2021.837
https://doi.org/10.1016/j.ecoenv.2021.112073
https://doi.org/10.1016/j.ecoenv.2021.112073
https://doi.org/10.1007/s42452-020-04005-1
https://doi.org/10.1007/s42452-020-04005-1
https://doi.org/10.1007/s40201-021-00638-5
https://doi.org/10.1007/s40201-021-00638-5
https://doi.org/10.1007/s11356-021-17885-6
https://doi.org/10.1007/s10661-020-08543-4
https://doi.org/10.1007/s10661-020-08543-4
https://doi.org/10.3390/ijerph17145015
https://doi.org/10.1016/j.jenvman.2022.115581
https://doi.org/10.1016/j.jenvman.2022.115581
https://doi.org/10.1016/j.ecolind.2015.05.005
https://doi.org/10.1016/j.ecolind.2015.05.005
https://doi.org/10.1016/j.ecolind.2021.107485
https://doi.org/10.1016/j.ecolind.2021.107485
https://doi.org/10.1007/s40899-020-00456-x
https://doi.org/10.1016/j.ecolind.2020.106872
https://doi.org/10.1016/j.ecolind.2020.106872
https://doi.org/10.1007/s11356-022-20685-1
https://doi.org/10.1007/s11356-022-20685-1

Rev Environ Sci Biotechnol (2023) 22:349-395

395

Adv  2:100005. https://doi.org/10.1016/j.envadv.2020.
100005

Zhan S, Zhou B, Li Z, Li Z, Zhang P (2021) Evaluation
of source water quality and the influencing factors:
a case study of Macao. Phys Chem Earth Parts a/b/c
123:103006. https://doi.org/10.1016/j.pce.2021.103006

Zhang L (2017) Different methods for the evaluation of sur-
face water quality: the case of the Liao River, Liaoning
Province, China. Int Rev Spat Plan Sustain Dev 5:4-18.
https://doi.org/10.14246/irspsd.5.4_4

Zhang L (2019) Big data, knowledge mapping for sustainable
development: a water quality index case study. Emerg Sci
1 3:249-254. https://doi.org/10.28991/esj-2019-01187

Zhang ZM, Zhang F, Du JL, Chen DC (2022) Surface water
quality assessment and contamination source identifica-
tion using multivariate statistical techniques: a case study
of the Nanxi River in the Taihu Watershed, China. Water
14:778. https://doi.org/10.3390/w14050778

Zhu X, Wang L, Zhang X, He M, Wang D, Ren Y, Yao H, Net
Victoria Ngegla J, Pan H (2022) Effects of different types

of anthropogenic disturbances and natural wetlands on
water quality and microbial communities in a typical
black-odor river. Ecol Indic 136:108613. https://doi.org/
10.1016/j.ecolind.2022.108613

Zotou I, Tsihrintzis VA, Gikas GD (2018) Comparative assess-
ment of various water quality indices (WQIs) in Polyphy-
tos reservoir-Aliakmon River. Greece Proc 2:611. https://
doi.org/10.3390/proceedings2110611

Publisher’s Note Springer Nature remains neutral with regard
to jurisdictional claims in published maps and institutional
affiliations.

Springer Nature or its licensor (e.g. a society or other partner)
holds exclusive rights to this article under a publishing
agreement with the author(s) or other rightsholder(s); author
self-archiving of the accepted manuscript version of this article
is solely governed by the terms of such publishing agreement
and applicable law.

@ Springer


https://doi.org/10.1016/j.envadv.2020.100005
https://doi.org/10.1016/j.envadv.2020.100005
https://doi.org/10.1016/j.pce.2021.103006
https://doi.org/10.14246/irspsd.5.4_4
https://doi.org/10.28991/esj-2019-01187
https://doi.org/10.3390/w14050778
https://doi.org/10.1016/j.ecolind.2022.108613
https://doi.org/10.1016/j.ecolind.2022.108613
https://doi.org/10.3390/proceedings2110611
https://doi.org/10.3390/proceedings2110611

	A comprehensive review of water quality indices (WQIs): history, models, attempts and perspectives
	Abstract 
	1 Introduction
	2 Water quality index
	2.1 History of water quality concept
	2.2 Phases of WQI development
	2.3 Evolution of WQI research
	2.3.1 Per year
	2.3.2 Per country

	2.4 Different methods for WQI determination
	2.4.1 National sanitation foundation (NSFWQI)
	2.4.2 Canadian council of ministers of the environment water quality index (CCMEWQI)
	2.4.3 Oregon water quality index (OWQI)
	2.4.4 Weighted arithmetic water quality index (WAWQI)
	2.4.5 Additional water quality indices

	2.5 Advantages and disadvantages of the selected water quality indices
	2.6 New attempts of WQI studies

	3 Conclusion
	References




