
Introduction

Water quality indices (WQIs) are necessary for 
simplifying the reporting of complex and technical 
water quality information. They are scientifically based 
communication models that are capable of converting 
multi-variable water quality data to produce a single  
unit less digit score that describes overall water quality. 
This in turn is important for providing a structured 

platform to evaluate and compare water quality of 
various water resources [1, 2]. Water quality indices  
are not aimed at replacing detailed water quality 
analysis, rather they are tools aimed at providing a quick 
guide to assist water quality experts, policymakers  
and the public by communicating water quality data in a 
more consistent and on-going manner [2, 3].

Following the studies by Poonam, et al. [2], Lumb 
et al. [4], Sutadian et al. [5], and Paun et al. [6], it has 
been noted that most WQIs are designed for a particular 
region and are source-specific, thus creating a gap 
and ample scope to develop a universally acceptable 
WQI. However, it is extremely difficult to develop a 
water quality model that is globally acceptable, hence 
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the current studies only focus on national boundaries; 
that is, a model only applicable to South African river 
catchments.

Though seemingly problematic to deal with in 
prospect, it is pertinent and recommended that water 
quality experts embark on developing a unified model 
that can be utilized across the globe. But the immediate 
mission is to develop nationally acceptable water quality 
indices and break the barrier of region-specific models. 
The tool must provide a basic platform to measure 
whether specific water resources need to be restored and 
to what degree. Thus, assisting in the prioritization of 
water quality activities in South Africa. In respect to 
this, the authors attempt to outline the basic procedures 
followed when developing WQIs, and this review 
work forms part of the main objective of developing 
a universal water quality index and water quality 
variability model for South African river catchments.

Objectives of Establishing Water Quality 
Monitoring Tools

The world has experienced continuous growth in 
socio-economic activities, but such progression has 
been accompanied by accelerated growth in water 
contamination, causing pollution stress in the aquatic 
environment [7, 8]. Undoubtedly, this evolution of water 
pollution has led to the development of numerous WQIs 
as water quality monitoring tools [2]. The development 
of such tools can be based on either (i) a single-objective 
monitoring process, whereby it addresses a specific 
single problem area or (ii) a multi-objective monitoring 
process, which covers various water applications and 
provides data for more than one assessment programme 
[7].

According to the World Health Organisation [9], 
global water quality monitoring objectives are defined in 
order to address the public, government institutions, the 
scientific and research community, water economists and 
policymakers for water quality assessment. The specific 
objectives of water quality monitoring programmes are 
modelled specifically to:
(i) Define the water quality status and assist in 

identifying the most favorable action, relative to 
human and aquatic ecosystem health.

(ii) Describe water quality trends, thereby providing a 
platform to outline crisis stages.

(iii)Delineate the source of water quality trends and 
dominant circumstances.

(iv) Identify and cluster the types of water quality 
problems experienced in specific catchment areas.

(v) Provide water quality assessment information in a 
structured format that can be easily understood by 
water resource management and regulatory agencies 
when evaluating alternatives and making necessary 
decisions.

In view of water quality monitoring objectives, the 
water quality index is therefore a useful statistical tool 

and it must interpret complex water quality information 
and deduce it into a single numeric value, thus validating 
various WQIs for appropriate application across various 
catchments is the aim of this study.

Classifying Water Quality Indices

Poonam, et al. [2] classified WQIs into four main 
categories. The first three are grouped according 
to their application and the fourth is based on the 
formation technique rather than the purpose of 
establishment. Statistical approaches are formulation 
techniques, thereto substituting the Delphi method of 
establishing parameters, sub-indices and weights. It 
is therefore subjective to consider the design method 
when classifying WQIs. For the purpose of this review, 
however, categorization of water quality indices is based 
on the purpose of establishment and the groups are as 
follows:
(i) Public indices: created for general water quality 

assessment irrespective of the intended water usage. 
Basically, their evaluation process is independent 
from the purpose and application of the water 
reserve – a practical example being the National 
Sanitation Foundation Water Quality Index [10].

(ii) Specific indices: developed for specific application, 
such as drinking, irrigation, industrial and 
ecosystem preservation. The Vaal Water Quality 
Index (WQI) developed by Banda [11] is an example 
of a specific index created to evaluate the status of 
surface raw water intended for treatment to portable 
standards. Another example is from Argentina, 
where Almeida et al. [12] developed a water quality 
index particularly for the assessment of recreational 
water resources.

(iii) Planning indices: these are water evaluation tools, 
purposefully designed to assist water managers 
and policymakers to substantiate their decisions 
regarding water quality. The United States of 
America developed such an index for routine stream 
monitoring [13].

Generally, WQIs are not designed for broad 
application – they are customarily developed for a 
specific watershed and or region, unless otherwise if 
different basins share the same water quality monitoring 
objectives and test the same range of water quality 
variables. The choice and selection of water quality 
variables to be incorporated in an index is governed 
by the proposed uses of the water quality index. The 
combined effect of such technicalities eventually 
demarcates the application boundaries of the indexing 
model [11]. This is, perhaps, the most demanding 
scientific need; that is, the development of a unified 
water quality index that can be applicable to most – if 
not all – of the watersheds in South Africa. An index 
that is not limited to certain application boundaries is 
thus the aim of this study.
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Basic Procedure for Developing a Water 
Quality Index

A considerably number of indices have been 
developed since the primary index by Horton [14], 
but regardless of such efforts, there is still no globally 
acceptable manner in which water quality indices are 
developed [5]. However, there is a certain possible trend, 
which is distinguished by the following common steps 
[2, 6, 15-18]:
(i) Selection of parameters: identifying and choosing the 

most critical variables suitable to provide a functional 
sense to the water quality index. Proficiency is 
required in order to provide just enough parameters 
– not too few or too many. This process can be done 
by either expert opinion (whether individually or as 
a group) or through statistical techniques.

(ii) The formation of sub-index values: considering that 
various water quality parameters have different 
scientific units, it becomes necessary to transform 
them into a single common scale, and this task is 
achieved by generating sub-indices.

(iii) Establishing weights: weightage is assigned to 
each variable based on the level of importance of 
each parameter, established through evaluating 
the potential impact of each parameter when their 
concentration levels are outside the permissible 
limits. Though Delphi is a tedious process, the 
method will minimize subjectivity in establishing 
weights and enhance credibility of the index.

(iv) Aggregation of sub-indices: this if the final step 
toward obtaining a final cumulative index value. In 
understanding the assigned weights, mathematical 
models are used to combine all the sub-indices into 
one index number. They are various aggregation 
methods available, but there are three fundamental 
models commonly used. These are additive, 
multiplicative and logical functions.

Of late, several attempts have been made to explore 
the structure and relationship of water quality variables 
using statistical approaches like cluster analysis, 
discriminant analysis, factor analysis and principal 
component analysis [19-21]. Even the application of 
artificial intelligence methods, which includes fuzzy 
logic and artificial neural networks, has been tested 
with the aim of reducing prejudice and improving on 
the reliability of the water quality index models [2, 22-
26]. Further details regarding the steps and procedures 
of developing a WQI are discussed at length in the 
subsequent sections of this review paper.

Selection of Water Quality Parameters

Water quality variables are the most important 
constituents of any water quality index. They are 
the basis at which the index value is generated. 
Consequently, the selection of such parameters becomes 
an essential step in the establishment of an index. The 
selection process is done in understanding the hazard 

and risk posed by different pollutants. Emphasis is 
given to water quality variables that have more impact 
in disturbing environmental and human health whenever 
their concentration levels exceed tolerable limits. [27-
32]. In order to critically ascertain the influence of 
each variable, one has to establish the intended use of 
the water body, since acceptability and level of impact 
differs with each application. Therefore, it is equally 
important to note that the selection of parameters 
used to evaluate water quality depends largely on the 
envisioned use of the water body [33]. Accordingly, 
the parameter selection process becomes apprehensive 
with uncertainty and subjectivity, as it is aligned to the 
usefulness of the water quality index. It then becomes 
crucial to exercise enormous care and sound judgement 
in order to reduce the ambiguity and ensure that the 
most representative parameters are included in a WQI 
[15]. 

According to Sutadian et al. [5], three systems are 
applicable to the parameter selection process. The three 
categories are defined as follows:
(a) Fixed system: in this case, the application of the 

WQI is limited to a fixed set of parameters that are 
selected by the WQI developer as the most suitable 
set of variables necessary for calculating the final 
index value. Although using a fixed set of parameters 
allows the user to appropriately analyze and compare 
water quality status among different sites, the system 
is rigid, which is a common problem with most water 
quality indices. Even if it becomes necessary and 
important to include additional variables in the index, 
a fixed system cannot accommodate the addition of 
new parameters, hence the term rigid.

(b) Open system: a flexible system that permits the user 
to incorporate parameters of their choice. Though 
such WQIs are flexible and eliminate rigidity, they 
pose a critical problem in comparing results from 
different monitoring sites. Unless otherwise the use 
of a similar set of parameters is enforced by the 
user, it is then inappropriate to apply such indices 
(open system) as comparison tools – especially when 
generating priority matrices based on pollution status 
and water quality classification.

(c) Mixed system: a combination of the fixed and open 
systems. The system consists of the basic fixed set of 
parameters that are compulsory for calculating the 
index value, as well as additional parameters that can 
be input based on user discretion.
Although the mixed system is the best fit between 

the fixed and open systems, the mixed system still 
suffers from the same problem with the open system, 
though with a reduced margin of error. Considering the 
advantages and disadvantages of the three systems, the 
fixed system is designed to analyze and compare water 
quality parameters, making it the most appropriate 
system suitable for the development of a unified WQI 
that can be functional in most if not all the catchments 
in South Africa, and which is the main aim of our 
study. Parameter selection for a fixed system requires 
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enormous care, attention, experience and proficiency 
in order to ensure that the most significant variables 
are incorporated in the WQI. Expertise is required 
to delineate what is regarded as too few or too many 
variables; the ability to optimize the ideal number of 
parameters necessary or just enough to calculate a 
meaningful water quality index value. The selection 
procedure can be performed using expert opinion (either 
as a group or individually), or by means of statistical 
methods.

Due to human influence, the expert opinion method 
can be subjective and uncertain. In an attempt to reduce 
the subjectivity in parameter selection, statistical tools 
have been developed and widely adopted as common 
practice [15, 20, 34-36]. Hypothetically, this might 
be the most objective method, but still, the human 
influence is evident on the choice of data that is 
statistically analyzed, hence compromising the accuracy 
of the procedure [5]. Nevertheless, through the use 
of pattern recognition; statistical methods remain the 
most powerful technique for interpreting the variance 
between a large number of variables and convert them 
into smaller groups of independent variables [34, 36]. 

Lessening the monitoring data requirements governs 
the input parameter demand and reduces the bulkiness 
of the indexing model. In this way, it intensifies 
regular use of the index and promotes the application 
of the indexing model. On the basis thereof, the water 
quality parameters should be reduced to an optimum 
– just enough to ensure functional sense and scientific 
steadiness. Against this background, the most-considered 
parameters for developing a water quality index are: 
ammonia (NH3), calcium (Ca), chloride (Cl), chlorophyll 
a (Chl-a), electrical conductivity (EC), fluoride (F), 
hardness (CaCO3), magnesium (Mg), manganese (Mn), 
nitrate (NO3), pondus Hydrogenium (pH), sulphate (SO4) 
and turbidity (Turb) [10, 11, 14, 37-66, 67]. Conclusively, 
the selection of the maximum allowable variables that 
can effectively classify and describe the degree of water 
quality is not always straightforward. Nonetheless, the 
above 13 water quality parameters are the definite key 
contaminants regarded as the most frequently monitored 
variables, with concentrated pollution effects, and the 
most dangerous variables with obdurate legal restrictions 
in water quality regulations. Accordingly, they have 
significant effects on water quality, which justify their 
inclusion as input parameters toward the development of 
water quality models. 

Water quality parameters are measured in different 
scientific units, and in order to transform them into 
a single index value their scientific units have to be 
transformed into a common scale. This process is 
achieved by the application of mathematical sub-indices.

Formation of Sub-Indices

Considering the fact that water quality variables are 
measured in various units, sub-indices are mathematical 
tools utilized to transform the scientific units into  

a common non-dimensional scale. Most of the 
traditional WQIs can only aggregate parameters with a 
common scale, hence the process of standardizing and 
rescaling parameter values is necessary. However, a few 
water quality indices do not have such a functionality. 
Instead, the actual measured parameter values are used 
to calculate the final index value [5]. For example, 
CCME [28] established a multivariate statistical formula 
to aggregate the original parameter values without the 
application of sub-indices. In a similar case, Said et al. 
[68] developed a mathematical equation that calculates 
the final index value without standardizing the 
actual measured parameter values. Depending on the 
aggregation technique being employed, variables can 
be considered directly as sub-indices and aggregated 
into a single index value, whereas in some instances the 
primary parameter sub-indices can be further grouped 
and aggregated into a bigger secondary group of sub-
indices, which are then later aggregated into the final 
index value. Such are often composite or aggregated 
sub-indices, and a practical example is Bhargava [69], 
which have four different composite sub-indices in 
the form of organic and inorganic, coliforms, heavy 
metals and physical sub-indices [5]. The mathematical 
relationships between the measured parameter values 
and the sub-index values are referred to as the sub-index 
functions. The actual parameter values can be translated 
to sub-index by means of sub-index functions, which 
can be presented graphically as rating curves (parameter 
values plotted to the corresponding sub-index values). 
There are three common methods used to develop sub-
index functions, that is: (1) expert judgement or opinion, 
which can be done either individually or as a group, (2) 
use of water quality standards or regulations, and (3) 
statistical methods [5].

Expert Judgement

Similar to the selection of water quality parameters, 
either individual or group expertise and skills are 
utilized to establish sub-index functions. In this method, 
key points of the rating curves are established from 
personal opinion and plotted graphically to represent 
the impact of each parameter at different concentration 
levels. The process can be done individually, but involves 
a number of experts in order to minimize partiality and 
ambiguity. In the event that a group of water experts are 
involved, the Delphi method can be employed, whereby 
questioners are used to collect the relevant data required 
for the formation of sub-index functions. Collectively, 
the set of information from expert opinions is converged 
into rating curves, which are further converted into 
linear or non-linear sub-index functions. Since its 
inception in 1970, the Rand Corporation’s Delphi 
Technique has been widely adopted in the establishment 
of various water quality indices. Indices that include 
the National Sanitation Foundation (NSF) Index, the 
Scottish Research Development Department (SRDD) 
Index, Ross’ Index, the Oregon Index, House’s Index, 
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the Smith Index and Almeida’s Index [10, 12, 38, 39, 42, 
43, 70].

Use of Water Quality Standards

The second method involves the use of water quality 
legislative standards to establish sub-index functions. 
Permissible water quality parameter concentration 
levels are used to derive the rating curves, which can 
eventually be transformed to sub-index functions. 
Unlike the Delphi method, the important points of the 
rating curves are obtained using the permissible limits 
for each particular parameter, in understanding of the 
intended use of the water body. Actual measured water 
quality parameter values can be translated to sub-index 
values using three methods, namely linear interpolation 
rescaling, categorical scaling and comparison with 
permissible limits. The first technique, known as linear 
interpolation rescaling, relays an identical range of sub-
index values, normally between zero to one-hundred or 
zero to one. In similar fashion, the establishment of water 
quality classification follows a sequential order, which 
can be Class 1, Class 2, …Class 5. Thereafter, using the 
permissible limits from the minimum to the maximum, 
each limit corresponding to the relevant water quality 
classification and is assigned to the corresponding sub-
index number [5]. For example; considering permissible 
limits of 20, 30, 40, 80 and 120 mg/ℓ, and sub-index 
range of 100, 75, 50, 25 and 1; then the pairing of the 
key points can observe the following sequence: Class 1 
(20:100), Class 2 (30:75), …Class 5 (120:1). These paired 
set of data are the key points of the rating curve and are 
the basis at which sub-index functions are developed. If 
the actual parameter value falls between two classes, the 
linear interpolation method is used to obtain the actual 
sub-index value. The following general equations are 
applicable to this particular approach [5]:

        (1)

        (2)

…where si is the ith sub-index value; s1 and s2 are the 
sub-index values for the upper and lower classes, 
respectively; xi is the ith parameter value; and x1 and x2 are 
values of permissible limits for upper and lower class. 
In the case that a parameter decreases the level of water 
quality with an increase in parameter value, then Eq. (1) 
is applicable. Otherwise, Eq. (2) can be adopted when a 
parameter increases the level of water quality with an 
increase in parameter value [5]. The second technique is 
the categorical scaling method, when actual parameter 
values are transformed to sub-indices using constant 
values of either zero or one. The sub-index value of 
zero is assigned to a parameter with concentration 
levels exceeding the permissible standard, whereas the 
sub-index value of one is assigned to a parameter with 

concentration levels below the permissible limits [5]. 
The following two mathematical functions are used for 
this technique:

si = 0 if xi is well above permissible limits   (3)

si = 1 if xi is well below permissible limits   (4)

…where si is the ith sub-index value and xi is the ith actual 
parameter value. The third and last approach involves 
comparing the actual measured parameter values 
with the legislative standards. In understanding the 
permissible limits, sub-indices are generated according 
to the degree of water quality (from the worst to the 
highest), and the sub-index values range from zero to 
one. The sub-index values are computed using Eq. (5):

                     (5)

…where si is the ith sub-index value; xi is the ith actual 
parameter value (mg/ℓ); and xmax is the maximum value 
of the permissible limit (mg/ℓ).

Statistical Methods

In this approach, the key points of the rating curves 
are developed through statistical analysis of historical 
parameter data. This technique relays on the statistical 
characteristics like the mean values and various 
quantiles of the parameters measured over a long 
period of time. Various water quality index developers 
have successfully used this method (developers like 
Hallock [13], and Dunnette [39], Bhargava [69]). Upon 
establishment of sub-index functions, the sub-index 
value has to be factored into the final index, which 
can be achieved by multiplying the sub-index values 
with assigned parameter weightage. Establishing such 
parameter weights is discussed in the subsequent section 
of this review.

Establishing Weights

Each parameter has a different effect on water 
classification, hence weighting factors are used to reflect 
the influence of each parameter on the index model. 
These mathematical tools are assigned to each water 
quality variable based on the level of significance and 
their influence on the overall index value [5, 56]. In 
general, weighting factors are established as either equal 
or unequal weights. Equal weights are practical if all 
the water quality parameters are regarded as equally 
important, whereas unequal weights are effective where 
some parameters are regarded as being more or less 
influential than others [5].

A limited number of index developers have adopted 
the use of equal weights because of the possibilities of 
unfairness in assigning the weighting factors. Besides, 
if due diligence is not exercised, unequal weights 
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could promote sensitivity of the index model, favoring 
the heavily weighted water quality variables [5]. Such 
biasness brings about the element of doubt towards 
the application of unequal weights. This being said, 
appropriate measures should be taken in selecting the 
most suitable technique of developing unequal weights 
– a method that will minimize prejudice and ratify the 
integrity of the index model.

Similar to the selection of parameters and the 
development of sub-indices, there are also participatory-
based methods available for establishing weights, and 
the most commonly used are the Analytical Hierarchy 
Process (AHP) and the Rand Corporation’s Delphi 
Technique (Delphi Method):
(a) Analytical Hierarchy Process (AHP): a mature and 

easy concept which has been broadly employed in 
many other different fields, other than water quality 
index development. The concept allows for the 
incorporation of both quantitative and qualitative 
aspects in the decision-making process. Expert 
opinion is gathered through “pair-wise comparison 
matrices,” in which the experts are required to present 
their preference by comparing numerous alternatives. 
AHP is a very useful method of establishing weights 
for either individual or aggregated water quality 
variables. Ocampo-Duque et al. [71] and Gazzaz 
et al. [24] have both implemented AHP to generate 
weights for calculating water quality index.

(b) Rand Corporation’s Delphi Technique (Delphi 
Method): using questionnaires, water specialists 
compare relative water quality parameters using 
a scale of one (highest) to five (lowest). All the 
expert ratings are combined and arithmetic mean 
values are calculated, which are later converted to 
weight ratings between zero (lowest impact weight) 
to one (most influential parameter). The procedure 
was introduced by Horton [14], later improved by 
Brown et al. [10], and since then, the Delphi Method 
has been widely employed in various water quality 
indices in order to produce comparative weights of 

the selected parameters.
Notably, for most water quality indices, the total 

weight (the summation of all the weights of the selected 
parameters) adds up to a unity (1), the reason being that 
the combined effect of water quality parameters should 
not exceed 100% [11]. Otherwise, the aggregation of 
sub-indices will be compromised, and deem the water 
quality index dysfunctional.

Aggregation of Sub-Indices

The aggregation of sub-indices is performed by 
mathematical functions. These equations integrate sub-
index values of selected critical parameters in relation 
to the assigned weights, and obtain the overall water 
quality status, which is normally presented as a unit-less 
number. Their application is governed by the degree of 
accuracy required and whether the parameter weights 
are either equally or unequally defined. The aggregation 
process may occur in sequential phases depending on 
whether an index has aggregated sub-indices or not. 
Although there are various aggregation techniques 
available, the common aggregation methods are the 
additive (arithmetic) and multiplicative (geometric) 
methods [5]. Further details of existing aggregation 
techniques, including various mathematical structures 
considered for the development of water quality indices 
(WQIs), are discussed separately and documented 
elsewhere.

Water Classification and Index Scores

Water quality index scores can be classified in two 
different ways. The first approach is whereby the index 
value increases with the increase of contamination 
level. This approach is referred to as the increasing 
scale index. The second approach is where the index 
value decreases with the degree of pollution. This 
approach is referred to as the decreasing scale index 
[15]. Nevertheless, the purpose of scaling is the same, 

Table 1. Typical WQI classification for increasing scale index.

Class
Increasing scale water quality indices 

House, Bordalo & Carvalho WQI CCME WQI Universal & Vaal WQI
Rank Index score Rank Index score Rank Index score

Class 1 Very good 91 to 100 Excellent 95 to 100 Excellent 95 to 100

Class 2 Good 71 to 90 Good 80 to 94 Good 75 to 94

Class 3 Reasonable 51 to 70 Fair 65 to 79 Fair 50 to 74

Class 4 Polluted 26 to 50 Marginal 45 to 64 Marginal 25 to 49

Class 5 Badly polluted 10 to 25 Poor 0 to 44 Poor 0 to 24

Source: Banda [11], CCME [28], Boyacioğlu [50], Carvalho, et al. [53], Bordalo, et al. [72]. Notes: House WQI: House’s water 
quality index (United Kingdom), Bordalo WQI: Bordalo et al water quality index (Iberian Peninsula: Portuguese-Spanish Border), 
Carvalho WQI: Carvalho et al water quality index (Portugal), CCME WQI: Canadian Council of Ministers of the Environment WQI 
(Canada), Universal WQI: Universal water quality index – Boyacioğlu index (Turkey) and Vaal WQI: Vaal water quality index (South 
Africa)



Development of Water Quality... 2017

as both indices reflects water quality based on pollution 
levels [11]. The assignment of water quality index values 
to classes of water quality is termed “categorization” 
or “classification,” and indicates an imperative but 
somewhat subjective process. Classification should 
be based on the best available information, expert 
judgment, and the general public’s expectations of 
water quality [28]. Normally, water quality index values 
are between zero and 100 and classified in categories 
ranging from Class 1 to Class 5. The meaning of the 
index values and classes depends on whether the model 
is an increasing or decreasing scale index, and typical 
examples are included in Tables 1 and 2 for increasing 
and decreasing scale indices respectively.

A major gap identified in most of the water quality 
classification scales is that not all possible index 

scores are accommodated in various WQ classification 
systems reviewed under this study. For instance, 
considering a classification schema by Rao, et al. [74], 
index score values between 25-26, 50-51, and 75-76 
cannot be categorized unless otherwise the final index 
score is rounded to a whole number (which is not the 
case with most of the research work reviewed under 
this chapter). Some of the water quality indices with 
similar challenges includes Banda [11], Kannel et al. 
[49], Sharma et al. [56], Rao and Nageswararao [76], 
Ramakrishnaiah et al. [78], Al Obaidy et al. [79], Yadav 
et al. [80], Khanna et al. [81], Bhadra et al. [82], Meher 
et al. [83], AL-Sabah [84], Sudha et al. [85], Wanda et al. 
[86], Abdel-Satar et al. [87], and Ewaid and Abed [88]. 
In some instances, possible index scores fall within two 
categories: for example index scores of 25, 50, 70 and 90 

Water quality classification
Index score

Description of rank and classification

1 Class I – Good water quality
91 ≤ Index ≤ 

100Water quality is protected with a virtual absence of threat or impairment; conditions very close to natural or pris-
tine levels

2 Class II – Acceptable water quality
61 ≤ Index < 91Water quality is usually protected with only a minor degree of threat or impairment; conditions rarely depart 

from natural or desirable levels

3 Class III – Regular water quality
31 ≤ Index < 61Water quality is usually protected but occasionally threatened or impaired; conditions sometimes depart from 

natural or desirable levels

4 Class IV – Bad water quality
16 ≤ Index < 31

Water quality is frequently threatened or impaired; conditions often depart from natural or desirable levels

5 Class V – Very bad water quality
0 ≤ Index < 16

Water quality is almost always threatened or impaired; conditions usually depart from natural or desirable levels

Source: Abrahão, et al. [94]. Notes: Class 1 index values (excellent) can only be obtained if all measurements are within objectives 
virtually all of the time.

Table 2. Typical WQI classification for decreasing scale index.

Class
Decreasing scale water quality indices

BCWQI Rao, Vatkar & Vasanthavigar WQI Rao et al WQI
Rank Index score Rank Index score Rank Index score 

Class 1 Excellent 0 to 3 Excellent < 50 Excellent 0 to 25

Class 2 Good 4 to 17 Good 50.1 to 100 Good 26 to 50

Class 3 Fair 18 to 43 Poor 100.1 to 74 Bad 51 to 75

Class 4 Borderline 44 to 59 Very poor 25 to 49 Very bad 76 to 100

Class 5 Poor 60 to 100 Unsuitable > 300 Unfit 100 and above

Source: Zandbergen and Hall [73], Rao, et al. [74], Vasanthavigar, et al. [75], Rao and Nageswararao [76], Vatkar, et al. [77]. Notes: 
BCWQI: British Columbia water quality index (Canada), Rao WQI: Rao and Nageswararao water quality index (India), Vatkar 
WQI: Vatkar et al water quality index (India), Vasanthavigar WQI: Vasanthavigar et al water quality index (India) and Rao et al 
WQI: Rao et al water quality index (India)

Table 3. Index score classification for Martínez de Bascarón WQI.
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on a scale of ‘very bad’ (0-25), ‘bad’ (25-50), ‘medium’ 
(50-70), ‘good’ (70-90) and ‘excellent’ (90-100). Index 
score 25 falls under the ‘very bad’ and ‘bad’ categories, 
whereas index score 50 falls under the ‘bad’ as well 
as the ‘medium’ categories, and so forth. Practical 
examples of this scenario are water classification scales 
developed by Luzati and Jaupaj [3], Hamid et al. [54], 
Guettaf et al. [60], Vatkar et al. [89], Kalyani et al. [90], 
and Shah and Joshi [91]. Zhao et al. [20], Abtahi et al. 
[57], García-Ávila et al. [63], Al-Janabi et al. [92], and Al 
Obaidy et al. [93] attempted to resolve the problem by 
minimizing the difference between classes to a decimal 
fraction. Although the problem has been minimized, 
the fact remains that the categorization schema does 
not accommodate all the achievable index scores. It is 
then crucial that the use of logical linguistic descriptions 
(like less than, equal to and greater than) be adopted to 
allow for the inclusion of all possible index values. and 
Sutadian et al. [65], Abrahão et al. [94], Rabee et al. [95], 
and Rubio-Arias et al. [96] are good examples of water 
categorization schema with appropriate mathematical 
functions that encompass all possible index values.

Discussion

The main objective of WQIs is to convert multiple 
parameter data into information that is understandable 
by both technical and non-technical personnel. The 
ability of WQIs to synthesize complex scientific data 
into simple and easily understood formats makes them 
the most fundamental and indispensable elements 
of water quality monitoring agenda. Hence, they are 
universally acknowledged as a “lifeline” for water 
quality studies, and their development continues as 
an on-going affair. Various methods and procedures 
are considered when developing water quality indices, 
but the traditionally applied procedure involves: (i) 
selection of the significant water quality parameters, 
(ii) formation of sub-indices, (iii) establishing relative 
parameters weights, (iv) aggregation of the sub-indices, 
and (v) assigning index scores to a water classification 
schema. Each step in the development of water quality 
indices has alternative methods to consider. It is then 
critically important to select the most appropriate of 
each alternative. Despite having scientific knowhow of 
water quality models, WQI developers should apply due 
diligence and avoid subjective judgements and biasness 
in the process of developing water quality indices, 
otherwise the water quality index will inherit such 
problems and be deemed dysfunctional.

Conclusion

WQIs are not designed for broad application, but 
they are customarily developed to accommodate specific 
water quality parameters – only those regarded as the 
most significant water quality variables. Therefore, 

WQIs cannot evaluate the quality of water for all the 
applications, and neither can they outline all the water 
quality hazards, nor can they deliver a complete and 
comprehensive analysis on water quality; rather they 
can only provide a quick holistic guide necessary 
to evaluate water quality trends. However, the most 
challenging aspect is that water quality indices are 
developed for a particular region and are source-specific 
as there is no single water quality index that has been 
globally accepted. Which then perhaps becomes the 
ultimate goal – to explore and delineate the possibilities 
of breaking such limitations, and witness the birth of 
a robust water quality index that can be applied across 
various watersheds.
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