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Abstract: Water is a precious gift to all human beings. Water quality is a significant criterion in matching water demand 

and supply. So its rapid quality assessment becomes important in these days. The operations involved in water quality 

assessment are many and complex .The quality of water indices estimation endeavour single value which decrease the big 

quantity of parameters and represent data in a simple way which make easy interpretation of monitoring data. Several 

national and international agencies involved in water quality assessing and pollution control defines water quality criterion 

for different uses of water considering different indicator parameters. In this review paper, various WQI indices are 

discussed which are used for assessing surface water quality. 
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INTRODUCTION  

Water is the prime natural resource. Ample degree of freshwater is eminent for biological needs are a vital side of integrated 

environmental management and sustainable development. The surfaces water bodies like rivers, reservoir, lake, ponds etc,  which 

are the important sources   are unfortunately under severe environmental stress due to anthropogenic activities, industrialization, 

intense agricultural activities, urbanization, and discharge of untreated waste directly or indirectly into it [1].Water allows us to live 

but it could be harmful to our bodies when polluted [2]. Therefore regular water quality monitoring of the water resources are 

absolutely necessary to assess the quality of water for ecosystem health and hygiene, industrial use, agricultural use and domestic 

use [3]. Calculation of water quality index is based on number of physico-chemical and bacteriological parameters. The advantage 

of number of water quality indices developed is they give efficiently the overall water quality of a specific area. [3].Due to its 

capacity of reducing the bulk water quality information, and that is easy to understand , thus this method gains more popularity 

worldwide [7][8]. WQI enables us to classify the water sources according to its WQI values that indicates its quality status at a 

glance and helps in comparison, management, treatment etc. [7] Various scientists, agencies, experts formulated numerous of WQIs 

all over the world. For example weighted arithmetic water quality index, National sanitation foundation water quality index, 

bhargava’s index, the river ganga index etc [9]. In this review paper, various water quality index are discussed and their approaches 

to calculate WQI value. 

WATER QUALITY INDICES  

The concept of WQI was firstly introduced by Horton in 1965 in United states using 10 common water quality parameters like DO, 

Ph, coliforms, specific conductance, alkalinity and chloride etc 1970 brown developed very similar WQI to Horton WQI based on 

weights to individual parameters. Further various experts and scientist came and apply different concept on WQI [11] such as  The 

US National Sanitation Foundation Water Quality Index (NSFWQI), Florida Stream Water Quality Index (FWQI), British Columbia 

Water Quality Index (BCWQI), Canadian Water Quality Index (Canadian Council of Ministers of the Environment (CCME) and 

the Oregon Water Quality Index (OWQI) are frequently used WQI. WQI developed in India is a pioneer work of Bhargava, gives 

water quality in the range of 0-100 where 0 represents extremely polluted water and 100 represents unpolluted water representing 

the integrated impact of the parameters amplifying the pollution load [5]. 

 

Categories of WQI 

In general, water quality indices are categorised into four main groups [34]. 

First, Public indices: These indices ignore the type of water consumption within the analysis method and used for general water 

quality, like National Sanitation Foundation Water Quality Index (NSFWQI) [48]. 

Second, specific consumption indices: The classification of water is on the premise of the type of consumption and application as 

drinking, industrial and ecosystem preservation etc. such as the Oregon and British Columbia indices [20]. 

Third, designing or planning indices: This class act as an instrument in planning water quality management projects and aiding 

decision making. 

 Fourth, statistical indices: These indices do not consider personal opinion and are based on statistical methods. Statistical 

approaches are used here for evaluating the data. 

First three indices are also called as expert opinion (EO) approach. Due to different weights given for the same variables by various 

panel of experts EO becomes a subjective approach [30]. 
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WQI APPROACH PROCEDURE   

A. Variable Selections:  For this monitoring of water samples is necessary for raw data generation. Once the raw data is generated 

variables are transformed.  

B. Determination of quality function for each variable considered as sub-index:- various variables have different units as well 

as range. By transformation process all the selected parameters are transformed into common scale and sub-indices generated.   

Weight ages are assigned to each variable according to potential impacts. Expert opinion is needed to assign weights. 

C. Aggregation Mathematical function of subindices:-Generally, arithmetic or geometric averages are considered to generate 

cumulative index value.  

And finally, assessment and classification of water quality is done.  

 A REVIEW OVER DIFFERENT APPROCHES TO CALCULATE WQI   

 Weighted Arithmetic Water Quality Index:  

 Weighted Arithmetic Water Quality Index method classified the water quality according to the degree of purity by using the most 

commonly measured water quality variables [12].  

 The calculation of the WQI was done using weighted arithmetic water quality index which was originally proposed by Horton 

(1965) and developed by Brown et al (1972).[10][11]  

 The weighted arithmetic WQI method was applied to assess water suitability for drinking purpose. In this method, water quality 

rating scale, relative weight and overall WQI were calculated by following formulae [11]:  

WQI = ∑n
i=1 WiQi /∑n

i=1 Wi 

q n values are given by the relationship.  

qn=100 (vn-vi) / (vs-vi) 

vs = Standard value, vn = observed value vi = ideal value In most cases vi =0 except in certain parameters like pH, dissolved 

Oxygen etc,   

Calculation of quality rating for pH & DO (vi ≠0) q  

pH = 100 (v pH – 7.0) / (8.5 – 1.0) q , DO = 100 (VDO – 14.6) / (5.0-14.6). 

Calculation of unit weight: The Unit weight (Wn) to various water Quality parameters are inversely proportional to the 

recommended standards for the corresponding parameters 

Wn = k/sn. Where,  wn = unit weight for nth parameter,  sn = standard permissible value for nth parameter,  k = proportionality 

constant and can also be calculated by using the following equations: 

k = 1/∑1/sn 

Table 1:  Water Quality Rating as per Weight Arithmetic Water Quality Index Method [12]   

WQI Value Rating of Water Quality Bottom 

0-25 Excellent water quality 

26-50 Good 

51-75 Bad 

76-100 Very Bad 

100 & above Unsuitable for drinking purpose . 

 

National Sanitization Foundation Water Quality Index [13]:   

A commonly-used water quality index (WQI) was developed by the National Sanitation Foundation (NSF) in 1970 (Brown and 

others, 1970). [11] Water quality index developed by Brown et al. using Delphi method was done by selecting parameters rigorously, 

developing a common scale and assigning weights to the parameters. National Sanitation Foundation (NSF) supported this index 

so also called as NSFWQI. It has been mentioned in many papers because it’s the most comprehensive work [10][38]. Based on 

experts opinion rating curves are developed to attribute values for variation in the level of water quality caused by different levels 

of each of the selected parameters. The mathematical expression for NSF WQI is given by, 
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WQI=∑n
i=1 WiQi 

Where,  = sub-index for ith water quality parameter;  𝑊𝑖= weight associated with ith water quality parameter; n = number of water 

quality parameters. 

Table 2: Water Quality Rating as per different Water Quality Index methods National Sanitation Foundation Water 

Quality Index (NSFWQI)[12] 

WQI Value Rating of Water Quality 

91-100 Excellent water quality 

71-90 Good 

51-70 Medium 

26-50 Bad 

0-25 Very Bad 

 

Canadian Council of Ministers of the Environment Water Quality Index (CCME WQI):  

 CCMEWQI is based on a formula develop by the British Columbia Ministry of Environment, Lands and parks and modified by 

Alberta Environment [8][15]. The index incorporates three elements:  

Scope:-the number of variables not meeting water quality objectives;  

Frequency:-the number of times these objectives are not met;  

Amplitude:-the amount by which the objectives are not met.  

The index gives a number between 0(worst water quality) and 100(best water quality).These number are divided into 5 descriptive 

categories to simplify presentation [8][15][16][17]. It is recommended that at a minimum, four calculations of index values. This 

index is useful tool for describing the state of the water column, sediments and aquatic life and for ranking the suitability of water 

for use by humans, aquatic life, wildlife etc.  Once the CCME WQI value has been determined, water quality is ranked by relating 

it to one of the following categories [8]:   

Table 3: Water Quality Grading as per CCMEWQI [12] 

Grading CCME WQI Water Quality Status 

Excellent 95-100 Water quality is protected with a virtual absence of threat or impairment; 

conditions very close to natural or pristine levels. 

Good 80-94 Water quality is protected with only a minor degree of threat or impairment; 

conditions rarely depart from natural or desirable levels 

Fair 65-79 Water quality is usually protected but occasionally threatened or impaired; 

conditions sometimes depart from natural or desirable levels. 

Marginal 45-64 Water quality is frequently threatened or impaired; conditions often depart from 

natural or desirable levels. 

Poor 0-44 Water quality is protected almost always threatened or impaired; airment; 

conditions rarely depart from natural or desirable levels. 

 

The calculation of index scores in CCME WQI method can be obtained by using the following relation:  

WQI =    [100 - ( √𝐹1
2 +𝐹2

2+𝐹3 2 /1 .732)] 

Scope (F1) = [No. of failed variables /Total no. of variables]*100 

 Frequency (F2) = [No. of failed tests/Total no. of tests]*100  

Amplitude (F3)  (a) excursioni = [Objectivej /failed test valuei ]-1 

                             (b) Normalized sum of excursions (nse) = excursionsi /No of tests   

                             (c) F3 = [nse/ (0.01nse+0.01] 

 

Oregon Water quality index (OWQI): 

The Oregon Water Quality Index (OWQI) is a single number that expresses water quality by integrating measurements of eight 

water quality variables (temperature, dissolved oxygen, biochemical oxygen demand, pH, ammonia+nitrate nitrogen, total 

phosphorus, total solids, and fecal coliform [9][4][12]. Its purpose is to provide a simple and concise method for expressing the 

ambient water quality of Oregon's streams for general recreational use, including fishing and swimming [18][19][20]. 

The index employs the concept of harmonic averaging. The mathematical expression of this WQI method is given by- 
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,  

Where,  n = number of sub indices SI = sub index of ith parameter. Furthermore, the rating scale of this OWQI has also been 

categorized in various classes, which are given under Table- 

 

WQI Value Rating of Water Quality 

91-100 Excellent water quality 

85-89 Good 

80-84 Fair 

60-79 Poor 

0-59 Very Poor 

 

British Columbia Water quality index (BCWQI):  

This index is very similar to Canadian council of ministers of the environment water Quality Index (CCMEWQI) where water 

quality parameters are measured and their violation is determined by comparison with a predefined limit[4][9][21]. To calculate 

final index value the following equation is used:  

 

WQI =    [100 -  ( √𝐹1
2 +𝐹2

2+𝐹3 2 /1 .453)] 

 

This number 1.453 was selected to give assurance to the scale index number from zero to 100[12].Disadvantage of this index does 

not indicate the water quality trend until it deviates from standard limit and due to usage of maximum percentage of deviation, it 

cannot determine the number of withdrawals above the maximum limit of standard.[4][9][12].  

Bhargava method 
Bhargava identified 4 groups of parameters. Each group contained sets of one type of parameters. Coliform organisms were included 

in the first group which represent the bacterial quality of drinking water. Heavy metals and toxicants were included in the second 

group. The third group included parameters that cause physical effects, such as odour, colour, and turbidity. Organic and inorganic 

substances such as sulphate and chloride, etc were included in the fourth group. The simplified model for WQI is given by 

 

WQIn i=1 = [π fi (pi)] 1/n x 100 

Where, n = number of of relevant variables 

fi(Pi) = function of sensitivity of the ith variable including the effect of weighting of the ith variable. 

  

Smith’s index 

Index developed by Smith is hybrid of the two common index and based on expert opinion as well as water quality standards used 

for four water uses i.e., contact as well as non-contact. Delphi method was used for the selection of parameters for each water class, 

developing sub indices, and assigning weightages. Final index score was calculated using minimum operator technique: 

 

Imin =∑min (Isub1, Isub2, ……. Isubn) 

Where, Imin equals the lowest sub index. 

 

The River Ganga Index: 

Water Quality of ganga river was evaluated using this Index of Ved Prakash et al. The four important water quality parameters-

dissolved oxygen (DO), Biochemical Oxygen Demand (BOD), pH and fecal coliforms[13]. This WQI is based on the weighted 

multiplication form and is given by the equation: 

WQI= ∑p
i=1 Wi li=1 

 Where, I i = subindex for the ith quality parameters; Wi = weight associated with the ith water quality parameters;  P= number of 

water quality parameters. The developed index was employed to evaluate the water quality profile of river Ganga in its entire stretch 

and to identify area requiring urgent pollution control measures [14]. Where, Pi=pollution index for ith a parameters.  

Overall Index of Pollution Index (OIP):   

This index was developed in order to assess the status of surface waters in Indian conditions specifically by Sargoanker et al. at 

NEERI Nagpur, India[4][9]. Sargaonkar and Deshpande developed OIP for Indian rivers based on measurements and subsequent 

classification of pH, turbidity, dissolved oxygen, BOD, hardness, total dissolved solids, total coliforms, arsenic, and fluoride 

[26][27]. According to WQI value classified the water Excellent, Acceptable, Slightly polluted and heavily Polluted, according to 

Indian Guidelines/WHO standards /Eupropean standards. The mathematical Expression:  

OIP =  ∑𝑃𝑖/ 𝑛 
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Where, Pi = pollution index for ith parameters, n= number of parameters.  

Dinius’s Water Quality Index (1972):  

This index broke new ground in the sense that through it an attempt was made to design to rudimentary social accounting which 

would measure the costs and impacts of pollution control efforts [4][9]. Dinius’s examined the water quality described by various 

authorities to different levels of pollution variables, and from this information generated 11 sub index equations [27]. The index 

was calculated as the weighted sum of the subindices, like Horton’s index and the additive version of the NSFWQI:  

 

The weights ranged from 0.5 to 5 on a basic scale of importance. On this scale, 1,2,3,4 and 5 denote, respectively, very little, little, 

average, great and very great importance. The sum of the weights was 21 which is the denominator in the index equation. The index 

was applied in several streams Albama, USA by Dinius [4][9][27].  

Mcduffie and Haney’s River Pollution Index: 

 It is relatively simple water quality index in which eight pollutant variables are included [9][28]. Most subindices are of the general 

linear form:  

IA Proposed River Pollution Index =𝑋/ Xn   

Where,  

 Ii is the subindices of the ith pollutant variable. X is the observed value of the pollutant variable. Xn is the natural level of the 

pollutant variable.  

 Six out of eight subindices described by Mcduffie and Haney were explicit linear functions, and two (coliform count and 

temperature) were explicit nonlinear functions [9]. The index does not include Ph and toxic substances [28]. The overall index is 

computed as the   sum of n subindices times a scaling factor 10/n+1:  

 

Here, TF is the temperature factor and n is the number of parameters other than temperature.   

Stoner’s Index:  

This index, aimed for use in public water supply and irrigation, employed a single aggregation function which selects from 2 sets 

of recommended limits and subindex equations [4][9][29]. Two types of water quality parameters are used in the stoner’s index: 

 Type I parameters normally considered toxic at low concentrations (eg. Lead, Radium-226).  Type II which affects aesthetic and 

health characteristics (e.g, Chlorides, sulphur, odour, taste). The type I pollutant variables were treated in a dichotomous manner, 

giving subindex step functions. Each value of Type 1 assigned value Zero if the concentration is less than or equal to the 

recommended limit and the value 100 if the recommended limit is exceeded [9]. The Type II pollutant variables are represented by 

explicit mathematical function. The overall index was computed by combining the unweighted type I subindices with the weighted 

type 2 subindices[13]:  

 

Where, 

  Ii is the subindex for the ith type I pollutant variable, Wj is the weight for jth type II pollutant variable, Ij is the subindex for jth 

type II pollutant variable. 

Ground Water Quality Index of   Soltan (1999):  

Soltan proposed a WQI based a WQI based on 9 water quality parameters including heavy metals to assess the water quality from 

artesian wells located near Dkhala oasis, Egypt [9][30]. The indices for individual parameters were calculated as follows-  
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WQI= ∑𝑛 𝑖=1 (𝑞𝑛) 
Where, qi= 100 X 𝑉𝑖/ 𝑆i 

 The average water quality index for n parameters was calculated using the expression  

AWQI=  ∑ 𝑛 𝑖=1  (𝑞𝑛)/n 

Where, n is the parameters and 𝑞𝑖 is quality rating of ith parameters.  𝑉 𝑖 is the observed value of the ith parameters  And 𝑆𝑖 is the 

water quality standard for the ith parameters. The permissible or critical pollution index value was set at 100. The AWQI has a 

value of 0 when all pollutants reach their permissible limits. AWQI values exceeding 100 indicate that the water sample may 

suffer from serious pollution problems [9][30]. 

Recreational Water Quality Index (RWQI) 

Ideally, recreational water quality indicators are microorganisms or chemical substances whose concentrations can be quantitatively 

related to swimming and associated to health hazards. Selection of parameters has great importance to RWQI calculation because 

rigidity problems exist when additional variables are included in the index to address specific water quality concerns, but the faulty 

aggregation function might artificially reduce the value of the water quality index so that it does not accurately reflect the true water 

quality. As the number of water quality variables increases, the magnitude of the aggregated index decreases raising the issue of 

ambiguity again [35][9]. Numerical scales related to the degree of quality were established for each variable to assess variation in 

quality water and to convey findings in a comprehensive manner to others. These rating curves are, in fact, the essence of the 

development of this index. Rating curves have the ability to reproduce the relationship between swimming-associated illness and 

water quality indicator. The success or failure of the application of the quality index developed will depend on rating curves.  

Once rating curves were established, various computing methods to water quality index are possible. The calculation of the proposed 

RWQI is (1): 

 
Where, 

 Qi is the rating value of parameter i and Wi is the weighting factors (ΣWi=1). Therefore, each analytical value is transformed in a 

non-dimensional value or quality level (Qi) through a mathematical equation or through its corresponding graphic representation. 

Wi   is the influence of each parameter in the total value of the index. To calculate each of them, their individual weight must be 

considered. Wi is calculated as (2): 

 
The ai coefficient values vary from 1 (very important parameter) to 4 (less significant parameter) according to the importance 

assigned to each parameter involved in the index. In this way, the RWQI is calculated by the multiplication of all of the products 

of the parameter weights and sub index values (QiWi) (Eq. 1). RWQI is a number among 0 to 100, where values close to 100 

represent the best quality [4][9][35]. This formulation avoids the problems of ambiguity and eclipsing to the number of water quality 

variables required to be aggregated in a given index. If the value of a sub-index is zero, RWQI has become zero automatically. 

Furthermore, weight factor of parameter allows obtain large changes to little variations for each one of different parameters. Besides, 

this formulation has great sensitivity to small parameter variations giving greater protection to people [35]. 

 

Comparison:- 

 

Method Developed by WQI Purpose Method of 

Aggregation 

Weighted 

Arithmetic 

Water 

Quality 

Index 

proposed by 

Horton (1965) 

and developed by 

Brown et al 

(1972).[ 

WQI = ∑n
i=1 WiQi /∑n

i=1 Wi                               

 

WQI method 

was applied to 

assess water 

suitability for 

drinking 

purpose 

Additive 

aggregation(the 

subindices are 

combined through 

summation) 

National 

Sanitization 

Foundation 

Water 

Quality 

Index 

by the National 

Sanitation 

Foundation 

(NSF) in 1970 

(Brown and 

others, 1970 

WQI=∑n
i=1 WiQi 

 

Based on 

experts opinion 

rating curves are 

developed to 

attribute values 

for variation in 

the level of 

water quality. 

Weighted Product 
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Canadian 

Council of 

Ministers of 

the 

Environment 

Water 

Quality 

Index 

Canadian 

Council of 

Ministers of the 

Environment 

WQI = [100 -( √𝐹1
2 +𝐹2

2+𝐹3 2 /1 

.732)]   

 

This index is 

useful tool for 

describing the 

state of the 

water column, 

sediments and 

aquatic life and 

for ranking the 

suitability of 

water for use by 

humans, aquatic 

life, wildlife etc.   

Arithematic 

aggregation 

Oregon 

Water 

quality index 

by the Oregon 

Department of 

Environmental 

Quality (ODEQ) 
 

 Its purpose is to 

provide a simple 

and concise 

method for 

expressing the 

ambient water 

quality of 

Oregon's 

streams for 

general 

recreational use, 

including 

fishing and 

swimming 

Weighted product. 

British 

Columbia 

Water 

quality index 

develop by the 

British Columbia 

Ministry of 

Environment, 

Lands and  

parks and 

modified by 

Alberta 

Environment 

WQI = [100 - ( √𝐹1
2 +𝐹2

2+𝐹3 2 /1 

.453)]   

 

water quality 

parameters are 

measured and 

their violation is 

determined by 

comparison with 

a predefined 

limit 

Arithematic 

aggregation 

Bhargava 

method 

 

Bhargava WQIn i=1 = [π fi (pi)] 1/n x 100 

 

Identified 4 

groups of 

parameters 

Multiplicative 

aggregation(the 

subindices are 

combined through 

Product operation) 

The River 

Ganga Index 

Ved Prakash WQI= ∑p
i=1 Wi li=1 

 

based on the 

weighted 

multiplication 

form 

Multiplicative 

aggregation(the 

subindices are 

combined through 

Product operation) 

Overall 

Index of 

Pollution 

Index 

Sargaonkar and 

Deshpande 
OIP =  ∑𝑃𝑖/ 𝑛 

 

to assess the 

status of surface 

waters in Indian 

conditions 

Multiplicative 

aggregation(the 

subindices are 

combined through 

Product operation) 

Dinius’s 

Water 

Quality 

Index 

Dinius’s 

 

examined the 

water quality 

described by 

various 

authorities to 

different levels 

of pollution 

variables 

Additive 

aggregation(the 

subindices are 

combined through 

summation) 

Mcduffie and 

Haney’s 

River 

Pollution 

Index 

Mcduffie and 

Haney’s 

 

The RPI was 

applied on a test 

basis using data 

from Newyork 

State’s water 

Linear indices with 

weighted sum 

aggregation. 
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quality 

surveillance 

network and 

other sources. 

Stoner’s 

Index 

Stoner 

 

Water use in 

public water 

supply and 

irrigation 

Non linear indices 

with Weighted sum 

Ground 

Water 

Quality 

Index of   

Soltan 

Proposed by 

Soltan (1999) 
WQI= ∑𝑛 𝑖=1 (𝑞𝑛)  
 

based on 9 water 

quality 

parameters 

including heavy 

metals to assess 

the water quality 

from artesian 

wells 

Additive 

aggregation(the 

subindices are 

combined through 

summation) 

Smith Index Proposed by 

Smith 

Imin =∑min (Isub1, Isub2, ……. Isubn) 

 

based on expert 

opinion as well 

as water quality 

standards used 

for four water 

uses i.e., contact 

as well as non-

contact 

Logical 

aggregation(the 

subindices are 

combined through 

logical operation) 

 

 

CONCLUSION: 

The water quality varies according to the type of use. Drinking water standards varies with the region; time and prevailing condition 

thus affect WQI value.  WQI are necessary for reducing large, multiple water quality data into single numeric value that makes easy 

to report to managers, and public. WQI value indicates its quality in simple and understandable manner. This, in turn, is essential 

for comparing water quality of different sources and helps in monitoring the changes in the water quality of a given source as a 

function of time and other influencing factors. The water quality and Index value significantly influenced with time of sampling.  

There is no universal WQI which can be applied on every water body of Earth. So, different agencies, scientists, experts give their 

own WQI based on regional condition, standards, purpose, parameters. So, the selection of WQI should be selected according to 

purpose like drinking purpose, aquatic life, bathing, industrial purpose, agricultural purpose etc and also according to resources like 

groundwater, river, aquifer etc. In all the water quality indices cited in literatures organic pollutants are not considered, because 

analysis of organics is too expensive. Otherwise most of the important water quality parameters are taken into account.  There 

should be regular monitoring of water quality in order to detect changes in physicochemical parameters concentration and convey 

to the public. So these indices are useful tools to represent water quality in a simple and understandable manner.  
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