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Abstract: Water quality indices are generally a combination 
of biological, chemical, physical parameters to form a numerical 
composite index that can be easily interpreted and shared. Their 
efficiency and usefulness in managing and monitoring water 
quality have been appreciated by management organizations 
around the world. The integration of these tools into computer 
applications can be a major asset. The main purpose of this 
article is to present a computer application that integrates a water 
quality index developed in Morocco to facilitate its use and avoid 
manual errors related to users. The application entirely 
developed in python language under PyCharm (Integrated 
Development Environment) is executable on a computer and is 
presented as a GUI (Graphical User Interface) containing two 
sub-interfaces to calculate the surface and groundwater quality 
index according to the type of water analyzed. 

Keywords: Computer application, Water quality index, Water 
quality parameters, Development, Morocco.  

I. INTRODUCTION 

A water quality index represents the combination of 
biological, chemical and physical parameters to form a 
numerical composite index that can be easily interpreted and 
communicated to a target audience [1-4]. The assessment of 
water resources management and water quality policies to 
determine variations in water quality over time and space by 
water resource managers can be done using water quality 
indices [5]. Several water quality indices have been 
developed worldwide, including the Canadian Council of 
Ministers of the Environment’s Index [6], Brown's Index 
[4], Dinius’s Index [7], Said’s Index [8], Oregon water 
quality Index [9], Walski and Parker [10], Smith’s [11], 
Sargoankar and Deshpande [12], Swamee and Tyagi [3], etc. 
All these indices are now used to assess water quality, each 
with its advantages and disadvantages [13], commonly 
related to their development. Some indices use several water 
quality parameters to develop the index, while the cost of 
developing a water quality index can be very high, 
particularly in developing countries.  
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For this reason, some researchers [3, 13, 8, 2] suggest that 
reducing water quality parameters to a relevant set of 
parameters represents a significant gain in conceptualizing 
water quality indices. 
It should also be noted that the use of a water quality index 
requires an expert in water quality assessment since these 
indices use, in most cases, mathematical formulas to 
normalize and aggregate the water quality parameters that 
compose them. This use, even for an expert, can be very 
time-consuming, especially if it involves assessing water 
quality at several quality monitoring stations or over several 
years. Thus, the development of computer applications to 
automate calculations is necessary more than ever. To our 
knowledge, very few computer applications or software 
using water quality indices are available in the literature. 
Sakar and Abbasi [14] proposed for the first time, a water 
quality index software (QUALIDEX) containing several 
water quality index modules that include two indices 
developed in the USA and three indices developed in India. 
Other software such as SWQAT [15], MTSI [16], IWQG 
V.1 [17], QUAL2K or the latest version QUAL2Kw 
developed by the United States Environment Protection 
Agency [18], are available in the literature. Nabizideh et al 
[5] have integrated Iran's water quality index into software 
to ease calculations and still be able to use the index if 
certain water quality parameters are missing. Kanga et al 
[19] proposed a water quality index in accordance with the 
laws governing water quality in Morocco. The purpose of 
this article is to present a computer application that 
integrates this index to ease its use and prevent user-related 
errors.  

II. MATERIAL AND METHODS 

The development of a water quality index involves four 
steps: the choice of parameters, the normalization of 
parameter values, the weighting of the different parameters, 
and the aggregation of sub-indices [4, 10, 13, 20, 21, 22]. 
This does not mean that all the indices used the 4 steps since 
many indices needed only 3 steps, it depends only on the 
objectives targeted. Kanga et al [19] proposed a water 
quality index that complies with the legislation governing 
water resource quality management in Morocco. The index 
was developed in three steps, because no weighting step was 
needed: the choice of water quality parameters, the 
normalization of parameters into sub-indices and the 
aggregation of sub-indices into a final index. This index has 
been integrated into a computer application to automate and 
simplify calculations, and avoid misinterpretation of the 
water quality assessment. Figure 1 shows the processes from 
the development of the water quality index to its integration 
into the computer application.  
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Figure 1: Main proceces of developing the water quality 
index and its integration into a computer application 
A. Methods for developing the water quality index 
Generally, if X water quality parameters are analyzed in the 
laboratory of a water sample and only n parameters are 
considered to assess water quality at this measurement point, 
the raw values of these selected parameters are normalized 
into sub-indices and then aggregated into a final index that 
indicates the overall water quality. 
B. Choice of parameters 
The choice of parameters is a very important step in the 
development of a water quality index, since the relevance of 
the index can be judged by the choice of these parameters. 
The choice of parameters must be judicious to avoid 
redundancies and must focus on parameters related to the 
precise use of water. In general, the water resources 
management bodies in a locality define this choice. All 
water basin agencies in Morocco have a water quality 
assessment method in accordance with 10-95 Law of August 
16, 1995, 36-15 Law of October 6, 2016 and 1275-02 
Decree of October 17, 2002. The parameters used by water 
basin agencies to assess overall water quality are the same 
as those used to develop this quality index. Several water 
quality parameters are measured in a water sample; 
however, the water basin agencies in Morocco and, in 
particular, the Sebou agency, uses six parameters for surface 
water and five parameters for groundwater quality 
assessment. These parameters are, for surface water: 
dissolved oxygen (O2), biochemical oxygen demand for 5 
days (BOD5), chemical oxygen demand (COD), ammonium 
ion (NH4

+), total phosphorus (P), and fecal coliforms (CF). 
For groundwater, these parameters are used: Electrical 
conductivity (EC), Chloride (Cl), Nitrate (NO3

-), 
Ammonium (NH4

+), fecal Coliforms (CF). 
C. Normalization of parameters 
Parameter normalization is the transformation of variables, 
which are in different units and dimensions, into a common 
scale [1-3]. Water quality parameters are not expressed in 
the same unit. For example, chemical parameters are 
expressed in milligrams per liter (mg/L); physical 
parameters all have different units: temperature in degrees 
Celsius or Fahrenheit, conductivity in micro or milli-
Siemens per cm (µS/cm or mS/cm), bacteriological 
parameters, such as fecal coliforms, is measured in count per 
milliliter (Count/mL). In other words, variables such as 
dissolved oxygen go in the same direction as water quality, 

the higher the value, the better the water quality; unlike fecal 
coliforms, which have the reverse effect. It is, therefore, 
necessary to normalize these values so that the final water 
index represents all the parameters selected with the relative 
contribution of the strength of each parameter. The 
normalization of parameter values into sub-indices was 
based on Moroccan water quality standards (1275-02 
decree) and segmented linear functions. The general 
equation for normalizing a parameter [1] is described as 
follows: 

           
       

       
    ,          and    

              
With   , the sub-index of the ith parameter,    the measured 
value of the parameter,    the ith corresponding class 
according to the simplified grid of the 1275-02 decree in this 
context. Five (5) classes are used to classify water quality in 
Morocco: Excellent, good, medium, bad, very bad. For each 
value of a water quality parameter, the sub-index 
transformation is performed using the linear equation above 
and has a value between 0 (Very Poor) and 100 (Excellent). 
Table 1 shows the distribution of classes with numerical 
values as follows:  

Table 1: Classification of water based on the WQI 
proposed 

Value Description 
90-100 Excellent 

63-90 Good 

50-63 Medium 
38-50 Bad 
0-38 Very Bad 

 
For example, BOD5 measurements that are strictly less than 
3 mg/l are considered "Excellent" in terms of water quality 
 description, and correspond to the range of numerical 
values {90 to 100}. To normalize this class, simply do: 

 
          
            

  ,             
      

   
      ; 

     
            

          
Table 2 shows the sub-indices of the water quality 
parameters. For each class, a linear equation was developed 
to quantitatively estimate water quality. 
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Table 2: Normalization equations of water quality parameters 
DO (mg/l) DBO5 (mg/l) DCO (mg/l) 
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NO-
3 (mg/l) Cl (mg/l) CE (µS/cm) 

1)     
         

          
2)     

            
           

3)     
            

           
4)     

           
 

1)                 
        

2)                
          

3)                   
          

4)               
           

5)               

1)                  
        

2)                     
           

3)                     
            

4)                 
            

5)                 
 

D. Aggregation 
The normalized sub-indices are aggregated to form a 
composite water quality index. Researchers use several 
methods for aggregating sub-indices. For instance, Abbasi 
and Abbasi [1] report four forms of aggregation: linear, 
segmented linear, non-linear and segmented non-linear. The 
methods for aggregating sub-indices are diverse: additive 
(linear sum index, weighted linear sum index, sum index at 
root power), multiplicative (weighted product), logic 
(maximum operator, minimum operator) [1]. The following 
equation is the form used to aggregate the different values of 
water quality parameters. 

         
 

  
     

Where   , represents the sub-index of the first parameter, 
and n, the number of parameters, WQI, the global water 
quality index. 

E. Encoding the index in a computer application 

The application was programmed under "Pycharm 
Community Edition", a development environment widely 
used among developers because of its lightness and ease of 
use. The entire encoding process was done in Python, a 
language with many modules, easy to learn because of its 
syntactic clarity. The program is carried out sequentially in 
two main steps divided into several sub-steps [23]: Design 
of the application and its graphic interface (sizing of 
buttons, display windows, creation of python files, etc.), and 
programming of event managers defining the application's 

behavior (import modules, Tkinter, implementation of 
normalization and aggregation equations, logic, etc.). Figure 
3 briefly presents the pycharm encoding process. 
 

 
Figure 3: Process of encoding water quality index in 

python. 
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III. RESULTS AND DISCUSSION 

Developed entirely under PyCharm, an integrated 
development environment, the computer application was 
developed in Python language. Compared to other computer 
applications such as Qualidex ([14], which includes five 
water quality indices and other modules allowing the user to 
develop his own quality index, this computer application is 
very simple and integrates only the index developed by 
Kanga et al [13]. The programming of the different 
equations and logics above has resulted in an application 
that can be easily used and executed on a computer. The 
application is presented as a GUI (Graphical User Interface) 
containing two sub-interfaces to calculate the surface and 
groundwater quality index. The two interfaces evolve in the 
same way for the calculation of WQI, the difference lies 
only in the quality parameters used for surface and 
groundwater in Moroccan laws. This computer application 
has been developed to save time and avoid errors related to 
manual calculations. 

A. Interface for calculating the quality index for surface 
water 
After running the application, the user interface for 
calculating the quality index pops up. It consists of a menu 
that offers two options: "Surface water" to calculate the 
surface water quality index, and "Groundwater" to calculate 
the groundwater quality index. The user must have raw data 
on water quality parameters in mg/l for chemical parameters 
and in counts per 100 ml for fecal coliforms. Once the raw 
data entered for the parameters, the "Calculate" button 
allows to immediately calculating the sub-indices on each 
parameter. "Results", "WQI", and "Class" are dialog boxes 
that display the numerical values of the parameter sub-
indexes, the numerical value of overall water quality index 
after aggregation of sub-indexes, and the class matching the 
interpretation of this numerical value, respectively. The 
"Reset" button allows the user to clean up the operations 
previously performed and repeat the data entry. The "Exit" 
button allows the user to exit the application, after 
confirming in the dialog box that he/she wants to exit the 
application. Figure 4 shows the different functionalities of 
the application. 
 

 
Figure 4: User interface after execution of the 

application 
 

For example, surface water for which laboratory analyses 
have given the following values for these quality 
parameters: Dissolved oxygen: 6 mg/l; Biological oxygen 
demand: 26 mg/l; Chemical oxygen demand: 12 mg/l; 
Ammonium ion: 0.003 mg/l; Total phosphorus: 0.05 mg/l; 
Fecal coliforms: 327/100 ml. The application shows very 
poor water quality for this measurement point. Figure 4 
shows the water quality index calculation results from data 
of this example. 

  
Figure 5: Calculation of the surface water quality index 

With regard to the numerical values of the sub-indices, it 
can be observed that this poor water quality is mainly due to 
biological oxygen demand, which presented an abnormally 
high value exceeding the permissible limit of quality in 
accordance with Moroccan laws on the quality of water 
resources. The sub-index of the BOD5 has a numerical value 
of 0.00, which corresponds to the "very poor" class; this is 
because the value 26 mg/l has exceeded the acceptable water 
quality limit (25mg/l). This leads the overall quality of water 
to be very poor at this point of measurement. Therefore, 
water treatment at this measuring point must be carried out 
in the direction of biological oxygen demand. Indeed, as 
soon as a parameter exceeds the permissible limit of quality, 
the final water quality index is expected to be zero, i.e. of 
very poor quality.  

B. Interface for calculating groundwater index 
The functionalities of the interface for calculating 
groundwater quality index are the same as those for surface 
water. The difference lies only in the water quality 
parameters used. Parameters such as dissolved oxygen can 
only be measured for surface water. Parameters such as the 
amount of fecal coliforms can be measured for both 
groundwater and surface water. For example, a well water 
sample whose laboratory analysis shows the following 
values for these parameters: Electrical conductivity: 150 
µS/Cm; Nitrate: 23 mg/l; Ammonium: 0.01 mg/l; Fecal 
coliforms: 362/100 ml; Chloride: 231 mg/l. The calculation 
shows that the groundwater quality is good for this 
measurement point. Figure 6 displays the results of 
calculation from data of the above example.  

 
Figure 6: Calculation of the quality index for 

groundwater 
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IV. CONCLUSION 

Although the development of a water quality index based on 
Moroccan legislation is of great help to water resource 
managers, its use seems very difficult for simple user. This 
computer application made it possible to meet this specific 
need and thus represents a key tool for public and private 
water resource managers, in order to determine the overall 
status of water intended for consumption.  
From a technical point of view, this computer application 
allows to:  
1. Know the parameters at the basis of the global variation 
of the quality variation of water at a measuring point.  
2. Share and disseminate results easily thanks to the 
automation of calculations.  
3. Avoid errors related to manual calculations by the user.  
The application can only be used in Morocco since it is the 
Moroccan water quality standards that have been used for 
the standardization of quality parameters. Improvements are 
planned to increase the functionality of the application to 
allow the display of time evolution curves. 
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