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ABSTRACT 
Water purification is important because water is a basic necessity of life. Chlorine is used for 
disinfection in water purification. Monitoring the levels of chlorine is necessary in order to maintain 
level of purity of potable water. Hence, different methods of testing can be used to monitor the level 
of residual chlorine in water. This paper proposes a method to monitor the residual chlorine 
percentage in water using an advancement in the Orthotolidine (OTD) testing method by application 
of  digital image processing RGB model.  The  image of chlorinated water after adding OTD solution 
is provided as input to the system to detect the residual chlorine percentage in potable water. The 
method uses two features of the image: the intensity levels of the pixels of the RGB planes and the 
standard deviation of the intensity levels. This technique is very useful for all urban and rural water 
supply system for easy determination of residual chlorine. 
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INTRODUCTION 
As the world becomes more populous, water is 
becoming scarce. The  United Nations  estimates 
that more than 2.8 billion people in 48 countries 
will face water stress or scarce conditions by 
2025. By 2050, the number of countries facing 
water stress or scarcity could rise to 54, with a 
combined population of 4 billion - about 40% of 
the projected global population of 9.4 billion. 
This could be one reason that some are already 
calling water the new oil. Since water finds many 
applications, it has to have different qualities for 
each application or use. Due to this differentia-
tion, water treatment becomes an essential part of 
the whole water-utilization process. There is a 
wide spectrum of water-treatment processes, 
which are either combined or taken in isolation, 
according to each use. Essentially, the aim is to 
remove or in some cases reduce, the 
contaminants present in the water to bring it to an 
acceptable level for its required end use.1  

Chlorine is one of the most widely used  
disinfectants. It is very effective for the 
deactivation of pathogenic microorganisms. 
Chlorine can be conveniently added to the water 
sample to be treated, it can be measured during 
the process and controlled with ease. It is fairly 
persistent relatively cheap. Chlorine usually is 
added to water in the gaseous form or as sodium 
or calcium hypochlorite. Chlo-rine gas rapidly 
hydrolyzes to hypochlorous acid according to the 
following equation :  
Cl2 + H2O → HOCl + H+ + Cl—                           (1) 
Similarly, aqueous solutions of sodium or calc-
ium hypochlorite will hydrolyze according to : 
Ca(OCl)2 + 2H2O → Ca2+ + 2HOCl + 2OH— (2) 
NaOCl + H2O→ Na+ + HOCl + OH—          (3) 
The two chemical species formed by chlorine in 
water, hypochlorous acid (HOCl) and hypoc-
hlorite ion (OCl—), are commonly referred to as 
free available chlorine. Hypochlorous acid is a 
weak acid and will dissociate. In waters with pH 
between  6.5  and  8.5,  the reaction is incomplete  *Author for correspondence 
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and both species (HOCl and OCl—)  will be 
present. Ammonia, commonly present in natural 
waters, will react with hypochlorous acid  
hypochlorite ion to form monochloramine, 
dichloramine and trichloramine known as break-
point reactions, they are important in water 
disinfection. Chlorination of water to the extent 
that all ammonia is converted to either 
trichloramine or oxidized to nitrogen or other 
gases is referred to as break-point chlorination. 
Typically, the free chlorine residual is adjusted to 
maintain a minimum level of 0.2 mg/L Cl2 
throughout the distribution system. The 
importance of break-point chlorination lies in the 
control of taste and odour and increased 
germicidal efficiency. The percentage of the 
chlorine should be maintained throughout the 
distribution system and hence it is to be 
monitored.2,3 

DISCUSSION 
Chlorine measurement  
The methods used to measure the chlorine 
percentage in water are as follows.4 
1. Orthotolidine (OTD) test 
2. DPD colorimetric test 
3. DPD titration test 
4. Test strips 
5. Syringaldazine (FACTS) Method 
6. Potentiometric Electrode Method 
Among all methods in this paper the OTD test 
method is considered. The orthotolidine (OTD) 
test permits the measurement of relative amounts 
of total residual chlorine, free available chlorine 
and combined available chlorine. OTD is a 
solution that turns yellow when added to 
chlorinated water.  The darker it turns, the greater 
the chlorine levels in the water.  If the chlorine 
level is exceptionally high, then the sample will 
turn brown. A benefit of this type of test is that it 
does not bleach out in the presence of high levels 
of chlorine. Standard test procedure is to fill the 

vial to the specified level with water.  Add five 
drops of the OTD solution and compare the 
colour with the sample colours. Usage of this 
method is mainly confined to low-cost pool 
testing applications. Existing techniques used in 
automatic testing.5,6 
1. Pool test kits 
2. Colour-wheel test kit 
3. Digital colorimeters 
All the above existing methods are very 
accurate but need expertise. There is a greater 
probability of human error. Also, samples from 
the total amount of water have to be taken.The 
present study proposes an advanced method 
incorporating the existing one with digital 
image processing for the measurement of 
chlorine percentage levels. 
Database creation  
The database required to determine the 
percentage of chlorine in water is created by 
taking 1liter of water and then adding a fixed 
percentage of chlorine in it then we need to 
add OTD solution the colour of the water will 
change in proportion to chlorine percentage 
and now taking the photograph by a fixed 
setup for image acquisition. The fixed setup is 
setup in which the distance of the camera is 
fixed from the water level and also 
illumination is maintained constant.7 
Calibration  
The images are classified on the basis of the 
percentage of chlorine based on the two 
features : standard deviation and the intensity 
levels of the pixels.8-10 The standard deviation 
of the image acquired is calculated and the 
pixel values range of intensity is 
calculated.[mathworks.com] Then the standard 
deviation and the pixel values are calibrated 
against the known chlorine percentage of 
water. The calibration can be done by 
following Table 1. 

Table 1 : Calibration of intensity levels to chlorine percentage 

Chlorine 
% 

Standard 
deviation 

Pixel values 
Green Blue Red 

1 35 - 36 50-55 10-17 97-103 
4 46- 47 61-67 26-35 128-134 
5 44 57-64 20-28 128-132 
6 47-48 36-41 7-13 117-124 
8 46-47 46-58 25-34 134-141 
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Testing 
In a sample of water to be tested the OTD 
solution is added following which, the colour 
of the water sample changes and the image is 
acquired by the fixed setup of image 
acquisition system. Then image is cropped for 
predetermined size and intensity levels of 4 
pixel values and the standard deviation of the 
cropped image is calculated. The test image is 
compared with the database and the percentage 
of the chlorine is determined in the            
sample   of   water.7 

System requirements 
The system requirements for the method 
proposed are as follows : 
1. Personal computer/ laptop 
2. Matlab software 6.5 
3. Web-camera 
Algorithm  
The method proposed (Fig. 1) in the paper for 
determining residual chlorine in water can be 
described by the following algorithm when a 
fixed setup is arranged for image acquisition. 

 
Fig. 1 : Algorithm of residual chlorine detection method 

The results for the coding done in MATLAB 
6.5 for the method proposed are in the form 
that when a  image of  chlorinated water in 
which few drops of OTD solution is added 
captured in the fixed setup is given then the 
coded gives the chlorine percentage of that 
water.  Factors affecting the method are : 
 Level of illumination 
 Distance of camera from water level 
 Container used for the water testing 

(preferably a glass container) 
The results of the method depend on the above 
factors and hence when the setup for the 
method is fixed then the results obtained can 
be trustworthy. 

Applications 
 It has different applications like : 
1. In distribution system for continues online 

monitoring of water quality. 
2. In checking the purity of tap water. 
3. In checking the purity of river water/ 

portable water. 
4. In environmental science and pollution 

control labs for experimentation and 
research. 

CONCLUSION 
The OTD testing is a low-cost testing method 
used for testing chlorine percentage in water. The 
method  proposed  can  lead to more accurate and  
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continuous monitoring of water quality at 
different points of the water-distribution system. 
Hence it will find widespread use in the 
developing countries to monitor the water quality 
which will in turn lead to lesser outbreaks of 
water-borne diseases, cleaner water supply and 
better health quality of the people. The total 
system can be integrated in embedded unit based 
on microcontroller. This gives portable water 
purity monitoring. 
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We have modified our environment so radically that we 
must now modify ourselves to exist in this new environment. 

Norbert Wiener 

 


