
 

Tky dhVk.kquk’ku 
DISINFECTION OF WATER 

 
1.0  lkekU;@General  
 

Water (H2O) is the most abundant compound on Earth's 
surface, covering about 70 percent of the planet. Most of 
the earth water is sea water. About 2.5% of the water is 
fresh water that does not contain significant levels of 
dissolved minerals or salt and two third of that is frozen 
in ice caps and glaciers. In total only 0.01% of the total 
water of the planet is accessible for consumption.  
 

Water is a precious commodity. Clean drinking water is a 
basic human need. The water supplied for drinking 
purposes should always be free from pathogenic 
organisms, clear, palatable, free from undesirable taste 
and odour, of reasonable temperature, neither corrosive 
nor scale forming, and free from minerals which could 
produce undesirable physiological effects.  
 

To achieve the required standards for potable water, it is 
necessary for the Engineering department to carry out 
checks from time to time to ensure effectiveness of 
treatment being done. Besides of this, Medical 
department shall be responsible for monitoring the quality 
of water (physical, chemical and bacteriological) and 
shall arrange necessary apparatus required.  
 

2.0 dhVk.kquk’ku D;ksa vko’;d gS\@Why 
disinfection is necessary? 

 

Disinfection of drinking water is the specialized treatment 
for destruction or removal of organisms capable of 
causing disease. It should not be confused with 
sterilization, which is the destruction or removal of all 
life (harmful as well as harmless micro-organisms). For 
utmost safety of water for drinking purposes, disinfection 
of water has to be done  
 

 to remove disease producing organisms before it 
enters distribution system and  

 to prevent contamination of water during its transit 
from the treatment plant to the place of its 
consumption.  

 

3.0 ty dhVk.kquk’ku gsrq fLFkfr;kW@Conditions for 
Water Disinfection 

 

A proper disinfection can only take place when water is 
already purified to a certain extent. The circumstances 
will then be suitable for disinfection, because the larger 
part of pathogenic microorganisms present in the water 
will be removed during primary water purification steps. 
The concentrations of floating particles in water must be 
low when disinfection is applied, preferably below          
1 mg/l. Chemical substances that are present in water 
through human or natural causes may also influence 
disinfection.  
 

4.0 dhVk.kquk’ku dSls fd;k tk;s\@How is 
disinfection achieved? 

 

There are two kinds of disinfection: primary disinfection 
achieves the desired level of microorganism kill or 
inactivation, while secondary disinfection maintains a 
disinfectant residual in the finished water that prevents 
the re-growth of microorganisms. For treatment on larger 
scale, the disinfection of water supplies is carried out 
usually by chlorination. The efficiency of disinfection 
depends on the nature of disinfectants. Examples of 
disinfectants are chlorine containing substances, 
peroxide, bromine, silver-copper, ozone and UV.  
 

5.0 Dyksjhu ,oa blds xq.k@Chlorine and its 
properties 

 

One of the most widely used disinfecting agents to insure 
safe drinking water is Chlorine. It can be applied in water 
by using bleaching powder, chloramines or as free 
chlorine gas. A minimum of 30 to 60 minutes contact 
time must be provided before delivery of water to the 
consumer. There are three basic terms used in the 
chlorination process: 
 

 Chlorine demand – amount of chlorine that is needed 
to destroy bacteria and to oxidize all organic matter 
and ammoniacal substances present in the water. 

 Chlorine dosage – amount of chlorine that is fed into 
water. 

 Chlorine residual – amount of chlorine that remains 
in water after oxidation takes place. 

 

For example, if water has 0.2 mg/l (ppm) chlorine 
demand, and chlorine dosage of 0.5 mg/l is fed into 
water, the residual chlorine would be 0.3 mg/l. 
 

At normal pressures, elemental chlorine is a toxic, 
yellow-green gas, and is nearly 2.5 times heavier than air. 
Under pressure of 35 kg/cm2, it becomes liquid with an 
amber colour and oily in nature approximately 15 times 
as heavy as water. Chlorine gas is harmful to human 
beings since it is a powerful irritant to lungs and eyes. 
Safety limit for a working environment should not exceed 
1 mg/l by volume for an exposure period of 8 hours.  
 

6.0 Dyksjhu&ty izfrfdz;k@Chlorine-Water 
reaction  

 

Chlorine gas reacts with water to form Hypochlorous acid 
(HOCl) and Hydrochloric acid (HCl). The Hypochlorous 
acid dissociates into Hydrogen ions (H

+
) and hypochlorite 

ions (OCl-). Free available chlorine is the sum total of 
Chlorine existing in water as Hypochlorous acid and 
Hypochlorite ions.  
 

7.0 vo’ks"k Dyksjhu@Residual Chlorine 
 

It is the amount of chlorine that remains in water after 
oxidation takes place. 
 

 At normal pH value, free available residual chlorine 
to the extent of 0.2 to 0.3 mg/l is maintained in the 
plant effluent for 30 minutes contact period.  

 At higher pH value of 8 or 9, free available residual 
chlorine of at least 0.4 mg/l is required for complete 
bacterial kill with 10 minutes contact period.  

 Where there is fear of epidemic of water borne 
diseases or water is infested with nematodes, the 
supply should be pre-chlorinated for six hours to 
maintain free available residual chlorine of 0.4 to 0.5 
mg/l.  

 Where the water source is from an open river, canal 
or pond, it is recommended to have an amount of 
free available residual chlorine to the extent of 0.4 
mg/l to 0.5 mg/l and allow a minimum of contact 
period of 60 minutes.  

 When protection against viral infection is required, it 
should be min. 0.5 mg/l. 

 



The WHO drinking water standards state that 2-3 mg/l 
chlorine should be added to water in order to gain a 
satisfactory disinfection and residual concentration. The 
maximum amount of chlorine one can use is 5 mg/l. For a 
more effective disinfection the residual amount of free 
chlorine should exceed 0.5 mg/l after at least 30 minutes 
of contact time at a pH value of 8 or less.  
 

Minimum residual chlorine available at the farthest end 
shall be 0.2 mg/l. However, where distribution is long 
and complex it may be difficult to maintain the minimum 
residual value and in such cases re-chlorination may be 
carried out in the distribution system. 
 

8.0 vkWFkksZVksfyMkbu tk¡p@Orthotolidine Test  
 

The Section Engineer (Works) should frequently check 
the concentration of residual chlorine at the consumer 
point by orthotolodine test. Divisional Engineer should 
ensure sufficient number of equipment with all the field 
units. 

In this test 100 ml of 
chlorinated water 
sample is collected in 
the test tube. 1 ml of 
orthotolodine solution 
is added to it. The 
colour formed is 
noted, value of the 
residual chlorine is 

directly determined by comparing the colour so obtained 
with the standard chart of colours of non-chlorine 
residuals.   

 The test enables both free and combined Chlorine in 
water to be determined with speed. 

 When reagent is added to water containing chlorine, 
it turns yellow and the intensity of the colour varies 
with the concentration of the chlorine gas. 

 The yellow colour is produced by both free and 
combined chlorine residuals. 

 It is, however, essential to take reading within 10 
seconds after the addition of the reagent to the water.  

 The matching tubes of coloured solution of 
Chloroscope are available to determine 0.1 to 2.0 
mg/l of residual chlorine.  

9.0 Dyksjhus’ku@Chlorination  
 

Chlorine is the chemical predominantly used as a primary 
disinfectant in the disinfection of potable water supplies. 
Other use include taste and odour control, algae control, 
filter-media conditioning, iron and manganese removal, 
hydrogen sulfide removal, and colour removal.  
 

Chlorine is available in a variety of forms, including 
elemental chlorine (liquid or gas), solid hypo chlorine 
compounds of calcium or sodium, and gaseous chlorine 
dioxide.  
 

9.1 Dyksjhu ¼nzo vFkok xSl½@Chlorine (liquid or 
gas)  

 

It is applied through a chlorinator which regulates the 
flow of gas from the chlorine container at the desired rate 
of flow, indicates the flow rate of feeding and provides 
means of properly mixing the gas either with an auxiliary 
supply of water or with the main body of the liquid to be 
disinfected. 
 

9.2 lksfM;e gkbiksDyksjhjkbV foy;u@Sodium 
hypochlorite solution 

 

Sodium hypochlorite available as a solution in 
concentrations of 5 to 15 percent chlorine is more 
expensive than chlorine gas (as available chlorine). It is 
diluted with water in a mixing/holding tank and injected 
by a chemical pump into the water supply pipe at a 
controlled rate. Adequate mixing and contact time must 
be provided. 
 

 Readily available and easier to handle than gaseous 
chlorine or calcium hypochlorite. 

 Very corrosive and should be stored with care in a 
cool, dark, dry area for a duration not more than one 
month. 

 
9.3 Bksl dsfYl;e gkbiksDyksjhjkbV@Solid calcium 

hypochlorite  
 

Calcium hypochlorite (white solid) that contains 65 
percent available chlorine may be easily dissolved in 
water in a mixing/holding tank and injected by a chemical 
pump into the water supply pipe at a controlled rate.  

Alternatively, where the pressure can be lowered to 
atmospheric, such as at a storage tank, tablets of 
hypochlorite can be directly dissolved in the free flowing 
water by a proprietary device that provides flow-
proportional chlorination with gravity feed of the tablets. 

 
 When packaged, it is very stable, allowing a year’s 

supply to be bought at one time. It can be purchased 
in granular, powdered, or tablet form. 

 A corrosive material with a strong odour that 
requires proper handling and must be kept away from 
organic materials such as wood, cloth, and petroleum 
products.  

 It readily absorbs moisture, forming chlorine gas; 
therefore, shipping containers must be emptied 
completely or carefully resealed. 

 

10.0 DyksjsekbUl@Chloramines 
 
Chloramines are formed when water containing ammonia 
is chlorinated or when ammonia is added to water 
containing chlorine (hypochlorite or hypochlorous acid). 
An effective bactericide that produces fewer disinfection 
by-products is generated onsite completing 99 percent 
chloramine-forming reactions within a few minutes. 
Chlorine (gaseous solution or sodium hypochlorite) is 
injected into the supply main followed immediately by 
injection of ammonia (gaseous solution or as ammonium 
hydroxide). As before, adequate mixing and contact time 
must be provided. The mix of products produced when 
water, chlorine, and ammonia are combined depends on 
the ratio of chlorine to ammonia and the pH of the water. 
Chlorine-to-ammonia ratios of 5:1 should not be 
exceeded. If the pH drops below 5, some nitrogen tri-
chloride may be formed. 
 

 A weak disinfectant and much less effective against 
viruses or protozoa than free chlorine.  

 Chloramine is appropriate for use as a secondary 
disinfectant to prevent bacterial re-growth in a 
distribution system.  

 Nitrogen tri-chloride appears to be the only 
detrimental reaction. It may be harmful to humans 
and imparts a disagreeable taste and odour to the 
water. The use of the proper amounts of each 
chemical reactant will avoid its production. 



 Chemicals used to generate chloramines from 
ammonia and chlorine gas depend on the ammonia-
based chemical used. Anhydrous ammonia is the 
least expensive, while ammonium sulphate is the 
most expensive. 

 

11.0 vkstksus’ku@Ozonation  
 

Ozone, an allotrope of oxygen having 3 atoms to each 
molecule, is a powerful oxidizing and disinfecting agent. 
It is formed by passing dry air through a system of high 
voltage electrodes. It requires shorter contact time and 
dosage than chlorine. It is widely used as a primary 
disinfectant in many parts of the world. Ozone gas is 
unstable and must be generated onsite. A secondary 
disinfectant, usually chlorine, is required because ozone 
does not maintain an adequate residual in water. 
 

12.0 vYVªkokbysV ykbV@Ultraviolet Light (UV) 
 

Ultraviolet (UV) radiation is generated by a special lamp. 
When it penetrates the cell wall of an organism, the cell’s 
genetic material is disrupted and the cell is unable to 
reproduce. UV radiation effectively destroys bacteria and 
viruses and with ozone as a secondary disinfectant, it 
prevents re-growth of microorganisms. It can be 
attractive as a primary disinfectant for small systems 
because: 
 

 It is readily available,  
 It produces no known toxic residuals, 
 It requires short contact times, and  
 The equipment is easy to operate and maintain. 
 

UV radiation should be used only by groundwater 
systems not directly influenced by surface water where 
there is virtually no risk of protozoan cyst contamination. 
It is unsuitable for water with high levels of suspended 
solids, turbidity, colour, or soluble organic matter. These 
materials can react with or absorb the UV radiation, 
reducing the disinfection performance. 
 

The effectiveness of UV radiation disinfection depends 
on the energy dose absorbed by the organism, measured 
as the product of the lamp’s intensity and the time of 
exposure. No chemical oxidant required; therefore, 
microorganisms can be killed without generating by-
products of chemical oxidation or halogenation. 

13.0 ty dhVk.kquk’ku dks izHkkfor djus okys 
dkjd@Factors that influence water 
disinfection 

 

a) dhVk.kquk’ku ds fy, miyC/k laidZ le;@Contact Time 
available for disinfection: The destruction of 
organism increases with contact time available for 
disinfection. In practice, the contact period is limited 
by the design of the plant and is usually not less than 
30 minutes. Usually a dose of 12-20 mg/l chlorine is 
required to result in a free chlorine residual 
concentration of 6-8 mg/l.  

CT  = disinfectant concentration x contact time  
  = C mg/l x T minutes 

b) lw{ethoksa dk izdkj@The type of microorganism: 
Disinfectants can effectively kill pathogenic 
microorganisms (bacteria, viruses and parasites). 
Some microorganisms, for example, E.Coli bacteria, 
are more resistant to disinfectants than other bacteria 
and are therefore used as indicator organisms. Several 
viruses are even more resistant than E.Coli. The 
absence of E.Coli bacteria does not mean that the 
water is safe.  

c) lw{ethoksa dh vk;q@The age of the microorganism: 
The affectivity of a particular disinfectant also 
depends upon the age of the microorganism. Young 
bacteria are easier to kill than older bacteria. When 
2.0 mg/l chlorine is used, the required contact time to 
deactivate bacteria that are 10 days old is 30 minutes. 
For bacteria of the same species and of the age of 1 
day, 1 minute contact time is sufficient. Bacterial 
spores can be very resistant. Most disinfectants are not 
effective against bacterial spores. 

d) Tky ftldk 'kks/ku vko’;d gks@Water that requires 
treatment: The nature of the water that requires 
treatment has its influence on the disinfection. 
Materials in the water, for example iron, manganese, 
hydrogen sulphide and nitrates often react with 
disinfectants, which disturb disinfection. Turbidity of 
the water also reduces the affectivity of disinfection. 
Microorganisms are protected against disinfection by 
turbidity. 

e) rkieku@Temperature: The temperature also 
influences the affectivity of disinfection. Rates of 
chemical reactions are speeded up as the temperature 

of the reaction is increased. The higher the 
temperature, the more rapid is the destruction of 
organisms.  

*** 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

gekjk mís’;@Our Objective 
 

 
vuqj{k.k iz©|©fxdh vkSj dk;Ziz.kkyh dks mUu;u djuk 

rFkk mRikndrk vkSj jsYos dh ifjlEifRr ,oa tu’kfDr ds 
fu"iknu esa lq/kkj djuk ftlls vUrfoZ"k;ksa esa 

fo’oluh;rk] mi;ksfxrk vkSj n{krk izkIr dh tk ldsA 
 

To upgrade Maintenance Technologies and 
Methodologies and achieve improvement in 
productivity and performance of all Railway 
assets and manpower which inter-alia would 

cover Reliability, Availability, and Utilisation. 
 

......................................................................... 
 

fMLDysej@Disclaimer 
 

The document prepared by CAMTECH is meant for the 
dissemination of the knowledge/ information mentioned 
herein to the field staff of Indian Railways. The contents 
of this handbook/booklet are only for guidance and not 
statutory. Most of the data & information contained 
herein in the form of numerical values are indicative and 
based on the tests/trials conducted by various agencies 
generally believed to be reliable.  While reasonable care 
and effort has been taken to ensure that information 
given is at the time believed to be fare and correct and 
opinion based thereupon are reasonable. Due to very 
nature of research it can not be represented that it is 
accurate or complete and it should not be relied upon as 
such. The reader/user is supposed to refer the relevant 
codes/ manuals available on the subject before actual 
implementation in the field.  
 

;fn vki bl lUnHkZ esa dksbZ fopkj vkSj lq>ko nsuk pkgrs gksa rks 
dì;k gesa bl irs ij fy[ksaA  
 
If you have any suggestion & comments on contents of 
the pamphlet, please write to:  
 
Dy. Director (Civil), CAMTECH, Maharajpur, 
Gwalior (M.P) – 474 005 
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