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1.0    Introduction:  
It is the responsibility of Civil Engineering Department to arrange adequate quantity 
of water of acceptable quality to Railway premises. To discharge this responsibility, it 
is essential to assess the total requirements of water to be supplied. This exercise is 
done for various locations and then total requirement of water is worked out. The 
yardsticks for assessing the water requirement has been laid down in Indian 
Railways Works Manual (IRWM). The latest yardsticks as per the Manual are as 
under: 
 

Particulars Demands (Litres per day) 
 

(a) Residential area 
Household consumption for Officers  and 
staff per head 

200 (Includes 45 litres required for 
flushing) 

(b) Office and workshop 
Offices per head 
Workshops per head 

 
45 
30 

(c) Station and platform 
- Apron washing 
- Platform washing 
- Passengers on railway station Washing 
of carriages on washing lines  

- Cleaning of carriages on platform 
- Carriage watering 

 
10 per sqm 
 5 per sqm.  
* 25 per passenger 
3600 per carriage for BG 
2600 per carriage for MG 
500 per carriage 
**as per actual requirements 

(d) Miscellaneous 
- Gardens per hectare of lawn area 
- Hospital  
- Fire Service 

 
22500 approx.  
450 per bed  
Occasional Sumps and hydrants 
to be adequate for emergencies. 

 

* Number of passengers for estimating requirement at a station shall be equal to 
passengers entraining at the station plus half of the passengers detraining. 
* * Quantity of water required for train originating station shall be equal to the full 
capacity of tanks for all the coaches. For trains scheduled for watering on other 
stations, only 75% filling capacity may be considered. 
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2.0  Quality of Water: 
It must be ensured that the water supplied is clear, potable, free from pathogenic 
organisms and odour. Water should be of reasonable temperature and free from 
minerals which could produce undesirable physiological effects. The physical and 
chemical Standards for drinking water has been laid down in IS:10500 which is 
reproduced: 

 

STANDARDS OF QUALITY OF DRINKING WATER 
 

(a) PHYSICAL AND CHEMICAL STANDARDS (As per IS:10500) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

S.No. Characteristics Requirement 
(Desirable limits) 

Permissible limits 
in the absence of 
alternate source 

1. Turbidity (NTU scale)  5.0 10 
2. Colour Haten units  5.0 25 
3. Taste and odour   Unobjectionable - 
4. Ph value 6.5 to 8.5  
5. Total dissolved solids (mg/l) 

max. 
500 2000 

6. Total hardness as CaCo3 
(mg/l) max 

300 600 

7. Chlorides as Cl2 (mg/l) 250 1000 
8. Sulphates as SO4 (mg/l) max. 200 400 
9. Fluorides as F (mg/l) max. 1.0 1.5 
10. Nitrates as NO3 (mg/l) max. 45 No relaxation  
11. Calcium as Ca (mg/l) max. 75 200 
12. Iron as Fe (mg/l) max. 0.3 1.0 
13. Zinc as Zn (mg/l) max. 5.0 15.0 
14. Mineral Oil (mg/l) max. 0.01 0.03 
15. Copper as Cu (mg/l) max. 0.05 1.5 
 Toxic materials 
16. Arsenic as As (mg/l) max. 0.01 0.05 
17. Cadmium as Cd (mg/l) max. 0.01 No relaxation 
18. Lead as Pb (mg/l) max. 0.05 No relaxation 
19. Residual free chlorine (mg/l) 

max. 
0.5  
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As per Para 525 of the Indian Railway Works Manual (IRWM) “Minimum residual 
chlorine available at the farthest end shall be 0.2 mg/L i.e. 0.2 PPM”. On the other 
hand, as per Para 912 of Indian Railway Medical Manual (IRMM)  “The residual free 
chlorine available one-hour after chlorination should be 0.5 mg/L” (Which is 0.5 
PPM).  

Laying emphasis on the need to neutralize effects of contamination in the 
distribution network, IRWM also says that:  “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.” In this regard it 
is to be noted that inside coaches, contamination of water may take place in the 
water storage tank of the coach and in the internal pipelines till it reaches the water 
taps for use of passengers.    

During monsoon periods or if specific complaints are noted, super-chlorination more 
than 2 ppm of chlorine may be resorted to effectively get rid of bacteria. Therefore, 
in terms of IRWM, the Section Engineer (Works) should frequently check the 
concentration of residual chlorine at the consumer point by Orthotolodine test. 

   (b)    BACTERIOLOGICAL STANDARDS:   
 

S.No. Organism Guideline Value 
1. All water intended for drinking 

E.coli or thermotolerant coliform 
bacteria 

 
Must not be detectable in any 100 ml 
sample 

2. Treated water entering the 
distribution system 
E.coli or thermotolerant coliform 
bacteria 
Total coliform bacteria 

 
 
Must not be detectable in any 100 ml 
sample  
Must not be detectable in any 100 ml 
sample 

3. Treated water in the distribution 
system 
E.coli or thermotolerant coliform 
bacteria 
Total coliform bacteria 

 
Must not be detectable in any 100 ml 
sample  
Must not be detectable in any 100 ml 
sample 
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     (c)  VIROLOGICAL QUALITY:    
 

 Ideally, all sample taken from the distribution including consumer’s premises should 
be free from virus. If, enterovirus are absent from chlorinated water, it can be 
assumed that the water is safe to drink. Some uncertainty still remains about the 
virus of infectious hepatitis, since it has not so far been isolated but in view of the 
morphology and resistance of enterovirus it is likely that, if they have been 
inactivated hepatitis virus will have been inactivated also. 

      
   3.0 Treatment of water: 
 

The aim of water treatment is to produce and maintain water that is hygienically 
safe, clean and potable in an economical manner. Treatment should ensure the 
desired quality of water at the end points of consumption. The method of treatment 
to be employed depends on the nature of raw water and the desired standards of 
water quality. The operations in water treatment constitute aeration, flocculation 
(rapid and slow) and clarification, filtration, disinfection, softening, defluoridation and 
water conditioning. Different combinations are employed to achieve the required 
quality of water. The choice of any particular sequence of treatment will depend not 
only on the quality of the raw water available but also on the comparative 
economics of alternative treatment steps to get desired quality.  
 

In the case of ground water storage which are well protected, where the water has 
turbidity below 10 NTU and water is free from odour and colour, plain disinfection by 
chlorination is adopted before supply. Where ground water contains excessive iron, 
dissolved carbon dioxide and odorous gases, aeration followed by flocculation and 
sedimentation, rapid gravity or pressure filtration and disinfection may be 
necessary. Conventional treatment including pre-chlorination, aeration, flocculation 
and sedimentation, rapid gravity filtration and post-chlorination are adopted for 
highly polluted surface waters laden with algae or other micro organisms. Water 
with excessive hardness will need softening by conventional method or by ion 
exchange method. 
 

In Indian Railway, the common source of water supply is underground water. The 
underground water is normally extracted through deep tube wells. As per the 
practice, in case of water pumped directly from deep tube wells, disinfection of 
water is done before supply into pipelines. Other treatments are employed, if the 
quality of water does not meet the recommended norms of potable water. 
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   4.0 Bacteriological Test of water: 
 

Bacterial contamination cannot be detected by sight, smell or taste. Bacteriological 
testing is a method of analysing water to estimate the numbers of bacteria present 
and, if needed, to find out what type of bacteria are present. The common approach 
is to carry out primary analysis for the presence of indicator organisms rather than 
the pathogens. Indicator organisms are bacteria such as coliforms, Escherichia 
coli and Pseudomonas aeruginosa that are very commonly found in the human or 
animal gut and which, if detected, may suggest the presence of sewage. Indicator 
organisms are used because even when a person is infected with a more 
pathogenic bacteria, they will still be excreting many millions times more indicator 
organisms than pathogens. It is therefore reasonable to surmise that if indicator 
organism levels are low, then pathogen levels will be very much lower or absent. 
Analysis is usually performed using culture, biochemical and sometimes optical 
methods. When indicator organisms levels exceed pre-set triggers, specific analysis 
for pathogens may then be undertaken and these can be quickly detected (where 
suspected) using specific culture methods or molecular biology. 
 

The coliform group includes all of the aerobic and facultative anaerobic gram 
negative, non-spore forming rod shaped bacteria which ferment lactose with gas 
formation within 48 hours at 37°C. The standard test for the estimation of number of 
the coliform groups may be carried out either by the multiple tube dilution test 
(presumptive test, confirmed test or completed test) or by the membrane filter 
technique.  

 
 
4.1. Bacteriological and Chemical examination: 

 The provisions of IRWM 2000 are as under:  

Health Inspectors should collect water samples for bacteriological examination at 
least once a month from each important station and major Railway colony and 
every 2 months from each smaller station and colony. Health Inspectors should also 
send water samples for chemical examination once in six months 

(Railway Board’s letter No.88/H/9/1 dated 6.4.89) 

The bacteriological examination is done to know the coliform count in 100 ml of 
water by the presumptive coliform test. In a coliform count of 4 to 10, the quality of 
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the sample is suspicious and above 10, it is unsatisfactory. It is essential that water 
samples, after collection, are transported to the nominated Railway laboratory 
without delay in Ice Kit container or with ice in ice box or Thermocol containers. The 
samples are to be collected by Health Inspectors and not by his proxy. Adequate 
number of autoclaved sample bottles (250 ml) should be available with Health 
Inspectors. Since free chlorine in water defeats the very purpose of bacteriological 
examination, sodium thiosulphate should invariably be put in bottles before 
autoclaving to neutralize the free chlorine. Before taking a sample, health inspectors 
should estimate the free chlorine content of water by a chloroscope and record it on 
the label. The Health Inspectors should be trained in handling autoclaved bottles 
and collection of water sample from various sources without artificially polluting the 
water. Label pasted on water sample bottles should have the name of the station, 
source of water supply, date and time of collection, name of H.I.. chlorine content at 
the time of water collection, whether sodium thiosulphate added and whether the 
sample is clear or turbid. These must be written legibly with ballpoint pen. 
 

4.1.1. Action on test reports 
 

Health Inspectors should ensure that test reports are received back and followed 
up. Unsatisfactory results should be conveyed promptly to Engineering officials in 
writing. Engineering officials shall duly inform the Health Inspectors about the 
corrective action taken. DRMs should co-ordinate this matter in their monthly 
divisional meetings and ensure corrective action. Medical Officer In-charge of the 
Division should send a monthly statement to CMD for corrective action at the Zonal 
level. CMD should send a report to the Railway Board once in 3 months regarding 
number of unsatisfactory reports and corrective action taken thereon. 
 

4.1.2. Accountability in case of lapse in supply of safe drinking water 
It is necessary that the Supervisors and Officers entrusted with the responsibility of 
supply of safe drinking water are made fully accountable for any lapse on this 
account. The responsibility for an unsatisfactory sample would lie with the Section 
Engineer concerned and, in case of repeated unsatisfactory reports of samples in a 
particular locality, the responsibility shall shift to the Section Engineer in-charge, 
and, if the number of contaminated samples is numerous and repeated in a Sub-
Division, the AEN is personally responsible. 

(Rly Bd.’s letter No. 94/LM (B)/9/5. Dated 24.5.94) 
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4.2   Bacteriological examination method: 
As per IS: 1622, the bacteriological examination method of drinking water are as 
under : 

 
     4.2.1 Multiple Tube Dilution Test ( MTD)- 

This test is often called “the most probable number” method as it uses statistical 
table to estimate the number of faecal colifoms in the water. The test is carried out 
by adding water to a set of test tubes containing culture medium. These tubes are 
then incubated at 44.5°C for 48 hours. The presence of   faecal colifoms is shown 
by formation of gas in the test tube and change in colour. The number of tubes 
which show the presence of faecal colifoms is the compared with statistical table 
and MPN of faecal colifoms in the water is estimated.  

 

This test is subdivided into three principal tests: the presumptive, confirmed and 
completed tests. The presumptive Confirmed and completed tests are presented as 
total independent procedures. All the necessary information regarding the sample 
should be recorded. It is convenient to express the results of the examination of 
replicate tubes and dilutions in terms of most probable number. This term is actually 
an estimate based on certain probability formulae, The most satisfactory information 
is obtained when the largest portion examined shows no gas in all or a majority of 
the tubes. 
 

The MPN value for a given sample is obtained by the use of MPN tables. Standard 
practice in water analysis is to plant five tubes for each dilution and a minimum 
three different dilutions are employed. The results are to be recorded in the proper 
form. The sample collection and testing shall be carried out as per IS: 1622. 

 
4.2.2 Membrane  Filter" (MF) Technique 

            This technique uses a fine sterile filter or membrane. A known quantity of water 
sample to be tested is filtered through membrane and any faecal colifom in the 
water stick in the fine hole of membrane. The membrane is then placed on a 
culture medium which provide nutrients to coliforms and incubated at 44.5°C for 14 
to 18 hours. After incubation, faecal colifom will grow into colonies which can be 
seen and counted. The number of colonies is equal to the number of faecal colifom 
present in the water sample.  
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The membrane filter technique in water analysis is becoming more and more 
popular due to its advantages over the multi tube dilution technique. Results are 
obtained within 24 or 48 hours as compared to 48 to 96 hours by multi tube dilution 
(MTD) technique. Much larger volume and hence more representative sample can 
be tested. Results are obtained with much greater precision and require less 
laboratory space, equipment is not bulky and involves less labour. The limitations 
of this technique are few. Samples with high turbidity and less indicator bacterial 
count will be difficult to examine as turbidity will block the holes of membrane.. 
Samples having high number of non-indicator organisms will give less count. The 
sample collection and testing shall be carried out as per IS: 1622. 

4.2.3 Test for faecal Coliforms: 

This procedure is used to differentiate coliforms of faecal origin from those of non-
faecal origin. Faecal coliforrns are those coli forms which can ferment lactose at 
44.5°C within 24 ± 2 hours with the production of gas. Use brilliant green bile 
lactose broth (BGB) medium for this test. 
  

4.2.4 Test for E. Coli 
 

E. Coli is one of the members of faecal coliforms which ferments lactose with the 
production of gas at 44·5°C within 24 hours as well as produce indole triptophone at 
44.5°C within 24 hours. Subculture from all the positive tubes of BGB at 44.5°C 
(faecal coliforms) into tubes of peptone water. Incubate at 44.5°C for 24 ± 2 hours. 
At the end of the incubation period, test for indole production by adding a few drops 
of Kovac's reagent. Positive test will give pink colour while negative test will give 
yellow colour. 

 
4.2.5 Delayed Incubation Method ( Total coliforms) 

 

The delayed incubation MF method is useful in survey, monitoring or emergency 
situations when the single step coliform test cannot be performed at the sampling 
site or when time and temperature limits for sample storage cannot be met. The 
advantages are:  

a)   The method permits confirmation and biochemical identification of organisms as 
necessary; and  

b)   The method eliminates field processing and equipment needs.  
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The coliform bacteria can be kept for up to 72 hours with little effect on final counts. 
However, it is desirable that the holding period should be kept to the minimum. The 
applicability of the delayed incubation procedure for specific water source should be 
determined by comparative test procedures with conventional methods. The 
delayed incubation procedure is not a substitute for the immediate incubation test 
and should be used only when other alternatives are not applicable. 
 

5.0 Sampling for Bacteriological Examination: 
 
5.1  Sampling Bottles - Samples for bacteriological examination shall be collected in 

clean, sterilized, narrow mouthed neutral glass bottles of 250, 500, or 1000 ml 
capacity. The bottle shall have a ground glass stopper having an overlapping rim. 
The stopper shall be relaxed by an intervening strip of paper between the stopper 
and the neck of the bottle. The stopper and the neck of the bottle shall be 
protected by paper or parchment cover. The sampling bottle shall not be opened 
except at the time of sampling. 

 
5.1.1 Dechlorination - If the water to be sampled contains or is likely to contain 

chlorine, sodium thiosulphate shall be added to the clean, dry sampling bottles 
before sterilization in an amount to provide an approximate concentration of 100 
mg/l in the sample. This can be done by adding 0·5 ml of 5 percent thiosulphate 
solution to a 250-ml bottle. Sterilize in an autoclave. 

 
5.2  Sampling Procedure - The samples shall be representative of the water to be 

tested and they should be collected with utmost care to ensure that no 
contamination occurs at the time of collection or prior to examination. The sample 
bottle shall not be opened till the time of filling. The stopper shall be removed with 
care to eliminate soiling. During sampling, the stopper and the neck of the bottle 
shall not be touches and they shall be protected from contamination. The bottle 
shall be held near the base, filled without rinsing, and the stopper replaced 
immediately. Then the brown paper wrapping should be tied to protect the 
samples from contamination. 

 
5.2.1 Sampling from taps- Flame the tap (in case of plastic tap, apply alcohol or 

spirit, preferably rectified and allow it to dry). The tap shall be opened fully and the 
water allowed to run to waste for two to three minutes or for a sufficient time to 
permit clearing of the service line. The flow from the tap shall then be restricted to 
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permit filling the bottle without splashing. Leaking taps, which allow water to flow 
over the outside of the tap should be avoided as sampling points. 

 
• If the tap is connected to an overhead storage tank, this fact should be recorded 

in the sampling report. 
 

5.3  Size of the Sample - The volume of the sample shall be sufficient for carrying out 
all the tests required. The sampling bottle should not be filled up to the brim and 2 
to 3 crn space should be left for effective shaking of the bottle.  

 
5.4  Preservation and Storage - The initial time limit for starting analysis should be 1 

hour but not more than 6 hours after collection of water samples. Under 
exceptional circumstances the analysis should be commenced at least within 30 
hours and sample should be kept in dark at     1-4°C. If sampling and transit time 
requires more than 6 hours, temporary field laboratory should be set up or the 
delayed incubation procedure (Para 4.5 above) should be adopted if MF 
technique is used. 

 
5.5  Identifying Data - All samples shall be legibly marked with the source of the 

sample, date and time of collection and the name and designation of the person 
collecting the sample. As results of laboratory examination of the sample shall 
always be considered in conjunction with the sanitary survey of the water supply 
system, it is important that when submitting a sample for analysis, complete and 
accurate data of the nature and source of the supply, topography of the water 
shed, possibility of pollution gaining access to the source, methods of treatment 
adopted, the condition of the distribution system, and such other information as 
would be relevant from sanitary viewpoint is furnished. It shall be ascertained 
whether the tap from where the sample is collected is supplying water from a 
service pipe directly connected with the main or with a cistern or a storage tank.  

     
   6.0 Chlorination : The provisions of IRWM 2000 is as under:  

Chlorination should be done generally using chlorine gas by chloronomes 
installed at filtration plants, operated and maintained by Engineering Department. 
Chlorocil equipment using brine solution can also be used for chlorination 
purposes where assured electricity is available as this equipment produces instant 
chlorine gas by electrolytic process. At other places chlorination has to be done by 
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mixing good quality bleaching powder solution (containing at least 25% of 
chlorine) at a particular rate with raw water in the main pump at the pump house 
itself or at the high level storage tank by Section Engineer. 

The residual free chlorine available one-hour after chlorination should be 0.5 
mg/L. Chloroscopes to know residual chlorine and Horrocks apparatus to assess 
chlorine demand of water should be available with all Engineering staff in-charge 
of chlorination and all Health Inspectors. 

(Railway Board’s letter No.80/H/26/5 dated 15.5.80) 
 

7.0   Chlorine demand: 
 

When chlorine and chlorine compounds are added to a water source, it purifies 
the water by damaging the cell structure of bacterial pollutants, thereby destroying 
them. The amount of chlorine needed to do this is called the chlorine demand of 
the water. The chlorine demand varies with the amount of impurities in the water 
and therefore the chlorine demand of a water source will vary as the quality of the 
water varies.  

 

Chlorine by virtue of their oxidizing power is said to be consumed by a variety of 
inorganic and organic materials present in water before any disinfection is 
achieved. Chlorine demand (D) is therefore a function of chlorine concentration 
(C) and contact time (T) with formula as D= C*T. This concept shows that an 
increase in chlorine concentration (C) would require less contact time to achieve 
the same desired level of disinfection. Another possibility would be an increase in 
contact time that would in turn require a lower chlorine concentration in order for 
the same level of disinfection. Accordingly it is therefore essential to provide 
sufficient time and dose of chlorine to satisfy the desired level of disinfection and 
leave some amount of un-reacted chlorine as residual either in the form of free or 
combined chlorine adequate for killing the further contamination between source 
to end point. 
The chlorine demand of any given water also depends on several other factors 
like pH of the water, temperature the type of pathogens in the water, the turbidity 
and the temperature of the water. A higher water temperature and a lower pH 
level will also allow for a lower chlorine demand. 
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When chlorine is added to water, some of the chlorine reacts first with organic 
matter and metals in the water and is not available for disinfection (this is called 
the chlorine demand of the water). The remaining chlorine concentration after the 
chlorine demand is accounted for is called total chlorine. Total chlorine is further 
divided into:  
1) the amount of chlorine that has reacted with nitrates and is unavailable for 
disinfection which is called combined chlorine and,  
2) the free chlorine, which is the chlorine available to inactivate disease-causing 
organisms, and thus a measure to determine the potability of water. 
 

8.0 Residual Chlorine: 
 
Residual Chlorine is a low level of chlorine remaining in water after its initial 
application. This is an indicator that Chlorine Demand is satisfied. It constitutes an 
important safeguard against the risk of subsequent microbial contamination after 
treatment  
 
The provision of IRWM 2000 are as under :  
 
The Health Inspectors should check the presence of residual chlorine daily at 
various distribution points e.g. platforms, refreshment rooms, waiting halls, 
hospitals, schools and in the Railway colonies (preferably from farthest taps in the 
distribution systems), randomly and record of the same should be kept in a 
register. Suitable remedial measures should be taken in case of deficiency. Health 
Inspectors should also test the bleaching powder used once in 3-4 months for 
chlorine content (must contain at least 25% of chlorine). 
 
“Minimum residual chlorine available at the farthest end shall be 0.2 mg per litre” 
(Para 525 of the manual). Para 912 of Indian Railway Medical Manual (IRMM) 
says “The residual free chlorine available one-hour after chlorination should be 
0.5 mg/L” (Which is 0.5 PPM). 

 
(Railway Board’s letter No.88/H/9/I dated 6.4.89) 
In draught areas where potable water is brought in tanker wagons from another 
station, these tank wagons must be periodically inspected and disinfected. Water 
trolleys, water coolers, water filters in running rooms and waiting rooms, etc. 
should also be regularly inspected. 
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Laying emphasis on the need to neutralize effects of contamination in the 
distribution network IRWM also says that:  “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.” In this 
regard it is to be noted that inside coaches, contamination of water may take 
place in the water storage tank of the coach and in the internal pipelines till it 
reaches the water taps for use of passengers.  

A. Following limits of residual chlorine shall be followed: 

i. In pipeline networks catering to both the stations and the colonies or to the 
stations only: 0.2 to 0.7 PPM 

ii. In pipeline networks which are catering to colonies and other railway 
premises only and not the stations: 0.2 to 0.5 PPM 

The above upper limit for residual chlorine may be treated as provisional and the 
same shall be reviewed based on experience on the Railway with the experience 
gained after these instructions are implemented.  

B. To exercise control over the maximum residual chlorine in the supply network,  
sample shall be taken from quarters/buildings nearest to the supply main, which in 
most cases is the distribution main connecting the overhead tank to the distribution 
network. 

8.1   Sampling and Storage –  

Chlorine is not stable in aqueous solution. Exposure to sunlight or other light or 
agitation will accelerate the reduction process of chlorine. Therefore, it is 
recommended that chlorine determinations be started immediately after sampling 
and exposure to light and agitation are to be avoided. Sampling and storage shall 
be done as prescribed in IS : 3025 ( Part 1 ) -1986 'Methods of sampling and test 
(physical and chemical) for water and wastewater. 

The sampling point should be located at a place where all the reactions of the 
disinfecting agent are completed and also some residual disinfectant is present. 
The usual sampling position is a tap at the consumer point.  

• A tap inside a train shall be treated as the “the farthest end” of the water supply 
network and there the residual chlorine should be 0.2 PPM.  
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• To ensure that adequately chlorinated water is being supplied to the coaches, 
residual chlorine in the water of the coach filling hydrants shall be 0.5 PPM. 

• Samples shall henceforth be taken as under: 

i. One sample at the nearest user point to control the maximum residual 
chlorine 

ii. One sample at the farthest end 

iii. One sample at the coach filling hydrant 

iv. One sample at the platforms, or  other passenger amenities like waiting 
room,  refreshment room, booking office etc 

v. One sample from coach of a originating train 

vi. One or two samples from the colony, depending on the size of colonies  

vii. If there are more than one chlorination plant feeding water into a network, 
then for checking maximum residual chlorine, one sample shall be taken 
at the nearest user-point for each chlorination plant. 

Thus in all for each distribution network 3 to 7 or more samples shall be taken 
depending on the various factors listed above.  

 
 8.2 Estimation of Chlorine: 
 
   The usual tests practiced for estimating the residual chlorine in water are the 

orthotoulidine test (OT) and orthotoulidine arsenite test (OTA), the former used for 
total residual chlorine concentration and the later for free available chlorine. When 
orthotoulidine reagent is added to water containing chlorine, a greenish yellow 
colour develops, the intensity of which is proportional to the amount of residual 
chlorine present. Soluble tablets of DPD (diethylphenylene-diamene) have also 
been used satisfactorily in place of orthotoulidine reagent. 

The orthotoulidine test procedure does not overcome errors caused by the 
presence of nitrates, iron and manganese, all of which produce a yellow colour 
with orthotoulidine nor is it able to discriminate between “Free Chlorine” and 
“Combined Chlorine”. The OTA method permits these differentiations. The 
principle of method is that chlorine either free or combined is destroyed on 
addition of sodium arsenite whereas the colour produced by the reaction of 
chlorine with orthotoulidine as well as the interfering agent is unaffected. The 
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reaction of orthotoulidine with free chlorine is instantaneous while with combined 
chlorine it is very slow and does not begin until about 10 seconds. This property is 
used for distinguishing free from combined chlorine. The test is carried out as 
follows: 

 

a) Take three test tubes marked to hold 10 ml and label ‘A’,’B’ and ‘C’. 
 

b) To tube ‘A’ add 0.5 ml of orthotoulidine solution. Then add 10 ml of water sample 
and mix. Add 0.5 ml or 0.5% sodium arsenite (NaAsO2) immediately. Mix and 
compare with standards as rapidly as possible. Record the result (A). 

 

c) To tube ‘B’ containing 0.5 ml of arsenic solution, add 10 ml of water sample. Mix 
quickly and immediately add 0.5 ml of orthotoulidine reagent. Mix and compare 
with colour standards as quickly as possible. Record the reading (B1). Compare 
with colour standards again in exactly 5 minutes and record result (B2). B1 and 
B2 are due to interfering substances. 

 

d) To tube ‘C’ add 0.5 ml of orthotoulidine reagent and then add 10 ml of the water 
sample. Mix and allow to  stand for exactly 5 minutes. Compare the colour with 
standards. Record reading (C). 

 

e)  Compute different values as follows: 
� Total residual chlorine  = (C-B2) 
� Free residual chlorine = (A-B1) 
� Combined residual chlorine = (C-B2) – (A-B1) 

 

8.3    Residual chlorine testing methods (As per IS3025-Part 26, Reaffirmed 2003): 
 

8.3.1  lodometric Method: The test procedure is as under: 
 

 

i. Select a sample volume which will require no more than 20 ml of 0.01 N sodium 
thiosulphata. Thus for residual chlorine concentration of 1 mg/l or less, take 1000 ml 
of sample; for range of 1 to 10 mg/l, a 500 mI of sample and above 10 mg/l 
proportionately less sample. 
 

ii. Take appropriate volume of the sample as given above and add acetic acid to bring 
down the pH to 3 to 4 in the flask. Add about 1·0 g of potassium iodide crystals and 
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mix with a glass rod. Add chlorine-free distilled water if larger volume is preferred 
for titration. Titrate with 0·01 N sodium thiosulphate until yellow colour of the librated 
iodine is almost discharged. Add 1·0 ml of starch indicator and titrate until the blue 
colour is discharged. In many cases residual chlorine is very low and starch needs 
to be added before starting up the titration. 

 
Calculation: 
 
Residual chlorine in mg/l = V1 x N x 35450 
    V2 
where 
V1 = volume of standard sodium thiosulphate used, 
V2 = volume of sample taken for test, and 
N  = normality of sodium thiosulphate used. 
 

8.3.2 Stabilized Neutral Ortho-toluidine Method : 
 

The stability of oxidized ortho-toluldine decreases as pH increases. Anionic surface 
active reagents stabilize the colour development by free chlorine end ortho-toluldlne 
at pH 7.0. Sodium di (2-ethyl-hexyl) sulphosuccuiate, is the best stabilizing agent. 
The optimum concentration of stabilizer is 40 mg for each 100 ml of sample plus 
reagents. The final solution should have pH between 6.5 and 7.5. The test 
procedure is as under: 
 

 

i. Construct a calibration curve by making dilutions of standardized hypochlorite 
solution. Take care when diluting to low concentrations because of possible 
consumption of small amounts of chlorine by trace impurities. Use chlorine demand 
free distilled water for dilution. 

 
ii. Use 5.0 ml neutral ortho-toluidine and 5·0 ml buffer stabilizer reagent with 100 ml 

sample. Place the neutral ortho-toluidine and buffer stabilizer mixture in a beaker on 
a magnetic stirrer. Mix and add sample to the reagents with gentle stirring. Measure 
the absorbance at 625 nm. The value obtained (A) from the calibration curve 
represents the free chlorine residual. 
 
 



17 

 

 
 

iii.  Monochloramine - Return any position used for measuring free chlorine in (ii) 
above to the sample. Add with stirring 0·5 ml potassium iodide solution to each 100 
ml sample or similar ratio for other sample volumes. Again measure the absorbance 
and obtain value (B ) from calibration curve. This will give free residual chlorine plus 
monochloramine. 
 

iv. Dichloramine -Return any portion used for measuring the monochloramine in (iii) 
above to the sample. Add with stirring, 1 ml of sulphuric acid to each 100 ml of 
sample, or a similar ratio for other sample volumes. After 30 seconds for colour 
development add 1 ml of sodium carbonate solution, slowly with stirring or until a 
pure blue solution returns. Measure the absorbance of total residual chlorine, free 
chlorine, monochloramine and dichloramine and obtain the value ( C) from the 
calibration curve. 
 

v. Compensation for interferences - Compensate for the presence of natural colour or 
turbidity as well as manganic compounds by adding 5·0 ml arsenite solution to 100 
ml of sample. Add this blank sample to the reagents as above. Use the colour of the 
blank to set zero absorbance on the spectrophotometer. Measure all samples in 
relation to this blank. Read from the calibration curve the concentrations of chlorine 
present in the sample. 
 
Calculation: 
 
Free residual chlorine, mg/l = A, including ½  trichloramine, if present (see ii above ). 
Monochloramine, mg/l = (B-A) as mg/l of chlorine (see iii above). 
Dichloramine, mg/l = 1·03 C-B as mg/l of chlorine (see iii and iv above). 
Total chlorine, mg/I = 1.03 C as mg/l chlorine (see iv above). 
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     9.0       Test kits available in Market: 
 

A)  For checking Residual chlorine at site: 
 
This kit is used for checking Residual chlorine concentration frequently at the 
consumer point by orthotolodine test.  
 
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. 
 

  
 
The cost of chloroscope available in market is Rs. 1500/- (approx.).The 
orthotolodine solution is easily available in market. 
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B) Multi-parameter Water Quality Field Test Kits: 
 

Multi-parameter Water Quality Field Test Kit is used for physico-chemical analysis. 
The kit offers quantitative and semi-quantitative results. Quantitative test includes 
total hardness, total alkalinity and chloride tests. Semi-quantitative tests are used 
for remaining parameters using color comparison charts. This kit can carry out 100 
tests for 11 parameters listed below: 

i. Turbidity by visual comparison method 
ii. pH by pH strips colour comparison method 
iii. Total Hardness by Titrimetric method 
iv. Total Alkalinity by Titrimetric method 
v. Chloride by Titrimetric method 
vi. Ammonia by visual comparison method (Optional) 
vii. Phosphate by visual comparison method (Optional) 
viii. Residual Chlorine by visual colour comparison method 
ix. Iron by visual colour comparison method 
x. Nitrate by visual colour comparison method 
xi. Fluoride by visual colour comparison method 
 

A separate arsenic field test kit is also available in the market, which could be used in 
States where arsenic is detected in drinking water sources. The colour comparator is 
quick and easy to use. The kit is used in conjunction with tablet reagents and colour 
charts to test different parameters. Just add a tablet reagent to the test sample, place 
the tube in the comparator and match the colour against the appropriate colour disc. 
The kits are portable, easy to carry anywhere, easy to operate and do not require any 
kind of energy or power. Even a layman can use it comfortably and not require any 
technical support. The kit provides includes a User’s manual with simple step-by-step 
instructions on how to conduct the water quality tests. This makes it easy for people 
to use and does not require a high level of training.  

                                         
                                    Multi-parameter Water Quality Field Test Kit 
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The Multi-parameter Water Quality Field Test Kits for testing 100 samples is 
available in market in Rs. 11,000/- (approx.)  

 
 
C) Bacteriological Test Vials 
 

A simple bacteriological test vial indicates the presence/ absence of pathogens in 
water samples. This is simple field test kit to indicate the presence of bacterial 
colonies in water. The principle of test is similar to that of Presumptive Coliform Test. 
It does not attempt to find pathogens but only shows the indicator for the presence of 
pathogens. The test kit can be used for any water irrespective of its source, including 
chlorinated water. The test can detect very low bacterial contamination with high 
specificity and sensitivity. The advantage of the method is its simplicity, low cost and 
ability to be performed in the absence of a typical microbiology laboratory or field 
laboratory, test tubes or other containers holding the test material and can be used in 
the field by minimally trained personnel.  
 

                        
                                     Bacteriological Test Vials 
 

 
The Bacteriological test vials which can test 10 samples are available in market 
in Rs. 2500/- (approx.).  
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10.0 List of reputed firm manufacturing Chloroscope,  Multi-parameter Water Quality 
Field Test Kits & Bacteriological Test Vials: 

 
1. ORLAB INSTRUMENTS PVT.LTD. 

B-5O, Industrial Estate ,  
Post : Sanath Nagar,  
Hyderabad-500018. 
Tel : +91-040-67216354, 23816354, 
E-mail:orlab@orlabindia.com 
Website : www.orlabindia.com 

 
2. Rakiro Biotech Systems Pvt Ltd,  

R-466, TTC Industrial Area,  
MIDC Rabale Navi Mumbai  
Maharashtra 400701 India 
Phone- 91 - 022 – 27642236 
Webpage: www.rakiro.net 
 

3. TRANSCHEM AGRITECH LIMITED,  
    3rd Floor, Marble Arch, Race Course,  
     Vadodara – 390007, Gujarat, India 
     Ph: +91–265–6542247, 2335444 
     Email: omeshboni@transpek.com , prachi@transpek.com 
     Website: www.transchem.in 
 
4. Development Alternatives, 
    Technology and Action for Rural Advancement (TARA) 
    B-32 Tara Crescent, Qutab Institutional Area, 
     New Delhi - 110 016, INDIA 
    Tel: +91-11-685-1158, 696-7938 
    Email: tara@sdalt.ernet.in 
    Website: http://www.devalt.org 
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Reference: 
 
1. Indian Railway Works Manual-2000. 
2. IS: 3025 – Part 26: Residual Chlorine. 
3. IS: 1622- Method of sampling and Microbiological Examination of water. 
4. Uniform Drinking Water Quality Monitoring Protocol, February 2013 issued by 

Ministry of Drinking Water and Sanitation New Delhi. 
5. Northern Railway’s Chief Engineer’s Circular No. 823 & 825 regarding residual 

chlorine in water distribution network 
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