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INTRODUCTION

U

nsafe drinking water and poor environmental sanitation cause major health problem to the community. Safe drinking water must be free from bacteriological and chemical contamination. The bacteriological contamination in drinking water may cause diahorrea, dystentry, typhoid fever, cholera, jaundice etc. Dental, Skeletal and non-skeletal fluorosis may be caused due to presence of excess fluoride in drinking water. Arsenic contamination in drinking water causes dermatosis.  Methaemoglobinaemia (Blue Baby) among new born babies may be caused due to presence of excess nitrate in drinking water.

Today Government of India as well as all State Governments are committed to supply safe and adequate water to all the rural communities. Water quality monitoring and surveillance would play a major role for sustainable safe water supply. The task is tremendous. This can only be achieved if community is involved in the water quality monitoring and surveillance programme.

Department of Drinking Water supply, Ministry of Rural Development is emphasising to introduce water quality monitoring and surveillance in the sector reform programme. A community based management system would be appropriate to achieve the objective. Accordingly community need to be awared and motivated on the use of safe drinking water. A capacity and infrastructure should be built at village level with participation of community leaders, panchayat members, primary teachers, health workers, village caretakers, WATSAN committee members etc. 

Sensitization and training of grass-root level workers, panchayat functioneries and others on water quality monitoring and surveillance are to be organised in a systematic manner. They must be exposed to the need of drinking safe water, health related issues of water and sanitation, water quality testing by field kit, sanitary survey, water sampling and precautions, data recording, etc. This training module has been prepared incorporating above issue for the grass-root level workers.





PART – I : 
WATER QUALITY AND HEALTH EFFECTS


1.1. 
IMPORTANCE OF WATER IN OUR LIFE 

Water performs several metabolic, physiological and other activities in our body as well as in all other living beings:

· Water keeps our body cells moist and alive.  

· Water helps in fluid movement in our body.

· Water moistens our food matter making them semi-solid for digestion.

· Water keeps our body cool.

· Water dissolves various vital salts essential for our body like sodium, potassium, calcium etc which helps in entering living cells.

· The unwanted products of our body are excreted out through water. 

· Essential salts and minerals from the soil reach the leaves of the plants with the help of water.

· Plants cannot make their own food without water. The prepared food is again distributed throughout the plant body through water. 


1.1.1.
USES OF WATER

Since we cannot live without water there are various uses of water in our daily life, for example:-

i. Drinking and cooking

ii. Bathing, ablution, washing clothes and utensils, and for other domestic purposes

iii. Agriculture

iv. Industrial process

v. Bathing, cleaning of cattle and for their drinking

vi. Extinguishing fire

1.1.2.
SOURCES OF WATER

The source of water is generally the deciding factor for the nature of collection, treatment and distribution systems.  Common sources of water and their utilization are briefly described below :-

1.1.2a.
 Rainwater 

Rainfall is the primary source of all water found upon earth.  Rainwater harvesting could be considered in areas where rainfall is heavy and of considerable intensity.  From watersheds, constructed for the purpose of catchment areas, rainwater is stored in reservoirs for large supplies.  Depending on the circumstances, the catchment of water on the ground or the run-off from individual roofs is collected.  Rainwater roof catchment is very popular and common in some parts of the world. 


1.1.2b.
Surface water

This water is generally derived from protected or inadequately protected watershed.  In general, surface water is never pure and will always be subjected to some degree of faecal contamination with suspended and colloidal solids :

i. from streams, natural ponds, lakes of sufficient size by continuous draft. 

ii. from streams with adequate flood flows, by intermittent or seasonal draft of clean flood water and their storage adjacent to the streams. 

iii. from streams with low dry weather flow but sufficient annual discharge by continuous draft through storage of necessary flows in excess of daily requirement in its reservoir impounded by dams constructed across the streams.  

Water in surface sources originates partly from rainwater that has flowed over the ground to the receiving bodies of surface water.  Surface run-off is the main contributor of turbidity, industrial and agricultural contamination and organic matter, as well as pathogenic organisms.  Generally water from surface sources should be treated before it is supplied to the community. 


1.1.2c.
 Ground water

This includes all water that percolates into the ground due to porosity of the soil and also through the cracks, crevices and fissures in the rock masses.  These are: -

i. from natural springs

ii. from wells and tube wells

iii. from infiltration wells, radial collector wells, well points and galleries etc. 

For small community water supply systems, ground water has generally been the preferred source, because it is not likely to be contaminated as of surface water. 

However, when ground water is present at a shallow depth, it may be polluted from sources of faecal contamination.  Industrial activities could also contaminate ground water at shallow depth.  Some natural chemical contamination such as arsenic, fluoride etc may cause ground water pollution and impede potability of the same. 


1.2.
CONCEPT OF SAFE WATER

The majority of water supplies require treatment to make them suitable for use in domestic and industrial applications.  Although appearance, taste and odour are useful indicators of the quality of drinking water, suitability in terms of public health is determined by microbiological, physical, chemical and radiological characteristics.  Of these, the most important is microbiological quality.  Also a number of chemical contaminants (both inorganic or organic) are found in water.  These cause health problems in the long run and therefore, detailed analyses are warranted. 

The drinking water thus should be:-

· Free from pathogenic (disease causing) organisms

· Clear (i.e. trace turbidity, no colour)

· Not saline (salty)

· Free from offensive taste or smell

· Free from compounds that may have adverse effects on human health (harmful in the long term)

· Free from chemicals that may cause corrosion of water supply system or stain clothes washed in it. 

Safe water will not cause any injury to the health of the consumer.  As such, safe water must be free from bacteriological and chemical contamination and should be odourless, palatable and good for housekeeping. 

Table - 1:
Pathogens Responsible for Different Diseases

	Pathogens
	Disease

	Virus
	

	Polio 
	Poliomyelitis

	Hepatitis A
	Infective Hepatitis

	Rota virus
	Diarrhoea

	Bacteria
	

	Salmonella typhi
	Typhoid

	Vibrio cholerae
	Cholera

	Campylobacter jejuni
	Diarrhoea / Dysentry

	Yersinia enterocolitica
	Diarrhoea / Dysentry

	Shigella 
	Dysentry

	Protozoa
	

	Entamoeba histolytica
	Amoebiasis

	Giardia lambia
	Giardiasis

	Helminth
	

	Enterobias vermicularis
	Thread worm

	Ascaris lumbricoides
	Round worm



1.2.1.
WATER QUALITY STANDARDS

The quality of drinking water should be such that it must be safe to drink; it should also be acceptable to the community.  In other words, it should be wholesome as well as palatable. 

Wholesome water is free from

a. Disease producing organisms

b. Harmful chemicals like excess fluoride, arsenic and other toxic chemicals

Palatable water is that which is physically acceptable, does not have any bad taste, odour or colour and is clear. 


1.2.2.
ESSENTIAL STANDARDS OF WATER QUALITY

The Indian Standard (BIS – 10500) presents the requirement for the essential and desirable characteristics required to be tested for ascertaining the suitability of water for drinking purpose.  Some of the essential standards are presented in the following table. 

Table 2: Essential physical and chemical standards

	Sl No.
	Characteristics
	Maximum acceptable limit
	Maximum permissible limit in the absence of alternative source

	1.
	Turbidity i.e. measure of clarity (units on NTU scale)
	5
	10

	2.
	pH
	6.5 to 8.5
	6.5 to 8.5

	3.
	Total Hardness as CaCO3 (mg/l)
	300
	600

	4.
	Iron, as Fe (mg/l)
	0.3
	1.0

	5.
	Chlorides, as Cl (mg/l)
	250
	1000

	6.
	Residual Free Chlorine (mg/l)
	0.2
	-

	7.
	Dissolved Solids (mg/l)
	500
	2000

	8.
	Nitrate as NO3 (mg/l)
	45
	45

	9.
	Fluorides, as F (mg/l)
	1.0
	1.5

	10.
	Arsenic, as As (mg/l)
	0.05
	0.05

	11.
	Aluminium as Al (mg/l)
	0.03
	0.2


Table 3: Essential Bacteriological standards

	Sl No.
	Characteristics
	MPN Count / 100 ml

	1.
	Treated water in the distribution system
	Faecal coliform 0

Total coliform not more than 10

TC should not be detectable in two consecutive samples. Total coliform should be 0 in 95% of the samples tested throughout the year

	2.
	Unpiped supplies
	All efforts should be taken to supply drinking water conforming to standard as mentioned in Sl. No. 1.



1.3.
EFFECT OF EXCEEDING PERMISSIBLE LIMITS AND REMEDIAL MEASURES


1.3.1.
Turbidity

Turbidity is a physical property which tell us how clear the water is.  If light is passed through a body of water in which there is no suspended particle, the same light is seen clearly through the water.  In that case we say that the water is of zero turbidity.  It is absolutely clear or crystal clear.  But if there is a very small quantity of suspended matter in the water the light seen through it will appear slightly blurred, then we say that the water is slightly turbid.  If the water contains considerable amount of dirt or suspended particles, the light seen through such body of water will appear very much blurred.  In that case we say that the water is very turbid.  Thus, turbidity tells us the degree of cleanliness of water.  

Turbid water is aesthetically unacceptable. If the water is very turbid, it will be rejected by the community.  If turbidity is above the prescribed limit it can also shield and protect bacteria from the action of disinfecting agents. 

Remedial action

If turbidity is very high one has to opt for an alternative source.  Sometimes defective drilling or inadequate development of tube wells may result in high turbidity.  Therefore, if high turbidity is noticed the primary responsibility of the grassroot level worker is to inform the appropriate authority and motivate such authority to rectify the defects. Conventional water treatment could eliminate turbidity of surface water.


1.3.2.
Chloride

Excessive chloride indicates that it might be derived from natural processes such as the passage of water through natural salt formations in the earth or the intrusion of seawater.  Excessive chloride is almost invariably associated with salinity.  Water with high salinity in excess of 1000 mg/l, is mostly rejected by the community.  The presence of excess chloride is aesthetically unacceptable but it does not have any ill-effect on health. 

Remedial action

The removal of excess chloride from the water from hand pumps and other spot sources is not only very expensive but also rather cumbersome and well beyond the capability of the grass-root level workers.  It would be more prudent to go for alternative sources.  It is the duty of the local functionaries to inform the appropriate authority and motivate them to go for alternative sources.  In unavoidable situations, if the authority has to install chloride removal units, the grassroot level functionaries ought to insist upon the appropriate authority for imparting a special training to them so that they can sensitize the community on their role in the maintenance of such units. 


1.3.3.
Fluoride

Fluoride occurs naturally in water.  There are areas where the soil is rich in fluoride-containing minerals, leading to high fluoride content in the ground water. 

Long term consumption of water containing fluoride above the permissible level can give rise to dental fluorosis, manifested by mottling of teeth.  Higher exposures can give rise to skeletal fluorosis, a crippling disease which affects the bone structure. Non skeletal flurosis may also be caused due to consumption of drinking water containing excess fluoride. Fluoride is also known to cause damage to a variety of soft tissues, organs and systems in the body causing ill health to people. 

Remedial action

If the fluoride content is found to be high, the grassroots level workers should immediately insist upon the appropriate authority to either arrange for an alternative source of water or for a simplistic de-fluoridation unit.   In the meantime, the community should be advised not to use that water for drinking and cooking.  The community can also be advised to mix a pinch of alum and a small quantity of lime in a bucket of water and stir it rapidly for one minute and then stir it very slowly for about 5-10 minutes and then allow the sediments to settle for two hours.  The water at the top would contain far less fluoride than the original one.  The supernatant should be filtered before drinking. Activated alumina as a fixed media can remove excess fluoride by adsoroption. But all such measures are only interim solutions. The authority must take up the real course of action of finding alternative sources of drinking water. 


1.3.4.
Arsenic

Natural arsenic pollution can occur in ground from arseniferous belts in specific geo-morphological conditions, as has been found in some areas of West Bengal. 

The symptoms of chronic arsenic poisoning include various types of lesions, muscular weakness, paralysis of lower limbs etc.  Arsenic is a potential carcinogen and skin, kidney and lung cancer can occur after prolonged exposure. 

Remedial action

The grassroots level functionaries must advise the community not to drink arsenic contaminated water or cook with it.  Other domestic works can be done with this water. 

The best strategy would be to go in for an alternative source.  The workers must insist on the creation of a source of arsenic-free water.   A deep tube well (greater than 100 m) may serve the purpose.  Private hand pump owners must be motivated not to drink the water if it contains 0.05 mg/l of arsenic or more. 

At the same time, the following simplistic home treatment technique can be promoted.  To the arsenical water add 0.5 mg/l of chlorine (2 mg/l of bleaching powder) and 40 to 50 mg/l of alum and stir it rapidly for a minute and then slowly for 5-10 mins.  The arsenic will form a precipitate and settle with 2 hours.  The water at the top, which will be safe from arsenic, can be decanted.  The pitcher filter can also be employed for the removal of any suspended matter. Activated alumina and Ferric Hydroxide can also be used as fixed media for removal of arsenic from drinking water. 


1.3.5.
Iron

Iron in water in excess of 1 mg/l makes it difficult for the villagers to use the water.  Such water stains clothes and utensils during washing and consumes more fuel and time in cooking. 

It does not, however, have any adverse effect on health. 

Remedial action

As a remedial measure the grassroots level workers can ask for an efficient iron removal unit.  But before that, the community must be motivated to share the responsibility of maintenance of the unit. Iron can be removed by long storage (12-24 hrs.) and through filtering.


1.4.
BACTERIOLOGICAL CONTAMINATION

Problems arising out of excess fluoride, arsenic or chloride are area-specific whereas the problem of bacteriological contamination may be ubiquitos.  By bacteriological contamination it is meant that the water has been contaminated with disease producing organisms.  It is extremely difficult to detect the presence of pathogenic organisms in water.  Such water contamination follows the faecal-oral route of transmission.  In other words, infected human excreta somehow contaminates the drinking water and thereby a healthy person gets infected.  Therefore, to assess it, we look for possible contamination by E-coli organisms plentifully available in human intestine.  The presence of E-coli definitely indicates that the water has been contaminated with human excreta. 

So if the stated bacteriological standards are exceeded, one can easily conclude that there is contamination with disease-producing organisms.  Such organisms may cause diseases like typhoid, diarrhoea, dysentry, cholera, jaundice, poliomyelitis etc.  The deleterious effects of poor quality water are shown in the following table. 

Table 4: 
Ill effects of exceeding the permissible limits of essential water quality standards in rural areas

	Sl No.
	Characteristics
	Upper limit of concentration
	Ill effects

	1.
	Turbidity (measure of clarity)
	10 NTU
	Likely to be rejected by the users

	2.
	Arsenic
	0.05 mg/l  as As
	As chronic arsenic poisoning leads to skin lesions, muscular weakness, lower limb paralysis, prolonged intake causes skin and lung cancer

	3.
	Fluoride
	1.5 mg/l as F
	Long term intake above  1.5 mg/l causes dental fluorosis (mottling of teeth) and higher exposure causes skeletal fluorosis when bone structure is affected badly. Non skeletal fluorosis may also be caused.

	4.
	Chloride
	1000 mg/l as Cl
	Chloride above 1000 mg/l makes the water saline and liable to be rejected by the community

	5.
	Nitrate
	100 mg/l as NO3
	May cause Methamoglobanemia in infants (Blue baby disease)

	6.
	a) MPN count of coliform organisms
	10/100 ml
	Bacteriological count above the permissible limits indicates possible contamination with pathogen leading to diseases like typhoid, diarrhoea, dysentry, cholera, jaundice, polio etc

	
	b) E. coli count
	Nil
	


Pictorial Presentation of Diseases caused due to 
use of unsafe water & poor sanitation

PART – II  :
WATER POLLUTION

Water may get polluted in different ways and polluted water should never be used

Water becomes polluted during ‘pre-storage’ due to:

· Humans or animals defecating near the water sources

· Bathing and cleaning

· Washing clothes or utensils

· Release of fertilizer wastes into water


· Discharge of untreated industrial effluents into the rivers and ponds

· Tube well without platform

· Mixing of garbages and other soil-borne wastes with river, canal or pond water as run-off during or after rains


· Concentration of certain mineral salts within the soil becoming exceedingly high

Water becomes polluted during storage if:

· Water is collected in uncleaned utensils

· Dust particles or insect fall onto uncovered water or it is spoiled by animals

· Dirty utensils or hands are dipped in stored water

PART – III : 
SAMPLE COLLECTION, PRESERVATION, TRANSPORTATION AND ANALYSIS


3.1.
SAMPLE COLLECTION

For Physical and Chemical Analysis :- Samples should be collected in  clean polythene / plastic bottles  at least  of one litre capacity. Samples of drinking water should be collected from different sources as per following guideline (
a) Piped Water Supply (  From flowing tap 

b) Tube well / Hand pump ( After running it for few minutes 

c) Open Well / Dug Well / Reservoir  (  From just below the top surface of water 

Samples should be properly labeled and complete data such as date & time of collection, location, purpose of examination, etc. should be provided.

SUGGESTED FORM TO ACCOMPANY WATER SAMPLES






3.1.1.
Frequency of Sampling 

A) Based on Population : 

For every 500 population served by the water source, at least one sample must be tested every month. 

B) Frequency of Testing :

a.  For Bacteriological Examination :

 Tubewell with Hand Pump
:
once in a month

 Open  wells/ Dug wells
:
twice in a month

Piped Water supply 
:
twice in a month & residual chlorine once in week


b.  For Chemical Examination  :


At least twice a year for all types of drinking water sources preferably pre and post monsoon. However, sampling during monsoon can also be recommended. 

3.2.
TESTING AND REPORTING MECHANISM

Water samples would be tested by using the field test kits at the site by the Village Level Water & Sanitation Committee (WATSAN) / Agency responsible for Water Quality Monitoring and Surveillance (WQMS).  This committee will maintain a record of the analysis results and will submit the monthly report to the District level laboratories in a prescribed formats as given in Part - V. 


3.3.
ANALYSIS

Analysis of water samples for chemical and bacteriological test will be carried out by the Field Test Kits. At village level generally the qualitative testing of water samples will be sufficient for assessing the water quality. The Field test kits recommended by Government of India have to be used for this programme.


3.3.1.
Test for Turbidity

Purpose :

Water which appears dirty and unclean on visual examination must be tested for determining its level of turbidity. Insoluble suspended particles originating from soil, silt, clay mineral matters, organic debris, carcass, plankton and 

microscopic organisms are the general cause of turbidity in water. Turbidity of usable water should not exceed 10 NTU (Nephelometric Turbidity Unit).

Requirements :

i. Ampule of standard turbidity of 10 NTU (sealed)

ii. Empty ampule with rubber cork

iii. Sample of water to be tested.

Procedure :

i. Fill the empty ampule upto its neck with water sample

ii. After thorough shaking, compare the turbidity of water sample with the ampule of standard turbidity by holding both the ampules side by side.
Result :

i. If the turbidity of water sample appears to be same or less than the standard 10 NTU, the water is acceptable 

ii. If it appears to be more turbid than the standard 10 NTU, the water is unacceptable.

Reactions :

i. Consumer acceptance decreases if the turbidity is too high

ii. Sudden increase in turbidity is often indicative of bacterial growth.


3.3.2.
Test for pH

pH Value of Water - What does it Mean ?

Different tapes (foot or metre) are used for measuring land, which has definite divisions to facilitate accurate reading. Similarly, pH scale is used for determining the nature of water. As foot or metre are the units for measuring length, pH is the unit for measuring the acidic or alkaline property of water. Pure water has a pH value of 7. Whereas, the pH value ranges from 0-7 and 7-14 in case of acidic or alkaline waters respectively.

Purpose :

The chemical or biochemical reactions of water depends on the pH value of that water. The pH value of water should, therefore, be determined before using. A special kind of paper is available for pH test. The colour of the paper, when dipped in water changes depending on the nature of water.

Requirements :

i. pH paper

ii. pH values and their corresponding colour chart

iii. Polyethelene beaker

iv. Forcep

v. Sample of water to be tested

Procedure :

i. Take some water sample in the beaker

ii. Take a pH paper strip of about two inch long with the forcep and dip the free end into water sample for once. The colour of the pH paper will change in shades of blue colour depending on the pH value of water.

iii. Now compare the shade of blue colour with the pH colour chart for measuring exact value.

Result :

Water is acceptable if the pH value ranges between 6.5 to 8.5

Reactions :

i. Water pipelines get corroded if the pH value is too low, means the water is acidic

ii. A lime -like sedimentation occurs in pipelines carrying alkaline water (pH value too high) which gradually reduces its diameter before choking it completely

iii. pH plays an important role in such water treatment processes as chlorination, coagulation, softening and corrosion control.


3.3.3.
Test for Chloride

Purpose :

Chloride is almost universally present in water. By the term chloride, which remain dissolved in water, we usually mean potassium chloride and sodium chloride (common salt). The presence of little amount of these salts in water does not cause any harm but it definitely affects our health when present in excess. It necessitates the need for the amount of chloride present in water to be determined.

Requirements :

i. Polyethylene beaker

ii. Glass rod

iii. Reagent No. 1

iv. Reagent No. 2

v. Sample of water to be tested

Procedure :

i. Take 10 ml of water sample in the beaker

ii. Add 2 drops of Reagent No. 1 and stir well with glass rod

iii. Colour of the solution will turn yellow

iv. Then add 20 drops of Reagent No. 2 and again stir the solution with glass rod 

v. Note the change in colour

Result :

After adding Reagent No. 2 :

i. If the the colour changes from yellow to brick red, the water is acceptable (Chloride less than 1000 mg/l) 

ii. If the colour remains same as before i.e. yellow, the water is unacceptable. (Chloride more than 1000 mg/l)

Reaction :

If the Chloride content is high in water :

i. The water becomes salty

ii. Consumption of water with high chloride content is bad for health and corrodes water supply pipelines and other tools.


3.3.4.
Test for Iron

Purpose :

Iron content is generally high in water, specially in ground water. Presence of iron in drinking water is usually considered good for health provided it does not crosses the limit. The maximum permissible limit for iron is 1 mg/l of water. This makes this test necessary the iron content in usable water.

Requirements :

i. Nessler tube

ii. Reagent No. 3

iii. Reagent No. 4

iv. Reagent No. 5

v. Sample of water to be tested

vi. Ideal colour chart (for iron)


Procedure :

i. Take 50 ml of water sample in the Nessler tube

ii. Add 20 drops of Reagent No. 3

iii. Then add 2 drops of Reagent No. 4

iv. Now stir the solution after adding 20 drops of Reagent No. 5

v. Keep it for 5 minutes and note the change in colour, which will be reddish pink

vi. Now match the colour of the solution with the ideal colour chart. The corresponding number will indicate the iron content mg/l of water

Result :

If the iron content of water :

i. 1.0 mg per litre, the water is acceptable

ii. Excess of 1 mg per litre, the water is unacceptable

Reaction :

If the iron content is too high :

i. A bad odour develops

ii. Water becomes reddish and turbid, and clothes get rusty stains

iii. Brownish-red scales appear on the walls of storage vessels 

iv. Excess iron content in water promotes growth of iron bacteria


3.3.5.
Test for Nitrate

Purpose :

Presence of small amount of nitrate in drinking water is not unusual. But the present of nitrates in excess is indicative of organic pollution. So it is of utmost importance to detect the amount of nitrate in water.

Requirements :

i. Nessler tube

ii. Reagent No. 6

iii. Reagent No. 7

iv. Ideal colour chart (for nitrate)

v. Sample of water to be tested

Procedure :

i. Take 1 ml of water sample in the Nessler tube

ii. Add 2 drops of Reagent No. 6

iii. Then add 40 drops of Reagent No. 10 very slowly and carefully (avoiding contact with skin).

iv. Shake well and keep it for 7 minutes. The colour of the solution will turn yellow, more darker the shade, there is more concentration of nitrate in water

Result :

If the Nitrate content

i. Does not exceed 45 mg/l, the water is acceptable

ii. Excess of 45 mg/l the water is unacceptable

Reaction :

In case of excess nitrate in water :

i. Infants suffer from blue baby disease (methemoglobinemia)

ii. Miscarriage in oriparous creatures often occur

iii. Death of cattle offsprings (mostly in cows and pigs) may take place.


3.3.6.
Test for Fluoride

Purpose

Fluoride helps build up strong and healthy bones and teeth in children and it prevents dental diseases. So, it is good to drink water containing fluoride. But even it has a limit and the amount should not exceed 1.5 mg/l in any usable water. Therefore, it is essential to test the amount of fluoride present in water before using.

Requirements :

i. Nessler tube

ii. Reagent No. 8

iii. Ideal colour chart (for fluoride)

iv. Sample of water to be tested.

Procedure :

i. Take 50 drops of Reagent No. 8 in the Nessler tube and make up the volume upto 50 ml mark with the water sample to be tested

ii. (Please note a point carefully here. In case of the other tests, the reagents were added in the water sample. In this case, however, the water sample has been added with the reagent. This is a special requirement for this test.)

iii. Stir well and keep it for 30 minutes. Note the change in colour of the solution, if any. The colour of the solution may change from pink to deep yellow

iv. Match the colour of the solution with the ideal colour chart for fluoride, the corresponding number will indicate the amount of fluoride present per litre of water sample.

Result :

If fluoride content in water is found :

i. 1.5 mg/l, the water is acceptable

ii. In excess of 1.5 mg/l, the water is unacceptable

Reaction :

If the fluoride content in water exceeds the limit (i.e. 1.5 mg/l) :

i. Teeth are affected, and higher amount may cause ‘Skeletal fluorosis’

ii. Vomiting, gripe, blood in stool, cramps, nervous disorders, etc. may occur in case of acute toxicities with excess fluoride in water. Liver and heart muscles gradually get destroyed.

If the water does not contain any fluoride :

iii. Dental diseases may develop

Fluoride content in water should be as low as possible.


3.3.7.
Test for Residual Chlorine

Purpose :

Chlorine is not only used as a disinfectant but it is also a strong oxidising agent. The oxidisable substances in the water are absorbed by chlorine. Chlorine in water completes its action within 25-30 minutes. The amount of residual chlorine in usable water should not exceed 0.2-0.5 mg/l.

This test is not necessary in all the cases but only when one water source has been disinfected with bleaching powder.

Requirements :

i. Nessler tube

ii. Ideal colour chart (for residual chlorine)

iii. Reagent No.9

iv. Sample of water to be tested

Procedure :

i. Add 10 drops of Reagent No. 9 (avoiding contact with skin) in the Nessler tube and make up the volume with water samples upto 50 ml. mark.

ii. In this case also the reagent is poured in the tube first and then the sample water is added to it, like purple yellow in test for fluoride. Shake the solution well.

iii. Match the colour of the solution with those in the ideal colour chart within 5 minutes for estimating the residual chlorine in water.

Result :

If the amount of residual chlorine in sample water :

i. Ranges between 0.2-0.5 mg/l, the water is acceptable

ii. Exceeds 0.5 mg/l, the water is unacceptable

Reaction :

An unpleasant taste and odour develops due to an excess amount of residual chlorine in water.


3.3.8.
Test for Arsenic

Purpose :

Ground water sometimes contain arsenic. If the amount of arsenic present in drinking water exceed 0.05 mg/l consumption of such water is extremely dangerous for health. It is, therefore, absolutely necessary to detect the amount of arsenic present in drinking water.

Requirement :

i. Wide mouthed bottle

ii. Fat glass tube with cork

iii. Reaction tube with cork

iv. 3 ml dropper

v. Reagent No. 10

vi. Reagent No. 11

vii. Reagent No. 12

viii. Reagent No. 13

ix. Zinc granules

x. Mercuric bromider paper

xi. Cotton wool

xii. Sample of water to be tested

Procedure :

i. Take some cotton wool and insert it through the wide mouth of the fat glass tube and pour two drops Reagent No. 10 in the cotton wool inside the fat glass tube.

ii. The reaction tube is inserted into the fat glass tube. A rolled piece of Mercuric bromide paper is inserted through the top end of the reaction tube.

iii. Take 20 ml sample water in the wide mouthed bottle. Add 3 ml of Reagent No. 11 with the help of the dropper in the sample water.

iv. Add 1.5 ml of Reagent No.12 with the help of a dropper.

v. Add 5 drops of Reagent No. 13.

vi. Mix the sample after each addition of Reagents and keep it for 15 minutes.

vii. Add 4 or 5 Zinc granules in the sample water. Now fit the fat glass tube along with the reaction tube in the wide mouthed bottle. Shake the entire apparatus lightly and keep in undisturbed for 10 to 15 minutes. Look for any change in colour of the Bromide paper, from white to reddish yellow.

Result :

i. If the colour of the mercuric bromide paper does not change, the water is acceptable.

ii. If the colour changes to reddish yellow, there is presence of Arsenic in water and it is unacceptable.

iii. If it is confirmed by this test that there is arsenic in water, the water sample has to be sent to the nearest laboratory for detailed analysis to identify exact concentration of arsenic in water. Before sending the water sample to the nearest laboratory for detailed testing, the water sample need to be properly preserved by mixing 1 ml of concentrated nitric acid in one litre of water.

Reaction :

If the quantity of arsenic exceeds the permissible limit, prolonged consumption of such water can cause :

i. Cancer of skin, lungs and liver

ii. Loose motions

iii. Impairment in the functions of heart, lungs, reproductive organs and nervous system.

iv. Acute toxicity in the body if the arsenic content is too high.


3.3.9.
Bacteriological Test

Purpose :

Many micro-organisms cause infection / disease through water. So water should be free from disease causing bacteria, virus etc. Water is contaminated if human or animal excreta are released into water. As a result, many diseases are caused such as polio, jaundice, cholera, typhoid, dysentry, diarrhoea or enteric diseases. Therefore, bacteriological test of water is very essential to ensure its safety.

Requirements :

1. Incubator

2. Kerosene lamp

3. Thermometer

4. Kerosene

5. Match box

6. Funnel

7. Screw-capped bottle

8. Bacteriological strips

9. Water sample to be tested.

· Item Nos. 2,4,5 & 6 are not required when electrically operated incubator is used.

Procedure

i. Unscrew the cap and collect 20 ml. of water sample in the bottle.

(For testing the bacteriological quality of tubewell water, a special sterilization process is required. Before collection of water sample, the handpump is to be to operated for at least 10 minutes to pump out the stagnant water inside the tubewell. Some cotton-wool, dipped in spirit, should be lighted near the handpump spout to destroy any germ or bacteria that may be present there. In the same way, the mouth of the screw-capped bottle and the lid also need to be sterilized before collection of sample. After collection of water sample, one label must be fixed on the closed screw-cap ped bottle. This label will mention the village name, bottle number, sample collection date and time.)

ii. Keep on bacteriological strip in the screw-cap bottle below 20 ml mark by forcep.

iii. Keep the bottle inside the kerosene incubator after replacing the cap properly.

How to use kerosene incubator :

iv. Keep the incubator on stand

v. Insert the thermometer (centigrade) through the hole in the lid

vi. Pour water with the help of a funnel through the hole at the top of the incubator until water comes out through the side  hole.

vii. Light the kerosene lamp below the incubator. Gradually increase the flame till the temperature in the thermometer reaches about 30( to 40( centigrade. Do not increase the flame any more.

viii. Incubate the glass bottle in this temperature for a period of 10 to 18 hours.

Operational instructions for electric incubator :

i. In case of electric incubator, instead of kerosene lamp, connect the cord to the mains (220v AC)

ii. Keep the knob of the thermostat at dial mark 10. Observe the rise of temperature within 37(C to 38(C and set the knob accordingly

iii. Incubate the glass bottles with samples to be tested in the incubator at 37(C for 10-18 hours.

Results

After taking out the bottles from incubator :

i. If the colour of the water in the bottle does not changes, water is safe / acceptable.

Precaution

If the water in a screw-cap bottle turns black, there is harmful bacteria in water and it is unacceptable. The water source is to be chlorinated using fresh Bleaching powder, procedure has been described later in this manual. The contact time for chlorine to destroy the harmful bacterias is 25 to 30 minutes. After this period, Residual chlorine test to be carried out to assess 0.5 mg/l chlorine content.

The screw-cap bottle need to be thoroughly washed and boiled preferably in a pressure cooker, for at least 10 minutes before reuse.

CHEMICAL COMPOSITION OF REAGENTS


A.
Reagents for Chloride Test


R. No.
1
-
5% w/v Potassium Chromate solution in distilled water (Chloride free).



2
-
47.91 g Silver Nitrate dissolved in 1000 ml Chloride free distilled water and solution standardised against Sodium Chloride solution.


B.
Reagents for Iron Test


R. No.
3
-
40% w/v Citric acid solution



4
-
Thioglycolic acid (Reagent grade)



5
-
Ammonia solution containing 20% w/w NH3.


C.
Reagents for Nitrate Test


R. No.
6
-
5 g Brucine dissolved in 90 ml Glacial Acetic acid and 10 ml distilled water.



7
-
Sulphuric acid concentrated, Nitrogen free.


D.
Reagents for Fluoride Test


R. No.
8
-
0.3 g Ziconium Oxychloride and 0.07 g Alizarins dissolved separately in distilled water and mixed and diluted to 1000 ml with mixed acid solution (112 ml HCl in 500 ml distilled water and 37 ml Sulphuric acid in 500 ml distilled water).


E.
Reagents for Residual Chlorine Test


R. No.
9
-
Ortho-Toluidine Solution (  1.35 gms of Ortho-Toluidine dihydrochloride in 500 ml distilled water. Add this solution with constant stirring to a mixture of 350 ml of distilled water and 150 ml Conc. HCl.


F.
Reagents for Arsenic Test


R. No.
10
-
Lead Acetate ( 10 gm Lead Acetate of AR/GR/EXCELAR grade Pb (C2H3O2)2.3H2O in 100 ml distilled water.



11
-
Conc. Hydrochloric Acid (HCl)  ( AR/GR/EXCELAR grade



12
-
Potassium Iodide Solution ( 15 gms of AR/GR/EXCELAR grade Potassium Iodide (KI) in 100 ml distilled water and store it in dark coloured  bottle.



13
-
Stannous Chloride Solution (  40 gms of Arsenic free Stannous Chloride (SnCl2.2H2O) of AR/GR/EXCELAR grade in 100 ml Conc. HCl and warm.

PART – IV : 
PREVENTIVE MEASURES


4.1.
PROTECTION OF WATER SOURCES 


4.1.1.
Open wells / Dug wells

These get contaminated by:


(
Dust and debris blown into wells by wind, bird droppings.


(
Percolation of polluted surface water or waste water generated around the well, where parapet does not exist or is defective.


(
Subsurface pollution due to seepage of contaminated water through defective and inadequate lining.


(
Use of dirty & unclean buckets and ropes to draw water.

Following precautions could be taken at the time of construction and operation and maintenance for effective control of contamination in open wells.


(
At least 1 metre wide masonry apron should be constructed around the well to prevent accumulation of dirty water just around the well and its percolation.


(
A smooth drainage channel should be constructed at least upto 2 metres from the well to prevent stagnation of water around the well as well as seepage into the well.

· The wall lining should be properly constructed to prevent seepage of waste water into the well.

· Adequate parapet (not less than 1 metre height) around the well should be provided to prevent contaminated surface water entering the well.  Parapet wall should be leak proof. 

· It is desirable to cover the well with a concrete slab.  In case it is not possible a net (like mosquito net) cover must be used to prevent entry of debris and other large sized materials. 

· A hand pump can be installed to prevent the use of bucket and rope for lifting of water from the well. 

· Washing platforms, cattle troughs and facilities for other water related activities can be constructed away from the well platform to allow for such activities and yet keep the well safe from pollution. 

· In case the well remains uncovered, it can be cleaned and de-silted in dry seasons and disinfected regularly by chlorination, about once a month.  


4.1.2.
Tube wells

Chances of pollution of tube well water are less compared to open well because :


(
Water from rainfall is filtered by the soil removing most physical contaminants.


(
Anaerobic conditions in the soil minimise the levels of bacteriological contamination.


(
Ground water from a tube well is not easily open to surface sources of pollution.

However, tube wells can be polluted by:


(
Pump and tube well assemblies bringing in contamination and the well not being disinfected after installation or repairs of the pumping equipment.


(
Percolation of contaminated surface water through the tube well annular space (between the casing and the bore wall) which is not properly grouted or sealed.


(
Percolation of contaminated subsurface water through the tube well annular space or directly into ground water, e.g. due to a latrine pit located too close to a tube well.

Prevention and control of pollution in tube wells:

Sinking of a tubewell

The well site should not be located in depressions to avoid stagnation of waste water and rainwater and making access to pump difficult or inconvenient.

The annular space between casing should be sealed by gravel packing, bentonite or cement grout to a depth of 6m and the casing pipe should be set into the bed rock (for rocky areas). For alluvial areas, sanitary sealing either by gravel packing or by bentonite or cement grout to a depth of 6 m. is adequate.


4.1.3.
Hand pump 


(
Concrete platform including drain need to be constructed to ensure discharge of waste water about 10 metres away from the hand pump.


(
Diameter of tube well platform should not be less than 185 cm.


(
Properly sloped (1:2) masonry apron should be constructed around the well to prevent accumulation and percolation of dirty water just around the well.


(
A smooth drainage channel should be constructed from the well to prevent stagnation of water around the well as well as seepage into the well.


(
At least 3 m long Leadway drain to soak pit must be provided.



(
The diameter of soak pit may be at least 100 cm.


(
Wastewater from a hand pump site can be discharged to kitchen garden also. 

Protection of surrounding of the hand pump 

Defecation near the well site and indiscriminately anywhere in the village should be stopped by common agreement and enforcement by social pressure.

Compost and garbage pits should not be allowed within at least 10 metres radius of the tube well. Garbage and compost pits should be established in the village away from the water source and their use should be encouraged rather than random waste disposal.

Laundry, bathing, watering and washing of animals should be done at least 10 metres away from the tube well. This will minimise the quantity of waste water to be disposed off from around the immediate vicinity of the pump.


4.1.4.
Development of  Sub-Surface Sources 

The Sub-Surface sources include springs, wells and galleries. The wells may be shallow or deep. Shallow wells may be of the dug well type, sunk or built, of the bored type or of the driven type. They are of utility in abstracting limited quantity of water from shallow pervious layers, overlying the first impermeable layer. 

Deep wells are wells taken into pervious layers below the first impermeable stratum. They can be of the sunk well type or the bored or drilled type. They are of utility in abstracting comparatively larger supplies from different pervious layers below the first impervious layer. Because of the longer travel of ground water to reach pervious layers below the top impermeable layers, deep wells yield a safe supply than shallow wells.


4.1.5.
Surface Sources 

Surface sources should be protected from access of man and animals by fencing the area. Disposal of garbage and excreta should be strictly prohibited around these sources. 


4.2.
DISINFECTION 

In order to disinfect different water sources chlorination is generally adhered to. In rural areas, bleaching powder is used for chlorination. Usually, available chlorine in bleaching powder during field use is considered as 25%. However, it is essential to ascertain chlorine demand of water sources before disinfection. Chlorine demand is determined with the help of modified Horrock’s apparatus and Chlorine Comparator.

Modified Horrock’s apparators consists of five metal tumblers of 500 ml capacity and one specialised small spoon that can hold 1 gm of Amorphous or powdered substance or 1 ml of liquid approximately. 

Firstly, 1 spoon of bleaching powder is taken in one of the five tumblers and little water is added to make a paste. Water intended to be disinfected must be taken for making the paste. Then the tumbler containing the paste should be filled up with water to be disinfected upto the 500 ml mark and stirred well. The solution of bleaching powder, thus, prepared should be kept undisturbed at least for 30 minutes. The strength of bleaching powder in the solution is therefore 1 gm in 500 ml or 2 gms per litre or 2 mg per ml. The tumbler should be marked ‘S’ to indicate the stock solution of bleaching powder. 

Thereafter, 4 other tumblers are taken and marked 1, 2, 3 & 4.  One spoon of stock solution is taken in tumbler 1; two spoons in tumbler 2, three spoons in tumbler 3 and four spoons in tumbler 4 respectively. All the tumblers are then filled with the water to be disinfected up to 500 ml mark and are kept at rest for 30 minutes. Strength of bleaching powder in tumbler one will be 1 ml in 500 ml or 2 ml/l or 4 mg/l. Similarly, strength of bleaching powder in tumbler two will be 8 mg/l, in tumbler three will be 12 mg/l and in tumbler four will be 16 mg/l. After 30 minutes, residual chlorine is determined in each tumbler solutions. The tumbler solutions which shows residual chlorine between 0.2 to 0.4 mg/l is the dosage of bleaching powder of the water source intended to be disinfected. 

If the tumblers marked 1, 2, 3 & 4 do not show residual chlorine between 0.2 to 0.4 mg/l, the process should be repeated by taking 5 spoons, 6 spoons, 7 spoons, 8 spoons and so on of the stock solution till the sample shows the desired level of residual chlorine. (0.2 - 0.4 mg/l).


4.2.1.
Open Well / Dug Well 

It has been observed that addition of 4 mg of bleaching powder for every litre of dug well water very effectively destroys the micro-organisms in water and the residual chlorine remains in the range of 0.2-0.5 mg/l. 

Working process:

The quantity of water can be measured on the basis of the formula given below.

By assessing the depth and diameter of the well and thereafter by following the chart, the quantity of bleaching powder needed can be determined. The diameter and the height of the well has to be measured by meter. If the measurement is done in feet then it has to be converted to meter by multiplying the feet by 0.304.

Volume of Water =  EQ \F(3.14 x diameter2 x height,4) x 1000 litre 
Example : If the depth of water is 4 m. diameter is 2 meter then the volume of water in the dug well is 


=  EQ \F(3.14 x 2 x 2 x 4 x 1000,4) = 12560 litre
Therefore 12560 x 4 mg of bleaching powder or 50.28 gm of bleaching powder will be needed.

The chlorine in bleaching powder is unstable. Therefore, it should be kept with care in cool and dry place. The available chlorine in bleaching powder should always be 25% i.e. 4 mg/l bleaching powder should be used for disinfection.

Necessary things required:


a) 
Bucket


b) 
Bleaching Powder


c) 
Glass Rod

Process of adding bleaching powder:

After the required quantity of bleaching powder is determined, it should be taken in a bucket. Then with a little water and with the help of a glassrod it should be made into a paste. After this, water from the dugwell should be poured into the bucket. It should be allowed to settle for some time. After the lime is settled at the bottom the water from above is poured into another bucket. This bucket of water then poured into the dugwell. Then the water of the dugwell is stirred well, so that chlorine mixes well with the dugwell water. After a period of 30 minutes the residual chlorine of the dugwell is assessed and then used for drinking purpose.

Other methods of disinfection :

Pot Chlorination :

Single Pot System

An earthen pot or a plastic container of 7 - 10 litres capacity with 6 - 8 mm dia. holes at the bottom is half filled with gravels of 20 to 40 mm size. Bleaching powder and sand (1:2 proportion) is placed on top of the gravels and the pot is further filled with gravels up to the neck. The pot is then lowered into the well with its mouth open.

For a well from which water is taken at a rate of 1000 - 1200 litres/day, a pot containing about 1.5 kg. of bleaching powder could provide adequate chlorination for about 1 week. (figure I)

Double Pot System :

When a single pot system is used in a small household well, it may be found to give too high a chlorine content to the water (over chlorination - very effective after flood). In such situations, a unit consisting of two cylindrical pots one inside the other has been found to work well.  The inner pot is filled with moistened mixture of 1 kg. of bleaching powder with 2 kg. of coarse sand to a little below the level of the hole and is then placed inside the outer pot. This unit is lowered into the well with the help of a rope. It has been found by a study conducted by AIIH&PH that such a unit could work effectively for 2 - 3 weeks in household wells from which water is withdrawn at a rate of 400 - 500 litres/day. (figure II)

Drop Chlorination :

Main requirements of this arrangement are a plastic container of              3 - 4 litre capacity with a 6 - 8 mm brass tap, 1 kg. of bleaching powder and a fine strainer .

Bleaching powder would be mixed with water in a separate container and then the solution would be filtered into the plastic container by the strainer. The container would then be placed in a nylon net and lowered by a rope inside the well at ground level. Drop adjustment from the container in the well would be made by the tap/stopper by 

calculating the quantity of average daily water drawn from the well. It has been found that for a well from which water is taken at a rate of 1000 litres/day, this unit could provide adequate chlorination for about 1 week. (figure III)

This system had been field tested in villages of Kerala by AIIH&PH and had been found to give satisfactory results in maintaining residual chlorine in dugwells.

Rain Water Roof Catchment

For rain water roof catchment systems, a list of maintenance procedures specific to such systems their periodicity, needs etc. are  given below for illustrative purposes :

  Operation and Maintenance of Rainwater Roof Catchment Systems:

	Maintenance Procedure
	Who will do it
	Materials Needed
	Cost
	How Often
	Results of Poor Maintenance

	Removing dirt and debris from the roof
	User/owner
	Broom and pail
	Negligible
	Once in three months
	-
water becomes dirty and contaminated

-
choke gutters

	Clean gutters
	User/owner
	None
	None
	Once in three months and as needed
	-
water spills on ground

-
dirt/ bacteria enter tank

	Repair gutters & pipes
	User/owner
	Gutter material, tools, waterproofing materials
	Low
	Annually and as needed
	-
loss of water

	Drain first flush trap
	User/owner
	None
	None
	After each rain
	-
lower water quality

-
growth of bacteria

	Repair tap
	User/owner or technician
	Washers, tools
	Low
	As needed
	-
loss of water in tank

	Clean tank (beware of gases in tank)
	User/owner & helper
	Water, cleaning materials
	Low
	Annually - less often in very dust-free regions
	-
bacteria build-up in tank

-
dirt buildup

-
increased wear on tap

	Repair inlet and overflow screening
	User/owner
	Screening 
	Low
	As needed

Do annually
	-
animals enter tank, die

-
contaminate water 

-
insects (mosquitos, etc.)


breed in water

	Repair leaks and cracks in tank
	User/owner inspects, technician does repairs
	Reinforcing materials, cement, tools, non-organic waterproofing material
	Moderate
	Do regular check, especially when tank is filling. Annual check by local official
	-
loss of water in tank

-
collapse of tank

	Check top is secure
	User/owner
	None
	None
	Regularly
	-
light enters, algae and bacteria grow 

-
deterioration of  water quality

-
animals, insects enter water and contaminate it


Dose of Bleaching Powder for Disinfection of 

Different Size of Dug Wells ( A Ready Reckoner

	Diameter of the Dugwell (ft/metre)
	Depth of Water (ft/metre)
	Volume of Water (litre)
	Amount of Bleaching Powder* (gram)

	3 ft. (0.9 m)
	1 ft.  (0.3 m)
	190.7
	0.7

	
	2 ft. (0.6 m)
	381.4
	1.5

	
	3 ft. (0.9 m)
	572.2
	2.2

	
	4 ft. (1.2 m)
	762.9
	3.0

	
	5 ft. (1.5 m)
	956.7
	3.8

	
	6 ft. (1.8 m)
	1144.4
	4.5

	
	7 ft. (2.1 m)
	1335.1
	5.3

	
	8 ft. (2.4 m)
	1525.9
	6.1

	
	9 ft. (2.7 m)
	1716.6
	6.8

	
	10 ft. (3.0 m)
	1907.4
	7.6

	
	15 ft. (4.5 m)
	2861.1
	11.4

	
	20 ft. (6.0 m)
	3814.8
	15.2

	
	25 ft. (7.6 m)
	4832.0
	19.3

	
	30 ft. (9.1 m)
	5785.7
	23.1

	
	35 ft. (10.6 m)
	6739.4
	26.9

	
	40 ft. (12.1 m)
	7693.1
	30.7

	
	45 ft. (13.7 m)
	8711.1
	34.8

	
	50 ft. (15.2 m)
	9664.1
	38.6

	3.6 ft. (1 m)
	1 ft. (0.3 m)
	235.5
	0.9

	
	2 ft. (0.6 m)
	471.0
	1.8

	
	3 ft. (0.9 m)
	706.5
	2.9

	
	4 ft. (1.2 m)
	9442.0
	3.7

	
	5 ft. (1.5 m)
	1177.5
	4.7

	
	6 ft. (1.8 m)
	1413.0
	5.6

	
	7 ft. (2.1 m)
	1648.5
	6.5

	
	8 ft. (2.4 m)
	1884.0
	7.5

	
	9 ft. (2.7 m)
	2119.6
	8.4

	
	10 ft. (3.0 m)
	2355.0
	9.4

	
	15 ft. (4.5 m)
	3532.5
	14.1

	
	20 ft. (6.0 m)
	4710.0
	18.8

	
	25 ft. (7.6 m)
	5966.0
	23.8

	
	30 ft. (9.1 m)
	7183.5
	28.5

	
	35 ft. (10.6 m)
	8321.0
	33.2

	
	40 ft. (12.1 m)
	9498.5
	37.9

	
	45 ft. (13.7 m)
	10754.5
	43.0

	
	50 ft. (15.2 m)
	11932.0
	47.7

	4 ft. (1.2 m)
	1 ft. (0.3 m )
	339.1
	1.3

	
	2 ft. (0.6 m)
	678.2
	2.7

	
	3 ft. (0.9 m)
	1017.3
	4.0

	
	4 ft. (1.2 m)
	1356.4
	5.4

	
	5 ft. (1.5 m)
	1695.6
	6.7

	
	6 ft. (1.8 m)
	1808.6
	7.2

	
	7 ft. (2.1 m)
	2373.8
	9.4

	
	8 ft. (2.4 m)
	2712.9
	10.8

	
	9 ft. (2.7 m)
	3052.0
	12.2

	
	10 ft. (3.0 m)
	3351.2
	13.5

	
	15 ft. (4.5 m)
	5086.8
	20.3

	
	20 ft. (6.0 m)
	6782.4
	27.1

	
	25 ft. (7.6 m)
	8551.0
	34.3

	
	30 ft. (9.1 m)
	10286.6
	41.1

	
	35 ft. (10.6 m)
	11982.2
	47.9

	
	40 ft. (12.1 m)
	13677.8
	54.7

	
	45 ft. (13.7 m)
	15486.4
	61.9

	
	50 ft. (15.2 m)
	17182.0
	68.7


* @4 mg/l of Bleaching Powder (B.P.) or 1 mg/l  of Chlorine


4.2.2
Tube Well & Hand Pump

The tube well as well as hand pump may get contaminated due to entry of polluted water through the annular spaces around the tube well, entry of contaminated water during flood, local priming with contaminated water etc. Hence, tube well and hand pump need to be disinfected regularly once or twice a year. 

Process of disinfection of tubewell water

Working Process :

Before the installation of the pump, the tubewell should be disinfected. Moreover, during repair also disinfection is necessary. With the help of the formula given below determine the quantity of water and bleaching powder. In case of tubewell 200 mg/l of bleaching powder is added. After 30 minutes water should be pumped and allowed to flow out for some time.

Volume of Water =  EQ \F(3.14 x diameter2 x height,4) x 1000 litre 
Necessary articles required :


a) 
Bucket


b) 
Bleaching powder


c) 
Glass rod

Process of Adding Bleaching Powder:

After determining the required amount of bleaching powder to be added it is taken in a bucket. Then with the help of the glass rod and a little water a paste is made. Then water is added and the powder is mixed. This mixture of water is poured into another bucket. Now one part of the water is poured into the tubewell and in the remaining part the different parts of the tubewell immersed, after 30 minutes water is pumped and the water allowed to flow away for some time before using it.

Dose of Bleaching Powder for Disinfection of Tubewells

( A Ready Reckoner

	Depth of Water
	India Mark-II
	India Mark - III
	Tara Pump

	Metre
	Volume of Water
	Amount of Bleaching Powder
	Volume of 

Water
	Amount of Bleaching Powder
	Volume of Water
	Amount of Bleaching Powder

	Metre 
	Litre
	Gram
	Litre
	Gram
	Litre
	Gram

	1
	25
	5
	51
	11
	39
	8

	2
	50
	10
	102
	20
	78
	16

	3
	75
	15
	153
	31
	117
	23

	4
	100
	20
	204
	41
	156
	31

	5
	125
	25
	255
	51
	195
	39

	6
	150
	30
	306
	61
	234
	47

	7
	175
	35
	357
	72
	273
	55

	8
	200
	40
	408
	82
	312
	62

	9
	225
	45
	459
	92
	351
	70

	10
	250
	50
	510
	102
	390
	78

	15
	375
	75
	765
	953
	585
	117

	20
	500
	100
	1020
	204
	780
	156

	25
	625
	125
	1275
	255
	975
	195

	30
	750
	150
	1530
	306
	1170
	234

	35
	875
	175
	1785
	357
	1365
	273

	40
	1000
	200
	2040
	416
	1560
	312

	45
	1125
	225
	2215
	459
	1755
	351

	50
	1250
	250
	2550
	510
	1950
	390



4.2.3.
Surface Sources

Disinfection of all the surface water sources such as ground level reservoirs, clear water reservoirs, service reservoirs, community tank, etc. should be regularly done.  Approximately 4.0 gms (approx. 1/4 tea spoon) of bleaching powder is sufficient to disinfect 1000 lit. of water. 


4.2.4.
Sanitary Survey

Sanitary survey should be carried out once in a year of all the drinking water sources available for drinking purpose. Formats for sanitary survey of different drinking water sources have been given in Annex – I to VII

POLLUTION AND HEALTH PROBLEMS RELATED TO THE USE OF SIMPLE, APPROPRIATE AND LOW-COST TECHNOLOGIES IN WATER SUPPLY AND THEIR REMEDIAL MEASURES

	System component
	Likely nature of pollution or health problem


	Precautions / remedial measures

	Rainwater collection from roofs and ground surfaces followed by storage in tanks and or reservoirs
	Wash down of dirt, bird droppings, etc from roof and ground surfaces
	Provide bypass arrangements for the initial run-off of the season

	
	
	Educate householders

	
	Contamination of stored water
	Provide cover on storage tank

	
	
	Provide taps for tanks above ground and hand pumps for underground tanks

	
	
	Provide cleaning/emptying arrangements

	
	
	Avoid the use of bituminous paints on the inside surface of tanks

	
	
	Teach people not to dip buckets or hands in stored water, and not to use unclean utensils at home

	
	
	Provide slow sand filters 

	
	Mosquito nuisance
	Provide drainage around tank and netting on any overflow pipe (Aedes mosquito is known to breed even in covered tanks)

	
	Use of other water sources of unsafe quality to supplement meagre rainwater supplies
	Based on hydrological data, provide adequate capacity of rainwater collection systems

	
	
	Educate householders

	Shallow or deep wells with hand pumps
	Entry of pollution from nearby pollution sources through sub-strata
	Generally, wells should be lined and located at least 10 m away from and upstream of pollution sources

	
	
	Tap the water from deeper and more favourable water aquifers

	
	
	Adopt precautions in the construction of latrines (provide a thicker unsaturated zone, use impervious materials on pit bottom, etc)

	
	
	Need to raise latrine platform if water table high.

	
	Pollution from surface run-offs
	Proper drainage and protection from surface run-offs.  Construction of water tight platforms and well casings          (3m deep)


	System component
	Likely nature of pollution or health problem
	Precautions / remedial measures

	Shallow or deep wells with hand pumps
	Entry of contaminants (e.g. dirt) as a result of handling water
	Provision of tight lid/cover.  Handling by rope and bucket should be rendered impossible.

	
	
	Provision of hand pumps (self-priming or with pump cylinder under water).  Avoiding use of contaminated water for pump priming.

	
	Contamination of water during collection, transport and storage
	Health education of community.

	
	
	Clean container and utensils (provide tap on water storage basins)

	
	
	Practice of personal hygiene

	
	
	Disinfection in the home

	
	Poor drainage and resulting mosquito nuisance
	Provide an impervious platform around well and proper drainage to carry away spillage and clothes washing water

	
	Use of unsafe water supplies available more conveniently in the vicinity
	Ensure depth of well is adequate to provide water throughout the year

	
	
	Provide adequate number of wells and at convenient locations (according to accepted norms in the area)

	
	
	Check for taste and odour problems in wells

	
	
	Educate the community

	Water supply from surface water sources generally unprotected (village ponds, water holes, rivers etc)
	Contamination from surface run-off and through improper handling
	Select point of collection in the river (to be as distant as possible and upstream of sources of pollution)

	
	
	Collection container to be cleaned and protected during transport

	
	
	Simple water treatment may be essential (sand filtration and/or chlorination on individual or community basis)


	System component
	Likely nature of pollution or health problem
	Precautions / remedial measures

	
	
	Train community leaders in periodic surveillance of water source through sanitary inspection

	
	
	Remove any sources of pollution located within the catchment area

	
	
	Educate the community

	Spring water sources
	Contamination of spring sources by surface run-offs
	Spring outlet to be located and encased by concrete spring box

	
	
	Diversion channel around spring site to be provided

	
	Entry of contaminants and insects
	All openings (overflow pipe etc) in the spring box should be provided with netting

	Water supplies from public taps (stand posts)
	Improper design and installation of pipelines and standposts, leading to short supply, overcrowding and contamination and possible use of unsafe water supplies available more conveniently in the vicinity
	Ensure water tightness to prevent leakage/wastage and possible entry of polluted ground water during non-supply hours

	
	
	Provide an adequate size of pipeline and intermediate storage, and a sufficient number of conveniently located taps (according to accepted norms in the area) to serve community throughout the year

	
	Contamination of water during collection, transport and storage
	Health education, promotion of personal hygiene

	
	
	Use of clean containers and utensils

	
	
	Disinfection of drinking water stored in the home

	
	Poor drainage and resulting mosquito menace
	Provide impervious platform around standposts and proper drainage to carry away spillage and clothes-washing water


PART – V : 
DATA COLLECTION AND REPORTING

Village Level Water and Sanitation Committee or any authorised agency will submit the monthly report to Block Level Committee in the prescribed formats 1 to 4. The role and responsibilities of various agencies are shown as under :




FORMAT NO. – 1 : 
SAMPLING AND ANALYSIS REPORTING FORMAT

Serial no ………………………………………………………………....

Village   …………………………………………………………………..

District   ………………………………………………………………….

Block     ………………………………………………………………….

Location …………………………………………………………………


Sample bottle no ………………………………………………….…...

Type of source (DW/TW/PWSS/STC/RWHS/Others) …………………………………..….

Screw-capped bottle no     …………………………………..……….

Date and time of collection …………………………………………...

	Test
	Results (acceptable/unacceptable)

	Physical

· Turbidity
	

	Chemical

· pH

· Hardness

· Chloride

· Iron

· Nitrate

· Fluoride

· Arsenic 

· Residual chlorine
	

	Bacteriological test

· Presence of undesirable bacteria
	

	Indicate:   

If acceptable

If unacceptable
	Name of examiner:

Designation:

Signature & date:


FORMAT NO. – 2 : 
MONTHLY STATEMENT OF WATER QUALITY ASSESSMENT

Serial no ……………………………………………………………………..

Location ……………………………………………………………………..

Village  ………………………………………………………………………

Gram panchayat ……………………………………………………………..

Block ………………………………………………………………………..

District ………………………………………………………………………

	Tests
	Results

	
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec

	Physical

	· Turbidity
	
	
	
	
	
	
	
	
	
	
	
	

	

	Chemical

	· pH
	
	
	
	
	
	
	
	
	
	
	
	

	· Hardness
	
	
	
	
	
	
	
	
	
	
	
	

	· Chloride
	
	
	
	
	
	
	
	
	
	
	
	

	· Iron
	
	
	
	
	
	
	
	
	
	
	
	

	· Nitrate
	
	
	
	
	
	
	
	
	
	
	
	

	· Fluoride
	
	
	
	
	
	
	
	
	
	
	
	

	· Residual chlorine
	
	
	
	
	
	
	
	
	
	
	
	

	· Arsenic
	
	
	
	
	
	
	
	
	
	
	
	

	

	Bacteriological
	
	
	
	
	
	
	
	
	
	
	
	


	Indicate:   

If acceptable

If unacceptable


	Name of examiner:

Designation:

Signature & date:


FORMAT NO. – 3 : 
QUARTERLY REPORT ON 

COMMUNITY BASED WATER QUALITY SURVEILLANCE

Note: Water quality testing for all drinking water sources should be carried out at least four times a year, i. e. on quarterly basis. Especially water quality monitoring is very essential before and after the monsoon period. 

Period ……………………………………………….      Report for

Location …………………………………………….      Year …………

                                                                                   From …. to ….       

Name of the village ……………………………….

Gram panchayat …………………………………..

Block/district ……………………………………….

Name of the examiner ……………………………

Number of families benefited by the programme …………………………

	
	Public sources
	Pvt. Sources

	
	Stand posts
	Tube wells
	Dug wells
	Tube wells
	Dug wells
	Remarks

	No. existing
	
	
	
	
	
	

	No. examined
	
	
	
	
	
	

	No. disinfected
	
	
	
	
	
	


Total no of reported cases of water borne diseases …………………….

Total no of deaths …………………………………………………………..

Bank account number ………………………………………………………

Details of expenditure ………………………………………………………

	Total community contribution
	Expenditure
	Balance in

	
	For reagent
	For B.P.
	Total repairing charges
	

	
	
	
	
	


Date ………………………………

Name of supervisor …………………………………

Signature ……………………………………………

Signature of examiner

FORMAT - 4

MONTHLY REQUIREMENTS FOR CONDUCTING WATER              QUALITY TESTS

Serial no. ………………………………………………………………….

Village    ……………………….………………………………………….

District    …………………………………..…………………………………………

Block      ……………………………………..……………………………

	Non-consumables


	Consumables

	1. Polyethylene beaker          
	1. pH paper with colour chart

	2. Forcep
	2. Reagent no. 1

	3. Glass rod
	3. Reagent no. 2

	4. Nessler tube
	4. Reagent no. 3

	5. Ideal colour chart (iron)
	5. Reagent no. 4

	6. Ideal colour chart (nitrate)
	6. Reagent no. 5

	7. Ideal colour chart (fluoride)
	7. Reagent no. 6

	8. Ideal colour chart 

    (residual chlorine)
	8. Reagent no. 7

	9. Ampule of standard turbidity 

    of 10 NTU
	9. Reagent no. 8 

	10. Ampule fitted with rubber cork
	10. Reagent no. 9

	11. Screw-capped bottle
	11. Reagent no. 10

	12. Thermometer
	12. Reagent no. 11

	13. Incubator (kerosene

      /electrically operated)
	13. Reagent no. 12

	14. Wide mouthed bottle
	14. Reagent no. 13

	15. Fat glass tube with cork
	15. Zinc

	16. Reaction tube with cork
	16. Cotton wool

	17. Kerosene lamp
	17. Kerosene

	18. 3 ml dropper
	18. Mercuric bromide paper

	19. Funnel
	19. Bacteriological strip


Note:

· Tick the appropriate boxes beside each item to indicate your requirement

· Cross appropriate boxes to indicate your non-requirement

Name of examiner …………………………………………….

Designation ……………………………………………………

Signature & date ………………………………………………


Annexure

ANNEXURE

Indian Standard (IS 10500 : 1991)

DRIKING WATER ( SPECIFICATION

(First Revision)


1.
Scope :




The standard precribes the requirements for the essential and desirable characteristics required to be tested for ascertaining the suitability of water for drinking purpose.


2.
References :




The Indian Standard listed Annex A are necessary adjuncts to this standard.

3. Characteristics :




3.1.
The test characteristics are given in Table 1.


3.2.
Bacteriological Examination



3.2.1. Water in Distribution System


Ideally, all samples taken from the distribution system including consumers’ premises, should be free from coliform organisms. In practice, this is not always attainable,a and the following standard for water collected in the distribution system is therefore recommended when tested in accordance with IS 1622 : 1981.


a) Throughout any year, 95% of samples should not contain any coliform organisms in 100 ml.

b) No sample should contain E. coli in 100 ml.


c) No sample should contain more than 10 coliform organisms per 100 ml; and 

d) Coliform organisms should not be detectable in 100 ml of any two consecutive samples.

3.2.1.1. If any coliform organisms are found the minimum action required is immediate resampling. The repeated finding of 1 to 10 coliform organisms is 100 ml or the appearance of higher numbers in individual samples suggests that undesirable material is gaining access to the water and measures should at once be taken to discover and remove the source of the pollution. 

3.2.2.  Unpiped Water Supplies 

Where it is impracticable to supply water to consumers through a piped distribution network and where untreated sources, such as wells, boreholes and springs which may not be naturally pure, have to be used, the requirements for piped supplies may not be attainable. In such circumstances, disinfection although desirable is not always practicable, and considerable reliance has to be placed on sanitary inspection and not exclusively on the results of bacteriological examination. Everything possible should be done to prevent pollution of the water. Obvious sources of contamination should be removed from the immediate catchment area, special attention being given to the safe disposal of excrement. Wells and storage tanks should be protected by lining and covering, surface drainage should be diverted, erosion prevented and the surrounding area paved. Access of man and animals should be restricted by fencing, and should be so designed that fouling is prevented when drawing water. Although not supplied through pipes, water from such sources is likely to undergo further deterioration in quality during transport or storage before drinking. Containers used for water should be kept clean, covered and clear of the floor. The most important factor in achieving these objectives is to ensure the cooperation of the local community, and the importance of education in simple sanitary hygiene should be strongly stressed. In hospitals or medical clinics with such supplies, the value of some form of treatment is stressed. 

3.2.2.1. Bacteriologically, the objective should be to reduce the coliform count to less than 10 per 100 ml, but more importantly, to ensure the absence of faecal coliform organisms. If these organisms are repeatedly found, or if sanitary inspection reveals obvious sources of pollution which cannot be avoided, then an alternative source of drinking water would be sought, whenever possible. Greater use should be made of protected ground water sources and rain water catchment which are more likely to meet requirements for potable water quality.


3.2.2.2. Although private sources of drinking water may be outside the jurisdiction of public health and water supply authorities, such supplies should still be of potable quality. The results of bacteriological tests and those of sanitary surveys should therefore be used to encourage improvement. Partial treatment may be necessary to remove turbidity even when coliform counts are low and other quality criteria may dictate the need for treatment processes. 

3.3. Virological Examination




3.3.1. 
It is theoretically possible that virus disease can be transmitted by water free from coliform organisms, but conclusive evidence, that this has occurred, is lacking.

Table – 1 : Test Characteristics For Drinking Water (Clause 3.1)

	Sl. No.
	Substance or Characteristic
	Requirement 
(Desirable Limit)
	Undesirable Effect Outside the Desirable Limit

	Essential Characteristics :

	1.
	Colour, Hazen units, Max
	5
	Above 5, consumer acceptance decreases

	2.
	Odour
	Unobjectionable
	-

	3.
	Taste
	Agreeable
	-

	4.
	Turbidity, NTU, Max
	5
	Above 5,  consumer acceptance decreases

	5.
	pH value
	6.5 to 8.5
	Beyond this range the water will affect the mucous membrane and/or water supply system

	6.
	Total Hardness (as CaCO3) mg/l, Max
	300
	Encrustation in water supply structure and adverse effects on domestic use

	7.
	Iron (as Fe) mg/l, Max
	0.3
	Beyond this limit taste / appearance are affected, has adverse effect on domestic uses and water supply structures, and promotes iron bacteria

	8.
	Chlorides (as Cl) mg/l, Max
	250
	Beyond this limit, taste, corrosion and palatibility are affected

	9.
	Residual, free Chlorine, mg/l, Max
	0.2
	-

	Desirable Characteristics :

	10.
	Dissolved Solids mg/l , Max
	500
	Beyond this palatability decreases and may cause gastro-intestinal irritation

	11.
	Calcium (as Ca) mg/l, Max
	75
	Encrustation in water supply structure and adverse effects on domestic use

	12.
	Copper (as Cu) mg/l, Max
	0.05
	Astringent taste, discoloration and corrosion of pipes, fitting and utensils will be caused beyond this


	Sl. No.
	Substance or Characteristic
	Requirement 
(Desirable Limit)
	Undesirable Effect Outside the Desirable Limit

	13.
	Manganese (as Mn) mg/l, Max
	0.1
	Beyond this limit taste / appearance are affected, has adverse effect on domestic uses and water supply structures

	14.
	Sulphate (as SO4) mg/l, Max
	200
	Beyond this causes gastro-intestinal irritation when magnesium or sodium are present

	15.
	Nitrate (as NO3) mg/l, Max
	45
	Beyond this methaemoglobinemia takes place

	16.
	Fluoride (as F) mg/l, Max
	1.0
	Fluoride may be kept low as possible. High fluoride may cause fluorosis

	17.
	Phenolic compounds (as C6H5OH) mg/l, Max
	0.001
	Beyond this, it may cause objectionable taste and odour

	18.
	Mercury (as Hg) mg/l, Max
	0.001
	Beyond this, the water becomes toxic

	19.
	Cadmium (as Cd), mg/l, Max
	0.01
	Beyond this, the water becomes toxic

	20.
	Selenium (as Se), mg/l, Max
	0.01
	Beyond this, the water becomes toxic

	21.
	Arsenic (as As), mg/l, Max
	0.05
	Beyond this, the water becomes toxic

	22.
	Cyanide (as CN), mg/l, Max
	0.05
	Beyond this limit, the water becomes toxic

	23.
	Lead (as Pb), mg/l, Max
	0.05
	Beyond this limit, the water becomes toxic

	24.
	Zinc (as Zn), mg/l, Max
	5
	Beyond this limit,  it can cause astringent taste and an opalescence in water

	25.
	Anionic detergents (as MBAS), mg/l, Max
	0.2
	Beyond this limit it can cause a light froth in water

	26.
	Chromium (as Cr6+), mg/l, Max
	0.05
	May be carcinogenic above this limit

	27.
	Polynuclear aromatic hydrocarbons (as PAH) g/l, Max
	-
	May be carcinogenic

	28.
	Mineral oil, mg/l, Max
	0.01
	Beyond this limit undesirable taste and odour after chlorination take place

	29.
	Pesticides mg/l, Max
	Absent
	Toxic

	30.
	Radioactive materials :
	
	

	
	a) Alpha emitters Bq/l, Max
	-
	-

	
	b) Beta emitters pci/l, Max
	-
	-

	31.
	Alkalinity mg/l, Max
	200
	Beyond this limit taste becomes unpleasant

	32.
	Aluminium (as Al), mg/l, Max
	0.03
	Cumulative effect is reported to cause dementia

	33.
	Boron, mg/l, Max
	1
	-



3.3.2. 
None of the generally accepted sewage treatment methods yield virus-free effluent. Although a number of investigators have found activated sludge treatment to be superior ot trickling filters from this point of view, it seems possible that chemical precipitation methods will prove to be the most effective.



3.3.3.
Virus can be isolated from raw water and from springs. Enterovirus, reovirus, and adenovirus have been found in water, the first named being the most resistant to chlorination. If enteriovirus are absent from chlorinated water, it can be assumed that 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. 


3.3.4.
An exponential relationship exists between the rate of virus inactivation and the redox potential.  A redox potential of 650 mV (measured between platinum and calomel electrodes) will cause almost instantaneous inactivation of even high concentrations of virus.Such a potential can be obtained with even a low concentration of free chlorine, but only with an extremely high concentration of combined chlorine. This oxidative inactivation may be achieved with a number of other oxidants also, for example, inodine, ozone, and potassium permanganate, but the effect of the oxidants will always be counteracted if reducing components, which are mainly organic, are present. As a consequence, the sensitivity of virus towards deinfectants will depend on the milieu just as much as on the particular disinfectant used.



3.3.5.
Thus, in a water in which free chlorine is present, active virus will generally be absent if coliform organisms are absent. In contrast, because the difference between the resistance of coliform organisms and of virus to disinfection by oxidants increases with increasing concentration of reducing components, for example, organic matter, it cannot be assumed that the absence of viable coliform organisms implies freedom from active virus under circumstances where a free chlorine residual cannot be maintained. Sedimentation and slow sand filtration in themselves may contribute to the removal of virus from water. 



3.3.6.
In practice, 0.5 mg/l of free chlorine for one hour is sufficient to inactivate virus, even in water that was originally polluted.






































Sample Data





Sample Code No. : __________________


Locality : _________________________


Sample Site : ______________________


Place : ___________________________


Source : __________________________


Residual Chlorine : _________________


Date of Sampling : _________________


Time of Sampling : _________________


Sender : __________________________








Water Quality Control Programme





[Name of body responsible _________________]


Sample Code No. ____________________





Sampling Data


Locality  : _____________________________


Sample Site : ___________________________


Place : ________________________________


Source : _______________________________


Sender : _______________________________


Date of Collection : _____________________


Hour of Collection : _____________________


Date of Analysis : _______________________


Time of Analysis : ______________________


Residual Chlorine : ______________ mg/l


Appearance :





Signature of Sender	Signature of Analyst





Section detached and stuck to the sample bottle








Copies of this section sent to the laboratory 





RESPONSIBILITIES (


Sample collection for physico-chemical examination, bacteriological examination and residual chlorine checking.


To have a first hand knowledge of  water borne diseases, if any,  noticed in the village.





AGENCY (


Student, Local NGO, any trained person of the village





RESPONSIBILITIES (


To perform physico-chemical and bacteriological examination of water samples with the use of field test kits.


To keep a record of residual chlorine check records, bacteriological tests and physico-chemical tests.


To send 5% of water samples for cross-checking and detailed quantitative analysis to Block Level Agency.


To conduct sanitary survey at least once in a year of all sources and to prepare water quality maps of all the drinking water sources.


To take preventive measures if required.


To send monthly and  quarterly compiled reports to Block Level Agencies in the prescribed formats.


To report any water borne disease cases.


To hold one day training cum demonstration camps each on various aspects of water quality, health effects, precautionary measures such as disinfection, defluoridation, dearsinification, etc. through domestic techniques at least once in 6 months to the villagers.





�BLOCK  LEVEL AGENCY








VILLAGE LEVEL AGENCY (


WATSAN Committee or any other agency authorised for WQMS.
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