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CHAPTER 1

Introduction 

For mankind water remains a basic need. It influences and alters the social, cultural, political and religious heritages of different communities. The need for plentiful supply of water is universally perceived and demanded. However, much importance is not given for the quality of water.

Water is derived from different sources and on our planet only 0.1% of water is potable. The water attains its quality based on the source from which it is derived. It may be found as rainwater, surface water or ground water. The water may contain suspended matter, dissolved substances and microorganisms and these parameters decide the quality of any water. 

The lack in peoples’ perception, if any, lies in the quality of water. People are often unaware that water can act as a harbinger of death, can be a cause for so much morbidity and mortality. This is because, for thousands of years people have followed a practice of drinking water that is clear and colourless, has no objectionable odour or taste, and have accepted that as safe water. Germ theory was not known to the people, neither was the fact that harmful chemicals could remain dissolved in water without causing objectionable taste, odour or colour. 

India has achieved remarkable success in providing safe drinking water to majority of her rural population through Rural Water Supply Programme. The nation is committed to provide safe drinking water facilities to all the rural habitations in the country. The strategies revolved around the following three distinct but interrelated issues. 

· Accelerating the coverage of remaining uncovered habitations with safe drinking water systems.

· To promote sustainability of safe drinking water systems.

· To institutionalise water quality monitoring and surveillance systems. 

Today people should be made aware that checking water quality is some thing more than its appearance or taste, and if possible, they should be provided with the tools by which they could assess the quality of water. This is what community based water quality surveillance is all about.

Even though the coverage has been impressive over the last decade, various studies indicate that there is no institutionalised quality monitoring and surveillance system in the country. This is going to be critical to the entire water supply sector in the future owing to increase in pollution and depletion of water sources. The National Workshop held on 7-9 August, 1997 recommended that there is a need to institutionalise water quality monitoring and surveillance systems in the country. Establishing of water quality labs could be only one of the components of the programme. A “Catchment Area Approach” would be adopted by involving various grass root level educational and technical institutions by utilsing existing resources and strengthening them by providing additional financial resources to these institutions. This may be implemented at three levels consisting of a Nodal Unit at the top level catchment like premier technical institution, university, etc., intermediary level units like district laboratories, polytechnics, etc. and grass-root level units like (+2) level education institutions, labs, etc. Activities relating to preliminary water testing etc. could be carried out at the grass-root level itself and more complicated cases could be referred to higher levels in such as way that only focussed cases of complex nature and of value and utility at State level reach the nodal unit. The nodal units will be networked with the State Headquarters (PHED). 100% funding, as per the approved norms, would be provided to the States for strengthening water quality monitoring facilities, based on projects received from the State Governments. Restructuring the state PHEDs with the required grant-in-aid support to bring in the much missed link up with the Health authorities will also be attempted as a part of institutionalising the monitoring  system. Health Department officials will be increasingly involved in the surveillance activity. 

With this objectives it is proposed to create massive awareness and provide training on water quality for all people at district, block and Panchayat/village levels. A two-tier system should be followed for testing practices which will be followed in the district level laboratories and by field testing at community level. The data generated should be made available to all users to take remedial and preventive measures to provide safe and protected water for promoting the public health. Adequate importance has also been emphasized for sanitary practices as it can contribute microbial diseases.

CHAPTER 2

Water Sources 

Water on earth, whether as water vapour in the atmosphere, or as surface water in rivers, streams, lakes, seas and oceans, or as ground water in the subsurface ground strata, is not at rest, but in a state of continuous recycling movement. This is called hydrological cycle (Fig. 1).
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Fig : 1

Water from the atmosphere falls to the ground as rain and snow or condenses on the ground or on the vegetation. Not all this water adds to surface or ground water resources, as part of it evaporates and returns directly to the atmosphere. Another part is intercepted by vegetation or is retained on the ground, while the topsoil becomes wet.

Water accumulating on the ground in pools and marshes is exposed to evaporation and transpiration. Part of the accumulated water flows as surface runoffs towards streams, rivers and lakes. Another portion infiltrates into the ground. This water may flow either at shallow depth underneath the ground to open watercourses or it percolates further downward to reach deeper ground water strata. Neither the shallow nor the deep ground water is stagnant, it flows underground in the direction of downward slope of the ground water table. Sooner or later the water emerges again at the surface, either in the form of spring or as a ground water outflow in a river or lake. From the streams, rivers, lakes, seas and oceans the water is returned to the atmosphere through evaporation. The whole cycling process then begins again.

By far the greatest part of the water on earth is found in the ocean and seas. However, due to salinity this water is not suitable for drinking. The amount of fresh water is less than 3%, about two thirds of which is locked in ice caps and glaciers. The fresh water contained in the underground and in all lakes, rivers, streams etc. amounts to less then 1% of the world’s water stock.

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


a)
Rain Water



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



Rainwater is relatively pure and contains very low amount of salts.


b)
Surface Water



Surface water is available


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 runoff 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.


c)
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 like surface water.



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

CHAPTER 3

Health Aspects of Water & Sanitation

Public water supply should be free from pathogenic organisms, clear, palatable and free from undesirable taste and odour, of reasonable temperature, neither corrosive not scale forming and free from minerals which could produce undesirable physiological effects. The establishment of minimum standards of quality for public water supply is of fundamental importance achieving this objective. Standards of quality form the yardstick within which the quality control of any public water supply has to be assessed. In India, drinking water specification must conform to Bureau of Indian Standards (BIS) (IS 10500 : 1991). The standard prescribes the requirement for the essential and desirable characteristics required to be tested for ascertaining the suitability of water for drinking purpose. 

Water can act as a vehicle for transmission of various diseases caused by organisms (pathogens). Water can also transport unwanted chemicals like arsenic, fluoride or nitrate to the human body without the knowledge of the consumer.

The water related infections are generally classified depending upon the route of transmission of the pathogens as follows :


a)
Water-borne Route

The pathogens come from a source, usually a human being who is already infected with the pathogen (either suffering from a disease or a carrier of the disease). Most of the diseases that we are concerned about are excreted with the stool (and sometimes the urine) of the source. The stool containing the pathogens contaminate the water body and a healthy person drinking the water may suffer from the disease. So overall, the transmission route is aptly called the faecal (stool) - oral (mouth cavity) route or briefly the faeco-oral route.

The pathogens can be of various types - Viruses, Bacterias, Protozoas and Helminths and can cause various diseases. 

Some of the diseases common in our country are as follows:


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 lamblia
	Giardiasis

	Helminth
	

	Enterobius vermicularis
	Thread worm

	Ascaris lumbricoides
	Round worm

	Trichuris Trichiura
	Whip worm


It must be noted that all water-borne disease can also be transmitted by any route that permits faecal material to pass into the mouth. Thus, shigella dysentry may be spread by indirect faeco-oral routes, for instance, via.  contaminated  food.


b) 
Water-washed  route

There are many infections  of  the intestinal  tract and of the skin that,  especially  in  the  tropical countries, like India,  may be significantly  reduced  following  improvements  in  the domestic  and  personal  hygiene.  These  improvements in  hygienic practices  often  depend   upon  increased  availability  of  water  and  the  use   for  hygienic  purposes of increased volumes of water.  They  may therefore be described as water-washed diseases and  they depend on the quantity of water used, rather  than its  quality. The relevance of water to these  diseases is  that it is an aid to hygiene and  cleanliness,  and  its quality is relatively unimportant for this purpose. 

The  prevalent type of water-washed infection is  that of  the skin or eyes. Bacterial skin sepsis, scabies, and fungal infections of the skin are extremely prevalent in our country, and eye infections such  as  trachoma  are  also common in some areas and may lead  to  blindness.  These infections are related to poor hygiene and it  is to be anticipated that they will be reduced by increasing  the  volume of water used  for  personal  hygiene.


c)
Water-based Route

There are some other diseases like Guineaworm which are also transmitted through water but are not excreted with the stools and are thus not transmitted through the faeco oral route. However these are also important with regard to water quality surveillance in the regions they still occur. These are known as water based diseases.

A water-based disease is one in which the pathogen spends a part of its life-cycle in a water snail or cyclops. The diseases are due to infection by parasitic worms (helminths) which depend on aquatic intermediate hosts to complete their life-cycles.  Important  examples  are schistosomiasis and guinea worm disease.

Fortunately, schistosomiasis, a serious disease causing many porblems including cancer is not prevalent in India.


d) 
Insect Vector Route

The fourth route is  via  insects that either breed in water or bite near water. Malaria, dengue  and   filariasis  for  example, are transmitted  by  mosquitoes that    breed   in   water.

Pathogens transmitted through the faeco oral route are important causes of morbidity and mortality in our country.


Hookworms and tapeworms are not included in this classification. Though the eggs of these worms are also excreted with the faeces, their transmissions do not involve water. As such these are excreta related diseases but not water related ones. However, these have been described in the following section dealing with individual diseases.

Water and Excreta Related Diseases


a) 
The Diarrhoea-Causing Infections and Enteric Fevers 


The  diarrhoeal diseases  are,  when   combined   with  malnutrition, a major cause of childhood disease and death throughout India. They are the  most  important group of  water and  excreta related infections.  Diarrhoeal diseases are caused by a variety of excreted  viruses,  bacteria,  and protozoa.  In all cases transmission is faeco-oral and both water-borne and water-washed modes of transmission occur. It may be true that, in conditions of extreme poverty, water-washed   (e.g. person-to-person via fingers, food, utensils) is the dominant mode. This may explain why some studies have shown that improvements in water quality have not been  accompanied by a reduction in diarrhoeal disease  incidence.


A  Study in Bangladesh has shown that handwashing can be  a  very  effective  means  of  reducing  the  transmission  of  shigellosis.


Fig. - 1 represents the major transmission routes for diarrhoeal   diseases and  enteric  fevers   (typhoid   and paratyphoid)  and indicates the mode of action of  several strategies  for  interrupting  transmission.  The relative merits of the alternative control  measures  are  further elaborated  in table - 2 which also indicate  the  likely differential   effect   of  control  measures   on   viral, bacterial, and protozoal diarrheas.


b)  
Poliomyelitis and Hepatitis A


Poliomyelitis  and  hepatitis A are  entirely  different infections but they have several epidemiological features in common.  Transmission  is faeco-oral;  infective  doses  are probably   low;  infection  usually   confers   long-lasting immunity;  and transmission continues even under  conditions of  optimal  water supply, hygiene,  and  excreta  disposal. Water-borne transmission occurs but is probably of limited importance compared to person-to-person   transmission.  Prevention of poliomyelitis is achieved by vaccination  and the  prospects for an effective vaccine against hepatitis - A are excellent. Fig. - 2 represents the major transmission routes for polio virus and hepatitis - A virus and indicates the modes of action of several strategies for interrupting transmission. The relative merits of the alternative control measures are further elaborated in       table - 2.


c) 
Worms with No Intermediate Host


Several  excreted helminths that infect humans have  no obligatory  intermediate host. The adult worms live in  the human intestine, and their eggs or larvae are passed in the feces (or, if not actually in feces, then at least via  the anus).  The eggs of Ascaris and Trichuris   must  remain in  a  suitable  environment  (usually   warm, moist  soil)  for  5-6  weeks  before  they  become  infectious. 


Reinfection  is  then oral,  by ingesting food or dirt contaminated by  infective eggs. The eggs of the hookworms also develop in warm, moist soil.  After one week or more infective larvae  are  formed that  cause re-infection by penetrating the  unbroken  skin,  usually of the foot. 


The freshly passed threadworm eggs are however infective unlike round worm eggs. The threadwoms stay in the lower part of the human intestine and the female worms come out to the anal region to lay down eggs, usually in the night time. Due to the itching a child scratches anal region and the eggs may stick beneath the nails. If this child inadvertently puts his fingers in his mouth, then he is reinfected. This is known as auto-inoculation and is unique of threadworms. Fig. 3 and table – 2 describe the transmission routes and control measures of these common intestinal worms. 


d)
Worms with Intermediate Stages in the Pig or Cow


The beef and pork tapeworms (Taenia saginata and T. solium) are   parasites   with   life-cycles   that   are  theoretically easy to interrupt through correct  management of human faeces. The adult worm live only in the intestine of humans. Eggs, usually contained in worm segments, are passed anally and usually in the faeces. These eggs must  be  eaten  by  a  cow or pig (for T.  saginata  and  T.  solium respectively) following which they hatch and form  encysted  larvae in the muscle, tongue, liver, or other sites.  Humans are  reinfected by eating inadequately cooked beef or  pork  containing   cysts.  Transmission and control of these tapeworms are described in       fig. - 4 and table - 2.


e) 
Worms with Aquatic Intermediate Hosts


A fascinating array of worms infect humans only having passed  through developmental states in one or more  aquatic hosts (in other words they are water based). Among them are infections  like schistosomiasis which are of  major  public health importance in many countries in Africa, some areas of  Middle  East  and China, and  infections  like  clonorchiasis  which  are  of  some  public  health   importance  in  a  few   countries   like   China,   HongKong, 


Korea,  Vietnam  etc.  Of  particular  importance  in  India among this  group  is  the diseases caused by guinea worm infection, the transmission of which has been discussed earlier.


Guinea worm is a unique water related infection in that it can be eradicated solely by simple improvement in community water  supply. Measures that prevent larvae entering wells and other  water sources  (e.g. slow sand filtration) will  eliminate  Guinea worm transmission. Fig. 5 and table 2 describe the transmission routes and control measures of tapeworms. 


f) 
Skin, Eye, and Louse-Borne Infections


This mixed group of infections are not excreta  related and  are not water-borne but are transmitted in  conditions  of poor personal cleanliness.


Skin infections are extremely common and varied in  the tropics. They are a very major cause of mild ill-health and  can  be  personally  disfiguring  with  consequent   social  distress.  Superficial fungal infections are common in  the moist  tropics,  as are various types of  skin  sepsis  and  ulcer  of bacterial origin. In some regions the  prevalence of  scabies  exceeds  50% among  school  children  and  the  burrows  made  by the mites frequently become  infected  by bacteria. Transmission of these skin infections is by close contact; skin-to-skin or via clothes or bed linen.


Eye infection is a major public health problem in nearly all  developing countries.  Most serious of the common infections is  trachoma, which is particulary  prevalent  in  arid areas of India. Trachoma often leads to impaired vision and sometimes to blindness. Various forms of conjunctivitis  (especially acute viral) are also very common, though usually without serious clinical consequences.  Transmission is by direct eye-to-eye transfer of infective discharge by fingers, clothing or flies. Fig 6 and table – 2 describe the transmission routes and control measures of skin, eye and louse-borne infections. 

Table - 2:
The Four Routes of Water-Related Infection Transmission and the Preventive Strategies Appropriate to Each Route

	Transmission Route
	Preventive Strategy

	Water-borne
	Improve quality of drinking water.

Prevent casual use of other unimproved sources.

Improve water use pattern and food hygiene.

	Water-washed
	Increase water quantity used.

Improve hygienic standards.

Improve accessibility and reliability of domestic water supply.

	Water-based
	Decrease need for contact with infected water.

Reduce contamination of surface water by excreta.

Control snail populations (for schistosomiosis).

	Water related insect vector
	Improve surface water management.

Destroy breeding sites of insects.

Decrease need to visit breeding sites.

Use mosquito netting.


Diseases caused due to Chemical Parameters


In addition to diseases caused by micro organisms, diseases can be also caused by some chemicals present in water.


Table - 3: 
Inorganic Chemicals causing water related diseases

	Inorganic conta-minant
	Major source
	Sphere most affected
	Primary health effects

	Arsenic
	-
Ground Water

-
oresmeltting, refining 

-
Pesticides
	-
Water, air
	-
Arsenic poisoning (gastrointestimal disorders, lower limb paralysis)

-
Cancer of liver, skin



	Fluoride
	-
Ground Water

-
Toothpaste, Food and Drugs
	-
Water
	-
Dental Fluorosis

-
Skeletal Fluorosis

-
can damage the faetus



	Nitrates Nitrites
	-
Nitrates, agricultural runoff


Nitrites, meat preservatives
	-
Food, water
	- 
Nitrates + amines ( in body) yield carcinogenic nitrosamines


Nitrates can cause methomoglobinemia in infants

	Cadmium
	-
Electroplaters, battery manufactures
	-
Air, food, water
	-
Cadmium fumes, joint pain, lung, kidney disease

-
Possibly carcinogenic, teratogenic



	Lead
	-
Leaded gasoline, batteries

-
Solder, radiation shielding
	-
Air, food, water
	-
Impairs nervous system, red blood   cell synthesis

-
Depends on exposure



	Mercury
	-
Inorganic form  


Electrical goods Chlor-alkali industry

-
Organic form 


Slimicides Fungicides
	-
Water, food 
	-
Inorganic : disorders of central nervous system, possible psychoses;

- 
Organic : numbness, impaired speech, paralysis, deformity, death.




CHAPTER 4

Physical, Chemical and Bacteriological Quality of Water

Chemical Contamination

Some harmful chemicals can be present in the water in an innocuous form and can cause bodily injury to humans and other living organisms. Most important of these are arsenic, mercury, cadmium,  chromium etc. which usually contaminate the water body from industrial discharges, and can cause serious damages to human health. Arsenic problem in West Bengal is unique in that ground water contamination is occurring from a natural source in the aquifer. Pesticides can also cause serious problems, coming either from industrial effluents or as is more often the case, from its widespread use in agriculture and public health. Fluoride has also been seen to occur naturally in certain regions of India, a very high level of which can cause serious crippling disease of the musculoskeletal system.


a) 
Arsenic


The sources of Arsenic pollution in water are generally industrial   wastes contaminating  the water  bodies,   either directly   or  by  leaching  through  soil  and  also   some  agricultural  insecticides. Natural  arsenic  pollution (geogenic) can occur in groundwater from arseniferous  belts  in  specific geomorphological conditions, as has been  found in some areas of West Bengal.


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


As per BIS, maximum permissible limit of arsenic in drinking water is 0.05 mg/l (as As). 


b) 
Nitrates


Increase  in nitrate levels in surface and  groundwater is  primarily  due to agricultural fertilisers  and  manure, animal  dung and other sources of nitrogenous  materials  in  the environment. Human body is capable of reducing  nitrates  to nitrites in the digestive system. There are two  distinct threats  to human health from nitrites. First, nitrites  can  oxidise the haemoglobin to methemoglobin, which is incapable  of  transporting oxygen in the blood stream.  This  illness, known  as  methemoglobinaemia  or  blue  baby  disease,   is especially  harmful to infants since they  are  particularly susceptible   to   asphyxiation   by maethaemoglobinaemia. Secondly,  nitrites can combine with various amines  in  the gastrointestinal tract to form nitrosamines (particularly in low acidity conditions) some of which are carcinogenic. It should be noted however that nitrates in water is not a major problem in India today. The maximum permissible limit of Nitrate in drinking water is 45 mg/l (as NO3)


c) 
Fluoride


Fluoride occurs naturally in water. Though most  waters contain  below 1 mg of fluoride per litre, there  are  areas  that  are  rich  in  fluoride  containing  minerals,   where  fluoride content of water can be very high.


Long  term  consumption  of  water  above  the  permissible  level  can  give  rise  to  dental   fluorosis,  manifested  by mottling of teeth and, higher  exposures  can  give  rise  to skeletal fluorosis, a  crippling  disease  in  which bone structure is affected. Non-skeletal fluorosis may be caused due to ingestion of excess Fluoride. Fluorosis can also cause a host of other diseases like gastro intestinal, neurological and urinary tract problems and can also damage the faetus in the mother’s womb. 

The maximum permissible limit of Fluoride in drinking water as per BIS is 1.5 mg/l (as F); whereas maximum acceptable limit is 1.0 mg/l (as F).


d) 
Other Chemical Contaminants


There  are  several  other  inorganic  chemicals   like  cadmium,   lead  and  organic  chemicals   like   pesticides,  polynuclear aromatic hydrocarbons etc. that can cause health  hazards  in man after prolonged exposure  above  permissible  levels. 


Also, radioactive   substances,   in   surface    and  groundwater,  either  from  natural sources  or  from  human activities,  can pose serious health hazards and has  become  an  important  issue  internationally  after  the  Chernobyl  accident. 


However  these are as yet, not of great  public  health importance in India.

Bacteriological Quality 

For routine testing of water it is not possible to test the presence of individual pathogens. The tests are costly, time consuming and sometimes   very   sophisticated.  So  a  simplified   procedure  has  been

developed. That is analysing water to see whether faecal matter has contaminated the water. If water is faecally contaminated then it can be presumed that the water also contains one or more of the pathogens and so should be rejected as potable water.

To detect faecal contamination some indicator organisms have been identified which are collectively known as coliforms. Faecal coliforms are bacteria, which normally stay in the human and animal intestine (colon) and are excreted in the stools in large numbers and are easily detected in the water by simple tests (in the laboratory or by the field kit). It is important to note that these coliforms usually do not cause disease in the human intestine and are always excreted in stools. Their presence in water simply indicates that stools have contaminated the water sample and it is logically deduced that as the water is contaminated with stools, there is a high probability of presence of pathogens in the water, and therefore the water is not potable.

Ideally, all samples taken from the distribution system including consumer premises, should be free from coliform organisms. The coliform count is expressed in Most Probable Number (MPN) per 100 ml. 

The BIS (IS 10500 : 1991) has been included in the Annexure.

CHAPTER 5 

Consumer Perception and Social Awareness on Water Quality

In assessing the quality of drinking water, most people still rely completely on their senses. Water constituents may effect the appearance, smell or taste of the water and the consumer will evaluate the quality and acceptability essentially on these criteria. Water that is highly turbid, highly coloured, or has an objectionable taste will be regarded as dangerous and will be rejected for drinking purposes. Today, we know that  we can no longer rely entirely upon our senses in the matter of water quality judgement. The absence of any adverse sensory effects does not gurantee the safety of water for drinking. 

In this context, it must be clearly understood that within the limitations of their knowlege and resources, people do adopt measures or take steps to improve the water quality. Before taking a dip in the pond, people usually follow the ritual of separating the scum from the surface. Women collecting drinking water often use a piece of clean cloth to strain the water to remove solid particles, particularly if the water is turbid. Some people also use alum to improve water quality. That these measures do not  usually serve the purpose is also sometimes known to them. But that is the best they could do under the circumstances. They are either unaware of better methods or better methods known are beyond their resources.

This is the foundation on which the community based approach stands. We are not starting from a blank. Over the years people have developed practices based on their accumulated knowledge and available facililities. Our duty is to make them aware, provide them if possible with some resources at least and ask people to adopt certain behaviours and change some of their old practices. Of course practices are not easily changed. But if people do become aware of the seriousness of the problems, they can and do mobilise their own resources and try to change their practices.

Community Mobilization for WATSAN Programme

The principle foundation of such a surveillance programme is active involvement & participation of the community.

The scientific innovations, the development of appropriate water testing kit, easy availability of necessary reagents at low cost ( all these are extremely important milestones in the evolution of community based surveillance programme. However, these are technologies, which can be properly utilised only if there is a felt need among the people. If the need for water quality surveillance is not appreciated by the users, the programme will not survive.

In many areas, this felt need has, to a large extent, be created. This is because, though the large majority of people somewhat understand the role of safe water in preserving good health, they are not fully aware of the total dimensions of the risks related to unsafe water and neither can they visualise the feasibility of regular monitoring of all water sources.

Social awareness building is therefore, an integral part of the whole programme. Messages have to be carried to the people ( messages regarding water quality and health, the need for regular monitoring and the available techniques within the people’s reach. People have to be organised in search of safe water.

Of course, there are limitations to what people in a small community can do with their own resources. For a total surveillance they need organisational and technical support systems. The organisational structure should be developed in a regional basis, which will network and coordinate the multi-centric activities. The three-tier model of water quality surveillance is discussed later.

Though the local centres can carry out the main bulk of the activities including regular monitoring of water sources, sanitary surveys, remedial actions on cases of biological contamination, they will usually need help from higher authorities in cases of chemical contamination.

The existing peoples organisations including the panchayats, youth clubs, etc., Government organisations like the ICDS and NGOs like the Ramakrishna Mission, Womens’ Co-ordinating Council should act as support systems for the whole programme.

What ensures the sustainability of such a programme? It is the people themselves. Even in a tiny remote village, if the people become aware and if they can create a surveillance infrastructure at their own, even in a small scale, it can be presumed that they will safeguard it as their personal property and will mobilise there own resources for its sustenance.

The model projects undertaken in Medinipur and Hoogli districts by AIIH&PH and UNICEF have amply demonstrated the feasibility of such a programme. In all the anganwadi centres carrying out surveillance activities, people have started contributing within their means for the sustenance of the programmes. The funds thus generated are being kept in local banks or post offices and will be used to buy the reagents, kerosene, bleaching powder etc., as and when required.

It should be realised that community mobilisation for generation of funds has important positive impacts on the programme. The people develop a sense of ownership to the project, which is extremely vital for its viability. This is the essence of social mobilisation activities. The people should be aware, they should feel the need and urgency and they should be able to feel that the programme is their own.

CHAPTER 6

Sanitary Survey

It is customary in our country to carry out sanitary surveys only after a water borne epidemic has occurred in the area. In water quality surveillance programmes, the approach of sanitary survey has to be radically different. The surveillance team should try to collect as much information as possible of all the water sources in the area and keep them recorded in a systematic fashion. This will serve as an inventory of water related data of the area. Basic data can be collected  as follows :


i.
Record the population in the area.


ii.
List the total number of water sources available and also number of water sources functioning.


iii.
Summarise the existing water quality data, if available.


iv.
List the water related diseases/epidemics that have occurred in the past.


v.
Correlate the water source/water quality data with disease outbreaks.

During the survey all possible sources of contamination should be identified and recorded.

The observable faults in the drinking water system, which may give rise to problems of quality or continuity of supply and hence to disease, can most readily be identified by careful on-site inspection. Every fault should be systematically listed during the sanitary survey and each point may therefore be considered as a sanitary risk factor.

Risk factors (such as construction of a latrine near a community well, or the absence of an impervious concrete plinth around the well) are causes or signals which can be identified prior to the event that they predict, e.g. pollution of the well causing an outbreak of disease. It is logical that the greater the number of risk factors the greater the possibility that the community will be subjected to poor water quality and continuity, and as a consequence suffer from increased water-related diseases. Every extra mechanical fault, or point of exposure to risk, may serve to increase the intensity of contamination and thus the risk to health. Similarly, every remedial action which eliminates a point of risk will reduce the probability of water-borne disease.

Separate proforma (log sheets) should be prepared for different water sources. Scoring systems may be introduced, which can help the surveillance team in assessing the risk. In the following pages, log sheets are provided for different types of water sources, which incorporate a risk assessment scoring system. The sources discussed are :


1.
Dugwells.


2.
Converted covered dugwells with handpumps.


3.
Deep and shallow tubewells with handpumps.


4.
Boreholes with mechanised pumping.


5.
Gravity fed protected spring sources.


6.
Simple distribution systems.


7.
Rainwater catchment.

Log sheets of all the above mentioned sources are presented in   

           ANNEX - III (fig 8 to 14).

It should be kept in mind that these survey forms are models developed for assessing risk and may be modified or extended as the need arises depending on the local situations.

Again, depending on the type and size of water supply system, there are wide ranging intervals between inspection visits proposed.  Table 4 shows the proposed inspection intervals/sampling frequencies for various water supply arrangements.  

Table – 4 : Sampling Frequency of Sanitary Inspection of Water Supplies

	Source and Mode 
of Supply
	Minimum Number of Sanitary Inspections per Year

	
	By community Workers
	By Water Supply Agency
	By Surveillance Agency

	Ground Water :
	

	Open wells for community supply
	12
	(
	Once initially, thereafter as situation demands

	Covered dug wells and shallow tubewells with handpumps
	4
	(
	Once initially, thereafter as situation demands

	Deep tubewells with hand pumps
	4
	(
	Once initially, thereafter as situation demands

	Wells and Piped Supplies
	1
	1
	Once initially, thereafter once every 5 years, or as situation demands

	Spring and Piped Supplies
	1
	1
	Once initially, thereafter once every 5 years, or as situation demands

	Surface water and rainwater Fitted and / or Chlorinated and Piped Supplies :
	

	Population up to 5000
	12
	2
	Once initially, thereafter once every 5 years, or as situation demands

	Population 5000-20000
	(
	24-48
	Every system once per year

	Community rainwater collection systems 
	1
	(
	Once initially, thereafter as situation demands


CHAPTER 7

Management Infrastructure for Water Quality Surveillance

Based on different pilot projects carried out in different districts of West Bengal, All India Institute of Hygiene and Public Health and UNICEF, Calcutta have jointly proposed a three tier model of community based Water Quality Surveillance (WQS).


Three Tier Model of Community Based Water Quality Surveillance








       Monitoring 

sanitary survey
        Record keeping
     Disinfection                Communication
In this model, some key persons at the district level would be identified and trained to oversee, monitor and evaluate the district wise programme. They in turn would identify and train some key persons at the block level. The block level trainer would take up the task of training and supervising the programme at the village level.

Grass-root workers (GRW) would analyse the water sources once   in a year for chemical parameters and four times per year for bacteriological parameter. In situations of water quality problems particularly in cases of deterioration of bacteriological water quality they would take steps to disinfect the sources.  In cases of chemical contamination GP level coordinator would immediately inform the District level laboratories. Coordinator would get a monthly honorarium for supervising the whole programme in the Gram Panchayat. 

If the problem was a major one, information would  now be transmitted to District level Coordinator (eg., CMOH or Executive Engineer, PHED). A Surveillance Coordinator would be placed in each district who may be the ADM (Dev.) or the District Programme Officer of ICDS or person of similar rank. College professors could also be chosen for the post. This person would co-ordinate the total programme within the district and make liaison with the State Administration. Coordinators would get a monthly honorarium for supervising the whole programme in the district. 

It is envisaged that a National Information & Communication Network could be established to facilitate Water Quality Monitoring throughout the country and to create an Information  Database System. The district headquarter based NICNET (National Informatics Centre Network) may extend their help for this purpose through their satellite based information sharing network all over the country.
Monitoring and Recording of Data
The crux of the water quality surveillance programme is regular/ periodic monitoring of water quality by the field kit of all water sources in the region used by the people. But that is not all. The monitoring results have to be recorded in a systematic fashion and remedial action has to be taken whenever any abnormality is noted in the water quality.

The monitored data should be recorded in a standardised proforma (a sample copy is provided below)

	MONITORING PROFORMA

	Sample Bottle No. : .......................... 

Screw-capped Bottle No. : ..............................

	Village : .......................................... 

Location : ......................................................

	Block : ............................................ 

District : .......................................................

	Type of Source (DW/TW) : .....................................................................................

	Date & Time of Collection :....................................................................................

	Test
	Results Acceptable / Unacceptable

	Physical
	

	(
Turbidity :
	

	Chemical 
	

	(
pH
	

	(
Hardness
	

	(
Chloride
	

	(
Iron
	

	(
Nitrate
	

	(
Fluoride
	

	(
Residual Chlorine
	

	(
Arsenic
	

	Bacteriological Test
	

	(
Presence of coliforms
	

	
Indicate : 
If acceptable

	Name of Examiner :

	                   
If unacceptable
	Designation :

	
	

	
	Signature & Date :


The chemical tests, within the scope of the field kit can provide ample data as to the quality of water regarding potability. These can indirectly point to the existence of organic pollution if any. Fluoride and arsenic tests become important in regions where these are known to be high. However these can also be tested occasionally in Fluoride and Arsenic “free zones”, particularly if there is slightest suspicion of their presence.

The bacteriological tests give confirmatory evidence of presence or absence of  faecal contamination in drinking water.

The data found has to be recorded systematically and maintained in a centralised place.

What happens if a water sample is found not conforming to the required standards?


Whenever problems are identified remedial and preventive measures should be taken.

CHAPTER 8

Field Testing at Community Level

The water quality testing field kit consists mainly of two sections (i.e. two separate kits), one for chemical and another for bacteriological testing of water. An incubator is included for bacteriological analysis and the minimum time required to get the results is 18 hours. It is unnecessary to carry the incubator to the spots where bacteriological testing is not needed. As many villages are not having electricity, a kerosene operated / battery operated / solar panel operated incubator can be used as an alternative to the electrically operated ones.

Size of the Field Kit 

Initially, the kit was accommodated into a light wooden cabinet with rexin cover (435 x 205 x 205 mm), then onto a conventional brief case (430 x 325 x 100 mm), both of which were not readily accepted by the villagers, especially the women folks. However, the latest modifications of the field kit  has made it more handy and portable. The whole set-up has been accommodated in a conventional medium sized navy blue nylon carrying bag (392 x 225 x 256 mm) having one middle and two side compartments each with zip fasteners.

The electrically operated bacteriological test kit consists of a thermo-statically controlled incubator having an outer dimension of 270 x 240 x 180 mm approx., made of G.I. sheets having powder coated paint finish. The incubator proper is made of stainless steel having an inner dimension of 150 x 150 x 130 mm. The kerosene operated incubator has three chambers namely working chamber, water jacket and insulation chamber. The working chamber and water jacket are made of brass and the insulation chamber is of G.I. sheet. Shape of the incubator is cylindrical having an outer dimension of 250 mm dia x 150 mm height. The size of the working chamber is 150 mm dia x 150 mm height. 

Parameters that can be Tested 


Physical


1.
Turbidity


Chemical


2.
pH


3.
Chloride


4.
Iron


5.
Nitrate


6. 
Fluoride


7.
Residual Chlorine


8.
Arsenic (optional)


Bacteriological


9.
Presence of Faecal Coliforms

All the parameters, mentioned above can be tested qualitatively in respect to the potability of the water sample (i.e. within the permissible limit of each parameter). Turbidity, pH, Chloride, Iron, Nitrate, Residual Chlorine and Arsenic can be tested quantitatively within a permissible limit. Detailed testing procedures of all the parameters mentioned above are appended in ANNEX. - I.

Quantitative Analysis


Field kit designed and developed by Industrial Toxicology Research Centre, Lucknow is meant for quantitative analysis of the contamination. It is essential to determine the quantity of the presence of these contaminants in case whenever the level is above the permissible limit/ desirable limit. At the same time the enumeration of bacteriological analysis can be done as it has incubator set at two desired temperatures viz. 37oC and 44oC. Further it is compact and could be carried to the remote places and can be used in the absence of electricity.

What are the financial implications if such a programme is initiated throughout rural India ?
The following is the budgetary estimate of  a model project covering all the 516 districts in India (village level water quality surveillance of 25 sources/5000 population/year),  taking into consideration the annuity of field kit, honorarium to grass-root workers (GRW) and minor remedial expenses.

Number of water samples that can  be tested in each refilling    -    100
Test frequency - 1 time a year (Chemical) 4 times a year (Bacteriological)  

So, 25 Nos. of sources can be monitored in a year with a single field kit.

Considering one source each for 200 population, approximately 5000 population (25 x 200) could be served by one field kit.

Again considering 1 GRW for 1000 population 5 number of GRWs need be allotted for 5000 population.

An additional honorarium of Rs. 500/- would be given to each GRW per annum.

Capital Expenditure :

Cost of  field kit
Rs. 
2,500.00

Annual Recurring Expenditure :


1. 
Honorarium to GRWs  5 x Rs. 500 
Rs. 
2,500.00


2. 
Refilling cost per field kit

Rs. 500.00


  
3. 
Cost of disinfectants, minor remedial expenses, 

     

mobility, etc. (lumpsum)
Rs. 
1500.00


4. 
Annuity
Rs.     
250.00


5.
Honorarium to GP coordinator
                  Rs.  1200.00

     

Total 
Rs. 
5950.00
Therefore, the estimated annual contribution per capita works out to be (Rs 5950/5000)  








Re. 1.19

Estimated annual contribution per family

(6 x Rs. 1.19)








Rs.7.14
The estimated contribution per capita per month would be approximately paise 60 (sixty) only.

Needless to say if the beneficiaries are made aware of the value of such a surveillance, they would not hesitate to contribute such an amount.

The pilot projects carried out successfully by AIIH&PH in collaboration with UNICEF in various blocks of Medinipur and Hoogli districts, helped to reinforce the following observations.


(i)  
With proper user-friendly water testing field kits community grass root members could easily assess the water quality with respect to potability of water.

  
(ii) 
If community could comprehend the relation between water quality and health, the programme would be sustainable both socially and economically.

CHAPTER 9

Remedial and Preventive Measures

The immediate programme of action may be - 


a)
Repeating the tests to see whether there has been an analytical error. If no error -


b)
Undertaking disinfecting procedures (chlorination) and  taking the following steps

· Informing the beneficiaries of the result and asking them to temporarily stop using the water source 

· Suggesting an alternative source so long remedial actions are carried out. 

· If no alternative source is available, suggesting measures (e.g. boiling) for individual beneficiaries, so long remedial actions are carried out.

· Checking old data to see whether the particular source had earlier shown consistently good results.

· Carrying out a sanitary survey to trace the cause of contatmination if any.

· Starting further remedial actions and informing the higher authorities. 

 c)
Remedial measures


In cases of bacteriological contamination, the remedial actions can usually be taken by the grass root workers in the form of disinfection (chlorination), identification and elemination of sources of pollution, sanitary upgradation (construction of a proper tubewell platform) etc. The bleaching powder requirements of different size of dugwells and tubewells are provided in ANNEX. - II .


Cases of chemical contamination must be notified to the higher authorities. Chemical contamination of water sources may be tackled by the block level liasion officer. If the chemical contamination is of serious nature, it must be tackled by the district level coordinator.


In all cases of chemical contamination alternative safe sources must be identified, which the beneficiaries may use so long remedial measures are carried out.

Protection of Water Sources from Contamination

Open Wells

These get contaminated by :


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


(
Percolation of polluted surface water or wastewater 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 buckets 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 up to 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.  

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 well) 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

The sub-surface sources include springs, wells and galleries. The well 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. There are of utility in abstracting limited quantity of water from shallow pervious layers, overlaying 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 safer supply than shallow wells.

Special care is necessary during construction to avoid surface water pollution reaching the sub-soil water level directly, through any passage between the pipe and the soil. The usual precaution is to have the performation confined to the lower depths of the aquifer with the plain tubing extending over the top few meters of the soil. In addition, a water tight concrete platform with a drain should be provided above ground level, in order to deflect any surface pollution away from the pipe. 

Sinking of a Tubewell

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

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

Installation of the Handpump

Construction of concrete platform (185 cm dia.) and drain to ensure discharge of waste water at least 3 metres away from the handpump.


(
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 at least 3 metres long should be constructed from the well to prevent stagnation of water around the well as well as seepage into the well. 



(
A soakage pit should be constructed  for disposal of spilled / waste water.

Waste water from a handpump site can be discharged to kitchen garden, existing drains or soakage pit.

Protection of Surrounding of the Hand Pump

Defecation near the well site 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 15 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 about 15 metres away from the tube well. This will minimize the quantity of waste water to be disposed off from abound the immediate vicinity of the pump.

Disinfection of Tube Wells

Wells should be disinfected after initial handpump installation and subsequent repair. Disinfection techniques have been described in ANNEX. - II.

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 :

Table 5: Operation and Maintenance of Rainwater Roof Catchment

	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


CHAPTER 10

The Training Process and Schedule

As far as possible, long lecture methods of teaching should be avoided. For class room sessions, illustrations and demonstrations are to be amply used.

The trainers should physically involve themselves in the demonstration and practical sessions to make them more effective.

Flip charts, audio visuals, overhead projectors, and field test kits are to be used during the training sessions which enhance retention in the minds of the trainees.

Trainers are advised not to resort to short cut methods, but rather emphasize on procedures, routines and repetitive practices.

The trainees are to be preferably divided into smaller groups. The assistance of other trainers / resource persons may be taken to supervise and reinforce problem solving attitudes and practical work familiarity.

Weak trainees are to be identified and to be given individual attention.

Discussions with the trainees should be encouraged throughout and they must be summarised to re-emphasize the core issues which would assist recapitulation.

Before closing a session, the trainees should be encouraged to ask questions to clear any doubts in their minds.

In water quality surveillance, the most important part of the training is handling of the field kit. Theoretical aspects of the field kit should be discussed in class rooms and the demonstrations held in the field, where each trainee should be given the scope to test some water samples.

Trainers are expected to conduct a continuous evaluation of the proceedings. The purpose is not only to gauge the level of knowledge and skill imparted to the trainees but also to give feed back to the trainer about the utility of his presentation of a topic, the style of delivery and the relevance of the subject.

Elaborate pre- and post-evaluation  of each and every session, each day may not be possible, but brief notes should be made which could later be used to make out the final training report. This documentation is very important since analysis of the same helps in evaluating the efficacy of the training programme and finding out areas of improvement for incorporation in future training programmes.

Trainers are expected to closely interact with the Course co-ordinator and assist him in his functions. He should be given adequate notice in case any re-adjustment of schedule is called for, or some particular arrangement is required.

On his part, the trainer is expected to be punctual and participate in at least the portion of the course for which he is responsible.

The process of training does not conclude with the end of a training programme. It can always be revised and improved upon. It may need to be changed in view of new circumstances or area specific situations. In arsenic affected areas, emphasis has to be given on problems related to arsenic and methods of testing arsenic in water samples. Persons already trained may have to be replaced, or new training techniques and materials may become available.

Lastly, post-training feed back will lead to the need for changes in the existing materials. Follow up by trained personnel in the field will lead to identification of new problem areas in converting training knowledge and skills to practice. Therefore, “in-service” and “refresher” trainings are automatic extensions to the original training courses. Attempts are to be made to identify the areas of in-service and refresher training courses by interaction with the programme implementing agency after the original training programmes have been completed and the trained personnel have been associated with the programme for some time.

Guidelines to Trainers for Course Presentation

The trainees are expected to be semi-literate residents from villages, possibly with little formal education. Because of lack of formal education these persons are not accustomed to lengthy lectures or being confined to class room settings for long duration. Some of them may be engaged in traditional occupations but are not generally unfamiliar with modern technology. They may have skill in their respective occupations but do not have any experience about water quality monitoring. They may not be familiar with the technical and medical terms used in the text.

In view of the factors stated above, a low level of comprehension is to be expected from the trainees.

The trainers, therefore, while conducting the training programme and interacting with the trainees, should bear in mind that the specific subject is within easy comprehension of the trainees.

Performance Monitoring, Evaluation and Reporting of the Trainers, Training and the Training Programme 

The performance of the Resource Persons (Trainers) should be monitored. Such evaluation should include :

Method :
Whether teaching method was according to guidelines.

Level :
Whether the presentation of the subject was within easy comprehension of the trainees.

Time :
Punctuality, duration, adequacy of time allocation.

Materials used :
Teaching aids used and explained.

Participation :
Was it as per plan ? Major deviation ? Reasons ? A list with names and addresses of participants will be prepared.
Assessment of the Trainees should be made at all stages of the training course and should include pre-and post-assessment.

The pre-assessment should be aimed at ascertaining the trainees level of knowledge, skills, experience and ability to comprehend. Assessment during the course should aim at evaluating the course content so as to incorporate changes during the course itself. The post-assessment should ascertain whether the knowledge and skills imparted are adequate for the trainees’ retention capacity. The level of assessment should be :

· Quality of oral response to questions.

· Response to written exercises and questionnaires.

· Role performances, such as, role-plays and games.

· Aptitude and attitude to practical work.

The assessment formats (Questionnaire - “I” and “II” in Page - 46 & 48) with rating should be used. They can be modified from time to time to suit actual requirements.
After completion of each Training Programme, evaluation exercises should be conducted in order to evaluate the course content, training method, performance of trainees, performance of trainers, training materials and the arrangement at the venue.

It will also be the responsibility of the Course Coordinator to prepare a consolidated report based on these evaluations.

The evaluation report should include both quantitative and qualitative aspects.

The Quantitative aspects of the Evaluation should contain a comparison between what was planned for the training programme and what actually occured. For example :

· Venue : Was the course held at the planned venue ? If not, why ?

· Dates / Duration : As expected ? Reasons for change ?

· Participation of Trainees and Resource Persons : As per plan ? Major deviations ? Reasons ?

· Comments of background of trainees by summarising individual trainee’s background documentation.

· How many days / sessions in the class room and in field work ? As per plan ?

· Summary comments on the performance of trainees, based upon assessments made during the training programme.

The Qualitative aspects of Evaluation should contain :

· Comments on each important topic of the course with regard to the resource persons’ treatment of the subject, the appropriateness of the training materials, the sequence of topics, adequacy of duration and timing of sessions.

· A listing of those aspects of the training programme which will have bearing in future and reasons for the same. This should include comments on training handouts, models, field kit demonstrations, audio-visual aides, etc.

Assembly of Training materials

This Training Module contains the following materials :

· Instructor’s Notes

· Participants’ Notes

· Assessment & Evaluation Formats

· Slide programme (total slides)

· Audio Cassette (two cassettes of total 80 minutes)

For best results, all the materials should always be kept inside the folder after use.
How to use the Materials in this Module

Instructor’s and Participants’ Notes

The instructor’s Notes are meant for the Course Co-ordinator, Resource Persons and the Trainers.

The copies of the Participant’s Notes are to be distributed to the trainee participants before commencement of the training programme.

Instructions for Slides, Cassettes, and Audio-visual Equipments

The slide-sound show is the central component of this training module. The following instructions may be noted on how to store the slides and prepare the equipments for a presentation.

Storing the Slides

1. The slides are packaged in archival plastic wallets which should be kept inside the binder when not in use.

2. The set of slides should always be kept intact. If individual slides are borrowed for use elsewhere, the borrower should leave a signed note in the slide pocket stating date borrowed. It should be ensured that they are returned back before the submodule is presented.

3. The slides should be stored in a safe place where they will not be mishandled. This will prevent slide mix-ups, loss or damages.

4. The slides should be stored in a dry place. If there is too much humidity in the air, fungus can grow in the slides and ruin them. In humid climates, slides may have to be stored in an enclosed area with a low wattage light bulb to keep the air dry.

Equipments

The three main pieces of equipment for the presentation are a slide projector, a Audio-Cassette Player and an overhead projector.

If the Audio-Cassette Player is not available, or breaks down, the illustrated script provided in the training manual can be used by the instructor or the Trainer to narrate the show.

Arrangement of the Slides

The slides are packaged in numerical order, with the serial number appearing in the lower middle portion.

The slides are to be loaded in the carousal with the number up-side-down, and the “VIEW FROM THIS SIDE” face of the slide frame facing the light bulb.

To ensure that the graphics and words on the slides are projected properly, a preliminary test may be done with the title slide which reads “Community Based Water Quality Surveillance”. If this can be read on the screen, the title slide is facing the proper way. All the rest of the slides should be loaded in a similar way so that the number appears in the same position as it does on the title slide.

The Audio-Cassette

The slides and the narration are synchronized audibly by a “beep” sound on the tape. Each time the “beep” sounds, the slide should be advanced by one. The illustrated script in the Training Manual is a guide for ensuring that the slide and the cassette match. If the Instructor wishes to stop the show, or if the slide projector is a hand-fed machine, the cassette will also have to be stopped.

Preview

The Instructor or the Trainer should preview the show to become familiar with the contents of the Training Module. This is the appropriate time to make notes of places to pause for questions or to add information. The preview also ensures that the slides are all present and in the proper sequence.

Before the presentation, the following things are to be checked :

· Whether the slide projector and the cassette player are in working condition.

· Whether the slides are loaded correctly in the carousal.

· Whether the cassette has been re-wound to the begining.

· Whether the room can be darkened.

· Whether the sets are arranged so that everyone can see and hear the show.

It should be ensured that the following things are available

· Extra light bulb for the slide projector.

· A screen or suitable blank wall.

· An electrical extension cord, if necessary.

· A copy of the Participants’ Notes for each trainee.

· Any other supplemental training materials.

Training Schedule

Day - 1
Hours

Registration
09:30 - 10:30

Inauguration and genesis of the training program
10:30 - 11:15

Tea Break
11:15 - 11:30

Pre-training Assessment of the Participants
11:30 - 12:00

Overview of national status of drinking water quality
12:00 - 13:30

Lunch Break
13:30 - 14:30

Health Aspects of Water Quality 
14:30 - 15:45

Tea Break
15:45 - 16:00

Water Quality monitoring and Standards
16:00 - 17:00

Day - 2

Test methods of Water Quality Parameters
10:00 - 11:00

Tea Break
11:00 - 11:15

Sanitary Survey
11:15 - 12:15

Remedial and Preventive Measures for safe water
12:15 - 13:15

Lunch Break
13:15 - 14:15

Demonstration of Field Kits
14:15 - 17:00

Day - 3

Field visits/ Investigation of the Water Sources in respect to Water Quality. (Field Kit, Sanitary Survey and treatment processes etc.)
09:00 - 13:00

Lunch Break
13:00 - 14:00

Post-training Assessment
14:00 - 15:00

Evaluation of the Course and its application
15:00 - 15:30

Tea Break
15:30 - 15:45

Valedictory & Distribution of Certificates
15:45 - 16:30

REGISTRATION FORM


1.
Name of the Course
:


2.
Venue
:


3.
Duration (in days)
:


4.
Name of the Participant
:


5.
Educational Qualification
:



6.
Field experience in RWSS
:



7.
Have you had any training on



water and sanitation before
:

Yes

No


a)
If yes, specify
:


8.
Participant’s status
:


9.
Designation of participant
:


10.
Permanent address of participant
:


11.
Office address if any
:


12.
Sponsoring authority / organisation
:

Date :







Signature

Pre-course Questionnaire

Tick [(] the correct answer in the box


1.
Spring is a


a)
Ground water source
(

b)
Surface water source
(

c)
Rain water source
(

2.
Water quality is better in


a)
River
(

b)
Dugwell
(

c)
Tubewell
(

3.
Jaundice usually occurs due to


a)
Polluted air
(

b)
Contamination of Food & Water
(

c)
God’s curse
(

d)
Sinful acts
(

4.
“Complete expulsion of thread worms in a child should not be done as the child may become weak”. This statement is 


a)
True
(

b)
False
(

5.
Inadequate water supply may cause


a)
Malaria
(

b)
Diarrhoea
(

c)
Skin disease
(

6.
Blue baby disease (methemoglobinaemia) is caused by


a)
Excess fluoride in water
(

b)
Excess arsenic in water
(

c)
Excess nitrate in water
(

7.
Covering of open wells


a)
May cause contamination
(

b)
May reduce chance of contamination
(

c)
None of the above
(

8.
Platform of tubewell is required for


a)
Prevention of water accumulation of surroundings
(

b)
Prevention of outside contamination
(

c)
Facilitating collection of water
(

d)
All the above
(

9.
Permissible limit of arsenic in drinking water should be


a)
0.5 mg/l
(

b)
5.0 mg/l
(

c)
1.0 mg/l
(

d)
0.05 mg/l
(

10.
Permissible limit of faecal coliform in drinking water should be


a)
0
(

b)
10 MPN/100ml
(

c)
100 MPN/100ml
(
Post-Course Questionnaire

Tick [(] the correct answer in the box


1.
Which source of water do you think is most likely to be polluted ?


a)
Rain water source
(

b)
Surface water source
(

c)
Ground water source
(

d)
None of the above
(

2.
Water may be considered relatively safe when it contains


a)
Sewage
(

b)
Industrial waste
(

c)
Iron
(

d)
None of the above
(

3.
Water borne diseases are transmitted by


a)
Faeco-oral route
(

b)
Droplet infection
(

c)
Inoculation into skin or mucoua
(

4.
Tape worm is caused by


a)
Contaminated food
(

b)
Contaminated water
(

c)
Both the above
(

5.
Water washed diseases are caused due to


a)
Faecal contamination of water
(

b)
Reduced quantity of water and unhygienic practice
(

c)
Poor food hygiene
(

d)
Smoke and dust in the environment
(

6.
Regarding water based disease, which statement is true


a)
Schistosomiasis is the common water based disease in India
(

b)
Guinea worm can be transmitted through contaminated food
(

c)
The prevalence of guinea worm has been effectively reduced in India in the last decade
(

7.
Regarding arsenic pollution of water


a)
Above permissible level arsenic gives a bad taste to the water
(

b)
Above permissible level arsenic causes a foul odour to odour
(

c)
Arsenic pollution causes skin cancer
(

8.
Prevention of water borne diseases requires 


a)
Supply of safe water
(

b)
Improvement of sanitation
(

c)
Immunisation
(

d)
Improvement in hygienic standards
(

e)
All of the above
(

9.
If a water source has been found to be faecally contaminated by using the field kit - The first thing to do is 


a)
Seek help from the higher authorities
(

b)
Disinfecting the water source
(

c)
Looking for alternative sources
(

d)
Carrying out sanitary survey
(

10.
In sanitary survey of a tubewell, which of the following observations implies chance of contamination of the water souce


a)
A latrine within 20 m. of the handpump
(

b)
A cement floor of 1 m. radius all round the handpump
(

c)
If there is a drain within 15 m. of the handpump
(

d)
If the cement floor around handpump is broken
(

11.
With the AIIH&PH-UNICEF water testing field kit the following parameter cannot be tested


a)
Nitrate
(

b)
Fluoride
(

c)
Mercury
(

d)
Arsenic
(

12.
If a water source has been found to be contaminated with fluoride then the important thing to do is 


a)
Ask the users to boil the water before drinking
(

b)
Find an alternative source and inform the authorities
(

c)
Do proper chlorination of the water source
(

13.
In community based WQS programme the best approach is


a)
People should be informed of all the decisions taken
(

b)
People should be involved in all aspects of the programme
(

c)
Ignorant people should be ordered  to change their practices
(

14.
Hook worm is


a)
Transmitted by the faeco-oral route
(

b)
Freshly passed hook worm eggs in faeces are immediately infective to man
(

c)
Hook worm larvae infect man by penetrating the unbroken skin of feet
(

15.
Regarding sanitary survey the correct statement is


a)
It should be carried out only after a water borne epidemic has occurred
(

b)
Should only be carried out by expert scientists
(

c)
Is a continuous scrutiny of factors which may pollute water sources
(

16.
The bacteriological test done by the AIIH&PH-UNICEF field kit


a)
Detects pathogenic organisms in water
(

b)
Detects faecal contamination of water
(

c)
Can be done in the field without the help of an incubator
(

17.
The best way of preventing poliomyelitis is 


a)
Immunization
(

b)
Supplying safe water
(

c)
Creating latrines
(

d)
Improving hygienic standards
(

18.
A mother who boils her child’s feeding bottle complains that after boiling, the inner side the bottle has a white layer. As she is worried about it she should be told that


a)
It is harmless and nothing should be done about it
(

b)
The mother may take a clean cloth and wipe inside of the bottle 
(

c)
She may rinse the bottle in clean tubewell water and remove the white layer
(

19.
pH of a sample of water has been found to be 5.6. The water is


a)
Acidic
(

b)
Alkaline 
(

c)
Neutral
(

20.
If a water sample has residual chlorine of 0.5 mg/l, then it is likely that there is


a)
Definite bacterial contamination of the sample
(

b)
May be bacterial contamination
(

c)
No bacterial contamination
(

Annexure - IV

SANITARY SURVEY FOR THE ASSESSMENT OF RISKS

OF CONTAMINATION OF DRINKING WATER SOURCES


I.
Type of facility
:
DUGWELL



General information
:


1.
Location
:
Village ..........................................................................................................




:
Gram Panchayat .........................................................................................




:
District .........................................................................................................


2.
Code No. ................................................/..................................................../................................................


3.
Water authority/Panchayat Pradhan/Community Representative Signature ...............................................


4.
Date of visit ..................................................................................................................................................












          

     Water Quality


5.
Is water sample taken?....................................Sample No....................................... Acceptable/Rejectable


II.
Specific Diagnostic Information for Assessment
Risk




Yes   No


1.
Is there a latrine within 10m of the well?
(     (

2.
Is the nearest latrine on higher ground than the well? 
(     (

3.
Is there any other source of pollution within 10m of the well? (e.g. animal excreta, rubbish)
(     (

4.
Is the drainage poor causing stagnant water within 2m of well?
(     (

5.
Is there a faulty drainage channel? Is it broken, permitting ponding?
(     (

6.
Is there an inadequate parapet (less than 1m) around the well which would allow surface water to enter the well?
(     (

7.
Is the cement floor less than 1m wide round the well?
(     (

8.
Are the walls of the well inadequately sealed at any point for 3m below ground?
(     (

9.
Are there any cracks on the cement floor around the well which could permit water to enter the well?
(     (

10.
Are the rope and bucket left in such a position that they may be contaminated?
(     (

11.
Is the well covered (Temporarily by mosquito net etc.)
(     (
Total Score of risks ...................../11

Contamination risk score: 9-11=V, high; 6-8=high; 3-5= intermediate; 0-2= low

Number of ‘YES’ to be counted


III.
Results and recommendations :













            (list nos 1-11)

The following important points of risk (serially from the top) were noted :

and the authority advised on remedial action

Signature of Investigator ..................................................

SANITARY SURVEY FOR THE ASSESSMENT OF RISKS

OF CONTAMINATION OF DRINKING WATER SOURCES


I.
Type of facility
:
HANDPUMP ON DUGWELL



General information
:


1.
Location
:
Village ..........................................................................................................




:
Gram Panchayat .........................................................................................




:
District .........................................................................................................


2.
Code No. .............................................../.................................................../..................................................


3.
Water Authority/Panchayat Pradhan/Community Representative Signature ...............................................


4.
Date of visit ...................................................................................................................................................












          
    
        Water Quality


5.
Is water sample taken?..........................................Sample No................................. Acceptable/Rejectable


II.
Specific Diagnostic Information for Assessment
Risk




Yes   No


1.
Is there a latrine within 10m of handpump?
(     (

2.
Is the nearest latrine on higher ground than the handpump? 
(     (

3.
Is there any other source of pollution within 10m of the handpump? (e.g. animal excreta, rubbish)
(     (

4.
Is the drainage poor causing stagnant water within 2m of the cement floor of handpump?
(     (

5.
Is the handpump drainage channel faulty e.gs. is it broken, permitting ponding? Does it need cleaning?
(     (

6.
Is the cement floor less than 1m wide round the handpump?
(     (

7.
Is there any ponding on the cement floor around the handpump?
(     (

8.
Are there any cracks on the cement floor around the handpump?
(     (

9.
Is a bucket also in use and left in a place where it could be contaminated?
(     (

10.
Is the handpump loose at the point of attachment fo base? (which could permit water to enter the casing?
(     (

11.
Is the cover of the well insanitary?
(     (

12.
Are the walls of the well inadequately sealed at any point for 3m below ground level?
(     (
Total Score of risks ...................../12

Contamination risk score: 8-12=V, high; 5-7=high; 3-4= intermediate; 0-2= low

Number of ‘YES’ to be counted


III.
Results and recommendations :













            (list nos 1-12)

The following important points of risk (serially from the top)  were noted :

and the authority advised on remedial action

Signature of Investigator ..................................................

SANITARY SURVEY FOR THE ASSESSMENT OF RISKS

OF CONTAMINATION OF DRINKING WATER SOURCES


I.
Type of facility
:
SHALLOW AND DEEP HANDPUMPS (TUBEWELL)



General information
:


1.
Location
:
Village ..........................................................................................................




:
Gram Panchayat .........................................................................................




:
District .........................................................................................................


2.
Code No. ................................................./..................................................../...............................................


3.
Water authority/Panchayat Pradhan/Community Representative Signature ...............................................


4.
Date of visit ..................................................................................................................................................












          

     Water Quality


5.
Is water sample taken?....................................Sample No....................................... Acceptable/Rejectable


II.
Specific Diagnostic Information for Assessment
Risk




Yes   No


1.
Is there a latrine within 10m of handpump?
(     (

2.
Is the nearest latrine on higher ground than the handpump? (a pit latrine that percolates to soil)
(     (

3.
Is there any other source of pollution within 10m of the handpump? (e.g. animal excreta, rubbish, surface water)
(     (

4.
Is there any ponding of stagnant water within  2m of the cement floor of handpump?
(     (

5.
Is the handpump drainage channel faulty? Is it broken, permitting ponding? Does it need cleaning?
(     (

6.
Is the cement floor less than 1m radius all round the handpump?
(     (

7.
Is there any ponding on the cement floor around the handpump?
(     (

8.
Are there any cracks on the cement floor around the handpump?
(     (

9.
Is priming of tubewell required during dry season?
(     (
Total Score of risks ...................../9

Contamination risk score: 8-9=V, high; 5-7=high; 3-4= intermediate; 0-2= low

Number of ‘YES’ to be counted


III.
Results and recommendations :













             (list nos 1-9)

The following important points of risk (serially from the top) were noted :

and the authority advised on remedial action

Signature of Investigator ..................................................

SANITARY SURVEY FOR THE ASSESSMENT OF RISKS

OF CONTAMINATION OF DRINKING WATER SOURCES


I.
Type of facility
:
DEEP BOREHOLE



General information
:


1.
Location
:
Village ..........................................................................................................




:
Gram Panchayat .........................................................................................




:
District .........................................................................................................


2.
Code No. ................................................./..................................................../...............................................


3.
Water authority/Panchayat Pradhan/Community Representative Signature ...............................................


4.
Date of visit ..................................................................................................................................................












          

     Water Quality


5.
Is water sample taken?...................................Sample No........................................ Acceptable/Rejectable


II.
Specific Diagnostic Information for Assessment
Risk




Yes   No


1.
Is there a latrine or sewer within 30m of the pumphouse?
(     (

2.
Is the nearest latrine unsewered?



(a pit latrine that percolates to soil)
(     (

3.
Is there any other source of pollution within 10m of the well? (e.g. surface water, animal excreta, rubbish)
(     (

4.
Is there an uncapped well within  100m of the borehole?
(     (

5.
Is the drainage area around the pumphouse faulty?



(permitting ponding and/or leakage to ground)
(     (

6.
Is the fencing around the installation damaged in any way which would allow animals access or any unauthorised entry?
(     (

7.
Is the floor of the handpump permeable to water?
(     (

8.
Is the well seal insanitary?
(     (

9.
Does the chlorination record show any interruption in dosing?



(if there is no record of chlorination, risk (yes) should be recorded)
(     (

10.
Is the free chlorine residual at the sample tap less than 0.2mg/l?
(     (
Total Score of risks ...................../10

Contamination risk score: 9-10=V, high; 6-8=high; 3-5= intermediate; 0-2= low

Number of ‘YES’ to be counted


III.
Results and recommendations :












                  (list nos 1-10)

The following important points of risk (serially from the top) were noted :

and the authority advised on remedial action

Signature of Investigator ..................................................

SANITARY SURVEY FOR THE ASSESSMENT OF RISKS

OF CONTAMINATION OF DRINKING WATER SOURCES


I.
Type of facility
:
GRAVITY FEED PIPED SPRING WATER SYSTEM



General information
:


1.
Location
:
Village ..........................................................................................................




:
Gram Panchayat .........................................................................................




:
District .........................................................................................................


2.
Code No. ................................................/.................................................../.................................................


3.
Water authority/Panchayat Pradhan/Community Representative Signature ...............................................


4.
Date of visit ..................................................................................................................................................












          

     Water Quality


5.
Is water sample taken?....................................Sample No....................................... Acceptable/Rejectable


II.
Specific Diagnostic Information for Assessment
Risk




Yes   No


1.
Is the source unprotected by masonry or concrete wall or spring box (open to surface contamination)?
(     (

2.
Is the masonry protecting the source faulty?
(     (

3.
Does the spring box contain contaminating silt or animals?
(     (

4.
If there is an overflow pipe, is it insanitary?
(     (

5.
Is the area around the spring unfenced?
(     (

6.
Can animals have access within 10m of the spring source?
(     (

7.
Is the spring lacking a surface water diversion ditch above it, or (if present) is it non functional?
(     (

8.
Is there any latrine upstream of the spring?
(     (
Total Score of risks ...................../8

Contamination risk score: 7-8=V, high; 5-6=high; 3-4= intermediate; 0-2= low

Number of ‘YES’ to be counted


III.
Results and recommendations :













       (list nos 1-8)

The following important points of risk (serially from the top) were noted :

and the authority advised on remedial action

Signature of Investigator ..................................................

SANITARY SURVEY FOR THE ASSESSMENT OF RISKS

OF CONTAMINATION OF DRINKING WATER SOURCES


I.
Type of facility
:
GRAVITY FEED PIPED SUPPLIES



General information
:


1.
Location
:
Village .........................................................................................................




:
Gram Panchayat .........................................................................................




:
District .........................................................................................................


2.
Code No. .............................................../................................................./....................................................


3.
Water authority/Panchayat Pradhan/Community Representative Signature ...............................................


4.
Date of visit ...................................................................................................................................................












          

     Water Quality


5.
Is water sample taken?.....................................Sample No...................................... Acceptable/Rejectable


II.
Specific Diagnostic Information for Assessment
Risk




Yes   No

Conduction pipe to reservoir


1.
Is there any point leakage between the source and the reservoir?
(     (

2.
If there are any pressure break boxes, are their covers insanitary?
(     (

3.
Is the inspection cover on the reservoir insanitary?
(     (

4.
Are any air vents insanitary?
(     (

5.
Do the roof and walls of the reservoir allow any water to enter (is the reservoir cracked?)
(     (

6.
Is the reservoir water unchlorinated?
(     (
Distribution pipes


7.
Does the water entering the distribution pipes have less than 0.4ppm free residual chlorine (<0.4mg/l)?
(     (

8.
Are there any leaks in any part of the distribution system?
(     (

9.
Is pressure low in any part of the distribution system?
(     (

10.
Does any sample of water in the principal distribution pipes have less than 0.2ppm free residual chlorine?
(     (
Total Score of risks ...................../10

Contamination risk score: 9-10=V, high; 6-8=high; 3-5= intermediate; 0-2= low

Number of ‘YES’ to be counted


III.
Results and recommendations :













            (list nos 1-10)

The following important points of risk (serially from the top) were noted :

conduction pipe to the reservoir .......................................

the distribution system ................................................

and the authority advised on remedial action

Signature of Investigator ..................................................

SANITARY SURVEY FOR THE ASSESSMENT OF RISKS

OF CONTAMINATION OF DRINKING WATER SOURCES


I.
Type of facility
:
RAIN WATER TANK CATCHMENT



General information
:


1.
Location
:
Village ..........................................................................................................




:
Gram Panchayat .........................................................................................




:
District .........................................................................................................


2.
Code No. .............................................../................................................../...................................................


3.
Water authority/Panchayat Pradhan/Community Representative Signature ...............................................


4.
Date of visit ..................................................................................................................................................












          

     Water Quality


5.
Is water sample taken?....................................Sample No....................................... Acceptable/Rejectable


II.
Specific Diagnostic Information
Risk




Yes   No


1.
Is there any contamination of the roof catchment area? (e.g. plants, dirt or excreta)
(     (

2.
Are the guttering channels which collect water dirty?
(     (

3.
Is there any deficiency in the filter box at the tank inlet? (e.gs. lacks fine gravel)
(     (

4.
Is there any other point of entry to the tank which is not properly covered?
(     (

5.
Is there any defect in the walls or top of the tank (e.g. cracks) which could let water in?
(     (

6.
Is the tap leaking or other wise defective?
(     (

7.
Is the floor under the tap defective or dirty?
(     (

8.
Is the water collection area inadequately drained?
(     (

9.
Is there any source of pollution around the tank or water collection area? e.g. excreta.
(     (

10.
Is the water bucket left in such a position that it may be contaminated?
(     (
Total Score of risks ...................../10

Contamination risk score: 9-10=V, high; 6-8=high; 3-5= intermediate; 0-2= low

Number of ‘YES’ to be counted


III.
Results and recommendations :













         (list nos 1-10)

The following important points of risk were (serially from the top) noted :

and the authority advised on remedial action

Signature of Investigator ..................................................


ANNEXURE - IV

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

	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


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

	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.


Test for Turbidity

Purpose :

Water which appears dirty and unclean on visual examination must be tested for determining its level of turbidity. Insoluble particles of soil, silt, clay mineral matters, organic debris, carcass, planktom and microscopic organisms are the general cause of turbidity in water. Turbidity of usable water should not exceed 10 NTU (Nephelometric Turbidity Unit).

Requirements :

· Ampule of standard turbidity of 10 NTU (sealed)

· Empty ampule with rubber cork

· Sample of water to be tested.

Procedure :

· Fill the empty ampule upto its neck with water sample

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

Result :

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

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

Reactions :

· Consumer acceptance decreases if the turbidity is too high

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

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 :

· pH paper

· pH values and their corresponding colour chart

· Polyethelene beaker

· Forcep

· Sample of water to be tested

Procedure :

· Take some water sample in the beaker

· 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.

· 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 :

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

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

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

Test for Hardness

Purpose :

The presence of excessive calcium and magnesium salts results hardness in water. There are various ways of eliminating hardness. Excessive hardness creates many problems for household and industrial works.

Requirements :

· Polyethylene beaker

· Glass rod

· Reagent No. 1

· Reagent No. 2

· Reagent No. 3

· Sample of water to be tested

Procedure :

· Take 10 ml of water sample in the beaker

· Add 5 drops of Reagent No. 1 to it.

· Then add 2 drops of Reagent No. 2 and stir well with a glass rod

· The colour of the solution will be wine red

· Now slowly add 40 drops of Reagent No. 3

· Note the change in colour of the solution

Result :

If after adding Reagent No. 3

· The colour of the solution changes from blackish red to blue, the water is acceptable (Hardness less than 600 mg/l).

· The earlier colour (i.e., blackish red) persists, the water is too hard and hence unacceptable. (Hardness more than 600 mg/l).

Reaction :

If the hardness of water is too high

· More time and fuel are spent for cooking

· More detergent or soap is needed for cleaning and washing

· Thick scales are formed on the utensils / boilers

· Water pipes and tools get corroded.

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 :

· Polyethylene beaker

· Glass rod

· Reagent No. 4

· Reagent No. 5

· Sample of water to be tested

Procedure :

· Take 10 ml of water sample in the beaker

· Add 2 drops of Reagent No. 4 and stir well with glass rod

· Colour of the solution will turn yellow

· Then add 20 drops of Reagent No. 5 and again stir the solution with glass rod 

· Note the change in colour

Result :

After adding Reagent No. 5 :

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

· 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 :

· The water becomes salty

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

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 :

· Nessler tube

· Reagent No. 6

· Reagent No. 7

· Reagent No. 8

· Sample of water to be tested

· Ideal colour chart (for iron)


Procedure :

· Take 50 ml of water sample in the Nessler tube

· Add 20 drops of Reagent No. 6

· Then add 2 drops of Reagent No. 7

· Now stir the solution after adding 20 drops of Reagent No. 8

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

· 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 :

· 1.0 mg per litre, the water is accepable

· Excess of 1 mg per litre, the water is unaccepable

Reaction :

If the iron content is too high :

· A bad odour develops

· Water becomes reddish and turbid, and clothes get rusty stains

· Brownish-red scales appear on the walls of storage vessels 

· Excess iron content in water promotes growth of iron bacteria

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 :

· Nessler tube

· Reagent No. 9

· Reagent No. 10

· Ideal colour chart (for nitrate)

· Sample of water to be tested

Procedure :

· Take 1 ml of water sample in the Nessler tube

· Add 2 drops of Reagent No. 9

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

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

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

· Excess of 45 mg/l the water is unacceptable

Reaction :

In case of excess nitrate in water :

· Infants suffer from blue baby disease (methemoglobinemia)

· Miscarriage in oriparous creatures often occur

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

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 :

· Nessler tube

· Reagent No. 11

· Ideal colour chart (for fluoride)

· Sample of water to be tested.

Procedure :

· Take 50 drops of Reagent No. 11 in the Nessler tube and make up the volume upto 50 ml mark with the water sample to be tested

(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.)

· 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

· 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 :

· 1.5 mg/l, the water is acceptable

· 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) :

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

· 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 :

· Dental diseases may develop

Fluoride content in water should be as low as possible.

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 :

· Nessler tube

· Ideal colour chart (for residual chlorine)

· Reagent No.12

· Sample of water to be tested

Procedure :

· Add 10 drops of Reagent No. 12 (avoiding contact with skin) in the Nessler tube and make up the volume with water samples upto 50 ml. mark.

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.

· 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 :

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

· 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.

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 presint in drinking water.

Requirement :

· Wide mouthed bottle

· Fat glass tube with cork

· Reaction tube with cork

· 3 ml dropper

· Reagent No. 13

· Reagent No. 14

· Zinc granules

· Mercuric bromider paper

· Cotton wool

· Sample of water to be tested

Procedure :

· Take some cotton wool and insert it through the wide mouth of the fat glass tube and pour two drops Reagent No. 13 in the cotton wool inside the fat glass tube.

· 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.

· Take 20 ml sample water in the wide mouthed bottle. Add 3 ml of Reagent No. 14 with the help of the dropper in the sample water.

· Add 4 or 5 Zinc granules in the sample water. Now fit the fat glass tube alongwith 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 :

· If the colour of the mercutic bromide paper does not change, the water is acceptable.

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

· 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 :

· Cancer of skin, lungs and liver

· Loose motions

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

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

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, choloera, 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

· 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-cap ped 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.)

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

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

How to use kerosene incubator :

· Keep the incubator on stand

· Insert the thermometer (centigrade) through the hole in the lid

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

· 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.

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

Operational instructions for electric incubator :

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

· 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

· 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 :

· 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.

Indian Standards of Drinking Water

IS 10500 (1991)
	Substance / Test
	Unit
	Desirable limit
	Maximum Permissible Limit *

	Physical

	Turbidity
	NTU
	5
	10

	Chemical

	pH
	Number
	6.5 - 8.5
	No Relaxation

	Hardness
	(as CaCO3) mg/l
	300
	600

	Chloride
	(as Cl) mg/l
	250
	1000

	Iron
	(as Fe) mg/l
	0.3
	1.0

	Nitrate
	(as NO3) mg/l
	45
	No Relaxation

	Fluoride
	(as F) mg/l
	1.0
	1.5

	Residual Chlorine
	mg/l
	0.2 - 0.5
	No Relaxation

	Arsenic
	(as As) mg/l
	0.05
	No Relaxation

	Bacteriological

	Coliforms
	MPN / 100 ml
	10**
	No Relaxation

	E. Coli
	MPN / 100 ml
	0
	No Relaxation


*    When there is no alternative source for drinking.

**  Colitone organisms should not be detectable in 100 ml. of any two Consecutive Samples.

The Process of Disinfection of Dugwell Water

Where there is no  tubewell, dugwell is to be used for drinking, if there is no tubewell, dugwell water used for drinking should be made free from micro-organisms occasionally by chlorinating with measured amount of bleaching powder. It has been observed that 4 mg of bleaching powder given for only one litre of dug well water very effectively destroys the micro-organisms in water and the residential 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 to be given 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 diameter 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 
Therefore 12560 x 4 mg of bleaching powder or 50.28 gm of bleaching powder will be needed.

The chlorine in bleaching is unstable. Therefore, it should be kept with care in cool and dry place. The available chlorine of 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 glass rod 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 line 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 upto the neck (Fig. I in Page - 76). 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.

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 (Fig. II in Page - 76). 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.

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 (Fig. III in Page - 77).

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.

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.

Approximate Cost of Different Units :


1.
Single Pot System


I.
Earther pot type
Rs. 
90/-  +
Bleaching Powder


ii.
Plastic Container type
Rs. 
150/-  +
Bleaching Powder


2.
Double Pot System
Rs.
290-300/-  +
Bleaching Powder


3.
Drop Chlorinator
Rs.
180-200/-  +
Bleaching Powder

Process of Disinfection of Tubewell Water

Working Process :

Before the installation of the pump, the tubwell 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 diameter x diameter 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 are kept emerged. 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 

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


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

	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


Dose of Bleaching Powder for Disinfection of Tubewells

( A Ready Reckoner

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

	ft/metre
	Volume of Water
	Amount of Bleaching Powder
	Volume of 

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

	Mitre
	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


X
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GP level Co-ordinator


Supervision, Data Compilation & Collation, intervention, Village Level Training





District Level Liaison Officer


Supervision, Data Compilation & Collation, intervention, Block Level Training





State Level Co-ordinator


Overall planning on WQM, Fund release, Co-ordination WQM, Training, MIS with NRI and DDWS





Secondary Class IX to X





H.S. of above





Middle School Class V to VIII





Below Class IV





























Less than 1 year





1-2 years





2-5 years





More than 5 years





None









































(Govt. = 1, Govt. undertaking = 2, Local Govt. = 3, NGO = 4, Private = 5, Others = 6)





Questionnaire - I





Questionnaire - II
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